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Muhendislik Tasarim Temelli Matematik Etkinliklerinin
Ortaokul Ogrencilerinin Akademik Basarilarina Etkisi ve
Etkinliklere iliskin Ogrenci Gériisleri”

Zeynep Gul DERTLIY, Bahadir YILDIZ2

Ozet

Fen, teknoloji, mtuhendislik ve matematik (STEM) disiplinlerinin
butdnlestiriimesine ydnelik girisimler hem ulusal hem de
uluslararasi alanyazinda énemini artirmaktadir. MGhendislik
dogasi geregi diger alanlar arasinda képru olusturan ve soyut
kavramlar icin gercek dunya baglami saglayabilen bir disiplin
olmasi sebebiyle STEM disiplinlerinin butlnlestiriimesinde
siklikla tercih edilmektedir. Bu arastirmanin amaci, ortaokul
matematik dersine yonelik tasarlanmis muihendislik tasarim
etkinliklerinin o6grencilerin akademik basarilarina etkisi ile
ogrencilerin etkinliklere iliskin goruslerini incelemektir. Bu
amag c¢ercevesinde, yedinci sinif Oran ve Oranti konusunu
kapsayan U¢ adet  muUhendislik  tasarim  etkinligi
olusturulmustur. Arastirma on test- son test kontrol gruplu yari
deneysel desen kullanilarak yudrdatulmdastar. Arastirmanin
katilimcilarini 21 deney ve 17 kontrol olmak UGzere, toplam 38
yedinci sinif 6grencisi olusturmustur. Arastirma sonucunda,
muhendislik  tasarim temelli matematik etkinliklerinin
ogrencilerin Oran ve Oranti konusundaki basarilarini anlami
sekilde artirdigi bulgusuna ulasiimistir. Ayrica ogrencilerin
etkinliklere iliskin goruslerinin genel anlamda olumlu yénde
oldugu sonucuna ulasiimistir. Ogrenciler mihendislik tasarim
temelli matematik etkinliklerinin ilgi cekici, eglenceli, gercekgi,
merak uyandirici, 6grenmeyi kolaylastirici, yaraticiigr gelistirici
oldugunu ve yalnizca islem yapma odakli olmadigini ifade
etmislerdir.
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Giris

Gercek dunyada islenip kullanilmak Uzere var olan bilginin net sinirlari
yoktur; karmasik ve disiplinlerarasidir. Dolayisiyla bir butun olarak
gorulup degerlendirilmeyi gerektirir (Frodeman ve digerleri, 2010;
Newell ve digerleri, 2001). Bireylerin okullarda edindikleri islemsel bilgiyi,
gercek dunya baglaminda anlamli hale getirebilmeleri icin de bu
batunldgun gdz ardi edilmemesi gerekmektedir. Hizla degisen
dunyaya uyum saglayip karsilastigr problemlere yaratici ¢ézumler
gelistirebilen bireyler yetistirebilmek icin egitimin butUnlestirilmesi fikri
her gecen gun onemini artirmaktadir (Daugherty ve Carter 2018;
Mulder, 2012). GUnumuzde egitimde basarili kabul edilen ulkelerin
bircogunun butunlestiriimis, disiplinlerarasi egitim programlarini
benimsedikleri gorulmektedir (Drake ve Savage, 2016). Fen, teknoloji,
muhendislik ve matematik (STEM) disiplinlerinin ve varyasyonlarinin
butunlestiriimesine yonelik girisimler de bu anlayis cercevesinde hiz
kazanmistir. BUtunlesik STEM egitimi, disiplinlerarasi egitimin tipik
orneklerinden biridir (Wang ve digerleri, 2011). Butunlesik STEM egitimi
STEM disiplinleri arasindaki iliskileri kullanarak ogrencilere otantik
ogrenme ortamlari saglayan, disiplin icinde ve disiplinler arasinda bilgi
ve becerileri kazandirmayl hedefleyen bir yaklasimdir (National
Academy of Engineering and National Research Council [NAE ve NRC],
2014). Her biri dogada var olan durumlari anlamlandirip insan hayatini
kolaylastiracak sekilde kullanmaya yonelik icerige sahip olan bu dért
disiplin de, aralarindaki iliskiler vurgulanarak disiplinlerarasi bir
yaklasimla sunulmaya uygundur (NRC ve NAE, 2009). Roehrig ve ark.
(2012) STEM disiplinlerinin sinif ici uygulamalarda; farkh disiplinlerin
onemli hedeflerini tek bir egitim mufredatinda birlestirerek sunuldugu
veya bir disipline odaklanilarak diger disiplinlerinin onu anlamli hale
getirmesi icin baglam olarak kullanildigl entegrasyon bicimlerini ifade
etmislerdir. Benzer sekilde Bybee (2013) de fen veya matematige ait
icerigin teknoloji ve/veya muuhendislik baglamlariyla desteklendigi,
farkli disiplinlerin icerikleri &gretilirken aralarinda isbirligi ve
koordinasyonun saglandigi, her bir disipline ait icerik ve fikirlerin esit
sekilde wvurgulandigr veya genellikle kuresel karmasik sorunlarin
¢cOzUmu icin disiplinlertstu bir yaklasimin kullanildigi farkli modeller
tanimlamistir.

STEM disiplinlerinin butunlestiriimesine  yonelik  ¢alismalar
incelendiginde muhendislik tasarim dongusunun siklikla tercih edildigi
goérulmektedir (Guzey ve digerleri, 2016; Lie ve digerleri, 2019). Bu
durumun nedeni, muhendisligin dogasi geregi diger alanlar arasinda
kdpru olusturan bir disiplin olmasidir (Moore ve digerleri, 2014).
Muhendisler fen, teknoloji ve matematige yonelik bilgiyi gunluk hayatta
karsilasilan problemlere ¢6zum getirmek amaclyla uygulamaya
dokmektedirler (Channel, 2009). Matematik egitimi acisindan
bakildiginda da muhendislikle arasinda yodontem ve icerikler
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bakimindan karsilikli bir iliskinin ve guc¢lu bir baglantinin bulundugunu
soylemek mUmkundur (Berry ve digerleri, 2010; Moore ve digerleri, 2014;
NRC ve NAE, 2009). Muhendislik ve matematik, soyut kavramlarin
anlamli bir baglamda sunulmasina olanak saglayarak birbirlerini
destekleyen iki disiplindir (Berry ve digerleri, 2010; NRC ve NAE, 2009).

Muihendislik Tasarim Déngusu

Muhendislik tasarim doéngusu; sistematik bir problem c¢dzme, Urun
ortaya koyma surecidir. MUuhendislik disiplini bir K-12 egitim duzeyine
dahil edilirken muhendislik tasarim ddéngusunu icermelidir (Fantz ve
digerleri, 2011, NRC ve NAE, 2009). Alanyazinda muhendislik tasarim
déngusunu tanimlayan calismalar incelendiginde (Atman ve digerleri,
2007; Hynes ve digerleri, 2014; NGSS Lead States, 2013; Uluslararasi
Teknoloji Egitimi Dernegi [ITEA], 2000) dongunun ortak bicimde kabul
gdéren tanimlari olmasa da bazl tipik ozelliklerinin  oldugu
goérulmektedir. Tanimlanan tasarim sureclerinde dogrusal degil,
doéngusel bir ilerleyis bulunmaktadir. Ayrica muhendislik tasarim
déngusu probleme dayall, sire¢ ve urun odakh bakis acilariyla ele
alinmaktadir (Capobianco ve digerleri, 2018). Bir mUhendislik tasarim
déngusu verilen problemin tanimlanmasl, bu probleme uygun
olabilecek c¢cdézUmlerin arastirilmasi, bu ¢ézumlerin test edilmesi ve
gerekli olmasi durumunda testlerin tekrarlanmasi, sire¢ sonunda en
uygun ¢o6zume karar verilmesi surecini icermektedir (Berland ve
digerleri, 2014, Hynes ve digerleri, 2011; NGSS, 2013; Wendell ve digerleri,
2010).

K-12 duzeyindeki 6grencilerin tasarim deneyimlerine katilmalari fikri,
uluslararasi alanda &nemini artirmaktadir. Bu sebeple tasarim
becerilerini gelistirme ve tasarim etkinlikleri yoluyla o6grenme
konusunda &égretmenlerin bilingli bir isbirligi icinde olmalari gereklidir
(Crismond ve Adams, 2012). Ogrencileri mUhendislik tasarim suUrecine
dahil etmek probleme bir muhendis gibi, sorgulayici bicimde
yaklasmalarini saglarken ayni zamanda; gelecegdin tasarimcilari veya
muhendisleri olarak gecici kimlikleri deneme firsatlari da sunarak
anlamli 6grenmeyi desteklemeye yardimci olabilir (Crismond ve
Adams, 2012; Moore ve digerleri, 2014).

Alanyazinda muhendislik tasariminin STEM egitiminde butunlestirici
bir ara¢ olarak kullaniminin tesvik edildigi gorulmektedir. Bu ¢alismalar
incelendiginde muhendislik  tasarimini STEM disiplinleriyle
butunlestiren uygulamalarin, STEM performans ve basarisi Uzerinde
olumlu etkilerinin oldugu goérulmektedir (Fan ve Yu, 2017; Stohlmann ve
digerleri, 2017; Wendell ve Rogers, 2014). Ayrica bu uygulamalar
ogrencilerin gercek hayatin icinden disiplinlerarasi bir probleme
sorgulayarak, arastirarak, isbirligi icinde yaklasip matematik, fen gibi
alanlardaki kavramsal bilgileri aktif sekilde kullanmalarina yardimci
olmaktadir (Brophy ve digerleri, 2008; Hathcock ve digerleri, 2015).
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Alanyazinda muhendislik tasarim déngusunun matematik egitimiyle
iliskilendirilerek kullanildigi c¢alismalar da yer almaktadir. Bu
calismalarda matematigin muhendislik problemlerini ¢cozmek icin bir
aracg olarak kullanilabildigi veya muhendislik probleminin matematiksel
kavramlari 6grenciye kazandirmak icin bir baglam haline gelebildigi
goérulmektedir (Fitzallen, 2015). Arastirmalar muhendislik tasariminin
ogrencilerin hacim, acilar, U¢ boyutlu cisimler gibi matematiksel
kavramlari anlamalarina yardimci olmasinin (Park vd., 2018; Pugalenthi,
2019) yani sira matematiksel dusunme, problem ¢o6zme ve muhendislik
disiplinine &zgu becerilerin gelisimine de katkida bulundugunu
gostermektedir (Alfieri ve digerleri, 2015; Guler ve digerleri, 2019;
Maiorca, 2016). Matematik egitiminde muhendislik entegrasyonu,
avantajlarina ragmen diger STEM disiplinlerine gdre geri planda
kalmistir ve bu alandaki c¢alismalarin artirlmasina ihtiya¢c vardir
(English, 2016; Forde ve digerleri, 2023; Maass ve digerleri, 2019).

Bu calisma kapsaminda Sekil T'de verilen, Next Generation Sicence
Standarts'ta (NGSS Lead States, 2013) ortaokul duzeyi icin onerilen
muhendislik tasarim déngusu esas alinarak U¢ adet matematik
etkinligi tasarlanmis ve ydrutulmustdr. Tanimlanan bu tasarim
déngusunde, seviyeye uygun olarak ogrencilerin bir problemi hem
kendinin hem de olasi ¢cézUmlerinin sinirliliklarini degerlendirerek ele
almalari gerekmektedir. Ogrenciler bu sinirlar dahilinde olasi her
¢cOzUmu degerlendirerek farkli cézumleri birlestirebilirler. Kendilerine
en uygun oldugunu dusundukleri ¢ozume ulasmak icin ¢ézumleri
surekli olarak test, revize ve optimize etmeleri beklenir.

