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ABSTRACT

Theinitiatve f STEM School s i n Egy ptofOxcittohb ear baonyds 6a sgci hrc
in Maadi can be considered a turning point in the teaching and learrsoigraée and

mathematicsn Egypt. ApplyingProjectbasedearning(PBL) in STEM schoolds innovativeto

the educational system in Egyptojectbasedearningis the main pedagogicaiethod

represenhg6 0 % o f  @inalgcdresrintgseade one andtwo and 20% ofudent sdé f i nal
in grade threéor STEM School studentsThe goal othis study was to investigaRBL in 6™ of

October STEM High school for Boythe first STEM Schodh Egypt and the modédior the

new s&en STEM schools that startedigypt in October, 2015 his investigation was to

undest and st ude n tPBLOA faraesgraue gpratocobwas cardeld out by three trained
teacherdgrom the schoolvith six groups of students, two from each grade. Data collected

through the focusrgups were analyzed accordirgthree themeg: 1) st udent sé perc
PBL( 1) st ud e and(@)&tuderaSaotlabdration Findingsof the studysuggested tht

studentavere able to voice clear perceptioaagtheybelievethat applying®BL has enhanced

their learning of subjesintegrated in their projectes wellasincreasing their collaborations

wi t h each ot hgoups.iHowetel thegigpsuggeseed thad rhore attention should

be given to grade one students sidogng projectss anew experience for them. Findings also
suggested that studentsd gr adeeBUinduerecddthears wel |

perceptions oPBL.
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CHAPTER 1: INTRODUCTION

In the strategic plan of preniversityeducation in Egypt (234-2030), Education: The
Nati onal Project of Egypt, A T o (@MOE) bategorizéde Can o0,
STEM Education under the special education program. MOE aims through the plan to provide
STEM students with high quality education that iprapriatefor their multiple intelligences; to
reinforce their potential skills and to equip them with tools required to lead the ship of education
through the world of knowledge in the future (MOE Strategic Plan, 2014). MOE consider STEM
schools as centsevhere future generations of scientists are prepMeusferial Decree 382,
2012). In this clapter, STEM education as a ngyee of instruction in Egypt is briefly defined;
a call for STEM schools and the USAHDpportithe presidential decisiadin have oneSTEM
school ineachgovernorateand the distinguishedutricula and assessmeftSTEM schools.
These four pointgives brief introduction t& TEM Education in Egypt.

1.1. Whatis STEM Education?

STEM is a new discipline where content areas of st8dience, Technology,
Engineering and Mathematics are integrated for stud@aten, 2012)The acronym STEM has
been widely used by U.S. stakeholders to call for the need to have better schools and better
colleges that can compete gldpgBreiner, Johnson, Harkness, & Koehler, 20 E2)gaging
students in learning tasks that go beyond low level cognitive skills, motivates them to apply
high-order thinking skills helping achieve success duBi@&M learning experiences and
supports studendsinderstanding as they make connections within the cofMtmino, Basham,
& Marino, 2015) Integrated STEM education requires that students learn valuable knowledge
involved in more than one subject. Effective STEM education can also motivate students taking

careers in STEM in the futu(&tohlmann, Moore, & Roehrig, 2013TEM education promotes
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students6 skills required for 21st century,; f
Research CouncfNRC)which include to be adaptable, to be a probsetwer, to communicate
effectively, to reflect on abilities and achievemeants,to think in systematic way®NRC,

2011).PBL is an instructional tool that apply harais activities can help students in STEM

(Han, Yalvac, Capraro & Capraro, 201&8pnneadng students wh the content througRBL

provides students with a learning environment where simulating conditions of the real world and
handson activitieshelp students understand Science and Mathematics as they are existing in the

real world(Marino et al., 2015) PBL teaching strategiespplied through STEM educati@ould

motivatey oung | earnerso6 curiosity to figure out hec
promoting the innovation and creativity for those lear@berts, 2013)it is alsoclaimed that
tencour ages t ea mssidemscachie\e desited gnals amdtbald teeir knowledge

and understandingTseng, Chang, Lou, & Chen, 2013)loreover, here are opportunities for

students t@pplyscience activities outside schools. Young students now have better

opportunities to learn about sciences through summer programs, clubs, parks, museums and even
through online activitieNRC,2011) To empower high school students talented in Science and
Mathematics in Egypt, there was a call to start STEM schools in Egypt.

1.2. A call for STEM Schools in Egypt

In Egypt students enrolled iKligh school general secondary educatattificate
Thanaweya Ammiaavetwo optiors either to choose the scienaxfon or the Arts. For the
science section, students have two sub divisions; mathematics or shleststudentgnrdl in
the Arts section rather than Scien€he reason is thatudentdelievethat the Arts section is
easier and offers better o pResMannbycd &EiNagdi, f or un
2013)For Science section studentstie admitedinto thefaculty of Medicine, Pharmacy or

Engineeringheyhaveto have ascore 0f95%or even more If a student fail$o fulfill such a
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score, hewill be obliged to join other facultiesf study To encourage Egyptian students to
pursue studies in the science section and to promote Science and Mathematics education in
Egypt,the MOE made the decisioto apply STEM Education in Egy¥linisterial Decree 382,
2012). The firstSTEM High school foboysstarted in September, 20h&ar 6th of October

City. The ultimate godior starting this type of schools is not only to achieve the balance
between the Science and Arts sections for high school students biat @sate a generation of
scientists for Egypt in the future who are able to overcome challenges of third wortdeu

and to cope with modern countri@dinisterial Decree 382, 2012 he admission requirements
for STEM Schools are; 98% or more in preparatory schools' certificate and full marks in at least
two of three subjects (English Language, Mathematics aieth@&). After that students have to
take an 1Q test aseil as an English language teSnly 150 students who get the highest scores
in the placement tests aaecepted for STEM schools (Ministerldécree 382, 2012The

second STEMschoolis for girls.It started in September 2012 in Zahraa Al Maadi, a district in
Cairo.lt is important to mention here that STEM schattedn Egypt through a fund from

The United States Agency for International Development (USAID). A grant of twenty five
million dollars has been allocated to establish the first five SBENbOIS in five governorates;
Giza, Cairo, Alexandria, Dakahlia aAdsuit.

Until the year 2014 only two of tHeve, in Giza and Cairayere established and started to
work. When October STEM Schbstartedin 2011 MOE witnessed a fast movement of
ministerial change: Six Ministers of Education, starting from Dr. Ahmed GamrairEMousa
who started the first STEM School aedded withDr. El-Helaly EF SherbeenyEach of the first
five ministersremairedin office roughly a year, therefore none of them had an opportunity for a

longterm plans oevento make considerable changeducationin Egypt. Theinsufficient
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time to evaluate thievo new STEM Schools made the decisidistartingmore STE/ schoolsa
hard one to mak&he decision othe extensiomf STEM schools was made his Excellency

the President of Egypt Adbelfatah-&isi in July, 2015Dr. Moheb ElRafey, the Minister of
Education at that time announaiatit is the political deision of the president to start one
STEM school in each governorate and geten STEM schools would startSeptember, 2015

Dr. Moheb asked professors from the National Centre for Examination and Educational
Evaluation NCEEE tprepare reports on the two existing STEM Schd®I$¥M school

graduates were all admitteduaiversities. All graduates were admitted-aculties ofMedicine,
Pharmacy Dentistry,Science Engineering)nformationTechnology and othe8TEM tracks
whichis one of the main goals of STEM schodr(isterial Decree 382, 2012Moreover

success stories of students from the first STEM schools were the reasons behind the decision
made by théresident to start more STEM schools. Examples aresthdénts fronOctober and
Maadi STEM schoal, managed to establish a place for Egypt in international STEM
competitiors such aslnternational Science and Engineering Fair (ISEF) in the United States of
America At the ISEFa studenfrom Maadi STEM School won the firplace in the

environmental sciences category in May, 2015. Anotluglent from October STEM School

won the third place ifaiwan International Science Fair (TISR)the same yeaODther STEM
students from both schools participated in competitions asithe Asian Science Fair in
Singapore, Chemistry Arab Olympiad in Saudi Arabia, the Mathematics Olympiad in Italy, the
Physics Olympiadn India and other competition§hree of the new seven STEM schools that
started in October, 2015 are funded by USAiBugh the grant that was allocated for the five
STEM schools. These schools are in Alexandria, Dakahlia and Assuit. The other four STEM

schools funded by the MOE are in Kafr&haikh, Ismalia, Red Sea and Luxor.



INVESTIGATING PROJECTBASED LEARNING IN A STEM SCHOOL IN EGYPT: A CASE STUDY 10

1.3. October STEM School: the first STEM stool in Egypt

When MCE decided to start Octob&TEM School in September, 2011, the decision was
made that it would be a boarding sch&hce the first 150 students starting the school were
from different governorates all over Egypt, it was necessgoyoide accommodation for them.
All STEM schools in Egypt now are boardifgOE believes thathe boarding life of students
would allow for more interaction time after school regular ho@stober STEM Schoas part
of theCosmosVillage in October Cityin Giza Governoratea touristic village that has
prototypes of almost all monuments in EQygass (2014) asserted that boarding schools adfers
better level of communication among studeiitse fact that students spend time with each after
the schoolegular time allows maropportunity for communicatiafBass, 2014)October
STEM Schoolcould be an example of a boarding school that has strong communication among
student.The totalnumber ofstudents enrolled on the three gradetO&students.149students
in grade one, 136 students in grade two and 121 students in grad& tiereeare threbuildings
for student sd ac clevwlimnsdseparate huildingveitic dcapgaityaotl 50
rooms for studentdive rooms for supervisors and a room for thelding managerEverythree
students stay in frnishedroomwith threesinglebeds and three cupboar&peaking in this
time of accommodatioBass (2014jefers toAfrican-American disadvantaged students and
how boarding schools could be better places for productive communication among students, the
research findingsdicatedthat inDouglas High School in North America, students enjoyed their
friendship and said that they would be committed to their colleagues even after leaving the
school.This leads itself tthe same idea of good communication among studie@stober
STEM school.The school sports facilities aagfootball pitch, a volleyball pitch artdnnispitch

as well asagymnastics halfor fitness. Students have multiple options after sctiowd to do
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sportsand enjoy their free timélowever, the dwool does not haveRhysical Education

specialist assigned to supervise such sporting activities after school regular time. Students also
organizesports competitions where the winning teams are appreciated and receivatghees

end of each tournameimt the morning lineThe goal behind such sports activities is to help
students refresh their minds afeelongschool day and build strong relations with othesslg
grades and school colleagues. Reinforcing social rel&improvess t u d iateractoisn the
learningenvironmen{Kim, 2001). Also, theschoollibrary is available for students read
booksafterregularschool timeand the library is run by group of volunteer studentScience
Laboratories are also available for students after school regular time, usually about two weeks
bef ore t he pr(tbefimacptesentatienoffgiolpiprojects at the end of each
semester)STEM subjecteachers as well as a group of volunteer students usually supervise after
school activities and make a record of chemicals, phlsistrumentsand toolghat students
needfor preparingfor their projectsOctober STEM School does not havéechnicalaboratory
assistanto supervisestudenté s c i e n t iafterregulaaschbadl time Hoevey, science
groups of students (Biology group, Chemistry group, Physics groups, Fab Lab group) are
volunteer students that work with coordination of teachepsdweide services for their school
colleaguesfter school regular hourdn fact, ¢ u d ecoopesafion providing such servidess
helped overcome the shage of lab assistantEhese experienced studehtsve reeived

training on laboratorgafetyproceduredy STEM teachers at the beginning of the yaad
thereforespend some of their time in laboratorgegting upexperimentsClassrooms are also

open for students afteegularschool time testudy and work in groups x@erienced students

with coordination of teachers have arranged study groups that offer academic guidance and

orientations to their school mates usually younger ones after school reguld&dsag2014)
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asserted that boarding school strengthen social ties among students vilnink positively
promotes the academic performance of students.
1.4. STEM Sc h o cClurscola and Assessment

