INTERNATIONAL CONFERENCE ON EDUCATION IN
MATHEMATICS, SCIENCE & TECHNOLOGY

~
ICEMST2016
May 195'242,‘2016
Bodrum®/TURKEY

PROCEEDING BOOK

Editors

Mack SHELLEY
Selahattin ALAN
Ismail CELIK

Sl >RES

http://www.icemst.com




- ICEMST2016
May 195'2‘,2,20‘1'6
| Bodrum®/sTURKEY.

INTERNATIONAL CONFERENCE ON EDUCATION IN
MATHEMATICS, SCIENCE & TECHNOLOGY

-v

PROCEEDING BOOK

Editors

Mack SHELLEY
Selahattin ALAN
Ismail CELIK

ISBN:978-605-66950-3-2

International Journal of
Research in Education and Science

www.ijemst.com www.ijres.net www.jeseh.net

ittp://www.icemst.com




International Conference on Education in Mathematics, Science & Technology (ICEMST), May 19 - 22, 2016, Bodrum / Turkey

INDEX
DESIGN ENGAGING MOBILE LEARNING FOR THE GLOBAL AUDIENCE...........ccocoiiiiiiie e, 1
POTENCIALIZE-SE: A VIRTUAL GAME OF MATHEMATICS ..o 8
DOES SHADOW EDUCATION AGGRAVATE INEQUALITY OF EDUCATIONAL OUTCOMES. ............ 11
TURN YOUR PHONES ON: USING ANDROID DEVICES TO COLLECT SCIENTIFIC DATA ................ 32
THE DEVELOPMENT OF PRE-SERVICE SCIENCE TEACHERS’ REFLEXIVE PRACTICE AT THE
LEBANESE UNIVERSITY FACULTY OF EDUCATION .....ccoiiiiiiiiiit s 36
ENVIRONMENTAL EDUCATION THROUGH ORNITHOLOGY LIKE OPTIONAL CLASSES................. 49

ENVIRONMENTAL SCIENCES IN THE CURRICULUM FOR LOCAL COMMUNITY DEVELOPMENT 54
PROBLEM SOLVING METHOD: AN INNOVATIVE METHOD FOR INDEPENDENT LEARNING IN

MATHEMATICS ...t r bbb bbb e st b s b b e b e e bt e e e n e r e srenre e e 60
MODEL OF STUDYING ELECTROMAGNETIC FIELD AND WAVES THEORY VIA COMPUTER
SIMULATION ..ottt bbb b e b e bbb e bbb e bbb e e bbb b 68
COLLEGE STUDENTS’ PERCEPTIONS OF LEARNING MATHEMATICS AND USING COMPUTERS.. 75
ASPECTS OF USING CLOUD TECHNOLOGIES IN VIRTUAL LEARNING ENVIRONMENT ................. 79
ANALYSIS OF SCIENCE TEACHER CANDIDATES’ ATTITUDES, BEHAVIOR AND SELF-EFFICACY
TOWARDS RENEWABLE ENERGY AND ENVIRONMENT .......ccoiiiiiiiiii 82
DETERMINING AND COMPARING THE SCIENCE PROCESS SKILL LEVELS OF 5™ AND 8™ GRADE
STUDENTS L. e bbb e b e e bbb b e b e e b b ra b e b e 88
TEACHING THROUGH THE BLENDED MODE OF LEARNING: BENEFITS, ISSUES AND
CHALLENGES ...ttt bbb b e Rt bt h e st b bbb e bt e en e bt en e r e 93
MOROCCAN TEACHERS’ CONCEPTIONS ON FOOD EDUCATION..........ccccviniiiiiiiiiii e 102
CAUSAL SEM OF MATHEMATICAL COMPETENCES IN ELEMENTARY EDUCATION ........ccocvevnne. 110
DRAMA FOR INCLUSION IN SCIENCE ........ccooiiiiii i s 117
CAUSAL SEM OF MATHEMATICAL COMPETENCES IN TEACHER EDUCATION.......ccccoevinininiene 124
FOSTERING PRIMARY SCHOOL STUDENTS’ METACOGNITION USING PROJECT-BASED
LEARNING ...t bbb e bbb 130
UNIVERSITY STUDENTS’ KNOWLEDGE ABOUT EPIGENETICS PERSISTENCE OF GENETIC
DETERMINISIM ...ttt bbb s bbb bbb 134

THE HISTORY OF ASTRONOMY IN MUSLIM CIVILISATION, FOR EDUCATING MOROCCAN FUTUR
SCIENCE TEACHERS TO SCIENTIFIC THINKING IN HARMONY WITH THEIR CULTURAL IDENTITY

............................................................................................................................................................................ 139
ANALYZING AGENT FUNCTION DESIGN TEACHING IN ELECTRICAL ENGINEERING EDUCATION
............................................................................................................................................................................ 143
SIMPLE AND EFFICIENT BI-COLOR PATH FOLLOWING ROBOT CONTROL ALGORITHM
TEACHING IN ELECTRICAL ENGINEERING EDUCATION......ocitiiiiiieieieee st 148
BIODIVERSITY IN MOROCCANS TEXTBOOKS: IMPLICATIONS FOR ACTION-ORIENTED
ENVIRONMENTAL EDUCATION ...ttt st n et nesn e ene s 156
DEVELOPMENT OF THE SECONDARY-BIOLOGY CONCEPT INVENTORY (S-BCI) .....ccccvcvvvrviinnnn. 161
PLANT CLASSIFICATION AND BIODIVERSITY WHAT RELATIONSHIP IN TEXTBOOKS OF
MOROCECO ... bbb e bbbt st e bbb b bbb e b 164
CHILDREN CONCEPT ABOUT SURFACE ORIENTATION OF LIQUIDS. ..ot 167
EFFECTS OF NUMBER TALKS ON NUMBER SENSES OF PRE-SERVICE PRIMARY SCHOOL
TEACHERS ... e e 172

EXPLORING THE RELATIONSHIP BETWEEN PRE-SERVICE TEACHERS’ MATHEMATICAL
ORINTED BELIEFS AND THEIR PEDAGOGICAL PRACTICES WITHIN THE REAL CLASSROOM ... 175



International Conference on Education in Mathematics, Science & Technology (ICEMST), May 19 - 22, 2016, Bodrum / Turkey

NETWORKING WITH NEW TECHNOLOGIES IN TRAINING OF SCIENCE TEACHERS: A CASE

STUDY FROM THE LAYOUT TO THE REFLECTION ..ot 177
THE EXAMPLES OF PHYSICS CONCEPTS FORMATION BY THE USE OF KWL STRATEGY ............ 181
THE IMPORTANCE OF SYMBOLS AND UNITS IN NATURAL SCIENCE ..o, 184
AN EXAMINATION OF 7™ GRADE STUDENTS’ MISTAKES IN ALGEBRAIC EXPRESSIONS........... 186
COORDINATION LEVEL AMONG THE CHEMISTRY TEACHING CURRICULUM OF PEDAGOGICAL
UNIVERSITY AND SECONDARY EDUCATION IN MOZAMBIQUE ..........cccoooiiiiii s 190

TOMATO PRODUCTION IN POWDER: A TOMATO CONSERVATION TECHNOLOGY TO SUPPORT
THE COMMUNITIES AND METHODOLOGICAL PROPOSAL FOR CHEMISTRY CONTEXTUALIZED

EDUGCATION ..ottt bbbt e e bbbt b e Rt bt bkt e s e e b b er b e beene s 200
INFLUENCE OF MORNINGNESS-EVENINGNESS PREFERENCE OF EDUARDO MONDLANE
SECONDARY SCHOOL STUDENTS IN CHIMOIO ON SCHOOL PERFORMANCE..........cccocovininininn. 210
PROJECT-BASED LEARNING IN MECHATRONICS ENGINEERING: MODELLING AND
DEVELOPMENT OF AN AUTONOMOUS WHEELED MOBILE ROBOT FOR FIREFIGHTING ............. 216
STRUCTURAL MODEL OF BELIEFS, CONCEPTUAL KNOWLEDGE AND EXPERIENCE AMONG
TRAINEE MATHEMATICS TEACHERS ... 224
GENDER DIFFERENCES IN CONSTRUCTIVIST APPROACH TO HIGH SCHOOL LEARNERS’
COMPREHENSION OF ELECTROCHEMISTRY CONCEPTS.......ccciiiiiiic e 229
IMPACT OF A CONSTRUCTIVIST APPROACH TO LEARNING ON HIGH ACHIEVING STUDENTS’
COMPREHENSION OF ELECTROCHEMISTRY CONCEPTS.......cccoiiiiiri e 239
TEACHING STRATEGIES MEDIATED BY TECHNOLOGIES IN THE EDULAB MODEL: THE CASE OF
MATHEMATICS AND NATURAL SCIENCES ........oooiiiitiiecie e 251
METHODS OF GROUPING IN A FLIPPED CLASSROOM MODEL: EFFECTS ON STUDENTS’
ACHIEVEMENT IN DIFFERENTIAL CALCULUS ...ttt 269
THE WORD “EDUCATION” IN SOCIAL MEDIA .......ccioiiiiiiiiiii s 279
THE FUNCTION AND IMPORTANCE OF AMGEN PROJECT IN SCIENCE EDUCATION SUPPORTED
BY EUROPEAN UNION ...ttt bbb nr bbbt nn e nenreene s 286
AN INVESTIGATION OF THE EFFECT OF FAMILY BACKGROUND VARIABLES ON INNOVATION
PERCEPTIONS OF ENGINEER AND TEACHER CANDIDATES ..o 289
AN INVESTIGATION OF THE FACTORS AFFECTING INNOVATION PERCEPTIONS OF
MATHEMATICS, SCIENCE AND SOCIAL SCIENCES TEACHER CANDIDATES .......ccccciiiiiiiinin, 293
ENGAGING UNIVERSITIES WITH LOCAL EMPLOYERS ..ot 297
CITIZEN SCIENCE PROJECT “NUCLEAR E-COLOGY”: PHYSICAL RESULTS AND THE
EDUCATIONAL IMPACT ..ottt bkttt et bkt b e nn bbbt e e n e nenn e nenbeene s 302
AN INVESTIGATION OF FACTORS AFFECTING PRE-SERVICE SCIENCE TEACHERS AWARENESS
IN RENEWABLE ENERGY SOURCES .........coiiiii s 311
SPIRAL DESIGN OF MICROSCOPE IN BOTH TURKISH SCIENCE CURRICULUM AND TURKISH
SCIENCE AND TECHNOLOGY CURRICULUM .....cccciiiiiiiiiiciee st 317
ANALYSIS OF TECHNOLOGY ADDICTION OF HIGH SCHOOL AND UNIVERSITY STUDENTS USING
DATA MINING TECHNIQUES ...ttt e bbbt sn b ene s 325
IMPLEMENTATION OF THE INFORMATION AND COMMUNICATION TECHNOLOGY IN LEARNING
............................................................................................................................................................................ 332
EXAMINING THE TRANSFER OF LANGUAGE FROM SCIENCE TO MATH WRITING: AS AN
EPISTEMIC TOOL ...ttt sttt bbb bt bbb e b e s bbbt bt e b e et e b nn b beene s 338

EXAMINATION OF PROSPECTIVE CHEMISTRY TEACHERS’ PEDAGOGIC CONTENT KNOWLEDGE
CONCERNING GRAPHS ABOUT SOLUTIONS, SOLUBILITY, AND CHANGE OF STATES TOPICS .. 343

FOREIGN LANGUAGE TEACHING WITH AUGMENTED REALITY APPLICATION .....cccccovvniniiinns 349
USING STEM INTEGRATED APPROACH TO NURTURE STUDENTS’ INTEREST AND 21ST CENTURY
ST 1 TP T TP P O PP PPPPPRTPRON 352



International Conference on Education in Mathematics, Science & Technology (ICEMST), May 19 - 22, 2016, Bodrum / Turkey

STUDENT BEHAVIORS AND PERCEPTIONS IN A FLIPPED CLASSROOM: A CASE IN AN

OPERATING SYSTEMS COURSE ..o s 359
THE INVESTIGATION OF THE USABILITY OF WEB-BASED ASSIGNMENT SYSTEM.........cccovene. 361
THE USE OF EDIBLE SCIENCE PROJECTS IN TEACHING SCIENCE CONCEPTS ..o, 364
EFFECTS OF COURSE DELIVERY MODE ON STUDENTS SELF-REGULATION SKILLS.................... 370
SCIENTIFIC COLLABORATION NETWORK OF ACADEMICIANS IN METU ..o, 373
BRING COSMOS INTO THE CLASSROOM: 3D HOLOGRAM ......ccccciiiiiiiiiiiiii 380
INTEGRATING STEM INTO EARLY CHILDHOOD EDUCATION: IS IT FEASIBLE?.........cccoiiiin, 385
THE DEVELOPMENT AND VALIDATION OF A MALAYSIAN-BASED BASIC SCIENCE PROCESS
SIS TEST .ttt e b bbbt e bR Rt b bt e e s e R bt bt b e s e e ar e r e b nn s 391
EFFECT OF NATURE OF SCIENCE ACTIVITIES ON NATURE OF SCIENCE AND SCIENTIFIC
EPISTEMOLOGICAL BELIEFS OF PRE-SERVICE PRESCHOOL TEACHERS ..o 400

DETERMINATION OF VIEWS OF PRE-SCHOOL TEACHERS ON SCIENTIFIC PROCESS SKILLS AND
LEVEL-OF-EFFORT ON BASIC SCIENTIFIC PROCESS SKILLS USE IN SCIENCE ACTIVITIES......... 405

DIFFUSION OF M-LEARNING: AN ACCEPTANCE MODEL PROPOSAL .....cccooiiiiiiiiiieieene e 411
THE IMPACTS OF ANXIETY AND SELF-EFFICACY BELIEFS OF STUDENTS ON THE
ACHIEVEMENT LEVELS ABOUT READING AND INTERPRETATION OF GRAPHS .........ccccoiiiene. 415

THE INFLUENCE OF GENDER, TEOG EXAM SCORES AND SOCIOECONOMIC STATUS ON THE
ACCOMPLISHMENT OF STUDENTS REGARDING READING AND INTERPRETATION OF THE

FREQUENCY POLYGON AND HISTOGRADM ......ooiiiiiiiitiitiieiee ettt 420
MAXIMIZING THE GAINS OF COMPUTER ASSISTED INSTRUCTION IN MATHEMATICS TEACHING
............................................................................................................................................................................ 426
CURRICULUM METAPHORS ...t 433
INVESTIGATION OF THE EFFECT OF ROBOTIC APPLICATIONS IN ELEMENTARY EDUCATION. 439
INVESTIGATION OF TEACHERS' PERSPECTIVES FOR ROBOTIC APPLICATIONS ......c.coviiiiiiie 443
EXPLORING THE GRAPHS OF FUNCTIONS USING THE JIGSAW APPROACH .........ccceviiiiiiiiins 447
THE DEVELOPMENT OF STUDENTS® MATHEMATICAL SKILLS IN THE EVALUATION OF
NUMERICAL EXPRESSIONS INVOLVING ORDER OF OPERATIONS .......ccccooiiiiiiiie 457
GPSS TOOL FOR STUDENTS IN STATISTICS EDUCATION .....ciiiiiiitiiieeieeee et 461
PROSPECTIVE ELEMENTARY MATHEMATICS TEACHERS’ CONTEXTUAL, CONCEPTUAL, AND
PROCEDURAL KNOWLEDGE: ANALYSIS OF SELECTED ITEMS FROM THE PISA.......cccooviiniiinne 471
ANALYSIS OF PROSPECTIVE CHEMISTRY TEACHERS’ VIEWS ON MODELS ACCORDING TO SOLO
(STRUCTURE OF OBSERVED LEARNING OUTCOMES) TAXONOMY .....cccceoiiiriiinieniceneeesenneennes 475
EXAMINATION OF EXPERIENCED CHEMISTRY TEACHERS' PEDAGOGICAL CONTENT
KNOWLEDGE TOWARDS 9™ GRADE CHEMISTRY CURRICULUM .....c.cccooiviiiiiriienesseeieis e 480
EVALUATING EXPERIENCED CHEMISTRY TEACHERS’ KNOWLEDGE OF ASSESSTMENT IN THE
CONTEXT OF PHYSICAL AND CHEMICAL CHANGES .......cccooiiiic e 484
HARNESSING THE POWER OF SOCIAL MEDIA IN ACADEMIC ENVIRONMENTS........cccooiiiiiinns 488
IDENTIFYING CONSTRUCTS OF WEBQUEST LEARNING AS PERCEIVED BY PROSPECTIVE
ELEMENTARY TEACHERS THROUGH DESIGN PROCESS. ........ccccootiiiiiieieene e 493
PROMOTING LEARNER AUTONOMY THROUGH CLIL CLASSES IN HIGHER EDUCATION............. 499
SIMULATION MODELS IN THE PROCESS OF DESIGNER'S EDUCATION.........coiiiiiiiiicenee 503
AN EDUCATIONAL APPLICATION OF 3D PRINTING TECHNIQUE USED FOR INSOLE PRODUCTION
............................................................................................................................................................................ 511

A BIOMECHATRONIC APPLICATION ON PROSTHETICS FOR UNDERGRADUATE ENGINEERING
STUDENTS Lttt bt e bbb R h e s e e bt AR SR e e bt e s e s b e et Rt e bt e bt e b e e e b nn b e bt b s 516



International Conference on Education in Mathematics, Science & Technology (ICEMST), May 19 - 22, 2016, Bodrum / Turkey

CREATING REAL LEARNING EXPERIENCES RATHER THAN TEACHING BASED ON THE

TRADITIONAL TRANSFER OF MATHEMATICAL INFORMATION, AT COLLEGE LEVEL ................ 520
AN INTERACTIVE APP FOR STEM LEARNING IN MOBILE DEVICES..........cccocoiiiiiiii, 526
INVESTIGATION OF MATHEMATICS TEACHERS’ VIEWS ABOUT IMPROVING PROBLEM SOLVING
SIKILLS e b bt E e E R R e R E R R R r R R R nr e r s 532
THE ADAPTATION OF THE NATURE OF TECHNOLOGY SCALE TO TURKISH ..., 543
PROBING HIGH SCHOOL STUDENTS’ COGNITIVE STRUCTURE ABOUT PHYSICAL AND
CHEMICAL CHANGES THROUGH WORD ASSOCIATION TEST .......ccciiiiiiiiiniine 547
INVESTIGATION OF UNIVERSITY CHEMISTRY STUDENTS’ MENTAL MODELS OF METALLIC
BONDING AND STRUCTURE OF METAL ...ttt s 551

THE RELATIONSHIP BETWEEN INFORMATION LEVEL OF INDIVIDUALS REGARDING
INFORMATION TECHNOLOGY AND THEIR PERCEPTIONS CONCERNING INFORMATION
SECURITY: UNIVERSITY STUDENTS AS EXAMPLE .......ccooiiiiiiii 554

PERSPECTIVES OF UNDERGRADUATE STUDENTS ABOUT POSTGRADUATE EDUCATION ......... 560
MIDDLE AND SECONDARY SCHOOL STUDENTS’ APPROACHES TO COMPUTER AND INTERNET

............................................................................................................................................................................ 569
THE EXAMINATION OF 7™M GRADE STUDENTS’ ACHIEVEMENTS IN MATHEMATICAL PATTERNS
............................................................................................................................................................................ 581
EXEMPLARY  TECHNOLOGY INCORPORATED CONTEMPORARY ACTIVE LEARNING
ENVIRONMENTS FOR STEM COURSES .........ccooiiiii i s 592
REVIEW ANALYSES OF THE USE OF TECHNOLOGY ENHANCED EDUCATION IN TEACHING IN
SCHOOLS IN MACEDONIA IN ALBANIAN LANGUAGE ..ottt 600
DEVISING AND ANALYZING NEW IT LEARNING MODEL MULTILEVEL ASSISTED
INSTRUCTIONS- (MAI) IN DISTANCE EDUCATION .....oooiiiiiieiieretie et 607
UNIVERSITY STUDENTS’ UNDERSTANDING OF DENSITY AND CONCENTRATION: A CROSS-
LEVEL INVESTIGATION ..ottt 612
TEACHING FRACTIONAL ORDER CONTROL SYSTEMS USING INTERACTIVE TOOLS...........cc....... 616
AN INVESTIGATION OF UNIVERSTY CHEMISTRY STUDENTS’ UNDERSTANDING OF
PRECIPITATION TITRATIONS AND RELATED CONCEPTS THOROUGH VEE-DIAGRAMS. .............. 627
THE DESIGN OF A SECURE QUIZ EXTENSION FOR MOODBILE.........ccoooiiiiniiiiii e, 631
PRESERVICE CLASSROOM TEACHERS’ BIOETHICAL PERCEPTIONS........cccoviiiiiiiiiiiei e 636
BIOETHICS IN SCIENCE EDUCATION ... .octiiiiiiiiicte sttt 642
ROLE OF EXCURSIONS AND EVENTS ON ECO-FRIENDLY BEHAVIOR FORMATION AND EFFECTS
ON STUDENT INFORMATION AND ATTITUDES .......cci ottt s 645
ICT APPLICATIONS IN ENGLISH TEACHING: A LITERATURE REVIEW........cooiiiiii 646
EXAMINATION OF ADOLESCENTS’ COPING WAYS WITH CYBERBULLYING ......cccccoviiiiiiiiinene 649
FUZZY LOGIC BASED MCCARTHY LEARNING STYLE INFERENCE SYSTEM......cccccoivviiiiiiiiennn 657
A LEARNING STYLE INFERENCE SYSTEM BASED ON FUZZY LOGIC TECHNIQUE ........................ 665
IMPROVING THE LEARNING BEHAVIOR BY DESIGNING PROTOTYPE METHOD AT
GEOTECHNICAL ENGINEERING EDUCATION ....cooiiiiiiiiiiee s 673
APPLICATION OF ACTIVITIES INTENDED TO PERCEIVE NATURE OF SCIENCE FOR 5™ AND 6™
GRADE STUDENTS ...ttt bbbt bbbt b e b e et b e s bt bt b e et e e e nn e n e b e b s 679
REMEDYING MISCONCEPTIONS OF 8™ GRADE STUDENTS ABOUT THE CONCEPTS OF
EVAPORATION AND BOILING THROUGH CONCEPTUAL CHANGE TEXTS.......ccccvviiiiieieiiieens 683
TEACHING METHODS OF SCIENCE TEACHERS ACCORDING TO STUDENTS’ VIEWS........c.cocoe.. 694
INVESTIGATION OF THE INFLUENCE OF THE PRE-SCHOOL EDUCATION ON THE SUCCES LEVELS
OF UNDERGRADUATE STUDENTS IN ENGINEERING FACULTY ..occtiiiiiiieieneneneses s 701



International Conference on Education in Mathematics, Science & Technology (ICEMST), May 19 - 22, 2016, Bodrum / Turkey

WHAT DO 6™ GRADE STUDENTS THINK ABOUT THEIR LEARNING ENVIRONMENT IN SCIENCE

CLASSES? ... s 709
ANALYSIS OF 10TH GRADE TEXTBOOK FUNCTIONS UNIT CONTENT WITH ANTHROPOLOGICAL
THEORY OF DIDACTICS ...t bbb 715
SEVENTH GRADE STUDENTS’ IDEAS ABOUT THE HYDROELECTRIC PLANT TRIP.........cccocvvvnenn 723
THE IMPACT OF ROTATING CLASS SYSTEM ON THE SUCCESS LEVELS AND ATTITUDES OF THE
STUDENTS IN THE LIGHT UNIT ..ot s 732
REFLECTIONS OF MATHEMATICS TEACHING APPLICATIONS IN REAL-CLASSROOM
ENVIRONMENT ..ot bbb bbb 742
6™ GRADES STUDENTS’> ALGEBRAIC THINKING SKILLS .....ccovttiirieinirieeeeenisisissssesesssssssssssseeseseens 747
SIXTH GRADE STUDENTS VIEWS ON COMPUTER ASSISTED MATHEMATICS EDUCATION ........ 753
THE REPRESENTATIONS OF PRE-SERVICE ELEMENTARY TEACHERS APPLIED IN SOLVING NON-
ROUTINE MATHEMATICAL PROBLEMS ..o 758

ASCERTAIN MISCONCEPTIONS OF TEACHER CANDIDATES OF PRIMARY SCHOOL TEACHING
DEPARTMENT IN THE "FORCE AND MOTION" ISSUE AND CATEGORIZED THESE

MISCONCEPTIONS IN AN ONTOLOGICAL SENSE.......cccoiiiiiiiientie st 766
INTERNET USAGE AMONG RETIRED PERSONS: HABITS AND PERCEPTIONS .......cccoeiininiiie 790
MEASURING PERIMETER AND AREA WITH WEB-BASED TEACHING...........ccociiiiiiiiii, 798
ANALYSIS OF BIOLOGY CONTENT KNOWLEDGE TEST ACCORDING TO COGNITIVE PROCESS
DIMENSION OF REVISED BLOOM TAXANOMY ..ottt e 805
MIDDLE SCHOOL STUDENTS’ SELF-EFFICACY SOURCES IN MATHEMATICS: A QUALITATIVE
STUDY et b E bR R R R R R R R R E R R Rt n e n e nr e en s 816

PRIMARY SCHOOL TEACHER EDUCATION STUDENTS’ VIEWPOINTS ON VEGETATIVE STATE 820
PRE-SERVICE ELEMENTARY MATHEMATICS TEACHERS’ CONCEPT IMAGES FOR SEQUENCES824
TRAINING EQUIPMENT OF LABORATORIES USING IN VOCATIONAL SCHOOLS OF TECHNICAL

SCIENCE FOR ELECTRICAL AND ELECTRONICS EDUCATION .....coitiiiiiieiene s 829
APPLICATION OF PLC BASED LABORATORY EDUCATION SET IN TECHNICAL SCIENCE AND
VOCATIONAL SCHOOL. ..ot e s 835
APPLICATION OF LABORATORY EQUIPMENT FOR POWER ELECTRONICS IN VOCATIONAL
SCHOOL OF TECHNICAL SCIENCE .......ooiiiiiiie e 839
EFFECTS OF COMPUTER BASED EXPERIMENT CARDS |IN ELECTRICAL-ELECTRONIC
EDUGCATION ..ottt e bbbtk h s et bR Rt b e st s e bt e Rt Rt e bt b e b e e n e b nn e benbeene s 846
GRADUATE THESIS ANALYSIS BASED MADE EFFORTS TO FATIH PROJECT: THE SAMPLE OF
YOK DATABASES ..ottt bbbttt 853
IMPROVING  PROSPECTIVE  SCIENCE TEACHERS’ INTEGRATED STEM TEACHING
COMPETENCIES ...t bbb bbbt r s 860
MIDDLE SCHOOL STUDENTS’ ENGINEERING DESIGN EXPERIENCES: “HOW ENGINEERS SOLVE
THE PROBLEMS?” ...ttt h bt e bbbk e et bbbt bt nenn e n b b ens 867
INVESTIGATION OF THE PROPORTIONAL REASONING LEVELS IN SEVENTH GRADE STUDENTS
............................................................................................................................................................................ 875
OPINIONS AND ATTITUDES OF PROSPECTIVE TEACHERS FOR THE USE OF TECHNOLOGY IN
EDUCATION ..ottt s b bbbt bbb b e b b e e b b sr e b e ene s 881
EXAMINATION OF HIGH SCHOOL STUDENTS' ENVIRONMENTAL ATTITUDES ACCORDING TO
THEIR SELF EFFICACY BELIEFRS ... .ottt 885
ASSESSMENT OF SECONDARY SCHOOL STUDENTS' SAFE INTERNET USAGE AND
METACOGNITIONS ... e b et sr e sr e 889
APPLICATIONS OF DAILY LIFE BASED SCIENCE EDUCATION TECHNOLOGY SUPPORT ............. 893
RANKING THE INTERNET USAGE PURPOSES OF INDIVIDUALS IN TURKEY WITH MULTIMOORA
IMEETHOD ...ttt bbbttt bbbt h et e Rt b e E bt s e e e et Rt e bt bbbt et et nn b r e en e 897



International Conference on Education in Mathematics, Science & Technology (ICEMST), May 19 - 22, 2016, Bodrum / Turkey

RESEARCH OF THE EFFECTS OF SCIENCE EDUCATION BASED ON PREDICT - OBSERVE -

EXPLAIN STRATEGY ON STUDENTS’ SCIENCE PROCESS SKILLS AND SUCCESS .......ccocvvininiine. 903
PERCEPTUAL INTERFACES FROM THE PERSPECTIVE OF HUMAN-COMPUTER INTERACTION
AND ITS USE IN EDUCATION ....oooiiiiiiiiiii e s 912
PRE-SERVICE SCIENCE TEACHERS’ VIEWS TOWARDS SOCIOSCIENTIFIC ISSUES ........ccccoevnne 917
CYBER SECURITY EDUCATION IN TURKEY .....ccoiiiiiiiiiiiiiiiee e 923
THE PLACE OF THE HISTORY OF MATHEMATICS IN THE SIXTH GRADE TEXTBOOKS ................ 929
LIFELONG LEARNING TENDENCIES OF ACADEMICIANS ... 936
WHAT DO PRE-SERVICE ELEMANTARY SCHOOL TEACHERS THINK ABOUT KEEPING
JOURNALLS? . r bbb e e E b bR e bt e e bt b e e et R e b e bt e e e ar e r et 944
A GENERAL VIEW OF COMPUTER FORENSICS EDUCATION IN TURKEY: EXIGENCE OF
COMPUTER FORENSICS AND ITS EDUCATION ..ot 951
LITERATURE REVIEW ABOUT THE CONCEPT OF GRAVITY IN SCIENCE EDUCATION ................. 955
DISCOVERING RELATION BETWEEN PYTHAGORAS RELATIONSHIP AND THE GRANDI’S ROSES
WITH A DYNAMIC GEOMETRY SOFTWARE .......oooiiiitiiiieice st 959
EVALUATING THE LOYALTY OF CUSTOMERS WHO USE THE GSM OPERATORS WITH DATA
MINING ACCORDING TO EDUCATIONAL STATUS ..ot 965
USABILITY AND PERFORMANCE ANALYSIS OF MEB WEBSITE ........ccccoiiiiiii 971
OPINIONS OF PRE-SERVICE SCIENCE TEACHERS ON THE CHEMISTRY LABORATORY IlI............ 981
INVESTIGATING THE ECOLOGICAL FOOTPRINTS OF PROSPECTIVE TEACHERS..........ccooviiiie 994
A LABORATORY ACTIVITY BASED ON PREDICTION-OBSERVATION-EXPLANATION (POE)
METHOD: SALT ..o e e bbb bbb 1000
DETERMINATION OF THE SCIENCE TEACHER CANDIDATES’ UNDERSTANDING LEVEL OF
SCIENCE PROCESS SKILLS: EXAMPLE OF THE STRENGTH OF THE ELECTROMAGNET ............. 1010
INVESTIGATION OF TECHNOLOGICAL PEDAGOGICAL CONTENT KNOWLEDGE OF SCIENCE
TEACHER CANDIDATES . ...tttk r bbbt n e nnenn e aneas 1019
DETERMINATION OF THE EMOTIONAL INTELLIGENCE OF CANDIDATE TEACHERS STARTED
DIFFERENT DEPARTMENT L..ooiiiii s 1027
PROSPECTIVE MATHEMATICS TEACHERS’ VIEWS ABOUT THE EXAMS IN HIGHER EDUCATION
.......................................................................................................................................................................... 1041
THE IMAGES OF SCIENTIST ON MIDDLE SCHOOL STUDENTS WHO MAKE PROJECT TO SCIENCE
FAIR AND ITS EFFECTS ON THEIR LIVES......coo it 1055
ADVANCED EDUCATION TECHNOLOGY: VIRTUAL REALITY SIMULATION FOR MARINE FIRE
FIGHTING TRAINING. ... ..ottt e 1063
SIR CUMFERENCE SERIES (A MATH ADVENTURE) TURKISH MATHEMATICS EDUCATION
PROGRAMS’ COMPATIBILITY TALE BOOKS ...t 1070
RELATIONSHIP BETWEEN CONCEPTUAL AND PROCEDURAL LEARNING: THE CASE OF
GENERAL MATHEMATICS COURSE .......ooitiiiitiiteit ittt 1082
DESIGN AND EVALUATION OF THE DYNAMIC MANIPULATIVE AND ACTIVITIES IN
PROBABILITY EDUCATION ....oiiiiiiiiii e e 1086
FRACTIONAL LITERACY LEVEL OF STUDENT MATHEMATICS TEACHERS .......cccccoviiiiiinienne, 1090
THE PERCEPTIONS OF SOCIAL SCIENCES TEACHERS ABOUT FATIH PROJECT ......ccoooiiviinienene 1095
EXAMINATION OF THE PRIMARY TEACHER CANDIDATES’ TECHNOLOGICAL PEDAGOGICAL
CONTENT KNOWLEDGE (TPACK) COMPETENCIES AS TO DIFFERENT VARIABLES.................... 1101
MIDDLE SCHOOL STUDENTS’ USE OF REPRESENTATIONS FOR PROPER FRACTIONS ............... 1106
VIEWS OF SCIENCE TEACHER CANDIDATES ON TEACHING A LESSON IN LABORATORY AND
EXAMINATION OF THE EXPERIMENTS WHICH THEY IMPROVE .......ccocoiiiiiiiiecee e 1112
MICROSCOPE USAGE INFORMATION: SAMPLE OF SCIENCE TEACHER CANDIDATES ............... 1117

Vi



International Conference on Education in Mathematics, Science & Technology (ICEMST), May 19 - 22, 2016, Bodrum / Turkey

OBJECTIVES OF PHYSICS TEACHER CANDIDATES TO DESIGN 3D MATERIAL AND PROBLEMS

THEY ENCOUNTERED IN THE PROCESS ..ot 1122
EXAMINATION OF PRESERVICE TEACHERS’ ATTITUDES TOWARDS SUSTAINABLE
ENVIRONMENT IN TERMS OF VARIOUS VARIABLES ... 1125

DETERMINATION OF THE DIFFERENCES BETWEEN PRESERVICE TEACHERS® AND
PEDAGOGICAL FORMATION STUDENTS’ SELF EFFICACY AND PERSPECTIVES TO TEACHING

PROFESSION ...ttt bbbt E R bbb b nb e bbbt e e n e b sr e r e 1132
EVALUATION OF TEACHING PRACTICE COURSE TEACHERS ACCORDING TO OPINIONS OF
MATH TEACHER CANDIDATES ... s 1142
DETERMINING THE VIEWPOINTS OF MATHS TEACHERS ON ROTATING CLASS SYSTEM (ORDU
PROVINCE CASE) ...ttt et e bt b bbb st b b s e bt e b b e bt s b bt eb e ab e e eb e s b e e ebenn e e et e nnes 1147
DEVELOPMENT OF A VALID AND RELIABLE ACHIEVEMENT TEST IN THE UNIT OF FORCE AND
MOV EMENT ..ottt e bRt b b e bt sr bt s bbb e e e e r e b e b e ne s 1149
DETERMINATION OF SCIENCE STUDENT TEACHERS' VIEWS RELATED TO COMPUTER
SUPPORTED INSTRUCTION ..ottt b 1150
MIDDLE SCHOOL STUDENTS’ MODELING EXPERIENCES: A PAPER PLANE CONTEST PROBLEM
.......................................................................................................................................................................... 1152
INTRODUCTION AND ASSESSMENT OF A FORMATIVE ASSESSMENT STRATEGY APPLIED IN
MIDDLE SCHOOL SCIENCE CLASSES: ANNOTATED STUDENT DRAWINGS.........ccccooiiiiiiiinn, 1153
INVESTIGATING PHYSICS TEACHERS’ CLASSROOM PRACTICES OF PHYSICS CURRICULUM . 1155
RELATIONSHIP OF MIDDLE SCHOOL STUDENT STEM INTEREST TO CAREER INTENT .............. 1159
MOTIVATED STRATEGIES FOR LEARNING IN SCIENCE, ENGINEERING AND MATHEMATICS
COURSES. ...t e b bbb h s e et b R R b e e Rt e s e e e bt e h e Rt bt Rt bt r e n e nn e r e 1160
PROPERTIES OF EDUCATIONAL GAMES FOR MATHEMATICS: 10S APPLICATIONS FOR
ARITHMETIC OPERATONS ... e 1162
STUDENT VIEWS WITH REGARD TO THE WEB-BASED PROBLEM SOLVING METHOD................ 1163

THE EFFECTS OF KINDS AND NUMBERS OF TECHNOLOGY EDUCATION ON TEACHERS’
PERCEPTIONS OF TECHNOLOGIC-PEDAGOGIC KNOWLEDGE, ACCESS TO TECHNOLOGY TOOLS

AND SUPPORT OF USE OF TECHNOLOGY TOOLS ..ot 1164
INVESTIGATION OF OPINIONS OF PRE-SERVICE TEACHERS REGARDING ONLINE CASE STUDY
LIBRARY (FAtIN2023.1EL) ....veieieireieeiireiee sttt ettt an e nnes 1166

VIl



International Conference on Education in Mathematics, Science & Technology (ICEMST), May 19 - 22, 2016, Bodrum / Turkey

DESIGN ENGAGING MOBILE LEARNING FOR THE GLOBAL
AUDIENCE

Minjuan Wang
Shanghai International Studies University; San Diego State University

Vic Callaghan
University of Essex

Ethan Singer
San Diego State University

Hong Sun
Seven-In Learn

ABSTRACT: As technology becomes more portable and mobile learning (mLearning) is adopted more widely,
the development of supporting pedagogies and instructional design for this educational delivery method is
essential. To these ends, this paper presents an overview of the current state of the art and argues the case for a
new and comprehensive model for designing mobile learning materials; The Location, Technology, Culture, and
Satisfaction model (LTCS) that we contend overcomes problems that are inherent in earlier models, notably the
lack of multi-cultural support for mLearning program designers. In doing this we hope that instructional
designers can use the methods derived from this model to synthesize the work of several disciplines into a
heuristic model of design that will maximize the teaching capabilities of mLearning and, perhaps trigger some
discussion on this rapidly developing area of education.

Key words: Mobile Learning, Instructional Design, Learning and Design Models, cultural diversity
INTRODUCTION

Mobile learning, also known as mLearning or m-Learning, refers to anytime anywhere learning supported by a
variety of technologies, including but not limited to mobile devices (Shen, Wang, Gao, Novak, & Tang, 2009;
Wang & Shen, 2011). Started mainly as informal and fragmented way to learn, mobile learning has been used in
formal settings and is gradually entering the mainstream education, from both K-12 to higher education (Wang,
Barone, Simpson, & Leister, 2011; Xiao, Wang, & Li, 2001). Our definition for mLearning focused on the
mobility of learners. Researching mLearning from the mobile learner’s perspective requires studying: “...how
the mobility of learners augmented by personal and public technologies can contribute to the process of gaining
new knowledge, skills, and experiences” (Sharples, Sanchez, Milrad, & Vavoula, 2009, p.3). There has been a
handful of research on mLearning, from pedagogies to message design, but there is still a lack of research about
principles for systematic mLearning design. In particular, guidelines are needed for designing mLearning
systems or software and technologies used in supporting college or university classrooms. In addition,
mLearning tends to target learners around the world. There is a need to address how to better design learning
materials to cater the needs of mobile learners with diverse cultural backgrounds.

By synthesizing previous research and current developments in mLearning, we have created a comprehensive
model for designing mLearning materials and activities. Specific recommendations can be derived from this
model, on how to design effective mobile teaching and learning, such as: 1) design for different mobile devices,
2) design for learner mobility, 3) design for interactivity, and 4) design for knowledge construction and sharing.
In addition, we discuss cultural considerations in mLearning design as well. The goal of this position paper is to
provide an overview of principles and processes of instructional design for mLearning, including materials,
devices, and methods.

MOBILE LEARNING MODELS

Shih's Mobile Learning Model

The design model we proposed in this paper builds on Shih's Mobile Learning Model. Thus, we now describe
aspects of this model that are necessary to understand our contributions. In this respect an important comment
from Shih and Mills (2007) is "While implementing mLearning, it is necessary to consider ... the following
aspects of new mobile technologies: a) new learning opportunities; b) potential influence on changing
individual's learning styles; c) potential influence on social interaction; and d) how the mobile technology itself
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will be changed or enhanced” (p.1). In addition, two essential elements that instructional designers should
always consider are: how individuals learn and how learning tasks take place.

Following the above criteria, Shih and Mills (2007) created a mLearning model (see Figure 1), which was a
variation of Keller's ARCS (Attention, Relevance, Confidence, and Satisfaction) motivational model (Keller,
1983). This model was created to support instructional design for mLearning. It builds on social constructivism
and advocates learning methods, such as peer interaction, collaborative discussion, and digital story telling.

Multimedia Message
(ATTENTION)

—r
Simulated Gaming A
(SATISFACTION)

t{ )

Digital Story Telling v Web Search
G

(CONFIDENCE) (RELEVANCE)

Peer to Peer Discussion
(RELEVANCE/CONFIDENCE)

Figure 1. Shih's Mobile Learning Model

The learning cycle in Figure 1 includes activities such as: sending a multimedia message, searching on the web,
peer discussion supported by mobile technologies, producing a digital story, and applying learning in a
simulated environment. Digital stories have been shown to be especially useful beyond formal learning
environments, such as for self-understanding of medical and lifestyle choices (Pavel 2013). Shih's Mobile
Learning Model provides a useful contribution to the field of instructional design and mLearning. In particular it
serves the purpose of engaging online learners and thus aims to enhance online teaching and learning
experiences. This model, however, is highly contextualized and has limited applications. It was created for pre-
university schools and was tested with a teacher education class in California.

Given the variety of settings that mLearning is frequently used in, a broader model that applies to teaching and
learning in higher education, industry, and other organizations is needed. This broader model should also
support different learning theories and situations. The model we propose in this paper (Location, Technology,
Culture, and Satisfaction) is such an attempt. Most importantly, it addresses an increasingly influential factor in
globalized teaching and learning - cultural differences.

CMM: LTCS Model

In this section we propose an innovative model; the “Comprehensive mLearning design Model: Location,
Technology, Culture, and Satisfaction” (CMM: LTCS) that can be used to construct mLearning platforms and
that can also be used to design or adapt mLearning materials/resources for global audience. This model draws
components from both Keller's (1983) ARCS model and Shih's mobile learning model (Shih & Mills, 2007).
Our approach is to synthesize existing models and theories of teaching and learning, augmenting this model in a
way that provides support for hitherto neglected areas (e.g., formalized mLearning). We also intend to provide a
model and methodology that can guide educators as they develop engaging mLearning materials. Instructional
designers can use this collection of methodologies to synthesize the work of several disciplines into a heuristic
model of design that will maximize the teaching capabilities of mLearning.

Of particular concern to us is learner attrition and retention, two related factors that have been key issues in
eLearning programs for many years (Tyler-Smith, 2006). According to the reported literature, it is evident that
the full scope of the attrition problem is unclear and, consequently, there is a need for educators to collect this
information. In formal education, it is imperative to keep learners engaged in learning all the way through to the
completion of their learning goals.

In our approach, we argue that educators tasked with developing engaging mLearning material should start their
analysis with four learner variables that are particularly important to mLearning, namely: Location, Technology,
Culture, and Satisfaction (LTCS). These variables are drawn from a variety of existing models in social
sciences, and are familiar to those in the field of Educational Technology. However, mLearning requires
instructional designers to understand these ideas through the lens of user-centric design. Placing users at the
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centre of the design process ensures they are provided with an engaging mLearning experience that they will
return to for continued education. More importantly, the variables in the LTCS present an opportunity to combat
learner attrition by ensuring that learning is particularized to individuals taking mLearning programs.

High-Level Description of the CMM: LTCS Model

Figure 2 shows the structure of the LTCS Model for Designing mLearning Material, in both informal and formal
educational settings. Alignment with the heavy emphasis on learner retention in many online programs, learning
resources and learner satisfaction are key focuses of the model. To ensure the highest learner satisfaction,
learning materials need to be designed with the consideration of Location, Technology (learning platform,
device, and methods), and Culture. Designing instruction for mLearning covers three aspects: pedagogical
design, technical design, and usability design. The bottom section of the Model provides an example of
“Technology”, which is one method that can be used to structure mLearning activities. Learning resources can
originate from both live classrooms and informal learning sites, such as podcasts and user driven online video
services (eg YouTube). Students will receive such learning resources via different devices and then actively
participate in process (study and create). For example, in an English lesson, students will be prompted to record
their pronunciation with their cell phones and then upload the recordings to a learning management system
(LMS), or to social networking sites. They will then receive feedback from tutors, instructors, or peers. We now
describe each element of our Location, Technology, Culture, and Satisfaction (LTCS) model in turn.

Location

Location has twofold meanings. At the macro level, learners’ location can be local or global (i.e., distributed
around the world). At the micro level, location refers to the specific locations where learners study. And these
could include formal settings, such as classrooms, or informal settings, such as Starbucks, teahouses, subways,
or airports.

This variable comes as a response to emerging trends in demography, ethnography, and geography. mLearning
presents the possibility of broader access to Internet-based classrooms for people from different locations and
cultural groups. This promise also requires that instructional designers understand the global distribution of their
learners, and design mLearning materials to help facilitate knowledge construction and sharing. In addition to
the global composition of a learner group, mLearning program designers in the developing world may need to
consider the linguistic differences amongst their learners.

In considering location during an instructional analysis, instructional designers can look for ways to make the
mLearning materials more authentic and relevant to the projected learners’ day-to-day context. Informal settings
can include low-noise places (eg home or coffee shop) and high-noise places (eg streets, airports, or subways).
The environment where learners are located will determine the content design. Learning content for formal
settings can be longer and more complex, compared to the one for informal settings. Learning material used in
places with significant noise needs to be less than 5 minutes, needs to include captions, and needs to consider
colour scheme and display lighting setting (Wang, Shen, Novak, & Pan, 2009).

Technology

In our LTCS model, technology assumes a broad definition, including not only regular IT (e.g., computers,
devices, networks, and learning platforms) but also educational techniques (e.g., teaching and learning
methods). The LTCS Model shows the basic framework for delivering mLearning and for conducting
interactive learning. Learners receive the learning content from either formal settings (classrooms) or informal
settings (eg websites or online resources). They engage in individual learning and also create materials by using
a computer or mobile device. They are then encouraged to upload these materials to a learning management
system or social networking sites where feedback will come from the teacher, mentor, or peers. Comments, such
as difficulties in using the system, are also feedback into the usability or pedagogical components. This process
is an effective way to ensure that the overall system is able to adapt to changing student needs and correct basic
design deficiencies.

Mobile devices come in increasingly varied forms, and instructional designers must develop mLearning
practices that make the best use of the increasing connectivity, power, and variety of mobile devices. In relation
to mLearning curriculum design, new 3G and 4G technologies better enable users to manage their time via
facilitating a wider range of devices with added features, such as always-on connectivity, better video displays,
speech recognition attributes, and scientific calculators. Also, more applications will be available to more users,
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and these newer devices tend to have increased memory resources. The current trend of better interoperability
and richer interactivity will continue to be an expectation of mobile learners. In support of this, mLearning
application designers will need a wider array of tools, models, capacities and standards to work with in
developing new education applications.
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Figure 2. The Comprehensive mLearning Design Model: Location, Technology, Culture, and Satisfaction
(LTCS)

Culture

Culture in our model refers to the cross-cultural dimensions of globalized eLearning and mLearning. Here we
examine culture from two widely used models in teaching and training: Hofstede’s (1991) cultural dimensions,
and Edmundson’s (2007) Cultural Adaptation Process (CAP) Model: Designing E-Learning for Another
Culture.

A handful of studies (e.g., Marinetti & Dunn, 2002; Selinger, 2004; Triandis, 1995; Tylee, n.d.; Wang, 2007) on
the influence of cultural attributes on learning derived their variables from Hofstede’s Cultural Dimensions,
which include five attributes: Power Distance Index (PDI), Individualism (IDV), Masculinity (MAS),
Uncertainty Avoidance (UA), and Long-Term Orientation (LTO). Three of the five attributes are found to be
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most influential to learning: PDI refers to the gap between the distribution of power and wealth in a country’s
society; IDV indicates the degree to which a society values individual over collective achievement; and UAI
focuses on a society’s level of tolerance for new, unknown or surprising situations.

Table 1. Power Distance and Its Influence on Teacher/Student Perceptions

Element Low PDI High PDI

Knowledge perception It is a “truth” accessible for | It is “wisdom” only transmitted by a
everyone. guru.

Communication Two-way communication, | One-way communication, students speak
students speak spontaneously. only when invited by the teacher.

Confrontation and criticism | Allowed. Not allowed.

Preferred age of teachers Younger teachers. Older teachers.

Roles perception Equals. Learned- centred. Respect. Teacher- centred.

Motivation Education is a way to facilitate | Education is a way of gaining authority
equality. and expertise.

A high uncertainty avoidance ranking indicates low acceptance of unforeseen situations and changes, while a
low uncertainty avoidance ranking denotes a society’s flexibility, adaptability and acceptance for variations.
Table 1 is adapted from Hofstede’s (1986) cultural framework and compares elements between low and high
Power Distance Index. Edmundson (2007) described the Cultural Adaptation Process (CAP) Model, addressing
the issue of designing eLearning for another culture. The CAP model is based on earlier work of Marinetti and
Dunn (2002), who proposed guidelines for creating courses of differing degrees of complexity to serve the
requirements of students from diverse cultures. The CAP model also builds on Henderson’s (1996) earlier work,
in which she proposed the Multiple Cultural Model (MCM) that characterized different courses. In essence the
CAP model takes the form of a set of guidelines for matching existing elearning courses to the cultural profiles
of targeted learners. In theory, this model can also guide the development of culturally appropriate elearning
courses and materials, so as to help learners achieve equitable learning outcomes (i.e., acquisition of skills and
knowledge). According to Edmundson (2007), the CAP model is supported by an empirical cultural study of
eLearning, and also integrates findings from other studies on culture and cultural dimensions (e.g., Hofstede,
1991).

In this model a two dimensional matrix is formed, which characterize the issues involved in adapting an
eLearning course to a given culture. The vertical axis shows a set of incremental steps associated with adapting
an eLearning course to a given culture. The horizontal axis depicts the course’s complexity as a set of four
levels of increasingly complexity (1 is the simplest and 4 is the most complex). An interesting observation is
that the attributes listed in this matrix follow a similar pattern to the cultural dimensions reported in papers by
other researchers.

In our LTCS model (Figure 2), one element of the five design principles is “design for learners with diverse
cultural backgrounds”. Our model complements the work of the models described earlier in this paper by
providing a more “process & device” centric view of the communication elements in the above models. The
reason for this is that mobile phone communication is often dominated by the physical and interface
characteristics of the device (e.g., screen size, colours, & captioning). In summary, this section has argued that
the LTCS model provides a better fit to earlier mobile learning models, especially in respect to the support it
provides for incorporating culture and location.

Sample Design Principles Derived from the LTCS Model

Design for different devices: At present, many challenges in the design of mLearning materials stem from the
variety of mobile devices used in formal and informal learning. Future educational initiatives will deploy
mLearning materials via devices that can be used at home, in workplace, during transportation periods, or during
leisure activities. To realize these opportunities, instructional designers will need to develop a basic
understanding of the information delivery capabilities of these devices, as well as the appropriateness of each
type for different environments and content. For example, network-centred devices such as smart phones can be
used to share materials amongst dispersed learners.

Design for learner mobility: Locations where learners will use mobile materials should be considered in
instructional design. The following is a tabulation of location-design considerations.
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Table 2. Location Considerations in Design

Environment Types of Design Example
Subway & bus visual numerical short article, strong pictures
Home auditory-visual-kinesthetic Music, oral material, instructional
combination videos, sports videos
Office written expressive PPT, e-books
Café auditory & visual linguistic l\/_léjsic, Oral material, Instructional
videos

CONCLUSIONS

In this position paper we have argued that existing models of mLearning do not capture the full richness of the
mobile student’s environment. In response to this we have proposed a new model, the Location, Technology,
Culture & Satisfaction (LTCS) model that we have argued provides a better fit mobile learning than do earlier
models, producing learning systems that are more effective for a wider range of students, particularly for those
with more diverse cultural backgrounds.

Whilst we suggest this model will provide developers of mLearning systems with an effective design
framework, we recognise that this model will benefit from refinement based on broader and more diverse
samples of mLearning situations and participants which, we hope, publication of this model will enable. For
example, going forward, researchers might explore possible solutions for some of the following pressing issues:

e How will learning theories influence the development of instructional design strategies for mobile
devices, and vice versa?

e How can instructional designers leverage existing captioning standards into standards that fit the
specificities of mobile devices?

e How will developments in network access, device design, and information exchange extend the
experiential possibilities of mLearning?

The answers to these questions can help instructional designers form a baseline of knowledge that can guide
future data collection. Equally, such answers shoul lead to design and development criteria that will improve
mLearning courseware. With this greater store of knowledge, we hope educators will be able to design more
satisfying mobile instructional experiences for students. Finally, as the world moves towards an era when almost
everyone on the planet has a mobile phone, and our society is becoming increasingly a knowledge based, it’s not
difficult to see the massive opportunity of delivering mobile phone based education that meet the needs of
learners. As Muyinda (2007, p. 102) commented, “In this brave new world, mLearning is well positioned to
champion these innovations". Whilst the need and opportunity for such systems is obvious, how to develop and
manage such systems has been less clear, and we hope this paper can make a small contribution to achieving
those ends.
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ABSTRACT: Currently, it is impossible to think about a modern society dissociated from innovations that have
emerged in recent decades. This continuous process of development makes many new devices arise as many
become obsolete. This new dynamic brings constant changes, so the school, as integral and fundamental part of
this process, needs more than ever to draw its attention to the development of computer technology. Therefore,
this project aims to contribute to these many changes, developing a technological tool that helps in the learning
process of mathematics and that encourages the students to break with the stagnation of learning basically in the
classroom. It also intends to facilitate and offer to the teachers a tool to contribute to the improvement of the
classes. The project is the development of a virtual game named “Potencialize-se” which is divided into eight
stages’. The contents of the game have been chosen by six students of the 2nd year of the integrated course in
Computer Science under the guidance of a teacher of mathematics based on the fundamental prerequisites for a
high school diploma to be granted.