Sekil 1
Muhendislik Tasarim Dongusu (NGSS, 2013)

TANIMLA

Problemi, olasi
¢o6zUmlerinin dlclt
ve sinirhiliklaryla
birlikte ele al

OPTIMIZE ET COIUMLER
e GELISTIR
Cozumu yinelemeli S
olarak test etmek ve Yeni ¢ozGmler elde
iyilestirmek igin etmek icin farkh
sistem'a(tih suregleri ¢ozamlerin
ullan

parcalarini birlegtir,

Uygulama surecinde kullanilmak Uzere tasarlanan etkinlikler, yedinci
sinif duzeyinde Oran ve Orantli konusunun kazanimlarini kapsamakta
ve problemlerin ¢6zUmu icin farkh olasiliklari degerlendirerek en lyi
¢cb6zime ulasmayl hedeflemektedir. Matematik Dersi Ogretim
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Programi'na gére 7. Sinif Oran ve Oranti konusunun kazanimlari
sunlardir:

“M.7.1.4.1. Oranda cokluklardan birinin 1 olmasi durumunda digerinin
alacagi degeri belirler.

M.7.1.4.2. Birbirine orani verilen iki cokluktan biri verildiginde digerini bulur.

M.7.1.4.3. Gercek hayat durumlarini inceleyerek iki coklugun orantili olup
olmadigina karar verir.

M.7.1.4.4. Dogru orantill iki cokluk arasindaki iliskiyi ifade eder.
M.7.1.4.5. Dogru orantili iki cokluga ait oranti sabitini belirler ve yorumlar.

M.7.1.4.6. Gergcek hayat durumlarini inceleyerek iki coklugun ters orantili
olup olmadigina karar verir.

M.7.1.4.7. Dogru ve ters orantiyla ilgili problemleri ¢oézer” (Milli Egitim
Bakanhgi, 2018, s.66-67).

Oran ve oranti,gunluk yasamin icinde var olan, bilimsel hesaplamalarda
ve farkli pozitif bilimlerdeki kavramlari aciklamada siklikla kullanilan
kavramlardir (Baykul, 2021; Tourniaire ve Pulos, 1985). Bu nedenle bu
arastirmada kullanilan etkinliklerde de, oran ve oranti kavramlarinin
anlasilip etkin sekilde kullanilabilecegdi icerikler hazirlanmistir.

Bu arastirmanin amaci, ortaokul matematik dersine yonelik tasarlanmis
muhendislik tasarim etkinliklerinin égrencilerin akademik basarilarina
etkisini ve 6grencilerin etkinliklere iliskin goruslerini incelemektir.

Yéntem
Arastirmanin Modeli

Bu arastirma, nitel verilerle destekli deneysel bir arastirmadir.
Calismada yari deneysel desenlerden on-test son-test kontrol gruplu
tasarim kullanilmistir. Bu desende seckisiz atama kullanilmayip gruplar
belirli degiskenler Uzerinden eslestiriimektedir (Fraenkel ve digerleri,
2012). Bu calismanin gruplari, akademik basari duzeyleri dogrultusunda
eslestirilmistir. Bu arastirma icin etik komisyon izni Hacettepe
Universitesi Etik Komisyonunun 11.02.2022 tarihli ve E-51944218-300-
00002032584 sayili karari ile onaylanmistir.

Calisma Grubu

Arastirmanin  érneklemini 38 ortaokul yedinci sinif ogrencisi
olusturmaktadir. Arastirmada kullanilan etkinliklerin uygulanmasi icin
bir ézel okulun iki farkl yedinci sinif subesi secilmistir. Denek kaybi
sonucu olusabilecek olumsuz etkileri dnlemek amaciyla bu iki subeden
katilimci sayisi 21 olan grup deney, 17 olan ise kontrol grubu olarak
atanmistir. Arastirmacilar tarafindan hazirlanan Akademik Basari
Testinin 6n test ortalamalarina uygulanan Mann Whitney U testi
sonuclarina gdre uygulama &ncesinde deney ve kontrol gruplari
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arasinda Oran ve Orantl basarisi yénunden anlamli bir fark
bulunmamaktadir. (U=169.500, Z=-.276, p=0.783; p>0.05).

Calismada Kullanilan Veri Toplama Araglari

Arastirmanin veri toplama araclarini Oran ve Oranti konusuna yénelik
Akademik Basari Testi ve Gérusme Formu olusturmustur.

Akademik Basari Testi

Akademik Basari Testi yedinci sinif Oran ve Oranti konusuna iliskin
ogretim programindaki (Milli Eqitim Bakanlhgi [MEB], 2018) kazanimlara
yénelik MEB, PISA ve TIMMS sinavlarinda sorulmus olan sorular
kullanilarak hazirlanmistir. Bu sinavlarda yer alan sorular gecerlik ve
guvenirlikleri test edilmis sorular oldugundan testin gecerlik ve
guvenirligini olumlu yénde etkileyecegi dusunulerek tercih edilmistir.
Testin kapsam gecerligi icin iki uzmanin gorusune basvurulmustur.
Alinan gérus ve geri bildirimler dogrultusunda teste son sekli verilmistir.
Testin KR-20 guvenirlik katsayisi 0.70 olarak hesaplanmistir. Coktan
secmeli 10 sorudan olusan Akademik Basari Testinin her bir sorusunun
iliskili oldugu kazanimlar Tablo 1 de verilmistir.

Tablo 1
Akademik Basari Testi Sorularinin iliskili Oldugu Kazanimlar
Kazanimlar Soru Numarasi
M.7.1.4.1. 1
M.7.1.4.2. 23
M.7.1.4.3. 3,4
M.7.1.4.4. 4,6,10
M.7.1.4.5. 1,4
M.7.1.4.6. 8,9
M.7.1.4.7. 5789

Goérus Formu

Katilimci 6grencilerin etkinliklere iliskin géruslerini belirlemek amaciyla
Gorus Formu kullanilmistir. Arastirmacilar tarafindan hazirlanan Gorus
Formu, etkinliklere ve uygulama suUrecine yodnelik “Etkinlikte
zorlandiginiz yerler nelerdi?”, “Etkinlikte size kolay gelen yerler
nelerdi?”, “Etkinligi 5 puan Uzerinden degerlendirecek olsaniz ka¢ puan
verirsiniz? Neden?”, “Ayni etkinlige katilim saglayacak farkl 6grencilere
ne tavsiye edersiniz?”, “MUhendislik tasarim etkinliginin, Matematik
dersi konulari hakkinda goérusunuzu etkiledigini dusinuyor musunuz?
Cevabiniz evet ise bu konuya karsi gérusunuzu nasil degistirdigini
aciklayin. Cevabiniz hayir ise sebebini aciklayin.” olmak Uzere bes adet
acik uclu sorudan olusmaktadir. Gorus Formu araciligiyla her etkinlik
sonrasl bireysel gorusler yazili olarak alinmistir. Gorus Formu gecerligi
icin bir o6gretim Uyesi ve bir matematik 6gretmeninin gdruslerine
basvurulmustur. Geribildirimler dogrultusunda sorularin  amaca
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uygunlugu ve anlasilabilirligi bakimindan duzenlemeler yapiimis ve
formun son hali olusturulmustur.

Mihendislik Tasarim Temelli Matematik Etkinlikleri (MTTME)

Arastirmacilar tarafindan olusturulan U¢ etkinlik NGSS'in  (2013)
muhendislik tasarim dongusu temel alinarak tasarlanmistir. Etkinlikler
tasarlanirken muhendislik tasarimi icin  anlamh bir baglamin
kullanilmasina ve etkinliklerin 7. Sinif Oran ve Oranti konusunun
kazanimlarina uygun olmasina dikkat edilmistir. Tablo 2'de etkinliklerin
kapsadigl kazanimlar verilmistir.

Tablo 2
Muhendislik Tasarim Etkinlikleri ve Kapsadiklari Kazanimlar
Etkinlik Kazanimlar

M.7.1.4.1.
M.7.1.4.2.
M.7.1.4.3.
M.7.1.4.4.
M.7.1.4.5.
M.7.1.4.6.
M.7.1.4.2.
M.7.1.4.3.
M.7.1.4.4.
M.7.1.4.6.
M.7.1.4.1.
M.7.1.4.2.
Yasam Merkezi M.7.1.4.3.

M.7.1.4.4.

M.7.1.4.6.

2 Vites

Hidrolik Kaldirag

2 Vites Etkinligi

Bu etkinlikte égrencilerden bir aracin kalkis, hizlanma ve yavaslama
vitesleri icin uygun tasarimlari yapmalari beklenmistir. Bu amacla
ogrencilere ilgili tasarim hedefini aciklayan Uc¢ problem sunulmustur.
Ogrencilerin tasarimlarini yapmalari icin LEGO Basit ve Motorlu
Makineler Seti ile bir model arag, 6nceden olusturulmustur. Problemin
¢cOzUmu icin muhendislik disiplininde aktif olarak kullanilan disli cark
sistemlerindeki digli oranlarindan yararlaniimaktadir. Disli oranlari, oran
ve oranti gibi matematiksel kavramlarin muhendislik baglaminda
kullanimi icin uygun bir baglam saglamaktadir. Ogrenciler farkli disli
kombinasyonlariyla disli oraninin, dolayisiyla hiz ve torkun nasil
degistigini gézlemlemislerdir. OJrenciler bu gozlemleri yaparken devir
dlcer (takometre) kullanma firsati da bulmuslardir. Ogrenciler surec
boyunca goézlemlerini ve yaptiklari islemleri calisma kagitlarina
kaydetmislerdir. Yinelemeli olarak devam eden test sureci sonunda
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problemlerin ¢dzUmleri i¢cin en uygun tasarimlara grupga karar
verilmistir. Etkinlik sureciyle ilgili bir gdrsel Sekil 2'de yer almaktadir.

Sekil 2
2 Vites Etkinligi

Hidrolik Kaldira¢ Etkinligi

Bu etkinlikte 6grencilerden eldeki malzemelerle (farkh kesit alanlarina
sahip siringalar, sivi ve hortum) bir araci daha az kuvvet harcayarak
kaldirabilecek bir kaldira¢ modelini tasarlamalari istenmistir. Etkinlikte
farkli bayuklukte siringalar ve agirlik diskleri kullaniimistir. Bu etkinlik
hidrolik krikolar, hidrolik frenler, bazi tibbi cihazlar gibi siviyla ¢alisan
sistemlerin temelinde olan Pascal Prensibine gore sekillendirilmistir. Bu
nedenle &grencilerin ilk olarak Pascal Prensibini anlamlandirmalari
beklenmistir. Pascal Prensibi iki oranin esitligi ve orantii olma
durumlarini kapsamaktadir. Bu amacla ogrenciler farkh agirliklarla
uygulanan kuvvetlerin, farkli kesit alanina sahip siringalarla nasil
iletildigini deneyerek kesfetmislerdir. Yaptiklari denemelerle ilgili
verileri etkinlik calisma kagidina kaydetmisler, daha sonra bu verileri
tasarimlarinin son haline karar vermek icin kullanmislardir. Etkinlik
sureciyle ilgili bir gdrsel Sekil 3'te yer almaktadir.
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Sekil 3
Hidrolik Kaldirag Etkinligi

Yasam Merkezi Etkinligi

Bu etkinlikte ogrenciler, kendi tercihleri dogrultusunda bir yasam
merkezi tasarlamislardir. MUhendislikte de bir tasarimin belirli
olceklerde ciziminin yapilmasi ve tasarimlarin kullanislilik, ekonomiklik
yénunden iyilestiriimesi siklikla karsilasilan islemlerdir. Ogrencilere yeni
insa edilecek bir yasam merkezinin tasarimini yapacak ekipler
arandigini bildiren bir problem sunulmustur. Her bir grup son halini
sunacaklari  tasarimlarinin  artilari  ve eksilerini  gdz &nunde
bulundurduklari bir tasarim sureci yasamislardir. SUrece, beyin firtinasi
yoluyla her ogrencinin fikirlerini ifade etmelerine imkan taninarak
baslanmistir. Daha sonra tasarim kagidindaki ve gercekteki alan dlculeri
verilen bir bdlge yardimiyla dlcek hesaplanmistir. OJrenciler yapilarin
maliyetleri ve insalari icin gecen sureleri géz énunde bulundurarak
tasarimlarinin son hallerini, Sekil 4'teki gibi olusturmuslardir. Son
tasarimin zaman ve maliyetine ulasmak icin dogru ve ters orantidan
yararlanmislardir. Son tasarimlar kullanislilik, zaman, maliyet, gorsellik
gibi &dzellikleri acisindan sinifca tartisiimistir.