STEM Schoolshave specific ministerial decrees for curricula and assessment. Students
are assessed based on their performance on projects or capstone as mentioned in the decree
which represent 60% of st ude r(MisterialtDectea 882, mar k s
2012). Projects represent 20% of the total marks in grade three. STEM schools exit cersificate
equivalent togeneralsecondary school certificaggnce it allowsgraduates the right tapply to
Egyptian universitiesand be admittedthrough criteria different fromThanaweya Amma
(Ministerial Decree, 308, 2013). STEBEthoolstudents have flexible perdege for university
admission and that mearteetnumber of seatssignedor STEM school students increase when
the number of STEM $wmol graduates increasesherefore, STEMs t u d eadmissoa to
certain universities is not affected by scores as it is affected by the number of STEM students
applying On the contraryThanaweya Ammatudents are admitted to fdices based on their
scores The curricula at the STEM schoolere designed arounl g y pGraindChallenges
(problems that Egypt encounteguch as pollution, overpopulation, finding clean resources of
water and alternative energie¥hese problemsre introduced in the cuaula as themes and
topics indifferent subjects Integrated subjects help students gain knowledge and skills that he
will use to work on group project$he school provideshemes for projects that students work
on such as water treatment, alternative gieer and otherslhis typeof in-depth investigations
allows students to find out solutions of problems (BasBaMario, 2013).These curricula have
been designed to achiegequencedearning outcomes thansurestudenté i nt er nal i z at

basic conceptsand skills required Teachers assisttuglents conduct research awodrryout
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projectsthat challenge their skillsDoing projects alsallows studentsto apply engineering

design proces€EDP) toproposes ol ut i ons t o Egy9®rENMarricgla ensuse ¢ h all
the quality of graduates and their capacities to pursue university study in STEM majors as well

as to introduce scientists to Egypt in the futuvBn(sterial Decree, 382, 2012)he curricula
weredevelopedoy MOE s u b e ct stbreed\atioraluEdicatianal instifutions in Egypt:

National Center for Educational Research and Development (NCERD), National Center for
Examination and Educational Research (NCEEE) and Professional Academy for Teachers (PAT)

as well as three US Institutisrspecialimg in STEM EducationMOE establisheé STEM Unit,

an entitythat reports to theecondary education sector at E@ndincludes representative from

MOE, NCERD, NCEEE and PAWMinisterial Decree 172, 2014)t is theresponsibilityof the

STEM Unit to coordinate among alhe above institutiongnd to supervise STEMSchoos
performance. The US experts are from thimestitutions supporting STEM education in the

United StatesEranklinInstitute(Fl), Teaching Institute for Excellence in STEVMIES) and The

215 Partnership for STEM Education (21pSTEM). Each idStitution is accountable for a

specific area of specialization. TIES, for example, worksP&bL and provides professional
devel opment f or pr o) & cobrdir@aonwihaPAE RlpSTEMWOrksoms t r u c
the curricula and assessment wighu b j ect s & ¢ o nE,wlricaandxgerts froorom MO
NCERD and examination and assessment experts from NCEEE. Experts from Franklin Institute

are accountable for leadership professionaledevo p me n t training provide
principals and deputy principals. However, it happens that all Egypt and US institutions work
together to discuss and make decisions about crucial issues. One of those issues was putting the

presidential decisionf starting sevemew STEM schools into action.
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PBL is the instructiorused in STEM SchoalStudentsn each gradare required tolo a
projectin groupsthat vary in numbers according to the grade leS8ehde one groups are of five
students, grade two groups are of four students and grade three geaptheee students.
Groupsd number s SiTEM UnitaddeSTEMIGEade omeyrouds hre larger
because teamwoik somethinghew forstudentgherefore werkload onfive studentwill be
less Grade two and three studenmthere studentBave previous experience of teaork and can
distribute workload among each otlimvesmallergroups Project®themeswvere decidedby
MOE teachersand US expertdVhen the first delegation of M®experts and teachers attended
the professional development training in Science Leadership Academy in Philadelphia in the
United States, they brainstormed ten grand challenges (problems) that Egypt encounters. When
plannirg for studentSprojects, M(E and US expert®rmulatelthemed or st udentsodo pr
based orthe grand challengeExamples for themes atBuilding" and "Energy" for grade one
students, "Water treatment" and "Systems" for grade two students and "Communication" for
grade three studentSor grade three students, the challenge is presented torthleenfirst term
since it is planned thaluring the secod term students have internsipmgramsAn example
for that isInjaz Egypt. It is NorGovernment Organization (NGO) that provides leadership
program to October STEM School studektswever, until the time of the studtheinternship
programswere only in 2014. In 2015 and 2016, the internship programs stopped without a clear
reason. There is a plan to have internship programs with factories and that can service PBL, but
theyhavenot started yet?BL providesa motivating environmernto students where they work
on their preferred intelligenand collaborate with other colleaguesib projects that help
students construct their own learning applying higher levels of thinking according to Bloom

Taxonomy(Cziprok & Popescu, 2015J o assess the validity of their scientific ideas, students
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working on each project are required to design prototypes and/or testable simulation

applications. ThrougRBL, STEM schools apply both formative and summative assessment. The
formative assessmeistrepresented in components such as: reflective journals (online quizzes

with transfer questions that each student in the group is required to submit individually once

every two weeks. Each student has to submit five journals per semester. Grade ae and t

journals are evaluated by school teachers whereas grade three journals are evaluated by external
evaluatorsThese evaluators are faculty members from faculties of Science and Engiasering

well as scientific research cente&tudents receive individli feedback on their performance in

the journals usually after one wedortfoliosare- word documergwhere students in each

growp are required to document stiey-step the progress they have achieved in each of the tasks
assigned for group. The portimlis a group work and is evaluated in favor of the whole group.

Grade one and two portfolios are evaluated by school teachers whereas grade three portfolios are
evaluated by external evaluatolsss f or t he summati ve assessment
represented in components suclpasters Posters are largaal sheets that students from each

group present during the final exhibition of their projects. Each group poster $ypaklly

include in its layout: aabstract for the scientific ideas of the project, the procedures of the
engineering design process of the project, findings and recommendations and finally citation of

the references used in the postentétypes or testableimulations prototypes aremsall

physical model s of studentsd projects that st
projects to explain the implementation of the scientific ideas of their project. Testable

simulations areoftware programs that students can use on tagitops to also explain the

i mpl ementation of the scientific ideas of the

portfolios of grade one and two are evaluated by STEM schools teachers whereas posters and
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prototypes of the same grades areevalead by ext er nal evaluators. A
grade three that include reflective journals, portfolios, posters, prototypes and testable

simulations are evaluated by the external evaluaSatisin and Top (2015) explained that when
students presnt their projects in front of audience they developcetifidence, collaboration,

career as well as communicati@ctober STEM school academic records in the year 2014/2015
have declared that 96% of the total number of grade one students earnedetloé Aed(a score

ranges from 95% 100%) and 4% earned the score of A (a score ranges from 99%%). The

final scores for grade two students whigherthan grade one scores since all grade two students
earned A+. As for grade three students, tieeedifferentMinisterial Decree for evaluating

students. Students in grade three have to choose whether to jBaiethee section or the

Mathematics onél'he Ministerial Decree 308(2013), explained in Table 1 and 2 below, indicates
that only two subjestare common between grade three STEM student3 laadaweyaThese

subjects are Religion and Civic. The reason why the MOE did not change these two subjects for
STEM students is that, the MOE sees that it is crucial to maithtese two subjecter national

identity of all secondary stage students in Eg@dnsequentlyni t he f i nal sfe’ex ams 6
grade three STEM students aRdanaweyastudents take the exams of these subjects at the

same time. Howevethe twoTables 1 and 2showthat the eams of these subjects, which are the
same ag hanaweyas explainedhefore represenonly 90% of grade three STEMIt udent s 6
evaluations for the two subject®&he otherlO%area s si gned f or students6 af
participation that STEM schools atlnithe total evaluation of these two subjeétisother aspect

with the sameMistrial Decreeds that, itdoes not give weight to the project or the laboratones

t he st udent stidelanguaaes (Aaabic, Bnglish, Fremah and German) and gives

weights of 20% to the project and 5% in the STEM subjects (Biology, Chemistry, Physics,
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Mathematics and Earth ScienceBhereason for that is that, tdOE ses both the project and
laboratories are based on scientific idehgreas the languages are ol that is the reason
behind givingthe project and laboratoriesaluationweight only in the STEM subjects.

A different issuein the same MinisteridDegreeis that,the weights assigned for the
evaluations of the University Readiness Tests (UR®) t est prepared by the
consultants thatassess udent s6 achievements of thoh | earni
the languages and the STEM subjectsgaeater than the weights assigned for them in the
Misconception Aptitude Inventorfests( a t est prepared to assess st
basic concepts of subjects in preparatory and secondary stages).

The MOE sees that, giving URT greater weig
capacities to do well in STEM majors aethniversity levelMoreover, the weight assigned for
evaluating the Research and the Presentation is 10% of the total evaluation of the languages,
whereas it is 5% of the total evaluation for STEM subjects. The MCH'ss#ehe Research and
the Presentain can be better assessed in the languaggsciallypbecause the themes of theses
research and presentations are scientific that can help StEdblteachers to evaluate both the
language level and the scientific ideas. Therefore, the committee, astgesaluating the

studentsé research and presentation, i nclude
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Table 1

18

Ministerial Decree 308, 2013 for evaluating grade three students, Science Section

Subject University misconception o © Research  Attendance  Total
. . o c &
Readiness aptitude - 2 and and
Test (URT) inventory a a2 Presentation Participation
Religion The same as 10% 100%
Thanaweyd90%)
Civics The same as 10% 100%
Thanaweyd90%)
Arabic 50% 30% 10% 10% 100%
English 50% 30% 10% 10% 100%
Second 50% 30% 10% 10% 100%
Language
Biology 40% 20% 20% 5% 5% 10% 100%
Physics 40% 20% 20% 5% 5% 10% 100%
Chemistry  40% 20% 20% 5% 5% 10% 100%
Geology and 40% 20% 20% 5% 5% 10% 100%
Environmen
tal Sciences
Advanced Labs
Hydraulics 90% 10% 100%
Earth and 90% 10% 100%
space
sciences

Note. Religion and Civics are the saasf hannaweya Amma and it is 90%. Attendance and

participations are 10%
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Table 2

19

Ministerial Decree 308, 2013 for evaluating grade trsteglents, Mathematics Section

Subject  University misconception *8' % .6 Research and Attendance  Total
Readiness  aptitude '© & = Presentation and
Test (URT) inventory o ﬁ Participation
Religion The same as 10% 100%
Thanaweyq90%)
Civics The same as 10% 100%
Thanaweyd90%)
Arabic 50% 30% 10% 10% 100%
English 50% 30% 10% 10% 100%
Second 50% 30% 10% 10% 100%
Language
Applied 40% 20% 20% 5% 5% 10% 100%
Mathematics
Pure 40% 20% 20% 5% 5% 10% 100%
Mathematics
Physics 40% 20% 20% 5% 5% 10% 100%
Chemistry 40% 20% 20% 5% 5% 10% 100%
Geology and  40% 20% 20% 5% 5% 10% 100%
Environmental
Sciences
Advanced Labs
Robotics 90% 10% 100%
Electronics 90% 10% 100%

15. Student so

SSudent so

achi evement

pr oj e c tfisal scoeep irgmdetbreedistribuiethacmss alk h e

disciplineswhereas the other 80 distributed among other components such as University

Readiness Test (URT) Mi sconcepti on

| nvent octigal Téses;s t

Research and Presentation; @ttbndanceand Participatioffior both Science andathematics

sectiongMinisterial Decree, 20130ctober STEMschoolacademic records showed thait

grade thre studentsscorel in the projectsangng from A to A+ which is ranging fron®0% to

