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ABSTRACT

NEAR AND FAR TRANSFER OF LEARNING IN MATHEMAT ICS LESSON
DE S| GNBASED ONCOGNITIVE LOAD THEOR Y PRINCIPLES:A CASE
STUDY

TUKER, Banu Gonca

Ph.D., Department of Computer Education and Instructional Technology
Supervisor: Prof. Dr. Zahide YILDIRIM

October2pages,

The purpose of the studg to explore the contributions of learning taskeolving worked
examples,diverse worked examplegompletion examples requiringpackwards/forward

fading, selfexplanations and group discussiamsnear transfer and far transfer of learning

towards learning, understanding and interpretation of mathemasias qualitative research

approach, instrumental case study was usedisnstady. Qualitativedataand quantitative

datawere collected from 30 studen{éemale=19 and male=1Httending to Grade 11 and

learning units of Derivativewithin the curriculum of IB Mathematics Standard Levigie

participants of this study weselected through convenience sampling mefhou a private

schoolin Ankara Studeng studiedfour main unis. For each unjtfirstly students learnt the

subject through worked exampi®n wrote self reflections and participated at group
discussions at Moodle. Next, they studiatl completion examplesthen wrote self

reflections and participated at group discussions at Moédially they completed practice

problems. This cycle comtiied for four units for 12 week$n order to investigate the

i mpacts of t hese | meaanthposhg haewviemieni weteess s0d
analyzed through pairesamplet testand descriptive statisticéor eover ,sellst udent
reflections and group discussions were analythedugh caitent analysisThe opinions of

students on the effects wibrked examplegjiverse worked examplespmpletion examples

requiring backwards/forward fading, selkplanations ah group discussiondowards

learning and understanding were gathered through semi structured inseavid\student

replieswere analyzed through itent analysisor main themes



It could be interpreted from the results that there were indicators of near transfer and far

transfer of learning in self reflections and group discussions. Near transfer indicators had

hi gher frequencies compared treemehtabetweenthensf er i ndi
gualitative data analysis results and the comparison of pretests and post tests results.

This study may fill the gap in literature by concentrating on the implementation methods of
these activities and their possible contributions towards near transfer and far transfer of
learning in mathematics. The study focused on investigating possildenseghat may
address to solve some educational problems in teaching derivatives units at grade 11.

Keywords: Near Transfer, Far Transf&¥orked Examples,Completion Examples, Self
Explanation
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BKL KK SE IKURAMKK L KLEE REEMEL ALINARAK HAZ I RLANMI Kk
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Bu - al &k manimliornakiera geg ve-leri tamamlamérnekkerini, y a n s @t ma
grupt art ékmal a¥jememame od¢ tykjamkek n kybkd erdnsfareme uzak
transferekonuyuanl amaya ve yoruml amayBa- klaé¢k®maada éen
arakt ér ma vy.a°krlnaekké me&l aoyl air rmdke heeverdes micel kaunitdl a n € |
y°nteml er kul | aMtél Veaicedvérilen Amkalaibndeki 8zeltbielisedel 1.
sénef d¢zeyi nve Ulde vlaaBakedodiasatematik Standard dizey
mufrechthda Turev konula@é® | r e30d L 9 Kk é z ; °Ajlr eenrckiedke)n. t op |l a|
¥Jrenciler bu konunbtel ¢ €r iah tiétai@n® § dcfieink t @an a
sérastylbml ¢ °rnekler czeryaaeganlexkn@m ; t ktomuwk
Moodl| edprdiafki t art ékmdélrBbakRaa sé&naae] mawha& unite

et
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Araxkt ér maBibluil gauédlar 8, k Kur amé t emel al énarak haz:é
yakén transfer ve uzak tranfsrfcake C°Kjkryearknlead eb ul und
transfer gosterderinin uzak transfer gostergeleengore daha yukseko | d uj u ortaya

- € k mé\kel eerilerden elde edilerbulgular, nicel verilerden elde edilen bulgularla
°rteéekmektedir.

Bu-al ekmadan el debdzkendsu ktintiklerim wygglamb aeknikleni ve

mat emat i i ° 7 rtrensfereve eukak trangferekkéant k € 1 ar € aldhonul ar énda
yazeéndoaokkil ukl ar e dol durabilir. ¢ al éeldrava , 11. s é
konul aréenddkiet iefii tpirmbhsal epli evri inni arakteéermaya
problemlerinin -°z¢gm¢gne yojunlanméxkt éer .

Anahtar Kelimeler:¥ ] r e n ek &ransfer ¥ | r e n reat &ransfer Cozumlu
¥rnekl er , Tamavaamat ma ¥rnekl er

viii



To Mygrents and My Brother
Zafer, Leman &G0Oksel Tuker



ACKNOWLEDGMENTS

I would like to express my full of appreciation and special thanks to those people who have
been supporting me consistently throughout my thesis stugheciallyexpress my deepest
gratitude tomy advisor, Prof. DrZahideY & | d éor heemmgluabfeguidance; appreciated
reviews;consistenpatience and suppoduring the challenges of the dissertation process. |
sincerelythank to Prof. Dr. SonerY € | d frr hés maluablereviewsand patience in my
hardest timesandhis permanent suppaahdencourgementduring all stagesf this study. |
thanktoAs si st . Prof . D for. her Yatuabie rimtelle @uade@ntribiitjoials eamd
supporton the development of this dissertation.