Sekil 4
Yasam Merkezi Etkinligi
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Uygulama Sireci

Arastirmanin uygulama surecinde deney grubu katilimci 6grencilerine
arastirmacilar tarafindan tasarlanan U¢ adet MTTME'nin uygulamasi
yapilmistir. Uygulamanin baslangicinda deney grubu katilimcilari
muhendislik tasarim déngusu ve MTTME'ler hakkinda
bilgilendirilmistir.  Kontrol gurubunda ise uygulama sureciyle es
zamanli olarak mevcut egitim programina goére rutin egitim surecine
devam edilmistir. Kontrol gurubunda sureg, egitim programina uygun
bicimde konu anlatimi ve soru ¢ézUmu uzerinden gerceklestirilmistir.
Akademik Basari Testi 6n test uygulamasi her iki gruba yapildiktan
sonra deney grubuyla uygulama surecine gecilmistir. 2 Vites Etkinligi
dort oturum, Hidrolik Kaldirag Etkinligi dért oturum ve Yasam Merkezi
Etkinligi dért oturum olarak gerceklestirilmistir. Her bir oturum 40
dakika surmustur. Deney grubundaki etkinlik uygulamalari katilimcilar,
her etkinlikte degisken ve rastgele olacak sekilde, dort kisilik gruplara
ayrilarak gerceklestirilmistir. Her etkinlik sonrasi deney grubu
ogrencilerinden yazili olarak bireysel gorusleri alinmistir. Uygulama
sureci tamamlandiktan sonra deney ve kontrol gruplarina Akademik
Basari Testi son test uygulamasi yapiimistir.

Verilerin Analizi

Bu calismadan elde edilen nicel veriler SPSS yazilimi kullanilarak analiz
edilmistir. Yapilan tum analizlerde 0.05 anlamlilik duzeyi aranmistir.
Uygulama &éncesinde deney ve kontrol gruplarinin Oran ve Oranti
konusundaki basarilarini karsilastirmak amaciyla 6ncelikle Akademik
Basari Testi 6n test ortalamalari arasinda anlamli bir fark olup olmadigi
incelenmistir. Deney ve kontrol grubundaki 6grenci sayisi 30'un altinda
oldugundan puan ortalamalarinin analizinde, parametrik olmayan
testlerden biri olan Mann Whitney-U testi tercih edilmistir. Sosyal
bilimler alanlarinda gerceklesen iliskisiz dlcumlerin yapildigi ve katilmci
sayisinin az oldugu deneysel calismalarda veri analizi icin Mann
Whitney-U testi tercih edilmektedir (Buyukozturk, 2020). Analizden
edilen sonuclar deney ve kontrol gruplari arasinda akademik basari
acisindan anlamli bir fark olmadigini gostermistir (p>0.05). MTTME'lerin
ogrencilerin akademik basarisi Uzerindeki etkisini incelemek amaciyla
deney ve kontrol gruplarinin én ve son test puanlari arasinda fark olup
olmadigint yorumlamak i¢cin parametrik olmayan testlerden Wilcoxon
isaretli Siralar Testi kullanilmistir. Wilcoxon isaretli Siralar Testi
farklihiklara dayali olarak birbiriyle iliskili veya eslestirilmis iki veri setinin
analiz edilmesi amaciyla kullanilan bir testtir (Buyukozturk, 2020).
Etkinlik uygulamasi sonucu olusan farkliligin gruplar arasindaki etkisini
arastirmak amacilyla Akademik Basari Testi sontest puanlari
karsilastirilmistir.  Katilimci sayilarinin 30'dan  az olmasi sebebiyle
Akademik Basarl Testi sontest puan ortalamalarina Mann Whitney U
testi uygulanmistir.
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Arastirmanin Gorus Formundan elde edilen nitel verileri icin betimsel
analiz uygulanmistir. Betimsel analiz, teorik yapi ve cercevesi dnceden
belirlenmis bir arastirmanin  bulgularinin  genel egilimlerinin
tanimlanmasina ve sunulmasina olanak tanimaktadir (Strauss ve
Corbin, 1990). Bu arastirmada Gorus Formunda yer alan sorulara gore
temalar dnceden belirlenmis ve verilen cevaplar dogrultusunda kodlar
olusturularak sonuclar sunulmustur. Arastirma sonuclarinin guvenirligi
icin bulgular dogrudan alintilarla desteklenerek sunulmus, veriler
objektif bicimde aktarilmis ve kodlamalar iki farkli arastirmaci
tarafindan bagimsiz olarak yapilarak kodlayicilar arasinda tutarlilik
gozetilmistir. Dogrudan alintilar sunulurken katilimcr gizliliginin
korunmasi amaciyla katilimcilar 01,02,..021 seklinde kodlanmustir.

Bulgular
Etkinliklerin Akademik Basariya Etkisine Yonelik Bulgular

Muhendislik tasarim temelli matematik etkinliklerinin &grencilerin
Oran ve Oranti konusundaki basarilarina etkisini inceleyebilmek
amaclyla, Akademik Basari Testi deney ve kontrol gruplarina éntest ve
sontest olarak uygulanmistir. Test puanlari non-parametrik testlerden
Wilcoxon isaretli Siralar Testi ile analiz edilmistir. Testler sonucunda
kontrol grubu 6n test- son test puanlari arasinda anlamli bir farkliliga
rastlanmazken (Z=-1.414, p=0.157; p>0.05) deney grubu &én test-son test
puan ortalamalari arasinda, son test lehine anlamli bir farklilik olustugu
bulgusuna ulasiimistir (Z=-2.066, p=0.039; p<0.05). Analiz sonucunda
elde edilen bulgular Tablo 3'te verilmistir.

Tablo 3

Wilcoxon isaretli Siralar Testi Sonuclari
Deney Grubu On test-Son N Sira Sira Ve b
test Ortalamasi  Toplami
Negatif Siralar 3 6.00 18.00 .
Pozitif Siralar 10 730 73.00 2066 039
Esit 8
Kontrol Grubu On test- N Sira Sira
Son test Ortalamasi  Toplami P
Negatif Siralar 2 4.50 9.00

. 157**

Pozitif Siralar 6 450 27.00 -1.414
Esit 9

*p <.05

**p>.05

Etkinlik uygulamasi sonucu olusan farkliligin gruplar arasindaki etkisini
arastirmak amaciyla Akademik Basari Testi sontest puanlari
karsilastirilmistir. Bu amacla Mann Whitney U testi kullaniimistir. Test
sonucunda deney ve kontrol grubu son test puanlari arasinda, deney
grubu lehine anlamli bir farklilik olustugu gérulmustur (U=107.500 Z=-
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2.190 p=0.029; p<0.05). Analizsonucunda elde edilen bulgular Tablo 4'te
verilmistir.

Tablo 4

Mann Whitney U Testi Sonuclari
Gruplar N M U Z p
Deney 21 22.88 107.500 -2.190 .029*
Kontrol 17 19.02

*p <.05

Arastirma sonucunda elde edilen bulgular, muhendislik tasarim temelli
matematik etkinliklerinin Oran ve Oranti konusundaki akademik
basariya olumlu etkisinin oldugunu gdstermektedir. Ayrica arastirma
bulgularindan hareketle etkinliklerin uygulanmasiyla gerceklestirilen
ogretim surecinin, mevcut egitim programina uygun olarak soru
¢OzUmU Uzerinden gerceklestirilene gdére daha etkili oldugunu
soylemek mumkundur.

Etkinliklere iliskin Ogrenci Gériislerine Yénelik Bulgular

Arastirmada nitel veri toplama araci olarak kullanilan Goérus Formunda
yer alan sorulara gére temalar; “zorlanilan yerler”, “kolay bulunan yerler”,
“etkinlige katilacaklara tavsiyeler”, “etkinligi degerlendirme” ve
‘etkinligin matematige yonelik goruslere etkisi” olarak belirlenmistir.
Ogrencilerin sorulara bireysel olarak verdikleri cevaplar dogrultusunda
bu temalara ait kodlar elde edilmistir. Kodlama iki farkli arastirmaci
tarafindan bagimsiz olarak yapilmis ve tutarlihlk saglandigi
gérulmustur. Bu bdélumde analiz sonuclart ve bu sonuclari
destekleyecek sekilde, dogrudan alintilarla érnekler sunulmustur.

2 Vites Etkinligine iliskin &Ggrenci Gérdsleri

Muhendislik Tasarim Temelli Matematik Etkinlikleri uygulamasina
katilan &grencilerin 2 Vites Etkinligine iliskin gorusleri Tablo 5'te
verilmistir.

Tablo 5

2 Vites Etkinligine iliskin Ogrenci Gérusleri
Temalar Kodlar Frekans

LEGO parcalarini takip ¢cikarma

Devir olcer kullanma

Matematiksel islemleri yapma

Disli orani ve viteslerin calisma mantigini

anlama

Tasarim icin se¢im yapma

Istenen tasarimi olusturma

Matematiksel islemleri yapma

Tasarimi test etme

Tasarimi farkli kosullara uyarlama

oo

Zorlanilan yerler

Kolay bulunan yerler

N N OW
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Sistemin calismasini engellemeyecek 4
sekilde dislileri baglama
Etkinlige Dislileri secilen kombinasyona gore 3
katilacaklara takma
tavsiyeler Islem kullanimina dikkat etme 3
Devir 6lcerken takometre ve arabayi 2
sabitleme
5 puan 10
Etkinligi 4 puan 7
degerlendirme 3 puan 3
2 puan 1
Etkinligin Etkiledi 13
matematige yonelik  Etkilemedi 7

goruslere etkisi

Tablo 5'te goruldugu uzere, ogrenciler 2 Vites etkinliginde LEGO
parcalarini takip ¢ikarma (f=7) ve devir olcer kullanma (f=6), konularinda
zorlandiklarini ifade etmislerdir. LEGO ve devir dlgcer kullaniminda
zorlanan égrencilerin, daha 6nce bu araclari kullanma deneyimlerinin
olmadigini ifade ettikleri goralmuastar. Bu durumla ilgili O4: “Parcalarin
sabit tutulmasinda zorlandim. Daha énce Lego parc¢alarini yerlestirme
deneyimim olmadigi icin sorun yasadim.” seklinde bir gérus bildirirken
O7: “Dénme sayisi élctugumdiz arac ilk defa kullaniyorduk. Olcme
yaparken bazi dikkat edilmesi gereken yerleri sonradan anladik ama
basta zor geldi.” ifadelerini kullanmistir. Bunlara ek olarak o6grenciler
¢cOzUm icin gerekli matematiksel islemleri yapmakta (f=5), disli orani ve
viteslerin ¢alismma mantigini anlamakta (f=5) ve tasarim icin secim
yapmakta (f=3) zorlandiklarini ifade etmislerdir. Disli orani ve viteslerin
calisma mantigini anlamakta zorlanan O2: “Arabanin hizli veya yavas
olmasiyla disli oraninin ilgisini kafamda oturtmakta zorlandim.”,
matematiksel islemleri yapmakta zorlanan O19:“Matematikte islem
yapmakta hep zorlanirim burada da isler degismedi” seklinde gorusler
belirtmislerdir.

Ogrencilerin 2 Vites etkinliginde kendilerinden istenen tasarimlari
olusturmayi (f=9), Oran-Oranti ile ilgili matematiksel islemleri yapmayi
(f=8), tasarimi test etmeyi (f=4) ve tasarimi farkli kosullara uyarlamayi
(f=2) kolay bulduklarini belirttikleri gérulmustur. istenen tasarimlari
olusturmayi kolay bulan O7:“Arabalari tasarlamak icin uygun dislileri
secmek kolaydr cunkl hem sayisal olarak islem yaptik hem de
yaptigimiz islemleri araba Uzerinde kontrol ettik. Bu da isi
kolaylastirdl.” ve matematiksel islemleri yapmayi kolay bulan O18: “Disli
oranini hesaplamakta ve islemlerde zorluk yasamadik.” gibi gorusler
belirtmislerdir.

2 Vites etkinligine katilan 6grenciler bu etkinlige sonradan katilacak
farkli kisiler icin sistemin calismasini engellemeyecek sekilde dislileri
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baglama (f=4), dislileri secilen kombinasyona gore takma (f=3), islem
kullanimina dikkat etme (f=3) ve devir dlcerken takometre ve arabayi
sabitleme (f=2) konularina dikkat etmeleri yonunde tavsiyelerde
bulunmuslardir. Dislileri secilen kombinasyona gdre takma konusunda
tavsiye veren O16: “Disli oranini kullanirken dikkatli yazsinlar. Biz bir
yerini ters yazip taktigimiz icin hata yapmistik...” ifadelerini kullanmistir.