(MI'T)
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100%from the overall gradelhe final results afterdaling other componentsquired for
student s6 gr adallthe 9202014 wareadnattedtotpublac Egyptian
universities All the science sectiostudents, fortyive, wereadmitted tahe followingfaculties:
Faculty ofMedicinetwenty-six studentsFaculty ofPharmacyfourteenstudentsFaculty of
Dentistryfour students anéaculty of ScienceonestudentAll Mathematics Section students,
forty sevenwere admitted téacultiessuch asFaculty ofPetroleum Engineeringnestudent,
Faculty of Engineerinthirty six studentsFaculty of Information Technologyine students, and
Faculty of UrbarPlanningonestudent. Howevefprty threestudents from the science and
mathematics sections did negisterin the public Egyptiaruniversities Those students
preferred to pursue their study either in private universities in Egygiiroad Some private
universities in Egypt such as the Angam University in Cairo (AUC), the British University in
Egypt (BUE), Nile University, the Arab Academy for Sciences and Technology (AAST), and
Zewail University offeregartialand full scholarshipsThese scholarships were offered either by
the universies or funded by NGOs such as MisfiHair (MEK) and Alfi Foundation. In 2014,
fifteen studentsenrolled inZewial University fifteen studentsn Nile University, threein the
American University in Caircgndone student in the British University in Egy Other students,
who pursued their study abroaghplied to Calabria University in Italy as well as universities in
the United States of America. Three students were admittédlatria Universityand seven
studentsn universities in the United Statesch as University of Minnesota, University of South
Florida, lowa State University, University of Michig#iint, and Utah State University.
Communications with STEM graduates in Egypt and abroad showed that sadethdsng well

in theiruniversity studiesAll STEM studentsstarting in Fall 2014 Semestgot an

accumulative GPA of higher than ZaBthe end of the first yeain lowa State University a
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student got 3.98 and in Utah State University a student gobfd of fourSt udent s6 st udy
private universities in Egypt, at Calabria University, and in the United States, send emails with
success stories. They are honored at their universities being outstanding undergraduate students.
They exprestow theirstudy in October STEM School for boys applying PBL helped tivém
their university studies. The learning community of October STEM School has promoted
students active participation in teamworkeHearning where students from upper grades assist
othasfrom lowergradesas mentioned beforgjves new students keys to understand the system
and overcome obstaclddoreover teachers from remote governorates accommodate with
students in their dormitories. They offer guidance to students in their grajedire available
for studentavho need to discuss any issues related to school. That learning community motivates
students to exert efforts and do better and therestudents are doing well at school.
16. TheResearcher6s background

The researchexorked forPublic andExperimental schools (formal Language schools) as an
English languagé&esacheifor more than fifteen yearble worked for October STEM School for
Boys,the first STEM School ifEgypt in March, 2012. In September Z)hewasassignedhe
head of the languageepartment (English language, French Language and German Language).
In September 2013, in addition to being the head of the languages depdremert,assigned
to be Grade three projects' leader #eleducation coordinator tife schoalln September
2014 hewasnominated to béhe principal ofOctober STEM School for Boyt the academic
year 2015/ 2016, and with the extension of STEM schools all overt Bgygsometimes
assigned by M@ to coordinate issues related to curriculum asgessmentith other new
STEM schools. Moreovehe sometimegjivespresentations angarticipatesn the training of

new principals and deputy principals from new STEM schotdsattended trainingrograns
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and workshopon STEM educatiarin addition, he positiondieheldand the trainindne

receivedhelpedhim better understand the philosophyS¥IfEM educatioras well as the

integration among STEM subjecMoreover,working as gradéhree projectsleaderwas a good
opportunity forhim to identify how studentgetvery engaged and motivated while working on

their projectsHe was curious tanvestigatePBL to understand howstudentgperceivet. He used

focus groupof students doing the same projetieinvestigatdls t udent s6 PBBer cepti o
throughoutheir workonthe projects their learning,and theircollaboration with theiproject

group members

1.7. Purpose of the Study

The purpose of thistudy is to investigateBL at October STEM High School for Boyas
thefirst STEM High school in Egypt. Through this case stullg researchenvestigated
student s 6 PBtinfluengeton tleeim Isarnmd and theire e aol&kibratiors
throughout their group projectEhe impotance @ this study comes from the fact thais the
first study that investigaté3BL in the first STEM School in Egypkoreover, there argeven
STEM schoolghathave already started in the academic year 201% and moreewSTEM
schoolswill startin theyear(2016/2017)nd through the coming few yeaiiherefore, tiis
necessaryo understand how October STEM School students perB@leas the mairteaching
and learningnethodimplemented in Egypt STEM schooldnderstanding t u d gerceépsois
can help to identify theineedsand challenges. Such useful informataam help school
administratorand teachers taork towards improvinghe quality of educatioprovidedto
stucents. Moreoverteachingn all STEM schools all over Egypt ¢entral All STEM Schools
in Egyptapplythe same curriculahe same teaching strategies, the same assessmeaveand

thesamé¢ h e me s f qrojects.tFmdingsframghé study at October STEM High School
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for boys can help decision makdrem theSTEM Unitto better understardt ude nt s 0
perceptions oPBL and therefore will be able to work towards providing better learning
environments to STEM Schools stude@sme findngsof this studycanalsohelpexperts while
making decisions about STERtucation in Egypt.

1.8. Research Questions

The research questions
1- How do students percei\RBL as a pedagogical strategy?
2- What are the similarities and di fPBLer ences
according to the grade level and exposureéBa?

3- How do students perceive team collaboratioRB1L?
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CHAPTER 2 LITERATURE REVIEW

In this chapter, thenainkey terms of the studyill be presented in how the researcher refers to

them as the main framework for this studipese areonstructivism, STEMPBL, and

collaboration.

2.1. Constructivism and STEM Education

Constructivismis the first term to be tacklesince itrepresentshe theoretical framewordf this

study. Constructivism places great importance on the role of learners and how a learner makes
use of his previous experience to construct his leardogl( 2013). Thaefore, the theoretical
framework of the constructivism is the guide for collecting, describing and analyzing data as
shown belowThe history of learning theoglaimsthat human factors are more influential in

learning rather than environmental on@€srstructivists recommend that teachers involve

students actively in the learning environment and to introduce activities that help them reflect on
their previous experience and challenge their thinkBahunk, 2012) Constructivism

highlights theroleofi di vi dual sd contri bution of what t he:
Bruner declare that learning is an active process where learners apply past knowledge as a tool to
understand the current learning situation and construct new ideas and concepts, (& ana
Vygotskyds theory stresses on the i mportance
el aborates on that, when persons interact in
processesanfdo st er cognitive gr oWerdfooe, RBSwhbre siukents 2 0 1 2,
conduct projects that reflect their understanding is an implementation of constructivist method in
learning (Cziprok & Popescu, 2015). Constructivist learning and teaching strategies such as
collaborative learning and PBL hatheeoretical support for successful achievent@ziprok &

Popescu, 2015).
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Teaching K12 students using STEM integration is still one of the challenges for teachers
since few examples and models exist for thenollow (Wang, Moore, Roehrig, & Park, 2011)
STEM integratiorrequires highly qualified teachers who are capable of moving among STEM
disciplines and find connections. STEM education in its true sense is the relationship among four
integrated disciplines; Science, Technology, Engineering and Mathematics. However, success of
STEM learning is not easy as it might appear. It requires challenging students with higher
cognitive levels such as critical thinking and problem solving anddil éaw cognitive levels
such as memorizing to help students to gain deeper understanding of the content (Basham &
Marino, 2013). Making connections among STEM disciplines and designing learning
experiences that support such connections require plamomgéachers and more
investigations on how to design such a learning environment; however, there is little research on
whether more integration among STEM disciplines could help to improve students learning
(NRC, 2014). Integrating disciplines may represe challenge for teachers. STEM teachers are
expected to take the challenge to find connections between STEM disciplines and provide
required guidance for their students to figure out such connections (Revee, 2015). Therefore,
STEM education requires Hity skilled STEM teachers who have strong content knowledge as
well as essential skills required to organize projects for their students. In addition, to be capable
of assisting students in their projects, teachers should have broad multidisciplinargdgewl
that supports their navigation among disciplines to support their st(Eerggirello&

Balcerzak 2013) Teachers can also promote students' understanding of STEM disciplines in
general and engineering inrpaular through involving students into activities that apply

engineering concepts into classrooms.
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Among the challenges that teachers may encounter while teaching integrated STEM is
teachersdé perceptions. Equi ppthemguddnsand her s wi
encourage them do activities that apply critical thinking and problem solving may improve
t eacher s 6 wardsintegratediSDENM$adetsan, Seifert, Moll, & Coats, 2012)
Supporting students in STEM education is more of ensuring a motivating environment
through which students can be active problem solvers andimgrkups to propose
solutions to realife problems and challenges which in turns requires teachers who are
proficient in their subject areas and well trained to challenge students to discover connections
among subject areas and to apply all these to mimeireown learning Rider-Bertrand,
2015) Constructivists highlight the importee of the roles that a teacher plays asidegu
and a facilitato{Sharma, 2014)The supportive soci&arning environment is essential for
ensuring integrated STEM learning where teachers and students are interacting effectively to
construct student s dheMiaistry of Edocgtion iTHygyiVM@H) or e, whe
made the decision to start STEM sclspthe ministerial decree highlighted the importance
of nine goals to ensure the motivating learning environment and the effectiveness of both the
teacher and the learners to achieve required learning outcomes; these goals are:
1. fTo take care of high a@ver students in Science, Technology, Engineering and
Mathematics and to promote their abilities

2. To value the role of Science, Technology, Engineering and Mathematics in the
Egyptian Education

3. To spread new education system that is STEM education iniggy§thools

4. To encouragenore students in high schodikanaweyadmmato take scientific

majors
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5. To apply new curricula and methodologies that depend on inquiry projects and
integrated approach in teaching
6. To acquire and promote students' interests and skills, and to increase their
participation and understanding of Mathematics and Science
7. To achieve integration among the curricula of Science, Technology, Engineering and
Mathematics to figure out conneat®among these disciplines to prepare a student
who has the ability to design, innovate and think critically
8. To help students acquire skills of collaborative learning
9. To construct a distinguished scientific base of students who are qualified for
universitye ducati on and $misteriad382, POl p.I).esear cho (
In these nine goals, the ministerial decree focuses on the importance of integration
among STEM curricula and to prepare students think critically and to work
collaboratively applying PBL.
2.2. STEM Learning Principles anceémaldsand ent sé A
Science
Recent studies on STEM high schools have indicated that they usually provide students
with challenging curricula and high cognitive level courses through veictents can get
opportunities to participate in specmdd researc(BruceDavis et al., 2014)Hansen and
Gonzalez (2014) asserted that surveying across the research, they discovered that
practitioners and STEM advocates often cited four instructional principles as essential for
STEM learning. Those principles include integration among disciplmngsneral and
technology in particular, to help students connect their learning to real world problems, to

encourage students apply higher levels of thinking and work thieBghasks. What could
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make learning meaningful for students is the relationséifpreen it and their daily life and
that is why reflecting on realorld problems and conducting projects to propose solutions to
those problems is what makes STEM learning "authentic". Connecting the learning content
with real worl dtsaaof imhondrpaodapeababceso for
facilitate their understanding of that integrative content (NRC, 2014, p.20). STEM principles
have strong relation with students' performance. Haasd®onzalez (2014notethat
applying technologyn classrooms helped students to better understand Science and
Mathematics which in turns indicates the effectiveness of the learning principles and the
necessity to consider them when applying STEM learning environment.