Key words: Mathematics, Computing, Education.
INTRODUCTION

The millennial development of mathematics, its mechanisms, systems and algorithms always quested overall
results i.e not based on particular cases. Therefore, the development of a tool to assist in this search quickly and
effectively has always been a desire. Then comes the computing. The substantial development of computing
technics starts with the search of Alan Turing for a theoretical device to respond to a challenge from the famous
mathematician David Hilbert. In this context, it is possible to observe the interactions in the development of
Mathematics and Computing. Based on this strong relationship between these two areas of knowledge,
mathematics education can get many benefits of information technology with the use of websites, software and
applications developed specifically for this purpose. The Brazilian National Curriculum Parameters (PCN's)
suggests the use of computers as an important manner to combat school failure and to assist in the understanding
of the meanings and relationships between objects and mathematical concepts. Therefore, it is necessary that
more and more students have a solid training whatever the school level is in order to the computer technology to
continue to develop continuously. According to Ponte and Canavarro (1997) "computers bring new
opportunities for mathematics, mathematics is also what makes them incredibly effective (...) Computing and
mathematics combination is a powerful system that produces results that could not be figured out sometime ago.
Ponte and Canavarro (1997) pointed out "important indications for the use of computational tools in the
teaching-learning process." In Brazil, information technology in education emerged in some Universities in the
early 1970. In the 1980s, there was a significant increase in the area, including the digital inclusion in primary
schools. However, according to Valente and Almeida (2007), "Computing in Education area has not yet
penetrated the ideas of educators and therefore is not consolidated in our educational system.” The question that
arises is why the Brazilian schools have so many difficulties to use computing for educational purposes in a
reasonable way and seems to beagainst this trend of society as a whole? Also according to Valente and Almeida
(2007), insufficient funds injection and poor background of teachers are some of the possible causes for this
situation. It is necessary, then, according to the authors, a transformation in teachers training Last names of the
authors in the order as on the paper as well as innovative projects in the area so that full advantage of the
educational possibilities that computing offers can be taken. In this context, this project aims to:

e Build a game related to mathematics education to support the teaching and learning process.

e Encourage the students to break with the stagnation of learning process, which is basically performed
in the classroom.

e Enhance the development of mathematics skills.

e  Offer to the teachers a tool that can contribute to the improvement of their classes.
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METHODS

The project is being developed at Escola Técnica Santa Cruz (ETESC), under the guidance of a teacher of
mathematics. The project, according to Jonassen classification (1996), has as its focus in the learning process by
using technology (learning by) which the student programs the computer. The other focus is learning with
technology (learning with) in which technological resources are used as cognitive tools in the development of
knowledge. In this category, what is fundamental is not the technology itself, but how to use and hold this
technology. Still, the other two categories: learning from the technology (learning from) which the student only
receives the knowledge that is shown and learning about technology (learning about) which technology is the
learning object that can be contemplated at some stage of project development. The main concerns of everyone
involved in the development of the project have always been the following ones: the development of a game that
make it possible to present a dynamic approach to mathematics, that the player may have the opportunity to test
his knowledge by solving significant problems and the player may have the opportunity to clarify any doubts
related to the topic. The subjects were selected taking into account the fundamental basic mathematics contents
that are important prerequisites for both the development of other mathematical topics and other disciplines. The
sequence has been defined in this way in order to tell a story in which the player is about to finish elementary
school cycle and intends to organize a celebration trip and a party. The player will pass through eight scenarios
that include the party organization with specific budget graduation, space planning where the party will take
place, estimation of food and drink for the guests and the purchase of all required materials for the party and for
the trip. For each scenario of the script, dynamic and meaningful activities were prepared. At the end of the each
scenario the player is informed if the results are achieved or if revision of the content is necessary. Up to the
moment, the web site where the game will be hosted has already been developed and the first scenario of the
game has been fully completed, ie the script with the theoretical activities as well as the computer programming.
Tests have been carried out and everything is working perfectly. As soon as the game development is
completed, a short tutorial to help teachers and students will be drawn up. The next step will be a wide
dissemination of the game for the teachers, especially the mathematics ones, and for students. The disclosure
will include motivation workshops. The materials needed for the project development are quite simple ones:
computers with internet access, paper and printing. All these needs are being supplied by ETESC.

RESULTS AND FINDINGS

According D'Ambdsio (2003) it is of utmost importance "that students do not label mathematics as a set finished
knowledge and techniques. Therefore it is essential to modify teaching methods that do not stimulate
participation.” Thus, as soon as the game construction is finalized, it is expected significant internalization of
computing in Mathematics learning process. It is also expected greater interest in the discipline inside and
outside the classroom. Moreover, the purpose of this project is to bring together tools that increase the
possibility of testing results and data manipulation by the students. The idea behind is that students will become
more and more autonomous in the learning process as long as they will be able to develop by themselves
various problem-solving strategies that will stimulate a critical analysis of the results. This proposal provides for
the students a perspective that goes beyond the classroom as it opens the possibility of using resources that can
be accessed from anywhere and at any time. The quick and efficient manipulation of objects allows the
development of a new vision, new ideas and new theories. Up to the moment, the web site where the game will
be hosted has already been developed and the first scenario of the game has been fully completed and tested.
Students are working to finalize the remaining stages of the game. These stages probably will be developed
faster than the first one. Many items developed for the first scenario might be utilized in the other phases as well
as some time consuming bugs can be avoided.

CONCLUSION

After the project being presented to reviewers students, all of them rely that the project as a feasible alternative
to improve the teaching-learning process of mathematics. The construction of the game, including the ones,
which are fully concluded, and the ones that are under development, have been carefully figured out in order to
the students involved to participate intensively as central actors rather than supporting the process. The students
have internalized this responsibility and are working extremely hard not to expiry the proposed deadlines. The
students are often offering new ideas and alternatives to improve all stages of the processes. They are working
on a collaboratively way and eager to advance with the construction of the remaining scenarios of the game. The
development of the project made it clear that the use of technological resources facilitates the connection of
mathematics with practical everyday problems and increases the interest in mathematics by the students. Several
times, the working meetings to discuss a topic related to the game became a class on mathematics curiosities or
even deepened discussions on mathematics topics. The whole process of preparing this first stage of the game
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lasted three months. This period, from the selection of the students who would participate in the project till the
end result was extremely positive for the teaching practice. It was very interesting to define with students the
issues to be discussed in the project. However, sometimes, different points of view concerning the development
of the project or some specific topic were pointed out. The students not always agreed with the mentoring
teacher and vice versa. Such situation has made the mentoring teacher to adopt a different approach. Instead of a
simple explanation about the mathematics topics, it was necessary to invite experts in specifics topics for them
to give their contribution to the project. Therefore, teacher had to understand the real needs and difficulties of
students with regard to some topics related to mathematics. In this way, several times the teaching practice has
been reinvented. Another interesting fact is that the knowledge of the mentoring teacher of the project on
computing programming is limited. In many cases, as far as the computing programming is concerned, the
students played the role of the teacher. This new format helps both the teacher to listen to the students and they
are more comfortable while working. The result is product of a fully cooperative process, equally built by
teacher and students. The project confirms the importance of developing scientific research in basic school.
During the steps already developed, the benefits are many. Among them, we can mention: the teacher is
improving the teaching skills and the students are fully involved with mathematics learnship. In any case, the
commitment of each and everyone involved, regardless teacher or student, in addition to the positive results up
to the moment is an extremely pleasurable and interesting experience.

REFERENCES

Brasil. Ministério da Educag¢do e do Desporto. Secretaria de Educagdo. (1997). Parametros Curriculares
Nacionais: Matematica (Ensino Fundamental e Médio).

Brasil. Ministério da Educacdo. Programa Nacional de Informatica na Educagdo (PROINFO). (1997). Brasilia.
Disponivel em: http://portal.mec.gov.br/index.php?option=com_content&view=article&id=244. Acesso em
11 de margo de 2015.

D’Ambrosio, U. (1996). Educagdo Matematica: da Teoria a Pratica. Campinas: Papirus.

Domingues, lvone; POLATO, Amanda. (2009). Tecnologia mais contetidos ¢ igual a oportunidades de ensino.
In: Revista Nova Escola, n°. 223.

Fonseca Filho, Cléuzio. (2007). Histéria da Computagdo: O caminho do pensamento e da tecnologia. Porto
Alegre: EDIPUCRS.

Gladcheff, A. P., ZUFFI, E. M., SILVA, D. M. (2001). Um Instrumento para Avaliacdo da Qualidade de
Softwares Educacionais de Matematica para o Ensino Fundamental. In: VII Workshop de Informatica na
Escola, Fortaleza — CE.

Jonassen, D. (1996). Using Mindtools to Develop Critical Thinking and Foster Collaboration in Schools.
Columbus.

Piccoli, Luis Alberto Prates. (2006). A constru¢do de conceitos em Matematica: Uma proposta usando
Tecnologia de Informagdo. Dissertacdo (mestrado) — Poés-Graduagdo em Educagdo em Ciéncias e
Matematica, Pontificia Universidade Catolica do Rio Grande do Sul, Porto Alegre: [s.n.]. 108f. Disponivel
em: http://tede.pucrs.br/tde_busca/arquivo.php?codArquivo=81. Acesso em 09 de marco de 2015.

Ponte, J. P., & Canavarro, P. (1997) Relagdes entre a Informatica e a Matematica. Disponivel
em:<www.educ.fc.ul.pt/docentes/jponte/textos/PC3-Tec-Mat.doc>. Acesso em 09 de margo de 2015.

RCT — Softwares Educacionais. Disponivel em: http://www.rctsoft.com.br .Acesso em 17 de margo de 2015.

Romero, Claudia Severino. (2006). Recursos Tecnologicos nas Instituicdes de Ensino: planejar aulas de
matematica utilizando Softwares Educacionais. UNIMESP — Centro Universitario Metropolitano de Sio
Paulo.

Valente, J. A.; Almeida, F. J. (1997). Visdo analitica da Informatica na educa¢do no Brasil: A questdo da
formagdo do professor. Revista Brasileira de Informatica na educagdo. n. 1, p. 45-59.

10



International Conference on Education in Mathematics, Science & Technology (ICEMST), May 19 - 22, 2016, Bodrum / Turkey

DOES SHADOW EDUCATION AGGRAVATE INEQUALITY OF
EDUCATIONAL OUTCOMES

Yongmei HU
Faculty of Education, Beijing Normal University/
National Innovation Center for Monitoring the Basic Education Quality

Wenfeng FAN
Faculty of Education, Beijing Normal University

Weili DING
School of Policy Studies and department of economics, Queen’s University/
Faculty of Education, Beijing Normal University

ABSTRACT: The “shadow education” system of private supplementary tutoring has become quite common in
East Asian countries nowadays. Based on the data of Programme for International Student Assessment 2012
(PISA 2012), the paper analyzes the influence of shadow education on the mathematical literacy of students of
Shanghai, Hong Kong, Japan and Korea by means of a hierarchical linear model, and estimates the net effect of
shadow education using the method of reweighting on propensity score matching (RPSM). The following
findings are obtained from the study: First, supplementary math tutoring has a significant positive effect on the
math score of students, and such an effect is more obvious on Japanese and Korean students than on Hong Kong
and Shanghai students; second, supplementary math tutoring and supplementary science tutoring complement
each other; and third, attending supplementary math tutoring may narrow the gap between students in learning
performance that is caused by the difference in their families’ economic, social and cultural status (ESCS), thus
promoting the equality of educational outcomes. Therefore, governments and schools are advised to provide
necessary opportunities of supplementary tutoring for low-capacity students from low-income families and
waive their tuition fees; large-sized extracurricular education groups should be encouraged to establish after-
school learning funds and/or incentive funds for students from poor families and grant fee remissions to those
from ultra-low income families, so as to create a situation where the government, the school and the society
jointly promote the equality of educational outcomes in the stage of compulsory education.

Keywords: Shadow Education; Inequality of educational outcomes; PISA; RPSM
INTRODUCTION

Over the past two decades, “shadow education” (or hamely private supplementary tutoring) has developed to a
considerable scale in some countries, where it has become a supplement to or even a duplication of mainstream
education®. Such private supplementary tutoring refers to chargeable teaching activities outside the formal
school education system that are conducted corresponding to school courses?. The forms of receiving private
supplementary tutoring include hiring private tutors, or going to cram schools, etc (Xue Haiping and Ding
Xiaohao, 2009). As Baker and LeTendre pointed out in 2005, shadow education is not meant to replace, but
rather to supplement or support formal education. By means of supplementary tutoring after school, students
want to better absorb and master the knowledge taught in class so that they can be more competitive in their
classes or grades and parents expect their children to improve their examination results at school.

In various parts of the world, due to the impacts of globalization, social development indicator ranking and
international student achievement assessment, education competition between different countries is being
increasingly intensified, and the shadow education system of private supplementary tutoring is expanding
continuously® (Bray 2005). This phenomenon has been very common in East Asia, especially in China, Japan
and Korea (Stevenson & Baker 1992). In the mid-1990s shadow education began to rise in Mainland China, and
now it has become quite common in Chinese urban areas. The prevalence of shadow education in these
countries has much to do with their competitive entrance examination and the deep influence of Confucianism?*.

According to a telephone survey conducted in 2009 in Hong Kong for 521 students, 72.5% of elementary school
pupils of higher grades received private supplementary tutoring (Ngai, Angela and Sharon Cheung 2010).
Another survey (Caritas, Community and Higher Education. 2010) conducted for 898 Hong Kong middle school
students revealed that private supplementary tutoring was received by 72.5% of lower-grade students (Grade 1
to Grade 3), 81.9% of middle-grade students (Grade 4) and 85.5% of higher-grade students (Grade 5 to Grade
7). According to a survey performed in 2007 in Japan, 15.9% of Grade-1 elementary school children attended
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tutorial school after class and this percentage steadily rose with the increase in school grade, reaching 65.2% for
junior high school students of Grade 3 (Japan, Ministry of Education and Training. 2008). It is estimated that
87.9% of elementary school students, 72.5% of junior high school students and 60.5% of senior high school
students in Korea received private supplementary tutoring in 2008 (Kim, Kyung-Keun 2010). The case of China
was similar to that of Korea, with the percentage falling with the increase in school grade. Based on the 2004
education and employment statistics of Chinese urban residents, Xue Haiping, et al found that the percentage of
students receiving private supplementary tutoring was respectively 73.8%, 65.6% and 53.5% for elementary,
junior high and senior high school students, declining with the increase in school grade (Xue Haiping and Ding
Xiaohao 2009). Based on the statistics of PISA 2009 for Shanghai, Hong Kong, Japanese and Korean students
(See Table 1), we found that of all the four types of private supplementary tutoring (i.e., language tutoring, math
tutoring, science tutoring, and other tutoring), math tutoring was attended by the highest percentage of students
(except for Hong Kong): 71.3%, 48.5%, 76.6% and 77.5% respectively, while science tutoring was attended by
the lowest percentage of students: 29%, 27.9%, 61.6% and 57% respectively. Japanese and Korean students
were similar to each other in terms of the percentage for language tutoring, math tutoring, science tutoring, and
other tutoring. Shanghai and Hong Kong students were much alike in terms of the percentage for science
tutoring but quite different in the percentage for language tutoring and math tutoring. The percentage of
Shanghai students receiving language tutoring and math tutoring was about 23 percentage points higher than
that of Hong Kong students. According to the percentages for math tutoring shown in Table 1, the percentages
of students receiving private supplementary tutoring in Shanghai, Hong Kong, Japan and Korea were not
significantly different from the results of the above-mentioned five surveys.

Table 1: Statistics of PISA 2009 on private supplementary tutoring for Shanghai, Hong Kong, Japanese
and Korean Students

Percentage for Percentage for Percentage for Percentage for
Country/Region language tutoring?®  math tutoring science tutoring ® other tutoring ©
Shanghai, China 54.3% 71.3% 29.0% 62.1%
Hong Kong, China 30.6% 48.5% 27.9% 55.3%
Japan 64.4% 76.6% 61.6% 76.0%
Korea 68.0% 77.5% 57.0% 67.8%

Notes: a. Language tutoring refers to native language tutoring. For example, language tutoring for Shanghai
students refers to Chinese tutoring. b. Science tutoring refers to tutoring in science-related courses of junior high
school. It covers such courses as physics, chemistry and biology for Shanghai students, for example. c. Other
tutoring refers to tutoring in courses not listed in the first three columns. For Shanghai students as an example,
English tutoring is classified as other tutoring.

In China and some other countries, the expenditure on private supplementary tutoring has become an important
part of a family’s education spending (Li & Tsang 2003; Tsang 2002). According to a questionnaire survey for
nearly 5000 students conducted by the Family Education Research Institute of China Youth & Children
Research Center in 2011 in Beijing, Guangzhou, Nanjing, Harbin, Shijiazhuang, Xi’an, Chengdu and Yinchuan,
the payment for private tutoring has constituted a major part of families’ education expenditure: 76% of the
families spend an average of RMB 3, 820 on private tutoring each year, with the highest hitting RMB 80, 000.
For urban families, children’s education costs account for 76.1% of their total cost, 35.1% of the family’s total
expenditure and 30.1% of the family’s total income (Guangming Daily, 2012-02-27). In Japan according to the
statistics of the Ministry of Education, a child needs a total education expenditure of 10 million yen (about RMB
800, 000) from elementary through to tertiary education, most of which is spent on private supplementary
tutoring (Sina Education, 2012-07-18). A sampling survey made by Korean education authorities reveals that in
2007 the country’s elementary, junior high and senior high school students attended 10.2 hours of private
tutorial classes per person per week on average, which cost KRW 288, 000 per person per month or KRW 3.46
million (about USD 3, 460) per person per year (Xinmin Weekly, 2010-08-04).

Since shadow education not only concerns the studies and daily life of students but also produces a certain
impact on families” education expenditure and social stratification, it has drawn wide attention from the
government, policy makers and scholars (Bray et al. 2014). It is, therefore, important and necessary to study the
causal effects of private supplementary tutoring on students’ learning performance so that parents can better
understand such effects, rationally choose the strategy of supplementary tutoring and improve the return on
investment. Studying the causal effects of private supplementary tutoring can also provide a useful reference for
the government to allocate education resources more efficiently and more fairly. Due to the high cost of
supplementary tutoring, the percentage of students from low-income families who receive it may be smaller
than that of students from high-income families, thus leading to unequal opportunities of extracurricular
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education. But, will such unequal opportunities expand the inequality of educational outcomes? The paper tries
to answer this question by analyzing the causal effects of shadow education on the learning performance of
Chinese, Japanese and Korean students, based on the statistics of PISA 2012 conducted for students in
Shanghai, Hong Kong, Japan and Korea.

The subsequent text is organized as follows: The second section is a review of literature about the effect of
supplementary tutoring on students’ learning performance and about the social inequality that shadow education
may cause. In this section, the authors will also point out the main questions the present study needs to answer
and the research hypothesis that needs to be verified. The third section will introduce the basis of sample
selection and describe the method of the econometric model and the definitions of variables. The fourth section
will present the results of empirical analysis. First, based on descriptive statistics the paper will analyze the
difference in the percentage of attending math tutoring between different groups of students as well as the
difference in math scores between the students attending private supplementary math tutoring and those not
attending private supplementary math tutoring. Second, the paper will estimate the causal effect of private
tutoring by means of reweighting propensity score matching (RPSM); analyze the effects of the length of
tutoring time (LTT) for different school courses on math scores using a two-level linear model; and verify
whether shadow education will expand inequality of educational outcomes. The fifth section will draw a
conclusion, have some discussions and make policy recommendations

LITERATURE REVIEW

When investigating the percentage of attending private supplementary tutoring, quite a number of researchers
analyzed the factors affecting students’ participation in private tutoring (Bray et al. 2014; Bray & Kwok 2003;
Tansel & Bircan 2006). However, few researchers have studied the effect of private supplementary tutoring on
students’ learning performance (Zhang 2013). An early study by Stevenson and Baker, not only created the
concept of shadow education but also analyzed its effect on Japanese high school students’ college entry based
on the data of a survey regarding private supplementary tutoring for high school students in Japan (Stevenson &
Baker 1992). According to their study, private tutoring, by adopting appropriate teaching strategies, may satisfy
the individual needs of students and help them to learn in a more efficient manner. Based on their studies in
Japan, Sawada and Kobayashi found that a positive correlation exists between the amount of time students
spend in attending private tutoring of math and their math scores (He Ruizhu et al. 2011). But according to a
study conducted by Smyth in Ireland in 2008, there is no significant difference in the scores of final examination
between students who receive private supplementary tutoring and those who do not. In his opinion, there are
two reasons for this. One is that students receiving private tutoring are usually those who are already quite good
at their studies yet still want to improve their scores, but it is very difficult for them to achieve the purpose due
to the “threshold effect”. The other is that the time spent in attending private tutoring is much less than that
spent in attending formal education and examination scores cannot be increased significantly in a short period of
time (Smyth 2008). This leads to some of the questions the paper tries to answer: In Shanghai or Hong Kong,
will the effect of private tutoring be weakened due to the “threshold effect”? Will tutoring in a certain course be
ineffective because only a very limited amount of time has been spent on it? Or will tutoring in a certain course
occupy the time that should be used for the study of other courses and therefore adversely affect the student’s
scores of these courses?

Due to limitations of data and the endogenous nature, studies on the causal effects of private tutoring on
students’ learning performance are scarce. Using a multi-level linear model and a conditional quantile regression
model, Zhang Yu comprehensively and thoroughly studied the causal effect of private supplementary tutoring
on the college entrance examination scores of high school graduates in Jinan, China (Zhang 2013). According to
her study, private tutoring on the whole does not have significant effects on the total score of college entrance
examination for either urban or rural students, but significant positive effects are seen on low-capacity urban
students and those from low banding urban schools. For some rural students, however, private tutoring even
produces negative effects on the score of college entrance examination. Her studies also revealed that, with
regard to college entrance examination, private tutoring not only produces quite different effects on the score of
different courses and the total score, but also shows different effects on students from schools of different
qualities. Using the method of instrumental variables, Suryadarma et al discovered in 2006 that private tutoring
does not show significant causal effects on the scores of Indonesian fourth graders. In our present research we
use the RPSM method to study the causal effect of private tutoring on the score of middle school students, and
see whether it produces different effects on the learning performance of students from different
countries/regions or from families of different economic and social backgrounds.
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A lot of sociologists and educators focus their study on the problem of social inequality that shadow education
may cause. Many of them worry that the existence of shadow education may threaten social fairness and
become a mechanism for maintaining and expanding social inequality (Verdis, Athanasios 2002; Murawska,
Barbara & Putkiewicz 2006; Smyth 2009). According to the latest research by Bray M. et al, the market of
private supplementary tutoring has regenerated social inequality in the mainstream education system. Family
income is a major factor influencing Hong Kong students between Grade 9 and Grade 12 when it comes to
whether or not to take private tutoring; compared with students from elite government schools, fee-charging
ESF schools and DSS schools, those from low banding schools and fee-free aided schools have much less
opportunities to receive private tutoring (Bray M. et. Al.,, 2014)5. Studies by Lei Wanpeng (2005) and Xue
Haiping et al (Xue Haiping and Ding Xiaohao 2009) also show that the opportunity for a student to receive
private tutoring is closely related with the ESCS of his/her family: the higher the ESCS, the more the
opportunities. Although there have been no empirical studies on the rate of personal economic returns that
shadow education can generate, the human capital theory has already pointed out that education, as an important
way of human capital investment, can bring a person good and lifelong economic benefits. For this reason,
shadow education can become a mechanism for increasing human capital reserves. From this point of view,
shadow education is very likely to maintain or even expand social inequality.

Since the test result of PISA 2012 was published at the end of 2013, the performance of Asian students has
attracted worldwide attention, including the attention of foreign media. The Washington Post, for example,
reported the test result on December 5, 2013 with an article entitled “Diligent Asian Students Dominate Global
Exam”. PISA 2012 tested about 510, 000 fifteen-year-old students from 65 countries and regions around the
world, with students from Shanghai China ranking first in math, language and science literacy tests. Excellent
results were also achieved by students from China Hong Kong, China Taiwan, Singapore, Japan and Korea[ In
most of the countries/regions that ranked high in PISA 2009 and PISA 2012, the percentage of students
receiving private supplementary tutoring was big, indicating that their high PISA test scores were attributed to
not only formal education but also private supplementary tutoring. ]. American students did not enter Top 20 in
any course tested.

How to understand and explain the excellent PISA scores of Asian students is also one of the tasks of this paper.
Through a comparative analysis of private supplementary tutoring received by students of Shanghai, Hong
Kong, Japan and Korea, we hope to reveal the characteristics of different groups of students who receive
shadow education, see whether shadow education can really improve the learning performance of students and
whether it has any heterogeneity, and estimate the effect of LTT on the scores of students. We will also discuss
the question of whether shadow education may expand inequality of educational outcomes so as to provide an
empirical basis for the government to formulate policies for regulating and controlling shadow education. Using
the PISA 2012 data for Shanghai, Hong Kong, Japanese and Korean students, we attempt to examine the
following four research hypotheses:

Hypothesis 1: The probability of receiving shadow education is higher for students from high-ESCS families
than for those from low-ESCS families.

Hypothesis 2: Attending private supplementary math tutoring may significantly improve the math scores of
students.

Hypothesis 3: Increasing the time of math tutoring may significantly improve math scores.

Hypothesis 4: Shadow education may aggravate the inequality of educational outcomes.

METHODS
Data Resources

Data used in the present research come from the official website of PISA (http://www.pisa.oecd.org) which is an
internationally authoritative program for assessing the learning performance of students. The discipline literacy
test and background questionnaire of PISA are designed by international disciplinary and measurement experts.
Student discipline literacy is estimated using modern educational measurement theories (such as the item
response theory) and professional statistical software (such as Conquest). The main object of assessment for
PISA 2012 is mathematical literacy of students, which reflects not only their mastery of basic mathematical
knowledge (about space & graphics; change & relationships; quantity; and uncertainty) but also their
mathematical cognitive ability (the ability of mathematical expression, application and interpretation). The
mathematical literacy scores (“math scores” for short hereinafter) of students are more comprehensive and
representative than other scores.

Sample Selection
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The PISA 2012 data for China Shanghai, China Hong Kong, Japan and Korea are used in the present research.
The reasons why such data are used are that, first, the scale of shadow education is large in these
countries/regions where people are deeply influenced by Confucianism, as is mentioned above; and second,
these countries/regions outperformed others in three literacy tests of PISA 2012, and this paper is to explain to
what an extent shadow education contributes to this excellent performance.

PISA 2012 tests were taken by 21, 231 Shanghai, Hong Kong, Japanese and Korean students aged from 15
years 3 months to 16 years 2 months, of whom 5, 177 came from 155 schools in Shanghai, 4, 670 from 148
schools in Hong Kong, 6, 351 from 191 schools in Japan and 5, 033 from 156 schools in Korea. Sampling was
made using the method of two-stage probability proportional to size (PPS), with due consideration given to
special-size schools (very small schools and very large schools). Therefore, the number of schools and the
number of students sampled were different from country/region to country/region, but the two numbers should
be more than 150 and 4500 respectively, so as to ensure the accuracy of estimated inter-school variance and
intra-school variance. Seen from the above data, Shanghai, Japan and Korea met and Hong Kong basically met
the sampling requirement on the number of schools and the number of students.

Variable Selection and Econometric Model

Based on the nested relations constituted by the data of PISA 2012 student questionnaire and school
questionnaire, the paper tries to evaluate the effect of private supplementary tutoring on student math scores.
Although the addition of control variables to the linear regression model can make the regression simulate
experimental results, it is difficult to ensure that suitable control variables can be found to make conditional
independence assumption (CIA). CIA is the core assumption that can give regression a causal explanation.
Sometime it also means that selectivity bias comes from observable variables. In other words, selectivity bias
will disappear when observable variables are introduced. validly established. Even if some control variables for
student level and school level are introduced into the present research, it is still difficult to verify the validity of
CIA. In the past two decades, matching became a tool for empirical research and attracted the interest of
econometrists. The attractiveness of the matching strategy is that after some kind of propensity score matching
both the experimental group and the control group are very close to the result of random assignment, which
ensures that after a series of covariates have been brought under control the experimental result and the treated
assignment become independent from each other, meaning that CIA is valid. By now we can get a causal
explanation of the regression coefficient. The present research adopts the RPSM method proposed by
Rosenbaum and Rubin in 1983 to estimate the causal effect of private tutoring on student learning performance.
By this method, re-sampling is made through bootstrapping to obtain the standard error of the estimate of
treatment effect so as to make up for the defect of the previous PSM method by which the standard error of
treatment effect cannot be obtained. According to this method, the average treatment effect (ATE), average
treatment effect treated (ATET) and average treatment effect non-treated (ATENT) are estimated via the
following formulas (Giovanni Cerulli 2012):

aTe=L3 Doz 26l )
N & B~ B,

ATET =L §_Di—PGl:
N & ov=D[1-5,(3)]

e N , - ~ .
ATENT = L5 Do =px)ly: -

NiF pw=0)p(x,)

Where, “w;” is a dummy variable indicating whether or not treatment is received (In this paper, it indicates
whether or not math tutoring is received). If yes, wi=1; if no, wi=0. “p(x) ” is the estimated value of E (w|x). “y”

is the outcome variable (In this paper, it represents math scores). “N” is sample size.

In addition to revealing the causal effect of private tutoring on learning performance using the RPSM method,
we will also give the estimates of tutoring effects of the multi-level linear regression model after the same
control variables are introduced in the robustness test, and compare these estimates with those obtained from the
RPSM method.
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The dependent variable in the present research is student math score. Why not choose reading score or science
score as dependent variable of the econometric model ? This is because the main object of assessment for PISA
2012 is mathematics, and the quantity of problems for reading and science literacy tests is not enough for
comprehensively assessing student reading and science literacy. It should be noted that in the source data of
PISA 2012, five plausible values (PVs) are provided. PVs are five values randomly drawn from a posterior
distribution of student ability obtained based on student response, background variables and the marginal
estimation technique of the item response theory. Intuitively speaking, they are values representing the scope of
ability that a student may have. for each of the reading, math and science literacy tests. Generally speaking,
since PVs have a certain degree of randomness, it is not suitable to report them as individual scores to the
students. But they have irreplaceable advantages in estimating the population parameters. For instance, PVs can
be used to obtain the unbiased estimates of population parameters, and in a complex sampling design they can
be used to obtain the accurate estimates of standard errors.

By referring to the practice of PISA data analysis, in the present research we simultaneously use the 5 PVs in
the multi-level model. Dependent variables are divided into two layers. The first layer consists of student-level
variables including student gender, family ESCS and private supplementary math tutoring. The second layer
consists of school-level variables including school type (public or private) and school location (urban or rural).

MS = ¢, + ¢, gender + a,escs + a;mathoutschool + & @
ay = Voo + Vor PUBlIC + . location +

In the above formulas, MS represents student math score. The meanings of other variables are listed in Table 2.
When setting the education production function model for analyzing the variation of student learning
performance, gender, family ESCS and school type are usually taken as control variables. This way,
experimental results can be simulated even in the absence of random assignment and therefore, the regression
coefficient of key explanatory variables can be regarded as an approximate estimate of the causal effect (Angrist
& Pischke 2008). These variables are chosen by referring to the findings of related studies. According to the
studies of Lei Wanpeng (2005) and Xue Haiping et al (2009), important factors influencing student access to
private supplementary tutoring include family income, parents’ education background, student learning
performance, urban-rural disparity and regional disparity: students from big cities, public schools and higher-
ESCS families are more likely to receive private supplementary tutoring than those from rural areas, private
schools and low-ESCS families. In regard to the influence of student learning performance, however, the two
scholars draw opposition conclusions. Xue Haiping’s study (2009) reveals that students with good learning
performance are more likely to attend supplementary tutoring, while Lei Wanpeng’s research (2005) shows that
students with poor learning performance are more likely to attend supplementary tutoring. According to a
survey for Hong Kong secondary school students conducted by Bray M. et al (2004), girls spend much more
money on private supplementary tutoring than boys, and the level of family income has a significant positive
effect on private supplementary tutoring. A recent survey in Korea also shows that student access to private
tutoring is directly related with parents’ education background and family income level. Ninety percent of
parents with a higher education background let their children attend private tutoring, while this percentage is
only 50% for parents with a high school education background. Families with a monthly income of 7 million
Korean won spend nearly10 times as much as those with a monthly income of 1 million Korean won on private
tutoring for their children (China Education Daily, 2011-08-16). Therefore, these variables are also incorporated
into the econometric model of the present study as independent variables that influence students’ opportunity of
receiving private tutoring. This is because when choosing the independent variables in the propensity score
matching model we need to consider not only the factors that affect outcome variables but also those that affect
the received treatment. So, the present study takes student gender, family ESCS, school type and school location
as the covariates of the RPSM model in order that the estimates of tutoring effect are more approximate to the
causal effect. In the present study, analysis results of the multi-level model are used as part of the robustness test
of the results of the propensity score matching model. Therefore, the model is chosen mainly based on how the
independent variables of the propensity score matching model are chosen. We use the same variables as those of
the model to serve as the independent variables in the multi-level model so that the results of the two models are
comparable.
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Table 2: Names and Coding of Variables

Variables

Definition

Scoring

Student-level variables

Discrete variable, two-point scoring: 1-

Gender Student gender
g female, 0-male

A combination of three indicators: highest
ESCS occupational status of parents; highest education level Continuous variable

of parents; the amount of family assets

Whether or not to attend supplementary math tutoring Discrete variable, two-point scoring: 1-
Mathoutschool . PP Y g P 9

on a weekly basis Yes, 0-No

Discrete variable, two-point scoring: 1-

Langoutschool Whether or not to attend supplementary language p g

Scioutschool

tutoring on a weekly basis
Whether or not to attend supplementary science
tutoring on a weekly basis
Whether or not to attend supplementary other courses

Yes, 0-No
Discrete variable, two-point scoring: 1-
Yes, 0-No

Discrete variable, two-point scoring: 1-

Otheroutschool tutoring not listed in the above three tutoring variables
. Yes, 0-No
on a weekly basis

Mathtime The amount of time spent attending math tutoring The variable is treated as 0 hour if the

Langtime The amount of time spent attending language tutoring  student does not attend any private tutoring

Scitime The amount of time spent attending science tutoring at all; as 1 hour if the student spends less
than two hours attending private tutoring per
week; as 3 hours if the student spends 2-4

Othertime The amount of time spent attending tutoring in other hours per week; as 5 hours if the student

courses

spends 4-6 hours per week; as 6 hours if the

student spends 6 or more than 6 hours per
week.
School-level variables

Classsize Number of students in the class Continuous variable
Public(school The school is public or private Dlsc_rete vgrlable, two-point scoring: 1-
type) public, O-private

. . . . Discrete variable, two-point scoring: 1- in
Location @ The school is in the city or in the country ' P g

the city, 0-in the country

Notes: For PISA samples, school location is categorized into 5 types: village, small town, town, city and
metropolis. In the present study, the first two types are classified as “the country”, and the last three types are
classified as “the city”.

RESULTS AND FINDINGS
Descriptive Statistics of Student-level and School-level Variables

Descriptive statistics of student-level and school-level variables of Shanghai, Hong Kong, Japan and Korea are
listed in Table 3, which shows the following information. (1) In terms of student-level variables, Shanghai
students have the highest math scores, followed by Hong Kong, Korean and Japanese students successively, and
the math scores of students of the four countries/regions are all higher than the average math score (494) of
students of OCED countries. In Shanghai, more girl students participated in the PISA test than boy students, but
the situation was opposite in the other countries/regions. Korean and Japanese students had a higher average
value of family ESCS than Shanghai and Hong Kong students. In Shanghai and Japan, more than 70% of
students attend private supplementary math tutoring and 50% - 60% of students attend language, science and
other tutoring. In Korea and Hong Kong, not so many students attend private supplementary tutoring, but math
tutoring is attended by more students than other tutoring. In the four countries/regions, students’ weekly
mathtime is more than othertime, and the average weekly mathtime of Korean and Shanghai students (2.56 and
2.01 hours respectively) is longer than that of Japanese students (1.74 hours) and Hong Kong students (1.07
hours). (2) In terms of school-level variables, as many as 91% of the schools sampled from Shanghai are public
ones, and this percentage for Japan and Korea is 70% and 53% respectively, but for Hong Kong it is as low as
7%, which is largely is largely due to the characteristics of Hong Kong’s education system®.The average
classsize of Shanghai and Japan is 39.29 and 36.29 respectively, slightly bigger than that of Hong Kong (34.08)
and that of Korea (33.6). All the schools sampled from Shanghai and Hong Kong, 98.4% of the schools sampled

17



International Conference on Education in Mathematics, Science & Technology (ICEMST), May 19 - 22, 2016, Bodrum / Turkey

from Japan and 93.7% of those sampled from Korea are located in the city, with rural schools accounting for
only a small proportion.

Table 3: Descriptive Statistics of Variables (Mean /Standard Error)

China Shanghai China Hong Kong Japan Korea
student-level variables
Math score 612.68(100.979) 561.24(96.31) 536.41(93.524) 553.77(99.077)
Proportion of girl students 0.51(0.500) 0.46(0.499) 0.47(0.499) 0.47(0.499)
gender
ESCS -0.36(0.964) -0.79(0.973) -0.07(0.713) 0.012(0.743)
Mathoutschool 0.71(0.455) 0.47(0.499) 0.70(0.459) 0.66(0.474)
Langoutschool 0.51(0.500) 0.24(0.430) 0.58(0.494) 0.53(0.499)
Scioutschool 0.55(0.497) 0.29(0.454) 0.54(0.498) 0.39(0.488)
Otheroutschool 0.57(0.495) 0.42(0.493) 0.69(0.461) 0.65(0.478)
Mathtime 2.01(1.905) 1.07(1.527) 1.74(1.814) 2.56(1.370)
Langtime 1.33(1.786) 0.44(1.019) 1.04(1.323) 1.99(1.108)
Scitime 1.49(1.820) 0.68(1.378) 0.95(1.279) 1.70(1.007)
Othertime 1.41(1.736) 0.90(1.438) 1.62(1.758) 2.37(1.281)
School-level variables
Public 0.91(0.290) 0.07(0.251) 0.70(0.458) 0.53(0.499)
Classsize 39.29(7.558) 34.08(5.018) 36.29(5.662) 33.60(6.041)
Location @ 1.00(0) 1.00(0) 0.98(0.127) 0.94(0.244)

Note a: For PISA samples, school location is categorized into 5 types: village, small town, town, city and
metropolis. In the present study, the first two types are classified as “the country”, and the last three types are
classified as “the city”.

Analysis of the Proportions of Different Groups of Students Attending Math Tutoring

As shown in Table 4, in all the countries/regions the percentage of attending math tutoring is bigger for students
from high-ESCS families than those from low-ESCS families, which is a proof of Research Hypothesis 1. The
gap is respectively 9.7 and 12.8 percentage points in Shanghai and Korea, and even as big as 17 percentage
points in Hong Kong and Japan. Although the PISA questionnaire does not involve tutoring cost, the results of
surveys in China, Japan and Korea, as mentioned above, show that private tutoring cost accounts for a large part
of household education expenditure, which is unaffordable for low-income families. So, it is no wonder that in
the four countries/regions the percentage of attending private tutoring is bigger for students from high-ESCS
families than those from low-ESCS families. Will this difference in turn lead to a bigger gap in learning
performance between the two groups of students? In other words, will private supplementary tutoring aggravate
the inequality of educational outcomes? This is a question to be discussed in the text that follows.

In the three countries/regions except Hong Kong, the percentage of attending math tutoring is obviously higher
for students of private schools than those of public schools, and this is largely because students of private
schools are from relatively high-income families that can afford high tuition fees. In Hong Kong however, the
percentage of attending private tutoring is higher for students of public schools than those of private schools.
Since Hong Kong’s per capita income is quite high’, families of both private and public school students can
afford to pay private tutoring cost®. In Hong Kong, private schools already provide high-quality education
services so their students do not need to receive private supplementary tutoring. In Japan and Korea, the
percentage of attending math tutoring is significantly higher for urban students than for rural students, although
quite a proportion (58.5%) of Korean rural students attends math tutoring as well. In 2005 the Korean
government launched an “After-school Education Program”, according to which public schools shall provide
after-school services such as care, custody, extra guidance to classroom lessons, art courses and recreational
activities for their students. With central and local governments providing special funds for the program,
universities and research institutes are responsible for developing specific projects of after-school education.
With the financial support of the government, not only can urban students satisfy their individualized learning
needs at a below-market price, but students from rural and low-income families can enjoy free after-school
education, which narrows the education gap between students from high-income families and those from low-
income families. In recent years, the Korean government has continuously strengthened the implementation of
and investment in the “After-school Education Program”. According to statistics of the Korean Ministry of
Education, Science, and Technology, 99.8% of primary and secondary schools in Korea have started after-
school education, benefiting nearly half of their students (China Education Daily, 2011-08-16).
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Table 4: Percentage of Attending Math Tutoring and Difference Test for Different Groups of Students

Shanghai Hong Kong Japan Korea
Percentage y>test  Percentage y?test Percentage y?test Percentage 2 test
High 75.4% 648.453 55.6% 1332.020*** 78.2% 24210.139™" 72.1% 7151.200***
SESQ Kk
Low 65.7% 38.6% 61.5% 59.3%
School  Public 70.1% 88.683* 53.7% 68.363***  67.8% 3263.822*** 63.5% 1206.743***
Type **
Private  76.3% 46.2% 74.5% 68.8%
Boys 67% 344.901 45.3% 46.746*%**  67.2% 2560.520*** 65.4% 74.605***
Gender Hokk
Girls 74.1% 48.4% 72.6% 66.7%
School  Urban 70.7% 46.7% 70.4% 7878.170*** 66.5% 652.008***
Location Rural — — 32% 58.5%

Note: “*” indicates a significant difference from zero at the 0.1 level; “**” indicates a significant difference
from zero at the 0.05 level; and “***” indicates a significant difference from zero at the 0.01 level; the same
below.

The above significant differences in the percentage of attending math tutoring between different groups of
students will be further examined in the Logit Model in the text that follows. The analysis results here are also
the basis for incorporating into the Logit Model SES, gender, school type, and school location as explanatory
variables.

Learning Performance Differences between Students Who Receive Private Tutoring and Those Not'®

By gender as shown in Table 5, in Shanghai the math score of boy students who receive private tutoring is
roughly 22 points higher than that of those who do not and this difference is approximately 17 points for girl
students. The difference in girl students is about 4.5 points smaller than that in boy students, showing no
significant difference. Among Shanghai students who attend math tutoring, the math score of girls is
significantly lower than that of boys (by 9.7 points), while among Shanghai students who do not attend math
tutoring, the math score of girls is about 5.2 points lower than that of boys, showing no significant difference.
Evidently, the difference in math scores does not totally result from tutoring. Our basic inference is that in
shanghai math tutoring brings roughly the same academic benefits to boy students as it does to girl students and
that private tutoring does not aggravate the difference in math scores between boys and girls. In Japan, the math
score of boy students who receive private tutoring is 60 points higher than that of those who do not receive
private tutoring, and for girl students this gap is 65 points, only 5 points more than that of boys, showing no
significant difference, either. Among Japanese students who attend math tutoring, girl students have their math
score 19 points lower than that of boy students, while among Japanese students who do not attend math tutoring,
girl students have their math score 24.3 points lower than that of boy students, showing a very significant
difference. Our inference is that in Japan math tutoring brings roughly the same academic benefits to boy
students as it does to girl students but contrary to the case of Shanghai, private tutoring may narrow the
difference in math scores between boys and girls.

In Shanghai, seen from the perspective of family ESCS, the math score of students from families below the
average ESCS value (hereafter referred to as “low-SES” students) who attend math tutoring is 20.3 points
higher than the math score of the other low-SES students who do not attend math tutoring; but the math score of
students from families above the average ESCS value (hereafter referred to as “high-SES” students) who attend
math tutoring is only 1 point higher than the math score of the other high-SES students who do not attend math
tutoring. So a significant difference exists between the two types of students in terms of whether or not to
receive private tutoring. Among the Shanghai students who attend math tutoring, high-SES students have their
math score 60 points higher than that of low-SES students; among those who do not attend math tutoring, high-
SES students have their math score 79.4 points higher than that of low-SES students. Therefore, our inference is
that math tutoring brings more academic benefits to low-SES students than it does to high-SES students in
Shanghai, and may narrow the learning performance gap between the two groups of students. We will verify
this hypothesis in the subsequent text by means of an econometric model.

In Japan, high-SES students who attend math tutoring have their math score 58.4 points higher than that of those
who do not, and low-SES students who attend math tutoring have their math score 48.2 points higher than that
of those who do not. But there is no significant difference between the two types of students in terms of whether
or not to receive private tutoring. Among the Japanese students who attend math tutoring, high-SES students
have their math score 44.2 points higher than that of low-SES students, and among those who do not attend
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math tutoring, high-SES students have their math score 34.1 points higher than that of low-SES students.
Therefore, our inference is that math tutoring brings more academic benefits to high-SES students than it does to
low-SES students, and may broaden the learning performance gap between the two groups of students. This

hypothesis will also be verified in the subsequent text by means of an econometric model.

The definitions and scoring of the independent variables used in the model and those used in the descriptive
analysis in the subsequent text are listed in Table 2.

Table 5: Math Score Differences between Different Groups of Shanghai and Japanese Students in Terms
of Whether or Not to Attend Math Tutoring

Score difference Score difference
between different
between ~students roups of students in
Attending Not attending who attend math | J/OUP f wheth
tutoring and those terms of whether or
not attending math
who do not .
tutoring
Shanghai
. 614.446 596.942
Girl (93.476) (109.792) %tzg%%;*
Sample size 1312 456 -
624.164 602.132
-4.528
Gender | BOY (97.651) (112.588) ?tz—lg%i’:)’;* (t=-0.51)
Sample size 1123 545 s
. -0.718** -5.189
Girl -Boy (t=2.446) (t=0.681)
. 646.010 645.040
High (88.178) (104.066) ?6917 2
Sample size 1320 422 )
585.946 565.628
SES Low (93.798) (104.276) éﬁgﬁ’;’;*
Sample size 1112 579 — -19.348**
. 60.064%* 79.413%%* (t=-2.23)
High - Low (t=10.390) (t=8.591)
Japan
. 547.875 482.687
Girl (84.887) (79.464) 85_%3%*1’;’;
Sample size 1463 564 s
566.981 506.967 5.174
Gender | Boy (89.086) (94.698) zclﬂ‘gg (t=0.68)
Sample size 1438 694 T
Girl -Bo -19.107*** -24.280***
y (t=-4.091) (t=-3.778)
. 577.098 518.714
High (83.885) (90.031) Zﬁg%%’g;*
Sample size 1605 452 e
532.896 484.648 10.136
SES Low (85.004) (85.978) Z‘ﬁi‘)‘gl’;;; (t=1.48)
Sample size 1266 784 s
Hidh - Low 44.202%* 34,067
g (t=8.620) (t=4.905)

An RPSM-based Analysis of Tutoring Effects

As mentioned above, one of the advantages of matching strategy is that after some sort of propensity score
matching, the experimental group and the control group both approach the results of random assignment, thus
ensuring the validness of CIA so as to obtain a causal explanation of the regression coefficient. The present
study adopts the RPSM model to reveal the causal effect of math tutoring on student math score.
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Table 6: RPSM-based Estimates of Math Tutoring Effects

T:gjted C:(’)TO' ATET ATENT ATE
group - group - (standard error) (standard error) (standard error)
sample size sample size
. 3.105 7.679 4.439
Shanghai 2432 1001 (23.576) (57.017) (16.660)
Hong “11.281 9.911 -10.555
Kong 1427 1608 (34.457) (23.635) (14.224)
50,5297+ 46.947%% 49 451
Japan 2871 1236 (5.983) (17.132) (4.194)
50.202%%* 49,550+ 49,9947+
Korea 2168 1107 (9.524) (17.894) (6.150)

According to the descriptive statistics, after matching, mean values of the characteristic variables of the treated
group and control group show no significant differences and have passed LR tests. The P values of LR test
statistics of student samples of Shanghai, Hong Kong, Japan and Korea are respectively 0.323, 0.395, 0.959 and
0.063, meeting the requirement of CIA, indicating that matching quality is fairly good and the result is credible.

As shown in Table 6, the ATE of math tutoring on Shanghai students is 4.4 points, and math tutoring brings
those who attend math tutoring a net effect of 3.1 points, 4.5 points lower than the tutoring effects on the
students who do not attend math tutoring, indicating that students who do not attend math tutoring may benefit
more from tutoring. However, the ATE of math tutoring is 49.5 points on Japanese students and 50 points on
Korean students, and math tutoring brings Japanese and Korean students who attend math tutoring a net effect
of 50.5 and 50.2 points respectively, 3.6 points and 0.7 point higher than the tutoring effects on the students who
do not attend math tutoring. Obviously, Japanese and Korean students benefit much more from math tutoring
than Shanghai students. This shows that Research Hypothesis 2 is valid for Japanese and Korean students who
attend math tutoring but invalid for Shanghai and Hong Kong students who attend math tutoring. There are
some negative values of tutoring effects for Hong Kong students, although none of the three types of effect
values is statistically significant. As for the fact that tutoring effect varies greatly from country/region to
country/region, we think this is due to two reasons. First, the quality of math tutoring is not high enough either
in Shanghai or in Hong Kong, producing an insignificant effect on both “good” and “poor” students. Second,
Shanghai students, especially high-SES students, have received very good formal education in school and their
math scores are already high enough (see Table 5), leaving little room for further improvement. According to
the “plateau phenomenon” in school education, high-SES Shanghai students have probably reached the plateau
phase in their studies and therefore it is very difficult for them to raise their scores to a remarkable new height
(what is called the “threshold effect”) . That means private supplementary tutoring can hardly bring significant
additional benefits, a fact that frustrates the parents who send their children to tutoring classes. The present
study does not see any obvious effect of math tutoring on Shanghai students. In Japan and Korea, however,
since most students have not entered the plateau phase, they can learn a lot of knowledge, methods and skills by
receiving private supplementary tutoring so as to make up for their knowledge loopholes and significantly
improve their scores in the end. Supplementary tutoring can bring obvious benefits to Japanese and Korean
students whether they have attended or are going to attend math tutoring. Therefore, it is rewarding and
advisable for Japanese and Korean parents to send their children to tutoring classes. In Hong Kong, the
percentages of students who attend math, science or language tutoring are relatively low, which is probably the
result of rational decision-making of some Hong Kong parents. It is also noteworthy that in Shanghai tutoring
effects are more significant on students who have not received any prior tutoring than those who have been
attending private tutoring for a period of time. Most of the students who have not received private tutoring
probably come from low-income families. As mentioned above, the proportion of high-SES students who
receive private tutoring is nearly 10 percentage points higher than that of low-SES students who receive private
tutoring (As shown in Table 7, family ESCS is one of the most important factors that determine whether parents
send their children to tutoring classes or not). If low-SES students have the opportunity to receive private
tutoring, they will be able to improve their learning performance.

Seen from Table 7, gender, family ESCS, school type and school location are all important factors that influence
students’ attending or not attending math tutoring, a result consistent with that of Table 4; and in the four
country/region models, the coefficient of the variable ESCS is significantly positive, once again proving
Research Hypothesis 1: the probability of receiving shadow education is significantly higher for students from
high-ESCS families than for those from low-ESCS families.
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Table 7: The Logit Model Influencing Students’ Attending or Not Attending Math Tutoring

Variables Shanghai Hong Kong Japan Korea
Gender 0.324*** 0.156** 0.247%** 0.087
(1.382) (1.169) (1.280) (1.091)
ESCS 0.296*** 0.410%** 0.710%*= 0.532%**
(1.345) (1.507) (2.033) (1.702)
Location 1.223*** 0.166
(3.397) (1.181)

. -0.203***
Public (0.816)
Intercept 0.852*** 0.135** -0.382 0.593***

(2.345) (1.145) (0.682) (1.810)

Note: 1. Data not in parentheses are coefficients of the logit model; those in parentheses are odds ratios. 2. The
variable of school type is not incorporated into the models of Shanghai, Hong Kong and Japan, because if it is
incorporated it will be impossible to pass the balancing test of the treated group and control group after
matching.

Robustness check

Given the same control variables, Table 8 shows a comparison of estimated math tutoring effects according to
the OLS model and RPSM model. Seen from the table, the tutoring effects corresponding to the two methods in
the four country/region models are the same in sign and significance, differing in value only. This means that
the result of RPSM is basically reliable. The assumption of OLS for estimating tutoring effects is that whether a
student receives tutoring or not is totally random. In reality, however, low-capacity students are more likely to
attend math tutoring than high-capacity students (Lei Wanpeng 2005; Yu Zhang 2013) because the latter have
the ability to improve their scores through self-study. So, the OLS model may have underestimated tutoring
effects because it does not take into consideration the variable of student capacity that has a negative correlation
with the likelihood of receiving private tutoring. As for why tutoring effects on Shanghai and Hong Kong
students are so different from the tutoring effects on Japanese and Korean students, the text below will give a
detailed analysis and explanation from the perspective of how LTT and tutoring in other courses affect the math
score of students.

Table 8: Estimated Math Tutoring Effects According to the OLS model and RPSM Model
When Given the Same Control Variables

OLS RPSM(ATET)
Shanghai 0.332(3.274) 3.105(23.576)
[3433] [2432/1001]
Hong Kong -15.838***(2.826) -11.281(34.457)
[3035] [1427/1608]
Japan 13.468***(2.964) 50.529***(5.983)
[4107] [2871/1236]
Korea 24.682***(3.366) 50.222%*%(9.524)
[3275] [2168/1107]

Note: 1. Control variables in the OLS model of the four countries/regions are the same as the independent
variables in Table 7. 2. The data in parentheses “()” are standard errors; the data in the square brackets “[ ]”
beneath the OLS results are sample sizes; and those in the square brackets “[ ] beneath the RPSM results are
sample sizes of the treated group/control group.

Effects of LTT on student scores

Why are math tutoring effects so different among Shanghai, Hong Kong, Japanese and Korean students?
According to the fore-mentioned descriptive statistics, the percentage of students receiving supplementary
tutoring varies significantly from course to course and from country/region to country/region, and LTT of
students in each country/region is obviously different.

For instance, on average Hong Kong students spend less time receiving math and science tutoring than students
of the other three countries/regions. Will tutoring classes for different school courses produce an additive effect
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or crowding-out effect? We will use a two-level linear model to study the differences in tutoring effects on the
students of the four countries/regions based on the differences in LTT.

Table 9: Effects of LTT on Math Scores: Results of A Two-level Linear Model

Model 1 Model 2
Variables Shanghai Japan Shanghai Japan
Fixed effect
Intercept 192.184*** 330.885*** 201.503*** 329.177***
Student-level variables
Gender -14.148*** -16.556*** -14,799%** -16.569***
Escs 7.716%** 5.385** 7.641%** 5.166**
Escs? -5.805*** 0.870 -5.655%** 0.714
Mathtime 1.107 8.025*** -0.038 6.344***
Mathtime? -0.336 -0.593* 0.003 -0.524
Langtime -5.301*** 0.567
Scitime 3.485*** -0.687
Othertime 1.547 2.261***
School-level variables
Public -33.611*** -3.681*** -33.376*** -3.796***
Classsize 24.466*** 7.843%** 23.899*** 7.958***

-0.308*** -0.057*** -0.301*** -0.059
Random effect
Intra-school 5172.398*** 3876.623*** 5122.177*** 3864.359***
Inter-school 3431.134%** 3280.015*** 3237.169*** 3272.459***
N 3433 4107 3425 4095

Table 10: Effects of LTT on Math Scores: Results of A Two-level Linear Model (continued)

Model 1 Model 2
Variables Hong Kong Korea Hong Kong Korea
Fixed effect
Intercept 524.043*** 741.693***  532.539***  735.406***
Student-level variables
Gender -23.166*** -10.015** -22.267*** -10.737**
Escs 8.352*** 17.646%** 9.221*** 17.402***
Escs? 0.581 5.348** 1.106 5.364**
Mathtime -7.697** 13.709*** -10.002*** 13.766***
Mathtime? 0.621 -0.562 0.876 -0.705
Langtime -9.649*** 0.359
Scitime 8.647*** -3.096
Othertime 0.792 3.804***
School-level variables
Public 31.150%** -17.033*** 29.688*** -15.710***
Classsize -1.175 -16.154*** -1.615 -16.043***
Classsize? 0.083** 0.286*** 0.087* 0.285***
Random effect
Intra-school 5142.270*** 5713.179***  4962.542*** 5686.631***
Inter-school 3207.368*** 2596.605***  3026.882*** 2619.061***
N 3035 3275 3016 3238

Note: “***” indicates significance at the 0.01 level; “**” indicates significance at the 0.05 level; and “*”
indicates significance at the 0.1 level.