2 Vites etkinligine katilan 6grencilerin cogunlugu, etkinligi 5 Uzerinden
4 puan (f=7) ve 5 puan (f=10) olarak degerlendirmislerdir. Bu 6grencilerin
cevaplari incelendiginde etkinligin ilgi ¢cekici oldugu, 6grenmeyi zevkli
hale getirip kolaylastirdigl, gunluk hayatta var olan durumlari
anlamlandirmaya yardimci oldugu, yalnizca islem yapmaktan ibaret
olmayip tasarim Uzerinde denemeler yapmaya imkan verdigi gibi
olumlu goéruslere rastlanmistir. Bununla ilgili olarak O15: “5 puan.
Etkinlik sadece matematik islemleriyle dolu degildi. Denemeler
yvapmamiza da firsat veriyordu.” ve O20: “4 puan verirdim ¢unku
Legolarin kug¢Uk olmasi ve zor takilmasi haricinde glzel ve ilgi ¢ekici bir
etkinlikti.” seklinde gérusler bildirmislerdir. Buna karsin etkinligin kafa
karistiricl ve uygulamasinin zor oldugu, muhendislikle iliskili bazi teknik
konulari anlatmakta yeterli ve ilgi cekici olmadigi gibi olumsuz goérusler
ile 2 puan (f=1) ve 3 puan (f=3) olarak degerlendirenler de mevcuttur. Bu
dgrencilerden O21: “2 Puan. Bence dislilerde nasil moment olustugu
gibi seyleri cok iyi anlatan bir etkinlik degildi.” ve O13: “3. Kafa
karistiriciydi ve anlamadim.” géruslerini belirtmislerdir.

Bu etkinlige katilim saglayan égrenciler etkinligin, matematik dersine
yoénelik goruslerini olumlu sekilde etkiledigini (f=13) veya matematige
yoénelik goruslerini etkilemedigini (f=7) ifade etmislerdir. Etkinligin
matematik dersine yonelik goruslerini etkiledigini belirten égrenciler
matematigin gunluk hayatla gercekten iliskili olabilecegini, her alanda
gerekli oldugunu, derse aktif sekilde katilm saglayabileceklerini fark
ettiklerini ifade etmislerdir. Bu &grencilerden O4: “Evet etkiledi.
Matematigin her alanda gerekli oldugunu bir kez daha gérmus olduk.”
ve Ol4: “Evet. Nedeni ise bu etkinlikten énce matematik dersinde bu
kadar aktif olabilecegimizi dusinmezdim. Bu etkinlik gordsumu
degistirdi.” seklinde gdérus bildirmislerdir. Etkinligin matematige
yonelik goruslerini  etkilemedigini belirten 6égrenciler ise bunun
nedenlerini; iki disiplinin de ilgi alani olmadigl, normal surecte
matematik derslerinin bu tarz etkinliklerle islenmiyor olusu ve sinavlara
bu sekilde hazirlanilmamasi olarak aciklamislardir. Bununla ilgili O5:
“Hayir dusunmduyorum c¢unku sinaviara bdéyle hazirlanmiyoruz.”
seklinde gorus belirtmistir.

Hidrolik Kaldirag Etkinligine iliskin Ogrenci Gérdsleri

Muhendislik Tasarim Temelli Matematik Etkinlikleri uygulamasina
katilan 6grencilerin Hidrolik Kaldira¢ Etkinligine iliskin gorusleri Tablo
6'da verilmistir.
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Tablo 6
Hidrolik Kaldirac Etkinligine lliskin Ogrenci Gérusleri
Temalar Kodlar Frekans
Zorlanilan yerler Etkinlik d.Uzen'egini kuillanma 10
Matematiksel islemleri yapma 4
Istenen tasarimi olusturma 10

Kolay bulunan yerler Matematiksel islemleri yapma

Siviyi dikkatli kullanma
Etkinlige katilacaklara Hortumun havasini bosaltma
tavsiyeler Siringa takim ve kullanimina dikkat
etme
5 puan
4 puan
Etkinligi degerlendirme 3 puan
2 puan
1 puan

Etkinligin matematige  Etkiledi 1
yonelik géruslere etkisi Etkilemedi 10

WA OO

o N

o_l_l

Tablo 6'da géruldugu gibi, Hidrolik Kaldirag Etkinligine katilim saglayan
ogrenciler etkinlik duzenegini kullanma (f=10) ve matematiksel
islemleri yapma (f=4) ve konularinda zorlanmislardir. Etkinlik
duzenegini kullanmakta zorluk yasadigini belirten o6grencilerden
09:“Siringalari deneme yapmak icin siviyla doldurup sonrasinda
Ustune adirlik koymak vs. zorladl.” ve O11: “Siringalari sectikten sonra
agirliklari koyup duzenegi ayarlamakta zorlandik.” seklinde gorus
bildirmislerdir.

Ogrenciler bu etkinlikte, secimler belirlendikten sonra istenen tasarimi
olusturmayi (f=10) ve matematiksel islemleri yapmayi (f=5) kolay
bulduklarini belirtmislerdir. Bununla ilgili Olin gérUst: “Kaldirac
sisteminin nasil ¢alistigini anlayip secimleri yaptiktan sonra uygun
tasarimi yapmak ve islemleri hesaplamak kolay geldi.” seklindedir.

Hidrolik Kaldira¢c Etkinligine katilan 6grenciler bu etkinlige sonradan
katilacak farkh kisiler icin siviyl dikkatli kullanma (f=6), hortumun
havasini bosaltma (f=4) ve siringa takim ve kullanimina dikkat etme
yénunde tavsiyelerde bulunmuslardir. Siringa takim ve kullanimina
dikkat etmeleri konusunda tavsiye veren O7: “Siringayi suyu cektikten
sonra takabilirler. Daha kolay oluyor. Zaten bunun icin bélmeler de
var.” ifadelerini kullanmistir.

Ogrenciler etkinligi bes Uzerinden 1 puan (f=1), 2 puan (f=1), 3 puan (f=5),
4 puan (f=6) ve 5 puanla (f=4) degerlendirmislerdir. Etkinlige 4 ve 5 puan
veren ogrenciler ilgi cekici ve farkli olmasi, kendilerini fazladan isleme
bogmamasi, tartisma sorularinin  aciklayici olmasi gibi olumlu
ozelliklerini ifade etmislerdir. Tartisma sorularinin aciklayici olmasi
sebebiyle etkinligi 5 puanla degerlendiren O7: “5 veririm. CUnku
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tasarimi yaparken ve bitirdikten sonra sordugunuz sorular beni
aydinlatt.” seklinde gérus belirmistir.  Etkinligi 1, 2 ve 3 puanla
dederlendiren &grenciler ise etkinligi sivi  kullaniimasi, etkinlik
materyalinin kullaniminin zor olmasi, bir onceki etkinlige goére aktif
katilim acisindan daha zayif olmasi gibi ydnlerden elestirmislerdir. Aktif
katilim acisindan yetersiz olmasi sebebiyle etkinligi 3 puanla
degerlendiren O6: “4 verdim c¢lUnkl bizim siringalari takip adirlik
koymak disinda yapacagimiz pek bir is yoktu.” seklinde gérusunu ifade
etmistir. OJrenci dederlendirmelerinde dikkat ceken bir bulgu;
etkinlige bes puan veren bir 6grencinin, gerekcesini etkinligin gercekci
olmasi olarak aciklamasina karsin, iki puan veren bir 6grencinin ise
gercekci bulmadigini ifade etmesidir. Bu 6grenci gorusleri su sekildedir:

09: “2 puan. Araclarin béyle kaldirildigini ddsinmuyorum, gercekci
olmamis”

O5: “5 puan. Ara¢c bakiminda gérmustim. Onlar yad kullaniyordu, biz
renkli su kullandik. Bu yuzden etkinligin gercekc¢i oldugunu
dusunudyorum.”

Hidrolik Kaldira¢ etkinligine katilan &grencilerden, etkinligin
matematik dersine yoénelik goéruslerini  etkiledigini  (f=10) ve
etkilemedigini (f=10) ifade edenlerin oldugu gérulmustur. Etkinligin
goruslerini etkiledigini ifade eden &grenciler; matematik dersinin
eglenceli gecebilecegini ve dersi sevebileceklerini, matematigin 6nemli
ve gunluk hayatin icinde énemli sekilde var oldugunu dusunduklerini
ifade etmislerdir. Etkinligin goéruslerini etkilemedigini ifade eden
ogrenciler ise; ilgi cekici veya zevkli olmadigini, matematikten cok
muhendislikle iliskili oldugunu, matematik kullanmadan da sonuca
ulasilabilecek bir etkinlik oldugunu dusunduklerini ifade etmislerdir.
Matematik kullanmadan da sonuca ulasilabilecek bir etkinlik olmasi
sebebiyle goéruslerini etkilemedigini ifade eden O14: “Hayir etkilemed|.
Bunlari matematik kullanmadan da deneyerek bulurduk” seklinde
gorus belirtmistir.

Yasam Merkezi Etkinligine iliskin Ogrenci Gérdsleri

Muhendislik Tasarim Temelli Matematik Etkinlikleri uygulamasina
katilan ogrencilerin Yasam Merkezi Etkinligine iliskin gorusleri Tablo
7'de verilmistir.

Tablo 7
Yasam Merkezi Etkinligine lliskin Ogrenci Gérisleri
Temalar Kodlar Frekans
Grupla ortak karar verme n
Gizimi tasarim kagidina sigdirma 8
Tasarimi verilen dlgutlere goére 6
Zorlanilan yerler .

duzenleme
Alan olgusu ile harita olgegdi 5

iliskilendirme
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Tasarim icin secim yapma
Matematiksel islemleri yapma
Matematiksel islemleri yapma
Tasarimi duzenleme

Kolay bulunan yerler Tasarim yapma

Tasarimisunma

Tartisma

BuUyuk tasarim kagidi isteme

Grupla uzlasmaya 6zen gosterme

Tasarimi tum ol¢utleri dikkate alarak

yapma

Tasarimi 6nce taslak olarak belirleme 2

5 puan 10

Etkinligi degerlendirme 4 puan 7

3 puan 3

Etkinligin matematige  Etkiledi 13
yoénelik géruslere etkisi Etkilemedi 7

Etkinlige katilacaklara
tavsiyeler

N OSINWO ool o,

Tablo 7'de géruldugu gibi, Yasam Merkezi Etkinligine katilim saglayan
ogrenciler grupla ortak karar vermekte (f=11), ¢cizimi tasarim kagidina
sigdirmakta (f=8), tasarimi verilen olcuUtlere gére duzenlemekte (f=6),
alan &lcusu ile harita olcegdi iliskilendirmekte (f=5), tasarim icin secim
yapmakta (f=5), ve matematiksel islemleri yapmakta (f=4)
zorlanmiglardir.  Tasarimi verilen Olcutlere goére duzenlemekte
zorlandigini ifade eden O8: “Tasarimimizin zamandan mi yoksa Ucret
yénunden mi daha iyi olacagr konusunda anlasmaya varmakta
zorlandik.” seklinde gérus bildirmistir. Benzer sekilde O13 de tasarimi
verilen dlcutlere gore duzenlemekte ve bunun yani sira grupla ortak
karar vermekte zorlandigini ifade etmistir. O13'Un gérusu su sekildedir:
“Tasarimin  baslangicinda  herkesin  fikirlerini  degerlendirmeye
calismak ve ortak bir fikre ulasmak zordu. Ayrica bizim yasam
merkezimizin kullanisli olmasi, guzel gérinmesi, kisa sdrede yapilmasi
ve az maliyetli olmasi gerekiyordu.”

Ogrenciler bu etkinlikte matematiksel islemleri yapmayi (f=5), tasarimi
duzenlemeyi (f=5), tasarim yapmay (f=5), tasarimi sunmayi (f=3) ve
tartismayi (f=2) kolay bulduklarini belirtmislerdir. Tasarimi sunmayi
kolay buldugunu belirten O12, goérusuni: “Biz grupca tasarimi
yaparken her seye dikkat ettik. Bu yuzden de artilarini ve eksilerini
kolayca anlattik. Digerleriyle karsilastirabildik.” olarak ifade etmistir.