STEM Educati on pkillstortoirtk eriically and ok ¢rainiedstiirough
problemsolving techniques as well as improving teamwork andnesomication skills
(Roberts, 2013)Moreover, there is a strong connection between STEM Education and the
skills that a leaner needs in the 21stcentir2. 1 st Century Skill s and S
companions in the journey emsure all students are educated to become productive,
technologicallyl i t er at e c i t (Janesn2014olf). The € omonitteemmvtbe
Assessment of 21st Century Skills at T#RC agreed on three broad clusters of skills
needed for individuals to interact positively in thé'2&ntury. These clusters at€ognitive
skills: norrroutine problem solving, critical thinking, systems thinking, Interpersonal skills:
complex communicatigrsocial skills, teamwork, cultural sensitivity, dealing with diversity
Intrapersonal skillsselfFmanagement, time management,-sieffelopment, selfegulation,

adaptability, eMNRCc211) ve functioningbo
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2.3. Project-Based Learning
2.3.1. Defining ProjectBased Learning PBL

Aufdenspring(2004) define$BL as,i anodel for teaching that focuses on the major
concepts of a curriculum, involving students in meaningful investigations of those
concepts. Concepts may be introduced by a teacher and supported by texts, speakers, and
other sources. Students then work aatoausly to create projects that demonstrate their
|l earning to teachers, peers, and the commu
In PBL, students are challenged with an extended inquiry process through which they work
on a challenge or a problem usually that requires teamwoekenteam members are assigned
with tasks that collaborate with the whole wé@hua, Yang, & Leo, 2014)Assigning tasks and
distributing the workload requires equipping teachers with PBL skilsearch suggedtsat
skill ed PBL teachers have promoted studentso
implemented PBL in their classroom resulted on negative effents st udent s(dan,per f or
Yalvac, Capraro, & Capraro, 201Bjoreover,Han and Carpenter (2014) stated that "STEM
PBL is used to refer to an instructional strategy having five factorstegplfated learning,
interdisciplinary content, tedology, collaboration, and hands activities" (p. 29).
For the purpose of the study STEM PBL is defined as the process through which students
work in groups to study a problempplying engineering design procé&®P) to propose
integrated solutions tihat problem, test their solution and redesign another solution in ways that
enhance their deep understanding of the content and support their critical thinking and problem

solving skills.
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2.3.2 ProjectBased LearningpromotesSt udent s 6 @mllAdadeimior at i on
Achievement

ASTEM PBL iIis used to refer to an-ragulasetd r uct i on
learning, interdisciplinary content, technology, collaboration, and hamids a c t(Han &t i e s 0
Carpenter, 2014, p.29 is the duty of classroom teachers to encourage collaborative learning
activities. However, sometimes teachers encounter a student kelsootzer, students who are
demotivated to participate and sometimes collaboration breaks down. At the time, the teacher as
a facilitator should ensure that every membehivithe group is doing his tagkhapman &

Roberts, 2015)

In STEM PBL, students need to collaborate to do tasks and that allows for more interaction,
sometimes junior with senior students and that facilitate the transfer of experiences in a social
learning environmen(Sahin, Alpaslan and Top, 2B). The pedagogic concept of PBL that
di stinguishes it from traditional |l earning 1is
interaction to acquire basic content of knowledge required to understand problems and to think
critically to try tofind solutions for thenfTsenget al., 2013) PBL has enhanced st
achievements of Science and Technology teaching course and increased beliefs about self
efficiency when compared with traditional instructi¢Bdgin, Karakuyu, & Ay, 2015)

Promoting students6é achievement i nisSheofthece an
main goals of STEM schoolMOE (2012) stated that "The instructional method applied in
STEMschools is based onusing PBldant he i nt egr at e dDearpep3d8 acho ( NV
p.7) that aims at promoting studentsdé under st
high school studds to take the Science secti@ecree, 382). Providing studks with learning
environments related to their life and working on their life problems such as "a traffic congestion

problem that is affecting the flow of commerc
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world (Marino et al., 2013)In a study on the attitudes of Korean middle schools students
towardsPBL, the results suggested that studéais positive attitudetowards PBL and that they
have participated effectively in tasks that included hands on activities and the use of technology
(Han & Carpenter, 2034 Therefore, PBL motivating students working on real life problems

could help improve their understanding of STEM disciplines.

2.3.3 Implementing Constructivism through Projeddased Learning

PBL, as mentioned beforempowersstudentdo participate effectively in the learning
environmentCiuperca (202) i n d i cRBL, éhbugh @oastructivism, provides the

motivation that manjearning theories cannot. It allows the learner to take charge of their own

|l earning, creating their own knowl ed$a&a i n a ¢
interactionamong learneris required as a meaf@ them to create their own knowlige and to

encourage thero reach higher levels of thinkinfHelle, Tynjéla, & Olkinuora, 2006 he role

of teachers implementing constructivism throlgbjectBased Learning is not to teach students,

but to provide the conditions through which students construct their leaning. Methods such as
simulations and projects would involve students as active participants into the process of
learning(Sharma, 2014)

ProectBased Learning maxi mizes studentsd resp
(Cziprok & Popescu, 2015)Therefore, it is necessary that teachers make sure that the learning
environment is engaging for students and students are challenged to use higher level thinking
skills. To ensure that motiviag and social learningnvironment MOE sawthatit would be
better forSTEM schoolgo be boarding and that is why the existing nine schools are boarding. In
the following sectiorthe researchdrighlights some thoughts about the relation between

boarding schools and students6é academic achi e



INVESTIGATING PROJECTBASED LEARNING IN A STEM SCHOOL IN EGYPT: A CASE STUDY 32

2.34. Boarding Schoolsanét udent sé Academic Achievement

Parents send their children to boarding schools for many reasons:of these reasons
arethe benefits of boarding schools on social, igiste and academic achievemeRarents in
favor of boarding shools believe that they acentersof excellence and that theirsgtture
promotsnot only studentsdé acadeBassc20l)dawevers but al
reviewing the literatureometimegjives contradictory recommdations about boarding schools.
At the time when some educators call for bioay schoolsothers believe that home might be
better for studentso6é achievement since studen
(Bozdogan, Gunaydin, & Okur, 2014Ilthough previous studies on the relation between
boarding school s a rewmentdid doépnovide Gupporiray @wdenicecthata ¢ h
thistypeos chool s promote studentusl® nd csadd eamiad eand lti e\
October STEMSchool,as mentioned i€hapterOne, is very high.

In Chapter Three, Research Methodology,résearcher discusses the research design,
participants, the research questions, as well as tools the techniques used for collecting and sorting

the data.
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CHAPTER 3 RESEARCH METHODOLOGY

The goal of this qualitative case studyo investigate ssie nt s 6 p eRBcie@'t i ons
of October STEM High School for Boys to better understand how students perceive this
pedagogical strategy (PBL) in their learning and peer collaboration throughout their group
projects which represent 60% of the taeddes for widents in year one and two (Ministerial
Decree 382, 2012, Article 24) and 20% of the total grades for students inngeagMinisterial
Decree 308, 2013, Article 9).

3.1. Research Design

The research design for this study is a descrigtheeinterpretive case study that is
analyzed through qua#ditive methods. (Qalitative researchers are concerned with "accessing
and entering settings; selecting, collecting, and analyzing data; adidpa case for
conclusions'{Freeman, deMarrais, Preissle, Roulston, & St. Pierre,,@®¥) Case study
design allows for close communication between the interviewers and students of the focus
groups. Focus group is a homogenous sampling where participants belonging to subgroup are
purposefully choseriCreswell, 2012)For the purposef this study, theepresentatives of this
focus groupwill be students of the same grade working as on team in the same group. Students
wereasked to respond to opended questions. Op@&mded questions allow participant to voice
their opinions and tailored their optiofts a questior{Creswell,2012) To ensurezalidity and
reliability issuesand avoid any ethical issues related to the study, &g October STEM
School principal where the study is conducted, three of the school teachers collected the data: a
female Biology teacher, a fale English Language teacher and a male Physics teacher, these

three volunteers had neither current nor previous academic relation with the students of the
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sample. The three teachers had a training session before collecting the data. The three teachers
have worked for6" of October STEM School for three to four years. The reason for choosing
experienced teachers to conduct the focus group was because their expe68@etaber
STEM school familiarized them with projelbased learning at school and taehnical
expressions that students might use during the focus groups which helped professionalism of
collecting accurate data.

The researchatid not have anylirect communicatiomvith the studentgarticipating in
the researchJponobtainingthe approal from Institutional Research Board (IRBhe
researcher asked tieordinatoresponsible for the projects at 6f October STEM School to
communicate with thregolunteer teacheit® collectthe data. The researcher asked him to make
sure that the tlere teachers did not teach to the clags@gichthe focus groups were chosen
from. The parents of the students participating of the study were &skeph the consent forsn
before collecting any data from the studehtghe consent forms (see attadlenglish and
Arabic sampls appendixE & F), parents were informed that particijga of the children in the
research i®ptional and that theisonscan withdraw at any time during the research without any
circumstances.

3.1.1. Participants

Thesample for the data collection consistsveénty-four students: Ten students from grade one,
eight students from grade two, and six students from grade Haele.grade was represented by

two groupsof students in addition ta pilot group(a groupof four students from grade tvibat

one of the interviewers assessed the reliability of the question8lbsfudents participating in

the study are not from the same educational background. The Ministerial Decree 369 (2011), for
establishing STEM schoois Egyptensured that right to every student despite the type of school

they are coming from @@ernmenal Public Schoolsl.anguage schooBndprivate schoolg the
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right to apply fothe STEM Schools. Thereforefudents who nteheadmissiorcriteria of
STEM schoolswhichis to have a score of 98% in the middle schwath full gradesn two of
the three subjects: Science, Mathematics and English as well as an t@rtdsadmitted to 8
of October STEM School. Therefore,thre groups participatinigp thisresearch, some students
came from Arabic preparatory schools and some came from Language schools. Also, there was
variety of the governorates: for grade two and three, students were from governorates all over
Egypt. Examples for these governaesatvere Alexandria, Sharkia, SohBgkahlia,Giza and
Cairo.For grade one students participating in the research, after starting new STEM schools in
the governorates, Alexandria, Assuit, Dakahlia, KafSgeikh, Ismailia, Red Sea and Luxor in
2015/2016t he MOE made studentsO6 admission to schoc«
regions. Therefore, grade one students who were admitt&tofoctober STEM School were
only from the governorates of Giza, Cairo, QalioubiaFAoum and Beni Swailoreover,
students participating in the research in three grades came from different social and economic
background. The educational background of stu
certificate to Doctoral leveParticipatingstudentsvere selected based on two factors: 1)
students had to b&orkingin the same group project agpall students of the group agree to
participate voluntarily in the focus groups. Before starting the process of collecting data, students
in the pilot groupwere interviewed by the physics teacher to review the wording and the
comprehensiveness of focuogp questions.
The pilot groupwvas chosen from grade tvas theyhave oneyear experience at the time
of thisstudy and that makes théamiliar with working with projects.Responses of the pilot
group reflected student s Gceemeddrefortableavithdnenmsgga of t h

whole. Accordingly, n@ditingwas needeth theworking ofthe focus group questiori3uring
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the proposal of the qualttae research, the researcher should make sure that both the research
guestions and the design are clear so that the reader can evakapéatsilityand on the other
hand ensure the flexibility the remarks the qualitative resé@maswell, 2012) After
reviewing responses of the pilot group, the three teachers carried out the focus groups interviews.
During the focus group, students were asked swanthe questions as groups meaning that all
members within the group had opportunities to add, agree or disagree within any of the other
studentsod responses. The focus groups of grad
However, grade three focusogips interviews took longer periods of tiae students gave very
long answers to questions with detailed exam@lagoup took more than forty minutes and the
other group took more than an holine focus groups met the libraryduring thetimes when
no onewould expect for the interviewer and focggoup members were thefeherefore, times
during the school day, when there were no sessions in the library were selected for the focus
group interviewsThe librarian waslsoasked to leave the libraryidng the recordingto give
students sense of comfort and freedom of spedoheover, to ensure confidentially, ttieee
interviewers usethe recorder on the e s e a mabheghobdeso record the focus group
interviews None of the students knew themmer of the mobile phoneStudentswere informed
thattherecording would to be transcribeand coded and théteir names would be anonymous.

3.1.2. Research Questions
The goal of the research questi pmojetbasads t o | nv
Learning in October STEM High School for Boys.

The research questions are;

RQ1:How do students perceive Projased Learning as a pedagogical strategy?
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RQ22What are the similarities and difference
ProjectBased Learning according to the grade level and exposure to HBapsd
Learning?

RQ3:How do students perceive team collaboration in Prdgased Learning?

3.1.3. Research Tools

Focus grougliscussiongas mentioned in 3.1) were used for eoting data. The recordings
were transcribed by a university student who graduated from the school two years before.
Transcripts were reviewed in terms of the recordings and missing parts were completed. Fifteen
(15) operended questions were used for fibbeus group interviewsT he researcher formulated
eight questions to investigate the first them
theme of this study, whereas three questions were formutatedestigatehe second theman
studen6 | earning and four questions on tmhe third
follows;
How project-based learning is perceived by students
1. From your experience in the STEM school, how do you define prbogsed learning?
2. How do you think it is different from lecturing?
3. What do you think of the processes of assessing the journals, the portfolio, the poster and
the prototype?
4. What difficulties do you usually have while working on your projects?
5. What do you usually do to okeme the difficulties that face you?
6. What advice can you provide new STEM school students while working on their
projects?