Comparing the results of Model 1 and Model 2 in Table 9, we see that differences in the coefficients of gender,

ESCS, school type and classsize are very small, indicating good robustness of the models and high reliability of
the research results. Here, we focus on the effects of LTT on student math scores. Seen from the results of
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Model 1 and Model 2, mathtime has a significant positive effect on student math scores, but such an effect is
shown in an inverted U-shaped curve, according to which math tutoring effect reaches the maximum when
weekly mathtime is around 7 hours (Currently, Japanese students have 1.74 hours of mathtime per week on
average). Also seen from the results of Model 1 and Model 2, mathtime does not produce any significant
nonlinear effect on the math scores of Korean students; its first-term effect is very significant; and unit mathtime
may improve a student’s math score by as many as 13.7 points. Thus, Research Hypothesis 3 that “increasing
the time of math tutoring may significantly improve math scores” is verified in the cases of Japan and Korea.
Significance (big value) of the effect of unit mathtime on Japanese and Korean students is also one of the
reasons why the RPSM models give bigger ATT results for Japanese and Korean students than for Shanghai and
Hong Kong students. By analyzing the sample of Shanghai students we find that mathtime has no significant
effect, langtime has a significant negative effect and scitime has a significant positive effect on student math
scores. These findings are consistent with the coefficients of scioutschool of Model 2 and Model 3 in Table 10,
proving that science tutoring and math tutoring have a mutually additive effect. For Hong Kong students,
mathtime shows an extremely negative effect on math scores, one of the reasons for which is probably that their
weekly mathtime is too short (only 1.07 hours on average). Only when weekly mathtime is increased to at least
6 hours will it be possible to see substantial improvement in math scores. Another reason is probably that Hong
Kong math tutors are not experienced enough, unable to teach students according to their aptitude or take
targeted measures to improve their scores. Relatively speaking, science tutoring brings more benefits to Hong
Kong students, with per unit of scitime improving math scores by as many as 8.6 points.

Does “shadow education” aggravate the inequality of educational outcomes?

Here in this part, we will discuss the question of whether shadow education aggravates the inequality of
educational outcomes. For this purpose we use a linear regression model into which interaction terms are
incorporated to see whether math tutoring produces different effects on the math score of students from different
family backgrounds, in an attempt to provide an empirical basis for the government to formulate policies for
regulating and controlling shadow education.

Table 11: Effects of Shadow Education on Math Scores: Results of A Two-level Linear Model

Model 1 Model 2 Model 3
Variables Shanghai Japan Shanghai Japan Shanghai Japan
Fixed effect
Intercept 191.859***  326.862***  196.190***  325.535***  200.650***  325.810***
Student-level variables
Gender -14.161%** -16.119%** -15.151*%**  -16.009***  -15.,152***  -16.008***
Escs 7.594*** 5.539*** 7.916%** 5.498*** 13.713*** 6.923*
Escs? -5.842%** 0.887 -5.798*** 0.911 -5.319*** 1.207
Mathoutschool 0.026 13.480*** 4.224 8.481** 0.876 8.087**
Langoutschool -11.959***  5500* -12.638***  5475*
Scioutschool 4.438 2.260 4.625 2.271
*

:Escs mathoutschoo 7 77 4RRR -1.985
School-level variables
Public -33.603***  -4,197*** -33.600%**  -4.479%** -33.511%**  -4.484***
Classsize 24.461*** 8.064*** 24.276*** 8.113*** 24.180*** 8.110***
Classsize? -0.308*** -0.059*** -0.306*** -0.060*** -0.305*** -0.060***
Random effect

5175.638**  3890.851**  5157.777** 3885.222**  5146.864**  3884.697**
Intra-school - - - - - -

3427.266**  3491.201**  3302.115**  3480.021**  3290.641**  3482.441**
Inter-school - - - - - -
N 3433 4107 3428 4104 3428 4104

Note: “***” indicates significance at the 0.01 level; “**” indicates significance at the 0.05 level; and “*”
indicates significance at the 0.1 level.
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Table 12: Effects of Shadow Education on Math Scores: Results of A Two-Level Linear Model

(continued)

Model 1 Model 2 Model 3
Variables Hong Kong  Korea Hong Kong  Korea Hong Kong  Korea
Fixed effect
Intercept 518.973***  746.548***  524.957***  746.078***  524.028***  746.206***
Student-level variables
Gender -22.741%** -10.076** -22.051*** -10.128** -22.071*** -10.136**
Escs 8.118** 18.980*** 8.780*** 18.919*** 11.062*** 18.333***
Escs? 0.466 5.728*** 0.826 5.5635** 1.167 5.439**
Mathoutschool =~ -15.777*** 24.511*** -18.484*** 23.588*** -21.434%** 23.575%**
Langoutschool -17.490***  3.759 -17.749***  3.807
Scioutschool 21.544%** -2.207 21.571*** -2.200
Escs*mathouts 3.924 0.882
chool
School-level variables
Public 30.847*** -17.300%*** 29.705*** -16.674*** 29.640*** -16.688***
Classsize -0.761 -15.669*** -1.063 -15.680*** -0.897 -15.692***
Classsize? 0.076* 0.280*** 0.079* 0.280*** 0.076* 0.280***
Random effect
Intra-school 5139.319*** 5771.229*** 5012.810*** 5774.342*** 5009.332*** 5774,030***
Inter-school 3233.064*** 2664.185*** 3079.023*** 2686.767*** 3081.177*** 2686.811***
N 3035 3275 3025 3248 3025 3248

First, looking at the coefficients of student-level independent variables we find that math scores of students of
the four countries/regions vary significantly by gender, boys performing better than girls'!. For Japanese and
Hong Kong students, family ESCS exerts a significant positive effect on math scores. For Shanghai students,
however, the effect of family ESCS on math scores is shown in an inverted U-shaped curve: for the students
whose family ESCS is below a certain value (0.649), the effect of ESCS on mathematical literacy increases as
their family ESCS rises, but for those whose family ESCS is above the certain value, the effect of ESCS on
mathematical literacy decreases as their family ESCS rises®?. Different from the case of Shanghai, the effect of
family ESCS is presented in a U-shaped curve for Korean students. Math tutoring has a significant positive
effect on Japanese and Korean students, a slight positive effect on Shanghai students but a significant negative
effect on Hong Kong students. This result coincides with the fore-mentioned RPSM model result and the LTT
model result. Language tutoring has a significant negative effect on the math scores of Shanghai and Hong
Kong students®, but a positive effect on the math scores of Japanese and Korean students, especially, a
statistically significant positive effect on Japanese students. This is probably because the average langtime of
Shanghai students is about 0.5 hour longer than that of Japanese students (as shown in Table 3), thus crowding
out their mathtime. In addition, since language learning is very different from math learning in terms of method
and way of thinking, it does not produce the same additive effect on math learning as science tutoring does. For
Hong Kong students, science tutoring has a significant positive effect on math scores. For Shanghai and
Japanese students, it also produces a positive effect on math scores although the effect is not statistically
significant. This result also proves that math tutoring and science tutoring have a mutually additive effect.

Second, by looking at the coefficients of school-level independent variables, we find that school type has a
significant effect on the math scores of students of all the four countries/regions. In Shanghai and Korea
respectively, the math score of public-school students is 33 points and 17 points lower than that of private-
school students, and this difference is 4 points in Japan. The case is just the opposite in Hong Kong, where the
average math score of public-school students is 30 points higher than that of private-school students. Classsize
exerts a significant inverted U-shaped effect on student math scores in Shanghai and Japan. In Shanghai when
classsize reaches 40 students, it will produce the maximum positive effect on math scores, and in Japan this
figure is 67 students. The average classsize in Shanghai is 39 students, already very close to the optimum scale,
while in Japan there is still much room for increasing classsize. Unlike the situation is Shanghai and Japan,
Hong Kong schools have some room for increasing classsize (the quadratic term of classsize is significantly
positive but the first term is not so significantly positive), and in Korea a positive effect does not exist until
classsize reaches 56 students, indicating that there is much room for classsize to increase.

Finally, by looking at coefficients of the interaction term of family ESCS and attending math tutoring in Model

3, we find that attending math tutoring may narrow the math score gap caused by different family ESCS. This
effect is most significant in Shanghai where math score gap can be narrowed by about 8 points. In Hong Kong
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and Japan it can be narrowed by 4 and 2 points respectively. Coefficients of the Korean student learning
performance model are positive, showing no statistical significance. Results of the Shanghai student learning
performance model overturn Research Hypothesis 4 that “shadow education may aggravate the inequality of
educational outcomes.” According to the fore-mentioned descriptive statistics, in Shanghai math tutoring brings
bigger benefits to low-SES students than to high-SES students. Therefore, shadow education may narrow the
gap in student learning performance caused by the difference in family ESCS, thus promoting equality of
educational outcomes. In Shanghai the average math score of low-SES students is 62.6 points lower than that of
high-SES students, quite a big gap, and those low-SES students who have not received math tutoring have an
average math score of a merely 565 points. If receiving math tutoring, they can markedly improve their scores
because there is much room for improvement. The average math score of high-SES students who have not
received math tutoring is already as high as 645 points, leaving little room for further improvement. For them,
math tutoring is unlikely to bring significant benefits, or may even crowd out the time for them to develop their
potentials in other aspects. Over the past two years China has made a lot of efforts to lighten the burden on
primary and secondary students by shortening school time and substantially reducing the amount of homework,
which has stimulated the enthusiasm of many parents and students to seek shadow education in an increasingly
competitive way (Xue Haiping et al 2014). In this context low-SES parents may send children to tutoring classes
so as to make up for their inability to academically instruct the children and narrow the score gap between their
children and other students. The present study shows that in Shanghai it is financially advisable for low-SES
parents to send their children to private supplementary tutoring classes but it is not so advisable for high-SES
parents because the benefit is very limited. Seen from the coefficients of all the control variables in Models 1-3
shown in Table 10, the research results have good robustness and high reliability.

CONCLUSION

Based on the student sample data of PISA 2012 for Shanghai, Hong Kong, Japan and Korea and adopting an
RPSM model and multi-level linear regression model, the present study has analyzed the effects of shadow
education (private supplementary tutoring) on student math scores and come to the following conclusions:

1. Supplementary math tutoring may help Shanghai, Japanese and Korean students to improve their math scores,
and such an effect is significantly positive for Japanese and Korean students. This conclusion is similar to the
one drawn by OCED using PISA 2012 data (OECD 2013), although the measurement quantitative method used
in the OCED PISA Report is different from the one used in our study. As mentioned above, Confucianism has a
widespread influence in China, Japan and Korea, where the vast majority of parents want their children to go to
high-quality universities so that they can have a good career in the future. They are willing to spend money on
supplementary tutoring because, one the one hand, it helps children make progress in their studies and on the
other hand, it enables children to achieve higher human capital which in the future will bring them higher
returns on human capital investment. Numerous facts have shown that supplementary tutoring does enhance
student performance, and therefore, parents are willing to pay high tuition fees in exchange for their children’s
advantage in competitive examinations.

2. Math tutoring effects are more significant on Japanese and Korean students than on Shanghai and Hong Kong
students. We speculate that this is probably because the current overall mathematical literacy of Shanghai
students is higher than that of Japanese and Korean students. The average math score of Shanghai students who
receive math tutoring is already as high as 618.9 points, while this figure is only 557.3 for Japanese students and
575.4 for Korean students. Therefore, math tutoring in Shanghai is mainly intended for “top students” while that
in Japan and Korean is mainly for “relatively poor students”. Due to the “threshold effect” in learning, math
tutoring creates less space for Shanghai students to further improve math scores than for Japanese and Korean
students. In addition, the fact that per unit of mathtime generates a bigger tutoring effect for Japanese and
Korean students is not only a reflection of the higher quality of math tutors of the two countries but may also be
one of the reasons why the overall effect of math tutoring is more obvious for students of the two countries than
for Shanghai and Hong Kong students. In Hong Kong the effect of math tutoring is negative. This is probably
because, on the one hand, weekly mathtime is too short (1.07 hours on average) to produce any substantial effect
and on the other hand, private math tutors in Hong Kong do not have a thorough understanding of the
curriculum content of formal schools, thus making tutorial efforts untargeted and tutoring effects insignificant.
Another possible reason is that the RPSM model for measuring the tutoring effect on Hong Kong students
missed the key characteristic variables that explain why students attend supplementary tutoring, thus making the
result unrealistic. We also speculate that the formal school education system plays a major role and the shadow
education system plays only a very limited role in helping Shanghai and Hong Kong students perform
outstandingly in PISA 2012. For Japanese and Korean students who also performed excellently in PISA 2012,
however, the role of shadow education is relatively bigger. That is why over the past years the Korean
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government has vigorously promoted investment in its “After-school Education Program”, a program that has
benefited a great number of students.

3. Tutoring in different courses produces different effects on math scores: science tutoring and math tutoring
have a mutually “additive effect”. In Shanghai, Hong Kong and Japan, tutoring in all science-related courses can
improve student math scores. For Shanghai and Hong Kong students in particular, the effect of increasing the
time length of science-related tutoring on math scores is significantly positive. This is mainly because science-
related courses and mathematics have a lot in common, such as requiring logical reasoning and similar research
paradigms. Language tutoring produces a significant negative effect on math scores in Shanghai and Hong
Kong, but the case is just the opposite in Japan. We speculate that this is probably because the average weekly
langtime of Shanghai students is longer than that of Japanese students, thus crowding out their mathtime, and
that the weekly langtime of Hong Kong students not only is too short to produce any substantial effect but also
reduces student mathtime, thus causing a decline in their math scores.

4. The opportunity of receiving private supplementary tutoring is obviously different for students with different
family economic, social and cultural backgrounds. In the four countries/regions, the percentage of high-SES
students who receive math tutoring is obviously higher than that of low-SES students: the gap is 10 percentage
points in Shanghai and as big as 17 percentage points in Hong Kong and Japan. As has been previously
described, the cost of attending supplementary tutoring is quite a big sum for low-income families either in
China, Korea or in Japan and therefore, influences their decision whether or not to send their children to cram
schools.

5. Attending supplementary math tutoring may narrow student performance gap caused by differences in family
economic, social and cultural status (ESCS), thus promoting equality of educational outcomes. The learning
performance of students from high-ESCS families is significantly higher than that of those from low-ESCS
families. The gap in math scores between the two types of students is respectively 63, 41, 49 and 53 points in
Shanghai, Hong Kong, Japan and Korea. By referring to the gender parity index developed by the UNESCO
Institute for Statistics (UIS), family background parity indexes of all the four countries/regions we have
calculated are bigger than 1.03, beyond the range of equality, although their gender parity indexes are within the
range of equality (See attached Table 2). Therefore, it is necessary to take educational intervention measures to
narrow the learning performance gap between students of different family backgrounds.

The big gap in learning performance mainly caused by differences in family background can be reduced by
supplementary tutoring. In Shanghai for example, such a gap can be markedly narrowed by nearly 8 points. This
conclusion may seem contrary to what people generally think. Most people regard private tutoring as an
investment option of wealthy parents for their children, a thing that few ordinary parents are willing to do due to
high costs. In their opinion, shadow education aggravates the inequality of educational outcomes or even social
inequality. However, according to the data of PISA 2009 and PISA 2012 for Shanghai, around 70% students
receive supplementary math tutoring, and this percentage is over 60% even for low-SES students. As mentioned
afore, a survey conducted by the “Project Team for Research on Education Expenditure of Chinese Urban
Families during the Compulsory Education Phase” reveals that 76% families choose to send their children to
supplementary tutoring classes. It should be mentioned that according to the results of the RPSM model for
Shanghai students, tutoring effects on the students who have not received any prior tutoring are more significant
than on those who have been attending supplementary tutoring for a period of time. Most of the students who
have not received any prior tutoring are very likely to come from low-income families, and as mentioned afore,
their proportion of attending supplementary tutoring is almost 10 percentage points lower than that of high-
income families (As shown in Table 7, family ESCS is an important factor influencing parents’ decision
whether or not to let their children receive tutoring). If low-SES students receive supplementary tutoring, they
will be able to significantly improve their learning performance and catch up with those high-SES students, thus
making shadow education an “equalizer” of human capital accumulation. From this perspective, the government
and education policy-makers should see the rational elements of shadow education and give it a “legal” status.

The present study leads to the findings that although the effect of supplementary math tutoring varies from
country/region to country/region, it does improve student math scores and narrow the learning performance gap
caused by differences in family ESCS, thus playing a certain role in promoting the equality of educational
outcomes (In Shanghai, such an effect is significant). Quite a few researchers have found that math tutoring has
become a must for a lot of low-income families in East Asian countries (Bray & Kwo 2013; Lee et al 2009; Lin
& Chen 2006). According to surveys conducted in China, Japan and Korea, the cost of supplementary tutoring
constitutes a considerable part of the total income of low-income families or even lowers their living standard.
For this reason, we suggest that the government and schools provide free necessary tutorial services for low-
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performance students from these families and give full play to the role of school education as a “social
equalizer™*, To this end, other countries/regions may follow the example of the Korean government to
implement their own “after-school education programs”, by which full-time teachers tutor low-performance
students from low-income families after school, with all or part of the cost covered by the central or local
government. It is also suggested that large-sized extracurricular education groups establish after-school learning
funds and/or incentive funds®, for students from poor families, grant fee remissions to those from ultra-low
income families and provide scholarships for poor students who have made substantial progress in their studies,
S0 as to create a situation where the government, the school and the society jointly promote the equality of
educational outcomes in the stage of compulsory education.
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APPENDIX:

Attached Table 1: Learning performance differences in Hong Kong and Korea between students who
receive private tutoring and those who do not

Score difference | Score difference
between students | between different groups
Attending Not attending who attend math | of students in terms of
tutoring and those | whether or not attending
who do not math tutoring
Hong Kong
. 553.662 554.047
Girl (84.467) (95.755) 0385
Sample size 681 723 (t=-0.067)
570.909 570.329 -0.965
Gender | Boy (96.719) (102.672) ‘()tfg 105) (t=-0.127)
Sample size 753 900 )
Girl -Boy -17.247** -16.282**
(t=-2.221) (t=-2.385)
. 580.102 591.430
High (89.134) (96.475) 11328
Sample size 808 628 (t=-1.920) 6,931
540.199 544.596 :
SES Low (89.678) (97.190) -4(.)389975 (t=-0.909)
Sample size 619 980 (-0.895)
High - Low 39.903*** 46.834***
(t=6.066) (t=6.446)
Korea
. 560.404 513.631
Girl (89.206) (94.902) g
Sample size 1013 503 (t7.100))
588.641 513.203 e -28.664***
Gender | Boy (95.652) (101.713) Ztifggzeg) (t=-3.251)
Sample size 1157 606 )
Girl -Boy -28.237*** 0.427
(t=-4.193) (t=0.051)
. 595.341 540.900
High (92.033) (102.153) E’t‘f‘g‘g;**
Sample size 1237 476 (1=8.490)
549.391 492.942 -2.008
SES Low (89.333) (90.849) E’t‘fﬁ%’;** (t=-0.239)
Sample size 931 631 (t=7.797)
High - Low 45.950%** 47.958***
(t=8.368) (t=6.691)

Attached Table 2: Gender parity indexes and family background parity indexes

Average math  Average Gender parity  Average math  Average math  Family
scores of girls ~ math scores indexes(GPI)® scores of high- scores of low-SES background
of boys SES students students parity
indexes®’
Shanghai  609.888 615.607 0.991 643.246 580.588 1.108
Japan 527.011 544.884 0.967 563.015 514.120 1.095
Hong 552.957 568.378 0.973 584.382 543.451 1.075
Kong
Korea 544.193 562.114 0.968 579.537 526.501 1.101
Notes

1. According to Stevenson and Baker, when a change takes place in the courses of mainstream education, a
“shadow courses” , and the development of mainstream
education will lead to the expansion of shadow education (Stevenson & Baker1992).
2, According to Mark Bray, “shadow education” does not include painting, piano playing, sports activities or
other extracurricular activities that are not related to school courses.

corresponding change will take place in their
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3. Private supplementary tutoring is a common phenomenon in Asian countries, but it is also increasingly seen
in Europe, North America, Africa, Australia and other parts of the world.

4. In the Confucian culture it is generally believed that a person’ s success depends on constant efforts, and
most parents hope that their children could improve their school performance by receiving private
supplementary tutoring. In addition, deeply influenced by traditional belief that a child can make a success by
working hard at their studies, parents attach great importance to their children’ s education, including private
supplementary tutoring..

5> . In the school year of 2011-2012 Hong Kong had a total of 524 secondary schools, of which 497 were
affiliated to the local education system and 27 were fee-charging ESF schools including those teaching in
English. Of the 497 schools affiliated to the local education system, 32 were public schools directly owned and
operated by the government and 365 were partly public schools funded or subsidized by the government. There
were also 63 DSS schools covered by the Direct Subsidy Scheme and these schools were allowed to charge
tuition fees and had some autonomy in curriculum setting and other aspects (Mark Bray et al, 2014

8. According to the Education Bureau of Hong Kong, the SAR’s primary and secondary schools are classified
into government schools, government funded/aided schools, DSS schools (“Direct Subsidy Scheme” schools),
private schools, and fee-charging ESF schools. Government schools are schools established, operated and totally
financed by the SAR government where all the teachers and administrative staff are civil servants. Of all the

1, 092 primary and secondary schools in Hong Kong in the academic year of 2011-2012, only 6% are
government schools, or public schools.(http://www.edu.cn/xsc_12533/20130614/t20130614_963980.shtml)

7. Data released by the World Bank shows that Hong Kong’s per capita GDP was USD 36, 708 in 2012, ranking
the 27th place in the world.

http://data.worldbank.org/indicator/NY.GDP.PCAP.CD/countries

8, Studies by Mark Bray, et al in 2014 reveal that monthly expenditure on private tutoring accounts for 8.7% of a
family’ s total monthly income on average in Hong Kong.

%, Generated from ESCS, SES is a discrete variable with two-point scoring. “1” means being above the average
value of ESCS of students of the participating country, and “0” means being below the average value.

10, Due to limited space, here we only discuss the learning performance differences between students who
receive private tutoring and those who do not, by taking Shanghai and Japanese students as examples. For
information in this regard about Hong Kong and Korean students, please refer to Attached Table 1 in the
Appendix.

11, Out of the 65 countries/regions involved in PISA 2012 tests, 37 see boy student math score significantly
higher than that of girl students, and only 5 countries see the opposite situation. Similarly, among the 41
countries/regions involved in PISA 2003 tests, 27 see boy student math score significantly higher than that of
girl students, 11 see boy student math score insignificantly higher than that of girl students, and only 1 country
see boy student math score significantly lower than that of girl students.

12, This result is basically consistent with the research result achieved by Ren Chunrong, et al in 2013 (Ren
Chunrong & Xin Tao, 2013). This is probably because, on the one hand, the parents of high-SES students in
China are usually busy with their work, thus having little time to share with their children and guide their study,
or do not have high expectations on their children, and on the other hand, some high-SES students are not highly
motivated to learn, making their learning performance inconsistent with the ESCS of their parents.

13 The average weekly langtime of Hong Kong students is only 0.44 hour, which cannot produce a substantial
effect or may even crowd out their mathtime, causing a decline in math scores.]

14 School education is an open path by which people may break through their family origin and other
restrictions, move up the social ladder and improve their lives. Just as the human capital theory stresses in
particular, in a totally competitive market economy all people may increase their future income by investing in
their own education, thus promoting economic fairness.

15 By means of tax exemption or reduction, the government can encourage these large-sized extracurricular
education groups to provide non-profit educational services for the poor.

16, Gender Parity Index (GPI) is an index designed by the UNESCO Institute For Statistics (UIS) to measure the
relative access to education of males and females. In its simplest form, it is calculated as the quotient of the
number of females by the number of males enrolled in a given stage of education. The more the quotient
deviates from 1, the bigger the disparity. A quotient between 0.97 and 1.03 is considered in the parity range.
This index is used in both 2010 and 2011 Global Education Digest

17 We calculate the family background parity index in a way that is similar to the way GPI is calculated.
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TURN YOUR PHONES ON: USING ANDROID DEVICES TO
COLLECT SCIENTIFIC DATA

Dr. Matt COCHRANE
Edge Hill University, UK

ABSTRACT: Data logging devices have been in use for about three decades but they have never quite
developed into the automatic choice of device for taking measurements in educational contexts. This article
reviews the reasons for this, citing difficulties with setting up, dealing with the software, and overcoming
hardware incompatibilities. The literature suggests that these factors have discouraged many science teachers
from embedding data loggers into their teaching.

Research by providers shows that 80% of teenagers now possess Android devices in the form of a mobile phone
(cell phone) or tablet, and many schools have introduced schemes which supply pupils with their own tablet
device for use in lessons. Android devices are now supplied with a range of sensors which can be relatively
easily used for the capture of useful data in the Science laboratory. This paper evaluates four experiments
carried out using a mobile phone to collect the data. The experiments are described in detail, and the errors are
analysed to evaluate the effectiveness and accuracy of the device in each experiment. The measurements were
taken making use of Apps which were downloaded free of charge. The Apps were used in collecting data to
measure audio frequencies, magnetic fields from an electromagnet, the acceleration of a moving body, the and
the coefficient of restitution of a bouncing ball. Data and images are presented to enable the audience to carry
out and extend the experiments for their own use.

Keywords: Datalogging, cellphone, Android
INTRODUCTION

The development of the personal computer since the 1970s has resulted in widespread use of computers in UK
education after numerous policy initiatives from successive governments. However Hammond (2014, 195)
notes that while schools have invested in infrastructure, much of the investment has resulted in “an
overemphasis on ‘office’ software”. Policy and practice have therefore tended to lead away from the use of ICT
in practical settings, while Wastiau et al (2013, 17) reports that “Digital resources such as ... data logging tools
... are still very rarely used by students during lessons”.

However, Wastiau et al (2013) found that between 2006 and 2013, access to educational technology had roughly

doubled, with broadband access available in 95% of EU schools. In the BT . @ 1609
EU, there are approximately five pupils for every computer. More and PhysicsToolb.. 0 @ m £¥

more pupils are taking their own smartphones and tablets to school on a
daily basis. For example 65% of UK teenagers (age 12-15) have a
smartphone (Ofcom, 2014).

Magnetic
Smartphones offer a response to Hammond’s (2014) assertion that

while data logging devices allow for the capture of data in either Field
difficult or remote circumstances, the exercise of data collection
becomes an end in itself, rather than the analysis of the collected data
being the focus of the exercise.

This article is not new in proposing the use of smartphones in collecting
scientific data — see for example Monteiro et al (2016), Egri & Szabo 41 6 2 . 52 “T
(2015) and Patrinopoulos & Kefalis (2015). Smartphones now contain

a range of sensors, enabling them to collect ambient data (temperature,
humidity, pressure, light, sound level), as well as physical data
(acceleration, magnetic field, sound frequency).

RESULTS
| describe here four experiments making use of some of the sensors

available within most smartphones produced in the last five years,

reviewing the experimenter’s experience in collecting and analysing Figure 1: Screenshot from
Magnetometer app
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data, and making use of Apps that were available free of charge to gain access to the data.

The four experiments below have been chosen to provide a balance between ‘quick-and-easy’ experiments
requiring little set-up, and those which require a degree of analysis before they can be utilised.

Magnetic field
App: Physics Toolbox Magnetometer (Vieyra software)

At 11% grade (age 16-17), Physics students study the effect of magnetic fields on electron beams, and a classic
experiment in this field uses a pair of Helmholtz coils to generate a suitable uniform field. The formula for this
is beyond the scope of most courses at this stage, and yet it is usually quoted and used in order to calculate the
value of the field used in the experiment. Here, | used the Magnetometer app to measure the field between a
pair of Helmholtz coils, and compared it with the value calculated from the formula.

A screenshot of the display is provided in figure 1.

Calculated value: 4.17+.05x103 T

Measured value: 4.16+.04x103 T

Discussion

The app is very easy to use; although the display of six significant figures is unwarranted because the last two
figures are swamped by the Earth’s magnetic field of approximately 40 uT. It also takes a few moments to
identify the best position to hold the smartphone in order to take the optimum reading — this will vary with the
position of the sensor within the smartphone used. Accuracy appears to be very good.

Heart rate

App: Unique Heart Rate Monitor (Meet Your Need Production).
This is a very straightforward standard experiment which can be
carried out in classrooms to allow students to investigate their
own heart rate.

This experiment is very simple to set up and run: heart-rate

General

readings were taken every minute or so before, during and after

drinking a cup of

7778 3:55 PM

‘é Ball Tester

Tennis ball, slow
. TEST SURFACE
DROP

smooth, rigid

2.54m
REBOUND 1.35-1.47 m
DROP 251Tm
REBOUND 1.38m
COR T7%

Ocado

Figure 3: Screenshot From The Bounce
Of A Tennis Ball

strong coffee. The | |

app measures heart

rate using its camera

and lamp to detect

light reflected from el
a fingertip — a

presumably
detecting changes in
the blood flow. 4"

Discussion

NEW
be Las119 fiecud
Figure 2: Screenshot From Heart
Monitor App

Data must
recorded manually,
but the displayed
value is as accurate
(and more reliable) than values measured manually. Changes in
heart rate were detected, though these were likely to have been due
to other factors, since the body’s response to caffeine is complex.
Light exercise (eg walking up a flight of stairs) will raise heart rate
sufficiently for interesting results.

Ball bouncing

App: Ball Tester (Solbacca)

This app uses the sound detector in the smartphone to measure time
intervals as a test ball bounces three times. Using equations of
motion, it is possible to calculate the original height from which the
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ball was dropped along with its coefficient of restitution (“COR”). The app is programmed with statistics
relating to basket balls, tennis balls and others, and can be used to compare the resilience of the ball with the
regulations.

With practice, releasing the ball from an appropriate height becomes simple, and the software yields a values
within 5% of the calculated value.

Discussion

Calculating the COR from the data displayed yields a slightly different result (74% instead of 77%), which may
be due to the value of gravitational field strength used in the software.

This exercise would prove useful to a group of students covering a mechanics course at about grade 11 requiring
detailed use of equations of motion to derive the necessary formulae. Comparing the data with that collected
using a stopwatch or timing gate would be interesting.

Measuring acceleration

App: Physics Toolbox Accelerometer (Vieyra software)

The use of a smartphone as an accelerometer is an inviting proposition — there are many situations in which data
can be collected — for example in lifts, cars and aeroplanes.

A classic Physics experiment involves using a falling weight to provide the forward force on a dynamics trolley.
The acceleration can easily be calculated, and by resting the smartphone on top of the trolley (secured with
rubber bands), data can be collected to compare with the calculated value.

There is a significant problem with vibration — the sensitivity of the device is so acute that the values from the
vibrations tend to swamp the actual data, and although a value can be obtained which approximates to the
predicted value, this can only be achieved after a significant amount of data manipulation, which undermines the
task considerably. Smoothing the data (by taking a running average of every 10 readings) improved the results
such that measured results were within about 5% of the calculated values.

DISCUSSION

Unfortunately with this app the experiment became about the data manipulation and not about the experiment.
Observed in other moving objects such as aeroplanes and lifts, the graphs produced by the app are swamped by
vibrations. Other apps demonstrate the same difficulty, and experimenters such as Egri & Szabo (2015), who
describe a similar experiment on a trolley oscillating between two springs, accessed the data directly from the
device. This was beyond the scope of this exercise, which has the aim of evaluating freely-available software.
Close examination of the data shows that readings are taken in less than 1ms, and because the gyroscope is tiny,
values from quite modest vibrations can be very high. To make better use of this sensor, it would be better to
smooth the data on collection.

Summary Of Investigations By Undergraduate Students

One of the final-year modules at Edge Hill University for trainee teachers undertaking a degree in Science
(Physics) with Qualified Teacher Status is a Physics investigation. Students are invited to choose a topic to
investigate, and many take advantage of the features of their smartphones to collect data. Topics have included:
¢ Rotational Dynamics Of Pool Balls: Using freeze-frame video capture to analyse the translational and
rotational motion of pool balls;

e Sound Frequency: Measuring the resonant frequency of wine glasses to investigate the variation between
liquid volume and frequency;

e Sound Levels: Analysing the distribution of sound from a surround-sound music system by measuring the
decibel level at fixed points around the room.

CONCLUSION

There is at the moment no perceived standard for data logging in schools, and in Higher Education institutions
data logging tends to be carried out by devices designed or programmed in-house. Apps provide a convenient,
and for students, cheap alternative to solving some of the data collection problems they face. As a result, these
students are motivated to develop better experimental design, and to consider more closely the accuracy and
reliability of the results they record. The experiments described here offer solutions where the data collection is
otherwise problematic — generally because it is either inherently difficult for young people to carry out manually
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(e.g. heart rate) or because the observations are too rapid (experiments involving motion), or unnecessarily
complicated (measuring as opposed to calculating magnetic field). Or because the smartphone is just so
convenient and easy to use, (measuring sound levels, video recording). More to the point, students have these
devices and love to be using them.
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THE DEVELOPMENT OF PRE-SERVICE SCIENCE TEACHERS’
REFLEXIVE PRACTICE AT THE LEBANESE UNIVERSITY
FACULTY OF EDUCATION

Hanadi CHATILA
Lebanese University

Iman ABOU ALI
Lebanese University

ABSTRACT: A major aim in teacher’s preparation program is to promote reflective practice among future
teachers. Literature in teacher education points out to the importance of reflection in the development of quality
teaching (Coffey 2014; Jay & Johnson, 2002; Perrenoud 2012). Schon’s (1983,1987), proposed a conceptual
framework about reflective practice that involves two phases of reflection: reflection-on-action which refer to
the reflection after doing the action anf reflection-in-action which occurs during the doing. The framework was
adapted later to include reflection for action, that takes place before the doing of the action as the teacher
reflects about the future experience informed by the past practice. The current study, aims to explore if the
training program at the Lebanese University, Faculty of education, prepare reflective primary science teachers,
on the basis of Schon’s (1983,1987) framework. For this purpose a convenience sample of 30 participants from
third year primary science pre-service teachers was selected to participate in the study along with their five
trainers. Both quantitative and qualitative method including questionnaire, interviews, curriculum and reflection
report analysis were used in the study. The results show that pre-service teachers develop to some extent
“reflection-for-action” and “reflection-in-action”, however they lack strategies for the “reflection on- action” as
they face difficulties in regulation and self-improvement.

Key words: Reflective Practice; pre-service science teacher; professional development.
INTRODUCTION

Teacher education programs around the world have always raised the issue of the relationship between “theory”
and “practice” to ensure better preparation of tomorrow’s teachers. Tardif (2001) considered that the debate
between “theory” and “practice” became more complicated when “theory” have been extended from knowledge
grounded in scientific research by professional education researchers (typically associated with universities) to
knowledge created through on-the-job-inquiry into practice by teachers acting as “action researchers” or
“reflective practitioners” ” (page 9). That constructivist approach has induced a reform in pre-service training
programs illustrated mainly by the implementation of classroom-based research (action research), and the use of
professional portfolios as a mean of self-assessment and regulation. So programs have become a blended form
between external theories with the findings from classroom-based inquiry by trainee teachers. In this vein,
Educators and stakeholders have developed frameworks and models that describe the teacher as a reflective
practitioner.

Morissini, Cabrera and Felicetti, (2011) considered that pre-service teachers should demonstrate sound
acquisition and use of competencies. In other word, competency refers to the knowledge, skills and attitudes that
the pre-service trainee teacher should demonstrate. To state, Perrenoud (2001) developed ten core competences
for professional teaching. According to him the pre-service trainee teacher should:

Organize and facilitate learning situations.

Manage the progress of learning.

Design and develop differentiating features.

Involve students in their learning and their work.

Work in team.

Participate in the school management.

Inform and involve parents.

Use of new technologies.

Facing the duties and ethical dilemmas of the profession.

0. Manage its own training.

BoOoo~NoO~LONE

Similarly, Danielson (1996; 2007; 2001; 2013) has developed a framework for teaching evaluation that
identifies four domains of a teacher’s responsibilities: Planning and Preparation; Classroom Environment;
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Instruction; Professional Responsibilities. Each domain includes a set of components with theirs related-
elements, making a total of 22 components and 76 elements.

That reform in teacher education programs made one of its major goals of teacher education programs is to help
future teachers to put in place a “habitual mode of thought, practice and refinement or reflection” (Ryan, 2001,
p2). Learning to become a teacher is not just a process of acquisition and application of knowledge, but also a
practical action in which knowledge is endorsed in reflecting and developing a specific action (Altrichter, 2005).
In this vein, Cornish & Jenkins, 2012 considered that learning to become a teacher is a developmental process,
part of which is learning to become a reflective practitioner. They argued that teacher quality is an outcome of
the engagement in regular reflection during their development and that this self-assessment promotes continual
self-improvement. Similarly, Ryan (2007) pointed out that a “successful pre-service program is not a teacher-
building factory, but rather the first step in a long, collaborative, and reflective process that influences the
professional development of a teacher’s career” ( page 2).

So the main objective of pre-service teachers training programs is to train competent, professional teachers who
effectively contribute to student learning (Tardif, 2001).

What Is Meant By Reflective Practice?

Dewey (1933) identified reflection as a way of thinking. According to him, reflection come for experienced
situation and begins with experience and stresses on practice, in other words on “learning from doing”, starting
by detecting the problem, to formulating hypotheses to be tested. So Dewey argued that reflective thinking
moved people away from routine thinking/action towards reflective action. Dewey’s ideas provided a basis for
the concept of ‘reflective practice’.

Both the content and the process of reflection have been addressed in the research into the teaching of reflection;
the content refers to what teachers reflect upon, and the process shows how teachers reflect (Jay & Johnson,
2002). Many authors have discussed different levels of reflection which generally progress from a preoccupation
with the more technical aspects of teaching to a consideration of alternative approaches to the various dilemmas
that arise in teaching (Cavanagh & Prescott, 2010 as cited in Coffey 2014; Perrenoud 2012).

The literature includes many models for reflection. Quinn (2000), as cited in Finlay (2008), sees that all models
tend to involve three fundamental processes that start with “retrospection” that refers to the thinking back about
the situation, then a “self-evaluation” which is a critical analysis and evaluation of the actions and feelings
associated with the experience, and finally a “reorientation” by using the results of self-evaluation to influence
future approaches to similar situations or experiences.”

Kolb’s (1984) developed the Model of Experiential Learning. It is based directly on Kolb's experiential learning
cycle that includes four main components: concrete experience, reflective observation, abstract
conceptualisation and active experimentation. Those four components of the cycle can be accessed at any point.
The Model suggests that active experimentation leads to a transfer of learning from current cycle to a new cycle.
The figure below illustrates Kolb’s (1984) Model of Experiential Learning

concrete experience

active experimentation reflective observation

abstract
conceptualisation

Figure 1: Kolb’s (1984) Model of Experiential Learning
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Inspired from Kolb’s experiential learning cycle, Gibbs (1988) proposed a Reflective Cycle model that
highlights the relationship between theory and practice, as they enrich each other in a never-ending circle.

The model invites the individual to think about different aspects of a given situation, to evaluate it, and establish
an action plan for dealing with such a situation when it rises again. It helps the practitioner to consider how they
think and react within a situation and provides insight into self and practice. Gibbs’ cycle has been widely
adopted in professional education as a way to facilitate reflection.

)
Description

what happened?
—

Action Plan

Feeling
what were you
thinking and
feeling?

if it arose again,
what would you
do?

. Evaluation
Conclusion

what was good and
bad about the
experience?

what else could you
have done ?

Analysis

what sense can you
make of the
situation ?

Figure 2: Gibbs (1988) Reflective Cycle model

Schon’s (1983; 1987) believed that it is important to develop the reflective practice skills that allow to revise,
modify and refine individual’s expertise. Consequently , the author proposed reflection-on-action which refer to
the reflection after doing the action so, in the educational context, the teacher reflects in hindsight about the
lesson, student engagements, and other components of the practice, and reflection-in-action which occurs during
the doing, so the teacher reflects during the teaching of the lesson.

In the educational context, Freese (1999) perceived reflective practice as a process to help teachers modify and
improve instructional practices by asking probing questions. Grushka, Hinde-McLeod and Reynolds (2005),
adapted Schon’s model and identified a third phase of reflection: “reflection for action” where teachers are
advised to consider their planning and preparation e.g. resources and how long the lesson will take (technical);
how to make the resources relevant to different learning styles (practical); and to question why they are teaching
this particular topic (critical).

Rolfe, Freshwater and Jasper (2001) developed also a three level reflective model based upon three simple
questions: What? So what? Now what? The first level, the “What?”” one, reflection addresses the description of
the situation, and the second level, “So what?”, consists on the process of learning from the situation by
developing the personal theory of understanding. The final level, “Now what” is the reflection level on action,
about what can be done for improvement.

Jay and Johnson (2002) developed a typology model that involves three dimensions: descriptive, comparative
and critical reflection. In the descriptive dimension, the student teachers describe the matter for reflection, e.g.
“What is happening?” In the comparative dimension, they reframe the matter for reflection in the light of
alternative views, perspectives and research: “How do other people who are directly or indirectly involved
describe and explain what is happening?” “What does research contribute to an understanding of this matter?”
“How can | improve what is not working?”” Then in the critical dimension a new perspective is established:
“What are the implications of the matter when viewed from these alternative perspectives?

It well noticeable the dominance of the three phases level of reflection that has been considered by educators

and researchers as multidimensional and complex , where the past, present and the future are all involved in the
process of reflective practice (Smith, 2001).
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Pre-Service Teaching Course At The Lebanese University, Faculty of Education

At the Lebanese University, Faculty of Education pre-service primary science teachers undergo three year
teacher education course, Following LMD program that was implemented in 2009-2010. The program includes
formal university studies with practical experiences in schools. it typically comprises units in curriculum,
psychology, pure science, classroom management, evaluation and assessment, teaching methodology, action
research as well as classroom practice, with a total of 180 credits. Throughout those years students are
encouraged to develop their reflective skills through different means, especially in the teaching methodology
and practicum courses through practicing micro and macro teaching, writing reflection papers, portfolios and
projects.

The Practicum course represents 11 % (20 credits) of the whole program (180 credits). It includes 4 units
disturbed over the second and the third year: School Observation (2 credits), Practicum | (6 credits); Practicum
I1 (6 credits) and Practicum 11 (6 credits) for Pre-service minor science teachers.

The staff members at the faculty vary between formal and practice courses. For formal theoretical courses, a
PhD degree in the field is required for all staff members, whereas for practice courses trainers must hold a
master degree in the teaching of the related area and at least five years of experience in the field, in addition to
training in professional development.

The literature lacks studies about the implementation of LMD at the faculty, however a single research study
was lately conducted by a group of researchers at the faculty lead by Professor Antoine Sayah about the
practicum program at the faculty of education in The Lebanese University (Sayah et al, 2015). The study
presents an overall assessment of the practicum course and highlight the major problems faced by both trainers
and trainees. However, the research does not address the reflective practice in the program.

Problem of the Study

Being science educators at the Lebanese University, Faculty of Education, we have noticed that science pre-
service teachers do not perceive the inter-relationship between teaching and the development of reflective skills.
They are often worrying about satisfying the requirements of the course rather than for the purpose of deeper
analysis and reflection. Reviewing the literature, it is found that reflective practice is developed across all units
in the teaching preparation program, however, it can be best detected and implemented in the practical training
units, where pre-service trainee teachers are expected to plan, implement and reflect on their practice. So the
main question is that “does the training program develop trainees reflective practice skills?”

For that reason, the current study investigates pre-service trainee science teachers’ perceptions of their reflective
practice at the end of the practical program that involves four units described above, in addition to an analysis of
the training program curriculum. The following research questions are addressed

1) How do the pre-service primary science teachers at the Lebanese University, Faculty of Education perceive
their reflective practice?

2) Does the training program at the Lebanese University, Faculty of education, prepare reflective primary
science teachers?

METHODS

Both quantitative and qualitative methods are used in the study to answer the research questions. A
questionnaire, interview, reflection reports and curriculum analysis were conducted. The protocol of analysis
was modelled after Schon’s (1983, 1987) adapted for, in and on conceptual framework which has been widely
used in educational studies by researchers, e.g. Fox, Campbell and Hargrove (2011). The framework is
presented in table 1.

Table 1: Schon’s (1983, 1987) Adapted For, In and On Conceptual Framework.

Phase Description
For the action the planning of the lesson
In the action during the teaching of the lesson
On the action after the teaching lesson
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Sample

A convenient sample from third year primary science pre-service teachers was selected to participate in the
study. The sample included 30 participants. All participants had completed three practical unit and were
undergoing the fourth one. In addition a sample of five trainers was interviewed.

Data Collection and Analysis

To answer the first research question about the perception of the pre-service teachers of their professional
development, a questionnaire was developed, validated and completed.

To answer the second research question an analysis of the practical units program and written reflections
collected from the participants’ portfolios, and an interview with the trainers were conducted. Data was collected
over a period of 12 weeks.

Curriculum

The curriculum of the practicum course includes, Goals of the training program, general objectives and learning
outcomes for each unit. The analysis was conducted to examine if the concept of “reflective practice” was
identified in the goals, objectives and learning outcomes. Two criteria were taken into consideration:

- The notion of “reflective practice” is explicitly present in the items of goals, objectives and learning
outcomes.

- The notion of “reflective practice” is implicitly present in the items of gaols, objectives and learning
outcomes.

Questionnaire:

The questionnaire is designed to include open-ended and Likert-scale response (never, sometimes, and often)
response items. It consists of three main sections, respecting Schon’s (1983, 1987) in, on and for conceptual
framework. The first section addresses the phase of planning the lesson which refers to “reflection for the
action”, the second section addresses the implementation of the lesson phase that refers to the “reflection in
action” and the last section deals with the reflection after the lesson which refers to the “reflection on action”
according to the framework.

The first two sections are three Likert-scale items where participants were asked to select one response per item
regarding the frequency of engagement in reflection “for” and “in” their practice (Schon, 1983). The third
section consists of an-open-ended question that addresses participants’ refection “on” their practice.

The first section of the questionnaire asks the participants about their planning and preparation for a teaching
session. It includes items about the coherence of their plan, instructional outcomes, resources, knowledge of
students and assessment.

The second section asks about the implementation of the teaching lesson in class. It includes four sub-section: 1)
introduction; 2) Development; 3) Closure; 4) Ethics and personalities. The sub-sections “ introduction”,
“development” and “closure” include categories of items. Table 2 illustrates the sections, sub-sections and their
categories, in addition to the number and examples of items.

The third section of the questionnaire represents an-open ended question that addresses “reflection on action”.
Participants were required to answer the following question: “After class, write a reflective analysis on your
teaching”

The participants’ answers were coded and analysed according to two main criteria:
1. Regulation, e.g the trainee is able to

- Detect the gaps in their planning and preparation.

- Reorient if necessary the organization of their teaching.

2. Openness to criticism, e.g. the trainee is able to

- Value the feedback from the trainer

- Show positive attitude to criticism from peers and trainers
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The computer software computed response frequencies and percentages for each section and sub-sections where
available. In the analysis, scores were divided into three percentile sand the desired outcome of the reflective
practice was considered as “non- achieved”, “fairly achieved” and “ achieved” according to the following
criteria.

- The lowest through the 50 percentile of the score the outcome is considered as “not achieved”

- Between the 50" and the 75" percentile, the outcome is considered as “fairly achieved”

- Above 75 percentile, the outcome is achieved.

Reflection Papers from Trainee Portfolios

To support the data collected from the questionnaire, an analysis of trainee reflection reports from their
portfolios was conducted, referring to Schon’s (1983, 1987) in, on and for conceptual framework.

Trainers’ Interview
Five trainers were interviewed about the pre-service trainee reflective practice. The questions of the interview

were in line with Schon’s (1983, 1987) in, on and for conceptual framework. Trainers answered in writing.
The following questions were addressed:

1- Reflection for the action:
- Do trainee reflect on their lesson planning before the teaching session? If yes, how?
2- Reflection in the action:

Do trainee

- reflect on their practice during the implementation of the lesson?

- record comments in relation to their practice during the teaching session?
- Adjust the teaching process based on events occurring on spot in class?
3- Reflection on the action

Do trainee

- detect the gaps in their planning when the desired outcomes are not achieved?
- reorient, if necessary, the organization of their teaching, basing on the proceeding one to improve the

upcoming ones?

- improve the adopted approach following the trainer feedback?
- show positive attitudes to feedback and criticism from trainer and peers?
- think critically and creatively over, their educational practice?

Table 2: Categories, Numbers and Examples of Items in the First Two sections of the Questionnaire.

Section Sub-Section categories/nb of items Examples of items
Planning 10 items Outcomes are well defined
Reflection Prerequisites are well defined

“For the action”

Assessment is prepared

Implementation
Reflection
“In the action”

Introduction

Development

Closure

Personality
and Ethics

Motivation
3 items

Teaching strategies

2 items

Knowledge

2 items

Teaching strategies

6 items

Organisation

4 items

Language

3 items

Differentiated learning
3 items

Assessment

2 items

Assessment and evaluation
5 items

8 items

Students interest and motivation are
developed

The objectives of the lessons are
explicitly/implicitly set

Scientific content is well mastered
Open and closed questions are addressed
Time is well managed

Appropriate language is used clearly and
correctly

Teaching strategies are adapted according
to the level of students

Oral/written assessment are used to
ensure students’ understanding
Students  summarise  the
explained

Appropriate physical appearance
Students are respected

concept
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RESULTS AND FINDINGS
Curriculum
It was found that all the objectives, generals and specifics ones, lack the notion of “reflective practice”.
However, the reflective practice was implicitly included in the curriculum, presented by nuances that may lead
to the concept of reflective practice.

Goals

The curriculum includes 7 goals for the practical program. Only three out of seven present key words related to
“reflective practice”. Table 3 presents curriculum goal items with the key words related to “reflective practice”.

Table 3: Curriculum Goal Items Presenting Key Words Related to “Reflective Practice”.

Goal Keyword

apply the acquired knowledge and professional skills in the teaching process”  professional skills
organize the activities that enhance the daily life learning the daily life learning
practice self-development to improve the professional performance self-development;

professional performance

Observation Unit

The syllabus of the observation unit includes three objectives and three learning outcomes. Only one objective
out of three leads implicitly to reflective practice.

The course aims to “an accurate observation and critical sense”.

Similarly to the learning outcomes, only one contributes implicitly to reflective practice

The trainee should be able to analyze the general framework of the teaching process

Practicum | Unit

The syllabus of the practicum | unit includes five objectives and four learning outcomes. None of them is related
to reflective practice.

Practicum 11 & 111

Practicum Il and Il have the same syllabus, as practicum Il is addressed to major science pre-service trainees
and practicum 111 to minor science pre-service trainees. The syllabus includes three objectives and five learning
outcomes. Only one objective out of three leads implicitly to reflective practice.

The course aims to “Develop the practice to meet the requirement of the profession”

Similarly to the learning outcomes, only one contributes implicitly to reflective practice

“The trainee should be able to invest the assessment to improve their performance”

Pre-Service Teachers’ Perception about Their Reflective Practice in the Training Program
According to the data analysis, 80% of the participants have achieved the outcome of the first phase “for the
action”, while the rest 20% have fair achievement. Table 4 shows the distribution of frequencies and percentages

of participants’ perceptions of their reflective practice during the “for the action” phase.

Table 4: Distribution of Frequencies and Percentages of Pre-Service Trainee Science Teachers’
Perceptions of Their Reflective Practice During the “For the Action” Phase.

Reflective practice outcome Frequencies Percentage %
Not achieved 0
Fairly Achieved 6 20
Achieved 24 80
Total 30 100

Regarding the second phase of the reflective practice “in the action”, 83.3% of the participants achieved the
outcomes, while 6.7% achieved fairly and 10% didn’t achieved them. Table 5 shows the distribution of
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frequencies and percentages of the participants’ perceptions of their reflective practice during the “in the action”
phase.

Table 5: Distribution of Frequencies and Percentages of Pre-Service Trainee Science Teachers’
Perceptions of Their Reflective Practice During the “In the Action” Phase.

Reflective practice outcome Frequencies Percentage %
Not achieved 3 10
Fairly Achieved 2 6.7
Achieved 25 83.3
Total 30 100

As mentioned in the methodology, the “in the action” phase represents the implementation of the lesson in class,
and includes four sub-section.

It was found that the outcomes of the reflective practice during the introduction were achieved by 73.3% of the
participants, where as 26.3 % did not achieve them.Table 6 shows the distribution of frequencies and percentage
of the participants’ perceptions of their reflective practice during the introduction in the “in the action” phase.

Table 6: Distribution of Frequencies and Percentages of Pre-Service Trainee Science Teachers’
Perceptions of Their Rreflective Practice During the Introduction in the “In the Action” Phase.

Reflective practice outcome Frequencies Percentage %
Not achieved 0 0
Fairly Achieved 8 26.7
Achieved 22 73.3
Total 30 100

During the development of the lesson, it was found that 66.7% of the participants achieved the outcomes of the
reflective practice, 30 % achieved fairly and 3.3 % did not achieve. Table 7 shows the distribution of frequencies
and percentages of participants’ perceptions of their reflective practice during the development of the lesson in
the “in the action” phase.

Table 7: Distribution of Frequencies and Percentages of Pre-Service Trainee Science Teachers’
Perceptions of Their Reflective Practice During the Development in the “In the Action” Phase.

Reflective practice outcome Frequencies Percentage %
Not achieved 1 3.3
Fairly Achieved 9 30
Achieved 20 66.7
Total 30 100

During the closure of the lesson, it was found that 63.3% of the participants achieved the outcomes of the
reflective practice, 30 % achieved fairly and 6.7 % did not achieve. Table 8 shows the distribution of frequencies
and percentages of participants’ perceptions of their reflective practice during the closure of the lesson, during
the “in the action” phase.

Table 8: Distribution of Frequencies and Percentages of Pre-Service Trainee Science Teachers’
Perceptions of Their Reflective Practice During the Closure in the “In the Action” Phase.