Yasam Merkezi Etkinligine katilan ogrenciler bu etkinlige sonradan
katilacak farkli kisiler icin buyuk tasarim kagidi isteme (f=7), grupla
uzlasmaya d6zen gdsterme (f=5), tasarimi tum odlcutleri dikkate alarak
yapma (f=2) ve tasarimi once taslak olarak belirleme (f=2) yénunde
tavsiyelerde bulunmuslardir. Tasarimi dnce taslak olarak belirlemeleri
konusunda tavsiye veren O11: “Tasariminizi kégida tam olarak
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cizmeden 6nce grup arkadaslarinizla son haline kesin olarak karar
verin.” ifadelerini kullanmistir.

Yasam Merkezi Etkinligine katilan 6grenciler bu etkinligi 5 Gzerinden 5
puan (f=10), 4 puan (f=7) ve 3 puan (f=3) ile degerlendirmislerdir.
Katilimcilarin - cogunlugunu  olusturan ve bes puan vererek
degerlendiren 6grenciler bu etkinligi; eglenceli, guzel vakit gecirmeye
yardimci, ézgurluk taniyan ve yaraticiligr gelistiren bir etkinlik olarak
nitelemislerdir. Etkinligi bes olarak puanlayan O14 bunun sebebini: “5
puan veriyorum c¢unku etkinlikte yasam merkezini insa ederken
ormanlik alani korumamiz gerekiyordu. Bu etkinligin cevreye duyarli
olmasi ¢cok hosuma gitti.” Seklinde aciklayarak cevreye duyarli bir
etkinlik oldugunu ifade etmistir. Etkinligi U¢ ve dort puanla
degerlendiren diger o&grenciler ise; grupla ortak calismanin zor
oldugunu ve bireysel uygulanmasi gerektigini, cizim alaninin yetersiz ve
oran-oranti islemlerinin uzun oldugunu belirtmislerdir. Etkinligi Ug¢
olarak puanlayan O6 bunun sebebini: “3 puan ¢clnkd grupla calisiimasi
zor bir etkinlik.” Seklinde aciklamistir.

Yasam Merkezi etkinligine katilim saglayan 6grencilerin cogunlugu bu
etkinligin; gunluk hayatla iliskilendirildigi, derse katilma istegini
artirdigl, problem c¢6zmenin zevkli oldugunu dusundurdugu ve
derslerdeki &zguveni artirdigr icin matematik dersine yonelik
goruslerini olumlu etkiledigini (f=13) belirtmislerdir. OzgUveni artirdidi
icin matematik dersine ydnelik gdruslerini olumlu etkiledigini ifade
eden 02 “Etkinlikte yapamadigim yerleri grup c¢alismasinda
oldugumuz icin arkadaslarimla yardimlasarak kolaylikla yaptik ve
etkinligi  eksiksiz tamamlamis olduk. Matematikte bir seyi
yapamadigim zaman kendimi 6zglvensiz hissediyorum. Burada oyle
bir durum yasamadigim icin 6zguvenim artti. O ylUzden etkiledi
diyebilirim.” Seklinde gorus belirtmistir. Bazi égrenciler ise bu etkinligin
matematik dersine yonelik 6n yargilarini yikmaya yetmedigini ve
muhendis olmadigil surece bir ise yaramayacagini dusundukleri icin
goruslerini etkilemedigini (f=7) ifade etmislerdir. On yargilarini yikmaya
yetmedigi icin goéruslerini etkilemedigini soéyleyen O12: “Etkinlik
matematik hakkindaki 6n yargilarimi yikamadi ve matematik
muhendislik hakkinda ényargi olusturdu zaten. Yine de ayni yani.”
ifadelerini kullanmustir.

Sonug, Tartisma ve Oneriler

Bu calismada ortaokul matematik dersine yonelik tasarlanmis
muhendislik tasarim etkinliklerinin égrencilerin akademik basarilarina
etkisi ile etkinliklere yénelik godrusleri arastirilmistir.  Etkinlikler
tasarlanirken butunlesik STEM  egitimi  anlayisi  cercevesinde,
matematik ve muhendislik disiplinlerinin yontem ve icerikleri
iliskilendirilerek surec¢ olusturulmustur. Herhangi bir sinif duzeyi icin
planlanan STEM entegrasyon iceriginin &grenciler icin anlamli bir
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amacinin olmasli ve mumkun oldugunca gerceke¢i durumlar iceren
deneyimler sunmasi gerekmektedir (Guzey ve digerleri, 2016; Moore ve
digerleri, 2014). Ayrica STEM entegrasyonunun muhendislik tasarimini
icerdigi durumlarda, katilim saglayan égrencilerin muhendislik tasarim
sureci ve temel duzeyde muhendislik deneyimleri hakkinda fikir sahibi
olmalari konusunda ortak bir kani vardir (Brophy ve digerleri, 2008;
Fantz ve digerleri, 2011). Bu nedenle bu arastirma icin tasarlanan Ug¢
etkinlikte de muhendisligin ve tasarim surecinin, matematiksel
kavramlarin sunulmasi icin anlamli bir baglam olarak kullaniimasina
dikkat edilmistir.

Muhendislik tasarim temelli matematik etkinliklerinin, 6grencilerin
Oran ve Oranti konusundaki akademik basarilarini anlamli sekilde
artirdigi sonucuna ulasilmistir. Ayrica bu olumlu etkinin, mevcut egitim
programina uygun olarak soru ¢6zumu Uzerinden yurudtulen surece
kiyasla da anlamli oldugu goérulmustur. Bu arastirmada 6grenciler sinif
ortaminda matematigi diger disiplinlerle butunlestiren etkinliklere
katilmislardir. Bu sonucun ortaya ¢ikmasinda, katildiklari etkinliklerde
matematiksel bilgiyi dogrudan kullanmayi deneyimlemis olmalarinin
etkisinin  olabilecegi dusunulmektedir. Forde ve ark (2023),
matematiksel icerigin bir muhendislik problemine entegre edilmesinin,
belirli prosedurleri yerine getirerek islemleri uygulamanin o&otesine
gectigini ve verileri temsil etme, yorumlama ve prototip i¢cin uygun
malzemeleri se¢cme konusunda karar verme gibi islemleri
gerceklestirirken matematiksel akil yurutme becerilerinin
kullanilmasini gerektirdigini belirtmislerdir. Arastirmadan elde edilen
bu sonug, alanyazindaki, muhendislik tasarim temelli egitimin
matematik ve diger STEM alanlarinda basariya olumlu etkilerinin
oldugu yonundeki sonuclarla paralellik gostermistir (Coxon ve digerleri,
2017; Delen ve Sen, 2023; Firdaus ve digerleri, 2020).

Ogrenci gorusleri incelendiginde daha dénce sinif ortami veya disinda
kullanmadiklari araclari etkinlikte kullanirken zorlandiklari
goérulmustur. Muhendislik tasarimin surecinin o6grencilerin teknolojiyi
ve farkli ara¢ gerecleri kesfedip gelistirmelerini gerektirdigi dusunulse
de (Morrison, 2006; ITEA 2000), bu durumun 6grenme hedefinin 6nune
gecerek ogrenciler acisindan bilissel yuk olusturma ihtimali gdz ardi
edilmemelidir (Chen ve digerleri, 2022). Bunun énlenmesi i¢cin tasarim
etkinliklerinde kullanilacak, égrenciler icin yeni olabilecegi dusunulen
teknoloji ve materyaller dncesinde tanitilarak égrencilerin kesfetmeleri
saglanabilir.

Ogrencilerin matematiksel kavram ve islemleri hedefe ulasmak icin
dogal bir ara¢ olarak goérduklerinde anlamsiz veya gereksiz
bulmadiklari, cogunlukla zorlanmadiklari  gdérulmustur.  Ayrica
matematiksel kavram ve islemlerin muhendislik tasarim baglaminda
sunulmasinin, ogrencileri sorgulamaya yoénelttigi gozlemlenmistir.

380



PAUEFD, 61, 362-388 [2024] https://doi.org/10.9779/pauefd.1282019

Muhendislik tasarim etkinlikleri matematiksel kavram ve sorgulamalari,
problem c¢ézme suUrecinin dogal unsurlari olarak sunma imkani
vermektedir. Boylelikle o6grencilerin  bir tasarim olusturmak icin
matematiksel kavramlari kullanmalari, islemleri yapmalari ve bazi
sorgulama sureclerini kavramalari gerekmektedir (NRC ve NAE, 2009).

Ogrencilerin etkinliklere yénelik goéruslerinin, genel anlamda olumlu
yénde oldudu sonucuna ulasiimistir. Ogrenciler mUhendislik tasarim
temelli matematik etkinliklerinin, alanyazina benzer sekilde (Dickerson
ve digerleri, 2014; Piskin Tung¢ ve GUundogdu, 2022); ilgi ¢ekici, eglenceli,
gercekei, merak uyandiricl, 6grenmeyi kolaylastirici, yaraticiligi
gelistirici oldugundan ve yalnizca islem yapma odakl olmadigindan
bahsetmislerdir.

Yasam Merkezi etkinligi Uzerine olumlu gorus belirten bir égrenci,
gérusunun sebebini etkinligin cevreye duyarli olmasi olarak
aciklamistir. Alanyazinda K-12 duzeyinde muhendislik entegrasyon
surecinde etik ve kulturel boyutlar, devlet politikalari, toplum faydasi
gibi durumlarin da goézetilmesi gerektigine ydénelik goérusler vardir
(Gunckel ve Tolbert, 2018; Rodriguez ve Shim, 2021). Tasarim etkinlikleri
hazirlanirken ve uygulanirken bu durumlarin  gdz o6nunde
bulundurularak olcut ve sinirliliklarin genisletilebilecegi
dusunulmektedir.

Etkinliklere  yoénelik  olumsuz gorus belirten ogrencilerin
degerlendirmelerinde cogunlukla ilgisini cekmedigi, muhendislik ve
matematik disiplinlerinin ikisiyle de ilgilenmedigi, isine yaramayacagini
dusundugu gibi ifadeler dikkat cekmektedir. Disiplinlerarasi ve
buatunlestirilmis bir egitim iceriginin temel hedefleri arasinda;
ogrencilerin kisisel bilgi, yetenek ve deneyimlerini kullanarak motive
olacaklari bir 6grenme baglami olusturmak vardir (Moore ve digerleri,
2014). Bu hedef cercevesinde okullarin, cesitli disiplinler arasinda
entegrasyonu saglayacak ortak veya paralel konular belirleyerek bir
ogretim programi benimseyebilecedi; bunun sonucunda da
ogrencilerin ilgisini ¢cekebilecek bir icerik bulmasina yardimci
olunabilecegi dusunulmektedir. Nitekim alanyazinda butunlestirme
taru ve derecesinin, ihtiyaclara gére belirlenip gelistirilebilecegine
yonelik ortak bir gorus hakimdir (Bybee, 2013; Fogarty, 1991; Jacobs,
1989).

Bu arastirma icin tasarlanan etkinliklerde tasarim ddngusuy,
matematiksel kavramlarin gercek dunya deneyimleriyle 6grenimi ve
kullanimi icin bir koépru olusturmustur. Li ve ark. (2019) tasarimin
yalnizca muhendislik, mimarlik, teknoloji gibi alanlara 6zgu olmadigini,
fen ve matematikte de tasarim yapilabilecegini belirtmislerdir. Bu
nedenle o&zellikle matematiksel kavram ve becerilerin  tasarim
becerileriyle birlikte gelistirilebilecegdi tasarim etkinliklerinin artirilmasi
gerektigi dusunulmektedir. Bu arastirma icin tasarlanan etkinlikler
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yedinci sinif Oran ve Oranti konusunun kazanimlarini desteklemek icin
mMuUhendislik tasarim surecini baglam olarak kullanmistir. Etkinliklerin
bu kazanimlarin tamamini kapsayabilmesi amaciyla tasarim sureci
malzeme, zaman, uygulanan adimlar gibi bazi sinirlamalarin 6nceden
planlanmasini gerektirmistir. Gelecek arastirmalarda matematiksel
beceriler 6n plana alinarak égrencilere daha fazla yaraticilik alani
taniyan etkinlikler gelistirilebilir. OJrencilerin muUhendislik tasarim
déngusunu rehber aldiklari bir tasarim surecini nasil gerceklestirdikleri
daha ayrintili sekilde incelenebilir. Bu arastirmada kullanilan etkinlikler,
katilimci sayisi ve uygulama suresi artirilarak yeniden uygulanabilir.
Ayrica bu arastirmada kullanilan etkinliklerin kalicilik acisindan
etkilerinin arastirilabilecegi dusunulmektedir.