7. Would you suggest to have schools apply PBL? Elaborate on your answer.
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8. Is PBL what you expected to be? Elaborate on your initiggpeions and those that
have developed after experiencing PBL in your learning.
The researcher formul ated eight questions
since it i's the main theme of the study, w
leastn ng and studentsd coll aborations, the re
investigate them being less important than PBL.
Studentso6é | earning
9. Explain the process of choosing / defining your project?
10.Have the projects helped you in your learning (elateoon your response)?
11.Do you think you can apply what you have learned in the project in the real world? How?
Studentsodé coll aboration
12.How do you cooperate with your peers throughout the project?
13.What role(s) does the projects' instructor play during Yeaming process throughout
the project?
14.Explain the dynamics taking place with your peers during working on your projects?
15.Do you have any suggestions that might enhance group work during the project?

3.2. Research data collecting andorting

Focus groups have been carried out over two days. The first dayondiscted withthe pilot

group and the second was for the other six groups (two groups from each grade as mentioned in
3.1.1). Recordings were transcribed and revietwatdhich the transgotions have been corrected

for any yping errorsand other data has been checked for erResponses of the pilot group

ensured that questions were accurate and proper for stutleatdata was organizéebm the

three grades regarding each questiasingy the thematic analysis of threethenees (ud e nt s 6

perception oPBL: represented through tfiest eight questionsof the focus group structured
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questionsst udent sd | ear ni thegsecontdeee quessomyt edenhhs ough
collaboration: represented through tastfour questions)it was easiefor the researchdo
compare bet ween Thdathued heameswere decidbgacesle ®©n t he rese
background as a project leader for grade thresehod year 3013/2014This was mainly as
projects seemed an opportunity for students to protheteollaboration as well aheir
| earning. Therefore, he decided that the thre
perception®n,would be PBL, studet s | earning and studentsoé col
not use sulthemes with the three themes mentioned.

Arabic was thdanguage was the language used for the focus group discustal
groups of studentJable 3 below, presents the coding of all twegitght students participating
in the researclBtudents from the three grades were coded accordithgitogadelevel, group
andnumber ofthe student in the group. An example for the coding systefit2 S6 0. Thi s
reflectsa student from grade two, group two and his order in his grawmbersix. The four
studentsn the pilot group areeferred to as P1 to P4, was used as mentioned before, to assess
the validation of the focus group questions. mthc onsent f orms assigned b
parents, the researcher confirmed that all data regarding the study would be confidential. For that
reason, the coding strategy in the table below was @&ting students participating in the
study inthatwayHeped t he researcher to quote the actu
the interviewer while keeping the identity of students anonymous. Informing students that their
perceptions would be confidential gave them freedom of speech.

To ensure validityf responses, data triangulation was used. Through this type of
triangulation, the researcher uses different sources. In this study, having students from different

groups from the three grade levels and comparing the responses within and across grades
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detemining agreements was the means of triangulation to increase confidence in the data
(Creswell, 2012).

Table 3

Focus Groups Studentsd Coding

Grade One (10 students) Grade Two (8 students) Grade Three (6 students)

Group One Group One Group One
StudentOne G1-1S1 Student One G2-1S1 Student One G31S1
Student Two G1-1S2 Student Two G2-1S2 Student Two G31S2

Student Three G1-1S3 Student Three  G2-1S3 Student Three G3-1S3

Student Four G1-1S4 Student Four G2-154 Group Two

Student Five G1-1S5 Student four G3-254
Group Two Group Two Student five G3-2S5
Student six G1-2S6 Student Five G2-2S5 Student six G3-2S6
Student seven G1-257 Student Six G2-2S6 Pilot Group /Grade Two (4
students)
Student eight G1-2S8 Student Seven G2-257 Pilot 1 P1
Student nine G1-2S9 Student Eight G2-2S8 Pilot 2 P2
Student ten G1-2510 Pilot 3 P3

Pilot 4 P4
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CHAPTER 4 RESEARCH FINDINGS

For the purpose of the study, three themes were ageten$d p e r coERBL, i on s
st u d eleatnisgdandt ude nt s 6 detérrirany heséreethenmesas mentioned
before,came through he r esearcher s previ ous whowerr acti or
pr oj ec tsat6"oflOetaber STEM School in trecademigear 2013/2014. He sawow
PBLcould beinvolvedimr omot i ng studentsd coll aborati on;
motivating learning environmemth er e st udentso6é , as the Constru
Chapter Two, construct their learnjrand helping them to have high scores in their projests, a
mentioned in Chapter One

Vygotskyods theory stresses on the importan
Schunk(2012)e | abor ates on that, when persons intera
devel opment al processes hank 8d01% m 242)eThereboe,gBLi t i v e
where students conduct projects that reflect their understanding is an implementation of
constructivist method in learning (Cziprok & Popescu, 20Ibgrefore Schunk (2012)hought
that investigating t u d e n ttisng abpue RBE, @gpedagogical strategy, could reveal the
reasons f or st undleighacademicagHieleabrilso ait n wears tai gat e st
perceptions about these three themes, the researcher formulated fifteen questions that were
answered Y focus groupsAfter that, athematicanalysis wasarried outthe findings from
which are presented below.

4.1. ResearchFindings

Focus group discussismwerecarried out by the three interviewdtke three volunteer

teachers from'®of October STEM School, a female Biology teacher, a female English
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Language teacher and a male Physics teadBach interviewer had two focus greup
representin@g grade levelThe interviewers encouragedrticipatingstudents to elaborate on
their ansvers and to comment on the responses of other members at anjhtewesearcher
asked the interviewers before collecting the data to make sure that responses from individual
members are approved by other members of the group or not. Thesetore,d guatatiesné
represent the whole group responses unless one of the group meamieagictedvhatwas
saidby the rest of the grouphe researcher alsoanpar ed bet ween the stude
the two groups representing the grade level to know stsigeenteptionsf each questioatthe
grade level.

Themeone: How PBL is perceived by students

1. From your experience in the STEM school, how do you defirigL?
Grade one studestiefinedPBL as a problem they try to find solutions to and that will help them
understand subjects related to that problem but in an indirect watyd@&nt mentioned that,
APBL is a simple and interesting idea that to transfer a piece of information to a student | give
him a task and through that task he learns a skill or atopi¢ 183, personal communication,
November 23, 2015¥rade two students explained tiP&BL can be dfined as an educational
system that is based on scientific theories and how to apply these theories. Arstrtented
t h aWe,studiy things in the project very deeply and we do things hands on so we will never
forget them and we discover that theocas be applied sometimes with high efficiency and
other times with low efficiency so we learn about detaiz2S1) . Grade three students
defined it as a new style of learning that they have been using for three years. It makes students
learn and sealcfor information and ask teachers or do researches on the internet. It is different

from traditional learning in the idea that traditional learning usually forces students to learn
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specific topics that they may not be interested in. Moreover, they eagltiat before doing

projects they could not understand the idea of integration. Now, they can understand the relation

among different subjects through applying them in their projects. They can also go beyond the

classroom level and learn more about thpdof their project. Astuderst a i d urlpraject A O

was on communication and we needed to learn more about some topics in Chemistry that we did

not study at school. We did hard work and we found that was inter@sE&3S3. A higher

level of engagemmnt i s c¢cl ear in the student comment fi
2. How do you think it is different from lecturing?

Grade one students explained that in their traditional schools, teachers used to lecture all the time

and they have to memorize information, however exartrditional schools supported that

way. A studenhoted that In fraditional schools a teacher kegpoviding information

information,information and that is it, however here teachers discuss this information with

st u d &mnaS3. h STEM schoolfeachers encourage students to search for information,

present it, and have discussion about it therefore, students do not feel bored. Grade two students

said that in lecturing the teacher is the center of the learning process and students are listening a

the time. A st ude n turing stypel treimaiefdctorttde teticher ihilen t he |

students remain receivers. However, here when students teach eadhethégraction is

better and students understand each other better than thertbacause their minds graired

The role of the teacher here is a guide and facilitator. Also, to remow@gbenceptiorstudents

might haveaboutsome concepésG2-1S4).Grade three studengxplainedhat traditional

lecturing do not provide spadar interactionamong studenthioweverPBL supports teamwork

since students work hands on in groups. In lectuteaghers try to make students copies of

what they know, but in projects students search for information and may reach more information



INVESTIGATING PROJECTBASED LEARNING IN A STEM SCHOOL IN EGYPT: A CASE STUDY 44

thanthe teacher know about specific topicsstddentotedt h alr traditiinal schools, when
you ask some teachers about how they reached a piece of inforreatietimes you get the
answeryecalli t a $G3-192. PBLsatiows for aplace for discussn between teachers and
students.

3. What do you think of the processes of assessing the journals, the portfolio, the

poster and the prototype?

Grade one students claimed that journal evaluation is not an accurate tool for formative
individual assessmerftudents think that the journals reveal the amount of effort exerted by
individuals. A studentsaid thatfiwhen we take a journal assessment, a student who is not
working hard as other members do in the group but can write well and express ideasnelgarly
al so get the f u(GL1S8) &radedéwo studants indicsteditHatyoernals
motivate students to work hard throughout the project. They addeti¢l@irnal questions
assess studentsod progr ess iendart Arsadeptotenltha¢, ct acco
fiThe journals do not allow any delay from studésige as | should be working according to
the calendar; for example during the sixth an
plan as | expect to have journalegtions assessing the steps taken and the results of my test
p | a@266S1) Ot her students in grade two mentioned
connected to st ude nAstdentsaiothak Mydgnouptistdeinga prgectoj ect s
relatedto Biology and a question we had during the jouavaluationwas asking about
concepts in the Physicso we talked about Physics and | got blue, although the question was not
connect ed t(G2-284)As fopgrade theee,tsame studeatsnplanedthat the
wording of the questions somejournak are sometimeis not clear enougand sometimes are

not aligned with the rubriaghie questions would be evaluated agaiAsitudens t at eth t hat ,
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one of the journals, we had two questions that \@bkr®st the samé knew the evaluator would

be expecting meo give two different responsdsdid not knowwhatto do, so | wrotéwo
differentresponses basemh the learning outcomes we hadhis subjectthat was not connected

to my projecthoweverj t  w o(G3181J.Grade three students, as explained before, believe

that thejournal is a good formative assessment tool that can helptthiemprove their quality of

work and bestrictly following the schoolcalendar. Howevegrade three studengavefeedback

on the connection between their projects and the journal questmifer to grade one and two

they thinkthat her e are no strong connections between
and that journal questions should be modifethotivate students reflect their understanding

and implementations of the projects.