Reflective practice outcome Frequencies Percentage %
Not achieved 2 6.7
Fairly Achieved 9 30
Achieved 19 63.3
Total 30 100

“Personality and ethics” represent a component of the teaching process. It was found that 83.3% of the
participants achieved the outcomes of the reflective practice regarding this component, 6.7 % achieved fairly
and 10 % did not achieve. Table 9 shows the distribution of frequencies and percentages of participants’
perceptions of their reflective practice in relation to their personality and ethics during the “in the action” phase.
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Table 9: Distribution of Frequencies and Percentages of Pre-Service Trainee Science Teachers’
Perceptions of Their Reflective Practice in Relation to Personality and Ethics in the “In the Action”

Phase.
Reflective practice outcome Frequencies Percentage %
Not achieved 3 10
Fairly Achieved 2 6.7
Achieved 25 83.3
Total 30 100

Regarding the reflective practice in the last phase, the “on the action”, which occurs after the implementation of
the lesson, it was found that all participants did not achieved the desired outcomes. Table 10 shows the
distribution of frequencies and percentages of the participants’ perceptions of their reflective practice during the
“on the action” phase.

Table 10: Distribution of Frequencies and Percentages of Pre-Service Trainee Science Teachers’
Perceptions of Their Reflective Practice During the “On the Action” Phase.

Reflective practice outcome Frequencies Percentage %
Not achieved 30 100
Fairly Achieved 0 0
Achieved 0 0
Total 30 100

Refection Reports

The result of analysis of the refection reports collected from trainee portfolios supports to some extent the
findings from the questionnaires.

The analysis of the report indicates that trainees focus on their emotional responses to the teaching experience
with few attempts to examine teaching styles and techniques. It is well noticeable that all reports are very brief
where trainees narrate about their experience in class, some present self-assessment and only two of them
present suggestions for improvement.

Most of the reports, twenty reports out of thirty represent brief descriptions that highlight basically some aspects
of their planning and teaching process.

Reflection

The time was enough to give iy students tirme to think and answer and conclude the concepts, also
there wasnotime forthe group work that benefit the students to work in more enjovable and
interestingway because they share the ideas and learn from each other, thus | did ot do the
assessime it that [ wrote in ey le sson plan, the matedals also were not enough, but if 1 want to speak
about the environme nt, it was good my students were calm and the re was interaction betwee n us
and they were active.

Eight reports include a brief reflection, identifying the problem during the teaching session and suggesting an
action for possible remediation. However, the reflection was limited to the “In action” phase.

Reflection paper

# The time was not accurate be cause | thought they are in grade one they will take longtime to
get the idea.

= Whenthe groupwork started the studentswere confused of what they should do, then | was
supposed to give the studentsthe instructions at the be ginning of the activity (before giving
thern the masks)

#* The students didn't knowe howe o act like the animal they got, and they didn't understand the
irformation that | gave it to them sol had to pass to each group to explainit,
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Within this category, some trainees identified the problem, however they go to blame students for rather than
trying to suggest remediation. For the example listed below, the trainee stated that three out of six groups (the
half) faced difficulties in completing the task thought she defended her choice for the activity and blamed
students.

Reflection

The teaching sessionwas good for me. | was comfortable with the class, the stude nts interacte d with me
inthe three differe nt parts of my explanation. | should have made sure of the outer sources, | planned o
explain in the |ab but the teache rthat has the keys was absent, and the computer labwas not that good
to use, but | had no other choice otherwise |would have had explained inthe dassroom and not all
gudentswere able to watch clearly the video. My preparation wasvery clear and easy for all studertsto
unde rstand [| had to talk inArabic most of the time), the video was abit fast for therm (the English) butit
waswvery clear. | made a good point by stopping the video and explaining e ach partto therm in orderto
make sure that they are gettingthe ideas smoathly. | thought the video based activity is easy for them
but | think | should have made it easier (the re were 7 studentsthat weren't able to answer half of the
gheet). The groupwork needed more time, | should have also left the first ackivity with themn urkil they
finish the groupwork be cause three out of six groups had trouble s salving the guestions (they didn't
hatve enough time to rmemorize well everything). The problem isin the students not in my activite.

Only two reports show a sound reflection that includes regulation and criticism. In the example below, the
trainee approach different aspects of the teaching process: planning; classroom management; motivation and
teaching strategies. She listed her strong points and approached the weak one.

Fefe ction

| 'was explain chapter 5 $ound and musical instruments for elerme rtary grade 4. | have already
explaine d for this class before, sol felt no stranger. That's make me and the studentsfeel
comfortable,

| 'was fascinated by the inte raction between us; it’s apositive term of successful manage ment. They
discove rthe idea due to my activitie s. Thisis my goal to encourage selfle aming inaddition to
learming by doing. They were active and feel the soul of competition due ta the gift | promisedto
give. | may use my waw in my future explanations, it's a good strategy to studentsfor understanding
quickly without forgetting the concept.

Howeewer, | wasfrustrated since the school suffe rs from the loss of technology including LCD and
electricity. Thatoblized me to play the video onthe lab top screen and grouped the students around
the laptop which makes a bit of mess, but it is norm ally since they are children and in need for
plaving and having funwhile studving. |naddition, tothe next tirme | should give all students a small
simple gift asa positive reinforcement, since the re was a gid that felt lazy and started to cry. | carn't
encourage one and forget the others Thisis a good point.

| 'was happy duringthe lesson, | will take into consideration all iy faultsforthe next time to be
rmare skillfully inteaching.

Interview

The interview consisted of three main parts. As for the first part, regarding the reflection for action, all the
trainers agree that trainee pre-service teachers practice reflection on their planning informally in class by
participating in classroom discussion about their lesson planning.

“Normally, every session one of the trainee presents their planning in class, discuss it with their peers and with
me, defend their plans by talking about its strong and weak points.”
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“The trainees don’t write a formal reflection about their lesson planning, but we do group discussion for lesson
planning that help them regulate their plans.”

“During classroom discussion, the trainees practice self-assessment by asking: is the plan well prepared? Is it
coherent? Did | use the right resources? Is the equipment chosen available in school? Etc...”

Regarding the second part of the reflection that occurs during the implementation of the lesson in class trainers
agree that their trainees apply very limited modifications in class, and they don’t record comments in relation to
their practice during the teaching session.

“During the class session, most of the trainees adjust their language, as students may not understand English,
they explain in Arabic...however, they don’t put effort to find other strategies for language problem. Trainees
rarely record any comments during their teaching, they rely on the trainer’s feedback.”

“Our trainees are still facing problems in reacting according to the situation in class, so they stick to their plans
and avoid changing their actions... they only write notes during the session when the trainer asks them to do it”.
“The most kind of modification they can do in class, is to switch to blackboard teaching when the school lacks
resources e.g. computers...however that kind of modification makes them very passive and confused... it is not
meant to improve their teaching rather than to deal with the situation in a negative way”. “our trainees find
difficulties in adjusting their prepared plans”

Regarding the third part of the interview that addresses reflection on their teaching process, trainers agree that
trainees detect the gaps in their planning with the help of the trainer, they can’t figure out the problem by
themselves, therefore they can’t reorient and adjust their approach without the intervention of the trainers.
However, they all considered that trainees show positive attitudes towards feedback from their trainers, but not
always from their peers.

“Trainee face difficulties in picking up the problem in their planning...only few of them may reorient their
practice without my help....”

“they (trainees) take into consideration my feedback, share it with their peers but they are not open to peers
feedback, as they may consider it as negative criticism.”

As for creativity and critical thinking, all trainers considered that the trainee are passive in their thinking. They
lack creativity and critical thinking skills strategies for self-improvement.

“they don’t show any initiative in their work... they are followers, they only modify their action according to
feedback... they lack critical thinking and creativity in their work”

“critical thinking and creativity skills are not well developed...they don’t have strategies for self-improvement”.
“when reading other work, they try to adopt it without taking into consideration the different context...they lack
flexibility and critical thinking skills in this area”

CONCLUSION

Data collected from the questionnaire about pre-service trainee science teachers’ perceptions of their reflective
practice show that they reflect on the “for the action” and “in the action’ phase, with a total failure of the “on the
action’ phase.

However, the analysis of portfolios reflection paper show that trainees reflect partially only on the ‘in the
action” phase, with the absence of the two other phases; two third of their reports do not represent reflection, and
the reflection in the rest is very limited.

This difference in the findings between the participants’ perceptions of their reflective practice and their written
reports was well clarified by the trainers’ interview when they pointed that trainees reflect in an informal way,
mainly by oral class discussion, about the “for the action” phase, which is the planning of the lesson phase
before its implementation

In addition, trainers consider that the reflection during the teaching session is very limited. This finding may be
explained that the reflection is taken place after the teaching session and is reduced to self-assessment rather
than real reflection that requires changes of plans when needed during the implementation of the lesson. A
similar finding was reported by Fox, Campbell and Hargrove (2011), where few pre-service teachers practice “in
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action” reflections. The authors considered that this might be due to the lack of “control in making pedagogical
decisions...they may not have a repertoire of strategies and tools to change course in practice” (page 45).

Those findings may also be justified by the result of the curriculum analysis, that show an almost denial of the
reflective practice in its goals and objectives. In fact, there is no clearly articulated definition and rationale for
reflective practice in the program, and all the related learning outcomes, activities and assignment including the
reflection papers written in the portfolios are vague and non-structured.

Consequently, referring to the definitions of reflective practice proposed by Freese’s (1999) and smith (2001)
which it as a multidimensional and complex process that aims to help teachers modify and improve instructional
practices by asking probing questions , we may conclude that the participants in this study practice to some
extent reflection before teaching the lesson and during the teaching session, with merely a total denial of the
third phase of the reflective practice which is “on the action”, that requires self-assessment and regulation for
improvement.

In addition, we may conclude that the pre-service trainee science teachers are just practicing a reflective thinking
in retrospect about their teaching session, rather than a well-defined reflective practice leading to the desired
outcomes.

Moreover, the findings imply that pre-service science teachers don’t know what is meant by “reflection” and
“reflective practice”, and the trainers are not showing explicitly a reflective practice in their work with their
trainees. Finally, the results reveal that the pre-service science teacher training program at the Lebanese
university partially prepares reflective practitioner teachers.

RECOMMENDATIONS

The results shed the light on the need to include explicitly reflective practice skills in the goals, objectives and
learning outcomes of the pre-service science training curriculum. In addition, trainers are required to implement
explicitly the skills of reflective practices with trainees, by referring to a well-defined framework using the three
phases of reflection: for, in and on practice. For that purpose, it is recommended that all trainers would undergo
specialized workshops for modelling reflective practice and trainees must be provided with rubrics that include
the three phases of reflective practice for the assessment of their reflection reports in portfolios.
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ABSTRACT: Students from the primary and secondary schools manifest a huge curiosity for nature and special
high interest for the animals’ life and behaviours. Unfortunately, the ordinary curriculum in Biology classes
provides just summary information about animals’ ecology, while data on their behaviour and complex
interspecific relations established inside the ecosystems are completely missing.

The Ornithology classes can be included in the students’ curriculum through the curriculum in schools’
decision. The birds are very attractive through their plumage and songs, presenting a complex and very
interesting breeding behaviour, but also a spectacular migration phenomenon. The birds are present near
everywhere around us, populating a wide range of habitats, including the anthropogenic ones, which facilitate
their study and observation. More than this, the birds are present any time during the seasons, even if their
diversity is changing from one season to other. This allow us to identify the complexity of relations established
between birds and their environmental, to understand the important position of birds in the trophic pyramids, to
use these vertebrates like bio-indicators to assess the environmental quality and the trends in the ecosystems’
dynamic.

Keywords: ornithology, environmental education, birds, fieldwork.
INTRODUCTION

As we see during our classes, but also during our meetings in extracurricular activities, the students from the
primary and secondary schools manifest a huge curiosity for nature and special high interest for the animals’ life
and behaviours. Unfortunately, in our country, the present ordinary curriculum in Biology classes provides just
summary information about animals’ ecology, while the data on their behaviour and complex interspecific
relations established inside the ecosystems are completely missing. More than that, the number of Biology
classes presents a negative trend in the whole curriculum starting from one or two hours per week during the
primary and secondary school level till one or none per week in the high school level, especially in the last two
years (thirteen years in this moment, from the primary school to ending of high school level). For this reason,
our students have less and less knowledge in the environmental sciences and this situation becomes completely
incomprehensible if we look to the profound and huge environmental crisis that takes its toll on our daily life.

In Romania, the Ornithology class can be included in the students’ curriculum through the curriculum in
schools’ decision for the all pre-university education levels. One class of ornithology can sensitise the young
students waking their desire to learn more about the birds, to discover their ecological necessities and the
complexity of their behaviours, to understand the importance of birds inside the ecosystems, but also to learn
how the people can help to improve the quality of birds’ life and, finally, of their environment, too. Through the
fieldwork activities, the students can learn also about the eco-tourism, traditional economic activities, including
fisheries like friendly forms of local sustainable development in harmony with the biodiversity of one region.

The birds are very attractive animals through their plumage and songs, presenting a complex and very
interesting breeding behaviour, but also a spectacular migration phenomenon. The birds are present near
everywhere around us, populating a wide range of habitats, including the anthropogenic ones, which facilitate
their study and observation. More than this, the birds are present any time during the seasons, even if their
diversity and effectives are changing from one season to other. This may allow our students to identify the
complexity of relations established between birds and their suitable environment, but also to understand the
important position of birds in the trophic pyramids and ecosystems like whole. Our students can learn to use
these vertebrates like bio-indicators to assess the environmental quality and the trends in the ecosystems’
dynamic starting from the monitoring of birds’ populations present in different types of habitats and their trends,
by one side, respectively, the prompt response of the birds to the changes in their living conditions and the
environmental degradation, too.
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Step by step, following the discovery of bird life and the surrounding world, the desire for knowledge of our
students can turn into a passion for the study and protection of nature, contributing to the formation of a
responsible attitude towards the problems of the contemporary world.

METHODS AND EDUCATIONAL STRATEGIES

We assumed that after completing the optional Ornithology class, our students will gain complex theoretical
knowledge about birds and the ecosystems where these animals live and will develop their practical skills to
explore the world around us. At the same time, the students will improve their communication abilities, solving
skills to confront new situations and will develop the desire for an active involvement in the community life
generally and in the projects regarding the nature’s conservation in order to improve the environmental quality,
especially.

Following to propose one optional class in the curriculum, first of all, the professor must establish the principal
setting goals and some reference targets. The first ones are:

v development of interest for knowledge and discovery of the living world;

v’ correlating of the specific ornithology knowledge with other sciences (physics, chemistry, geography,
mathematics etc.);

v development of creativity and skills to analyse, scientific interpret and process the observations on the
surrounding environment;

v’ training and development skills of involvement and practice action to protect the environment’s quality;

v’ training and development of eco-civic attitudes and behaviour.

In order to achieve these goals, the contents of the optional Ornithology class follow like reference targets for
our students: to learn and understand the knowledge, concepts and methods specific to ornithology; to develop
the skills and abilities to explore the nature around us; to develop their abilities of communication and one eco-
civic behaviour.

The syllabus of the optional Ornithology class is structured in order to provide the covering of three stages:
initiating, development and deepening of knowledge and practical skills. The learning activities performed with
the students are specific for each topic and stage of learning process, combining classical and modern strategies
of teaching and learning (lectures and discussions, direct and indirect observation, field trip and bird-watching
activity, experiment and modelling, learning through discovery, solving-problem, simulation, learning through
play, game-contests etc. — Costica. 2008), following an active involvement of students, but also the involvement
of their parents in the development of educative process. For the end of each section of the optional Ornithology
class, we planned a summary activity that allows the evaluation of acquired knowledge and the progress to the
next section.

We designed also some activities with contest character providing different motivations and stimulations for our
students, including the participation in some regional summer ornithological camps organised with the logistic
support of the Branch lasi of the Romanian Ornithological Society/SOR Birdlife Romania, while the most active
students will be awarded with a participation in the ornithological national summer expedition organised by
SOR/Birdlife Romania inside the perimeter of the Biosphere Reserve Danube Delta, during the summer holiday,
in August.

The assessment of knowledge was provided for each level of learning, using the principles of formative and
summative assessment.

RESULTS AND DISCUSSIONS

We present our experience in teaching an optional Ornithology class for the secondary and high school levels,
but also for the biologist students in the third year of university education level. We had no direct experience in
teaching optional Ornithology class for the primary school level, but we worked with children under ten years
old during our practical activities in field scientific trips or ornithological summer camps. The structure of
contents is similar, but the difficult level of knowledge is different from one age to other, considering the
common level of previous accumulated knowledge and the existing ordinary practice skills. If for the theoretical
knowledge we noticed a slight increase in the capacity of assimilation and understanding reported to the age of
our students, for the practice skills and abilities in ornithology field we can mention the strong influence of long-
time practice. Nor once we met students from secondary schools level that proved bigger abilities in birds’
observation or identification than our university students if the first ones were involved in summer
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ornithological camps starting from early ages. More than this, the interest towards the birds and nature is not
decreasing if the children start this kind of activities at 8 — 10 years old and don’t give up it during the secondary
and high school level of education, despite an eventually diminution of intensity in their direct participation
during the puberty period. Perhaps, it worth emphasis the fact that the most qualified students selected like phD
students in the doctoral school from our university during the last five years are coming from the children
involved in ornithological activities starting from their ten — twelve years old through the optional Ornithology
class or in the events and ornithological camps organised by the Romanian Ornithological Society/SOR Birdlife
Romania.

The first part of our proposal optional Ornithology class in the stage of initiating is related to the achievement of
the reference target regarding the learning and understanding the knowledge, concepts and methods specific to
ornithology field using the Romanian or foreigner references (Ciochia. 2007, lon & Stanescu. 1992, Brooke &
Birkhead. 1991). First of all, we teach element of birds’ morphology, anatomy and physiology. Our students
learning to correlate these structural and physiological elements to the lifestyle and ecological niches occupied
by the birds inside the ecosystems — for example, the flight features in birds and other living organisms (insects
and bats, for example), terrestrial or aquatic locomotion of birds, high metabolism rate and special features of
respiratory apparatus and it physiology, food resources and how the birds acquire their food, the nests, refuge
and wintering necessities. The teaching means and materials consist in living or naturalised birds, atlases, birds’
field guides and charts, slides and short documentaries movies.

We teach this theoretical part in the same time with some practical activities related to the activity of birds’
feeding and birds’ observation. For this, the students learn to build and manage one artificial feeding place for
birds organised in the green areas around or from the immediately vicinity of school (Munteanu & co. 2000).
They learn about the variety of food eaten by the birds, to use the binocular, telescope and a field guide in order
to identify and recognize the birds (Bruun & co. 1999), but also how we can observe the birds without disturbing
them and to complete a field observation sheet. We use to organize our students in small teams with different
responsibilities in the practical area of our optional class and to achieve a periodical rotation of the teams in
order to involve each student in the all practical activities. As we recorded during the years, these activities
permit developing of individual work skills and of the teamwork abilities, too.

The second part of this segment of Ornithology class represents an introduction in the ecology (lon & Stanescu.
1992, Parvu. 2001, Bennett & Owens. 2002) and ethology of birds, too (lon & Stanescu. 1992, Cociu. 1990,
Krebs & Davies. 1991). The students start by learning generalities about ecosystems and it components — the
biotope and the biocenosis. Starting from the achieved knowledge about the food regime of birds, the students
understand the mechanisms and complexity of the trophic relations existent in every ecosystem, discovering the
manner of how each living organism represents a link of the food chains, producing and consuming organic
substances. In this way, the students can understand the position and the importance of birds inside the
biocenosis, the strong inter-relationships between very different living organisms, too. By continuing the
practical activity of monitoring at the artificial birds” feeders, the students can discover the seasonal presence of
the birds in our country and the existence of one seasonal dynamic in the qualitative composition of bird fauna’s
in one territory, the birds belonging to different phenological categories. From this point, we can teach about the
birds’ migration phenomenon (causes, preparations and development of migration, navigation). In the same
time, we can pass to the introduction in the study of birds’ ethology, starting with the territoriality and mating
display, going to the breeding season (nests, incubation, hatching and parental care). In this section, like new
practical activity, during the winter time, the students learn about the artificial nests for birds (Munteanu & co.
2000); in the late February - early March, they build and install artificial nests in the green spaces surrounding
the school’s area and in some large parks or gardens from the city (for example, in the Botanical Garden).
Starting from the middle March, we organise the students in working-teams that survey the occupation of
artificial nests by different bird species.

The contents and practical activities for the development level of the optional Ornithology class can be
described like a transition to the applied ornithology. Our students begin to discover the differences between the
bird fauna in different ecosystems and habitats from their area and our country, but also to identify the main
ecological categories of birds starting from their preferences for food and habitats. In the second part of this
level course, the teaching and learning activities follow the diversity of birds on the Earth, connecting the birds’
presence with the main biomes and ecosystems from the rain-forests to the polar areas. In this section, the
students learn theoretical aspects of the birds’ conflicts and manner to solve its, territories, mating systems and
incubation strategies, social behaviour and systems of communication using visual signals and sounds in the
birds’ world.
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For the practical part of this section, we continue the previous monitoring activity — we stop to assure food
supplying in the artificial feeders, but the students focus their attention on the artificial nests collecting
information about the bird species that occupies the nests, the birds’ activity and behaviour. They complete
special observation sheets. In the same time, we teach about the methods for birds’ study and monitoring
(Munteanu. 2000). After this, we organise one-day field trips to observe, identify and recognise birds in the
Botanical Garden from the city and in one wetland from vicinity. The students are organised in working-teams
with different responsibilities, each of it doing a specific part of the practical survey — for example, during our
field trips, we used to pay our attention for the physic and chemical parameters of biotope, vegetation and
habitats, insects, amphibians and reptiles, respectively, birds. We elaborated or adapted some field observation
sheets that each team must complete with the collected information during the trip. After the trip, the students
learn to organise and analyse the collected information in order to assess different aspects of birds’ presence and
dynamic, but also their relationships with the other components of biocenosis in the investigated sites. Finally,
they learn to write and present an ornithological report. All these activities assure to our students the
development of abilities to organise one correct scientific investigation project, an obviously increase of their
capacity and skills to focus their attention on the main aspects in one field research approach, to assume specific
responsibilities inside one working-team and to establish correct connections between the observed facts,
analysing the biological aspects of biocenosis’ components and their inter-relationships, writing a first scientific
report.

The third level follows the deepening of knowledge in ornithology field. For this reason, we designed the
contents and practical activities through one multidisciplinary approach, taking account both by the ornithology
knowledge and human ecology domain, too. By one side, our students can learn about birds as very sensitive
and valuable bio-indicators, giving us information - through their diversity, effectives and trends - about the
habitats and ecosystems’ alteration, sometimes for apparently invisible or unknown causes. By other side, they
identify the anthropogenic activities with low to very strong impact on the birds and biodiversity, understanding
the mechanisms of this impact. Looking for the other countries experience and cultural approach, the teaching
and learning process confront our students with different manners of environmental issues” management and
with the real possibility of human communities’ development in harmony with the surrounding environment by
encouraging the traditional agricultural, fisheries and animals’ husbandry, eco-tourism and rational long-term
exploitation of the natural resources. We present also the ecological restoration like a very new approach for the
rehabilitation of the profound damaged ecosystems that exist in our country, sometimes in the immediately
proximity of the school. In the section dedicated to the birds’ protection, we teach about international and
national environmental legislation, presenting some action plans elaborated and implemented with the goal of
saving from extinction or to improve the present situation of threatened bird species present in the Romania’s
bird fauna, too. Finally, we teach our students to read the mythology, legends, ethos creations and other
traditional practices through one ornithological lecture, identifying the elements that generated ancient and
present beliefs regarding some bird species.

For the practical part of this level class, we proposed to our students projects on two different topics: using birds
as bio-indicators in order to assess the environmental quality in one territory, respectively, using birds as bio-
indicators in order to assess the success of one ecological restoration programme. The first topic was applied
with students from secondary and high-schools, organising the birds” monitoring in some green areas inside the
city or in the surrounding cultivated lands in the rural areas. The second topic was designed for the students
from specialisation biology-chemistry in high-schools and with university students in their third bachelor year or
in the master degree level (the last one, like practical activity for the discipline Ecological Restoration in the
curriculum of two specialisations — Biodiversity Conservation, respectively, Environmental Consultancy). The
students form teams with different tasks, working from the documentary step, through the project elaboration
and development, to the writing and public presentation of one final report. The teacher is the coordinator and
supervisor for the all teams not only for the field and office working for analysing, processing and interpretation
of collected information in order to finalise the scientific report, but also is the manager and moderator that
encourage the communication and exchanging experience between the members of each team, respectively,
between the all teams.

For the all three teaching and learning levels designed for the optional Ornithology class we established criteria
and periods for the formative and summative assessment of the accumulated knowledge, but also different
manners of motivation and stimulation the students’ active participation in the segments of theoretic and
practical activities in this class. For example, we organised informative panels inside the classrooms with
periodically updating, related to the events from the ecological calendar. Using the field observation activities
around the artificial feeders and nest boxes, respectively, the information collected during the one-day field
trips, the students learn to compile and write scientific reports that they can present in different scientific

52



International Conference on Education in Mathematics, Science & Technology (ICEMST), May 19 - 22, 2016, Bodrum / Turkey

meetings and symposiums organised at regional or national level, sometimes with contest character. We
organised also contest-exhibitions related to different events, our students presenting original drawings or photos
inspired by birds’ life or behaviour and the habitats where the birds are living. The students that achieved the
best results were awarded with a free participation in summer ornithological camps organised with the logistic
support of the Romanian Ornithological Society/SOR Birdlife Romania.

Our students appreciated positive the possibility of learning out-side of classroom and regarded like very
important the possibility of working inside one team for one project, but also the meetings with invited
ornithologists from which they could discover one interesting and yet unusual job in Romania. The participation
in the summer ornithological camps and in the ornithological national summer expedition organised by the
Romanian Ornithological Society/SOR Birdlife Romania every year during the summer holiday, in August,
inside the perimeter of the Biosphere Reserve Danube Delta, was regarded like a big challenge and opportunity
by all the participants.

Finally, we can notice also the interest and active support that we received from our students’ families that found
the optional Ornithology class like an useful and very attractive manner to take away their children from one
sedentary lifestyle that becomes a dangerous habit in the present very high-tech society.

CONCLUSIONS

In Romania, the Ornithology class can be included in the students’ curriculum through the curriculum in
schools’ decision for the all pre-university education levels, meeting the curiosity related to the nature of
students.

The syllabus of the optional Ornithology class is structured in order to provide the covering of three stages:
initiating, development and deepening of knowledge and practical skills.

The scientific contents are correlated with the previous level of knowledge and experience of the students.

We designed specific practical activities for each level of teaching and learning process, increasing the
complexity of practical component step by step.

For the theoretical knowledge, we noticed a slight increase in the capacity of assimilation and understanding
reported to the age of our students, while for the practice skills and abilities in ornithology field, we can mention
the strong influence of long-time practice.
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ABSTRACT: In Romania, in the rural areas, the curriculum of high school level can be related to the local
community’s necessities and interests, but also to the local resources through the segment of the curriculum for
local community development. We present our school experiences in this field, using like case study the
educational module of Pollution and environmental protection in the rural area. This course is designate for the
students from classes of technology high schools. The scientific component of the education through this course
follows to assess the quality of air, soil and waters in our villages, learning about pollution’s impact on
organisms’ health and ecosystems’ functions, to identify and elaborate a monitoring scheme for the local
pollution sources, but also to develop a control system of environmental qualities, to implement mechanism to
reduce the pollution impact and to improve the quality of environmental parameters in our villages.

About 50% of classes are rolled outside of classroom, like fieldwork activity in the school’s vicinity but also in
different points inside the villages and in its vicinity. The evaluation process using individual working sheets,
but also team working projects on topics related to pollution problems in our villages’ area.

Keywords: environmental sciences, curriculum, local community, school.
INTRODUCTION

The national curriculum in the Romanian pre-university public education system comprises one curriculum
nucleus representing 70% from the national curriculum and a curriculum on the school’s decision that represent
the rest of 30%. The first one represents the base for different evaluation types, including the national exams, but
also for the elaboration of curricular standards of performance, existing one official methodology guide for each
obligatory curricular area, including for Mathematics & Natural Sciences. The second one gives opportunities
for one more particular and personalized educational offer in schools.

In Romania, in the rural areas, the curriculum of high school level can be related to the local community’s
necessities and interests, but also to the local resources through neither the segment of the curriculum for local
community development in order increase nor only the level of education, but also the general level of welfare
for the whole community.

In the general context of environmental crisis problem, the common level of knowledge in ecology, pollution,
natural resources’ exploitation and biodiversity management is still one low, especially in the rural areas. This
was one reason for our school to create a new education specialisation — technician in ecology and
environmental quality assessment. The curriculum for this specialisation comprises seven educational modules
and provides scientific training and support, so, our graduates will hold an overview on the complexity of
environmental issues and interest of economic development, will be able to understand and analyse different
environmental problems, acquiring the methodology of solving these problems and to develop strategies for
intervention and manage its. This curriculum permits, also, the development of skills in communication,
practical abilities in the assessment and management of different environmental issues that can appear in the
daily life of local community.

Using the curriculum for local community development, we proposed one educational module on the topic
Pollution and environmental protection in the rural area for the students from the tenth class in high-school
level. This module is designate for the students from classes of technology education high schools and its
principal aims are related to two domains of competences: identification and monitoring of environmental
quality in the rural areas, respectively, management of interpersonal relationships. The curriculum is developed
in a framework of partnership between our school and the local community, using the resources of local training
(material basis of our high-school, teachers, collaborating with economic operators from the area), but also
taking into account the local requirements for training in various skills in order to serve the existing or potential
economic activities in the area.
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METHODS AND EDUCATIONAL STRATEGIES

We designed the teaching project for the educational module Pollution and environmental protection in the
rural area keeping in our minds the content of learning units and the principal aim to develop specific
competences and skills, cut-off the theoretical learning with practical activities. The designing of teaching units
and the learning evaluation aims were drawn up in pursuit of established goals, assessment suitability of
interactive activities and adaptation to the specific elements of geography, demography and ethnicity, economy
social and cultural needs of the local community.

In order to develop the expected skills and abilities of our students, we used interactive methods of teaching and
learning correlated to the proposed competences — learning through discovery, solving problems, playing roles,
case study and small projects of environmental quality’s evaluation, creation of portfolios etc. (Costica. 2008).
Professor adapts the scientific language to the previous knowledge of the students, the information being
selected on criteria of essentiality by correlating the scientific contents and details to the specific abilities,
interest level and learning training of our students. In the same time, the professor must choice the best teaching
training methods by individualizing and adapting to the learning peculiarities and abilities of students.

The number of course hours is different from one topic to other and about middle part of activities are practical
hours, mostly outside of school in the field, the students working individual or in teams about 5 — 8 students,
using specific working sheets or/and standard field observation sheets. The role of professor is not only to
transmit information but to supervise the students’ activity, directing and correcting them through encouraging
their interactive dialogues and participation in the experimental observation of environmental particularities
around their daily space.

The on-going and final evaluations regard only the specific competences achieved during this educational
module. The main method of assessing the specific skills and abilities developed through this module is the
practical test. The evaluation and self-assessment test are designed like individual working or observation
sheets, scorecards and self-assessment tests. We used also the evaluation through systematic observation,
development of one environmental project on topics related to pollution problems in our villages’ area, theme
classroom, creation and presentation of portfolios.

RESULTS AND DISCUSSIONS

The natural ecosystems and the environment like whole represent dynamic systems that are very sensitive to
every change due the strong and complex interactions established between the components, leading to partial or
overall change of the whole system. Sometimes, the factors that have an influence with latent character on the
components of environment, so not obviously or permanent visibility, are more dangerous; often, their
identification is too late to permit the remediation of produced damages. More than this, during the last decades,
the humanity understood that the natural resources become scarcely and their amount is lower every day, so we
must change our traditional approach to the exploitation of natural resources in order to achieve our
development and welfare like community.

Environmental factors like air, water and soil have suffered important qualitative and quantitative changes
during the recent decades in our region, like everywhere in the world. The adoption and implementation of
measures for the environmental protection were neglected for many years due the economic pressures and
interests. In addition, we must mention the lack of concern for the environmental education or of the training for
ecological skills and behaviour among the rural communities.

Starting from this situation and using the possibility given through the curriculum for local community
development, our school decided to include one educational module on the topic Pollution and environmental
protection in the rural area in the educational offer for the specialisation technician in ecology and
environmental quality assessment. We followed to cover two domains of competences: identification and
monitoring of environmental quality in the rural areas, respectively, management of interpersonal relationships.

The active participation of our students in the teaching and learning activities of this educational module will
permit them to develop the scientific research spirit and abilities, but also their creative skills, to acquire
supplementary competences required by the local labour market and, finally, to create new job opportunities for
our students.

Between the expected results through the design of educational module on the topic Pollution and
environmental protection in the rural area, we can mention:
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1. facilitates the transition of students from the school learning stage to the working life by adapting the
training of our students to the local labour market needs;

2. contributing to the increase of socio-professional insertion and mobility;

3. expanding the occupational horizons and deepen the core competencies of our students with general
and specialised techniques competences;

4. assures the increase of flexibility in the educational offer of our high-school;

5. contribute to the correlation of the educational offer to the local community needs;

6. create the opportunities to improve the relationship between the school, local community and local
labour market.

The design of contents for this educational module requires a multi-disciplinary approach, needing knowledge of
biology, chemistry, physics, geography and geology, social sciences and enginery. Step by step, through the
theoretical contents and practical activities, our students can learn that the humanity’s development and welfare
are possible through the sustainable development and long-term conservation of the surrounding environment.
By other hand, we follow to stimulate our students’ capacities to establish and develop professional
interpersonal relations, respectively, the training of their skills and abilities to manage the human conflicts and
the expectations of stakeholders, too.

The scientific component of the education through this course follows like main learning objectives for our
students:

- to assess the quality of air, soil and waters in our villages, learning about pollution’s impact on
organisms’ health and ecosystems’ functions,

- to identify and elaborate a monitoring scheme for the local pollution sources, but also to develop a
control system of environmental qualities,

- to implement mechanism to reduce the pollution impact,

- to improve the quality of environmental parameters in our villages.

We must notice that the scientific contents combine the general presentation with the information about the
regional and local situation for each topic. In the same time, for the all topics, we used to cut-off the theoretical
learning process with the practical activities. About 50% of classes are rolled outside of classroom, like
fieldwork activity in the school’s vicinity but also in different points inside the villages and in its vicinity.

In order to cover the achievement of first domain of competences by our students through this educational
module, we designed the teaching and learning process starting from the following competences:

a. introduction in the general problems of environmental pollution, knowledge the impact of pollution
phenomenon on the daily life quality and long-term evolution of ecosystems, wildlife and humanity, too (Danet.
2005).

b. monitoring of pollution phenomenon related to the water’s quality (Duca & co. 1999, Danet. 2005,
Lazaroiu. 2006) — the contents are related to the identification and classification of the sources of pollution for
waters (natural and anthropogenic, continuous and discontinuous, incidental and organised), the main categories
of pollutants (physical, chemical, biological, solid, liquid or gaseous, thermal), the dispersion of pollutants (leak
into the ground, discharge into the rivers and lakes, transverse streams and turbulence) and assessment of water
pollution impact on the organisms and environment.

c. monitoring of pollution phenomenon related to the air’s quality (Ursu. 1981, Danet. 2005, Moldoveanu.
2007, Burtica & co. 2005) — the contents regard the sources of pollution for the air (fixed and mobile, natural
and anthropogenic), the main pollutants (looking for their aggregate state, respectively, for their impact on the
organisms and abiotic components of ecosystems), the dispersion of pollutants (related to the action of
meteorological parameters — winds, humidity and temperature) and management of the air’s pollution.

d. monitoring of pollution phenomenon related to the soil’s quality (Burtica & co. 2005, Danet. 2005,
Lazaroiu. 2006) — the contents concerns the sources of pollution for soil (indoor and outdoor sources,
anthropogenic sources — household waste, industry, agriculture and animal husbandry, radioactivity), categories
of pollutants (solids and liquids wastes, pathogens, radioactive substances), the dispersion of pollutants (direct or
indirect), assessment of soil pollution impact on the environment and organisms, the management of soil
degradation through pollution and erosion phenomenon.

e. elaboration, implementation and control of measures for protection of water, air and soils (Ursu. 1981,
Danet. 2005) — the contents are related to the main pathways and methods for the wastewater’s treatment
(mechanic, chemical and biological, respectively, wastewater treatment plants and small or domestic devices for
wastewater treatment), the means and methods for the air purification (physical — dry, moist or combined,
respectively, chemical — by washing, reduction, separation, absorption or adsorption), but also, to reduce the air
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pollution (retention of suspended solids, filters etc.), the prevention of soils degradation (especially through
agricultural practices), the ecological restauration for waters and soils, the environmental legislation.

f. analysis of collected data from the field, laboratory tests and writing reports (Danet. 2005) — the
students go outside of school taking water and soils samples, using instruments to measure the chemical and
physical parameters of waters, air and soil; they record the information in individual observation sheets and
apply different laboratory tests in order to assess the quality of this three environmental parameters in their
native region.

g. elaboration of one project in order to assess and to manage the quality of waters in the students’ village
— the students have a work-team project and learn to go through all the steps starting from documentation to the
final presentation with a simulated public debate on the this type of projects.

For the second domain of competences, the management of interpersonal relationships, we designed the
following main teaching and learning objectives:

1. creating and maintaining professional relationships — the contents and trainings through active listening,
cooperation and constructive dialogues, reporting their individual roles to the team’s objectives, identification
and development of the indicators for social cohesion; we expect to improve the existent capacity of
professional development for our students.

2. managing the conflictual situations — accountability, identification of the sources for conflicts,
management and mediation ways.

3. managing the expectations of stakeholders — the contents and trainings regards the simulation and
assimilation of stakeholders’ positions (directly or indirectly involved in the conflict), their roles (managers —
partners — colleagues - friends), respectively, their interests; the students will learn to communicate with the
stakeholders, anticipating, mediating and satisfying their expectations.

Since the initiation of the proposal of this educational module in our school, we thought that the practical
activities are very important in order to develop the skills and abilities of our students like future technicians in
ecology and environmental quality assessment. For this reason, the mostly part of the practical activities hours
are conducted out-side of the classroom like practical field trips following to identify, assess and manage the
main pollutants and sources of pollution existing on the territory of our village. The students formed small teams
about six to ten persons, working for each topic: pollution of waters, air and soils. We had choice to present our
experience for the section of monitoring and managing the pollution phenomenon related to the water in our
region.

We established the principal objectives for our practical trips before going out-side of classroom: to identify the
main pollutants for the waters and their sources from the territory of our village and its neighbourhoods and to
assess the impact of this phenomenon on the environmental of our village (natural ecosystems, cultivated lands,
our daily life and long-term welfare of our community). Analysing the existing situation, we tried to develop an
environmental project that could permit through it implementation - with the support of the local authorities and
economical stakeholders - to improve the quality of the waters from the territory of our village and it
neighbourhoods by controlling and limiting the impact of the identified sources of waters” pollution in our area.

During their field-work and by laboratory tests, our students identified the main problems correlated with the
phenomenon of waters’ pollution in our region using the direct observations, the measurement of different
parameters in order to assess the waters’ quality, documentation and the interview or collection of testimonies
with the principal economical stakeholders, local authorities and people from the local community. Between the
identified problems, we can mention like very important:
- direct contamination of hydrographical networks and the local aquifer with chemical components (from
pesticides and artificial fertilizers) and organics elements (through the direct discharge of wastewaters from
households and livestock farms);
- indirect contamination of waters with inorganic and organic elements through the wrong agricultural and
animal husbandry practices, including incorrect chemical treatments, respectively, the inappropriate
platforms for the animal manure storage allowing incidental or permanent improper spills of organic
materials;
- absence of one common sewer system in our village and the insufficient arrangement of individual septic
tanks in the households from the village’s territory;
- long-term consequences of the old deforestation practices in the area — despite the fact that we cannot talk
about present deforestation activities, the disappearance of some forest surfaces increased the phenomenon
of topsoil washing and erosion, generating the risk of landslides, respectively, process of small ponds’ silting
and increasing of the solid suspensions presence in water.
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Beyond the phenomenon of water’s pollution in our region, the students could see that the local community has
numerous complaints related to the water supply situation on the territory of our village. First of all, the volume
of the existing sources of water is deficient one. Secondly, the current system of water supply is not available in
the appropriate configuration from the technical and legal conditions in rules (source of water — adduction —
treatment for drinking water — storage and distribution to the households). In the same time, the sources of water
supply are not centralised surveyed and the quality of water is not corrected to the accepted standards for the
drinking waters. In the end, but not ultimately, the quantity and quality of distributed water in the households
from the villages territory show significant deficiencies, especially during the summer time, when the level of
rainfalls is low to very low.

In order to improve the waters’ quality and to manage the phenomenon of waters’ pollution, our students
proposed some measures that could be the point of starting in order to elaborate and implement one local project
with financial support from the European Union’s funds and Romanian national budget:

a. creation of one or more water reservoirs;

b. arrangement and improvement of the existing water supply system;

c. development of one common sewer system in the all villages from the local administration Cotusca;

d. development of one or more plants of waters’ treatment, combining modern technologies and local
resources;

e. improvement of the waters’ quality control system;

f. development of one educational campaign designed for the local community and for the economical
stakeholders, too, viewing the current agricultural, animal husbandry and industrial activity practices and
popularising the friendly practices in these areas of activity.

All the time, the professor played the role of one team coordinator and neutral observer trying helps and
encourages his students distinguish between the facts and interests, opinions and feelings. All the exercises
followed to develop the abilities of communication and the capacities of analysis of our students, too. We notice
that our students appreciated that two of the most important skills achieved through this educational module
were learning to work inside one team, respectively, to evaluate themselves their receptivity and abilities
necessary for this type of socio-professional activity.

It is very important to mention the partnerships developed by our school with the regional authorities in
environmental problems department (Agency of Environmental Protection — Botosani County and
Environmental Guard — Botosani County), but also with the Romanian Ornithological Society/SOR Birdlife
Romania (the oldest non-governmental environmental organisation in our country) which give us an important
technical support for the theoretical component, but also for the practical activities segment of this educational
module. Part of the practical activities associated with this educational module was possible through the
partnerships of our school with the local economic stakeholders (SC Gerard SRL, SC Valcot SA, SC Special
Milk, SC Crasnaleuca SRL).

For the ongoing and final evaluation we used the individual working sheet and elaboration of one environmental
project. We designed different types of individual working sheets, correlated with each proposed competence.
For example, in the section dedicated to the soil’s pollution, the student must identify the main sources of
pollution for the soil, the existent pollutants in our village and to assess the impact of the soil’s pollution on the
natural ecosystems, wildlife and our daily life like individual human beings and community. The best results
obtained in the educational process through the model of environmental projects were presented in the regional
annual symposium Biodiversity and Sustainable Development, organised every year around the celebration of
the 5™ June - International Environmental Day.

More than the classic evaluation, we applied also different motivation way for our students that were involved in
this educational module. For example, we motivated and encouraged their participation through the exploitation
of the results for each practical activity by conducting regular classroom and Cotusca Village Hall displays,
temporary exhibitions, scientific presentations and articles in volumes of regional or national symposiums,
respectively, regional and national contests addressed to the students of high schools, creation and updating of
informative panels (using also materials offered by our partners, especially, the Agency of Environmental
Protection — Botosani County and Romanian Ornithological Society/Birdlife Romania) etc. As we noticed, these
modalities of motivation recorded positive impact not only between our students, but stimulated the interest of
local community, too.

To conclude, our experience proved that a school which shapes it development and educational offer to the local
requirements and needs is more likely to become a modern and special attractive school. The school is a
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provider of educational services, so, the students will take an option for those schools that present an adapted
educational offer and a well-defined personality, different from other ones.

CONCLUSIONS

In the Romanian educational system, the segment of the curriculum for local community development permits to
the schools from the rural areas to correlate their educational offer to the needs of local labour market and
communities.

An educational module on the topic of Pollution and environmental protection in the rural area is very
welcomed in the Romanian rural areas in the educational offer for the specialisation technician in ecology and
environmental quality assessment from the high-school level.

The contents must combine the general presentation with the information about the regional and local situation
for each topic.

The theoretical teaching and learning process can be cut-off with the practical activities, permitting the
development of practical abilities and skills to the students, including an active involvement to identify and
manage of the local environmental issues.

The obtained results can be valued through development of some environmental projects in order to improve the
welfare of local communities attracting the local economical stakeholders’ involvement by partnerships, but
also, by the participation in regional or national scientific meetings or contests, contributing to our students’
formation and self-confidence increasing.
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ABSTRACT: There is only surface learning which causes rote learning among students. The students cannot
apply the subject knowledge in their real life and hence do not continue with the subject and cannot become the
independent discover as well. Polya’s Problem solving method is the method by which students can be made
independent discoverer. The focus of the method is not what to learn but how to learn. It is a method by which
ability of problem solving can be developed. The intent of the study was to find out the affect of this method on
the learning of mathematics with special reference to solve daily life problems. The objectives of this study were
(i) to find out the affect of problem solving method of teaching on the solving of daily life problems
independently and (ii) to know the strength of the method on the traditional method of teaching. The sample of
the study was thirty 8™ grade students of a public school in Islamabad. For collecting the quantitative data
regarding the effect of problem solving method on solving the daily life problems the pretest-posttest design was
used. T-Test was applied on the scores of pre-test and post-test which showed a significance difference in
results. This fact revealed that by teaching through problem solving students can solve the daily life problems
independently and this method showed better results as compare to traditional method. Hence it can be used for
teacher training purpose.

Key words: Independent learning, problem solving method, mathematics
INTRODUCTION

Science and technology do essentially contribute to national development and progress. The base for science and
technology development is Mathematics. Stepelman (2004) as cited by Andrews (2006) argued that among all
the sciences cultivated by mankind, none had been more useful than Mathematics.lIt is also an accepted fact by
the Mathematicians that Mathematics is the queen of all sciences (Amirali &Halai, 2002; VanHattam, 2011;
cited by Yaun, 2013)

This subject is always involved in every move of science and without it, science cannot stand alone. Inventions
have been made and innovations have been developed through Mathematics. Christian Wolff’s mind theory as
cited by Andrew (2006), states that mind has the mental powers or faculties, such as reason, memory, judgment,
will, attention, observation, and the like, each of which functions as a separate entity that can be improved
through exercise or use. This fact indicates that mental abilities can easily be developed through Mathematics
especially in solving problems (Aravena, 2007; Betne, 2010; Ellis, 2011). The objectives stated by the National
Curriculum for Mathematics (2006) in Pakistan focus on creating the abilities among the students such as to
communicate Mathematically, reason and analyze, think and act in positive ways, comprehend the key
concepts, evaluate the effectiveness of using different strategies to address the same problem, use a variety of
strategies to problem solving and to make Mathematical connections, discriminate between relevant and
irrelevant attributes of a concept in selecting examples, integrate and to make sense of Mathematical concept
and procedures and examine real life situations by reasoning Mathematically. This has the reflection of
international objectives in the curriculum (Government of Pakistan,2006, 2009).

In Pakistan, Mathematics is taught as one of the compulsory subjects in all public and private schools at
elementary and secondary levels. The curriculum covers a wide range of topics and concepts related to subject
as well as to daily life. But unfortunately, this subject is not of much interest for students studying in public and
private schools butit is a nightmare in Pakistan. The curriculum of Mathematics covers a wide range of
knowledge which are desired specific attitude, abilities, analytical and logical thinking and practices form the
learner’s part(e.g..Rojan, 2008; Government of Pakistan, 2009, Ellis,2011 cited by Amirali, 2011).

Most of the teachers transfer the knowledge to the students according to the textbook through ‘rote
memorization’ and traditional ways, to asses’ students’ learning through lower level of cognition. In Pakistan,
Mathematics learning consists mainly of rules for solution, memorization, and solution of textbook problems.
Surface information/knowledge is provided to the students without in-depth understanding of the subject
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(Amirali &Halai, 2002; VVanHattam, 2011; cited by Yaun, 2013).According to the reports of OECD, (2014) and
PIAS, (2012) that in the present world of knowledge, almost every country is trying to improve the quality of
society through the quality of education introducing appropriate measures in curriculum, school systems,
assessment and teachers’ training. Likewise, Pakistan is also the part of these activities, the Ministry of
Education and its supporting sister institution are working for the improvement of quality education. The new
Mathematics curriculum 2006 was designed in accordance with international standards which promote
conceptual understanding and logic among the students and make them able to use all that in practical
life.(Government of Pakistan, 2009; Ellis,2011 cited by Amirali, 2012).

For the empirical evidence a number of studies conducted on national, provincial and district level in Pakistan
endorsed the fact that achievement of students in the subject of Mathematics is very poor. These studies have
been consistent in justifying the fact of low level achievement in the subject. The studies indicated many reasons
for this low achievement and one of them is the teaching method of the teacher (e.g. Academy of Planning and
Management, 1999; Benoliel&Miske, 1999; Government of Pakistan, 1999, Government of Baluchistan, 1999;
Government of Sindh, 2000; Abdeen&Jone,2000; Samo,2009 cited byAmirali, 2012).

According to National Research Councilas cited by Zaman (2011), much of the failure in the subject of
Mathematics at school level is due to the traditional ways of teaching of Mathematics that is inappropriate to the
way most students learn. Several scientific studies have shown the ineffectiveness of the traditional method of
teaching. In order to make students knowledgeable, teachers have to equip themselves with new teaching
methods. Learning is not limited within the four walls of the classroom. Being resourceful is a big help to update
what has previously been learnt.In the words of Yaun (2013), “The most basic concept of all is that math is
merely a problem solving technique. If students can learn to see math problems as just a formal, codified version
of any other kind of problem, perhaps their phobias will disappear. But how can a math instructor get students to
make this connection? To answer that question | turned to a Hungarian Mathematician himself obsessed with
teaching problem solving”.

According to Schoenfeld (2001) cited by Tutkun (2012), Problem solving is a method through which students
encounter a problem for which they are not ready to solve it immediately. Then they do efforts and examine
carefully, work step by step and then find a solution by themselves. In this process the students read the problem
carefully, analyze it and collect all the possible information regarding the problem, try to find out the
relationship between known and unknown, and then devise a plan keeping in view his/her Mathematical
knowledge. After these steps starts implementation and finally he/she becomes able to solve similar examples
(Tutkun, 2012).Problem solving method is a source of developing problem solving ability, through which
students could be able to solve daily life problems. It is also a source of developing in-depth knowledge about
the subject. According to Lester & Charles (2003), cited byYaun (2013), most of the Mathematicians were
inspired by the classical work of Polya (1981) and Dewey (1933). Teaching of Mathematics through problems
solving method (PSM) is a source of making the students independent discoverers or learners. PSM is helpful in
developing Higher Order Thinking (HOT). Many research studies (Paris, 1991, Schoenfeld, 1992, Marzano,
2000, Weber, 2008, Anthony, 2010, Caballero, 2011) cited by Walshaw (2012), argued that problem solving
method was an effective method of teaching for Mathematics.

Different studies have opted different strategies of inquiry like qualitative and quantitative e.g.Blnco, 2000,
Riasat, 2011, Zaman, 2011, Mustafa, 2011 carried out the experimental studies, Herreid, 2003, Roh, 2003, Tick,
2007 undertook the survey studies, whileSchoenfeld, 1992, 1993, 1999, Yager2003, Walker,2007worked on the
qualitative studies to find out the effect of problem solving method of teachingMathematics on Mathematics
(Walshaw, 2012).George Polya was known as a great Mathematician due to his work on problem solving. He
was Hungarian and taught at the Swiss Federal Institute of technology Zurich. He also served the Stanford
University. He was respected and considered an authority in Mathematics’ pedagogy. He was born in Budapest,
Hungary on 13" December, 1887. George Polya is known as the father of the modern focus on problem solving
in Mathematics education. He was a renowned Mathematician and had written many books on the subject of
Mathematics but “How to solve” was his famous book. In that book Polya suggested the four step method of
solving a problem. According to Schoenfeld, 1992; Marzano, 2000; Weber, 2008, that this method of teaching
gained a lot of currency.

It is a four step method which works systematically to reach the solution of a Mathematical problem.
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Step-1 Understanding the problem

In this step, the given problem is understood with respect to given data. For understanding several questions,
figures and diagrams may be asked and constructed. All these quires depend upon the nature of the
problem(Polya 1976).

Step-2 Devising a Plan

At this step, students are motivated to find out links between data given and the unknown. This stage provides
deeper understanding about the problem. The way from understanding the problem to conceiving a plan may be
long and difficult. The plan for a problem can be prepared through a ‘bright idea’ or an ‘auxiliary problem
(Polya 1976).

Step-3 Carrying out the Plan

After a careful planning at the step-2 what has been decided is now implemented for reaching a solution. To
devise a plan and to conceive the idea for the solution is not an easy task. It takes a long exercise (Polya 1976,
p.13).

Step-4 Looking back

This is the step where students have to confirm their solution by applying it in a new situation. In this step,
students seek new arguments and try to recheck their findings by comparing the known with unknown. (Polya
1976, p.15).

1.2 Revised Bloom’s Taxonomy

Anderson who was the Bloom’s student, with a team of eminent cognitive psychologists revisited the Bloom’s
Taxonomy and provided its revised version in 2001. Keeping in view the new developments in the field of
education, students’ learning ways, new assessment and evaluation methods and teachers’ lesson planning, the
old taxonomy was revisited and the Revised Bloom’s Taxonomy (RBT) was introduced (Anderson,
2001).Tutkun (2012) argued that in Revised Bloom’s Taxonomy; significant changes were made to address the
limitation of old Bloom’s taxonomy. The revised Bloom’s Taxonomy has three main areas of changes with
respect to the old taxonomy. Through these changes, it became more comprehensive and relevant to modern
learning theories (Aravena, 2007; Betne, 2010; Farzad, 2010;Ellis, 2011).

1.3 Cognitive Process Dimension of Revised Bloom Taxonomy

This dimension of the taxonomy is divided into six categories which are described in ‘verb’. It represents the
process of learning and students are expected to learn in the result of teaching (Anderson, 2001).

1-Remembering

In this dimension it is expected that students may recognize and recall the relevant information and knowledge
from the long term memory. This dimension consists of two main sub classes i-e recognizing and recalling or it
is an ability to remember the previous knowledge and recall it at the time when it is required (Anderson, 2001).
2-Understanding

This dimension of the cognitive process deals with the ability among the students that they can grasp meaning,

explain and restate ideas, can provide their own meaning to the knowledge. It has its sub-levels which include
interrelating, exemplifying, comparing and summarizing (Anderson, 2001).

3-Applying:
This dimension of cognitive process deals with the ability of using acquired knowledge in a similar or new

situation. It shows its learning outcome in the form of executing and implementing in either new or old situation
(Anderson, Lorin& David Krathwohl, 2012).
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4-Analysing:

This is the cognitive process which deals with the division of knowledge into its parts and studies the parts to
understand the whole (Anderson, Lorin&David Krathwohl, 2012).

5- Evaluating:

This ability also belongs to higher order thinking skill. The learning outcome of this ability includes checking
and critiquing (Anderson, Lorin& David; Krathwol, 2012).

6- Creating:

This dimension is new in Revised Bloom’s Taxonomy; it was not included in the old taxonomy. This is the
highest ability and replaced by the synthesis of the previous taxonomy. It involves putting knowledge together
for the creation of new knowledge and developing something new. It includes generating, planning and
producing(Anderson, 2001).