Etik Kurul izin Bilgisi: Bu arastirma, Hacettepe Universitesi Etik
Kurulunun 11/02/2022 tarihli E-51944218-300-00002032584 sayili karari
ile alinan izinle yaratdlmdastar.

Yazar Cikar Catismasi Bilgisi: Yazarlarin beyan edecegi bir c¢ikar
catismasi yoktur.

Yazar Katkisi: Arastirma ikinci yazarin danismanliginda, birinci yazar
tarafindan ydratdlen yluksek lisans tezinden dretilmistir.
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The Effect of Engineering Design-Based Mathematics
Activities on Academic Achievement of Secondary School
Students and Student Views on These Activities *
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Abstract

The integration of science, technology, engineering and
mathematics (STEM) is becoming increasingly important in
both national and international literature. Engineering is often
favored in the integration of STEM disciplines because it is a
discipline that bridges other fields and can put abstract
concepts into a real-world context. The purpose of this study is
to examine the effects of engineering design activities
developed for middle school math classrooms on students'
academic achievement and students' views of the activities. To
this end, three construction activities on ratio and proportion
were developed in seventh grade. The study was conducted in
a quasi-experimental design with a pretest-posttest control
group. A total of 38 seventh-grade students, 21 experimental
and 17 control students, took part in the study. As a result of the
study, it was found that math activities based on constructions
significantly increased students' performance in ratio and
proportion. It was also found that students' views of the
activities were generally positive. Students indicated that the
construction-based math activities were interesting, fun,
realistic, engaging, facilitated learning, encouraged creativity,
and did not focus solely on performing operations.
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Introduction

The knowledge that is available for processing and use in the real world
has no clear boundaries; it is complex and interdisciplinary. It must
therefore be viewed and evaluated as a whole (Frodeman et al., 2010;
Newell et al, 2001). In order for individuals to make sense of the
procedural knowledge they acquire in school in the context of the real
world, this integrity should not be ignored. In order to grow individuals
who can adapt to the rapidly changing world and develop creative
solutions to the problems they face, the idea of inclusive education is
becoming increasingly important (Daugherty & Carter 2018; Mulder,
2012). Today, it is evident that most countries that are considered
successful in education use integrated, interdisciplinary education
programs (Drake & Savage, 2016). Efforts to integrate the disciplines of
science, technology, engineering, and mathematics (STEM), along with
their variations, have also gained momentum within this context.
Integrated STEM education exemplifies interdisciplinary education
(Wang et al, 2011). This approach offers students authentic learning
environments by leveraging the interrelationships among STEM
disciplines and aims to impart knowledge and skills both within and
across these disciplines (National Academy of Engineering and
National Research Council [NAE & NRC], 2014). These four disciplines,
each offering insights to comprehend natural phenomena and apply
this understanding to enhance human life, are ideally taught using an
interdisciplinary approach that highlights their interconnectedness
(NRC & NAE, 2009). Roehrig et al. (2012). STEM disciplines are often
introduced in classroom practices by integrating the key objectives of
various disciplines into a singular curriculum, or by emphasizing one
discipline and utilizing others as contextual frameworks to enhance its
relevance. In a similar vein, Bybee (2013) delineated diverse models in
which science or mathematics content is reinforced by technology
and/or engineering contexts. These models include collaborative and
coordinated teaching across different disciplines, equal emphasis on
the content and concepts of each discipline, and the frequent
application of a transdisciplinary approach for addressing complex
global issues.

When examining studies on the integration of STEM disciplines, it
becomes evident that the engineering design process is a commonly
preferred methodology (Guzey et al, 2016; Lie et al, 2019). This
preference stems from the inherent nature of engineering as a
discipline that connects other fields (Moore et al,, 2014). Engineers
utilize their knowledge in science, technology, and mathematics to
address real-world problems (Channel, 2009). From the standpoint of
mathematics education, a reciprocal relationship and a robust linkage
between engineering and mathematics can be observed, particularly
in terms of methods and content (Berry et al., 2010; Moore et al.,, 2014;
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NRC & NAE, 2009). Engineering and mathematics mutually reinforce
each other by providing meaningful contexts for abstract concepts
(Berry et al., 2010; NRC & NAE, 2009).

Engineering Design Process

The engineering design process is a systematic method for problem-
solving and product development. In K-12 education, when
incorporating the engineering discipling, it is imperative to include the
engineering design process (Fantz et al, 2011, NRC & NAE, 2009). A
review of the literature defining the engineering design process (Atman
et al, 2007; Hynes et al., 2014; NGSS Lead States, 2013; International
Technology Education Association [ITEA], 2000) reveals that while
universally accepted definitions of the process are not present, certain
typical characteristics are evident. These characteristics include a
cyclical, as opposed to linear, progression in the outlined design
processes. Moreover, the engineering design process is approached
from problem-based, process, and product-oriented perspectives
(Capobianco et al., 2018). An engineering design process encompasses
defining a specific problem, exploring potential solutions, testing these
solutions, conducting repeat tests if necessary, and ultimately selecting
the most suitable solution (Berland et al., 2014; Hynes et al., 2011; NGSS,
2013; Wendell et al., 2010).

The concept of immersing K-12 students in design experiences is
increasingly gaining global significance. Consequently, it is essential for
educators to actively collaborate in cultivating design skills and
fostering learning through design-oriented activities (Crismond &
Adams, 2012). Involving students in the engineering design process can
bolster meaningful learning, as it offers them opportunities to
experiment with potential future roles as designers or engineers. This
involvement also encourages them to adopt an engineer-like,
inquisitive approach to problem-solving (Crismond & Adams, 2012;
Moore et al., 2014).

The literature reveals a growing advocacy for utilizing engineering
design as an integrative mechanism within STEM education. Analysis of
relevant studies indicates that practices integrating engineering
design with other STEM disciplines positively influence students' STEM
performance and achievement (Fan & Yu, 2017; Stohlmann et al., 2017,
Wendell & Rogers, 2014). Furthermore, these practices equip students
to tackle real-life interdisciplinary problems through questioning,
researching, collaborating, and actively applying conceptual
knowledge from areas like mathematics and science (Brophy et al,
2008; Hathcock et al., 2015).

The literature includes research where the engineering design process
is applied in conjunction with mathematics education. These studies
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demonstrate that mathematics can serve as a tool for solving
engineering challenges, or conversely, engineering problems can
provide a context for students to learn mathematical concepts
(Fitzallen, 2015). Research indicates that engineering design not only
aids in understanding mathematical concepts such as volume, angles,
and three-dimensional objects (Park et al., 2018; Pugalenthi, 2019) but
also enhances the development of mathematical thinking, problem-
solving skills, and engineering-specific competencies (Alfieri et al., 2015;
Guler et al,, 2019; Maiorca, 2016). However, despite its benefits, the
integration of engineering into mathematics education has not
progressed as rapidly as in other STEM disciplines, highlighting a need
for expanded research in this area (English, 2016; Forde et al., 2023;
Maass et al., 2019).

In this study, three mathematics activities were developed and
implemented, adhering to the engineering design process tailored for
middle school as outlined in the Next Generation Science Standards
(NGSS Lead States, 2013), depicted in Figure 1. This design cycle
mandates students to tackle a problem by assessing the constraints of
the problem itself and its potential solutions. Within these boundaries,
students are encouraged to evaluate each possible solution and
integrate various solutions. They are anticipated to persistently test,
refine, and optimize these solutions to arrive at what they consider the
most appropriate resolution.

Figure 1

Engineering Design Process (NGSS, 2013)

DEFINE

Address the
problem with the
criteria and limits of
possible solutions

DEVELOP
OPTIMIZE SOLUTIONS

Use systematic _Combine parts of
processes to different solutions to

iteratively test and obtain new solutions
efine the solution

The designed activities for implementation encompass the
objectives of the seventh-grade Ratio and Proportion topic,
specifically targeting the ability to identify and solve problems
effectively. These objectives, as stated in the Mathematics
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Curriculum by the Ministry of National Education (2018, pp. 66-67),
are as follows:

M.7.1.4.1. Determines the value one multiplicity will take when the other in
the ratiois 1.

M.7.1.4.2. Finds one of two multiplicities when given the other, in a
proportional relationship.

M.7.1.4.3. Decides whether two multiplicities are proportional or not by
examining real-life situations.

M.7.1.4.4. Expresses the relationship between two directly proportional
multiplicities.

M.7.1.4.5. Determines and interprets the constant of proportionality of two
directly proportional multiplicities.

M.7.1.4.6. Decides whether two multiplicities are inversely proportional by
examining real-life situations.

M.7.1.4.7. Solves problems related to direct and inverse proportion.

Ratio and proportion are concepts deeply embedded in daily life,
extensively utilized in scientific calculations, and crucial for explaining
phenomena in various positive sciences (Baykul, 2021; Tourniaire &
Pulos, 1985). Therefore, the activities in this study were meticulously
crafted to ensure effective comprehension and application of these
concepts.

This study aims to evaluate the impact of engineering design activities,
specifically tailored for middle school mathematics courses, on
students' academic achievement and their perspectives regarding
these activities.

Method
Research Model

This research is an experimental study augmented with qualitative
data. The pre-test post-test control group design, a type of quasi-
experimental approach, was employed. In this methodology, random
assignment is not utilized; instead, groups are matched based on
specific variables, such as academic achievement levels in this study
(Fraenkel et al., 2012). Ethical approval for this research was granted by
the Hacettepe University Ethics Commission, as indicated in their
decision dated 11.02.2022, bearing the reference number E-51944218-
300-00002032584.

Study Group

The study group consisted of 38 middle school seventh-grade students.
Two different seventh-grade classes from a private school were
selected to implement the activities involved in the study. To avoid
potential negative impacts resulting from the loss of subjects, the
group comprising 21 participants from these classes was established as
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the experimental group, while the other 17 students were placed in the
control group. According to the Mann Whitney U test results, which
were applied to the pre-test averages of the Academic Achievement
Test prepared by the researchers, there was no significant difference in
Ratio and Proportion achievement between the experimental and
control groups (U=169.500, Z=-.276, p=0.783; p>0.05).

Data Collection Tools

The data collection tools of the study consisted of an Academic
Achievement Test for the topic of Ratio and Proportion and View Form.

Academic Achievement Test

The Academic Achievement Test was constructed using questions from
the MoNE, PISA, and TIMSS exams, which align with the seventh-grade
Ratio and Proportion curriculum gains (Ministry of National Education
[MoNE], 2018). The selection of these questions, already tested for
validity and reliability, was intended to enhance the test's own validity
and reliability. For the content validity of the test, the input of two
experts was sought. The test was finalized based on their opinions and
feedback. The KR-20 reliability coefficient of the test was calculated to
be .70. Details regarding the acquisitions associated with each of the 10
multiple-choice questions in the Academic Achievement Test are
presented in Table 1.

Table 1

Outcomes Related to Academic Achievement Test Questions
Outcomes Question Number
M.7.1.4.1. 1
M.7.1.4.2. 2,3
M.7.1.4.3. 34
M.7.1.4.4. 46,10
M.7.1.4.5. 1,4
M.7.1.4.6. 8,9
M.7.1.4.7. 5789

View Form

The View Form was utilized to gather the participant students' views on
the activities. Developed by the researchers, the View Form included
inquiries about the activities and the implementation process, such as:

"What were the parts of the activity that were difficult for you?"
"What were the parts of the activity that were easy for you?"

"If you were to evaluate the activity out of 5 points, how many points
would you give? Why?"
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"What advice would you give to different students who will participate
in the same activity?"

"Do you think that the engineering design activity affected your view
about Mathematics course topics? If yes, explain how it changed your
view about this subject. If your answer is no, explain why."

Students' individual views were collected in writing after each activity
via the View Form. To ensure the validity of the View Form, feedback
was obtained from a faculty member and a mathematics teacher.
Based on this feedback, modifications were made to ensure the
qguestions' relevance and clarity for the intended purpose, resulting in
the final version of the form.