Asforst udent s 0 theassesenert of tather coonponents of the project: the
portfolio, the poster and the prototypehich areevaluated agroupa s sessment t ool s.
responsesaried based on the grade lev@tade oné studentghoughtthatevaluating the
above components of the project as group wedyld not differentiate between thifferent
amounts otfforts exerted by individual mebers A studentnoted that hié Gapstone teacher
shouldmake sure that all members in the group are working together, for some of my colleagues
they do not do the same amount of effort and get the geadethe groupwould get at the erd
(G1-1S2)

As for grade two and three, studebtscame more familiar of some ways that could
facilitate ofworkloaddistributionamongthem However, they referred to another challenge
regarding poster and prototype evaluations they had when they were in grade oa¢éwGrad
students explainedthato me pr oj ect s6 evaluators @re not f a

prototypeauntil the day of the final exhibition of the projects. Accordingly, the ten or fifteen
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minute assigned for postend prototypeevaluatiors is notenough tdamiliarize the evaluators
with them.Grade two and three students suggabmittings of t copi es of studen
evaluators before the day of the exhibitioriamiliarize them withithe ideas on the day of the
exhibition. A student saitl h a bmetinfessan evaluator is looking for a specific piece of
information in the test plan for example and if it is there that is enough without listening
carefully to the whole idea of the project (-283).Grade three students also asserted the idea
that posters should be distributed among external evaluators according togaeirexpertise.
A studentfrom grade three tried to explain a situation happened witha&nator:
One of the problem&e hadduring poster evaluation last year wasevaluabrs;some
evaluator asd questions on somethimvghereasour projectwassomething different. He
was tryingto apply his area of expertise oour project. | wish that worked would not
havemindedat that timgG3-2S1).
Theabove response from tseudentshowed thathe wanted to explain that if evaluators are not
of the projects background t hey mi ght not be focusing on the
4. What difficulties do you usually have while working on your projects?
Grade one students mentiortbdee difficulties. The first difficulty is time management:
Students find it is not easy to manage their time working on their projects, doing school
assignments and studying school subjects. Time management was even harder for grade one
students wh@amefrom Arabic schools in middle schools. The reason is that STEM schools
language instruction is English and that requires more time and efforts to study Science and
Mathematics inEnglls. A st u d elTime is krated frst wehhave a lot Bf study da
most of us came from Arabic schools to study English curricula and that requires to double your

effort to understand these curricula and at the same time you need to manage your time to work
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on your project to hé&1-eS. dhe seoonddiffipultyasjtearowtork:at t h e
for grade one students, it is the first time to work in teams. Stueepiginedhat sometimes it
IS not easy to rea@magreement among group members.
To explain the challenge that new students might face with istedentoted that:
At that moment we are working on the design of the building and we have more than one
design and have not agreed on one. We have only one week for the design and that is
very hard for us. A real architect needs more thann@ek todesign a hous€G1-1S2)
The third dfficulty students referred tis the validity of online resources they sometimes use. A
studenttcomplained thatiSometimes it is not easy to find trusted resources to get the
information you need for the projectatda t t a K&L-2SJt Gradetwo students
explained that one of the difficulties they have while working on their projects is materials
needed for the project. It is not easy to fugthdorsfor some scientific materialé student said
t h alttis,vewyfdifficult to get the chemical materials required for the prototype of the project.
Someti mes these materials are not (G2284).]l abl e i
Students also added that visiting scientific institutes or universitessult professors
abouttheir project is noaneasy process. Although STEM schools issue formal letters
addressingparticulardepartmentatu ni ver si ti es i ndicating the air-r
scientific entities are still out of reach for studeAtstudentc o mp | a i rLastisemebtex I |, i
went to Cairo University to meet a professor in the faculty of agriculture. | had a formal letter for
him, but the security on the three gates refused to let me in. Luckily, | saw a professor | knew
and heasket he secur i (G2-231)Stutlents think & tha prolblem of materials was
solved that would be perfect especidigcause 8 of October STEM Schoas in a remote area

and transportation is not easy. Grade three studentthalsghtthatobtaningthep r oj ect s 6
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materials represesbmetime®ne of the mairchallengesA student said thafiSome materials
are not available in Egypt or very expensive that is why students change the whole idea of the
project or tenchnd sometimega s e si mul at i on r @8168)Considering a pr ot
grade level and experience within projects, time management that represents a difficulty for
grade one students is not one of grade two or three students who gained experience about time
managenent. However, the availability of some materials that students need as well as
communicating with university professoreatill two main difficultiesStudentproposedhe
ideathat STEM schools should hapeotocok with some reputable scientific insttes and
universities to facilitate the process of communicatuity professors.

5. What do you usually do to overcome the difficulties that face you?
The goal of this question was to assess how far has PBL promoted critical thinks and problem
solving shils of students and to what extent students were able to propose solutions for the
challenges they believed they h&tade onestudents explaineithat to overcome time
management difficulty: they assign tasks and help those who are lagging behindeéing t
tasksA st ud e n tWednato rdanagétiaé meaniwhen we assign tasks if we have
someone who is not good at research we ask hi
(G1-2S1).They also try to find an agreement among group members. A studeatibned that,
fiThere ar@awo graduate classésom school before us wheorked onthe same themes of these
projects and we can f i fGl-238hGade twoestudegneedtionech a s h
that the difficulty of materials can be sometimes solved by trying to find other alternative
materiab. A student gave an example for looking for alternative solut®res,i d | nebadad , i

Lithium in my project;l could not get it g | took i from an oldbatteryo (G2-1S4).
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When asked about ways they use to overcome difficulties they might have with projects,
grade three studengxplainedthat they try taclassify theproblemsn ways that help them reach
solutiors.

A studentin grade thre@oted that:

When | have problem, | try to calm down and think: Is it personal problem, team problem

or a problem finding some materials. If the problem among members in thefgroup

examplewe discuss it to find solution$G3-2S1)
Grade three studeriteesponses showed that studegasedexperierwe from their projects in the
last two years. Moreover they heationale addressing their problems.

6. What advice can you provide new STEM school students while working on their

projects?
Grade one studentiibk that they can advise other students on what worked for them to manage
their time. They also advised new STEM sclkostudents that when they work on their project
they should not panic if all members of the group cannot do a specific task. They thindul
about their projectand tryvarious solutionsintil theyreach resultsA studenimentioned that,
AAll team members should work together, it is not acceptable to have five members while only
two are doing everything for exampaléG1-2S5).

Gradetwo student8 r e s p 0 n s e that dmsvarkis ®rie ofwhendst important
aspects of their project¥heywanted tdet other STEM schosl étudents knovthe importance
of takingaccountability for their action§&rade two students also highlightée importance of
doing research applying science to find out answers for the questions they might have about their
projects A studennotedt h a the mogt impaant thing about projects is engineering design

procesg§EDP), it is the core of any projechd it requires that you think about the problem
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bef or e (GA2S3)Graderthreé students advise other school students to value their
projects. It is not only to get high grades. It should also be a learning experience.
A studentin grade three addl more advantagdsr the projects. He said that:
Some of the school projects have participated in national and international competitions
such as ISEF and others. Students who travelled abroad met people and learnt new
experience and when we listentheseexperiences weshrn a lot about other cultures.
(G31S2.
The above quote from students indicates how far STEM students value their projects. They also
think that the projects they carried out over three years have changed their personalities
especidly those students who travelled abroad and participated in international competitions.
7. Would you suggest to have schotist apply PBL? Elaborate on your answer.
Grade one students refer to STEM education in general as an effective system that requires
budget to apply. It might be a chaitge forthe MOE if it does not increase the assigned budget
for STEM to achieve the desired goals. A studert i d | thihkdhiat we rieed to wait until we
overcome any challenges in the current schools beforenstartin e w  @t-2658)dHey 0
also think that since the nature of learning is based on research, they should be taught how to do
that research in a very organized way. st u d e n tWeshoulddearn dbaut reseaich in
other schools and not to taked stages without researchahde n t o use i(1 i n hig
2S1).
Grade two students believe th&BL helps students to learn. However, they also
recommend thaTEM systemshouldstart from primary school and to extend to univergty.
student said h al think this type of education should start from an early age as it is the time

when you form the scientifioasicf o r s t(Gld&2hGrade twostudentsadded that public
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universities may not be a good placetosue their education after thiead studied & TEM
schoos. Students think that PBL has helped them to think critically and therefore switching back
to traditional education in Public Universitie®uld be a decline.

Grade three students do not suggest the idea of extension of STEM schools until the
MOE is ready for that. Studen#s 6" of October explained that, some STEM students in the new
schools have been communicating with them. STEM students in many of tisemaols
complained that the Science laboratories were not working because there was no equipment or
materials in the laboratorieSherefore, grade three students believe that extension in STEM
schools would not be a good idea unless there are the prepargtions for that extensiodn
the other hand, grade three students thinkRBatis an effective methodologjat can be
applied in other schools since it motivates students to tritikally. However grade three
students see that PBequiresnewstudents, especially those coming from Arabic schools, to
improve their English Languagknproving English Language would help them to search the
internet for information and investigate previous solutions about their projects in Emgksh.
should als learn how to share information with otlstndentswhich issomethingamiliar to
studentsn the traditional educatioGrade three students also agree that STEM education should
start from an early agé studentnotedthat It if a good idea to staSTEM from KG , primary
stage, preparatory stage and when students come to secondary stage they are prepared and do not
find it difficult when (@G32SX.tarted school in t

8. Is PBL what you expected to be? Elaborate on your inifi@rceptions and those

that have developed after experiencing PBL in your learning.

Grade one students mentioned that before joiithgf October STEM 6hool they thought that

they would workindividually andnot in groupsGrade one studentisink thatit is not easy to
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work in groups;howevercollaborationwith other students hedjolthemto get more information.
Before they come to school, grade one students thought that doing projects is something very
difficult . A st u d ¢ could netandedtand loa kcan sdive a great problem in Egypt,
but when | started my project and used EDBarnt that | can work on a problem step by step
unt i | I understand it (G&azsd). t hen think about
Grade two studentsxplained their previous thghts abouprojects They had the
thoughts that carrying out projeat®uld be something difficultStudents explained thahey
heardthe projectavould berelated to Egyt &randChallenges such as over population.
However, when they started working on projects they did not find it difficult as they thought
before. They found out that the projects are interesting anththatearned a lot froroarrying
outthem
A studentin grace twonotedthat:
When someone told me that you will be working on Egypt gcwadlenges, asked what
Grad Challenges meafié | was informed that they are big problems such as over
population. | thought | would not be able to do so, but when | startddngoon my
project and | did some research | realized that stegtdgy| would be able to do that.
(G2-2S3
Grade threstudentssaid that when they joined the school they had no idea about projects. They
could not think that doing projects could help them learn. However, after some time and after
carrying outsome projects thefelt thattheybecame moreonfident.However, some gtents
thought that one project per year is fair enogh. s t u d e n tl thiskeonedorojechpartyear i
is enough to be a goanhe and to be able to applg (G3-1S2. Students in the three grades,

think that ProjeecBased Learning has changed theswywof thinking and that they have learnt a
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lot from doing projects. The most important thing they learnt is that they applied knowledge
when they worked hands on.

Themetwo: St udent sé | earning

9. Explain the process of choosing / defining your project?

Studentsd responses indicated that, choosi ng
the idea that the school required students to
is the first time for grade one students to do projélees;think that theimprojectinstructor
shouldlet them knowwhat to do step by step. They did not have accurate vision on how to
identify and define a specific problemder the big theme.

Grade two students mentioned that they start to do some researckhabmablem and
examine these solutions to see if they are applicable to apply in their project. As for grade three
students, they indicated that their choice ofghe o j prcd slbems i s based on Ec¢
challenges which, in turns, gie¥idence tht students gained experience over the first two years

regarding identifying and definingroblems Despite the fact that all grade three students do

their projects around the same theme that 1is
projectsd ideas.
To il lustrate the process of i1identntffomi ng and

grade three said that:
We work on grand challenges that Egypt has. We start by identifying the problem that we
want to find solutions to. We examine previaatutions to see previous trials. We think
about the availability of materials and the prototype of the project. It is important to

apply what | have leat. (G3-2S2)
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10.Has the projects helped you in your learning (elaborate on your response)?
Although gade one students mentioned that the projects help them with their learning they did
not provide a strong connection between doing projects and leafngtgdents ai d, Al f a
student is not interested in a specific subject that is in the project for exdraphill have a
problemandw ! I have to st-1sdy t hat subjecto (G1

Grade two students explained that some topics they study in different subjects help them
with their projects and at the same time working on their projects helps them understand some
topics within subject areas.

A studentin grade two noted that:

The idea is some of the scientific theories that we study in books look something but

when you see them working in your project they are somethifegent, Imean you

understand them, ydow their useand you will never forget theniG2-1S2).
Grade three students showed how they try to find integration among their projects and the
subjects they study.

A studentin grade thresaid that:

If I am working on the filtration of Nile water, | would use Physics to learn about the

phaseof wate, its pressure and temperatufée same if | am working on energy, |

would use Chemistry to learn how to reduce the harmful effects of carbon dioxade by

neutralization process using other compon€@s-1S2).

11.Do you think you can apply what you have learned in the project in the real world?