1.4 Statement of the problem:

Many studies showed that problem solving method has an effect on cognition but few studies discussed its effect
on revised Bloom’s taxonomy of educational objectives.The intent of this true experimental study will be to find
out the effect of George Polya’s problem solving method of teaching on revised Bloom’s taxonomy of
educational objectives, in the subject of mathematics at elementary level. In the study true experimental pretest-
posttest (double control group) method will be used to measure the effect of independent variable problem
solving method on dependent variable cognitive domain.

1.5 Objectives of the study:

The objectives of the study were:

1. To find out the effect of problem solving method of teaching on the achievement of cognition sub-level
remembering.

2. To assess the effect of problem solving method of teaching onthe achievement of cognition sub-level
understanding.

3. To explore the effect of problem solving method of teaching on the achievement of cognition sub-level
applying.

4. To determine the effect of problem solving method of teaching on the achievement of cognition sub-
level analysis.

5. To find out the effect of problem solving method of teaching on the achievement of cognition sub-level
evaluation.

6. To check the effect of problem solving method of teaching on the achievement of cognition sub-level
creating.

1.6 Hypotheses of the study:

Following null hypotheses for quantitative analyses will be checked through the study:

Hol: There is no significant effect of problem solving teaching method on the achievement scores of
cognition sub-level remembering in the subject of mathematics.

Ho2: There is no significant effect of problem solving teaching method on the achievement scores of
cognition sub-level understanding in the subject of mathematics.

Ho3: There is no significant effect of problem solving teaching method on the achievement scores of
cognition sub-level applying in the subject of mathematics.

Ho 4: There is no significant effect of problem solving teaching method on the achievement scores of
cognition sub-level analysis in the subject of mathematics.

Ho5: There is no significant effect of problem solving teaching method on the achievement scores of
cognition sub-level evaluation in the subject of mathematics.

Ho6: There is no significant effect of problem solving teaching method on the achievement scores of
cognition sub-level creating in the subject of mathematics.
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1.7 Research Design and Methodology:

The present study is an applied study with respect to application, exploratory by objective and quantitative by
paradigm. The study is based on deductive theory with positivist’s philosophy. The control group design helps
the researcher to quantify the impact that can be attributed to extraneous variables, it does not separate out the
other effects that may be due to the research instruments (such as the reactive effects), or, respondents( such as
the maturation or regression effects). When the researcher needs to identify and separate out these effects, a
double-control design is required. In a double-control study, the researcher has two control groups instead of
one. To quantify, say, the reactive effect of an instrument. (Kumar, 2009).

1.7.1 Population of the study:

The population of the study will be consisted of all 1936, 8" grade boysstudents studying in federally
administrative institutions in urban areas of Islamabad. The population of the study will be taken from
Islamabad Model Schools, because institution may be available for experiment and also the homogeneity factor
among the respondents.

1.7.2 Sample:

The present study is based on true experimental pretest -posttest design. A purposive sample of 120 male
students from randomly selected Islamabad Boys School will be taken and after pretest, through random
sampling by applying fishbowl draw technique, will be used to form three groups.

1.8 Results:

Table 1: Normal Distribution Analysis of Study Variables among Control Group-I

Kolmogorov-Smirnov Shapiro-Wilk
Variables Statistic df p Statistic Df P
Remembering .20 43 .67 49 43 1.22
Understanding 24 43 .25 .55 43 3.23
Applying 19 43 1.00 49 43 45
Analyzing .28 43 3.02 31 43 .56
Evaluating .16 43 .98 13 43 1.53
Creating .25 43 .09 .01 43 .29
Overall abilities 12 43 .67 .20 43 A1

Table 2: Normal Distribution Analysis for Study Variables among Control Group-II

Kolmogorov-Smirnov Shapiro-Wilk
Variables Statistic df p Statistic df P
Remembering .24 43 .34 37 43 3.45
Understanding .01 43 A2 .08 43 .33
Applying 15 43 .85 45 43 40
Analyzing .18 43 1.01 27 43 1.09
Evaluating 24 43 2.23 .38 43 5.04
Creating .23 43 1.45 .07 43 212
Overall abilities .16 43 21 .39 43 .23

Table 3: Normal Distribution Analysis for Study Variables among Experimental Group

Kolmogorov-Smirnov Shapiro-Wilk

Variables Statistic df P Statistic Df P

Remembering 16 44 21 A3 44 .57
Understanding .03 44 .33 .16 44 .98
Applying .07 44 1.21 19 44 .87
Analyzing .04 44 40 .18 44 5.24
Evaluating .07 44 .67 12 44 3.27
Creating .03 44 .32 14 44 .80
Overall abilities 18 44 .56 13 44 2.13
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Table 4. One Way ANOVA Analysis for effect of Problem Solving Method& Conventional Method on
Outcome variables for Experimental Group, Control Group 1 and Control Group 2

Experimental Group Control Group-I Control Group-II
Variable M SD M SD M SD F P H
Outcome 65.34 18.24 50.16 10.34 47.07 10.77 22.37 .00 34
70
65
60—
&
a
=
557
504
45
Contlrol 1 Contlrol 2 ExperimerthaI Group
Groups

Figure 1: The effect of Problem Solving Method on Outcome variables for Experimental Group, Control
Group 1 and Control Group 2

Table 5 Descriptive Statistics and t-test Results for Problem Solving Method on Outcome variables for
Experimental Group

Pretest Posttest

(n=43) (n=43) 95% CI
Outcome M SD M SD r 1(42) LL UL Cohen’s d
Remembering 5.77 2.34 8.80 172  .82**  14.98** -3.43 -2.61 1.49
Understanding 5.80 2.49 8.68 1.70  .86**  14.36** -3.29  -248 1.36
Applying 7.73 418 1291 3.79  .93**  22.47** -5.64 -4.71 1.31
Analyzing 7.02 431 12.77 425  94**  2576** -6.20 -5.30 1.35
Evaluating 5.48 3.11 1250 422  91**  24.86** -7.59 -6.45 191
Creating 2.36 2.48 9.68 342 77 22.53** -7.97 -6.66 2.47

Overall abilities 3416 1798 6534 1824  .96**  42.12** -32.67  -29.68 1.74

**p< 01
DISCUSSION

Problem solving method was a source of developing problem solving ability, through which students could be
able to solve daily life problems. It was also a source of developing in-depth knowledge about the subject.
According to Lester &Charles (2003) cited Yaun (2013) that the most of the Mathematicians were inspired by
the classical work of Polya (1981) and Dewey (1933). Teaching of Mathematics through problems solving
Method (PSM) was a source of making the students independent discover. A one Way ANOVA analysis for
effect of PSM on outcome variables for three groups was applied. Results showed that experimental group has
significant greater mean (M = 65.34, SD =18.24; F= 22.7, p<.01, 7 = .34), than control group 1 (M = 50.16, SD
=1034; t = 6.65,) and control group 2 (M = 47.07, SD =10.77). This showed that PSM has performed better than
the conventional method. These results were supported by the results of the studies done by Kloawole,
Olasosu&Ajetunmobi (2013) which showed that Problem Solving Method of instructions was significantly
better than the conventional method. For this they concluded that method of instruction used by the teacher has
effect on student’s achievement in Mathematics. The same results were endorsed by the findings of Nikandrov
(1990) cited by Kloawole (2013) whichshowed that ability to solve problem could be developed through a very
good strategy of teaching. This result also indicates that the conventional method was not effective for teaching
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of Mathematics This finding was supported by Kloawole (2013) by quoted that, The ‘chalk and talk’ or
conventional method was no longer effective for the development of higher level ability in Mathematics.
Traditional methods of teaching cannot satisfy the complexity of the modern technological society (Ubuz, 1994;
Dongpong, 2000; Wang, 2001; Carson, 2007; cited by Kloawole, 2013).Descriptive Statistics and t-test Results
for Problem Solving Method on Outcome variables for Experimental Group was performed. Results showed that
there were significant differences found in posttest on remembering (M = 8.80, SD =1.72; t = 14.98, p<.01,
Cohen'sd = 1.49), understanding (M = 8.68, SD = 1.70; t = 14.36, p<.01, Cohen's d = 1.36), applying (M =
12.91, SD = 3.79; t = 22.47, p<.01, Cohen's d = 1.31), analysis (M = 12.77, SD = 4.25; t = 25.76, p<.01, Cohen's
d = 1.35), evaluation (M = 12.50, SD = 4.22; t = 24.86, p<.01, Cohen's d = 1.91), creating (M = 9.68, SD =
3.42; t = 22.53, p<.01, Cohen's d = 2.47), and on overall abilities (M = 65.34, SD = 18.24; t = 42.12, p<.01,
Cohen's d = 1.74). It could be concluded that results shows significant differences and high effect sizes were
found among all study variables. These results were supported by the research study of Yuan (2013) that
through problem solving method students could be made able to learn the abilities of reasoning and solve daily
life problems. According to the conclusion drawn by Amirali&Halai (2010) in their research study that the
reforms in the curriculum of Pakistan and other parts of the world strongly recommend the problem solving
approaches for teaching of Mathematics at schools level. Conventional methods cannot stay longer to address
the new advancement. Revised Bloom’s Taxonomy was used to assess the both methods and pre-test and post-
test provided the difference of both methods on RBT. This fact was supported by Haklikari et al (2007) that the
student’s achievement was the main concern of educational psychologists over the last decades. Similarly, in the
revised Bloom's taxonomy(Anderson &Krathwohl, 2001) quoted byHailikari et al (2007) that the division was
made between different types of knowledge and cognitive processes which were four knowledge level and six
level of cognitive process. The Revised Bloom’s Taxonomy was a reliable tool for the assessment of
achievement of different levels.Hence form the above discussion it may be concluded that the Polya’s Problem
Solving Method of teaching Mathematics is better than the Conventional Method of teaching. This method is
also helpful in developing the Problem Solving ability among the students. The study does not rule out the role
of the innovative teacher, because the improvement in the achievements scores of Control Groups reflects the
contribution of teachers. The study also confirms the effect of Conventional Method of teaching on Mathematics
but it only effective to develop Lower Order Thinking Skills. So for development of Higher Order Thinking
Skills required for further study of Mathematics this is a suitable method. It also helps the students to learn the
problem solving ability by which he/she can solve the daily life problems. It is also a useful method of
developing in-depth learning of Mathematics.

CONCLUSIONS

Following conclusions were drawn on the basis of findings of the study:

1. It may be concluded on the basis of One Way ANOVA that Experimental Group taught by PSM showed
better results on pre-test. Hence PSM was an effective method for teaching Mathematics at Elementary
level.

2. It may be concluded that the achievement scores of Control Group-I that was taught by Conventional
Method, showed lower results than the Experimental Group taught by PSM on the basis of One Way
ANOVA.

3. It may be concluded that the Control Group-Il taught by Conventional Method showed lower results than
the Experimental Group taught by PSM on the basis of One Way ANOVA.

4. It is concluded that on Post Hock analyses of Experimental Group, Control Group-I and Control Group-II
on outcome variables (Remembering, Understanding, Applying, Analyzing, Evaluating and Creating).
PSM showed better results as compared to Conventional Method. Hence PSM was better than
Conventional Method on Revised Bloom’s Taxonomy.

5. It is concluded that PSM performed better on outcome variables as compared to Conventional Method.
Hence it supported that all null hypotheses may not be accepted.

6. It is concluded on the bases of t-test that PSM showed significant difference of performance in
achievement scores as compared to Conventional Method and had high effect size on all outcome
variables.

5.4 Recommendations

Keeping in view the finding and conclusion of the study the following recommendation are suggested:
1. As PSM has shown its strength on the Conventional Method so it may be suggested that teacher use
this method in the classroom for teaching of Mathematics.
2. The Problem Solving Method has proved its strength on Higher Order Thinking Skills so it is suggested
that it may be used specifically for developing HOTS.

66



International Conference on Education in Mathematics, Science & Technology (ICEMST), May 19 - 22, 2016, Bodrum / Turkey

3. As PSM helps in developing the ability of problem solving, therefore, it is suggested it may be used to
develop the ability among the students.

4. PSM is effective for teaching of Mathematics so it may be used for making the base of students at
elementary level.

5. It has an effect on Revised Bloom’s Taxonomy, so it is suggested that lesson plans may be prepared
according to RBT.

6. As PSM is an effective method of teaching Mathematics so it is suggested that it may be included in
teacher’s training programmes.
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ABSTRACT: Model of studying the electromagnetic theory, mathematics, computing and data visualization in
purpose to comprehend the main ideas of theories and practical applications are proposed. To learn physical
processes and system’s properties by computer simulation and to learn simulation by solution of physical tasks
is the concept of proposed model. Integrated course of electromagnetic (EM) field and wave theories,
mathematical solution of equations, computing techniques based on solutions of well known tasks as well as
current problems of applied electrodynamics are considered. Application examples of electromagnetic in
scientific research, modern technologies represent the abstract theories in realistic existence, help to understand
deeply theoretical course, appreciate significance of (EM) theories in many fields of daily life. Knowledge of
main theories of electromagnetic combined with mathematics and computing is necessary for solving the
electrodynamics problems such as (EM) waves scattering and diffraction, interaction of (EM) field and objects
of different electric and geometric properties, basis of linear and nonlinear optical techniques, etc.

Selected tasks of electrodynamics are constructed of several modules: formulation of physical problem, theories
and methods of solution — physical and mathematical, specifics of problem, approximation and application
cases, computer simulation, analysis. Each completed module expands outlook, develops skills, intuition, self-
confidence, encourages participants be more motivated, active in learning and improvement of knowledge in
multi disciplines. Proposed model is presented by considering one task - EM waves scattering on a single
cylindrical body, applicable in radio physics, transmitting and detecting systems, aerosol studies for particles of
different origin. Estimation of EM field components, scattering characteristics, theoretical predictions based on
analytical solutions and numerical simulations are considered.

Keywords: electrodynamics, wave scattering, simulation
INTRODUCTION

The way to comprehend the physical phenomenon and main properties of systems pass through the deliberate
study of well-known tasks and model systems. At any level of education, solution of physical tasks is based on
multi-disciplinary knowledge of physics, mathematics, computing as well as skills and ability of analytical
thinking. Modeling, simulation and visualization are the tools simplifying the study of systems and processes
however simulation itself is the subject of deep learning and analysis. To learn physical processes and system’s
properties by computer simulation and to learn simulation by solution of physical tasks is the concept of
proposed model of learning [1].

Study of model tasks and applications in scientific research and advanced technologies represent the abstract
theories in realistic existence, helps to understand deeply and appreciate significance of electromagnetic (EM)
field theories in many directions of radio physics and optics, spectroscopic techniques, detecting and
transmitting systems, aerosol and medical studies, etc. Specific knowledge and experience needed for solving of
modern physical problems should be gained and expanded step by step alongside with topics rising from process
of investigation and research. This approach is known and well-proven in practice of scientific and educational
activities.

Proposed model is demonstrated for studying EM field and wave theories, related mathematics, computing and

data visualization, namely for one task of electrodynamics - EM waves scattering on a single cylindrical body.
Solution of task gives possibility to analyze the physical picture of phenomena, understand the process of
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interaction of EM field and body, estimate characteristics and scattering properties of body of different electric
and geometric parameters, find out the appropriate solutions of mathematical equations, learn the developing of
computing program and specifics of computing and visualization.

Selected task is constructed of several modules. Subtasks chosen on the basis of skills and experience of
participants, which makes the work in team more efficient and motivative. Each completed module expands
outlook, improves knowledge in multi discipline, develops skills, intuition, self-confidence.

Scattering of EM waves on single objects, as cylinders and spheres is of great interest because of its wide
application in antennas, detecting systems, aerosol studies [2-5].

Single body solutions are been used as the models for testing a complex tasks, single body properties are taking
into account while combining and studying the multi-element system, etc. There are many naturally occurring
particles, such as some viruses, ice needles, fibers, which are best represented as cylinders long compared with
their diameter [6]. In our research studies single particles of cylindrical and spherical shapes are considered as
approximated physical models of virions (of viruses, bacteriophages) of icosahedral, prolate and rod-shaped
morphology, and used for studying virus-like particles (VLPs) of biological or artificial origin [7].

FORMULATION OF PHYSICAL PROBLEM

The treatment of EM scattering by a bodies is the problem of EM theory. Based on macroscopic approach to the
problem, Maxwell equations for homogeneous, isotropic, free of charge medium are considered using time-
harmonic dependence by time-factor exp(—iwt) :

Vxﬁzia)ﬂqyoﬁ , )

Vxﬁz—ia)gqgoﬁ , @
where E and H are electric and magnetic field vectors; > is the angular friquency; &q- permittivity and Uy "
permeability of ( medium; ¢, =8,85-10 2 F/m; 4, =1,26-10 °H/m.
Some mathematical transformations of eq.s (1), (2) leads to Helmholtz’s (wave) equation:

AE+KCE=0 , A3)

where A=VZ?is Laplace scalar operator. Wave vectorkq =k,f8q/1q is prescribed to (() medium and

k=w &y My to the free space, using subscripts (=1 for core, (=2 for coat, =3 for surrounded areas.

Study of EM scattering on single coated cylinder of circular (in XOY plane) cross section is considered.
Cylinder long (L/d>>5) compared with its diameter (d) may be approximated by cylinder of infinite (L) length

[6]. Incident plane monochromatic EM wave from positive direction of axis ( x ), makes angle & with the
direction of x . If incident wave is indipendent on coordinate : (aaz =0) and H,=0,E, =0, E,=0, the

scattered wave will be of the same stucture as incident wave, so electric component of incident EM wave could
be written as follows ( E, =const):

E(o) — E e—ik3(xcosg+ysin O)—iwt (4)
Z 0 )
coordinates and wave vector are given in Cartesian (X, Y, Z ) and Cylindrical (I, ¢, Z) coordinate systems
X=rcose, y=rsing, 2=z )
k, =—kcos@, k, =—ksing . (6)
; ; ; __ 1 0
Magnetic component of EM wave is derived from eq. (1) H, = T E, . @)

Definition of scattered field in outside area (b < r < ), inside areas of coat (a<r <b)and core (0<r<a
) of cylinder is goal of problem in purpose of study physical charecteristics of system, as well as the effects
caused by EM field — body interection.
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METHOD OF SOLUTION
Problem in view should be studied as physical and mathematical tasks. In these respects, let us consider:
1. Physical Subtasks:

1.1. Determination of scattered fields, which should satisfy an eq. (3), radiation condition outside the cylinder (
kr >>1) and finiteness inside the areas of cylinder under the condition [4]: (E,-grade)=0 . (8)

1.2. Definition of boundary conditions for electric and magnetic field components at the boundary surfaces
separating the surrounding medium-coat-core. It requires the continuity of tangential components of EM field
and leads to relations:

E© , B9 _EC  and HOLHS)-HYY st r=b  o0<p<2z )
co in H (CO) = H (lIl) —
E-E" and ¢ ¢ at =8 O=g=2z (10)

1.3. Estimation of scattering characteristics of system for:
ImE,
a) Near field as the lines of equal amplitudes (g, ) and equal phases (¢, = arcig w7z ),

b) Far-field (kr — o) as extinction (o, ) cross section and an angular dependence F (@) of scattered EM
field (E~®) [6,8]. The presence of the particles in EM field has resulted in extinction of the incident wave,

therefore the extinction cross section is defined by the sum of scattering and absorbing cross sections oy, =0 + 0z
. If the medium in which the particle is embedded is nonabsorbing, extinction cross section o, =o, . Using

2s+1
— T

asymptotic expression of Hankel functions [2, 9] 4®_(;) 0 fiei(”’ 2, inacase of cylindrical bodies the
7n

formula for oy, and scattering pattern F () take the forms:

4 .
=_] _ il .

Expressions for | and (o) are defined by solution of physical problem, by means of the values of coefficients
A, as well as geometric and electric parameters of system:

1 2 . m=o0 2 m=o0 . i
I ZEJ.O f(o)f (p)do= Z A, . (13) f(p)= Z imA ™ (14
m=—o0 Mm=—0
“*» denotes the complex conjugate of function.
2. Mathematical Subtasks:

2.1. Determination the solutions of an eq. (3) in cylindrical coordinate system.
o 2 2
Using expression [2,10] for A :li[fij+ii+i (15)
ror\ or) ;2 0;02 oz2

and seperation of variables method applicable if boundaries of body coincide with coordinate surfaces of
coordinate system in which the wave equation is separable. EZ component of EM field could be presented as

E, (r,0,z)=R(r)Ap)Z(z) : (16)
It leads to well-known ordinary differential equations

d*R 1 m’ 2 2
g +—i{—m+(p2——2)§}{:0 L a7)  2ima-=0, 18) 2 rz=0 . (19)
dr ra r 6(p2 072
qu = p2 +;(2, m=0,1,2,...,. In a case, considered above, we have taken into account that aaz =0, therefore
we could write down the separable solutoion to (17), (18): £, = SR(qu)e'm , (20)

function ﬂ%(qu) is the solution of Bessel equation (17).
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2.2. Determination of EM fields in each area of cylinder.
Fields in the areas of cylinder are expressed by the sum of multi-pole waves, using Bessel functions of zzz order
and first (Bessel), second (Neumann) or third kind (Hankel) based on conditions under consideration.

E,) = 5 A H®(kgr)e™ 't b<r<ow , 0<@p<2r (21)
m=—o0

Ei™ = ¥ B_J,(kr)e™ , O<r<a , O0<@<2rx (22)
m=—o0

EC9= £ [Cpdn(kor)+ DNy (orJe™ asr=b , O=g=2z @)

{A.}.{B,,}.{C,} and {D, }are unknown multipole coefficients.

2.3. Presentation of incident E( field by Bessel functions.

Using (4)-(6), and Fourier representation for Bessel function [2]: 7Y = ¥ i°J ()", (24)
§=—00
incident wave may be expressed as  E@=E,e7" ¥ i3, (kyr)e'™e ™ (25)
m=—0

2.4. Functional transformations.
Using boundary conditions (9)-(10), field expressions (21)-(23), (25) and relation (7) between electric and
magnetic components, we get the functional relations:

E, T i™J, (kb)e™e ™ + ¥ AH®(Kb)™ = 3 [C, ., (k,b)+D, N, (k,b)Je™ (26)
m=—0 m=—o0 m=—0
E, ¥ i™(kb)e™e™ + ¥ AHY (kb)e™ =W,y 3 [C, ./ (k,b)+D, N, (kb)e™ @7
m=—o0 m=—0 m=—0
S [Cudm(Ky@) + Dy Ny (koa)le™ = 5 Bpdp, (ka)e™ (28)
_Ozo [Cm‘]m/ (k@) + D, Nm/ (kz"i‘)]eim(/7 =W, _OZO Bm‘]m/ (k1a)eim(p (29)
o Wy Kot &
where “/”” denotes the derivative with respect to an argument, qu :W :r, Wq == |—. (30)
g fop Hq

Integrate (26)-(29) over the interval (0, 2z ), using Wronskian determinant [9] of cylindrical functions

J— 2

W{J, (1), Ns(n)}zi (31) and  the Kronecker delta [9] &y =2i [ elMoge, (32)
n 7T 0

(S Is O if M#S and 1 otherwise), we get the set of algebraic equations with respect to multipole
coefficients {A} {B,} {C,}and {D,}.

2.5. Determination the multipole coefficients of scattered fields.
Solving the system of algebraic equations, {A},{B.},{C,}and {D,} coefficients are determined by formulas:

E i—se—ise 2
o ksb
S mkya s —iso YsIs —GsLs}
I —GA A =—E,ie™0 225 5 37
2 {Us s s s} | (33) 0 {Usrs _GsAs} , (34)
k,a k,a
D, =- 22 B.G" (k a,k a) C, =BU, 2
2 2 , (35) 2 : (36)
where the notations I's, Ag, 35, Lg, Gg, U, define the functions as follows:
I, = HY (kgb) I, (Kyb) —W,a HY (ksb) ./ (kyb) , (37)
Ag = H(sD/ (k3b) N (k;b) —W23H(sl) (k3b) Ns/ (kzb) ' (38)
Ty =34 (Kgh) I (Kob) —Wig I (K3b) I/ (k,b) : (39)
L = 34/ (Ksb) Ny (K,b) —W,3. (kgb) N/ (k,b) : (40)
G, =J, (ka)d. (k,a) ~W,, . (k@) J, (k,a) , (41)
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/ /
U, =J,(ka)Ng (k,a)-Wj,Js (ka)Ng (k,a) , (42)
3. Special Cases:
By formulas (33), (34) we could estimate the multi-pole coefficients for special cases, namely:

3.1. Single dielectric cylinder without coat. If consider nonmagnetic (ﬂq ~1) medium and assume that k, =k,
W1

k,=k, D=a, wewill define wy -5 and W2 = W, =1 The expressions for B, and A, are of exactly
the same as that for B, and A obtained in [1,6]. The expression for A, is of the form:
A<, ™ [9, (ka)J, (k) - J&J (ka) I (kia)
- 0

[HY (ka)J, (k@) - =HY (ka) ' (ka)]

(43)

3.2. Single metallic cylinder of infinite length. Assuming & — «, in (43), multipole coefficient A takes the

foom A=A =-E i®e™ %, (44)

3.3. Relativly low (ka <0.5) and high ka >3 frequencies.
Based on asymptotic expressions of Bessel and Hankel functions formulas derived above may be used for

analysis of fileds qualitatively different for low (ka <0.5) and high ka >3 frequencies [4] as well as particles
of small (ka <<1) and large ( ka >>1) sizes in comparision with the wave lenght (1) of incident wave.

SPECIFICS OF PROBLEM

For numerical estimation and visualization the programs based on Matlab v7.0.4. are created. Bessel function
J = besselj(m, &) computes the Bessel function of the first kind, H = besselh(m, ¢) computes the Hankel

function, for each element of the complex array £. The order m need not be an integer, but must be real.

Computing (EM) fields and characteristics by formulas (21)-(23), (11),(12) we determine the number m of
terms of series along with estimation of convergence of series and multi-pole coefficients with algorithm within
the given accuracy 107°. The number of terms of series may be determined by the empirical formula:

mzz[(kla)ﬂ}.
VIZUALIZATION

For constructing the complete picture of system we have to calculate and analyze the main characteristics of
system. In this paper we demonstrate some of them in a case of normal incident of wave ($=0°). In Fig. 1, is

presented the near field characteristic by the lines of equal amplitudes in the interval (—% %) along the axes x

and , for homogeneous cylinder (ka=2) of permitivity g =¢=1.7, and far field characteristic by the
scattering pattern of cylinder of & =&=1.7%nd 5 in polar coordinate system. The scattering pattern
describing the angular dependence of scattered field is given in Cartesian coordinate system for cylinder of
different parameters ka=1; = , ka=x, &=55 (Fig. 2 (left)) and coated cylinder of parameter ka=1;
permittivities of core and coat of cylinder correspondingly are equal g =55, ¢, =2, coat parameters are
kb=1.1and 1.4 (Fig.2 (right)). The value of permittivity (& =55) for cylinder has been used while
modelling the virus as a long thin rod of a homogeneous bulk material [11].

CONCLUSION
Model of studying the electromagnetic (EM) field and wave theories, related mathematical equations, computing
and visualization techniques based on solutions of well known tasks of applied electrodynamics are considered.

EM wave scattering on a single particle, namely coated cylinder as an example system for model demonstration
is proposed. Theoretical and numerical solution of tasks applied for investigation of physical characteristics of
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virus-like particles (VLPs) is presented. Analysis shows that deliberate consideration and study of subtasks
makes possible to achieve the intended goals - gaining the higher level knowledge and getting the complete
physical picture of system under consideration. The proposed concept simplifies the process of understanding

the difficult themes and theories targets the answers on questions “why” and “how”, its findings are applicable
to other disciplines as well.
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Figure 1. Lines of Equal Amplitudes (Left), Scattering Pattern in
Polar Coordinate System (Right), for 9 =0°
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Figure 2. Scattering Pattern of Cylinder in Cartesian Coordinate System, for =0’
Cylinder (Left), Coated Cylinder (Right)
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COLLEGE STUDENTS’ PERCEPTIONS OF LEARNING
MATHEMATICS AND USING COMPUTERS

Tolga Gok
Dokuz Eylul University

ABSTRACT: Mathematics is the key course to interpret the science and nature. A positive attitude should be
improved by learners to comprehend the logic of mathematics. However, most of the research indicated that
they were not interested in learning and studying mathematics. Instead of understanding the basic principles,
many students preferred to use sophisticated software packages or graphing calculators for solving mathematics
problems. Thus, these tools prevent the improvement of their mathematical skills. This study investigates
students’ confidence when learning mathematics and using computers. Besides, the research examines the
effects of computers and graphing calculators in the learning of mathematics on the students’ opinions. The
study was conducted with 230 technical vocational school students. The data of the research was collected using
a survey of “Attitudes to Technology in Mathematics Learning Questionnaire”. The results of the study
indicated that many students were not interested in learning and understanding the subjects while studying
mathematics on pen and paper. They preferred to solve mathematics problems with the help of sophisticated
mathematics software packages or graphing calculators. Detailed results and recommendations based on the
students’ confidence and perceptions are presented in the study.

Key words: computer education, confidence, higher education, mathematics education
INTRODUCTION

STEM (Science, Technology, Engineering and Mathematics) education has become very important for the
future generations of our country recently. Science provides knowledge to us about the universe (sun, moon,
plants, food, weather, etc.). Technology is helpful for our daily lives with the help of computer, smartphone, etc.
Engineering (building, roads, bridges, etc.) makes our lives easier. College students’ motivation and confidence
in mathematics, science, and engineering education declined in recent years although students always come
across mathematics in their daily lives (at the bank, supermarket, etc.).

“A true STEM education should increase students’ understanding of how things work and improve their use of
technologies. STEM education should also introduce more engineering during precollege education (Bybee,
2010)”. Therefore, the researcher, educators, teachers, etc. primarily should promote and encourage all students
from elementary level to university level for STEM in our educational systems (Kennedy & Odell, 2014).
Although these career fields are very important for countries' future, many students do not give importance to
them. Thus researchers in the education field should direct the students to these career fields and they should
explain the importance of these fields to the students.

Many of college students have difficulty in concentrating on learning mathematics, have not
mathematical/logical intelligence, and have the fear and lack of self-confidence of students for learning
mathematics. Besides they find it difficult to comprehend mathematical concepts and they have anxiety while
studying and solving the problems too much. Therefore they do not like to learn mathematics. These challenges
are resulted from conventional instruction. On the other hand, the majority of students like spending time with
technology (a variety of mathematical computer software, calculators, graphic calculators, etc.) except for
studying mathematics. They have interest in using computer and/or graphics calculator while learning
mathematics. These devices could help the students solving problem, enhancing mathematical concepts'
exploration, improving the representations between mathematical concepts and ideas. These devices could
encourage metacognitive abilities (planning, and checking) (Duncan, 2010; Pierce, Stacey & Barkatsas, 2007).
Also students believe that these devices could help them to learn mathematics.

Mathematics is very important to understand for everybody but learning mathematics is needed to follow logical
procedures. Thus educators should develop and apply new teaching methods on their course instead of
conventional instruction and these developed new teaching methods may improve learning through cognitive,
metacognitive and affective processes (Pierce et al., 2007). Besides the educators should encourage students to
learn and explore mathematics and they should provide positive feedback on the developing of students' positive
attitudes on their course. The behaviors of mathematics educator play a central role in learning mathematics for
students. Therefore they should be careful the students' affective and cognitive domains.
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The purpose of this study is to examine the college students’ confidence by learning mathematics and using
computers and the college students’ opinion about computers and graphics calculators during learning
mathematics. The research questions (RQ) investigated were as follows:

1. What is the college students’ confidence related to learning mathematics?

2. What is the college students’ confidence related to using computers?

3. What is the college students’ opinion about computers and graphics calculators during learning
mathematics?

METHOD

The present study used survey methodology with questionnaire items measured on Likert scales. The
questionnaire was developed by Fogarty, Cretchley, Harman, Ellerton, & Konki, 2001. The questionnaire
provided the opinion, feeling, and confidence of the student related to learning mathematics, using computers
and graphics calculator. The questionnaire with 34 items consisted of three main parts. The first part including
11 items is about the students' confidence by learning mathematics. The second part covering 12 items is on the
students' confidence while using computers. The last one including 11 items is about the feelings of the students
about computers and graphic calculators in the learning of mathematics. The statistical analyses of the
questionnaire were calculated by Fogarty et al. (2001). Cronbach’s alpha coefficient for internal consistency
reliability for subscales was reported as 0.89 for mathematics confidence, as 0.92 for computer confidence, and
as 0.84 for attitude towards use of technology in learning mathematics. The detailed statistical analyses of the
questionnaire can be obtained in literature (Fogarty et al. 2001). The items of the questionnaire were coded on a
scale of 1 to 5, with 1 being “Strongly Agree” and 5 being “Strongly Disagree”. The students were given
approximately five minutes to fill out the questionnaire. The research was performed on four departments
offering two-year programs (Industrial Glass and Ceramics, Geotechnic, Drilling Technology, Natural Building
Stone Technology) in Torbali Technical Vocational School of Higher Education at Dokuz Eylul University,
Turkey. The study sample consisted of 230 volunteer college students whose ages were between 18 and 20. The
collected data were analyzed by IBM-SPSS Statistics 22. The frequency distributions, means and standard
deviations of student’ responses were calculated.

RESULTS AND FINDINGS
The students' responses were evaluated according to subscale as follows:
1. The Confidence of Students in Learning Mathematics

Table 1 presents the descriptive statistics related to the students' confidence while learning mathematics. The
data obtained from the questionnaire are generally examined, the students did not have confidence in learning,
studying, and solving mathematics themselves. According to the findings; 17% of the students had less trouble
in learning mathematics than other subjects, 72% of the students did not have a mathematical mind, 61% of the
students had never felt themselves capable of learning mathematics, 83% of the students found mathematics
frightening, 78% of the student did not understand how some people seemed to enjoy spending so much time on
mathematics problems, 78% of the students were never very excited about mathematics, and 76% of the students
found mathematics confusing.

Tablel. The Descriptive Statistics Related to the Students’ Confidence in Learning Mathematics

QN Items N M SD
1 1 have less trouble learning mathematics than other subjects. 228 430 1.36
2 When | have difficulties with mathematics, | know I can handle them. 225 486 1.20
3 1 do not have a mathematical mind. 227 109 134
4 It takes me longer to understand mathematics than the average person. 224 194 124
5 | have never felt myself able to learn mathematics. 223 131 1.36
6 | enjoy trying to solve new mathematics problems. 222 401 1.23
7 | find mathematics frightening. 229 119 135
8 I find many mathematics problems interesting and challenging. 225 415 118
9 I don’t ur)derstand how some people seem to enjoy spending so much time on 2298 135 138

mathematics problems.
10 | have never been very excited about mathematics. 229 126 1.34
11 | find mathematics confusing. 229 154 134

Note: 1- Strongly Agree; 2- Agree; 3- Neutral; 4- Disagree; 5- Strongly Disagree
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2. The Confidence of Students in Using Computers

Table 2 shows the descriptive statistics related to the students' confidence while using computers. When the data
obtained from the questionnaire were generally evaluated, 74% of the students had less trouble in learning how
to use a computer than learning the other things, 80% of the students had difficulties in using a computer. They
knew that they could handle the problems/difficulties, 12% of the students had never felt themselves capable of
learning how to use computers, 77% of the students enjoyed trying new things on a computer, 13% of the
students found using computers frightening, 16% of the student did not understand how some people seemed to
enjoy spending so much time using computers, and 81% of the students did not find computers confusing.

Table 2. The Descriptive Statistics Related to the Students’ Confidence in Using Computers

QN Items N M SD
1 I have less trouble learning how to use a computer than | do learning other things. 229 2.05 1.10
2 When I have difficulties using a computer | know | can handle them. 229 1.87 0.96
3 I am not what I would call a computer person. 229 3.48 1.23
4 It takes me much longer to understand how to use computers than the average person. 230 3.52 1.26
5 I have never felt myself able to learn how to use computers. 226 4.17 1.13
6 | enjoy trying new things on a computer. 227 2.00 1.15
7 1 find having to use computers frightening. 226 4.16 1.13
8 I find many aspects of using computers interesting and challenging. 222 2.72 1.30
9 I don’t understand how some people can seem to enjoy spending so much time using 297 379 191

computers.
10 1 have never been very excited about using computers. 227 3.85 1.14
11 | find using computers confusing. 220 4.05 1.13
12 I’'m nervous that I’'m not good enough with computers to be able to use them to learn 298 351 113

mathematics.

3. The Opinions of Students about Computers and Graphics Calculators

Table 3 demonstrates the descriptive statistics related to the students' feeling about computers and graphics
calculators in the learning mathematics. When the data obtained from the questionnaire are generally
investigated, 46% of the students believed that computing on a devise makes it easier to explore mathematical
ideas, 45% of the students realized that computers were important but they did not think that they needed to use
them to learn mathematics, 66% of the students thought that computers and graphic calculators were good tools
for calculation, but not for their learning of mathematics, 27% of the students reported that using technology
wasted too much time in the learning of mathematics, 27% of the student preferred to do all the calculations and
graphing by themselves, without using a computer or graphics calculator, 56% of the students wanted to get
better at using computers to help students in mathematics, and 35% of the students revealed that the symbols and
language of mathematics were difficult all by themselves even without the addition of technology.

Table 3. The Descriptive Statistics Related to the Students’ Feeling about Computers and Graphics
Calculators in Learning Mathematics

QN Items N M SD
1 Computing power makes it easier to explore mathematical ideas. 230 2.63 1.07
2 | know computers are important but | don’t feel | need to use them to learn mathematics. 227 2.73 1.14
3 Computers a_nd graphics calculators are good tools for calculation, but not for my learning 230 197 119

of mathematics.
4 I think using technology is too new and strange to make it worthwhile for learning 298 3.06 1.04
mathematics.
I think using technology wastes too much time in the learning of mathematics. 219 2.21 1.22
6 | pref_er to do all the calculations and graphing myself, without using a computer or 298 417 119
graphics calculator.
7 Usm_g t_echnology for the calculations makes it easier for me to do more realistic 293 241 0.99
applications.
8 I like the idea of exploring mathematical methods and ideas using technology. 230 2.88 1.16
9 | want to get better at using computers to help me with mathematics. 227 1.58 1.17
10 The symbols and language of mathematics are bad enough already without the addition of 299 200 1.23
technology.
1 ?par:/rlggdt]eeihnology to do routine work makes me more likely to try different methods and 297 258 105
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CONCLUSION

The results obtained from findings indicate that the majority of the students had great difficulties in learning
mathematics. The learning difficulties of the students by studying mathematics can be given according to RQ1
(What is the college students’ confidence related to learning mathematics?) as follows:
1) They have a prejudice against mathematical thinking and learning.
2) They believe that mathematics is very difficult to achieve and is complex to understand therefore many
students do not generally want to learn mathematics.
3) They think that learning mathematics causes the students to waste time and they prefer to perform
different social activities to learn mathematics.
4) They believe that they do not have logical/mathematical intelligence and do not adequately have
confidence in learning mathematics.

The results obtained from findings reveal that the majority of the students have interest in using computers and
have confidence in understanding computers. The results obtained from findings according to RQ2 (What is the
college students’ confidence related to using computers?) report that many students do not have any problems
while using computers therefore they would like to use the computers, they really enjoy spending more time
with the computers, and find the computers entertaining.

The results obtained from findings present that the majority of the students need to use computers and graphics
calculators in learning mathematics. The results obtained from findings according to RQ3 (What is the college
students’ opinion about computers and graphics calculators during learning mathematics?) demonstrate that the
majority of the students use calculators because mathematical operation is easy to do/solve for them. Actually
these graphics calculators may prevent improving of mathematical operation skills of the students because
students are accustomed to use these devices instead of pen and paper. After certain period of time, these
devices might be caused the lack of motivation and confidence in the students. Besides the students’
mathematical operations performance can increase the possibility of failure on the examination and they almost
begin to think that they have not mathematical intelligence.

RECOMMENDATION

It is clear that college students do not like to study mathematics. Therefore, mathematic educators should
motivate students to the courses with the help of active learning techniques. The mathematics educators should
present practical knowledge instead of more theoretical knowledge, they should teach problem solving strategies
to the students instead of problem solving, they should improve the problem solving skills of the students, they
should use plain mathematical language for more easy understanding of the students in the courses, they should
give comprehensible and achievable homework problems instead of a lot of assignments in order to gain
students” motivation and confidence, they should frequently encourage the students, and they should not threat
the students with score. The students nowadays spend more time on the computers. For this reason, the
educators should promote to the students for using a variety of mathematical educational software. Thus
students could learn mathematics by using educational software. The educators should not allow students to use
the computer (Tablet PC, Notebook, etc.) and/or calculators and graphics calculators in the courses and
examination. The educators should explain the importance of calculators and computers to students and should
express to students that these kind of devices are insufficient for learning mathematics. Finally, the educators
should periodically provide in-service training about active learning techniques and educational software.
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ABSTRACT: There are increased using the e-Learning technologies at the modern institutions of higher
education, which favored to integrate the various instruments in the virtual learning environment. Recently, the
cloud technologies have become the most popular, which offer e-Learning internet technologies based
dynamical and actual new opportunities to the educational institutions. The cloud technologies provide a high
level of the service and they impact on the design of the training courses, offered services and logistics.
Although, the cloud technologies include the new risks, at the same time their use for educational institutions
and students can get a better service at the lower cost. In the article, it is discussed the comparative analysis of
the learning services with the modern LMS systems and the cloud technologies and shown the perspectives of
the implementation in the educational organizations.

Key words: e-Learning Technologies, Cloud Technologies, Virtual Learning
INTRODUCTION

Nowadays, higher education organizations actively used on information technology based virtual learning
environment. Every day, the possible functions of virtual learning environment gets more important with its
information filling degree. For today, we have not exactly cleared meaning of virtual learning environment,
because the developing continues, constantly getting the increasing integration with internet and in accordance
with a variety of new tools to adapt in their environment. One of the most popular kind of the virtual
environment is Learning Management System (LMS) (Kapanadze D....).

LMS systems have specific functions, which implementation is possible on the base of the social networks or on
the base of the multiple servers using with the educational programs. This is the opportunity to give the specific
content for the closed groups, which learn the concrete course in the certain period. It is important during the
formal (traditional) learning a number of reasons:

- The learning institutions may put the investment in the contents development, but its spread by internet may
be warning for their marketing condition. But, with the most Universities’ opinion open learning projects can get
into a source of financial gain. There is a good example, MIT’s some learning resource reformed as public;

- Teaching in the “Learning Environment” has its preferences, which depends on the partnership of the group
members and existing of the united common objects. During the using of LMS there is blocked unauthorized
access to spammers and other destructive approach customers, which is very important;

- If necessary, the educational institution is given the opportunity to control learning environment and its
elements, from some legal, ethical and cultural considerations;

- The educational institutions have access of the students in the system. It has possibility to improve the
content and the delivery service experience for the improvement of the students’ knowledge acquisition.

The part of teachers, they use free opportunity during the learning process due to the LMS systems’ restrictions.
Particularly, they use Web 2.0 technologies based on social networks (Facebook) and various internet outlets
blog, wiki and etc., which is available for everyone (Sclater Niall, 2-11). With the giving capabilities to the
students they use partnership with the live environment by the usage and sharing own learning material. During
the formal learning process, this type of working is impossible with the little group of the students and from the
teachers it is very hard, because it depends on the recourses, a lot of time and the high knowledge in the sphere
of IT.
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At present, e-Learning is becoming an alternative model of the two previous models, which aims to provide
educational resources and activities in the form of services. Two companies — Google and Microsoft started the
suggestion of the new services to the learning institutions and the students. These services change university
systems or their functions filling, they are: e-mail, instant exchange of information, calendar plan, creating and
saving personal documents, their joint access, creating web pages. The services of Google Apps for Education
and Microsoft Live@edu have a wide set of tools, which is made by adjusting the customers demand, also it is
possible to connect them to the kind of the educational institution brand. Moreover, these systems are placed to
an external service provider, called “Cloud Computing” or simply in “Cloud”.

Cloud Computing in e-Learning

Cloud - this is available and great consolidation of the easily usable virtual resources (as they are: devices,
platforms, and/or services). According to the load changes (scalability), it is possible the dynamic
reconfiguration of the resources, which gives the possibilities of the used resources optimization. Such kind
exploitation of the consolidation, as a rule, based on models — Pay only for what you use (Pay-as-you-go).
Within the models, the guarantees of the service define to each specific case by provider, according to the
agreement of the service level.
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g
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Figure 1. Cloud-Computing Layers

There are three main issues of cloud service category for the distributed infrastructure (Fig. 1). At the lower
level there is infrastructure, as service - laaS (servers, data storage space, network devices and etc...), for
example, Amazon’s Elastic Compute Cloud (Amazon EC2), which gives the possibilities to the organizations to
run their Linux-servers on the virtual machines and if necessary fast loading scalability. On the next level there
are the platforms, as service - PaaS (design’s different environment, library of the objects, data bases and etc...).
At this level, the developers have opportunities to write the applications. At the upper level, there are Cloud
computing applications, as service - SaaS (e-mail, calendar and etc.), which introduce the applications in the
clouds for the learning organizations. It is possible to access on these services with the web browsers from the
different devices (computers, mobiles, thin clients, terminal emulators and etc.) In clouds, not only dates, but
applications saving changed computing paradigms for the benefits of the traditional client-server model,
according to which there are minimal functions remained to the user’s side. Therefore, such functions as:
software updates, checking on viruses and other services, depends on the provider of the cloud service. As the
system locates on the network and to access on it is possible by internet, therefore it is easier common access, to
manage the versions and joint editing.
Arguments for benefit the cloud service using:

e Reduce the costs on resources;

e Possibility of scalability;

e To compare different components and combining possibility, that they were not chained to a computer

infrastructure;
e Reduce the costs on staff.
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e-Learning Service Migration In Cloud

E-mail is one of the most important catalyst from the universities data centers the migration of the learning
services with cloud computing providers. Most of the students do not use by e-mail server, because they have
their own accounts on the service servers, such are Microsoft Hotmail or Google Gmail. According to this
matter, e-mail server changing by the learning institutions will be overlooked for lots of students. If a student
decides to use the university mail, this will be simple, because he will be automatically on the Cloud service.
Nowadays, in many universities, among them the universities of Georgia signed the contract with Microsoft or
Google to collaborate and to give the students free e-mail with the same domain name, which domain name
assigned the university. The arguments to move the mail server in cloud space is more and more stable. There is
shown in the table, from LMS systems two mostly popular — comparing blackboard and Moodle functions to
cloud services of Microsoft and Google. In mind, that the changes have permanent nature in this sphere and
constantly, they add the new capabilities for above systems. As there is shown from the table, there is possible to
realize a lot of necessary function for virtual learning environment. The exception is the evaluation tool. For
example, there is not necessary instrument for testing such essential tools in an assessment e-system as they
have Moodle and Blackboard in Google App. Also, there is not academic assessment journal in Cloud using
program This is due to the fact that initially, when the cloud services are being created, there was not education
specific. However, Microsoft and Google started collaborating with the educational area and supposedly, not so
far from the time when they show to us the created specific educational program apps.

The Transition Risks To The Moving Of Cloud Services

To move e-Learning in cloud space have some risks for the learning educations:

- Service reliance to a single supplier;

- The main changes may get large costs in service working, because they have no access to software code
and in the worst case - on the bases;

- software updating risks of Cloud services;

- Storage security and privacy-related risks;

- Different types of seizures caused by delays in the work;

- The risk caused by one of the company's cloud-management services.

- Technical problems caused by the transition to new technology;

- The absence of network which the consumers’ computers will remain functionless.

Thus, a highly credible cloud service provider programs for companies within the agreed service levels, can give
guarantees to the IT service of learning institutions their products with full compliance on their technical
requirements, fault tolerance, unauthorized invasion of strangers, access management and data protection.
Learning institutions also will have possibilities, in order to improve the quality of services for monitoring the
actions of users. There is started the realization of cloud technologies, for example, the creators of Moodle
processed MoodleCloud version and offered it to costumers for free from 2015 (https://moodle.com/cloud/).
Complex web-based application is built on the scalable and economical Moodle - hosting platform. About this
platform based portal always works Moodle's latest version. There is possible to create the website in
MoodleCloud, as the individual teacher as the little schools or organizations.

CONCLUSION

Thus, LMS systems (Blackboard, Moodle and etc.) will realize in near future by cloud technologies, but cloud
services (Live@edu, Google Apps for Education and others) will be more usable for e-Learning requirements,
but which technologies will choose the learning institutions, at present it is impossible to predict. One thing is
clear, that the learning institutions will have great choice during the learning process to implement modern,
advanced built technologies.
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ABSTRACT: In this study, it is aimed to analyze attitudes, behavior and self-efficacy levels of science teacher
candidates towards renewable energy and environment. The study is conducted over three research questions.
These are, “Is there a significant difference among pre-test, post-test and retention-test scores of science teacher
candidates regarding environmental behavior and environmental self-efficacy?” Participants of this study consist
of 37 science teacher candidates, who applied to the project titled as ‘Environment and Energy with Pro-
Fe(Science)ssional Education’ held between the dates 17th-23rd June, 2014. Pre-test, post-test and retention-test
of renewable energy, environmental behavior and environmental self-efficacy are used to determine changes in
attitudes, behaviour and self-efficacy of Science teacher candidates towards these variables. The scales used as
data collection tools are respectively, “Environmental Behavior”, “Renewable Energy Attitude” and “Self-
Efficacy Beliefs through Environmental Education”. In the light of findings obtained from data, post-test scores
are found to be higher than pre-test scores and retention-test scores are observed to be lower compared to post-
tests. According to analysis of variance and Bonferroni multiple comparison test, statistically significant
difference is found between post test - retention test and pre-test scores. When the obtained results are
considered, it is concluded that 8-day-nature education makes a major contribution to the participants’ attitudes
towards renewable energy, environmental behaviour and environmental self-efficacy.

Key words: Science Education; Environment; Renewable Energy; Attitude; Behavior; Self-Efficacy.
INTRODUCTION

Nowadays, renewable energy and environmental issues are one of the very popular subject. With the developing
technology, the increasing of environment pollution and consequently the protecting of environment is very
important. The gaining and giving the environmental consciousness and awareness, which ensured to be
sustainable, are necessary for they can have a healthy life of future generations. The traditional energy kinds
(such as fossil fuels) provide the greatest contribution to environmental pollution. The transfering to individuals
the need using renewable energy to a healthy environment and it is extremely important to ensure their
awareness in this regard. The studies are being conducted on the raising the teacher candidates’ awareness,
especially in science education, related to renewable energy and environmental issues and the investigating of
their attitudes, behaviors and self-sufficiency (Onder and Kocaeren, 2015). The reason for preferred of teacher
candidates in scientific studies is to reach a common and widespread community by the transferring their
knowledge to their students in the future. Accordingly, in an article published by Onder and Kocaeren in 2015
year (Onder and Kocaeren, 2015) a study is included on environmental information, behavior and self-
sufficiency of teacher candidates. In this study, the obtained data by applying "Environmental Education Self-
efficacy Test”, "Environmental Knowledge Test" and “Environmental Behavior Test” to the science teacher
candidates consisted of 37 people were analyzed. According to the analysis results, between applied pretest and
posttest scores it was found that there are significant differences.

In 2015, published by Onder and Kocaeren in another study to create awareness of renewable energy to 37
participants tests such as environmental behavior test, environmental perception test, renewable energy attitude
test were applied. When the obtained results are evaluated it can be said that there are significant differences
between the applied pretest and posttest scales ana these studies increase the level of knowledge of teacher
candidates dramatically positive. The presented this study to literature was prepared via the project titled as
“Environment and Energy with Pro-Fe(Science)ssional Education” supported by TUBITAK (Onder and
Kocaeren, 2015). It is aimed to investigate the differences between the applied pretest, posttest and permanence
test scores on renewable energy, attitude, environmental behavior and self-efficacy issues to science teacher
candidates consisting 37 people. In scope of work, these scales were used in order to specify changes in teacher
candidates’ attitude, behavior and self- efficacy on the environment and renewable energy the scales such as
"Environmental Behavior Scale”, "Renewable Energy Attitude Scale" and "Environmental Education Self-
Efficacy Scale". The presented in this article, which the above-mentioned and as a continuation of studies
performed by our group, the questions which diverting us to do this research are given below.

1. Isthere asignificant difference between renewable energy attitude pretest, posttest and permanence test

scores of science teacher candidates?
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2. Is there a significant difference between environmental behavior pretest, posttest and permanence test
scores of science teacher candidates?

3. Is there a significant difference between environmental education self-efficacy pretest, posttest and
permanence test scores of science teacher candidates?

METHOD

2.1. Working Model
This study was performed as a weak experimental design. The research based on poor experimental design is the
study without a control group.

2.2. Working Group

The working group forms 37 science undergraduate students participating from Akdeniz University in Antalya,
Afyon Kocatepe University, Denizli Pamukkale University and Suleyman Demirel University in Isparta to the
project entitled “Environment and Energy with Pro-Fe(Science)ssional Education” held between the dates 17 to
24 June 20014. 31 participants (83.8%) were female and 6 (16.2%) were male.

2.3. Data Collection Tools

In the project study performed under science and nature education schools the program and supported by
TUBITAK, “Environmental Behavior Scale” developed by Kisoglu (2009), “Renewable Energy Attitude Scale”
prepared by Yiicel and Morgil (1998) and “Environmental Education Self-Efficacy Scale” developed by
Ozdemir et al. (2009) were used as data collection tools. Scales were implemented at the beginning of the
project, at the end of the project and as a retention test after 1 month from the end of the project.

2.3.1. Environmental Behavior Scale

In this study to measure students' environmental behavior, environmental behavior scale was used that its
reliability coefficient (o) is calculated as 0.79 and developed by Kisoglu (2009). This component of
environmental literacy scale is prepared in triple Likert type (1 = never, 2 = sometimes, 3 = always) to determine
what they do as often environmentally sensitive behaviors of the teacher candidates and it involves 20 behavior
sentences. The scoring of expression in the scale was built as 2 points. The scoring in the scale, “Always” 3
points, “Sometimes” 2 points and ”Never” is made as 1 point. Accordingly, the lowest and the highest scores on
the scale can be taken as 20 and 60, respectively.

2.3.2. Renewable Energy Attitude Scale

In this study, “Renewable Energy Scale” consisting 39 Likert-type questions and prepared by Morgil and et al.
(2006) in order to determine the attitudes of the teacher candidates related to renewable energy, which was
administered to all participants. This scale “I completely agree”, “I agree”, “I am undecided”, “I disagree”, and
“I never disagree”, and 5-point Likert-typed 39 of gradation expression is formed. Accordingly, a teacher
candiate can take 195 point as the highest score from the survey and also, 39 point as the lowest score. The
reliability of the measurement tool was calculated (Cronbach-alpha) and the reliability coefficient of the test was
found to be 0.85.