Engineering Design Based Mathematics Activities (EDBMA)

The three activities devised by the researchers were structured around
the engineering design process as defined by the NGSS (2013). In the
design process of these activities, emphasis was placed on
incorporating a meaningful context for engineering design, and
ensuring alignment with the objectives of the seventh-grade Ratio and
Proportion topic. Table 2 details the objectives addressed by these
activities.

Table 2
Engineering Design Activities and Related Outcomes
Activity Name Outcomes

M.7.1.4.1.
M.7.1.4.2.
M.7.1.4.3.
M.7.1.4.4.
M.7.1.4.5.
M.7.1.4.6.
M.7.1.4.2.
M.7.1.4.3.
M.7.1.4.4.
M.7.1.4.6.
M.7.1.4.1.
M.7.1.4.2.
Life Center M.7.1.4.3.

M.7.1.4.4.

M.7.1.4.6.

2 Gears

Hydraulic Leverage

2 Gears Activity

In this activity, students were tasked with creating suitable designs for
the starting, acceleration, and deceleration gears of a vehicle. To this
end, they were presented with three problems that outlined the
specific design objectives. A model vehicle, constructed using the LEGO
Simple and Motorized Machines Set, was provided for students to apply
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their designs. To solve the problem, students employed gear ratios, a
concept widely used in engineering. Gear ratios offered a fitting context
to apply mathematical concepts such as ratio and proportion within an
engineering framework. Students observed changes in gear ratio,
speed, and torque with varying gear combinations. Additionally, they
had the opportunity to use a tachometer during these observations.
Throughout the activity, students documented their observations and
steps on worksheets. After a series of iterative tests, the groups
determined the most suitable designs for problem solutions. A visual
representation of the activity process is provided in Figure 2.

Figure 2

2 Gears Activity

Hydraulic Leverage Activity

In this activity, students were challenged to construct a lever model
capable of lifting a vehicle with minimal force, using available materials
such as syringes with varying cross-sectional areas, liquid, and hose. The
activity employed different-sized syringes and weight disks. It was
conceptualized around Pascal's Principle, a fundamental concept in
fluid-powered systems like hydraulic jacks, hydraulic brakes, and
certain medical devices. Consequently, the initial task for students was
to comprehend Pascal's Principle, which involves understanding the
equality and proportionality of two ratios. Students explored how forces,
applied using different weights, are transmitted through syringes of
diverse cross-sectional areas. They documented the experimental data
on the activity worksheet, which then informed their final design
decision. Figure 3 provides a visual depiction of the activity process.
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Figure 3
Hydraulic Leverage Activity

Life Center Activity

In this activity, students were tasked with designing a living center
based on their individual preferences. This task mirrors common
engineering processes, such as scaling designs accurately and
optimizing them for usability and cost-effectiveness. The students were
presented with a challenge to design a new living center in teams. The
design process involved evaluating the advantages and disadvantages
of their final designs. The activity commenced with each student
sharing their ideas through brainstorming. Next, the scale of the design
was determined using the area measurements provided on the design
sheet and corresponding real-world dimensions. Students then
considered factors like the cost and construction time of the structures
to finalize their designs, as illustrated in Figure 4. They employed direct
and inverse proportions to calculate the time and cost implications of
their final designs. Ultimately, the final designs were reviewed and
discussed by the class, focusing on aspects such as usability, time, cost,
and visual appeal.

Figure 4
Life Center Activity
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Implementation Process

During the research implementation, three Engineering Design Based
Mathematics Activities (EDBMA) designed by the researchers were
administered to the experimental group's participant students. Initially,
participants in the experimental group were briefed about the
engineering design process and EDBMAs. Concurrently, the control
group continued with the standard education process as per the
existing curriculum, involving lecturing and problem-solving exercises.
Both groups were administered the Academic Achievement Test pre-
test before beginning the implementation with the experimental
group. The 2 Gears Activity, Hydraulic Leverage Activity, and Life Center
Activity were each conducted over four sessions, with each session
lasting 40 minutes. In the experimental group, activity
implementations were conducted in groups of four, with these groups
being randomly and variably composed for each activity. Following
each activity, individual written feedback was collected from the
students in the experimental group.

Upon completion of the implementation phase, the post-test of the
Academic Achievement Test was administered to both the
experimental and control groups.

Data Analysis

The quantitative data obtained from this study were analyzed using
SPSS software. A significance level of 0.05 was sought in all analyses.
Before the application, to compare the achievement of the
experimental and control groups in the subject of Ratio and Proportion,
the pre-test averages of the Academic Achievement Test were
examined to determine if there was a significant difference. Since the
number of students in the experimental and control groups was fewer
than 30, the Mann-Whitney U test, one of the nonparametric tests, was
used to analyze the mean scores. The Mann-Whitney U test is preferred
for data analysis in experimental studies in social sciences where
measurements are unrelated, and the number of participants is small
(BUyukdzturk, 2020). The results of the analysis indicated that there was
no significant difference between the experimental and control groups
in terms of academic achievement (p > 0.05). To examine the effect of
EDBMAs on students' academic achievement, the Wilcoxon Signed
Ranks Test, one of the nonparametric tests, was employed to assess the
differences between the pre- and post-test scores of the experimental
and control groups. The Wilcoxon Signed Rank Test is used to analyze
two related or paired data sets based on their differences (Buyukozturk,
2020). To investigate the impact of the activity implementation on the
differences between the groups, the Academic Achievement Test post-
test scores were compared. Since the number of participants was fewer
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than 30, the Mann-Whitney U test was applied to the Academic
Achievement Test post-test mean scores.

Descriptive analysis was applied to the qualitative data obtained from
the View Form. Descriptive analysis facilitates the identification and
presentation of general trends in the findings of research with a
predetermined theoretical structure and framework (Strauss & Corbin,
1990). In this study, themes were predetermined based on the
qguestions in the View Form, and the results were presented by creating
codes aligned with the given answers. To ensure the reliability of the
research results, the findings were supported with direct quotations.
The data were transferred objectively, and the coding was
independently conducted by two different researchers, with observed
consistency between the coders. In presenting direct quotations,
participants were coded as Sl, S2, .. S21 to protect participant
confidentiality.

Findings
Findings on the Effect of Activities on Academic Achievement

To examine the effect of engineering design-based mathematics
activities on students' achievement in Ratio and Proportion, the
Academic Achievement Test was administered to both the
experimental and control groups as pretests and posttests. Test scores
were analyzed using the Wilcoxon Signed Rank Test, one of the non-
parametric tests. The test results revealed no significant difference
between the pretest and posttest scores of the control group (Z = -1.414,
p = 0.157; p > 0.05). However, a significant difference was found between
the pretest and posttest mean scores of the experimental group,
favoring the posttest (Z = -2.066, p = 0.039; p < 0.05). The findings from
this analysis are presented in Table 3.

Table 3

Wilcoxon Signed Rank Test Results
Experimental Group Pre- Sum of
test-Post-test N Mean Rank Ranks z P
Negative Ranks 3 6.00 18.00
Positive Ranks 10 730 73.00 -2.066 .039*
Ties 8
Control Group Pre-test- Sum of
Post-test N Mean Rank Ranks z P
Negative Queues 2 4.50 9.00
Positive Rows 6 450 27.00 -1.414 157
Ties 9

*p <.05

**p>.05
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To investigate the effect of the difference between the groups resulting
from the activity implementation, the Academic Achievement Test
posttest scores were compared. The Mann-Whitney U test was
employed for this purpose. The test results indicated a significant
difference between the posttest scores of the experimental and control
groups, favoring the experimental group (U=107.500, Z=-2.190, p=0.029;
p < 0.05). The findings from this analysis are presented in Table 4.

Table 4

Mann Whitney U Test Results
Groups N M U Z P
Experiment 21 22.88 107.500 -2.190 .029*
Control 17 19.02

*p <.05

The findings of the study indicate that engineering design-based
mathematics activities positively impact academic achievement in the
topic of Ratio and Proportion. Furthermore, based on the research
findings, it can be asserted that the teaching process implemented
through these activities is more effective than that conducted solely
through problem-solving in line with the existing educational program.

Findings Regarding Student Views on Activities

According to the questions in the View Form, which served as a
gualitative data collection tool in the study, the themes were identified
as "difficult aspects," "easy aspects," "recommendations for future
participants," "evaluation of the activity," and "the impact of the activity
on attitudes towards mathematics." Codes corresponding to these
themes were derived from the students' individual responses to the
guestions. The coding was conducted independently by two different
researchers, and consistency was observed. This section presents the
results of the analysis, including examples with direct quotations to
substantiate these findings.

Student Views on the 2 Gears Activity

The views of students who participated in the Engineering Design-
Based Mathematics Activities, specifically regarding the 2 Gears
Activity, are presented in Table 5.
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Table 5
Student Views on the 2 Gears Activity
Themes Codes Frequency

Difficult places Attaching and removing LEGO bricks 7
Using a tachometer 6
Doing mathematical operations 5
Understanding the gear ratio and the 5
working logic of gears
Making a choice for design 3

Easy to find places Create the desired design 9
Doing mathematical operations 8
Testing the design 4
Adapt the design to different 2
conditions

Advice for those Connecting the gears so as not to 4

attending the event interfere with the operation of the
system
Installing gears according to the 3
selected combination
Attention to process utilization 3
Stabilizing the tachometer and car 2
when measuring revs

Evaluating the 5 points 10

activity 4 points 7
3 points 3
2 points 1

The effect of the Affected 13

activity on views Did not affect 7

towards
mathematics

Table 5 indicates that students participating in the 2 Gears activity
encountered various challenges. The primary difficulties included
handling LEGO pieces (reported by 7 students) and using tachometers
(reported by 6 students). A significant factor contributing to these
challenges was the lack of prior experience with these tools. S4
commented on the difficulty of keeping LEGO pieces stationary due to
inexperience: "I had difficulty in keeping the pieces stationary. | had
problems because | had no experience in placing Lego pieces before."
Similarly, S7's struggle with the tachometer stemmed from its first-time
use: "We were using the tool that we measured the number of rotations
for the first time. We understood some of the places to be considered
while measuring later, but it was difficult at first."

Additionally, students faced hurdles in executing the necessary
mathematical operations (f=5), comprehending the mechanics of gear
ratios and gears (f=5), and making design decisions (f=3). S2, who had
trouble grasping the concept of gear ratios, expressed: "l had difficulty
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in making the relation between the gear ratio and the car being fast or
slow in my head." S19, highlighting a general difficulty with
mathematical operations, stated: "l always have difficulty in doing
operations in mathematics, and things did not change here." These
responses suggest that, while the activity was intended to integrate
practical and theoretical learning, the lack of familiarity with both the
tools and the concepts presented significant challenges for the
students.

The students found certain aspects of the activity relatively easy:
creating designs (f=9), performing mathematical operations related to
Ratio and Proportion (f=8), testing the design (f=4), and adapting the
design to different conditions (f=2). S7, who found designing
straightforward, said, "Choosing the appropriate gears for the car
designs was easy because we conducted numerical operations and
verified these on the car, which simplified the process." Similarly, S18,
who experienced ease with mathematical operations, commented,
"Calculating the gear ratio and related operations presented no
difficulty."

Students who engaged in the 2 Gears activity offered advice for future
participants, emphasizing the importance of correctly connecting
gears to ensure the system functions properly (f=4), attaching gears
according to the chosen combination (f=3), being mindful during the
process (f=3), and securing the tachometer and car during speed
measurements (f=2). S16, advising on fitting gears based on the selected
combination, remarked, "It's crucial to accurately note the gear ratio
during use. We encountered an error because we recorded it
incorrectly and attached it accordingly...”