How?
All studentsparticipating in the research from the three grades thought that they can apply

what they havéearnt in the projects in the real worl@rade one students said that they have
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learnedthroughthe projectabout (Building) some useful information about (Housing) as one
of E g yapdClaabengBésA st u d eWearesla@ng our project to la@plied in the
real world. We have prepared 2D and 3D designs. We also considered soueoergy and
wat @0-265)
Grade two students explained that they have worked on projects that can help find
solution to problems in Egypt such @uilding) and(Energy in grade one. They also learnt
about (Water treatment) in grade twidney asserted that they had feasibility studies for their
projects and that the results of such projects can help in the real world. A student commented
on his poject on waterreatment thatiBased on my experience with this project, | have a
feasibility study and | have estimated the cost and it is applicable to be applied in the real
world and my fut @2).plan is to apply ito
Grade three studeneéxplainedthat beforedoing projects for their study they could not
think that prilems that Egypt faces such as (Overpopulationgté¥\l' reatment), and
(Electricity) can be part of theinterest for studyHowever, now since they study tGeand
Challengeghat Egypt hashiey can apply it to the real world. Moreover, concepts that
students usthroughpr oj ect s such as the concept of dfe
language as they learned how to reflect even on daily issues and give feedback to each other.
A studentsad t MAlaatthe préject can be a life style which meaning that when | face a
problem, | try to identify what causes that problem and take steps like the ones | take while

doing my projec@G32s4.d try to solve itbo
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Themethree: St u d eadllaberdtion

12.How do you cooperate with your peers throughout the project?
Grade one students explained that they meet together to discuss the distribution of workload and
to assign tasks for the group members. They also said that since therppmesents 60% of
their total evaluation scorel is a big portion that requiresudents to cooperatath each other.

A student in grade one noted that:

First we all meet together to decide the part that we need toomptken we try to

discuss baskon our capabilities what everyone can do. If | finish my part, | try to help

other people with the group and if | cannot do my part | ask other membefsished

their parts to help méG1-2S3).
Grade two students also explained that they workgaewgp where workload distributed
among team members based on agreement from all merAltersthat all members are
commi tted to achi eve t henecanthangekwhatwethave agreede nt s
on unless he has a strong reason for, #vat that should be basedm@asonablg ust i fi cati on
(G2-2S4). Another student from group one gave an example of cooperalibe working on the
portfolio. He noted thafjiwhen we write the portfolio, every member works on a specific section
and therwe review the work of each other and that liepgroupto reach the best formulation
(G2-1S3).

Grade three studeneéxplainecthat they have developed a strategy to organize their work
together Everyone is assigned specific tasks that should be done within time frame. They
declared that sometimes there is disagreement on some points of the project; however, they

learnt not to take things personal andhdov toovercome problems. They have alsplaxned
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that it is important to choose a leader for the propadithat allmembersshouldlisten to him
and respect him.

13.What role(s) does the projects' instructor play during your learning process

throughout the project?

Grade one students think thhe project ingructorshould provide guidance requirbg students
throughout the whole process of their projét¢ should also give stients feedbacén their
work. However,most of the students in grade @ee thato not often happeiGrade one
studaetsdo not feel the effective role of their project instruct@®sdentsseethat, sinceit is
thar first yearto carry out projectsnore guidance to facilitate and assist their work on the
project should be provided. A student fromggmne gave an exmp |1 asked finy project
instructor how to learn aboutthexsa of mat eri al and the answer w
ask me what II(Gli®e d in detail so

Grade two students also see that the role of the project instructors should include guiding
them throughout their project and providing the academic feedback. However, they think that
what their project teacher does not make sure that the groups are working according to the
project calendar provided by the school, and usually the academic quidaetated to the
teacherdés academic background and whether it
workingon.As udent expllhei mpadjtelcatd,s i nstructor main
groups in the class to be working accordingtoggheo j ect 6 G2 &8 endar o

Grade three students see that the project instructor usually helpmtreage the length
of time assigned for each phase of the pr@ecbrding to the school calendar. He also
sometimesoordinates the communication efidentswith other STEM teacher3hat

communication with STEM teachersyr ovi de scienti fic feedback on
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the project instructords subject area might b
have relation with scientific projects and cannot provide help on the academic level.

A third gradestudentsaid:

A project instructor may have no connection with the topic of your projectsihed his

subject area mighie Arabic languager Social StudiesTherefore, he can help you

manage your schedule and discuss with you some problems rel#itedorganization of

your work.(G3-1S2.

14.Explain the dynamics taking place with your peers during working on your

projects?

Grade one students mentioned that they usually start to brainstorm together to assign and
distribute workload among each otha&rstudent saidhat,iWe try to choose together the design
of the building and then do the research on other pagdording to tasks and if anyone finds
some online information that might (G&1S#$). anot h

Moreover on the social levedtudentavorking on the same project ofteecame closer to each
other that they sometimes spend their free time and weel@ayetber

Grade two also explained that they distribute workload among group members and give
examples. Astudents a i Admemigerin the group may be better thdre others at a specific
progam that we need in the projectndthermemberbe can do online researbbtterthanthe
othess, a third one can buy some of the requinegterial® (-1S2.

Grade thre students provided a response similar to grade two related to the idea that
group members make use of the skills that some members could have and added that might
extend to the scientific content of the project. A studeati d Onehohthe,group menais

may be good at Physics or Electronics so he can explain (GB-£S8. Another studenis the
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in the second group explained that they set agenda of priorities they need to discuss before their
project meeting. Sometimes they meet before the joexslationtime so as to discuss
accomplishments on their project so as to be able to write effectively of their individual
reflections in the journal.

15.Do you have any suggestions that might enhance group work during the project?
Grade one students somarized three suggestions they see could help enhance work on the
project; (1) time management; that ensures students have enough time to work on their projects
as well as assigned tasks required for other subjects. (2) Effective teamwork; where each
membe has a role and the leader as a role model for the group. (3) School administration
understanding and support; so as to organize with teachers the number of quizzes that students
take and the amount of assignments since time is usually very challengstgdents. Astudent
me nt i o n €de narmagement isione of the challenges that we face at school, we work on
tasks required for our project and at the same time work on school subjects and that is a pressure
because it is the first time forustowor i n gr oups (@k183).do proj ectso

Grade two studenexplained that teamwork is the most important part in the success of
PBL. Students said that when classes are divided into groups at the beginning of the school year.
Students have the right toatse each other to form group work. At that time, students have to
agree with each other on the role that every member will play and that promotes the mutual
understanding between group membé&rerefore, students suggested the careful choices of
team merbers to help each other achieve tasks.

Grade threstudentsalso explained that an effective teamwork is the key to high quality
projects. They mentioned that each group give presentation and get feedback from the whole

class as part of informal peevaluation. They said that helped them reflect on their projects and
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improve it. Moreover, they have recorded videos to help new students on how to work
effectively on their projest Grade three students declared that when they were in grade one they
did not find the proper guidance even from teachers since the itRiBLafas new to everyone
includingteachersGrade three studerdse willing to helpstudents in lower grades on their
projectsAst udent e x\WHerawe started workirrgton projeate had a lot of
problems and after some time we were able to overcome those problems and we realized that we
woul d not have | eant i f(G:EL]). Theydlsorsuggestdd sthatgrade c h p
one project instructors should be veualified an PBLand willing to help students overcome
ther challengs.

In the following chapterChapter Fivethe researchetiscusseshe research findings in
terms of the three themes of the study: stude
s t u d eollabosationand relates the findings tbe conclusions derivefdom the literature
review in Chapteifwo. Limitations of the research and recommendations for future studies and

program implementation are also discussed.
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CHAPTER 5 RESEARCH DISCUSSION

In this chapter, the researchiiscusseshe findings of the research goes beyond that
to presenting itimitations and recommendations for further studeegeta deeper
understandingo f st ude nt s BBL pseahgedagogictrategghatahe MOE applied
in STEM Schools in Egypt. Research data collectiondisclissios focusedmainly on thethree
themesofthet udy: studentsdé perceptions of PBL, St
collaborationCreswell (2012) explained thaterpreting qualitative researchvidherethe
researcher draws a lager image of the phenomena through comparing data, personal views as
well as past studies. Thereforeetresearchenterpretsthe findingsby connectinghem with
these three themespoovide an overaidesof st udent s6 perceipti on of
promoted studentsdo | earo6hof @adoben STEM schoal.dent s b6 c o |

5.1 ResearchDiscussion

Findingsfrom thestudy suggest that studeatss" of October STEM School for boys see that
applyingPBL promotedtheir understanding d8TEM subjects and made their learningre

meani ngful. Student s thoedhthenpmjectolpeoposewsautidns ng ha
to real life problemsvhichrgopr e sent Egypt 0 suclGas &nedyy),GWatet | enge s,
treatment) and (Communication) hetithem apply the theories they leamm additioncarrying

out the projectsn groupwork promoteds t ud e nt s 6 withoehch atherdhe detter o n
communicatioramong studentsupported peer learning and peer evaluatibare students

collaborate with each othdn STEM PBL, students need to collaborate to do tasks and that

allows for more interaction, sometimes junior with senior students anthtildaate the transfer

of experiences in a social learning environm(&athin, Alpaslan and Top, 2018)oreover,

students think that PBL helped them understand the integration between subjects through real

examplesStudents see th®BL promoted their academic achievemémt?BL, students are
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challenged with an extended inquiry process through which they work on a challenge or a
problemthatusually requires teamwork where team members are assigned with tasks that
collaborate wittthe whole work (Chua et al., 201&tudents see that they are participating
effectively in the learning process and that they have assigned tasks to achieve.

Theme one: StudePBBLs® perceptions of
Studentsod6 percepti ons o ftherfreBLthestedpgnd thesfiesnt ed t he
research questioRQ1: How do students perceive ProjBetsed Learning as a pedagogical
strategyEight questions were formulated arouhdt themeo investigatehow students
perceive PBLSt udent s 6 r e % pgradessseggestedrihattPBLas ntotivatirg their
| earning and promoting coll aboration among pr
exposure to PBL were among the reasons that resulted in difstueentperceptions. For
example,g a d e 0 n eresponsesdsskowed shat PBL is a challengéhlem. Students
referred that teamwork is somethingw to themas in their middle schoqltheyare notused to
collaborate with other students. Students saidithidite middle schodhey used to work
individually and also evaluation wasmly throughindividual summative evaluation based on
recall of knowledg@resentedn thefinal paperand penciexam.This is not surprising because
in the Ministerial Decree, 369 (2011), students who get 98% or caorapply to STEM
schools. Suchigh scores allowedonly high achievingstudents to join STEM schools.

Therefore, when it comes to collaboration and higher cognitive levelniditigithrough PBL

and where students are requitedake responsibilityor their learning through the assigned

tasks by the team membert allof thesehighachieves were able t@dapt Social interaction

among learners is required as a means for them to create their own knowledge and to encourage

them to reach higher level$ thinking Helle, Tynjala, & Olkinuora, 2006 herefore, the MOE
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should consider factois relationtos t udent s 6 ad mi s sotherthanfiml STEM s c|
gradesFor example, addingleans hat can assess studentsdo abili
think critically might help provideSTEM schools with studentsho arebetterable toadaptto a

systemwhich is different to that experienced in their middle school education

Grade two and three studefts r e sponses showed that, their pre
helpedthemreacha better level of mutual understanding among group members. Therefore,

students explained that distributing workload, group discussions and presentations became easier

[a})

for them than when they wereingradedd8L has enhanced studentso
Science and Technology teaching course and increased beliefs abetfigeticy when
compared with traditional instructioBilgin et al., 2015)
Asforst udent s6 perceptions of the processes
poster and the prototype, studetmoughout all three gradevels hacsome common
perceptions. Tése perceptions can be summarized as follows:
Journal evaluation
Students in the three grades agree that the ideal image of the journal evaluationdiagiaal
formativeassessmenobol that aims agiving evidence of individual learning of students
throughout the projects not perfectly achieve&tudentseethat thetransferred questions of
thejournal( guesti ons connecting STEM disciplines ar
integrated STEM}¥hould reflect their deep understanding of STEildjescts applied in their
projects; howevethese questiorsre notachieving that goal. Ae cognitive level of formulating
the transfer questions should be revisited. It is necessary that MOE experts improve the quality
of these journal questions. Qualjpurnal questions are supposed tacbenecting STEM

disciplineswi t h st udeadrsef lwoatk tamel accumul ati ve prog
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knowledge and skills throughout their projedtsaking connections among STEM disciplines
and designing learningxperiences that support such connections require planning from teachers
and more investigations on how to design such a learning environment; however, there is little
research on whether more integration among STEM disciplines could help to improvésstuden
learning (NRC, 2014)Therefore, preparing high quality transferred questions required STEM
teachers in different disciplines to work in
and their subjectsdé areas.