2.3.3. Environmental Self-Efficacy Scale

“Environmental Education Self-Efficacy Scale” is used in order to determine teacher candidates’ the
environmental self-sufficiency, and this scale was developed by Ozdemir and et al. (2009) in this study. The
reliability coefficient of this scale is 0.76 and also it explains 61.80% of the total variance. Additionally, this
scale is four sub-dimensional (These are “Academic Competence Perception”, “Responsibility Perception”,
“Tutorial Competence Perception” and “Referring ability Perception™). This scale developed to measure
environmental education self-sufficiency of participants consists of 15 questions and it is a Likert-typed with
percentage (%). Resultantly, a teacher candiate can take 75 point as the highest score from the survey and also,
15 point as the lowest score.

2.3.4. Data Analysis

SPSS 21.0 software was used to analyze the data and for evaluation of the obtained results after applying of the
scales. Before analysis, loss and extreme values were determined. According to the sub-problem situations, it
has investigated whether there is a significant difference between single factored ANOVA and pretest, posttest
and the retention test scores in the repeated measurements. If there are significant differences, Bonferroni
multiple comparison test was conducted to determine these differences. A commonly used multiple comparison
test that Bonferroni method depends on student t-statistic, and “equal sample number” principle does not require
(Miller, 1969). Descriptive statistics were accommodated in the findings.

83



International Conference on Education in Mathematics, Science & Technology (ICEMST), May 19 - 22, 2016, Bodrum / Turkey

RESULTS AND DISCUSSION

3.1. Evaluation of Teacher Candidates’ Renewable Energy Attitude Pretest, Posttest and Retention Test
Scores

As seen in Table 1, teacher candidates’ renewable energy attitude pretest, posttest and retention test scores ( X )
are found as 114,16; 123,58 and 123,50, respectively.

Table 1. Descriptive statistics related to teacher candidates’ renewable energy attitude pretest, posttest
and retention test scores.

Variables N X SS

Pretest 37 114,16 12,582
Posttest 37 123,58 7,062
Retention test 37 123,50 6,841

According to the obtained results, it can be said that the average of posttest and retention test scores was a little
bit higher from pretest score average. As investigated in Table 2, the calculated F value was found meaningfully
for unidirectional variance analysis in the repeated measurements (F (dfl, df2 ) =10,175; p<0,01). In other
words, differences between averages related to teacher candidates’ renewable energy attitude pretest, posttest
and retention test scores were statistically significant.

Table 2. ANOVA results related to teacher candidates’ renewable energy attitude pretest, posttest and
retention test scores.

Thg source of KT sd KO = p
variance

Intra-subject 3295,623 37 89,071

Measurement 2229,807 1,623 1373,789 13,441 0,00
Error 6138,193 60,055 102,210

Total 11663,623

The performed Bonferroni multiple comparison test results to understand that, among which tests the difference
between the score averages are given in Table 3. When we see Table 3, the meaningful difference was found
between posttest and retention test and pretest score averages. This difference is a benefit for posttest and
retention test. In other words, it can be said that with conducted environmental education was provided
significant contribution to teacher candidates’ renewable energy attitudes and be persistent of the learned
information of teacher candidates.

In the analysis and evaluation, the effect size value was calculated. But it might be necessary to briefly describe
the effect size, which is a a statistical value that show the level of deviation from the expectations defined in
hypothesis of the absence of the results obtained from the sample (Cohen, 1994; VVacha-Haasse ve Thompson,
2004). Generally, the effect size is defined as the magnitude of the difference between the null and alternative
hypotheses. This is an indication of the practical significance of the research results. According to result of the
tests, the calculated effect size was found as (n?=0.27) in this study. In Green’ opinion (2005) it can be said that
this difference has a large effect.

Table 3. The multiple comparison test results based on Bonferroni analysis related to teacher candidates’
renewable energy attitude scores.

(1) Groups (J) Groups Average Difference (1-J) SH P
Pretest Posttest* -9.421 2.521 0.002
Retention test* -9.342 1.989 0.000
Posttest Ontest* 9.421 2.521 0.002
Retention test 0.079 1.669 1.000
Retention test Posttest* 9.342 1.989 0.000
Posttest -0.079 1.669 1.000

*Difference is the meaningful at .01 level.

3.2. Evaluation of Teacher Candidates’ Environmental Behavior Pretest, Posttest and Retention Test Scores

As seen in Table 4, teacher candidates’ environmental behavior pretest, posttest and retention test scores (Y)
were calculated as 41,51; 49,57 and 48,32, respectively.
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Table 4. Descriptive statistics related to teacher candidates’ environmental behavior pretest, posttest and
retention test scores.

Variables N X SS

Pretest 37 41,51 6,127
Posttest 37 49,57 5,510
Retention test 37 48,32 6,138

According to these results, it can be said that the average of posttest and retention test scores was higher from
pretest score average. As seen in Table 5, the calculated F value was found meaningfully for unidirectional
variance analysis in the repeated measurements (F=22.840, p<0.01). In other words, differences between
averages related to teacher candidates’ environmental behavior pretest, posttest and retention test scores were
statistically significant.

Table 5. ANOVA results related to teacher candidates’ environmental behavior pretest, posttest and
retention test scores.

The source of

. KT Sd KO F P
variance
Intra-subject 1607,640 36 44,657
Measurement 1391,207 2 695,604 22,840 0,00
Error 2192,793 72 30,455
Total 5191,64

The performed Bonferroni multiple comparison test results to understand that, among which tests the difference
between the score averages are given in Table 6. As seen in Table 6, the meaningful difference was found
between posttest and retention test and pretest score averages. This difference is a benefit for posttest and
retention test. In other words, we can say that with conducted environmental education was provided significant
contribution to teacher candidates’ environmental behavior and be persistent of the learned information of
teacher candidates. Additionally, the calculated effect size was found as (n?= 0.39) in test final. According to
Green (2005) it can be said that this difference has a large effect.

Table 6. The multiple comparison test results based on Bonferroni analysis related to teacher candidates’
environmental behavior scores.

(1) Groups (J) Groups Average Difference (1-J) SH P
Pretest Posttest™ -8.054 1.132 0.000
Retention test* -6.811 1.357 0.000
Posttest Pretest* 8.054 1.132 0.000
Retention test 1.243 1.348 1.000
Retention test Pretest* 6.811 1.357 0.000
Posttest -1.243 1.348 1.000

*Difference is the meaningful at .01 level.

3.2. Evaluation of Teacher Candidates’ Environmental Self-Efficacy Pretest, Posttest and Retention Test
Scores
As seen in Table 7, teacher candidates’ environmental self-efficacy _pretest, posttest and retention test scores (

Y) were calculated as 46,70; 54,68 and 53,70, respectively.

Table 7. Descriptive statistics related to teacher candidates’ environmental self-efficacy pretest, posttest
and retention test scores.

Variables N X SS

Pretest 37 46,70 4,054
Posttest 37 54,68 6,347
Retention test 37 53,70 7,306

According to the obtained results, it can be said that the average of posttest and retention test scores was higher
from pretest score average.
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As seen in Table 8, the calculated F value was found meaningfully for unidirectional variance analysis in the
repeated measurements (F=22.144, p<0.01). In other words, differences between averages related to teacher
candidates’ self-efficacy _pretest, posttest and retention test scores were statistically meaningful.

Table 8. ANOVA results related to teacher candidates’ self-efficacy_pretest, posttest and retention test

SCOres.
Thg source of KT sd KO E p
variance
Intra-subject 1618,432 36 44,956
Measurement 1442,649 1,593 905,556 22,144 0,00
Error 2345,351 57,352 40,894
Total 5406,432

The performed Bonferroni multiple comparison test results to understand that, among which tests the difference
between the score averages are given in Table 9. When we see Table 9, the meaningful difference was found
between posttest and retention test and pretest score averages. This difference is a benefit for posttest and
retention test. In other words, it can be said that with conducted environmental education was provided
significant contribution to teacher candidates’ self-efficacy_and be persistent of the learned information of
teacher candidates. Additionally, the calculated effect size was found as (n?= 0.38) in test final. According to
Green and Salkind (2005) it can be said that this difference has a large effect.

Table 9. The multiple comparison test results based on Bonferroni analysis related to teacher candidates’
self-efficacy scores.

(1) Groups (J) Groups Average Difference (1-J) SH P
Pretest Posttest * -8.162 0.947 0.000
Retention test* -7.000 1.542 0.000
Posttest Pretest* 8.162 0.947 0.000
Retention test 1.162 1.417 1.000
Retention test Pretest* 7.000 1.542 0.000
Posttest -1.162 1.417 1.000

*Difference is the meaningful at .01 level.
CONCLUSION

In scope of the project titled as “Environment and Energy with Pro-Fe(Science)ssional Education” supported by
TUBITAK, the following conclusions were reached in this study investigating of the effectiveness and durability
on science teacher candidates’ environmental information, environmental behaviors and environmental
education self-efficacy levels.

As seen in teacher candidates’ renewable energy attitude pretest, posttest and retention test scores, posttest
scores showed an increase compared to the pretest scores and retention test scores showed a small decrease
compared to the posttest scores. According to the analysis of variance and Bonferroni multiple comparison test,
a statistically significant difference was found between pretest and posttest-retention test. Found this difference
is in favor of posttest and retention test. As considering the environmental behavior pretest, posttest and
retention test scores, the posttest and retention test scores are higher than pretest scores. According to the
analysis of variance and Bonferroni multiple comparison test, a statistically significant difference was found
between pretest and posttest-retention test in order to determine that these differences are in favor of which tests.
Found this difference is in favor of posttest and retention test. As investigating in environmental_self-efficacy
pretest, posttest and retention test scores, posttest scores showed an increase compared to the pretest scores and
retention test scores showed a small decrease compared to the posttest scores. According to the analysis of
variance and Bonferroni multiple comparison test, a statistically significant difference was found between
pretest and posttest-retention test. Found this difference is in favor of posttest and retention test.

Besides this statistical analysis performed effect size value (n?) was calculated depending on three different
scales. It can be said that the value of the calculated effect size in study is higher than normal value. According
to the literature effect size takes values between 0.00 and 1.00. n? values at .01, .06 and .14 levels are considered
as small, medium and large effect size, respectively (Green and et. al., 1997). According to the renewable
energy attitude scale applied for teacher candidates, the calculated effect size value (n?) is 0.27. Additionally,
according to the test results of scale applied for their environmental behavior the effect size value (?) is 0.39.
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Moreover, according to environmental self-efficacy test results, the effect size value (n?) was calculated as 0.38.
At the end of the study this effect size values (n?) may be several reasons for the high. The first of these is that
teacher candidates participating in the study are not encounter with detailed information about renewable energy
and environment before. Secondly, in the renewable energy and environmental issues positively being of the
change in the level of teacher candidates’ knowledge or its increasing that affects their attitudes. Depending on
the studies performed by Onder (2015); Kahyaoglu, Daban and Yangin (2008); Kayali (2010) it can be said that
environmental information has been found to increase the environmental attitude. This may lead to
overestimation of effect size value.

The overall evaluation of results achieved it can be said clearly that with the participants’ performed an 8-day
outdoor education programmes on the environment, contribute significantly to their renewable energy attitude,
environment behavior, environmental education self-sufficiency. These results show related to this project that
highly effective increasing in renewable energy attitudes, environmental behaviors and self-efficacy for
environmental education of teacher candidates.
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ABSTRACT: The aims of this study are to determine and compare the levels of scientific process skills of 5t
and 8" grade students. The skills which were examined specifically for this research are as following:
Observation, classification, measurement, recording data, establishing space and number relationships,
predicting, identifying variables, interpreting data, inference, hypothesizing, modelling, and experimenting.

Research was conducted with a total of 200 students, 100 students at 5 grade and 100 students at 8" grade,
attending to a middle school in the province of Kars. In this research the survey method was utilized. Science
Process Skills Test (SPST) consisting of multiple choice questions administered to students of each grades to
determine their level of science process skills. Data was examined by utilizing frequency and percentage
distributions.

The findings show that the percentage of success achieved by the 8" grade students is higher than the 5" grade
students. In addition, both 5 graders and 8" graders’ performance level for experimenting and establishing
space and number relationships are lower compared to other process skills. Findings also showed that 5th grade
students are better in recording data, and 8 graders are better in creating a model in compare to other science
process skills.

Key words: science process skills, teaching science
INTRODUCTION

In today’s information and technology era scientific knowledge grows exponentially, technological innovations
progress rapidly and science and technology affect every area of our lives significantly. Under these conditions,
it is evident that science and technology education plays a key role for the future of a society. Topsakal (2005)
defines science and technology course as a window that helps students to acquire necessary knowledge, skills,
attitudes and values that will allow them to be conscious and responsible citizens and successful in their future
professions. In this regard, all communities, particularly the developed countries are in a constant effort to
improve the quality of the science and technology education (Aydogdu & Kesercioglu, 2005). Science and
technology education has an extremely important role in training individuals who possess science process skills
such as observing, collecting data, and inferring, as well as skills of searching information, critical thinking,
identifying problems, and problem solving.

Science process skills are basic skills that facilitate learning, help students to acquire necessary knowledge and
methods to perform an inquiry, and develop a sense of responsibility for their own learning (Cepni, Ayas,
Jonhson and Turgut, 1997). According to Lind (1998), scientific process skills are thinking skills that persons
use in constructing knowledge, reflecting on a problem and formulating the results (Tan &Temiz, 2003).
Acquiring these skills in science and technology courses in the teaching process has an important place. Students
can be helped to acquire science process skills by planning activities which are appropriate for their mental and
physical status. As Bagci1-Kilig (2003) stated, students might not be expected to design and conduct scientific
research in very early grades, however, they might be helped to acquire basic process skills. Skills such as
observation, measurement, classification, and prediction can be acquired to students by planning short term
activities. These preliminary skills then can be a basis for the higher grades in developing more complex skills
such as recording data, interpreting data, formulating hypothesis, and experimenting.

Cepni et al (1997) classify science process skills in three categories: basic science process skills, causal science

process skills, and experimental science process skills. Basic skills are measurement, classification,
number/space relations, and recording data, whereas causal skills includes predicting, identifying variables, data
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interpretation, and inference. The experimental skills are formulating hypothesis, analysing data, creating a
model, controlling and changing variables, and decision-making.

Observing

Observation is identifying the properties of an object or event using our senses (Arslan &Tertemiz, 2004). When
children make observation, they use five senses to gather information about objects or events in the
environment. Observation is the simplest of all scientific process skills and the primary means for obtaining
information (Monhardt & Monhardt, 2006).

Measuring

Measurement is using standard measures or estimations to describe specific dimensions of an object or event.
(Padilla, 1990). These measurements can be made to determine properties such as length, mass, volume and the
time (Monhardt & Monhardt, 2006).

Classifying

It is simply organizing the data collected through observation. It can be expressed as a grouping or arranging of
the events or objects according to similarities or differences (Karamustafaoglu & Meseci, 2014).

Recording Data

Students collect both qualitative and quantitative data in experimental processes. These data are recorded as
charts, tables, graphs or models. Organizing data in this way simplifies interpretations and results (Kesercioglu
& Aydogdu, 2005).

Setting Number and Space Relations

Students try to understand and describe objects according to their planar or three-dimensional shapes in order to
learn space-related processes. Number relationship can be defined as the process of using numbers to define the
outputs or ongoing properties of an activity (Cepni et al., 1997).

Predicting

Predicting is guessing the most likely outcome of a future event based upon evidence. Information about what
will happen after continuation or modification of a process is determined by predicting (Arslan & Tertemiz,
2004).

ldentifying Variables

This skill means ability for figuring out the factors that can affect an experiment. Students should perform
controlled experiments to develop this process skill. It is important to change only the variable being tested
(independent variable) and keep the others constant in controlled experiments. The aim of this process is to
monitor the changes occurring in dependent variable by the changes in independent variable (Aydogdu &
Kesercioglu, 2005).

Interpreting Data

Delen and Kesercioglu (2012) explain the interpretation of data as transferring information by using graphs and
tables. Aydogdu and Kesercioglu (2005), in addition, includes the meaning to be given to the results of
experiments and observations in process of interpretation of data.

Inference

An inference is an explanation based on an observation or experience. Inference is usually confused with

prediction. However, while prediction is guessing what will happen as an outcome of an event, inference is
drawing conclusion from an observed event. Our conclusions must be based on data. We make inferences about
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causes of phenomena we observe based on the data which was collected through observation (Aydogdu &
Kesercioglu, 2005).

Hypothesizing

A hypothesis is a testable statement of the investigator’s best guess depending on experience and observation as
to the relationship between two variables. When a student formulates a hypothesis, he suggests an explanation
consistent with available observations, questions and evidence (Arthur, 1993, 12-13; cited by Tan & Temiz,
2003).

Making Models

A model is a verbal, structural, or graphic representation of the physical world. Models can be magnified
samples of small objects, reduced size samples of large objects, or conceptual models which are prepared for
understanding of complex ideas (Kesercioglu & Aydogdu, 2005). Therefore, making models can be explained as
making a concrete design of objects, events or ideas.

Experimenting

Conducting an experiment contains the skills of asking appropriate questions, formulating hypotheses,
identifying variables and controlling these variables, designing experiment, performing the experiment and
interpreting the results (Padilla, 1990). The aims of this study are to determine and compare the levels of
scientific process skills of 5! and 8™ grade students.

METHOD

Descriptive survey research model is used in this study in order to determine and compare the 5™ and 8™ grade
middle school students’ level of scientific process skills. Survey model is a research approach which aims to
describe a current or past situation as it is. The event, individual or an object subject to the research is tried to be
described as it is in its own conditions. (Karasar, 2005). Research was carried out with 5" grade(N=100) and
8™ grade(N=100) students who are attending a middle school in Kars city centre.

Science Process Skills Test consisting of 21 multiple choice questions is utilized as data collection instrument.
Number of questions to measure each skill is as following: Observation=2; classification = 2; measurement= 3;
recording the data= 1; the number and space relationships= 2; prediction= 2; identifying the variables= 3;
interpreting data= 2; inference= 2; formulating hypothesis =2; modelling=1; and experimenting=1. Since the
questions for measuring observation skill were also used to measure two other skills, test consists of 21
questions in total. The test was developed by the researchers. Content validity of the test was established by
experts in science education. Frequency and percentage distributions were utilized in the analysis of the data.

RESULTS AND DISCUSSION

Each correct answer on Science Process Skills test was scored as 1 point; and each wrong answer was scored as
0 point. Accordingly, the lowest score on the test will be 0, while the highest score is 21. Fifth graders’ average

score on the test is X' =12.31, while the average score of 8" graders’ is calculated asX =14.75. The success rate
of 5 grade and 8" grade students’ are 58.61 %, and 70.23% respectively. These results showed that science
process skills of 5" grade students were at a moderate level, whereas 8" grade students' science process skills
were found to be at a more advanced level. Table 1 shows question numbers measuring each skill in the test; and
frequency and percentage of the students who answered the questions for each skill correctly.

Table 1. Freguency And Percentages Of Correct Responses By 5" Graders On Science Process Skills Test

Questions SPS Frequency (f) Percentage (%)
7&19 Observing 129 64,5
1&2 Classifying 137 68,5

3,5, v&ll Measuring 171 57

8 Recording data 74 74
9&10 Number Space relations 62 31
4&13 Prediction 138 69

7,14, & 15 Identifying variables 197 65,6

16 & 17 Interpreting data 125 62,5

90



International Conference on Education in Mathematics, Science & Technology (ICEMST), May 19 - 22, 2016, Bodrum / Turkey

6&12 Inference 106 53
18 & 19 Hypothesizing 106 53
20 Making models 72 72
21 Experimenting 43 43

Middle School 5" grade students’ most advanced skills are determined as recording data (74%) and modelling
(72%). In addition, students reached a relatively high level for the skills of observation, classification,
prediction, identifying variables and data interpretation (62.5% -69%). They showed a moderate ability in
inference and hypothesis (53%-57%). However, their skills in number and space relationship (31%) and
conducting experiments (43%) were at a low level.

Table 2. Frequency And Percentages Of Correct Responses By 8" Graders On Science Process Skills Test

Questions SPS Frequency(f) Percentage (%)
7&19 Observing 147 73,5
1&2 Classifying 169 84,5
3,5,&11 Measuring 197 65,6
8 Recording data 79 79
9&10 Number Space relations 91 45,5
4&13 Prediction 156 78
7,14, & 15 Identifying variables 230 76,6
16 & 17 Interpreting data 127 63,5
6&12 Inference 144 72
18 & 19 Hypothesizing 136 68
20 Modelling 86 86
21 Experimenting 60 60

Eighth grade students’ highest level of success were determined in classification (84.5%) and making models
(86%). They were also found to be highly successful in making observations, recording data, prediction,
identifying variables and inference skills (72%-79%). However, their skills in measuring, interpreting data, and
formulating hypotheses were found to be at a moderate level (60-68%). The lowest success was determined for
number and space relationship. Only 45.5% of the students reached at a good level in number and space
relationship.

Table 3.Frequency And Percentages Of Correct Responses By 5™ And 8" Graders On Science Process
Skills Test

PS 5" Grade students 8" Grade students
Frequency (f) | Percentage (%) | Frequency (f) | Percentage (%)
Observing 129 64,5 147 73,5
Classifying 137 68,5 169 84,5
Measuring 171 57 197 65,6
Recording data 74 74 79 79
Number Space relations 62 31 91 45,5
Prediction 138 69 156 78
Identifying variables 197 65,6 230 76,6
Interpreting data 125 62,5 127 63,5
Inference 106 53 144 72
Hypothesizing 106 53 136 68
Modelling 72 72 86 86
Experimenting 43 43 60 60

Comparison of the results for 51" and 8™ grade students in science process skills showed that they were nearly at
the same skill level for recording data and interpreting data. However, 8" grade students’ skill levels for
observation, measurement, prediction, identifying variables, formulating hypothesis and modelling are
moderately higher than the 5" graders. In addition, there is a large difference in classification, inference and
experimenting skills in favour of 8" graders. However, for both grades the lowest success rate was for number
and space relationships. Fifth grade students were found to be most skilful in recording data while 8" graders’
most developed skill was modelling.
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Analysis of the data showed a moderate success level in science process skills by 5™ grade students. This result
is consistent with the results of the research by Ozdemir (2009), which determined a moderate level of scientific
process skills by 5 grade students as well. However, low level of success in experimenting skills (43%) which
is essential in science learning raises concern. Similarly, low ratio of students (31%) who are advanced in
number and space relationships skills. This result suggest that activity based science classes are absent or
students are not provided with opportunities to facilitate their learning of abstract concepts by using concrete
models or simulations.

Eight grade students’ science process skills were found to be more developed compare to 5™ graders. However,
their level in experimenting and number and space relationship were quite low comparing to other process skills.
This result suggest that students do not have enough opportunities for doing experiments, which might be as a
result of not sparing time for hands on learning, or the school’s deficiencies concerning laboratory facilities.

Cakar (2008) study which was carried out with 5" grade students determined the level of students' science
process skills. The data obtained from the study showed that 5" grade students did not fully realized science
process skills which were an essential goal of the science and technology course curriculum. Ozdogru (2013)
study also showed that 6™ grade students' performance level of scientific process skills were below 50%.
Similarly, Aydogdu (2006) study with 7" grade students, reported that they were at below average level.
Another study by Unal-Coban (2009), conducted with 7™ grade students, found mean score on science process
skills test by experimental and control groups as X = 3.81 and X =3.19 respectively while the highest

attainable score was 23. These averages indicate very low levels of the scientific process skills. However,
research by Oztiirk (2008) carried out with 7" grade student students reported a positive result in which students
reached above moderate level in science process skills.

CONCLUSION

Comparing science process skill levels of 5" and 8" grade students showed that most of the skills developed
through the years of schooling or by age of the students. However, some skills such as recording data and
interpreting data remain at the same level. This result suggests that students have showed less development
regarding cause-effect relationships. Based on the results of the study, it is suggested that students should
perform activities that they need to think about the results of an event. In addition, during the activities students
should be given opportunities to comment and express their opinions and discuss about their comments or
opinions.
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ABSTRACT: The concepts of online and blended learning have gained considerable importance in academia
and programmes are developed where educational concepts are presented by utilizing the said modes. The idea
of blended learning revolves around an education programme in which information is shared through an
intermix of online media and face-to-face interaction with the instructor. The blended mode of teaching and
learning makes students autonomous learners as they face the challenges to adjust between online and face to
face interaction. The interaction also engages them in critical inquiry as they investigate learning materials
presented through an unconventional mode.

Blended mode of learning is well suited for university students where the possibility of experiencing self-
directed learning runs supreme. The paper, therefore, discusses the results of the efficacy of the blended mode of
learning as experienced by undergraduate students at a private university. In addition, the paper also highlights
the issues and challenges that impede the successful implementation of blended learning programmes in higher
education. Moreover, the paper also gives recommendations for the smooth integration of the blended mode of
learning for various education programmes at the university level.

Key words: blended learning, English language teaching, online mode, higher education
INTRODUCTION

The goal of education is to prepare individuals who can make rapid yet smooth adjustments in society. This is
only possible if education standards keep pace with the changing world and modify themselves according to the
changing realities. Zinsar (2012) opines the same and states that since technology and globalization are
transforming the world into one interconnected society, a new set of skills — in fact, a new education — is needed
for future citizens. These new set of skills are incomplete without ample weight given to technological literacy.
Technological literacy is, “the ability to use, manage, evaluate and understand technology.” (ITEA, 2006, p.4).
In education, it has therefore, become incumbent that literacy skills combine with technological skills to create a
new educational paradigm. Co-existence with technology has become a vital need and therefore ways need to be
paved for the smooth amalgamation of technology in education.

Use of technology not only adds value to the educational process but also extends students an opportunity to
experience learning beyond the borders of a traditional teaching learning set up. One of such active
technological fields is the blended learning (BL) mode. Krasnova and Sidorenko (2013) define BL as a method
of teaching that combines the most effective face-to-face (f2f) teaching techniques and online interactive
collaboration, both constituting a system that functions in constant correlation and forms a single environment.

Blended mode of learning can be successfully integrated in the education domain at all levels, however, at the
tertiary level it significantly carves out a niche for itself. Dziuban, Hartman and Moskal (2004) state that BL
offers potential for genuine transformation in higher education. Garrison and Kanuka (2004) further imply that
BL plays a very important role in transforming and promoting the quality of higher education. Tian and Fu
(2004) view BL as one of the top trends in knowledge dissemination. Through BL, education thus comes out of
a traditional single mode operation and is transmitted through multiple modalities. This multiple mode operation
is necessary to face the existing challenges that a modern day world offers to students. It makes them
autonomous learners on one hand and brings learning to their door step. Students access quality education in
their own time frameworks and without the rigours of f2f learning all the time. Moreover, self-paced learning
brings self-discipline and provides more time for critical reflection. Both are key expectations in higher
education.

Background of the Problem
In institutions of higher learning it is becoming increasingly difficult to meaningfully engage students with skills
and subjects that do not directly impact the core technical areas. One such area is the learning and teaching of

English language. English language, though a compulsory requirement at the undergraduate level, has failed to
gain attention and merit as students as well as institutions consider it as a subsidiary compulsion. Krasnova and
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Sidorenko (2013) opine the same and lament that in spite of the understanding of the language importance it is
not in priority for a technical institution. Johnson and Marsh (2014) also hint at the unclear sense of the
importance of EFL for professional development. Moreover, what students and institutions fail to conjecture is
that English as a medium of instruction is a highly important skill to develop as it cross cuts through all
disciplines and is a major source of effective and professional communication. Adequate and systematic learning
of English enables students to successfully cope with the rigours of academic courses and prepares them to
articulate their thoughts well at a professional level.

As a marginalized area of learning it is highly desirous to teach English language through the provision of
pedagogical variety and inclusion of an unconventional mode like BL. The said paradigm shift will attract
student attention and benefit the educational process as a result.

Statement of Problem

The overpowering presence of technology has exerted an influence on all aspects of human life. Education
cannot remain distant from the prevailing reality. Rather than staying aloof it is a prudent step to move forward
and benefit from the powers of technology, BL in particular. As an instructional tool it makes students the center
of learning and makes them experience educational autonomy, pedagogical variety, and self-reflection. Garrison
and Vaughan (2008) suggest that BL provides a more engaged learning experience to students.

In institutions of higher learning, the teaching of English language has emerged as an enormous challenge as
students do not regard it as a major focus area as it is not a subject that directly impacts their professional and
technical knowledge. Moreover, the instructional input given for the teaching of English is not stimulating and
challenging enough to generate interest in the said skill. Further, no innovative processes including the BL mode
have been investigated in the past to improve the teaching and learning of English

This small scale research study looks at the possibility of introducing the BL mode of instruction for the
teaching of English at an undergraduate level. The study is based on the premise that a shift in instructional
practice from a total f2f to BL may generate more interest among students about language learning, make them
avid language learners and increase their language competence with respect to oral communication skills.
Moreover, the study endeavours to explore the challenges and issues that may arise during the BL process.

Literature Review

Blended learning is an underutilized medium in academia despite the fact that it offers rich opportunities for
learning. Higgins and Gomez (2014) opine the same and state that BL is often under-used by academics and
students. However, a lot of potential exists in terms of utilizing the online medium of instruction with f2f
learning. Watson (2008) opines that BL combines the online delivery of educational content with the best
features of classroom interaction and live instruction in such a way as to personalize learning, allow thoughtful
reflection, and differentiate instruction from student to student across a diverse group of learners. This is
specifically meaningful in higher education where the nature of courses taught demand a certain kind of
autonomy and independent thinking. Garrison and Kanuka’s (2004) explore the benefits of BL in higher
education and state that the incorporation of it in higher education programmes redefines the role of higher
education institutions as they move towards more learner centered and self-directed modes of teaching and
learning.

The incorporation of BL in English language teaching is a widely acceptable tool in higher education. Whittaker
(2013) defines blended language learning (BLL) as a particular teaching and learning environment where the f2f
is combined with computer assisted language learning (CALL). Sharma and Barrett (2007) exemplify BLL as
f2f teaching with an appropriate use of technology. Dudeney and Hockly (as cited in Whittaker, 2013) explain
BLL as a mixture of f2f and online course delivery. The possibility of BLL is thus a widely acknowledged
phenomenon in terms of enhancing and facilitating language learning at the tertiary level.

BL thus affords students the opportunity to experiment with learning in a computer-generated mode together
with f2f interaction with the instructor. Woodall (2010) values the benefits of a virtual classroom and indicates
that a virtual classroom allows instructors and learners to be in different places at the same time. It also allows
the instructor to archive the event for later viewing. This definitely allows extensive time for better reflection
and analysis as teachers and students can both recluse and carefully examine the shared material and discourse
patterns. There are studies that authenticate the successful application of BLL with positive results. Huang and
Li (2014) successfully implement a unit of English teaching through the BL mode consisting of class
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preparation, classroom teaching and after-class assignment. The results show that learners perform better in
cooperation awareness and learner autonomy. Higgins and Gomez (2014) share a successful BL module on
English studies where students together with f2f teaching worked online to post their analysis of poetry and
blogging on topics related to modules. The said exercise is reported to have enhanced their experience of the
module. Jin, Zhang and Shen (2012) share an empirical study, on a writing course, where the combination of f2f
and online course seems to have lessened the writing anxiety among students and increased their confidence.
Sharma (2007) advocates the use of classroom instruction with online practice. He further envisages the use of
BL in language teaching through the use of websites in which pages can be edited, creation of computer audio
files and blogs. Liu and Zha (2009) quote a study focused on English learning motivation and strategies under
BL environment. The results taken from 800 students show positive effect of BL on students’ English
performance and learning motivation.

The benefits of BLL are immense as they give way to self-directed learning and prepare students to take charge
of their learning. However, the challenges that may beset the said mode of learning cannot be overlooked. So
and Bonk (2010) rightly claim that blended teaching and learning offer a complex and challenging new model
for many teachers, as well as their students. At the fore set, students may not be motivated enough to self-
regulate themselves while doing online work. Traditional f2f classrooms also take the spirit out of them to self-
direct their learning and experience independent learning paradigm. Johnson and Marsh (2014) hint at lack of
autonomous motivation, time management, patience with slow to load online applications and importance of
online work as major challenges in the successful implementation of BLL. Moreover, lack of teacher
preparedness in handling BLL comes out as another impediment towards the successful running of the said
programmes. Teachers need to re-envisage their roles in order to teach with improved and modern pedagogy.
Senior (2010) points at the same need and reiterates that BL offers teachers an opportunity to deal with the
changing roles of teachers in the 21st century and requires a reconsideration of the “valuable part they play in
supporting the learning opportunities of their students in our progressively interconnected world.” (p.146)
Garrett (2009) too points at the requirement of well-trained language teachers for better student learning
outcomes. Ocak (2011) claims that sometimes inadequate clarification of roles in blended courses confuses both
teachers and students and therefore lead to problems of content delivery and online application of skills. The
need therefore is to initiate BLL with absolute professional skill so that maximum benefit can be derived from it
and the challenges minimized for effective outcomes.

Giizer and Caner (2014) thus perceive BL as a useful, enjoyable, supportive, flexible tool for learning. Marsh
(2012) is of the view that BL offers language teachers a different range of learning opportunities through the use
of technology. Ruthven-Stuart (2003) cites a study in which a poll taken from 300 language teachers from 36
countries consider CALL as a complement to classroom teaching. The need is therefore is to seamlessly
incorporate the online component of language with f2f to achieve the desired results and reach optimum student
learning.

Research Methodology

The study is based on the premise that language can be learnt effectively through the BL mode by
complementing classroom teaching with the online component of language learning. The preferred strategy
affords students an opportunity to practice language independent of the teacher and in one’s own time
framework.

The study which made BLL mode of learning as its basis was conceptualized and practiced with one batch of
undergraduate business studies’ students at a private sector university. The research design for the purpose of
this small scale study was qualitative in nature. Qualitative research involves highly detailed but rich
descriptions of human behaviours and opinions (Savenye & Robinson, 1996). Moreover, this particular study
followed the observational case study approach towards the investigation of the stated phenomenon. According
to Bogdan and Biklen (2003) a case study is a detailed examination of one setting, or one single subject, or one
single depository of documents, or one particular event. McMillan (2008) defines an observational case study as
a type of case study where the participant observation is the primary method of gathering data to study a
particular entity or some aspect of the entity.

The Intervention
The BLL approach was applied in the two Oral and Communication Skills (OCPS) language sections of the

BBA programs. The BL programme was brought in by an outside agency and the scheme of studies was merged
with the regular OCPS course requirements. The objectives of the regular OCPS course was to focus on various
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aspects of oral communication and public speaking. The BL approach was used in the first 12 weeks of the
course where the f2f learning components, proposed by the outside agency, were reinforced through the online
mode. The concepts taught through f2f learning were given as online exercises for practice. Together with the
BL mode the regular teaching of the OCPS course also continued. The intervention is diagrammatically
presented below:

12 weeks (36 hours) 3 weeks (9 hours)
Regular BL Regular
OCPS + f2f + Online Exercises OCPS

Figure 1. Oral communication and Presentation Skills (OCPS) Course for 15 weeks
Sampling Procedure

The type of sampling procedure used for the purpose of this particular study was purposeful. According to
McMillan (2008) in qualitative studies participants were selected purposefully. He went on to claim that in
purposeful sampling, the researcher selected particular individuals or cases because they would be particularly
informative about the topic. 37 students were selected from the two sections of the OCPS class to participate in
the study. All the selected students were students of the undergraduate business programme of a private sector
university.

Data Collection Tools

After the students underwent the intervention for a period of 12 weeks, questionnaires were distributed to gauge
their responses on the BLL sessions, the technical quality of the online component, the quality of learning
through the BL mode and their satisfaction with the BLL mode. Moreover, focused group interview and
feedback was also taken from students regarding the BLL sessions and their oral communication was also
analyzed for the examination of the content learnt through the online session.

Data Analysis

In qualitative research, “data analysis means the process of systematically searching and arranging the interview
transcripts, field notes, and other materials that you accumulate to enable you to come up with findings”
(Bogdan & Biklen, 2003, p.147). Data analysis, therefore, involves working with the data, organizing them,
breaking them into manageable units, coding them, synthesizing them, and searching for patterns. This process
is known as categorical aggregation which according to Stake (as cited in McMillan, 2008) is a process in which
the data is coded and instances are collected from which meanings emerge. The data collected through
questionnaires, focused group interview and examination of language content used in quizzes was codified and
information synthesized for analysis.

The various forms of data collection tools used in the study also rendered credibility to the data through
triangulation. McMillan (2008) calls triangulation one of the most common techniques to enhance the credibility
of a qualitative study. Triangulation renders credibility to qualitative studies through comparison of findings by
using various data collection techniques. The idea of triangulation is based on the premise that a single method
of data collection exposes the data to researcher’s bias and, therefore, more than one method is necessary to
counter check the credibility of the data and findings. The same was done in the study for the verification of data
and achieve fuller understanding of the phenomenon under study.

RESULTS AND FINDINGS

The following section will outline the results of the study. The results are derived from questionnaires, focused
group interviews and analysis of quizzes taken for online work:

Table 1 shares the results of students’ responses on the effectiveness and appropriacy of BLL materials
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Table 1.Effectiveness and Appropriacy of BLL materials

How did you find the online Very effective Effective Appropriate Ineffective Very
component of the British Council ineffective
LEP course? 0% 30% 46% 19% 2.7%
How would you rate the structure Very Difficult Difficult Appropriate Easy Very easy
and content of the British Council (9 13.5% 35% 40.5% 10.8%
The British Council LEP course Strongly Agree Neutral Disagree Strongly
was useful in the improvement of Agree disagree
your oral communication skills. 0% 27% 27% 46% 0%

The material was not interesting 13.5% 11% 30% 21.67% 0%
and/or challenaina enouah

The website had technical 16.2% 38% 32% 11% 2.7%
problems

It was difficult to attempt online 21.6% 27% 24.3% 11% 0%

work with full course load.

| was not regular in practicing the 2.7% 24.3% 19% 29.7% 5.4%
British Council online materials

With appropriate changes, would 2.7% 51% 24.3% 0% 5.4%

you like to learn and practice
language through the blended
learning mode?

Table 2 shares the results of students’ responses on the contribution of the BLL course in improving English
language skills.

Table 2.Contribution of the BLL course in improving English language skills

Skills Very Good Good Fair Poor Very Poor
Writing 2.7% 35% 40.5% 8% 0%
Reading 5.4% 59.4% 27% 2.7% 0%
Oral Communication 8% 19% 30% 2.7% 0%
Grammar 32% 40.5% 21.6% 2.7% 0%
Vocabulary 16.2% 27% 40.5% 16.2% 0%

Table 3 outlines the responses of students” with respect to the preference for more online language learning
courses

Table 3.Preference for more online language learning courses
Yes No
62% 38%

Table 4 shares the results of the weight given to language skills in quizzes

Table 4. Assessment of Quizzes

Quizzes Reading Comprehension ~ Grammar Pronunciation Vocabulary OCPS
Quiz 1 22% 67% 11% 0% 0%
Quiz 2 22% 67% 0% 0% 0%
Quiz 3 55% 44% 0% 0% 0%
Quiz 4 50% 50% 0% 0% 0%
Quiz 5 25% 50% 0% 17% 0%
Average 34.8% 55.6% 2.2% 3.4% 0%
Analysis of the Study

The following section will present a cross analysis of the study through the results generated from
questionnaires, focused group interview and student work:

Positive attitude towards the BLL mode of teaching
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Most of the students responded positively to the introduction of the BLL mode of learning. 51% of the students
showed eagerness to learn language through the BL mode and 61% of students wanted to have more BL courses.
This response was taken in a positive regard as BL mode was introduced for the first time in contrast to typical
f2f learning. In a study, Leakey and Ranchoux (2006) also reported that students found the BLL experience
positive and motivating and more preferable to a traditional classroom.

The students, therefore, accepted the challenge and regarded it as an innovative and progressive tool to augment
language learning. However, some students in their interviews highlighted the need for more modifications to
align the contents of the course well with the specific objectives of the course. Hancock and Wong (2012)
supported the BL approach and regarded it as an effective strategy aimed at meeting the challenges of the
modern and technological world.

Language challenge presented by the BLL course

As outlined in the results most students found the course contents of the BLL mode easy and not challenging
enough. 40.5% of the students received the content as easy and 10.8% regarded it as very easy. On the contrary,
35% perceived it as appropriate. The interviews taken from the students reiterated the fact that the content of the
BLL course was very easy and did not pose enough challenge to the students. One of the students reported that
the contents were, “very basic and repetitive”. (Personal Communication, November 20, 2015). Moreover, the
students generally got excellent marks on the assessments set on the online quizzes. Very few of them secured
below average marks. This pointed at the lack of challenge posed by the online materials as they students
effortlessly obtained above average marks.

The said responses pointed at the lack of planning and preparedness by the outside agency to align and develop
the materials according to the needs of the students. On one hand, the BL mode of course operation was well
received by the students, but there was clear dissatisfaction with the course contents and the language challenge
they posed.

BLL Course and Its suitability with the OCPS course expectations

The results of the study indicated that generally students accepted the integration of the BLL component in their
regular OCPS course, however, they did not regard the materials as suitable to the needs of an OCPS course.
46% of the students felt that the contents of the course did not improve their oral communication skills. 35% of
the students thought that the oral communication inclusion in the course was poor. 35% of the students indicated
that the BLL course focused more on writing in a good way where as 40.5% regarded attention to writing as fair.
59.4% of the students highlighted that reading was given good attention in the course whereas 40.5% of the
students regarded grammar being catered to more. This was further attested by the assessments prepared by the
outside agency to check online material proficiency. Most of the quizzes were based on reading comprehension
and grammar. On the average reading comprehension was given 35% and grammar 56% weightage. Five
quizzes, based on the online materials, were taken during the course and none of them made oral communication
as the focus. This authenticated students’ claim that the materials did not align well with the objectives of the
OCPS course guidelines.

The results clearly pointed at the fact that the oral communication skills were not the focus of the online course
content. The results also pointed at the possibility that a ‘one size fits all” course was implemented by the
outside agency. The needs and the objectives of the course were not kept in mind prior to the implementation of
the course. This calls for further deliberations regarding the suitability of materials vis a vis particular courses.
Krasnova and Sidorenko (2013) also contended that the success of BL depended upon a well-structured and
planned syllabus. Kaur (2013) argued that even if the institution realized the efficacy of BL, it failed to
understand that this was a complex process that needed thought beyond an individual programme. The
usefulness of the BL mode of operation could be completely jeopardized if the suitability of course materials
were not aligned well with the overall objectives of the courses.

Technical quality of the BLL course
The results signified that technical glitches emerged as a standing issue with the BLL mode. Higgins (2014)
contended that virtual learning environments were not always user friendly. 38% of the students agreed and

16% strongly agreed to having technical problems while doing online exercises. The interviews also suggested
the same and many students pointed at the difficulty they had in their effort to access online language materials.
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Some of the students’ work taken through assessments and quizzes also revealed that the concepts were not
internalized adequately as they were unable to access the materials on time.

Some of the issues cited were connectivity problems, slow internet and hanging of the website. Smyth, Oughton,
Cooney, and Casey (2012) also cited a study in which first year post graduate nursing students reported poor
internet connection as a challenging factor which disallowed them to use the BL system properly. Technical
issues, therefore, emerged a challenge which must be taken seriously to ensure the smooth functioning of the
courses. Such issues, if persisted, could lower down the interest of students in online work together with the loss
of efficacy of the BL programme.

Regularity in attending to the BLL mode

Amongst the factors that lowered down the effectiveness of the BLL programme was the regularity of students
in attempting the online exercises. Li (2015) contended that learner’s elf-regulation remained a major challenge
in the BL context. 24.3% of the students agreed that they were not regular in attempting time-bound online
exercises. However, 29.7% disagreed with the notion. One of the major factors outlined by students for
remaining irregular was the pressure of the full course load. 27% of the students agreed and 21.6% of the
students strongly agreed that the full time course load became an inhibiting factor in making them give quality
time to online exercises. In the interviews one of the students remarked, “it was very difficult to manage online
work with full term course load”. (Personal communication, November 20, 2015). However, it could be argued
that effective time management might be the cause of not giving enough time to online exercises. Awan, Azher,
Anwar and Naz (2010) also contended that university students needed to break out of the mold of relative
passivity and nervousness with second language (L2) acquisition. BL as a flexible mode involved self-discipline
and self-monitoring. Generally students were more used to attending f2f classes, and therefore, could not have
disciplined themselves well with the more flexible BL mode. Technical problems with the website might have
also played a role in transcending the allotted time boundaries for work completion.

Suggestions for the improvement of the course

The students came up with several suggestions for the improvement and effective and successful functioning of
the BLL mode. A firm suggestion which came from the students was that for the successful application of BLL
programmes it was important to align it well with the overall objectives of the course. Shibley, Amaral, Shank,
and Shibley (2011) too stressed that appropriate alignment and purposeful integration of ICT and teaching
strategies in a blended course could enhance both F2F and online student learning because it offered students
“more structured learning opportunities outside of class than they have had previously [and this] increased time-
on-task seems to improve learning” (p. 84). Yang (2001) too contended that online mode was not an add-on to
f2f learning. True effectiveness could only be reached once the two modes were synergized for meaningful
language learning.

The students also opined that interesting online materials were necessary for sustained attention in the course.
They further elaborated that the online materials should not be repetitive, lengthy, time consuming and too easy
as these factors gave rise to boredom and monotony. They further suggested that the materials must pose a kind
of language challenge for them to get an intense experience of language learning. As outlined in the results
about 23.5% of the students agreed and strongly agreed to the fact that the materials were uninteresting and not
challenging. They also recommended a booklet for the better internalization of operational procedures.

The suggestions indicated that the students were genuinely interested in the BLL programme and with
appropriate amendments and alterations this could become a strong component of language teaching and
learning.

CONCLUSION

The study revealed that the BLL mode exercised a sound potential at the undergraduate level and the students
displayed a positive inclination towards the implementation of the said mode in education. Szeto (2014) shares a
similar view and contends that blended synchronous approaches are gaining currency in changing the higher
education landscape. Watson (2008) informs that, “the blended learning model is likely to emerge as the
predominant model of the future” (p.3). The need, therefore, is to carefully incorporate BLL in higher education
by overcoming organizational challenges, building training capacity of students and others in using the BL mode
and most of all making all stakeholders aware of its benefits. Moreover, it is highly desirable to run BLL courses
in alignment with the overall objectives of the courses. The online and f2f components must complement each
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other. Li (2015) opines that learning contents, learner factors, learning objectives should be given consideration
in preparation of BL courses. Further, it is imperative that the online materials are developed keeping in mind
the learner language needs. ‘One size fits all” materials are not suitable in situations where learners have diverse
language needs. Also, it is worthwhile for the language teaching faculty to extend their roles beyond teaching
and become material developers. Tomlinson (1998) contends that teachers are best suited to be material
developers because they are cognizant of the language needs of their students and therefore must get grounding
in materials development. It is worthwhile to solicit technical help form outside agencies but the mandate to
tailor material to specific leaner g

Krasnova and Sidorenko (2013) are of the view that BL has a tremendous potential in teaching a foreign
language as it offers an opportunity to integrate innovative and technological advances of online learning with
interaction and participation of best traditional practices. BLL approach is therefore a successful mode of
operation as it enhances emancipatory and self-directed learning on one hand and on the other enables learners
to critically analyze concepts in their own allotted time. However, efforts should be geared towards making it
more relevant and appropriate to student context so that maximum benefit can be derived from it.
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ABSTRACT: Food education is a component of health education which plays an important role in the
development of citizenship and human resources of a country (Jourdan, 2010). School is a vital element in
implementing some positive behavior and making students drop out other dangerous behaviors. Today educating
students to healthy nutrition allows them to develop the abilities to act, choose, decide on an autonomous and
responsible manner and capacity face reality and deal with conflict (Jourdan, 2010). Food is present in our daily
lives and in our curricula but the problem lies in the manner/ way in which it is processed, hence the importance
of this study. And as the teacher constitutes a strong link of the didactic transposition, he may influence this
transposition by his conceptions, values and practices (Clément, 2004). In this context, we are interested in this
study to identifying the teacher’ conceptions about food education, and answering the following question: -
What are the Moroccans teachers’ conceptions about food education? We have thus used as a tool of
investigation in the form of a questionnaire administered to 200 teachers at all grade levels. The conception of
Moroccan high-school teachers towards food education is more often expressed by implementing the Promotion
of Health (HP) approach, while those at primary and middle school adopt a Biomedical approach (BM) in their
definitions. This could be in relation to each grade level teachers’ educational background of each level school.

Keywords: Food Education, Conception, Didactic transposition, Teacher, Promotion of health, Biomedical
approach.

RESEARCH CONTEXT AND PROBLEMATIC

Food education is a component of health education which plays an important role in the development of
citizenship and human resources of a country (Jourdan, 2010). Food Education is seriously taken into account by
the international education systems, as it is subject to numerous studies and programs fund-raised by
international public organisations’ including the World Health Organisation (WHO) and Food Aid Organisation
(FAO).This is evidence that food is an essential condition for the physical, mental and psychoaffective growth
of the child and the adult. It serves as a major determinant for health and a key factor to a country’s development
(Moroccan Ministry of Health, 2011).

In Morocco, foodstuffs take a major place among the vital concerns of the citizens; that is clearly apparent in
the outcomes of the investigation undertaken by the High Commissioner of Plans (Statistics Division) in order
to determine the consumer price index , all along the years 2007 and 2013).The study reveals that foodstuffs (as
well as alcohol-free drinks) make the first priority among other products Moroccans consume and throughout
the years of the study there has been a dramatic increase in the consumption of these products (HCP, 2015).

In relation to all developing countries Morocco is undergoing consequences of the deviation from the
Mediterranean diet model. In this context, there have been profound and rapid changes in the Moroccan
nutrition patterns as a result of the growth of food production industry, and the role of the media in encouraging
the consumption of products generating obesity and other metabolic disorders, as well as setting up a nutrition
transition.
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This transition is characterized by the coexistence within the same social segments, even within the same family,
of various diseases including obesity among adults and malnutrition of young children (Moroccan Ministry of
Health, 2011).

By dint of these changes, challenges relating to the education of young people, the future generation, are
increasingly demanding. To convey the best necessary training to all young people, against the backdrop of a
complex and changing social environment requires a constant and continuous readjustment of practices; from
this stand point emerges the indispensible/crucial role of school that is actively involved in adopting certain
positive behaviors and abandoning other risky practices (and harmful habits) for young people.

School is a vital element in implementing some positive behavior and making students drop out other dangerous
behaviors. Today educating students to healthy nutrition allows them to develop the abilities to act, choose,
decide on an autonomous and responsible manner and capacity face reality and deal with conflict (Jourdan,
2010).

Food is present in our daily life and in our curricula but the problem lies in the way with which it is tackled in
class; hence the concern of this study In fact, the choice of contents of knowledge to teach is made according to
school programs and teaching instructions which underline the considerable role of the teacher as one of the
main actors in the process of the didactic transposition of knowledge; he could thus influence the transposition
by his own conceptions, values and practices. (Clément, 2004) (Figurel).

DIDACTIC TRANSPOSITION CONCEPTIONS OF
REFERENCES KV P - science researchers
-Science publications — - soci-economc groups <+
- Social practices - leaders (politics, medias, religion ——®
- Dominant values .2
- Di i K,V, P +—]
Differents levels of science -Scientists, authors )
popularisation
- Curricula & syllabuses -Editors, actors of TV,
radio, media...
- K,V, P +—
School textbooks and other tools >
-Main actors of the school system,
Ministry of Education,...
K.V, P )
-What is taught at ) -Teachers
school K V.P -Students
- What is learned at t*
school v
K.V.P
DIDACTIC SITUATION =ENVIRONMENT OF LEARNING

Figure 1 - Schema Of The Didactic Transposition, Linked To The Analysis Of The Conceptions Of The
Main Actors Of The Transposition (Modified From Clément 2006).

In the present work, the conceptions of some actors of the educational system are analysed as being the
emergences from interactions between the 3 poles K, V and P, as proposed by the model KVP (Clément 1998,
2004, 2006). The 3 poles are: the scientific knowledge (K), the systems of values (V) (The values are defined in
a large sense, including opinions, beliefs and ideologies) and the social practices (P) (either professional,
family’s, or citizen) (figure 2)
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K
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Figure 2: The KVP Model: Conceptions (C) Can Be Analyzed As Interaction Between Scientific
Knowledge (K) Values (V) And Social Practices (P) (Clément, 2004; 2006).

Nevertheless, the KVP model is useful to analyse important features of the taught knowledge: the
epistemological one, to try to understand what is related to science or to values in a scientific presentation, and
also its interaction with social practices.

The teacher’s beliefs and values have a direct influence on the way of understanding and teaching a topic: the
teaching practice. They frequently constitute true obstacles with the teacher’s professional development and the
improvement of the processes of teaching-training. These beliefs must be taken into account in the contents and
strategies of the teachers training but also their conceptions related to the students present and future social
practice of (their future professional job but also their present and future responsibility as citizens).

In this framework, we are interested in this study, to identify the conceptions of teachers relating to the Food
Education (FE), by answering the following question:
- What are the Moroccan teachers’ conceptions relating to the FE?

METHODOLOGY

Data Collection Instrument

To identify teachers’ conceptions, we chose as a tool of investigation a questionnaire

The questionnaire is in Arabic, it was validated after its elaboration. The people involved in the research were all
volunteers and the questionnaires were preserved anonymous.

Participants

Educators teaching in public institutions of three school levels: primary school (elementary education), middle
school (former high school) and high school (secondary school).

We were able to collect only 200 questionnaire copies afterwards.

We analyzed the results concerning training on the food education (initial or continuing training) and the
definition given by teachers relating to FE only.

The collected definitions of FE were categorized according to both conceptions related to health: Biomedical
Model and (BM) and Health Promotion model (HP).

» Biomedical Model (BM) focused on the diseases and the prevention, in a reductionist cause- effect
perspective, with information about health problems, ways to handle and cure them, and how to avoid them
by using persuasion by teachers and/or health professionals (Leininger,1984)

» Health Promotion model (HP) defined by the charter of Ottawa (1986) as a process which imparts the
populations the means by which they can ensure a bigger control over their own health and can improve it.

There are indicators in the speeches used in the definitions given by the teachers, making it possible to detect
each model of health. We used the categorization developed in the European project Biohead-Citezen (Carvalho
et al., 2004)%. (cf. grid in annex).

= Indicators for the biomedical conception of health: pathological, curative, and preventive concepts.

= Indicators for health promotion conception: healthy, empowerment and environmental concepts.

With regard to the emphasis on the Biomedical Model and the Health Promotion approaches.

1 BIOHEAD-CITIZEN. Biology, health and environmental education for better Citizenship. CITC-CT-2004-506015. (2004-2008). Project
Coordinator : Graga S. Carvalho , Pierre Clément, Franz Bogner. Morocco is one of 19 countries participating in this European project (the
Participant Group ).
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In each definition we find expressions associated with the Biomedical Model (BM) or the Health Promotion
(HP) approach.

Table 1.Characteristics Of The Sample:

Institutes Primary school | Middle school | High school Total
Number 6 30 14 50
Sex
Male 16 46 18 80
Female 60 26 34 120
Total 76 72 52 200
Level of study
< Bac 6 8 0 14
Bac 40 54 2 96
Bac+2 2 4 0 6
Bac+4 24 8 50 82
No answer 4 0 0 4

In Terms of seniority, the sample is very heterogeneous; teachers with more than 30 years of teaching
experience are the most dominant with a percentage of 27%. All teachers got some job training in teachers’
training centers (CFI2, CPR?, ENS*, CRMEF®) appropriate for each grade level.