The majority of students who participated in the 2 Gears activity rated
it as 4 points (f=7) and 5 points (f=10) out of 5. An analysis of their
responses revealed positive feedback, such as the activity being
engaging, making learning enjoyable and more accessible, aiding in
understanding real-life scenarios, and going beyond mere calculations
to include design experimentation. In this context, S15 expressed, "5
points. The activity wasn't solely about math operations; it allowed us
to experiment." Similarly, S20 shared, "I'd give 4 points because it was a
nice and interesting activity, though the small Legos were challenging
to attach." Conversely, a minority of students rated the activity lower,
giving 2 points (f=1) and 3 points (f=3), citing negative aspects such as
the activity being confusing and challenging to implement, and not
adequately covering certain technical engineering concepts. For
instance, S21 commented, "2 points. | think it didn't explain concepts
like gear torque very well," while S13 stated, "3. It was confusing, and |
didn't fully understand it."
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Students participating in this activity reported that it either positively
influenced their attitudes towards mathematics (f=13) or had no effect
on their views (f=7). Those who felt the activity impacted their
perspective on mathematics shared that it helped them recognize the
subject's relevance to daily life, its necessity in various fields, and the
possibility of being more actively engaged in lessons. For example, S4
remarked, "Yes, it did. We saw once again that mathematics is
essential in every field," and S14 added, "Yes. Previously, | hadn't
thought we could be so active in math classes. This activity changed
my perspective.” On the other hand, students who believed the activity
did not influence their views on mathematics cited reasons such as a
lack of interest in both disciplines, the usual absence of such activities
in regular math classes, and the disconnect between these activities
and exam preparation. In this regard, S5 expressed, "No, | don't think so,
because we don't prepare for exams this way."

Student Views on Hydraulic Leverage Activity

The views of students who participated in the Engineering Design-
Based Mathematics Activities, specifically concerning the Hydraulic
Lever Activity, are presented in Table 6.

Table 6
Student Views on Hydraulic Leverage Activity
Themes Codes Frequency
Difficult places Using the activity setup 10
Doing mathematical operations 4
Easy to find places Create the desired design 10
Doing mathematical operations 5
Advice for those Handling liquid carefully 6
attending the event Bleeding the hose 4
Syringe kit and attention to its use 3
Evaluating the activity 5 points 4
4 points 6
3 points 5
2 points 1
1 point 1
The effect of the activity  Affected 10
on views towards Did not affect 10

mathematics

As seen in Table 6, students participating in the Hydraulic Leverage
Activity encountered difficulties in using the activity setup (f=10) and in
performing mathematical operations (f=4). Among those who reported
challenges with the activity apparatus, Student 9 stated, 'lIt was difficult
to fill the syringes with liquid for the experiment and then place weights
on them,' and Student 11 noted, “After selecting the syringes, we faced
difficulties in adding weights and adjusting the apparatus.”
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In this activity, students indicated that they found it easy to create the
desired design (f=10) and to perform mathematical operations (f=5)
after making their choices. Student 1's view on this matter was, “After
understanding how the leverage system works and finalizing our
choices, creating the appropriate design and calculating the
operations became easy.”

The students who participated in the Hydraulic Leverage Activity
offered advice on several aspects: using the liquid carefully (f=6),
bleeding air from the hose (f=4), and being attentive to the syringe set
and its use for future participants. Student 7, who provided advice on
the syringe set and usage, remarked, “Participants can attach the
syringe after drawing the water, which is easier. There are already
designated compartments for this.”

Students rated the activity on a scale of one to five, with the following
distribution of scores: 1 point (f=1), 2 points (f=1), 3 points (f=5), 4 points
(f=6), and 5 points (f=4). Those who awarded 4 and 5 points highlighted
positive aspects such as the activity's intriguing and unique nature, the
manageable workload, and the clarity of the discussion questions.
Student 7, who was assigned 5 points due to the explanatory nature of
the discussion questions, stated, "/ would rate it 5 because the
questions posed during and after the activity provided significant
insights.”

Conversely, students who gave scores of 1, 2, and 3 critiqued the activity
for aspects such as the use of liquid, difficulty in handling the materials,
and a comparative lack of active participation. Student 6, who rated the
activity 3 points for its limited active participation, commented, “/ gave
it 3 because our involvement was mainly limited to attaching syringes
and placing weights.”

A notable observation in the evaluations is the differing perceptions of
realism: a student who rated the activity five points attributed their
score to its realistic nature, whereas another who gave two points cited
a lack of realism as the reason. These contrasting viewpoints are
illustrated in the following student responses:

S9:. "2 points. | don't think the vehicles were removed like this, it was not
realistic"

S5: "5 points. | saw it in vehicle maintenance. They used oil, we used
colored water, so | think the activity was realistic.”

In the Hydraulic Leverage activity, it was observed that an equal
number of students (f=10 for each group) expressed differing views on
the impact of the activity on their perception of mathematics. Those
who found the activity influential described it as making the
mathematics lesson enjoyable and relevant, highlighting the subject's
significance and prevalence in everyday life. Conversely, the students
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who perceived no impact critiqued the activity as uninteresting and
unrelated to mathematics, viewing it more as an engineering task that
could be accomplished without mathematical involvement. One
student, S14, exemplified this viewpoint, stating, "No, it did not [affect
my opinion]. We could have found them by experimenting without
using mathematics."

Student Views on the Life Center Activity

The views of the students who participated in the Engineering Design-
Based Mathematics Activities application regarding the Life Center
Activity are given in Table 7.

Tablo 7
Student Views on the Life Center Activity
Themes Codes Frequency
Difficult places Shared decision-making with the group n
Fit the drawing to the design paper 8
Organize the design according to the 6

given criteria

Associating the map scale with the area 5
scale
Making a choice for design 5
Doing mathematical operations 4
Easy to find places  Doing mathematical operations 5
Edit the design 5
Design making 5
Presenting the design 3
Discussion 2
Advice for those Requesting large design paper 7
attending the Care for compromise with the group 5
event Making the design by considering all 2
criteria
Drafting the design first 2
Evaluating the 5 points 10
activity 4 points 7
3 points 3
The effect of the Affected 13
activity on views Did not affect 7

towards
mathematics

Table 7 reveals the challenges faced by students in the Life Center
Activity, with difficulties including making a group decision (f=11), fitting
the drawing onto the design paper (f=8), organizing the design based
on specific criteria (f=6), correlating area scale with map scale (f=5),
making design choices (f=5), and performing mathematical
calculations (f=4). S8 mentioned struggling to organize the design
according to the criteria, citing difficulty in deciding between time
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efficiency and cost-effectiveness. Echoing this, S13 also experienced
trouble in both decision-making and design organization, finding it
hard to balance diverse ideas and practical considerations such as
utility, aesthetics, time, and cost.

Conversely, some students found aspects of the activity easier. They
reported ease in performing mathematical operations (f=5), organizing
the design (f=5), designing (f=5), presenting the design (f=3), and
engaging in discussion (f=2). S12, who found presenting the design
straightforward, attributed this to the thorough consideration given
during the group design process, which facilitated clear articulation of
the advantages, disadvantages, and comparative analysis of their
design.

Participants in the Life Center Activity offered several
recommendations for future participants: using a larger design paper
(suggested by 7 participants), emphasizing compromise within the
group (5 participants), considering all criteria in the design process (2
participants), and initially drafting the design (2 participants).
Specifically, S11 advised starting with a draft design, recommending,
"Before drawing your design on paper, decide on the final version with
your group friends."

Regarding their evaluation of the activity, students rated it with a
distribution of 5 points (10 students), 4 points (7 students), and 3 points
(3 students) out of a possible 5. The majority, who awarded it 5 points,
described the activity as enjoyable, creatively stimulating, and freedom-
enhancing. S14, who also rated it 5 points, appreciated the
environmental consciousness of the activity, noting, "I give 5 points
because we had to protect the forest area while building the life center
in the activity. | liked that this activity was sensitive to the
environment." On the other hand, students who gave lower ratings
cited difficulties in group collaboration, insufficient drawing space, and
the complexity of ratio-proportion tasks. S6, who rated it 3 points,
explained, "3 points because it is a difficult activity to work with a
group,"” indicating challenges in group dynamics.

In the Life Center activity, a majority of the students (f=13) reported a
positive shift in their attitudes towards mathematics, attributing this
change to the activity's real-life applications, increased engagement in
class, the enjoyment of problem-solving, and a boost in self-confidence
during lessons. S2, highlighting the impact on self-confidence,
remarked: "The parts that | could not do in the activity, we did easily by
helping my friends because we were in group work and we completed
the activity completely. | feel insecure when | cannot do something in
mathematics. Since | did not experience such a situation here, my self-
confidence increased. So | can say that it affected me." This statement
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reflects the confidence gained through collaborative problem-solving
in the activity.

However, some students (f=7) felt that the activity did not alter their
preconceived notions about mathematics, believing it to be relevant
only for those pursuing engineering. S12 articulated this perspective,
stating: "The activity did not break down my prejudices about
mathematics and mathematics has already created prejudices about
engineering. It is still the same." This comment suggests that for these
students, the activity failed to bridge the gap between their existing
views on mathematics and its practical application in other fields like
engineering.

Discussion, Conclusion, and Suggestions

This study investigated the impact of engineering design activities,
tailored for a middle school mathematics curriculum, on students'
academic achievement and their perceptions of the activities. These
activities were crafted within an integrated STEM education framework,
intertwining mathematical and engineering methods and content.
According to Guzey et al. (2016) and Moore et al. (2014), effective STEM
integration at any educational level should engage students with
meaningful, realistic situations. Furthermore, when integrating STEM
with engineering design, it's commonly held that students should have
some familiarity with the engineering design process and basic
engineering experiences (Brophy et al,, 2008; Fantz et al.,, 2011). Hence,
the three activities designed for this study purposefully used
engineering and design as contexts to introduce mathematical
concepts.

The study found that activities based on engineering design
significantly improved students' academic performance in Ratio and
Proportion. This improvement was notable compared to traditional
question-solving methods in current educational programs. The
students' direct experience with the application of mathematical
knowledge in these activities is thought to contribute to this result.
Forde et al. (2023) noted that integrating math into engineering
challenges requires more than procedural operations; it necessitates
mathematical reasoning for tasks Ilike data representation,
interpretation, and material selection for prototypes. This aligns with
literature suggesting that engineering design-based education
positively influences achievement in mathematics and other STEM
areas (Coxon et al., 2017; Delen & Sen, 2023; Firdaus et al., 2020).

Analyzing student feedback, challenges emerged in using unfamiliar
tools in and out of the classroom. While engineering design demands
the exploration and development of technology and tools (Morrison,
2006; ITEA 2000), the potential cognitive burden, obstructing learning
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goals, shouldn't be overlooked (Chen et al, 2022). To mitigate this,
introducing technologies and materials beforehand for student
exploration is recommended.

Students generally found mathematical concepts and operations
meaningful and less challenging when viewed as natural tools for
problem-solving. Presenting these concepts within the context of
engineering design encouraged inquiry. Engineering design activities
naturally integrate mathematical concepts and inquiries into problem-
solving processes, requiring students to employ mathematical
concepts and operations to develop a design (NRC & NAE, 2009).

Overall, student responses to the activities were predominantly
positive. Echoing the literature (Dickerson et al., 2014; Piskin Tun¢ &
Gundogdu, 2022), they described the engineering design-based
mathematics activities as engaging, enjoyable, realistic, intriguing, and
conducive to learning and creativity. A student praised the Life Center
activity for its environmental consciousness. Incorporating aspects like
ethical and cultural dimensions, government policies, and community
benefits into K-12 engineering integration is advised in the literature
(Gunckel & Tolbert, 2018; Rodriguez & Shim, 2021), suggesting the
possibility of expanding criteria and limitations in activity preparation
and implementation.

However, some students expressed disinterest in the activities, citing a
lack of interest in both engineering and mathematics and doubting the
activities' relevance to them. Interdisciplinary and integrated
educational content aims to motivate students by leveraging their
personal knowledge, skills, and experiences (Moore et al, 2014).
Adopting a curriculum that identifies and integrates common or
parallel topics across disciplines can help engage student interest, as
supported by literature advocating for customizable integration levels
(Bybee, 2013; Fogarty, 1991; Jacobs, 1989).

The design process in the activities bridged learning and application of
mathematical concepts with real-world experiences. Li et al. (2019)
argued that design isn't confined to fields like engineering or
architecture but is applicable in science and mathematics. Therefore,
design activities that develop mathematical concepts and skills
alongside design skills should be expanded. The activities in this study,
centered around the engineering design process, supported seventh-
grade Ratio and Proportion outcomes. Future research could focus on
emphasizing mathematical skills, fostering creativity, and examining
the engineering design process in more detail. Reapplying these
activities with more participants and longer duration, and assessing
their long-term effects, could also be valuable.
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