The portfolio
St udent s @xplairedhatthe ogest portfolias atool to document their progress in the
project stehy-step.It is a summative assessment tool as it is evaluated for the whole group at
the end of each semesfudents see that the portfolio helps them to bé&iwgraccording to
the projectpsorceatemBvestupa EFherdent stide pdoeduresroé nt i ng
the project. Students in the three grades explained that they are willing to document their work
throughout the project so asuee these as evidence in their postefsetp evaluators identify
the efforts exerted in the project and get higher gra@egyet and Bruner declare that learning is
an active process where learners apply past knowledge as a tool to understandrthe curre
learning situation and construct new ideas and concepts (Sharma, 2014).

The poster and the prototype
The poster and the prototype are also summative assessment tools. Findings suggested that,
grade one students see that the project teacher shak&lsure that workload is distributed
fairly among all members within the group. More investigations on this part showed that, some
grade students who do not work hard on their task. The result was that other students in the

group work harder to make sut&t the final product of the whole group was done properly. The
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challenge of workloat ani shed i n grade two andselechonsgce f or
join group work caméhrough the students themselves. Therefore, all group membezkeen
to select active members, 2) students in grade two and three are more experienced in projects, so
they coulddistribute workload among each other properly.

Findings about studentsd perceptiourons and
common problems. ®se problems can be summarized in the following:

Time management and teamwork
Findings showed thahé problem of time management aadmwork are mainly for grade one.
As discussed before, carrying out the projects is something neefie onestudents.
Therefore, it sometimes takes time from students to assign tasks. Also, with the challenge that
grade one students have with teamwork the situation becomes hard for siyslgigtsng tasks
and distributing the workload requires equipping teashvith PBL skills. Research suggests
that skilled PBL teachers have promoted stud
i mpl emented PBL in their classroom resulted
Yalvac, Capraro, & Caprar@015).Therefore professional development programs provided to
teachers working at STEM schools should focus on preparing teachers to lead the projects.

English as the Language of instruction

STEM schools conditions of admission, as discussed in CHapterallow students from

Language and Arabjgublic and privateschools to admit to th8TEM schools(Ministerial
Decree, 369, 2a). Findings showed th#tose from previouérabic sdhoolsfind Englishas
thelanguage of instruction isrmainchallenge. During the focus groups many students in grade
one explained that all the terminology of STEM subjects is totally new for them. It takes them

longertime than students of Language schotisvork on their projects and to study.a study

h

e

o
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on middle schools in Kingdom of Saudi Arabia (KSA), students with lower level in English
explained that using English as a medium of instruction (EMI) to study Mathematics and Science
was a challenge. They added that sometimes they had to translate word lxpmdeaglish

into Arabic to make it easy for them to understand the co(éatmim, Abdelhalim & Hamid,
2016 In addition, some students complained that, sprogectteachergive attention to

students with higher levelf English. They ask those students to give presentziah lea the
projectdiscussios. It is theresponsibilityof classroom teachers to encourage collaborative
learning activities. However, sometimes teachers encounter a student who takssideats

who are demotivated to participate and sometimes collaboration breaks down. At the time, the
teacher as a facilitator should ensure that every memidanwiite group is doing his task
(Chapman & Roberts, 2015)

However, for grade two and three students, Engligshelanguage oinstruction is not a
challengeany more Grade two and three students were offered English Language afternoon
courses. These courses helped students improve their English language especially because the
content of some of these courses were STEM contefrigfish.

With the extension of STEM schools all over Egypt, these English Language courses are no
longer offered. Students in grade two and three explained that these courses should be offered
again to help grade one students from Arabic schools.

Scientific consultancyforst udent s6 proj ect s
Finding of the study showed that students perceive obtaining scientific consultancy for their
projects is one of the challenges they have. During focus group discussions students in the three
grades complainetthatsometimes they had to go to professors at universities and research

centergo consult them about their projediot all university professors are available all the
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time. This is time consuming for students especially becatis# Gctober in a rerte area.
Therefore, the MOE should coordinate with the Ministry of Higher Education to provide some
professors from universities and research centers to assign some office hours for STEM students
to offer scientific conststltancy required for
Material required forthe projects

Students in the three grades perceive providing materials required for the projects among the
problems that they face. Students explained that some masgdaiot available at locaéndors
and that sometimes fetudents to change their projects or even use other alternative materials
that might not be of the same quality. Moreover, the remote area of the school away from local
vendors in the citgentermakes the situations even worSg¢udents believe that it
solutions to these problems can help value the positive role of PBL promoting students
understanding of STEM subjec#&ddressing the problems that students perceive as obstacles on
their way towards quality projects can result in improving PBL aslagmgic strategy at'6of
October STEM school.

Themetwo: Studentso6é Learning
Findings suggested that students in the three grades value PBL as instruction and assessment in
STEM schools. Although students explained, as mentioafatdy that some ofther oj ect 6 s
components, sudds the journal evaluations, need to be better connected to their work on the
projects, they believe that applying PBL promoted their learning of STEM subjects. During the
discussions with students in the focus groups, espestaltients in grade one, theypéadined
that PBL empowerethem and motivated them to participafbe pedagogic concept of PBL

that distinguishe# from traditional learningin hat it tri es to I mprove

S
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interaction to acquire bascontent of knowledge required to understand problems and to think
critically to try to find solutions for therfTseng et al., 2013)

Findings supported that students in the three grades believe that their projects can be
applied in the real wor |IstidentSapprediead that ®BLigaves pon s e
them opportunities to work on real life problems and to propose solutions to Egypt Grand
ChallengesProjectBased Learning maximizes studentsod re
learning(Cziprok & Popescu, 2015ptudents perceive PBL as @fffiective pedagogic tool that
promotes their participation in constructing their learn@gnstructivism highlights the role of
i ndividual s6 contri but i onrhecefore,8hEMtstudertisanythel e ar n
three grades participating in teudy suggest that PBL should be used in all schools not only
STEM Schoolsl n t he foll owing section, the researche
their collaboration in PBL.

Themethree:St udent s6 col |l aborati on
Findingsof the study suggesté¢dh at PBL i ncreased studentsd par:
through their projects. Collaborating with other students represented a challenge for grade one
students, as explained before. Grade one students explained that in traditional schools they were
not used to team work, and that it was something new for them until they jdirefd0&tober
STEM SchoolMoreover, students in grade one explained the importance of the project teacher
to help them in their projectdn STEM PBL, students need to collabte to do tasks and that
allows for more interaction, sometimes junior with senior students and that facilitate the transfer
of experiences in a social learning environn(&athin, Al@slan& Top, 2015)

Findings of the study suggested that the most qualified teachers in PBL should be assigned for

grade one where students are not familiar wit
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times. Moreover, students think that the tests as a facilitator could help them collaborate
effectively with each othett is the duty of classroom teachers to encourage collaborative
learning activities. However, sometimes teachers encounter a student who takes over, students
who are demotivatetb participate and sometimes collaboration breaks down. At the time, the
teacher as a facilitator should ensure that every membdanylie group is doing his
tasKChapman & Roberts, 2015)herefore, PBL is not minimizing the role of the teacher inside
the learning situations, rather than assig new roles for him as a guide and facilitator.
Providing a motivating learning environment to students where all students participate
effectively promotes students learning.
Sharma (2014) notes that the role of teacher in constructivism theorymgptover
learners, as follows:
The learneicentered approach does not reduce the importance of the teachers. So we can
say the role of teachers becomes more complex, difficult, and pivotal. They have to get
prepared for this new responsibility by creatirgyv insights, outlooks, and
competenciegSharma, 2014p. 16
These roles assigned to teachers, and STEM teachers in particular, can help provide the learning
environment. Equipping teachers with preparation and professional development could help
teachers play these roles.

5.2.  Research Limitation

The discussion of thiindings of the study showed that students &6 October STEM school
perceive PBL as an effective pedagogic strategy that helps them promote their ndoheysth
STEM subjects. The MOE plaon opening STEM schools all over Egytp have one STEM
school in each Governoratehichincreases the importance oéthresenstudy. Investigating

PBL in 6" of October as the first STEM school in Eggpuldincrease ounnderstanithg of and
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insights into STEM in EgyptMoreoverthestu d e nt s 6 plieitecciretipststudy reftected
studentopinions that requiresttention frondecision makers and education planners
However the researcher would also appreciate that those considering this study as the first
specialized study carried ocaibout STEM school in Egypt to consider the following limitations:
- The study was applied on ju8t of October STEM High School fdoys (two
groups from each grad@éherefore, generalizing some of results should consider

the nature of the other governorates where the new STEM school is located.

- October STEM Sabol is supervised by MBwhich givesit faster responses
when issues at the safl@rise. @her STEM school shools are supervised by
Moderia Thereforejnstructions andesponsego through two levels: MOE level
andModerialevel and that can cause sodeday.

- PBL has been applied #i" of October STEM School fordys for four years and
that has given teachers and projdctg a derperssé that might not lué the
same in other STEM schools.

- October STEM School is only ftmoyswhereas other STEM schools are mixed
(boys and girls) and that might affect stud&letgel of collaboration, which
require furthesstudy of the possible impact that mixed gender classes might have
on the learning process in STEM schools in Egypt.

5.3.  Suggestions and future studies

The researcher has worked &tof October STEM School fdsoys for four yeardDuring one
of these four years, teerved ashe project leader for grade thrgeior to being the principal of
the STEM schoolHe believes thaall of the responsibilities he has carrma wereworthwhile

experiencaf or hi m. |l nvestigating PBL based ®on stud
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of students and view PBL as they see it. He learnt a lesson that if introducing STEM education in
Egypt can result in positive changgeis important to starhat change from insid@ his would

mean that educators should also change. It is the time to listen carefully to students and to let
them suggest and propose solutions to the pratleay perceive they have.

Students are no longer passive recaviaieyare positive partners in a learning community
where everyone learns: students learn, teadbars and also school principals leahm fact, the
researchewascaptivatedoy t he st u dveiae theirpercediions$ very glearty and to
proposamportant suggestions and recommendatite values these suggestions and
recommendations agry important to be taken into consideration: some of these can be

summarized as follow:

Provide a preparation course for grade one studer®8brand how studats can

collaborate to work effectively through teamwaokovercome the difficulty of adopting

to team work especially for grade one

- Provide English Language courses for students from Arabic school to help them
overcome their challenge with English as ith&ruction language

- Coordinate with Ministry of Higher Educati@othat some university professors and
research centers visit the STEM schoolaoagularlybasisor have office hours for
STEM students to offer scientific consultancy required for tgepts.

- Assign STEM teachers with scientific backgrosiad the first priority to be project

instructorsespecially for grade one where students need guidance on their projects at that

grade Humanitiesteachers they can be assigned for coordination
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Equip preserviceteachersilling to work for STEM schools angrovidein-service
STEM teachersvith professional development programs that help them better lead
studentsod6 projects

- Provide students with lisbf materialvendorswhere they can purchaseaterials for
their project and arrange for some of the school teachers atahstinion as contact
persons. Moreover, the school can arrange for some vendors to come to school to save
students time and effort.

- Propose the idea that external evaluatbresu | d r ecei vewitlsin udent s6 p
sufficient time before the day of the exhibition so as to familiarize themselves with these
posters

- Propose the necessity that assigning evaluwu
be based o nentivbadkgroaurid@and 8pgciaksm so as to give students
effective feedback on their projects

- Ensure the connection between journal gues
these questions more reliabl e dgobthel s that a
integration between disciplines

While this study investigateédBL onthes t u d e nt s &he tesearehésugges thay further
studiesshouldconsidet eacher sé and sahewoull als suggestioaudiy | ev el
other STEM schools Egyptin such studiessince the MOE will extend to establish more

STEM schools in addition to the nine STEM schools that are in Egypt at the presehtdime

would also call for studies that investigate the effectiveness of professional develtpmest

service and irservice STEM teachers.
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