The processing of the results’ analysed from the collected questionnaires is done using:
- Microsoft Office Excel;
- SPSS: Where khi two tests of independence were performed to test whether the differences between the grade
levels are significant or not.
RESULTS’ ANALYSIS

Concerning training on the food education (initial or continuing training)

100 -
M Yes
50
® No
No annswer
0 ‘

High Middle Primary All levels
school school school

Figure 3: Percentage Of Teachers According To Their Training In FE
The majority of teachers (86%) of all levels did not have training on FE during their vocational teaching
formation while only 13% of teachers have been on topics such as: food rations, food composition and roles, and
nutritional deficiencies.

Definitions of Food Education:

2 CFI : Primary teacher training center

3 CPR : college school teacher training center (Middle school former high school)
4 ENS : High school teacher training center (secondary school)

5 CRMEF : All teacher training center
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Figure 4: The Percentage Of Teachers Depending On The Conception Of Their Definition Of EA (For
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(BM: Biomedical Model. HP: Health Promotion. NA: No answer)
Figure 5: The Percentage Of Teaching(S) Depending On The Conception Of Their Definition Of EA (For
Regrouped Levels)

Most of the teachers (46%), the majority of whom belongs to the middle and primary school (42%). 67% in the
middle school and 47% in the primary school provided definitions that reflect BM conception.

Examples of definitions relating to biomedical conception:
- FE is the need to know what we have to consume so that we can live without disease;
- FE refers to educating the citizens to consume nutrients they need without exaggeration, in order not to get
sicknesses like obesity and diabetes.

32% of the teachers, most of which make part of the high school (14%), provided definitions that adopt as HP
conception. 54% in the high school compared with other levels Primary school (29%) and middle school (19%).

Some examples of definitions relating to Health Promotion:
- FE can develop in citizens’ responsibility to choose the proper food stuffs to build a healthy body, allowing it
to be active and productive.
- FE is a set of concepts and knowledge we should gain awareness about in order to adopt appropriate form of
behavior for a mental and physical stability, for a healthy well-being and an active life.

We note that 22% of the teachers did not give a definition to FE.
The difference between the conceptions adopted by the teachers in their definitions and the level taught is
significant (0.02(=acal)<0.05).

This significance could be in relation to each grade level teachers’ educational background of each level school.

That more the level of study is high (as high as a university degree) more the conception relates to the health
promotion approach is adopted.
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DISCUSSION OF RESULTS

Food Education is 'one strategy of Health Promotion. It aims to develop in students skills to better manage their
health and their environment’s (Odile, 2011). In effect, Food Education should be taught according to a well-
determined program which clearly defines the skills to develop and which is part of a policy to promote health.

The conception of high school teachers towards Food Education expresses itself most often by the adoption of a
HP approach while primary and collegial secondary cycle teachers adopt a BM approach in their definitions.
This could be according to the level of study of the teachers of each level since in the primary and collegial
secondary cycles; teachers with a baccalaureate degree prevail whereas at secondary qualifying cycle the
teachers there have achieved at least a higher university degree (baccalaureate+ 4 years study).

Our results match with those found in a comparative study of teachers’ and future teachers’ conceptions from 16
countries relating to health education (Carvalho & al., 2007 et Carvalho & al., 2014), a study carried out in the
framework of European project Biohead -Citizen® (project involves nineteen countries including Morocco). In
this study, it has been shown that more the level of study is high (as high as a university degree) more the
conception held by current and future SVT (life and earth sciences) and Arabic language teachers from primary
and secondary schools , relates to the health promotion approach.

Jourdan & al, (2012)7 have shown that, among the factors influencing the vision of teachers and future teachers
from 15 countries (Morocco is part of these countries) on health and Health Education is the age and the level of
study. Seniors and people with a high academic education, have a more positive vision on health making part of
the approach to health promotion.

In another study, the majority of the Moroccan teachers at primary school are in the inability to define education
to health and most of their definitions fit to biomedical approach (Khazami & al.; 2008).

But the Moroccan primary textbooks (for the age group of 6 to 9 years) adopt the HP approach and in the other
levels (most age) adopt the BM approach (Selmaoui and al., 2007a ; Selmaoui et al., 2007b ; Selmaoui et al.,
2007c, Selmaoui et al., 2009; Khzami and al., 2010).
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ANNEX

Table: INDICATORS for the BIOMEDICAL CONCEPTION of Health: Pathologic, Curative, and Preventive
concepts;
INDICATORS for the HEALTH PROMOTION CONCEPTION: Healthy, Empowerment and Environmental
concepts.

BIOMEDICAL CONCEPTION OF HEALTH (BMc)

CONCEPTIONS INDICATORS

EERNT3S ERINNT3 EERNT3 LT3

- words: “disease”, “illness”, “sickness”, “infirmity”, “infection”, “disorder”

- disease name(s)

- patient image (photo, drawing, etc.)

PATHOLOGIC - disease symptoms or other disease signals

- direct causes of diseases mentioned (infectious agents, genetic inheritance, etc.)
-“normality” (normal/abnormal, common/ uncommon person, image of “abnormal
person”), blaming the victim (or the patient)

- Disease treatment
- Doctor as the expert in disease diagnosis, its prevention or its treatment

CURATIVE

9 EERNT3

- Presence of the words: “prevention”, “protection”, “caution”(danger).

- Risk factors mentioned (exposition to environmental factors, behaviour factors, etc.)
PREVENTIVE - Person’s image showing risk behaviour

- Behaviour rules, behaviours to avoid, authoritarian recommendations, paternalism,
culpability
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HEALTH PROMOTION CONCEPTION (HPc)

- Words/expressions : “health promotion”, “health gain”, “healthy lifestyle”, “healthy
HEALTHY body”, etc.

- Assuming diverse health dimensions: physical, mental, emotional, social, spiritual.

- Personal skills development, empowerment, informed healthy choices or decisions

SHIFOIENMENT Awareness of health demoting factors

- Social environment (working places, domestic...)
ENVIRONMENTAL | - Physical environment
- Quality of life, living conditions
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ABSTRACT: In this paper, authors defined mathematical competences for 7 year elementary school. The
basic objective was to measure the mathematical competence or mathematical knowledge, skills and abilities in
mathematical educations. Mathematical competences were grouped in following areas: Algebra and functions,
Space and shapes, Measurements and Data. Statistical set for the research consisted of 48 children from the
Elementary school Dr. Ivan Merz in Zagreb, Croatia. Authors had 15 measuring variables together with the
evaluated results of described tasks. With statistical set with variables as measured mathematical competences
the authors make the causal structural equation model (SEM) of mathematical competences. The authors use
free software Tetrad 5.2.1-3 (Tetrad project 2015). In the results we describe structural equations between the
mathematical competitions for 7" year elementary school children. This paper is a result of our previous
research on causal modeling of mathematical competences in kindergarten (Tepes at. all. 2013, 2014 and 2015)

Keywords: mathematical competences, structural equation model and causal model
INTRODUCTION
Mathematical Competences in Elementary School

Mathematical competence as a term is being defined as knowledge, ability and skills of applying the
mathematical way of thinking or concluding with the purpose of solving of all kinds of mathematical or
interdisciplinary problems as well as understanding mathematics as a cultural value, with the aim of
understanding and creating the perception about things that surround us in our everyday life. It is important to
emphasize that intuitive ways of solving tasks are supported by rules of logical opinion in the form of thinking
and making adequate conclusions, using arguments, modeling, formulating and solving the problem.

Mathematical competences defined by lesson plan or curriculum with the acceptance of historical development
and can be divided into four basic areas: Algebra and functions, Space and shapes, Measurements and Data.
Each of these areas contain specific knowledge, abilities and skills which are presented.

Algebra and functions competences are:
o Apply percentages and percentage calculations in correct tasks and situations.
e Present simple dependence between two variables using words and tables of joined values, formula and
graphic presentation, and explain the procedure by translating the variables in both forms.
e Recognize and apply proportionality and reversed proportionality in simple tasks Solve linear equations
and simple systems of two linear equations with two unknowns. Apply solutions with the goal of verifying
the results.
¢ Translate the problem by using algebra signs (like number sentences, linear equation, and the system of
two linear equations with two unknowns). Explain the procedure of solving, get the solution and determine
the main points in final solutions.
e Recognize the process of joining which represents the function.

Shape and space competences are:

o Draw a specific point within the rectangle coordinate system determined by specific coordinates and a
direction proposed by an equation. Recognize, draw, outline, and classify a geometrical figure in a plane
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(angle, triangle, polygons, circle, ring and its parts). Apply the similarity and compliance by solving
geometrical problems.

Measuring competences are:
o Compare, estimate and measure the length and size of the angle and the average speed.
o Convert measuring units for length, surface, size of the angle and average speed.
o Apply the formula concerning the volume and size of geometrical figures and the formula used for
summation of angles and polygons with the example of simple and practical problem solving.

Data competences are:
e The main goal is to classify, gather and organize the collected data and present them by using plain
tables, tables of frequency, lined and circled diagrams. Study, analyze, explain, and interpret the named
information which have been presented in various ways. Recognize accidental, impossible, probable and
possible outcome. Recognize which outcomes of an accidental experiment are favorable considering the
event and calculate the probability of such final outcome.

Statistical Set and Measuring Variable
Elements of our statistical set were 48 children from the Elementary school Dr. lvan Merz. Testing was
performed as a part of an ordinary testing of the children’s competences, which is part of the school education’s

curriculum. [4] The gender structure of children examined is shown in Table 1:

Table 1. Children’s gender

Children’s gender | Number of children
male 27
female 21
Total 48

The measuring variables for algebra and functions competences are:
¢ Ratio and proportions (RATPRO)
Proportionality (PROPOR)
Inverse proportionality (INVPRO)
Method of substitution (MRTSUB)
Method of elimination (METELI)
Graphing linear function (GRLIFU)
The measuring variables for shape and space competences are:
e Coordinate system (COORSY)
e Similarity of triangles (SIMTRI)
e Polygons (POLYGO)
The measuring variables for measuring competences are:
e Perimeter and an area of similar triangles (ARSITR)
e Peripheral and central angle (PECEAN)
e Perimeter and area of circle (ARECIR)
The measuring variables for data competences are:
e Percentage (PERCEN)
e Statistics (STATIS)
¢ Probability (PROBAB)

Every variable on this list was described separately through the tasks. Every task was evaluated with 1(needs
improvement), 2(satisfactory), 3(good), 4(very good) and 5(excellent).

Task for measuring variables is:
Ratio and proportion (RATPRQO). Determining any unknown participant of the ratio and applying normal sizes
in reinforcement of the task. Example: In what ratio are the turtles? (Figure 1)

Proportionality (PROPOR). Recognizing and graphical presentation of proportionality and applying it in tasks

concerning everyday existence. Example: Using this table, determine how many kunas (HRK) will you get for
200 Euros? (Figure 2)
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Inverse proportionality (INVPRO). Recognizing and graphical presentation of reversed proportionality and
determining the unknown value using practical tasks. Example: Two workers will redecorate an apartment in 15
days if they work 8 hour per day. In how many days will the apartment be redecorated if there are 3 workers
working 10 hours per day?

Method of substitution (METSUB) and Method of elimination (METELI). Example: Find the solution for the
system of two linear equations with two variables using: a) Method of substitution, b) Method of elimination.
(Figure 3)

Figure 1 Figure 2

4x+3y—-24=0 3x—2y—10=0 3,4)
—3x-2y+17=0 2x—y—-6=0

a+2b=-4 Ba+7b+1=0

Figure 3

Graphing linear function (GRLIFU). Recognizing a chart presenting a function. Drawing a chart of a linear
function emphasizing the dependence between two values using the chart and various tables. Example: Using
the given chart, determine which day in a week was the hottest. (Figure 4)

40
.p/ I.-""“'l--._

39 2t

o bty

"
38 ™
T \\
pya—
37
5 =
MON TUE WED THU FRI SAT SUN
Figure 4

Coordinate system (COORSY). Pupils were asked to determine the position of a point in a plane using
coordinates within the rectangle coordinate system. Each point was assigned to a rational number directed by
rules. Example: Find the coordinates of marked points on a boat. (Figure 5)

Similarity of triangles (SIMTRI). Applying rules about triangle resemblances and determining the coefficient of
similarity. Calculating the unknown lengths of triangle sides of different sorts of triangles. Example: Help the
painter measure the man’s height in ratio. (Figure 6)
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Figure 5 Figure 6
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Polygons (POLYGO). Drawing and constructing polygons. Determining the total number of diagonals within
the polygon. Calculating the total summing of all inner polygon angles and all angles of the specific triangles
within the regular polygon. Example: Using the given data, find out the area of the polygon. (Figure 7)

Perimeter and an area of similar triangles (ARSITR). Comparison and calculating of volumes and sizes of
similar triangles. Example: Using the given data, find out how wide is the lake? (Figure 8)

£ 30
m %
20m 24m

63.2m 55m
Figure 7 Figure 8

Peripheral and central angle (PECEAN). Determining the relation between the two sizes of two different angles
and applying of Pythagoras rule in constructive tasks. Example: Determine the size of unknown angles. (Figure

9)

Perimeter and area of circle (ARECIR). The required understanding of how circle volume is proportional to its
diameter. Calculating the area and size of a circle with having an area for his radius. Example: Determine an
area of given circles. (Figure 10)

Percentage (PERCEN). Expressing the percentage using a rational number related to everyday situations.
Example: Write down the percentage of colored parts in these shapes. (Figure 11)

a) b) ) E E

Figure 9 Figure 10 Figure 11

Statistics (STATIS). Recognizing the features of a certain information group, showing, sorting, and organizing
the data from everyday situations. Presenting the information by using simple tables, charts or circled diagram.
Example: Which class has the most absent students on Monday, and which the least absent students on
Wednesday? (Figure 12)

Probability (PROBAB). Recognizing the impossible, probable and safe event. Calculating the probability of
happening of an event (result). Example: Who do you think will win a 100 m race? (Figure 13)
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METHODS
Structure Equation Model (SEM)

At the beginning we have to describe structural equations model (SEM) (Boolen 2007). The variable of our
model are measured mathematical competences or Xxi, X2, .., Xx1s e{COORSY, RATPRO, PROPOR, INVPRO,
PERCEN, STATIS, PROBAB, SIMTRI, ARSITR, POLYGO, PECEAN, ARECIR, METSUB, METELI,
GRLIFU}. Structural equations are:

17
X = bx +e (i=1..17) )
j=1
where e; are exogenous variables. In the matrix notation we can write equations.
X=Bx+e 2

The causal structure model (CS) (Pearl 2000) can be represented with directed acyclic graph (DAG). In DAG
we have vertices and edges between vertices. The vertices are mathematical competences in our SEM and the
edges are causal relation between edges. For example edge x, — x, represent cause x; and effect of cause xi.

Acyclic graph change structural equation (1) in new structural equations:

X, =Z:bijxj+ei (i=1..17) 3)
j<i

And in the matrix equation notation (2) B is strictly lower triangular matrix. In the equation (3), if the coefficient
b, =0 we have edge x, — x, in directed acyclic graph (DAG) for causal structure model (CS).

In our paper we use free software Tetrad 5.2.1-3 (Tetrad project 2015). Main part of this software is Linear Non-
Gaussian Acyclic Model (LINGAM) (Simizu at al. 2006). LINGAM work with independent component analysis
(ICA) with estimation of coefficients with maximize log likelihood together with all the possible causal
ordering. In the software Tetrad 5.2.1-3 we use program Linear Non-Gaussian Orientation Fixed Structure
(LOFS). This program generates many different DAG.

RESULTS

The authors of this paper, teacher on Elementary School Dr. Ivan Merz in Zagreb (Pai¢ at al. 2014a, 2014b,
2014c¢) together with professor (Tepes at. all. 2009, 2013, 2014,2015) and methodologist on Faculty of Teacher
Education at the University of Zagreb, choose the most appropriate model in mathematic on 7" year Elementary
school represented in this paper.

Directed acyclic graph (DAG) mathematical competences on 7" year elementary school is shown in Figure 14:

PROPOR

4,/_// \ POLYGO

ARECIR /
PECEAN ‘ y INVPRO

PERCEN

Ny

METELI

s

STATIS GRLIFU ARSITR

PROBABE

Figure 14. DAG mathematical competences on 7™ year elementary school
From Figure 14 we can see eight levels of causal structure. On the first level there are causal mathematical
competences PROPOR. This competences are fundamental and cause all other mathematical competences. On
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the second level there are mathematical competences ARECIR and POLYGO. This competences are effect of
competences from the first level. On the third level there are competences effect causes from the first and the
second level. Third level competences are PECEAN and INVPRO. On the fourth level there are PERCEN and
COORSY. On the fifth level there are competences SIMTRI and METSUB or effect competences from previous
levels. On the sixth level there is mathematical competence METELI and RATPRO. On the seventh level there
is competence STATIS, GRAFLI and ARSITR. The last eighth level is competence PROBAB.

Using estimator from software Tetrad 5.2.1-3 we can describe causal structure equations (3) in our research:
PROPOR = e(PROPOR)

ARECIR =0,8768PROPOR + e(ARECIR)

POLYGO = 0.8393PROPOR + e(POLYGO)

PECEAN =0.8124PROPOR + 0.1044POLYGO + e(PECEAN)

INVPRO = 0.8574POLYGO + e(INVPRO)

PERCEN =0.0349PECEAN + 0.4089 ARECIR + 0.4455INVPRO + e¢(PERCEN)

COORSY =1.7644PECEAN + 0.1101POLYGO + ¢(COORSY)) (4)
SIMTRI =0.5042PECEAN + 0.4930PERCEN + e(SIMTRI)

METSUB = 0.4872COORSY + 0.4933INVPRO + e(METSUB)

METELI =0.2541POLIGO + 0.7068METSUB + e(METELI)

RATPRO = 0.6679PROPOR + 0.2924METSUB + e(RATPRO)

STATIS =0.0985RATPRO + 0.3957METELI + 0.3677PERCEN + 0.0707COORSY + e(STATIS)

GRAFLI =0.0886METELI + 0.1529ARECIR + 0.2080METELI + 0.2161INVPRO + 0.3397PECEAN + e(GRAFLI)
ARSITR = 0.2589METELI + 0.5608RATPRO + 0.2016 PROPOR + ¢(ARSITR)

PROBAB =0.3870METELI + 0.1997 ARECIR + 0.1758GRLIFU + 0.3087STATIS + 0.3318COORSY + ¢(PROBAB)

Exogenous competences are estimate with standard normal distribution normal (0,s?) :
Firstlevel :

e(PROPOR) ~ normal (0,3.4221)

Second level :

e(ARECIR) ~ normal (0,1.6750), e(POLYGO) ~ normal (0,1.6103)
Thirdlevel :

e(PECEAN) ~ normal(0,1.3849), e(INVPRO) ~ normal (0,1.6369)
Fourthlevel :

e(PERCEN) = normal (0,1.2442),e(COORSY ) ~ normal (0, 3.4949)
Fifthlevel :

e(SIMTRI) ~ normal(0,1.1550), e(METSUB) ~ normal (0,1.2060)
Sixthlevel :

e(METELI) ~ normal(0,1.2270),e(RATPRO) ~ normal(0,1.2315)
Seventh level :

e(PROBAB) ~ normal (0,1.0584)

Coefficients in causal structure equations (4) are the average causal effect cause competence to competence on
the left side of the equation. For example, competence PROPOR has greater average causal effect to competence
PERCEAN than competence POLYGO because coefficient with PROPOR is 0.8124 and coefficient with
POLYGO is 0.1044. All coefficients in equations are nonnegative. It means that every case competence has
positive effect to competences on the second, third, fourth, fifth, sixth and seventh level.

CONCLUSION

Paper demonstrates the causal structure of mathematical competences in school education. For the purposes of
adopting mathematical competences, causal model refers to the order of adopting of mathematical competences.
For the purpose of further research, it is necessary to increase the statistical set or the number of children
examined. Test materials must be standardized and must allow for higher gradation of results. The study should
include part of mathematical competence relating to the data that have both numeric and descriptive
characteristics expressed by words and letters. The curriculum for children in elementary schools in Croatia is
based on social relations, and should have the educational structure of mathematical competences accustomed to
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the age and level of competences that children acquire by using information and communication technologies of
contemporary society.
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DRAMA FOR INCLUSION IN SCIENCE
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ABSTRACT: Role plays, using given roles or simulated and improvised enactments, are claimed to improve
learning of concepts, understanding the nature of science and appreciation of science's relationship with society
(Ddegaard, 2001). Historical events often provide well-established examples of scientific discoveries, with the
process of the discovery described and justified in fine detail. Adjacent to each discovery, we can find other
investigations and outcomes, to set each one in scientific context. This enables researchers and teachers to
construct the web of scientific advance at that time. In addition, each event takes place in a social context, often
in the midst of political and social revolutions. However, these are rarely advertised in the journal accounts,
which mostly focus on pure scientific aspects. Unearthing this complex interplay between the science, the nature
of science itself which was developing throughout history, the social environment, is not straightforward for
busy classroom teachers. The paper also notes that accounts feature the celebrities, and not the contributions of
others such artisans, whose work was crucial to each and every discovery. This paper aims to document a
particular Case Study involving explorations of the chemical properties of water-soluble gases, in Lavoisier’s
laboratory in the 1770s. The carpenter and a stonemason, provide the Lavoisiers with a pneumatic trough,
containing mercury, in which to manipulate the gases. To promote social justice, it uses dramatic licence to give
them a voice.

@degaard M 2001, Unpublished Dr. scient., Dissertation, University of Oslo.
Keywords: nature of science; history of science; drama; social justice
INTRODUCTION

Braund (2015) stated ‘Constructivist teaching methods such as using drama have been promoted as productive
ways of learning, especially in science. Specifically, role plays, using given roles or simulated and improvised
enactments, are claimed to improve learning of concepts, understanding the nature of science and appreciation
of science's relationship with society (@degaard, 2001). So far, theorisation of drama in learning, at least in
science, has been lacking and no attempt has been made to integrate drama theory in science education with that
of theatre. [Braund’s] ... article draws on Brook's (1968) notion of the theatre as the ‘empty space’ to provide a
new theoretical model acting as a lens through which drama activities used to teach science can be better
understood and researched. There are many other similar articles concerning the contribution of drama to
science education. The scenarios adopted directly pertinent to science education are twofold: a) dramatic models
such as using students to model particle movement in different phases; b) historical narratives of eminent
sciences, often to illustrate the nature of science. It is relatively rare, if at all, to read accounts of the contribution
of those other than eminent scientists who have made their contribution to scientific discovery. Since their
accounts are not recorded it is although they did not exist.

Nevertheless, despite the prodigious output of eminent scientists, it must be the case that they depended on the
valuable inputs of artisans of significance. Dramatic licence afforded by the construction of plays provides
opportunities to imagine what these inputs could have been, without necessarily implying historical accuracy.
This paper provides an example of an input that is plausible and credible, involving a carpenter and a
stonemason.

In addition to concept development, drama can impact on student attitude (e.g. Hendrix et al, 2012). Drama can
also contribute to historical and philosophical understanding (see HIPST: http://hipst.eled.auth.gr/).

‘HIPST pursues general objectives: a better integration of science in society and society in science, the
promotion of young people’s interest in science, to encourage their critical and creative ways of
thinking and to improve science education, and the uptake of scientific careers. Sustained learning of
science implies many different dimensions. One often ignored, but important dimension is the process
of knowledge generation in science itself. Moreover, the objectives and motivations to do science, the
disposition of scientific skills and methods, the empirical fundament of science, social and cultural
aspects are as important as philosophical foundations of science, scientific concepts and their use. The
acquisition of knowledge about the nature of science is essential for democratic and knowledge based
societies which partly rest their decision making on rational and scientific criteria.’
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The HIPST project in the UK (detailed at http://hipst.eled.auth.gr/) used, as one of its tools, drama to focus on
historical and philosophical aspects. The HIPST web site provides details of the challenges and successes of
drama, especially the challenge of ‘whiggishness’, looking at the past through the knowledge lens of the present,
leading to misunderstandings of historical knowledge development.

Drawings of Lavoisier’s laboratory provide many indications that it was not the work of one person, given its
complexity. The Chemical Revolution of the late 18th century was based in large part on Antoine-Laurent
Lavoisier's new understanding of the chemical role of a gas, oxygen, in explaining combustion, respiration, and
metallurgical processes like smelting. This advance in the theory of material change drew upon earlier work by
other chemists, such as Joseph Priestley, who demonstrated that the air we breathe, previously thought to be
uniform and not a kind of matter like solids or liquids, is in fact made up of several gases with different
properties. Lavoisier’s successors further explored the character of gases. Their theoretical advances eventually
proved of great importance to modern society: many industrial processes require gases and their compounds and
rely on a thorough understanding of the reactions that produce them.

Lavoisier required a pneumatic trough to contain the gases he worked with, using mercury as the containing
liquid since many of the gases were soluble in water. A typical tough contained a shelf, usually immersed, on
which to stand the jars upside-down. Gases do not have an innate volume but only when trapped by the faces of
solids or liquids. Lavoisier invited an artisan (carpenter) to build a trough from wood and filled it with mercury.
In the morning, he found that the mercury had leaked out during the night as the wood contracted opening up the
joints. He found another artisan (a stonemason) to make one from marble, and this did the trick. The play tells
the story from the point of view of the carpenter, and incorporates history and philosophy into its telling.

The carpenter and the stonemason: their contribution to 18™ century chemistry discovery.
Actors

Jacques Cabinet: an expert cabinet-maker who provided wooden components for the Lavoisier laboratory. He
was a permanent employee of the Lavoisier family and a trusted artisan.

Robert Graves: an expert stone-mason who constructed cemetery headstones, marble coffins, and carved ornate
stone furniture for the outside of buildings such as churches. He was not a permanent employee but did work
from time to time on special projects

Marie Lavoisier: wife of Antoine, an expert translator French-English, and eventually a chemist of some
significance, having been taught by one of Antoine’s students

Antoine Lavoisier: husband of Marie, tax collector, eminent chemistry researcher and government expert in
matters such as gunpowder quality.

Tablel: Relevant Background To Context of The Drama, Followed By The Drama

Selected history of the time History of Science Related philosophy Commentary
(Nature of Science)

The nature of stuff
is explored in this
century. In
particular chemists
were interested in
whether a material

1703 Isaac Newton elected
President of the Royal Society

1710 Jakob Le Blon invents
three colour printing

1710 Porcelain  factory
Meissen, Saxony, founded

The environment of the 18"
century was one of political
revolution. In  France, the
excesses of the King and the
poverty of the most of the people,
with widespread starvation and

This play is set in the 1780s
in the home of husband
Antoine-Laurent

Lavoisier and wife Marie-
AnnePierrette Paulze. See
http://www.metmuseum.org/t

in

disease were major causes of the|1714 D Anel invents fine-jlwas a  single oah/works -of-art/1977.10 for
French  Revolution.  Peoples’|pointed syringe material (an a Jacques David portrait of
Courts were set up and being|1714 DG Fahrenheit constructsielement) or a the couple.

found gquilty usually led to|mercury thermometer combination of A century before Marie Curie
immediate execution. The King|1717 Inoculation  against|elements. made a place for women in

theoretical science, editor,
translator, and illustrator
Marie Paulze Lavoisier (1758-
1836), wife and research

had set up the General Farms
where taxes were sold to these
Farms at a discount, who then did
their best to collect the full taxes,

smallpox by Lady Montagu
1726 S Hales measures blood
pressure

1730  Réaumour constructs
alcohol  thermometer 1732

The idea of publishing
discoveries in scientific
journals was
developing. Much news
came out in books, or

usually making a big profit
accompanied by violence towards
those who would not or could not
pay. In England, the revolution
was not quite as violent and
centred round the new Protestant

Boerhaave writes ‘Elements of|
Chemistry’, a textbook

1736 Manufacture of glass
begins in Venice

1742 Anders Celsius invents

in discussions at the
newly formed
Scientific  Academies,
which were springing
up in the 18" century.

partner of chemist Antoine
Laurent Lavoisier, surrounded
herself with laboratory work.
As assistant and colleague of
her husband, she became

one of chemistry's first female
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religions. Many religious
ministers were very strong in their
views, and gave very
controversial sermons to their
congregations. This often made
their congregations very angry.
Joseph Priestley, for example,
was attacked at his house in
Birmingham and forced to flee to
London for safety.

There are many wars over power
and land for national leaders,
especially Kings. Great Britain
came into existence in 1707 and
more people were able to read.
Slavery is common.

1751 British Calendar adopts
January 1% as beginning of New
Year

centigrade thermometer
1748 Platinum comes to Europe|translated into
from South America

1754 Joseph Black discovers
(carbon

carbonic
dioxide)

1761 M Lomonosov discovers

atmosphe

1766 Cavendish: hydrogen is

acid gas

re of Venus

less dense than air

1772 D Rutherford and J
independently

Priestley

discover nitrogen

1774 KW Scheele discovers

chlorine

1777 A Lavoisier: air is mainly

nitrogen and oxygen

1787 Lavoisier writes ‘Méthode

de nomenclature chimique.’

English by George Sale

1734 The Koran was|researchers. In addition, she

cultivated the arts and
welcomed intellectuals to her
Paris salon for stimulating

conversation.

After her husband’s
execution she  unhappily
married Benjamin

Thompson, Count Rumford,
the American-Bavarian
military adviser, and founder
of the Royal Institution of
Great

Britain

Read

more at
http://biography.yourdictionar
y.com/ma rie-paulze-

1752 Britain adopts Gregorian |1790 A Lavoisier writes ‘Table lavoisier#eud1zQuj4HQ1mG
Calendar by leaving out 3-13 of thirty-one chemical QS.99
September. elements’
1760 Josiah Wedgwood founds|A Lavoisier guillotined Oxygen by Carl Djerassi
pottery  works in  Etruria,|Metric system adopted in and Roald Hoffmann is one
Staffordshire France play that is fictionalised,
1771 R Arkwright produces first with conversations between
spinning mill in England chemists’ wives in the
1787 Dollar currency introduced. sauna.
1789 French revolution starts
1792 Louis XV guillotined in Paris
The Drama
Scene 1: in the Lavoisier Laboratory. Present: Monsieur Jacques Cabinet, Monsieur Antoine Lavoisier, Madame Marie
Lavoisier
Dialogue Relevant history Relevant science and Commentary
philosophy
Jacques Cabinet Antione was a rich man, with | Antoine and Marie were | Jacques is no ordinary
Good morning Monsieur | much money made from running a | fascinated by gases. Thanks | artisan. He has been

and Madame Lavoisier.
How can help today? |
have finished the shelves,
as you can see. | have
only to paint them with
the varnish you gave me.
This should make sure
they are not attacked by
chemical gases you use!

Tax Farm. Although he and Marie
had no children, their wealth had
given them much comfortable
living, and a fine house. The
house was big enough to have a

large and well-equipped
Laboratory, with  hand-made
equipment. The wooden

equipment would have been made
especially for the job by Jacques.
He could make large equipment,
as well as very fine small scale
items. He could only work in
wood, though, but he had many
artisan friends he could call on.

to  Marie’s  skills in
translation, they were both
familiar with discoveries,
and how other chemists had
learned how to trap gases
and then investigate their
behaviour. Without this,
they could not hope to make
their contributions to the
chemistry of gases.

closely involved with the
work of the Antoine and
Marie. He was expected to
understand their
requirements with only a
little explanation, and to
use his combined expertise
and creativity to construct
what they wanted.

Marie Lavoisier

Good morning Jacques.
As you know, we have
need for a container that
can contain mercury to
trap the gases. It will need
a shelf to one side, on
which to stand the upside
down jars which will
contain the gases. It needs
to have a table next to it
for the gas manufacture

Artisans were sometimes treated
as part of the family. Respect for
the husband and wife, though,
would always continue.

Antoine and Marie were
keen to study  the
interactions between the
gases they made.

Marie is no passive wife.
She had learned English to

translate papers for
Antoine, and she had
learned chemistry from

one of his students. She is
also a superb illustrator.
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equipment. It should also
be easy to move it near to
the furnace, in case strong
heat is needed.

Antoine Lavoisier
Jacques, please make the
container from the best
wood you can buy. It
must be strong, with no
knots that can be pushed
out, or holes through
which the mercury liquid
we will use can leak out. |
recommend you use a
very strong joint, some as
dovetail. Please varnish it
to stop the mercury
leaking through.

Porcelain might have been a
better material to use but at this
stage of development, it was
being used mainly for fine
dining ware, such as plates, cups
and saucers.

Making porcelain is not
easy. You may see how it is
made on the Wikipedia web
site
(https://en.wikipedia.org/wik
i/Porcelain) but be careful
about using Wikipedia as
sometimes its accuracy is
not so good.

Although they were no
expert artisans, Antoine
and Marie knew enough
about wood to think of
some of the problems that
could arise.

Three days later, back in the Laboratory. Present: Monsieur Jacques Cabinet, Monsieur Antoine Lavoisier, Madame Marie

Lavoisier

Marie Lavoisier

Marie is something of an
expert in her own right.

Jacques, show us what
you have made, and
talk us through it.

Jacques Cabinet

You have room in the
laboratory to make a
good size container. |
made this from the best
Rosewood | could find,
sawn by the best sawyers
into planks. | used large
planks 2 feet wide for the
sides and the edges, and
dovetailed to make very
strong joints. You will
see that | have only used
a single piece of wood for
the container bottom. |
have used the best wood
glue I could buy. The
shelf is freely moving,
and made in a similar
way. | have cut a hole in
the side, and on the top.
This should allow the
clay pipe to be fed in so
that the gas will bubble
up into the jar, filled with

Rubber tubing for a gas
delivery tube was not
available at this time. Often
clay tubing was used, as this
was known through clay
pipes that were used for
smoking tobacco. It was
easier to use than glass at
this stage of chemistry.

mercury and  placed

upside down.

Antoine Lavoiser The mercury was stored in
A good job, 1 think earthenware

Jacques. It will need a lot
of mercury to fill it. The
mercury is in these pots
here. Will you help me to
lift them and fill the
container, please? Then
we can start our practical
investigations tomorrow.

(http://www.britannica.com/
art/earthenware) pots as
these  were  commonly
available. They were galxed
on the outside to stop the
mercury leaking out.

The next day, back in the Laboratory. Present: Monsieur Jacques Cabinet, Monsieur Antoine Lavoisier, Madame Marie

Lavoisier
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Jacques Cabinet

Oh dear! | thought this
might happen. The
mercury had leaked out.

Marie Lavoisier

I cannot see how this
would happen. You used
the best wood, the best
joints, and the best glue.
Also, you varnished it
very well. What do you
think happened Jacques?

Marie tries her best to
explain. Here her
knowledge of wood is not
enough. Jacques is a well-
known member of the
community of artisans, and
can find good advice and
help from many of these
knowledgeable friends.

Jacques Cabinet

I think | can explain this.
You wusually have the
furnace on during the day.
At night, the temperature
drops and the room air
becomes drier. I think this
makes the wood shrink.
This then opens the joints
enough for the mercury to
leak out. |1 do not think
that using wood can solve
this problem. | have a
friend who may be able to
help. See me here
tomorrow, please. See if
you can someone to take
up the mercury. We can
use it again.

Jacques is the expert here.
He is trusted by Antoine
and Marie to find the best
explanation. In addition,

The next day, back in the

Laboratory. Present: Monsieur Jacques Cabinet, Monsieur Antoine Lavoisier, Madame Marie
Lavoisier, and joined by a stone mason Robert Graves

Jacques Cabinet

Good morning Monsieur
and Madame.

Let me introduce my
friend, Robert Graves. He
is a stone mason. He may
be able to help.

Marie  and  Antoine
Lavoisier (together)
Please to meet you
Robert. What idea do you
have?

Robert Graves

It is an honour to meet
you, too.

Sometimes, | am asked to
make a coffin which is
impermeable, that s,
water and creatures in the
ground outside cannot get
in. | use whole piece of
marble, which | then
carve out from the inside,
to make a kind of box. It
needs to be done very
carefully to make sure it is
very strong. | have the
skills to choose the best
block of marble from the
stonecutter, so that it can
stand the force of mercury

Stone masons were experts
in handling stone in many
different ways.
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without cracking. Shall 1|
get to work, now? | will
work inside the
Laboratory  since the
marble is heavy. Once |
start work on it |

do not wish to drop it.
Where do you wish it to
sit?

The next week, back in the Laboratory. Present: Monsieur Jac

Lavoisier

ques Cabinet, Monsieur Antoine Lavoisier, Madame Marie

Robert Graves

You will see that the
container is finished now.
I filled it with mercury
yesterday, with my
apprentice. What do you
think?

Artisans rarely  worked
alone, and the
apprenticeship process was
very strong.

Antoine Lavoisier

Robert, it is indeed, an
excellent design. Your
craftsmanship is superb.
We are very impressed. It
looks as though it will last
a lifetime.

Jacques, it is very lucky
for us that you found
Robert. We really did
need this piece of
equipment. Without it, we
cannot make our
discoveries.

Marie Lavoisier

So now we see that it is
not enough to be an
expert in chemistry. We
need to work together
with expert artisans to
carry on our work.

Marie realises the points
that chemists and artisans
must work together to
make discoveries. Sadly,
the artisan input is rarely
recorded.

So, the community of scientists and artisans continue their joint work in the interests of scientific discovery!

PEDAGOGY

We are greatly influenced by our experiences as adults, especially in areas of pedagogy which are unfamiliar.
Most of our experiences of drama is gained by attending plays, where professional or experienced amateurs put
on a performance, in front of an audience, who have often paid to watch. Much of the experience is passive for
the audience. With young learners, they are not professional or experienced amateurs. In a single class, there
will be a range of confidence. In addition, | believe it is significant and beneficial for learning if the young
learners can be involved. | also believe that a major contribution to learning can come from the discussions that
follow from the drama. It is an advantage for the play to be relatively short, since it is possible for it to be
repeated without using up too much class time. Here is a proposed pedagogical sequence:

1. Copy the play for each class member, in the form of four columns. The context of the play is just as

important as the dialogue.

2. Ask the young learners to read the play, and the context, for homework, to prepare for the next lesson.
3. At the next lesson, divide the class into groups of 4 — 6. The groups allocate members to take on roles, or to
be the audience. For the performances, it may be helpful if the actors face the walls so that they are not

speaking at the other groups.

4. 1 suggest that they repeat the play with the roles changed. This will give them an insight into different

perspectives.

5. After they have performed the play (one, two or three times), they discuss what they have learned.

6. The teacher, who has been listening, draws the points about learning together.
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CONCLUSION

This paper has integrated history of chemistry, evidence concerning the roles of drama in science education,
ideas about social justice, and an engaging pedagogy. It provides a Case Study as an exemplar to
demonstrate the processes of constructing a drama to give hitherto unrecognised artisans their rightful place
in scientific discovery.

FURTHER RESEARCH

A next stage is to see how this works with different classes, and with different contexts for the plays and their
histories.

IMPLICATIONS

Engaging young learners in their own learning is a challenge many teachers face. This paper describes one
method of doing this.
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ABSTRACT: In this paper, authors defined mathematical competences in teacher education. The basic
objective was to measure the mathematical competence or mathematical knowledge, skills and abilities in
mathematical education. Mathematical competences were grouped in following areas: Basic mathematical
competences, Arithmetic competences, Functions competences, Combinatory competences, Geometry
competences. Statistical set for the research consisted of 80 students from the Faculty of Teacher Education,
University of Zagreb, Croatia. Authors had 17 measuring variables together with the evaluated results of
described tasks. With statistical set with variables as measured mathematical competences the authors make the
causal structural equation model (SEM) of mathematical competences. The authors use free software Tetrad
5.2.1-3 (Tetrad project 2015). In the results we describe structural equations between the mathematical
competitions for students in teacher education. This paper is a result of our previous research on causal
modeling of mathematical competences in kindergarten (Tepes at. all. 2013, 2014 and 2015) and in elementary
education.

Keywords: mathematical competences, structural equation model and causal model
INTRODUCTION
Mathematical Competences in Teacher Education

Mathematical competence in teacher education is defined as knowledge, ability and skills for future teachers for
elementary schools. At the same time Faculty of Teacher Education, University of Zagreb have curriculum and
lesson plan together with strategy, mission and vision of Teacher Faculty. The basic areas of mathematical
competences are: Basic mathematical competences, Arithmetic competences, Functions competences,
Combinatory competences and Geometry competences. The most important part in teacher education is to learn
mathematical concepts, relations and arithmetic operations. Each of these areas contain specific knowledge,
abilities and skills which are presented.
The basic mathematical competences include:

Mathematical logic,

Total mathematical induction,

Basics of set theory,

Relations,

Algebraic structures.
The arithmetic competences include:

Natural numbers and integers,

Number systems,

Rational numbers,

Real numbers,

Complex numbers.
The functions competences include:

Basics of functions,

Linear function and linear equation,

Quadratic function and quadratic equation,

Word problems.
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The combinatory competences include:
Basics of combinatorics.

The geometry competences include:
Plane geometry,
Solid geometry.

Statistical Set and Measuring Variable

Elements of our statistical set were 80 students from the Faculty of Teacher Education. During the 1% year
students have six preliminary exams. That exams were performed as a part of the student’s mathematical
competences, which is part of the teacher education’s curriculum. [4] The gender structure of students examined
is shown in Table 1:

Table 1. Student’s gender

Student’s gender | Number of students
male 4
female 76
Total 80

The measuring variables for the basic mathematical competences were:
Mathematical logic (LOGIC)
Mathematical induction (INDUC)
Basics of set theory (SETTH)
Relations (RELAT)
Algebraic structures (ALGST)
Measuring variables for arithmetic were:
Natural numbers and integers (NATIN)
Number systems (NUSYYS)
Rational numbers (RATIO)
Real numbers (REALN)
Complex numbers (COMPL)
Measuring variables for functions were:
Basics of functions (FUNCT)
Linear function and linear equation (LINEA)
Quadratic function and quadratic equation (QUADR)
Word problems (WORDP)
Measuring variables for combinatorics were:
Basics of combinatorics (COMBI)
Measuring variables for geometry were:
Plane geometry (PLANE)
Solid geometry (SOLID)

Every variable on this list was described separately through the questions in preliminary exams. Every question
was evaluated with O (nothing), 1(needs improvement), 2(satisfactory), 3(good), 4(very good) and 5(excellent).

Task for measuring variables is:

Mathematical logic (LOGIC). Students were asked to compute the value of a logic formula or to prove a
statement dealing with logic operations. Example: ‘Prove: (a = b) & (a=>c¢) =a = (b &)’

Mathematical induction (INDUC). Students were asked to prove a simple mathematical statement using the
principal of mathematical induction. Example: ‘Using the principal of mathematical induction prove that
expression 7™ — 1 is divisible by 6 for all natural numbers n.’

Basics of set theory (SETTH). Students were asked to prove a statement / answer a question / draw Venn’s
diagram for expressions dealing with set operations. Example: ‘Using Venn’s diagram prove: A\ (B \ C) =
(A\B)uAnOC).’

Relations (RELAT). Students were determining the elements of given relations and drawing the graph in

coordinate plane. Example: ‘Determine the elements of relation p = {(x,y) € N x N:x + y = 10} and draw the
graph.’
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Algebraic structures (ALGST). Students were asked to recognize algebraic operation or structure or to examine
the properties of given algebraic operation. Example: ‘Examine if operation o defined by a e b = 2a + 2b —
ab + 2 is associative.’

Natural numbers and integers (NATIN). Students were solving arithmetic problems with integers, finding least
common multiple (LCM) and greatest common divisor (GCD) or decomposing numbers into prime factors.
Example: ‘Decompose number 67392 into its prime factors.’

Number systems (NUSY'S). Students were recalculating given number from one number system into some other
number system. Example: ‘Number (2DC)¢ write in number system with base 4.

Rational numbers (RATIO). Students were solving arithmetic problems with rational numbers, computing given
fraction into decimal number or vice versa, or determining percent or ratio in given word problems. Example:
‘Write number —0.12357 as a fraction and then reduce.’

Real numbers (REALN). Students were solving arithmetic problems with real numbers. Example: ‘Compute

V3- V7 +2- V9 - 214

Complex numbers (COMPL). Students were solving arithmetic problems with complex numbers or simple
complex equations. Example: ‘Find complex number z so that 2z + 4z = 7 + 153"

Basics of functions (FUNCT). Students were asked to solve a problem dealing with function, draw a graph, find
inverse function or compute composition of functions. Example: ‘For given functions f,g:R — R, f(x) =

%x — 3, g(x) = 2x? — x, determine the compositions f o g and g o f, and compute g(2 + £(0)).’

Linear function and linear equation (LINEA). Students were solving a problem dealing with linear equation.
Example: ‘Compute the area of the triangle bounded with line 2x — 13y + 7 = 0 and coordinate axes.’

Quadratic function and quadratic equation (QUADR). Students were solving a problem dealing with graph of
quadratic function in coordinate system or quadratic equation / inequality. Example: ‘For which values of
parameter m equation mx? — 2mx + 3m — 2 = 0 has two different real solutions?’

Word problems (WORDP). Students were asked to solve a word problem that leads to solving linear equation or
system of two linear equations. Example: ‘The numerator of the fraction is smaller than denominator for 18. If

we increase both the numerator and denominator by 8, we get number%. What is the value of the fraction?’

Measuring variables for combinatorics were:
Basics of combinatorics (COMBI). Students were asked to recognize and solve simple combinatory problem.
Example: ‘How many 4-digit numbers has at least one digit 57’

Measuring variables for geometry were:

Plane geometry (PLANE). Students were solving geometric problems dealing with angles, polygons and circle.
Example: ‘Interior angle of a regular polygon equals165°. What is the number of its sides?’

Solid geometry (SOLID). Students were solving geometric problems dealing with the measurements of surface
areas and volumes of various three-dimensional figures - prisms, pyramids, cylinders, cones and spheres.
Example: ‘Calculate the volume and surface area of the circumscribed sphere of the cube which surface area is
216 cm?.’

METHODS
Structure Equation Model (SEM)
At the beginning we have to describe structural equations model (SEM) (Boolen 2007). The variable of our
model are measured mathematical competences or X1, Xo, ., Xx17 €e{ LOGIC, INDUC, SETTH, RELAT, ALGST,

NATIN, NUSYS, RATIO, REALN, COMPL, FUNCT, LINEA, QUADR, WORDP, COMBI, PLANE,
SOLID}. Structural equations are:
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17
X = > bX +e (i=1..17) @
j=1
where e; are exogenous variables. In the matrix notation we can write equations.
X=Bx+e ®)

The causal structure model (CS) (Pearl 2000) can be represented with directed acyclic graph (DAG). In DAG
we have vertices and edges between vertices. The vertices are mathematical competences in our SEM and the
edges are causal relation between edges. For example edge x, — x, represent cause x; and effect of cause xi.

Acyclic graph change structural equation (1) in new structural equations:

&=EEQ&+ﬁi (i=1..17) 3)
j<i
And in the matrix equation notation (2) B is strictly lower triangular matrix. In the equation (3), if the coefficient
b, =0 We have edge x; — x, in directed acyclic graph (DAG) for causal structure model (CS).

In our paper we use free software Tetrad 5.2.1-3 (Tetrad project 2015). Main part of this software is Linear Non-
Gaussian Acyclic Model (LINGAM) (Simizu at al. 2006). LINGAM work with independent component analysis
(ICA) with estimation of coefficients with maximize log likelihood together with all the possible causal
ordering. In the software Tetrad 5.2.1-3 we use program Linear Non-Gaussian Orientation Fixed Structure
(LOFS). This program generates many different DAG.

RESULTS
The authors of this paper are lecturers together with professor (Tepes at. all. 2009, 2013, 2014,2015) on Faculty
of Teacher Education at the University of Zagreb, choose the most appropriate model in mathematic on 1% year

students studying mathematics on Faculty of Teacher Education.

Directed acyclic graph (DAG) mathematical competences on teachers education is shown in Figure 1:

"

QUADR

RELAT

INDUC

SOLID
LINEA NUSYS NATIN

Figure 1. DAG mathematical competences on teacher education

From Figure 1 we can see six levels of causal structure. On the first level are causal mathematical competences
QUADR, SEATH, REALN, LOGIC and WORDP. This competences are fundamental and cause for all other
mathematical competences. On the second level are mathematical competences COMPL and ALGST. This
competences are effect of competences from the first level. On the third level are competences effect causes
from the first and the second level. Third level competences are LINEA, RATIO, FUNCT, REALT and INDUC.
On the fourth level are competences COMBI or effect competences from previous levels. On the fifth level is
mathematical competence NUSYS, NATIN and PLANE. On the sixth level is competence SOLID.

Using estimator from software Tetrad 5.2.1-3 we can describe causal structure equations (3) in our research:
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QUADR = ¢(QUADR)

SEATH =e(SEATH)

REALN = e(REALN)

LOGIC =e(LOGIC)

WORDP = e(WORDP)

COMPL =0.7776* REALN +e(COMPL)

ALGST =0.5833* LOGIC +0.1694*WORDP +e(ALGST)

LINEA =0.3066* SETH +0.2916 *QUADR + 0.3686* COMPL + e(LINEA)
RATIO = 0.5805* COMPL +0.5187* SETH +¢e(RATIO)

FUNCT = 0.6474* COMPL +0.4953* ALGST +e(FUNCT)

REALT =0.5282* ALGST +e(REALT)

COMBI =0.6754* REALT +e(COMBI)

NUSYS = 0.0042*COMBI +1.0732*COMPL +e(NUSYS)

NATIN =0.5752*COMBI +e(NATIN)

PLANE = 0.5437* RATUIO +0.2616 *WORDP +0.3035* COMBI +e(PLANE)
SOLID = 0.4018* PLANE +0.2221* RELAT +0.2150* REALN +¢(SOLID)
Exogenous competences are estimate with standard normal distribution normal (0, s?) :
First.level :

e(QUADR) =~ normal (0, 2.6296), e(SETTH) ~ normal (0, 4.0000), e(REALN) ~ normal (0, 3.2942),
e(LOGIC) ~ normal (0, 4.6524), e(WORDP) ~ normal (0, 3.6042)

Second level :

e(COMPL) ~ normal (0,1.7610), e(COMPL) ~ normal (0,1.7610)

Third level :

e(LINEA) = normal(0,1.8375), e(RATIO) ~ normal (0,1.8156), e(FUNCT) ~ normal (0,1.9114),
e(RELAT) = normal (0, 2.5653), e(INDUC) = normal (0, 2.0053)

Fourthlevel :

e(COMBI) ~ normal (0, 2.2793)

Fifthlevel :

e(NUSYS) ~ normal (0, 2.2035), e(NATIN) ~ normal (0, 3.3799), e(PLANE) ~ normal (0,1.6953)
Sixth level :

e(SOLID) ~ normal(0,1.5146)

(4)

Coefficients in causal structure equations (4) are the average causal effect cause competence to competence on
the left side of equation. For example competence LOGIC have greater average causal effect to competence
ALGST than competence WORDP because coefficient with LOGIC is 0.5833 and coefficient with WORDP is
0.1694. All coefficients in equations are nonnegative. It means that every case competence has positive effect to
competences on second, third, fourth, fifth and sixth level.

CONCLUSION

Paper demonstrates the causal structure of mathematical competences in teacher education. For the purposes of
adopting mathematical competences, causal model refers to the order of adopting of mathematical competences.
For the purpose of further research, it is necessary to increase the statistical set or the number of faculties and
students examined. Preliminary exams materials and questions must be standardized. The curriculum for
students on Faculty of Teacher Education at the University of Zagreb in faculty in Croatia is mainly based on
pedagogy and should have the educational structure of mathematics for future job of students or teachers in
elementary schools. It means that we have to look together mathematical competences in kindergarten,
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elementary and teacher education. Students on Faculty of Teacher Education at the University of Zagreb will be
teachers in kindergarten and elementary schools.
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ABSTRACT: Primary school students have difficulties in understanding the physical content due to
insufficiently developed abstract reasoning skills and metacognition. Metacognition refers to the processes used
to plan, monitor, and assess one’s understanding and performance. It is "cognition about cognition", "thinking
about thinking", or "knowing about knowing". Metacognition includes a critical awareness of one’s thinking and
learning, as well as awareness of oneself as a thinker and learner. There are three distinctive components of
metacognition: (1) metacognitive knowledge, (2) metacognitive regulation and (3) metacognitive experiences.
Since metacognition includes knowledge about when and how to use particular strategies for learning or for
problem solving it is very important in learning physics. Project Based Learning can help fostering primary
school students’ metacognition. Project Based Learning enables students to gain knowledge and skills by
investigating and responding to challenging question or problem. Since the projects are focused on student
learning goals, including skills such as critical thinking, problem solving and self-management, while working
on projects students must use metacognitive activities. Also project design includes that students make decisions
how they work on a project and they reflect on learning, the effectiveness of their inquiry and project activities;
they discuss the quality of their work, obstacles and how to overcome them. Because of that students benefit in
respect of mentioned metacognitive components by the use of project-based learning.

Keywords: metacognition, physics, project-based learning, primary school
INTRODUCTION

Abstract reasoning skills are important for understanding physics contents. A student who has developed good
abstract reasoning skills easily uses symbols instead of concrete objects when learning new information unlike
the beginning learner who usually needs concrete aids. For example in mathematics, to represent the number
"five" the teacher or child might put out five blocks. A child who has made the shift to abstract reasoning
understands the concept of "quantity” without relying on objects. So in mathematics, abstract reasoning enables
the child to understand that the abstract character "5" might stand for five of any specific object or just the
numerical idea of five. Abstract thinking is necessary in physics as well. Physics uses mathematics for solving
problems; also, various symbols are used in physics and physics deals not only with classic laws applicable in
everyday life but with abstract ideas as well (quantum physics, relativistic physics and similar). Metacognition is
related to abstract reasoning performance (Williams & Jones, 1997). Ackerman and Thompson (2014) have
developed a framework for understanding metacognitive processes in the context of reasoning. They used the
phrase “meta-reasoning” to refer to the processes that monitor and control reasoning, problem solving and
decision-making. Also, metacognition enables students to learn efficiently, think on their own and acquire
applicable long-lasting knowledge.

Contemporary teaching methods enable active participation of the learners in the teaching process, as well as
improving the quality of science teaching and fostering students’ metacognition (Obadovic et al., 2013;
Obadovic et al., 2012).

In this paper the idea of using project-based learning for fostering primary school students’ metacognition is
discussed.
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METACOGNITION

Understanding the concept of metacognition is very useful in order to learn how to learn. Metacognition refers
to the processes used to plan, monitor, and assess one’s understanding and performance. It is “knowledge and

cognition about cognitive phenomena,” or simpler “thinking about thinking”, “knowledge about knowledge”
(Cross and Paris, 1988, Kuhn and Dean, 2004, Martinez, 2006).

Metacognitive awareness can be categorized into awareness of: (1)  metacognitive knowledge, 2)
metacognitive regulation and (3) metacognitive experiences. Metacognitive knowledge (knowledge of
cognition) includes: (1) declarative knowledge - how to do something, (2) procedural knowledge - skills,
strategies and resources required to perform the task (knowledge of how to perform something) and (3)
conditional (strategic) knowledge - when to apply certain strategy. Regulation of cognition refers to awareness
of the need to use certain strategies (Schraw & Dennison, 1994, Schraw & Moshman, 1995): planning,
information management, monitoring, debugging and evaluation. Metacognitive experiences comprise
metacognitive feelings, metacognitive judgments/estimates, and task-specific knowledge (Efklides 2006), for
example feeling-of-knowing, judgments-of-learning...

PROJECT-BASED LEARNING

Project-based learning is a dynamic approach to teaching in which students explore real problems and
challenges in the everyday world outside the classroom. Project Based Learning engages students’ interest and
motivation and students are inspired to obtain a deeper knowledge of the subjects they're studying. A well-
designed project provokes students to teach content and develop communication and presentation skills,
organization and time management skills, research and inquiry skills, self-assessment and reflection skills, and
group participation and leadership skills. While working on project students reflect upon their own ideas and
opinions, make decisions that affect project outcomes and the learning process in general. Usually project is
realized by group of students working together toward a common goal. Evaluation is on an individual basis and
takes into account the quality of project realization, the depth of content understanding demonstrated, and the
contributions made to the project realization.

Project can be broken down in the following steps:

- Teacher introduces students with real-life problems and they formulate the theme of project they will be
doing.

- Students take on the role of project designers.

- Students discuss and accumulate the background information needed for their designs.

- Students accumulate the materials necessary for the project.

- Students create their projects.

- Students prepare to present their projects.

- Students present their projects.

- Students reflect on the process and with teacher they evaluate the projects.

In Project-based learning phases that teacher should assess are following:

1. Project launch

- Do students understand the project?

- Do students “need to know” core content and concepts? Do they know it?

- Do students know the first benchmark and have a clear “next step”?
2. Early phase

- Are students on good direction; are they researching the right things?

- Have the students teams become organized with roles and assigned tasks?

- Is each team member engaged and contributing?
3. Middle phase

- Are students learning and understanding the material they are researching and the variables to consider in

their solution?

- Are students making the connections between their research and the project?

- Are teams working effectively with clarity of next steps?
4. Late phase

- Are students evaluating their work?

- Have students mastered the content and apply it both in and outside of the project?
5. Culminating event

- Did students accurately apply the key knowledge and thinking to realize the project?
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- Were students able to effectively communicate the elements of their project?
- Did the team collaborate effectively?

USING PHYSICS PROJECTS FOR FOSTERING PRIMARY SCHOOL STUDENTS’
METACOGNITION

Project Based Learning enables students to gain knowledge and skills by investigating and responding to
challenging question or problem. Since the projects are focused on student learning goals, including skills such
as critical thinking, problem solving and self-management, while working on projects students must use
metacognitive activities. Also project design includes that students make decisions how they work on a project
and they reflect on learning, the effectiveness of their inquiry and project activities; they discuss the quality of
their work, obstacles and how to overcome them. Because of that students benefit in respect of mentioned
metacognitive components by the use of project-based learning.

It is proposed that during the realization of projects students use instructions (questions) given on the
instructional sheet. Following proposal of questions can be given based on the checklists of questions for
encouraging metacognition (Schraw, 1998; Miscevié, 2006):

* What is my goal?

* What do I have to do?

» What types of information and strategies | need?

* How much time will I need?

* Is everything clear to me?

* What data do I know?

* What details are irrelevant?

» What similar real-life examples | know?

* What materials do I need?

* What should I be aware of during the experiment?

» What do | think will happen?

* Are my assumptions correct?

* Did I achieve my goal?

* Do I need to change something?

* Can the problem be solved in an easier way?

* What was not successful?

* What was successful?

With proposed questions physics project will fostering students’ metacognition.
CONCLUSION

Metacognition enables students to solve new problem by retrieving and deploying strategy that they have
learned regarding to similar context. Metacognition is important for working on cognitive styles and learning
strategies. Metacognition implies that the individual has some awareness of his/her thinking or learning
processes. Students’ metacognitive awareness is very important in learning physics. The paper points out the
significance of mini-projects in order to encourage students’ metacognition.
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ABSTRACT: In recent decades, Genetic issues play a large role in health and public policy and new knowledge
in this field continues to have significant implications for individuals and society. In spite of this increased
exposure to genetics, recent studies of the general public’s genetics knowledge show a relatively low
understanding of genetics concepts. Eepigenetics is a new paradigm in biology. Nevertheless, the notion of
genetic determinism is still present in syllabuses and textbooks. The present research explores the future Biology
teachers’ conceptions related to the genetic determinism of human performances. The research method is a
questionnaire elaborated by the Biohead-Citizen consortium. The findings revealed that future Biology teachers
still reducing the biological identity to a genetic program. The set can also enhance the danger of hereditarian
ideology and justifies the fatalism and racism. We concluded that the teaching of epigenetics becomes a
scientific and citizen challenge.

Key words: Genetic determinism, Students, conceptions, epigenetics.
INTRODUCTION

In the twentieth century, the nature-versus-nurture debate was one of the most important themes of genetics
(Castera et Clement 2008). Now, most scientists accept that both factors have a crucial role and that phenotypes
result from the actions and interactions of both, which often change over time (Petronis 2010).

Most phenotypes show some degree of heritability, a finding that formed the basis for a series of molecular
studies of genes and their DNA sequences (Nicol-Benoit et col 2013). In parallel to such genetic strategies,
thousands of studies have been carried out to identify environmental factors that contribute to phenotypes
(Georgel 2015). The new paradigm is not one of nature versus nurture, but of a complex and dynamic
interaction between DNA sequence, epigenetic DNA modifications, environment, gene expression, and
environmental factors that all combine to influence phenotype (Gibson 2008 ; Kilpinen & Dermitzakis 2012).

Over the last years, several university programs introduced bit by bit epigenetics as part of the genetics
(regulation of the expression of multiple genes, cell differentiation,...). However, in most countries, university
programs of Biology do not include the wealth of information gathered over the last 30 years of investigation of
epigenetics.

This article aims to explore the students’ understanding of Epigenetics and to identify their conceptions related
to the genetic determinism of human performances.

METHODS
This study is mainly qualitative, our methodology was mixed. We used a questionnaire and interview. this
qualitative analytical methods were supplemented with statistical analysis to identify students’ misunderstanding
in Epigenetics.
Students sample. All students surveyed in the study were enrolled in a graduate science program at the

University of Cadi Ayyad, The sample is composed of 86 Graduate Students (baccalaureate plus 3 years of
study) and 20 Master’ students (baccalaureate plus 4 or 5 years). Females comprised 46 percent of the sample.
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The questionnaire. We composed an questionnaire to acquire information on several key issues: (a) the
students’ understanding of Epigenetics and interaction between Genotype and Environnement in expression of
the phenotype (b) the students’ conceptions of the genetic determinism of human performances.

Some of the questions were inspired by previous studies especially those relating to the genetic determinism of
behaviour and intellectual performance (Clement & col 2006). However, we developed many new questions
appropriate for students at the graduate level.

The responses to all the questions about genetics are based on a Likert scale on which each teacher was asked to
tick one of four boxes, ranging between ‘I agree’ and ‘I don’t agree’. The majority of the questions concern
genetic/biological determinism of human behaviour. These questions can be grouped into four different
categories: 12 (1) Genetic determinism of personal or individual features: questions about clones and twins (A3,
A6, A19, A24, A43 and A53). (2) Genetic/biological differences related to gender (A9, Al4, A21, A25, A36,
A38 and A46). (3) Genetic determinism of human behaviour ( B8, B10, B14 &nd B20).

The interview. Interview was conducted on six students. The interviews lasted approximately 30 minutes.
Thematic interview questions are used to explore in greater detail the most commonly held misconceptions
identified by the questionnaire analysis.

RESULTS AND DISCUSSIONS

More than six students out of ten states that the phenotype is determined solely by the genotype (62%) and that
the action of the environment on the phenotype requires a change in the DNA sequence (60%°). This reflect that
a majority of students don’t know epigenetic mechanisms. This is confirmed by the fact that more than the half
of them state that chromatin is a DNA carrier and is not involved in the expression of the phenotype (58%)
(Table 1).

Table 1. Students’ Responses Related To Genotype-Phenotype Relationship (in %)

| | | rather | |

Responses in % strongly  rather  disagree  strongly  don't

agree agree disagree  know
The phenotype is determined solely by the genotype 35 27 13 11 14
The action of the environment on the phenotype requires 42 18 14 17 9
a change in the DNA sequence
Chromatin is a DNA carrier and is not involved in the 35 23 9 12 21
expression of the phenotype
DNA methylation / demethylation is a signal for 27 25 16 9 23

activation or deactivation of a gene

One student out of two state that DNA methylation / demethylation is a signal for activation or deactivation of a
gene (52%).

In the interview, we identified a common perception held by the students which stipulates that genes, as units of
information controlling various traits, are distinct and totally separate from the environment (Fig 1).

This perception is certainly true of the physical-structural- chromosomal entity called gene, but it does not apply
to genes as units of information or function. The notion that information resides in the genes and that the
environment simply provides the medium through which information is displayed is incorrect. The only sure
evidence of epigenetic inheritance involves methylation of genes through which identical genes coming through
the two parents can behave differently in their expression (Singh 2015 ; Agorram 2010).
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Fig 1: An example of Students’ responses about gene-phenotype

About half of the students surveyed say that similarity of the reactions to different factors (immune response to
micro-organisms and to transplantation) or similarity of behaviors of identical twins is due to the identity of their

genes (Fig 2).

Students' Conceptions about twins

A53. Due to identical genes, identical twins have identical
immune responses to micro organisms

A43. In identical twins, one can be right-handed and the other
left-handed

A19. Due to identical genes, identical twins have identical brains
and, therefore, identical behaviour and ways of thinking

A6. Due to identical genes, identical twins have identical immune
responses to transplants from another person

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M |agree M|don'tagree

Fig 2 : Students’ responses about genetic determinism among twins

It is generally agreed that epigenetics provides sufficient flexibility and latitude to the developmental program
of a given genotype such that even identical twins become “unidentical” as they proceed through life (Haque &
col. 2009).

Numerous studies show that it is clear that identical twins have substantial differences in obvious phenotypes
like disease, and in epigenetic DNA modification patterns. Earlier twin studies were based on the premise that
monozygotic twins are genetically identical, and that phenotypic differences must arise from nonshared
environment. However, knowledge of epigenetic mechanisms such as differential DNA methylation, skewed X-
inactivation, and imprinting provides a new model to understand monozygotic twins discordance (Gibson 2008 ;
Bhalla and lyengar 1999).

We notice that some of the students think that the differences between men and women (intelligence, sensitivity)
are due to biological and genetic factors. Women are biologically different from men, these differences make
them suitable for some household activities but that make them less able to do other activities. According to
these students, the difference in behavior of men and women is due to the identity of their genes (Fig 3).
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Students's conceptions of genetic/biological
differences between men and women

= | agree = | don't agree

A46. Biologically, men cannot be as sensitive and emotional as _
women.
A38. It is for biological reasons that women more often than men _
take care of housekeeping
A36. Men might be more able to think logically than women, _
because men might have different brain bilateral symmetry

A25. It is for biological reasons that women cannot hold positions
of high responsibility as men can

A21. Biologically, women can be as intelligent as men

Al4. Thanks to their physical features, men perform better in _
athletics than women

A9. Women are less intelligent than men because their brains are _
smaller than men's brains

Fig 3: Students’ responses about genetic/biological causes of differences related to gender

Genes determine all of characteristics, and cloned organisms are exact copies of the original. This
misconception was found among more two students out of ten (Fig 4).

It’s sure thet genes play a huge role in how an organism develops, but environmental factors also play a role and
some heritable changes occur without changes in the genome. Many studies showed that gene expression in
identical twin changes from environmental factors and suggested that these changes can accumulate over the life
of the organism. It is possible that these behaviors have have a genetic component, but they are not governed by
genes alone, there is an interaction between genes, environment, and epigenetic factors.

There are genetic factors in parents that predispose their children to become

B20 very good violinists
B14 aggressive
B10 good in school
B8 alcoholics
0,00 0,20 0,40 0,60 0,80 1,00 1,20

m | agree ™| don't agree

Fig 4 : Students’ responses about heredity of some performances
CONCLUSION

Whether cellular or macroscopic phenotype is ultimately based on the properties of synthesized proteins. Now
these are the genes which code proteins responsible for the phenotypic characters. so we would think that there
is a linear relationship between a gene and a character, the first determining the second. In fact the relationship
between genotype and phenotype are often more complex.

This complexity of life can not be reduced to a single genetic determinism. Its study needs to compete with other
epigenetic, mechanisms to analyze the construction of phenotypic traits. New models (based on the concepts of
self-organization, collective intelligence) contribute significantly to this change in perspective (Petronis 2010).

The analysis of students’ responses related to the genetic determinism of human features, behaviour or
performances shows a clear innatism in a majority of students’ answers. Moreover, this innatism is partly
correlated to some sexist and even racist answers. This conclusion is illustrating interactions between the taught
science (the scientific knowledge K) and implicit values (V) (Clement 2006).
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Epigenetics is still absent from university education programs reflecting an important didactic transposition
delay. In the next few years, our understanding of the multiple layers of genomic information is likely to
improve significantly. The school must incorporate these scientific innovations quickly enough and especially
when they have an important educational dimension and which are related to socially controversial
problematics.
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INTRODUCTION

Developping scientific literacy of students, reconciling them with their cultural identity through the discovery of
the technical and theoretical scientific achievements of Muslim civilization and of the manner that the rationality
has been developed inside the cult science are all reasons that support the need for the introduction of the history
of astronomy in the Arab-Muslim civilization in science training programs at University in Morocco. They are
the goals of a training entity that we have developed for the benefit of students of a master of philosophy and a
master specialized in the teaching of science at the Cadi Ayyad University, Marrakech, Morocco.

In this paper we describe those goals and the content we teach to acheave them. In the training entity here
described We try to show how it is possible to support the appeal that religion has on young people nowadays in
our country to root them in scientific thought, and also to highlight the way in which it has been possible for
Muslims to live their faith and in the same time to appropriate and develop scientific heritage of previous
civilizations.

1. Moroccan and science: needs, fascination and alienation

Morocco is a developing country that is working hard on many fronts to emerge on the world level. First in
politics by adopting a bold new constitution in 2011 and engaging in a process of democratization considered
enough positive within the country and abroad. In Economy by engaging in large projects such as the Green
Morocco for the development of agriculture, Halieutis Morocco to value fishery resources, Azur 2020 program
for the promotion of tourism and the Central Solar Noor, one the largest factories in the world of power
generation from solar energy. He also conducted a social policy to improve life in precarious rural areas and
urban poor districts through the National Initiative for Human Development. The country relies heavily on its
education system to train human resources capable of carrying out its emergence objectives on the international
economic scene. Unfortunately this system is not satisfactory enough.

Indeed the country has a big need of doctors, engineers and skilled technicians. He is also engaged to have an
honorable production in scientific research as stipulate one of the levers of the Strategic Vision of the Reform of
the Education System. Morocco has made training in science and technology the way to respond to those needs.
Quantitatively we are very close to achieve the target rate of 66% of high school students in scientific and
technical fields. These sectors have a good audience among young people, probably because they are deemed
opening on best professional prospects. The best students look to join the great schools of engineering or
medicine. On an other hand Researchers in Morocco in universities and research centers produce and
communicate and publish books and articles in scientific journals. The average Moroccan uses many new
technologies. So the number of mobile subscribers exceeds half the number of the country's population and
Internet penetration rate reached 41% in 2015. There's respect and fascination towards science and technology
products.
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However Moroccan people have a sort of alienation towards science and technology. Maybe because of the fact
that for Moroccan scientific researchers the issues of their work are domiciled in Western labs and for the
average Moroccans technology products are made elsewhere away from home.

On the other hand when we analyze Moroccan sciences programs in the university we note that the contents are
sufficiently rigorous and similar to those taught worldwide. Only the subjects taught are decontextualized and
isolated from any historical or epistemological lighting. That could maintain or create in students minds a sense
of alienation with respect to scientific thought.

During our experience of teacher and actor in an amateur asotronomy association, We have found that young
Moroccans even those who have advanced degrees in science blame an indisputable lack of knowledge of
astronomy. However the Moroccan sky is relatively less affected by stray light and is suitable for reading sky
and doing astronomical observation. The problem may be in the low presence of astronomy in primary and
secondary school programs or in the belief that to make it is necessary to have means equipment, telescopes and
telescopes that one can’t easily offer.

On the other hand, it there is an obvious return to religion in Moroccan society that is manifest in politics and in
everyday and intellectual life. The political forces that rely on Islamic ideological repository are so active and
popular that its a party of this obedience which leads the current government. The return to religion is also
evident in the intense attendance to muskets and the way that many of both men and women are dressed (beards
for men and scarves for women). The reference to religion is also present in the discourse of people and
discussions shared by even the most highly trained in science among them. There is a tradition considered
scientific by its supporters called "scientific miracles of the Quran™ which try to find the origins of the latest
scientific discoveries in verses of the Koran. It is popular among youngs and adults, even and specially those
who graduates in science.

In our opinion, this "pseudo-science” shows a dogmatism and a withdrawal and pernicious intellectual laziness
that is contrary to the requirement of effort and creativity that goes with scientific thought which is a kind of
thinking which takes into account contemporary theoretical productions and the action on the reality for
producing the knowledge and not the opposite.

2. Our problematic
Faced to those multiple challenges and those phenomena at least disturbing several questions arise related to
training in science in our country:
e How to train in science and to avoid that the fascination that she could create in young Moroccan mind
dose not turn into a feeling of strangeness and alienation?
e How to train in science while showing that it remains an universal production which has a history and
which scalable?
e How to train in science and to show that it is a type of thought distinct of the religious one?

We believe that for our students the history of science, that of science in Muslim civilization in that case,
presents relevant answers to those questions. This is at least what we stand for years and that we use in the
training of future teachers of physics and future researchers in philosophy. We describe in this text the
objectives of the training unit and the teaching content.

3. Arab-Muslim history astronomy training unit

a. Presentation of the unit

It is a course of six hours which is part of the course of physics Education for the Master of Teaching Physics
and Chemistry. A course that analyzes:
o the learning difficulties,

e the learning acquisition process of these school subject,
e the operations undergone by the scientific knowledge to be transformed into taught knowledge
e and the teachings operations and actions.

For the masters of philosophy, this course is part of a unit called "History of Mathematics and Arabic sciences".
It lasts the same time but is slightly simplified because those students do not have a great prerequisite in terms of
scientific knowledge.

b. Targeted goals
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The objectives of this training unit are manifold:

Epistemological objectives

(1) Showing that science is a universal building

(2) Showing that its truth is relative

Psychological goals

(1) Fightig against the feeling of alienation toward science by highlighting the Arab-Muslim scientific heritage
(2) Enjoyig the attractiveness that the achievements of Muslim civilization has on young people of the countries
of this civilization

(3) Helping Moroccan young people to build confidence in the genius of the Arab and Muslim peoples and their
ability to produce science

(4) Reconciling young people with the history of their civilization and be aware that they dont stay its prisoners

Cultural goals

(1) helping students to distinguish between scientific and religious thinking

(2) showing how science had helped to solve problems and on the other hand that is not the sacred text that helps
to solve scientific problems

(3) showing how the scholars of Islamic civilization lived their faith regardless of their scientific production

(4) showing how science was an intellectual production that served the practice of religion

(5) introducing students to astronomy and make them love it

(6) supporting the attractiveness of science

(7) developing the spirit of intellectual openness

c. The content taught

1) The first theme is an introduction to traditional astronomy in the Arabian Peninsula before the advent of
Islam. A first objective of this course is epistemological ; showing that even before emerging on the world
scene, the Arab people had, as did those of other countries, a handy and paracticle astronomical scientific
tradition. The second is psychological; is to show our students that there are fifteen centuries their ancestors had
best knowledge that their in this science. What we hope here is that fact lead them to be interested in this
science. Indeed before Islam, Arabs had built a traditional astronomical around observations of constellations,
the movement and the phases of the moon to meet :

- Aesthetic and artistic motivations (to revel in the beauty of the moonlight in the clear desert nights)

- Guidance needs

- Weather needs to know (recognize) cyclic climate phenomena and the various agricultural seasons. Among
others, to know when to plow, transhumance ..etc. They did not knew observing the sun movement like the
Greeks or the Syriacs, but they managed to solve the many practicale problems by combining the phase of the
moon and its position in its twenty-eight stations in the sky.

This theme ends with the description of the period of translation in Bagdad at the 8th-9th century of the Greek
heritage and the Syriac heritage and the Indian heritage in astronomy. We show also the process of the
emergence of the astronomy in the muslim civilisation and its transformation into an universal corpus produced
in arabic that supports theoretical scientific issues and the political and cultural and social issues that have
accompanied this development.

2) The second theme begins with the discussion of religious issues that were among the major causes of the
development of astronomy in the Arab-Muslim civilization, namely the designation of the direction of Mecca
towards which Muslims pray and the determination of months beginnings, particularly the sacred months
Ramadan and Chawal and Dou-Alhijja. These problems have been at the beginning resolved by lawyers who
made the interpretation of the founding texts, the Koran and the hadith (sayings and decisions and actions of the
Prophet and of his companions). But over time, with the expansion of the Muslim empire and the distance from
the center and also with the complexity of political life in various corners of the empire, these solutions had
became inadequate and the muslims were forced to use astronomical knowledge to develop a sacred geography.
And thereafter to solve these problems mathematically by making use of spherical trigonometry. This need for
an epistemological break against cultic thinking of the Muslims in the 10th century.

In the term of the course we invite the students to an initiation in astronomy. Our argument is that they must
know at least a little in comparison with the great culture that their ancestors had in this area.
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CONCLUSION

Our aim in this paper is to show how we are acting with our students for :
o developping their scientific thinking while trying to avoid that the facination for science their mind a
feeling of strangeness and alienation
¢ showing that it remains an universal production which has a history and which scalable
¢ showing them that the science it is a type of thought distinct of the religious one
e using their introduction in the history of astronomy in muslim civilisation as a springboard for initiating
them to astronomy.

The training unit might seem consistent but the question that arises is that of its efficiency. Hence the need to
carry out research to assess its impact.
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ABSTRACT: In this study, the effect of chosen examples in agent function design teaching is aimed to be
analyzed. Traditional problem solving method is used at the beginning of agent function design teaching. Then,
one workshop has been organized before a quiz. Totally 22 number of students have been divided into two
groups. Each group members are randomly chosen. Each group needs to develop an agent function in a specific
time. All the participants of the first group, those are expected to find a new example; choose the solved
examples in lectures. Some of the students in the other group perfectly develop an agent function for a given
new example. Results of the study revealed that students who asked to develop a new example require additional
thinking than the ones that have an example. Both groups have been asked the same questions in midterm and
final examinations.

Key words: teaching methods, agent function, robot design, robot control
INTRODUCTION

Teaching methods are generally divided into two categories; Teacher Centered Approaches and Student
Centered Approaches. Teacher Centered Approaches are widely used teaching methods. The well-known and
mostly used teaching strategies can be classified into three. These are namely; expository teaching, discovery
teaching and inquiry teaching strategies (Demirel, 2009). Especially, education in engineering faculties’ given
by an expert teacher is an example of expository teaching method. Expository teaching method can be more
effective with discussion and problem solving techniques (Sonmez, 2011).

Robotics is one of the multidiciplinary course in Electrical and Electronic Engineering program in Cyprus
International University. This course involves robot design for a specific task and real time robot control. This
study is motivated from the students’ learning difficulty about agent function design learning which is the first
step in robot design topic. This topic requires higher problem analyzing ability and additionally students should
have good computer programming skills. Traditional problem solving methods are used at the beginning of the
agent function design teaching. After giving the definition of an agent function, a simple vacumm cleaner world
problem is introduced to the class. This problem was firstly solved in the class with discussions. After that, the
same problem is modified twice with small changes having an increasing complexity. Becasue of the students’
difficulties to find an acceptable solution, a new teaching method for agent function design is applied.

Benefits of problem based learning is studied by Yenal, (2003). That research reports that in adult education the
problem based learning method might increase students’ cognitive competence and higher thinking ability.
Another study about student centered learning method is done by Basbay, (2005). The effect of project based on
learning approach which is supported by layered curiculum is studied and results of that study shows that
students’ learning levels are increased. Escpically, students having higher level leraning abilities are positively
affected.

TEACHING METHODS

Effective teaching methods should be used to teach today’s new technology to the next generations.
Psychologists and educationists are working on learning taxonomies and effective teaching methodologies.
Widely accepted learning taxonomy is introduced by Benjamin Bloom in 1956 and it is revised by Anderson and
Krathwohl in 2001 (Krathwohl, 2002). In the last decade, a Student Centered teaching approach namely Layered
Curriculum is introduced by Kathie Nunley (2005). The reason of all these studies is to have improvement in the
students’ learning levels to desired learning outcomes.

If a teacher uses traditional methods in higher education, the teacher determines course objectives and tasks by
her/himself. On the other hand, if the teacher prefers to use interactive teaching method such as problem based
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learning and cooperative learning students’ interest increases. Armstrong observed that the example choice
increases the students’ interest about what they are taught (Armstrong, 2012).

In this study, discovery teaching strategy is applied for agent function design teaching which is one of the
Teacher-Centered Approach. In order to increase student interest in agent function design learning, some of the
students are asked to find their examples related with agent function design activities as a workshop and a quiz.
The implementation details of this strategy are explained in Agent Function Teaching section.

Agent Function Teaching

Agent function is a well-known problem in artificial intelligence. A simple robot design and control code can be
demonstrated with agent function. In an agent function, a robotic system’s perceptions and actions are decided
and processed. A classical agent function definition and an example are given from Russell (2005).

An agent function concept is explained to the class of students with lecturing method. After this, a simple
example as Vacuum-Cleaner world problem is introduced by demonstrating technique together with lecturing as
shown in Figure 1.

Percepts: location and contents, e.g., [A, Dirty]
Actions: Left, Right, Suck, NoOp
Figure 1. Vacuum-Cleaner World Problem (Russell, 2005)

The example is analyzed together with the class about the required percepts and actions.

function REFLEX-VACUUM-AGENT( [focation stafus]) returns an action

if status = Dirty then return Suck
else if location = A then return Righr
else if location = B then return Lefi

Figure 2. Vacuum-Cleaner Agent Function (Russell, 2005).

The syntax of agent function is explained and the control algorithm is traced in the class. An optimal agent
function solution is shown in Figure 2. After some discussions related with student questions, the vacuum-
cleaner world problem is modified with the following questions:

i. Modify your agent function for a problem of: “having four numbers of locations in the environment.”
ii. Modify your agent function for a problem of: “the algorithm must stop when all environments are
clean.”

The modifications are asked in the given order and they solved in the class one after the other. Firstly, after each
question, some time duration is allowed to students to think about the problem. After that, potential solutions are
discussed in the class. The second question is asked after the solution of first question. Again, some time is
given to students to think about it. Additionally, in order to increase students’ interests in learning process a
workshop is organized and some of the students let free to choose their example about agent function.

144



International Conference on Education in Mathematics, Science & Technology (ICEMST), May 19 - 22, 2016, Bodrum / Turkey

The class is randomly grouped into three. One group includes students that not attended the workshop, second
group includes students that attended the workshop and they get a question with a given agent function problem.
Lastly, the third group of students that attended the workshop and they ask to give an agent function problem. It
is expected to have new agent function problems described by the student. One of the aims for this activity is to
increase the students’ interest about agent function design and to let the students to find their own example.

There was one ungraded workshop, one quiz, one midterm, one group project and a final examination that are
planned as course activities. Each activity is graded by the course instructor. Like in workshop, the same group
of students are asked to give an agent function example in the quiz where the others are asked solve a new
example.

RESULTS AND FINDINGS

The distribution of three groups in the class is illustrated in Figure 3. Whole class randomly and almost equally
divided into three groups and they named as Not Attended, Given Example and Give an Example.

4 I
Number of Students in The Class
= Number of = Number of
Students; Not Students; Give
Attended; 10; an example;
31% 10; 31% = Give an example
= Given example
= Not Attended
n
example; 12;
\_ 38% J

Figure 3. Workshop Attendance Distribution

After the workshop activity a graded quiz is done in the class with a predefined date and content. Like in
workshop no new example is given in the quiz by the first group but structure of agent function is correctly used.
The quiz examination evaluation was out of 5 and the class averages is given in Figure 4. Significant success is
seen with the students that attended the workshop.

4 N

Quiz Average

= Give an example

— mGiven example
— = Not Attended

Classroom Average

Figure 4. Quiz Average for Agent Function Design Question
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Figure 5. Midterm Average for Agent Function Design Question

An agent function question is asked in the midterm examination. Its evaluation was out of 25 and the class
averages is given in Figure 5. Significant success is also seen with the students that attended the workshop.

4 N

Final Average

m Give an example

= Given example
= Not Attended

Classroom Average

Figure 6. Final Average for Agent Function Design Question

J

An agent function question is again asked in the final examination. Its evaluation was out of 20 and the class
averages is given in Figure 6. The success average of Given Example group is found as the greatest one. This
might be because of the students’ personal learning abilities. The personal learning ability plays a big role in
teaching-learning methods. It is obvious that asking to find new example has no effect on students’ learning

interest.
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= Passed; Not B Passed; Give
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Figure 7. Distribution of Passed Students in the Class

146



International Conference on Education in Mathematics, Science & Technology (ICEMST), May 19 - 22, 2016, Bodrum / Turkey

The success rates between these three groups are analyzed in Figure 7. Students that are asked to find an agent
function example have the lowest passed ratio regarding the others.

CONCLUSION

This study analyzes the effect of chosen example for agent function design teaching in Electrical and Electronics
Engineering students at Cyprus International University in 2015-2016 Fall Semester. Totally 32 students’
examination scores are analyzed which are registered at the beginning of the semester.

The students’ performances show that a given example by the instructor has significant effect on students’
learning levels. This might be because of an experience requirement to find a new example for agent function
design problems. It is also observed that with project implementation students’ performances from midterm to
final examinations are also improved.

It can also be observed that the Layered Curriculum with project based learning might be the most suitable
teaching approach for the Robotics course. Furthermore, to see the effect of this approach in the education of
engineering faculties further research is required. There are some courses in all engineering faculties where the
proposed approach can be easily implemented. Introduction to computer programming, advanced computer
programming, logic design and robotics are some examples of those courses.
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ABSTRACT: In this study, bi-color path following robot control algorithm teaching is presented. Mostly,
autonomous robots follow a path on black colored surfaces having white line or vice versa. Courses having
different line colors are rarely used because of its difficulty in its implementation. Several algorithms or
hardware designs are developed for the autonomous solution of path following robot problem. Two electrical
engineering students are taught about robot control algorithm development through inquiry teaching approach.
A novel algorithm is developed after this process. This paper investigates the efficient and simple path following
robot control algorithm development over two colored lines on same course simultaneously.

Key words: teaching methods, robot design, robot control, line following robot
INTRODUCTION

Nowadays, student-centered teaching approach is seem to be most popular teaching approach in higher
education. Active learning, project based learning, problem based learning and inquiry based learning are some
of the well known and mostly advised learning approaches in higher education (Aceska 2016; Demirel and
Turan 2010; Demirel 2009; Felder and Brent 2009; Gormally et al. 2009; Healey 2005; Sonmez 2011) which are
significant methods for student-centered learning.

Science, Thecnology, Engineering and Mathematics (STEM) education became more popular to educate well
trained students (Miura 2016). Specially, the positive impact of inquiry based, problem based and project based
teaching approaches in engineering education cannot be ignored (Erdem 2002; Furtak 2006; Gengoglu and
Cebeci 1999; Lotter et al. 2007; Mao and Chang 1998). Besides these approaches, the previous knowledge level
of learners are also important to use teaching approaches like inquiry based teaching (Kirschner et al. 2006).

Inquiry based teaching approach forces learners to understand the required knowledge in detail. Tearcher
guidence helps students to develope skills in learning and critical thinking. Engineering education involves
critical thinking in its nature. Path following robot control algorithm development requires critical thinking and
therefore inquiry based teaching approach should be aimed to be applied. In this study, inquiry based teaching
together with project based teaching approach is implemented with two electrical engineering students.

This paper investigates, efficient and simple line following robot control algorithm development teaching with
inquiry teaching approach. The brief introduction of inquiry based teaching approach and the line follower robot
problem are given in methods section. The students’ performance about line follower robot design and control
algorithm development are given in results and findings section. Observations about inquiry teaching approach
for line follower robot design and control algorithm developments are discussed in conclusion section.
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INQUIRY TEACHING METHOD

Inquiry based teaching is one of the widely used student centered teaching approach in engineering education.
This teaching approach aims to increase the motivation and attention of learners in learning process (Erdem
2002; Furtak 2006; Gengoglu and Cebeci 1999; Lotter et al. 2007; Mao and Chang 1998). The applied inquiry
based teaching approach with project based and problem based teaching can be illustrated as shown in Figure 1.
Basically, problem based teaching approach involves development of a solution to a given problem. If a novel
product or design is developed during the problem solution process, then this teaching approach is called as
project based teaching. Both project and problem based teaching approaches are kind of inquiry teaching
approach. Learners search and investigate the required solution or knowledge having a guide from an instructor.

Inquiry based teaching

Project
based
teaching

Problem
based
teaching

Figure 1. Inquiry teaching approach

Traditional instructional teaching approach cannot be removed from higher education. For an effective learning,
students’ interest can be increased by using active teaching strategies (Kirschner et al. 2006). Inquiry based
teaching might be useful when the learners have enough background about a problem.

An important issue about inquiry teaching approach might be the required time to accomplish a project. This
study is accomplished in two semesters. Learners spent around one semester to finalize robot manufacturing and
one semester to develop a novel control algorithm. Another important issue is that, students have enough
knowledge about used components and programming. The previous knowledge of learners is very important to
start investigation.

Line Follower Robot Problem

A mobile robot follows a pre-defined path. Traditional line follower courses include one line on the path. The
path may contain screws and the color of line may be black or white as illustrated in Figure 2.

a) Course 1: black ground, white line

b) Course 2: white ground, black line

Figure 2. Example of courses having different colors
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The control algorithm of a line follower robot in such courses may include contradictions. Sensor perceptions
are the reverse cases of each other when the color of line changes. A truth table of sensor array with three
sensors summarizes the sensor perception sequence. Assume that logical one represents black color and logical
zero represents white color. All possible sensor perceptions are given in Table 1.

Table 1. Table Captions Should Be First letters capitalized

Sensor
onsemor | St [ 2 P oo
C R
0 0 0 No action All white color
0 0 1 Turn right Black line turns right
0 1 0 Forward Black line on the center
0 1 1 Turn left White line turns left
1 0 0 Turn left Black line turns left
1 0 1 Forward White line on the center
1 1 0 Turn right White line turns right
1 1 1 No action All black color

A line follower robot performs only three actions; go forward, turn left and turn right. Based upon the table
above, there are eight cases at most having a sensor array with three sensors. Regardless of the line color, same
logical expressions are aimed to be used for the robot’s control algorithm. Logical expressions of the control
algorithm are developed by using data in Table 1. Simplified expressions are given in Table 2 are used only in
algorithms 2 and 4. This simplification shows that only three cases are enough to control a line follower robot on
bi- color line courses. This algorithm is easy to update when you increase the number of sensors. The only
modification is to add a new XOR statements to the corresponding action case with logical AND operation.

Table 2. Logical Expression List

Logical Expression Action
(L XOR C)AND(C XOR R) Forward
(L XOR C)AND(R XOR L) Turn Left
(R XOR C)AND(R XOR L) Turn Right

These three cases are enough to work on both black and white color lines. Algorithms that are given below are
tested with CIURunner. Obstacle sensing routine given below is commonly used in all algorithms. It causes to
stop both motors when an obstacle is sensed by the Sharp IR range finder. Algorithm 2 and algorithm 4 is
developed in this study.

Obstacle sensing:
- do
- Read IR range finder 3 times and calculate the average distance
- If distance <= desired distance
= Stop all motors
- While (distance > desired distance)
Pseudo Code of Algorithm 1:
- Program initializations
- While (true)
- Call obstacle sensing algorithm

- Read sensor values (L, C, R)
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-If(C&!'L &!R) Then
= Go forward with a fixed speed
-If (L &!'C &!R) Then
= Turn Left with a fixed speed
-If(R&!C &'R) Then
= Turn Right with a fixed speed
- End while
Pseudo Code of Algorithm 2:
- Program initializations
- While (true)
- Call obstacle sensing algorithm
- Read sensor values (L, C, R)
- If (L XOR C)AND(C XOR R) Then
= Go forward with a fixed speed
- If (L XOR C)AND(R XOR L) Then
= Turn Left with a fixed speed
- If (R XOR C)AND(R XOR L) Then
= Turn Right with a fixed speed
- End while
Pseudo Code of Algorithm 3:
- Program initializations
- While (true)
- Call obstacle sensing algorithm
- Read sensor values (LM, L, C, R, RM)
-f(C&IL&R&!LM & RM) Then
= Go forward with a fixed speed
-If(L& IR&!ILM) Then
= Turn Left with a fixed speed
- If(R&!L &'RM) Then
= Turn Right with a fixed speed
-If (LM &!C &!L) Then
= Strong Turn Left with a fixed speed
- If(RM & !IC &!R) Then
= Strong Turn Right with a fixed speed
- End while
- End while
Pseudo Code of Algorithm 2:
- Program initializations
- While (true)
- Call obstacle sensing algorithm

- Read sensor values (L, C, R)

151



International Conference on Education in Mathematics, Science & Technology (ICEMST), May 19 - 22, 2016, Bodrum / Turkey

- If (L XOR C)AND(C XOR R) Then
= Go forward with a fixed speed
- If (L XOR C)AND(R XOR L) Then
= Turn Left with a fixed speed
- If (R XOR C)AND(R XOR L) Then
= Turn Right with a fixed speed
- End while
Pseudo Code of Algorithm 3:
- Program initializations
- While (true)
- Call obstacle sensing algorithm
- Read sensor values (LM, L, C, R, RM)
-If(C&!L &R &!LM & !RM) Then
= Go forward with a fixed speed
-If (L& 'R&!LM) Then
= Turn Left with a fixed speed
- If (R &L & !RM) Then
= Turn Right with a fixed speed
- If (LM & IC & !L) Then
= Strong Turn Left with a fixed speed
- If RM & IC & IR) Then
= Strong Turn Right with a fixed speed
- End while
Pseudo Code of Algorithm 4:
- Program initializations
- While (true)
- Call obstacle sensing algorithm
- Read sensor values (LM, L, C, R, RM)
- If (L XOR C) AND (C XOR R) AND (C XOR RM) AND (C XOR LM) Then
= Go forward with a fixed speed

If (L XOR R) AND (L XOR LM) Then
= Turn Left with a fixed speed

If (R XOR L) AND (R XOR RM) Then
= Turn Right with a fixed speed

If (LM XOR L) AND (LM XOR C) Then

= Strong Turn Left with a fixed speed

If (RM XOR C) AND (RM XOR R) Then
= Strong Turn Right with a fixed speed
- End while

Algorithm 1 and Algorithm 3 are modified with additional instructions for a black line but CIURunner couldn’t
follow the line. However, when algorithm 2 and algorithm 4 are tested with CIURunner, it has been observed
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that they work properly on both courses. Same motor speeds are used in all algorithms. However, motor control
speeds differed for each action.

CIURunner is tested in two courses having different line colors. Instead of long straight lines a path with strong
screws are preferred to test the algorithm performances as shown in Figure 3.

a) Course 2: Path with black and white line b) Course 1: Path with white line

Figure 3. Used Line follower courses

The performance of the proposed algorithms (Algorithm 2 and Algorithm 4) is tested in course 1 and course 2
which have 4.16 meters length. The performance of the proposed algorithm and traditional control algorithm are
summarized in Table 3. The proposed algorithm might look similar to the control logic which is given in studies
(Hasan and Al Mamun 2012; Hasan et al. 2013). The advantage of the proposed algorithm is, having the ability
to follow a path with bi-color. A similar logic circuitry that is presented in (Hasan and Al Mamun 2012) can be
constructed for the proposed algorithm as well.

Table 3. CIURunner Control Performance

Performances of Algorithms
Courses
Algorithm1 Algorithm2 Algorithm3 Algorithm4
Course 1 15,5 sec 15,3 sec 15,4sec 15,3 sec
Course 2 Lost the line 15,3 sec Lost the line 15,4 sec

The speed of the CIURunner is recorded with different number of sensors and logical expressions. CIURunner
speed was 0.4 m/s in ITURO2013. However, then the motor control parameters are increased. Thus, the
performance of CIURunner is reached to 0.55 m/s. Dynamic PID control algorithm provides high quality of line
following behavior with the speed of 0.2 m/s (Engin and Engin 2012). However, CIURunner does not astray
from the line when the speed is 0.4 m/s with the algorithms 2 and 4.

RESULTS AND FINDINGS

In this study, a simple and efficient line follower robot control algorithm is developed for bi-color line course
where it detects obstacles in front of it. The robot named as CIURunner is developed for the line follower robot
competition of ITURO2013 which is organized by the Istanbul Technical University in every year. CIURunner
is designed as a line follower robot as shown in Figure 4. The robot has two DC motors which control two
wheels, two free wheel at front and end of it, five light sensors and one IR range finder. Inquiry teaching
approach is applied during the development of this robot.

Figure 4. The Line Follower Robot (CIURunner)
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The block diagram of the line following robot architecture is illustrated in Figure 5. Since +5V is not sufficient to
work with DC motors, a L298N motor driver is integrated to the PIC. In order to perceive accurate IR sensor
voltage values, 74HC14 comparator is used in this architecture.

LEFT MOTOR
Z o
3 3
L | T 2 .
o N [———| g8 >
g ) @ N EF | MOTOR DRIVER
o Analog Signal '9 Binary Signal % S Binary Signal L298N
3 g e
& g & e
w s 5
8 RIGHT MOTOR

Figure 5. Block Diagram of Line Follower Robot

In order to make CIURunner to turn screws fast, five IR reflective sensors (QRD1114) having 2 cm distances
between each is installed on sensor array. The organization of sensor array is shown in Figure 6. Path color
information is perceived by IR sensors as an analog voltage between 0V and 5V. These values are converted to
binary values as 0 or 1 by 74HC14 comparator. Path colors are represented as sequence of 0s and 1s. Binary
sensor information is used by the microcontroller to control the line follower robot.

2cm 2cm 2cm

Figure 6. Top view of sensor position

Obstacle avoidance behavior can be implemented by using range finder sensors. Therefore, an IR range finder
sensor (Sharp IR range finder) is integrated to the body of the robot as shown in Figure 7. This sensor works with
analog signal with the range between 20 cm to 150 cm.

\

Figure 7. Sharp IR range

CONCLUSION

This study analyzes the effect of inquiry teaching method for mobile line following robot in Electrical and
Electronics Engineering students as case study at Cyprus International University. Only 2 students are chosen as
a group and the line follower robot problem is given to them. At the beginning, students searched the literature
for line follower robot design and the related control algorithms and then they discussed their observations with
the instructor.

A novel control algorithm is given to students at the beginning. However, after literature review, students
couldn’t find similar control algorithm and therefore they decided to implement known algorithms first. The
experimental results showed that the known algorithms are not working for bi-colored paths. When the given
algorithm is implemented, it is seen that it works perfectly without any modification. Since these students have
enough experience about line follower robot the proposed algorithm implementation is done very quickly and
easily.

Students have been attended to a well known robot competition organized by Istanbul Technical University. The

speed of CIURunner was 0.4 m/s in ITURO2013. After that, the motor control parameters are increased. Thus,
the performance of CIURunner is reached to 0.55 m/s. This was the first experience of the students in robot
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competitions. The students’ performances show that the inquiry based teaching approach has significant effect
on students’ learning levels. This might be because of interactive learning and it followed with exact learning.

It can also be observed that the inquiry teaching method with project based learning be the most suitable
teaching approach for courses such as Robotics. Furthermore, to see the effect of this approach in the education
of Robotics course further research is required.
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ABSTRACT: The world environmental situation is likely to be further aggravated by the increasingly rapid
extinction of species. This is likely to destabilize various ecosystems. This phenomenon has stimulated
citizenship’s awareness to the extent that it is acknowledged that its study involves great educational value and
should be present at school. Biodiversity teaching quality depends on how it is dealt with in the classroom.
Given that textbooks constitute a widely used material, its content should increase the pupils' knowledge about
Biodiversity and the consequencies of its loss. The present research explores the contents of school textbooks of
Morocco in relation to Biodiversity topic. The research method is content analysis. The findings revealed that
the majority of textbooks have integrated a number of issues that could enhance understanding about the
significance of biodiversity but only one textbook dealt with consequences of its loss. The textbook analysis
revealed a multiplicity of biodiversity definitions, with a strong predominance of the number of species,
suggesting that many textbooks were outdated. Majority of analysed textbooks cannot expect concrete action
planned and executed against loss of biodiversity. The paper calls for redressing some of the observed
limitations through revision of existing content.

Key words: Biodiversity, content analysis, textbooks, environmental education.

INTRODUCTION

Following the earth summit in rio in 1992 and the alarming report on the state of global biodiversity and the
speed of its erosion, concern for preservation and conservation of biological resources has become a global issue
(anup shah 2015 ; barbault 2004 ; barroca-paccard and al 2015) . This is particularly reflected in the adoption
and signature by the states involved in the convention on biological diversity (cbd 1992). It has long been feared
that human activity is causing massive extinctions. Despite increased efforts at conservation, it has not been
enough and biodiversity losses continue (un www.milleniumessessment.org 03/2005).

Now, the term biodiversity is part of the vocabulary of our educational system in the Life and Earth sciences
programs in secondary education. As many researchers have pointed out, this term is not easy to define.
However the concept of biodiversity also represents an evolution of representations, more or less implicit,
linking the term unless the issue of biodiversity itself to the question of the preservation of nature or to the
Register of disaster.

This complexity associated with Biodiversity concept seems to be an opportunity in the context of a disciplinary
education which aims to build knowledge and build the students' capacity of discernment. In this sense, the
problematization of biodiversity can help to develop a pedagogy of judgment, able to overcome the difficulties
related to a fixed view of school knowledge (Fleury & Fabre, 2006).

Some studies have tried to guideposts for how to teach Biodiversity (Barroca-Paccard & col 2015; Lhoste &
Voisin, 2013).
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Textbooks have a positive role to play and should provide the core elements of learning in the
subjects. Textbooks should also be designed to develop students’ critical and creative thinking and other generic
skills through the information and activities that they provide. Quality textbooks can also assist teachers by
providing a source for materials that will help them to plan the scope and sequence of their teaching.

The present research aims to analyze the contents of secondary textbooks of Morocco in relation to Biodiversity
topic. Our research question is : In what ways and to what extent have issues related to biodiversity been
integrated into secondary Biology textbooks?

METHODS

Corpus

We have analyzed textbooks of scientifc Common Core (level 10) and those of first year and second year of
baccalaureat (level 11 and 12) . These levels correspond to different times where biodiversity is treated to all
students of science subjects in secondary education (Table 1). The analyzed textbooks are some of the
commonly used textbooks and all correspond to Life and Earth sciences’ programs currently applied in
Morocco.

Grids
For textbooks’analysis, we have used grids developed as part of the European Biohead-Citizen project (Caravita
et al 2008). The textbook analysis allow to determine if the dimensions of the New Environmental Paradigm
were or were not taken into account. This is to identify whether the cases cited:
- Are only a linear and analytically or are presented in their systemic complexity;
- Are local cases contextualized or general cases leading an overview of the situation, even world;
- Have as a goal to introduce the idea of respect for nature, conservation or rational management;
- Allow an awareness of individual responsibility or social vis-a-vis the environment on the part of each
student influencing its current citizens and future behavior.
The textbook analysis had dealt on text and images

RESULTS AND ANALYSIS

In textbooks analyzed, Biodiversity topic was dealt at ecosystem, species and the genetic level, in this order
from one grade level to the upper one.

Ecosystemic diversity

A large party of the scientifc Common Core’s textbook is devoted to the study of ecosystems and their diversity
with examples of different environments (forest, sea, desert, soil ...) (13 pages). There are more illustrations than
text.

The descriptive approach is more used than explanatory one. There is description of ecosystem’s components
and of various types of environmental factors that modulate ecosystems (Temperature, rainfall, physical and
chemical composition ...). The environment includes a variety of species, numerous trophic relationships occur
in diverse ecosystems. No reference to the capacity of ecosystems to resist to changes induced by human
activities.

Ecosystems are described in sufficient detail but the various relationships between ecosystem’s components are
described in a linear way failing to take account the complexity of these interactions.

The impact of Human on the ecosystems is dealt with numerous exemples: tree cutting and deforestation,
excessive pasture, forests fires, excessive use of pesticides, but very few management actions on ecosystems are
described (shrub planting to combat the movement of sand in the desert areas).

Diversity of Species

Throughout the scientifc Common Core’s textbook, a multitude of species are described whether animal and
plants. Species diversity is related with habitat diversity modulated by environmental factors and trophic
relationships.

Species extinction is mentioned several times and only related to the negative impact of human activities.

A paragraph is devoted to man's efforts in the protection of nature (tree planting, using biological pesticides,
genetic improvement of forets’ trees, protected areas, reintroduction of some species in their natural habitat,
regulation of hunting and fishing, pasture management in consultation with the local population). the textbook
gives as an example the reintroduction of Ostrich in its habitat in southern Morocco.
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Species diversity is also studied at the level of reproduction. The manual gives many examples of reproduction
modes (sexual and asexual) only in plants. The specific diversity is also shown in the study of plant
classification (morphological diversity, life cycle ...).

Economic, social dimensions are discussed but in rare cases :
« Faced with the alarming indicators of the deterioration of ecosystems, and in accordance with
international recommendations, and in the context of sustainable development, man has taken
action to protect the flora and fauna of an integrated way taking into account the economic and
social needs of man without tourefois harm the natural balance ».

Genetic Diversity

This part is treated in the textbook of 2" year of Baccaleaureat in the chapter of population genetics.
Several photos show diversity within populations of the same species at morphological and biochemical level.
The immunological and nucleotide levels are not mentionned.

The manual also deals with the diversity in the human species without mentioning races but by mentioning
human groups. This underlies that what differentiates us as human populations is more important than what
assembles us. This reductionist approach suggests that these differences have genetic basis and that we
constitute different "races". Theses assumptions are dangerous because they were used as pretexts by various
dictatorships (nazism ...) to commit crimes and massacres against several people. Hereditarian conceptions have
been shown in other research and in various contexts (Agorram 2010).

Ethnic, social dimensions in the Biodiversity topic are not mentioned.
Values in textbooks

The textbooks analysis allow to identify numerous values that can be categorised as follow :
— Ecological: the textbooks dealt with : maintenance of natural systems that require biodiversity;
the perceived quality of the environment (local and global); acceptance of constraints for human action,
awareness of the planet as a limited pool of resources.
- Aesthetic: Referring to an appreciation of beauty and harmony through our senses; to the pleasure
gained by this perception; to the value assigned to beauty relative to other environmental affordances.
— Economic: Referring to the value of resources, to the costs and benefits of human plans of actions.
—  Ethical: Referring to taking responsibility as users of resources, to right of future generations to benefit
from these resources
So, the most mentioned dimensions in textbooks are related to knowledge there is a lack of several dimensions
such as

— Existential: Referring to the value assigned to the quality of life, to the person ; to the role assigned to
the spiritual dimension (religious, artistic, ideological) in one’s own life.
—  Cultural: Referring to the maintenance of the attitudes and the practices of social and cultural units
(traditions, habits, knowledge); to the image of science.
— Social: Referring to the maintenance of the cohesiveness of the social environment; to attitudes about
diversities (gender, sex, age, culture).
— Political: Referring to the ways of managing, ruling and controlling the interactions between
individuals and society, humans and environment; the participation of citizens.
Theses values are pertaining to different dimensions of human practical and intellectual activity that are relevant
to Environmental Education (caravita 2008 ; Agorram & caravita 2009).

Teaching styles
The Informative style is the dominant one, it is present in all analyzed textbooks. The injunctive and persuasive
styles are underdeveloped in these textbooks.

The participative style, which should be used in any content that have an educational dimension is totally absent

in all studied textbooks. Authors should emphasize this style that allows persuade, convince more than one ; that
encourages students to question, reflect and propose action from their own thinking.
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The Environmental Education suppose out of forms of classical education. It should focus on the teaching styles
that encourage a more participatory student learning.

But the dominance of informative style in all studied manuals, would not allow learners or participate in the
development and construction of their knowledge or to adopt responsible behavior towards themselves and
towards the environment. Education that does not allow the adoption of attitudes is doomed to failure (Agorram
& Caravita 2009 ; Caravita 2008).

Conception relation of humans respect to nature

The human-nature relationship is presented as conflictual. This conflictual conception is present in textbooks in
other topics (Ecosystems, pollution, use of resources).

Textbooks consider that Human activities are largely affect the nature and cause loss of biodiversity. The
difficulty of finding a compromise between the protection/preservation of environmental “integrity” and the
demands of the development of human economy is stated in terms of a stereotyped complaint about the
destructive presence of humans on the Earth.

The textbooks analysis show that the attitudes conveyed by these textbooks might be classified into the
following types: fatalistic, blaming (“Man is guilty!”), responsibilizing, objectivizing (“interest of environment
are also the interest of the human species”™),

In previous research, we have found the same attitudes when we had analyzed textbooks for other topics
(ecosystems, pollution, use of resources) (Agorram & caravita 2009).
Thus, the appeal to a generic responsibility of humans substitutes the identification of real cases, the pointing out
of specific responsibilities of agents, the highlighting of concrete policies that might be explored at different
levels in the organization of a society : economic, social and political.

CONCLUSION

Analyzed Textbooks devote much to the biodiversity topic, but teaching approaches used are often inadequate
and should be reviewed.The textbook analysis from these globally highlights a conservative and disciplinary
posture. The perception of the action of man is through examples of collections that focus on discourse in
practice, action and develops a very functionalist vision where man is presented as manager (Barroca-Paccard &
col 2015). This is particularly true for Scientific Core textbooks. Textbooks neatly not show a link between
traditional disciplinary issues and socioscientific dimension to the detriment of the latter. In general, it is clear
the coexistence of two approaches: on one hand, a very disciplinary vision leading to a progressive vision for
biodiversity and the other an anthropized vision largely centered on the concept of ecosystem. This juxtaposition
can give the impression of a dichotomy between disciplinary knowledge and applied examples. This approach
is however not sustainable, we must "bring biodiversity in social, moral, ethical and thus changing the
relationship to nature among the citizens of tomorrow". This proposal remains to be built at the textbooks
analyzed in this work.

In higher secondary school textbooks, the role that individuals can take in the preservation of biodiversity is
almost disregarded or it is treated in a way, that is ignoring that the students are in a more adult age, have
hopefully developed higher competences, have more autonomy of decision and action as consumers, as
customers of services, as people who are planning their life as adults. Providing information about the
environment and environmental choices remains an important role of environmental education, but it is not the
only role.
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