I would like to thank to my alegue Ufuk Geng for hisupport, his enaoagement and his
contributionin thevalidity of this study.

I would like to also express my biggest thanks Bokent Laboratory and International
School family my preciouscolleguesanddearadministratos, for their patiencemotivation
and encouragemetud awake my enthusiasfor the realisation of this study

Finally, | owe my lovingthanks to myfather S.Zafer Tuker, my mother Leman Tuker and
my brother U. Goksel Tukewithout whom thisdissertatiorwould not be completed

for their invaluable patienceat my stressful times;for unfailing beliefs in my abilities
when | lost my way; for their strong, creative and joyful support strategieswhen | lost

my motivation; and for their permanent encouragementduring all the challenging
moments of the study process



TABLE OF CGNTENT

Y = 1S I 72 3 PR EPRR P V.
ACKNOWLEDGMENTS ..ottt et e e e e e e s smmme e e e e st ae e e e e e e e e s nmmne s X
TABLE OF CONTENTS . ...eitiiiieii ittt eeeere e e e e e e e s sttt e et smnmee e e e e e e s s annnssnneeeeeesemmeeeas Xi
LIST OF TABLES.......cotiiiiiiiiiit ittt eeeb e a e e e e e e sttt seensseeeeaeeeas Xiv
LIST OF FIGURES.......ocitiiiiiiie oo ccceees sttt e e e e e s e m e e e e e e e e e e e e e e s mnesnnsseees XVi
CHAPTERS
LINTRODUCTION ..ctttiiiiiieiiiiiiiiiee et eeeeeeee e e e e s s sas st e e s sesteeeaeeaasssnnsbeseeeeessmamteeeeesaans 1
1.1  Background of the STUAY..........ooiiiiiiiiiii e 1
1.2 Problem StatemMent..........oooiiiiiiiiiii e 5
1.3 PUrpose Of the STUAY......ccooiiiiiiiiiiiii e 7
1.4 Research QUESHIONS.....cccoiiiiiiiiiiiei e ceeeie e eeeettiee e e e e eeeeneesseesrraeseeesseesssnnnnn ol
1.5 Significance of the StUdY............ooooiiiiii e 8
1.6 ROIe Of RESEAICNEL.. ... 10
1.7  Definition Of TEIMS: . .cciiiiiiiiiiieee et e e 11
2LITERATURE REVIEW. ... ..ot eees sttt me et a e e e e e e ssanas 13
2.1  Learning MathematiCS.........uuuuuuiiiuiiiiiiiimmee e eee e 13
2.1.1 Strategies for Learning Mathematics...................cooriecciniiiniiiniiees 14
2.2 Problems in Mathematics Learning...........cccccuvuieuuvimmmriiiieiiieeee e essiiiieenaens 16
2.3 Transfer of LEArNING..........uuuiiiiiiiiiiiiiieee e 18
2.3.1 Solutions to Facilitate Transfer............ccoo oo 21
2.4 Online Group DISCUSSIQN.........c.uuviiiiiiieeiiime et ammne e 23
2.5  Cognitive Load ThEOIMY.......oooiiiiiiiiiie ettt e e 25
2.5.1 WOrked EXAmMPIES.......cuuiiiiiiiieiiiieeee ettt e e e 26
2.5.2 Completion EXAMPIES.......uuuuiiiiiiiiiiimmme e eeees s 28
2.5.3 Diverse Worked EXamPIes...........cccuuiiiiiiiiiieeneeeee et 29
2.5.4 SelFEXPIANALION.......uuiiiiiiiieiiiitree e 29
FZA T U [ 01 =T Y 32
BMETHODOLOGY ...ttt e e e e e e e emme e e e et e e e e eat e e e e armmmreanaaees 35
3.1 Design of the StUAY.........oooiiiiiiieeieeeeeeee e 35
3.2 Participants of the StUdy..........oooeriiiii e 37
3.3 Data Collection INStrUMENLIS.........cccoiiiiiieiiee e e e 41
3.4  Procedures of the STUAY.........covi i e e 46
3.4.1 Learning Activities Based on Cognitive Load Theory..........cccvveeeeeeriaeen. 51
G TN T B = 1 = B AN 4 F= 1] 53
3.5.1 Analysis of Reflective Journals and Forums..................cooooeeeciiiiiiinnnnnnd 53
3.5.1.1 Description of Coding Scheme of Reflective Journals and Forums..55
3.5.2 Analysis of SemiStructured INtEIVIEWS........c.cuvveeiiiiiiiiiieeee e 57

Xi



3.5.3 Validity and Reliability............coouiiiiiiimiiieeeieeee e 58

3.6 Limitations of StUAY..........coooiiiiiii e 60
3.7 Delimitations of StUAY...........oooiiiiiiiii e 60
] S U 1 T UEERR 61

41. Studentsod6 Pre and P.os.t..Ac.hi.ev.e.me.fl
411 Studentsdé Level..o.f...Ne.a.r....T.r.a.n.s.f..e.63
412 Studentso6 Lev.el...ol. . .Ea.r..Tr.ans.f.er.70

4.2  Difference Between Pretest and Posttest Scores (RQL1)............cccoeevieennes 76
4.2.1 Overall Achievement TESt SCOIES........ueiiieiiiiei i eeeeeeeeeeeeeeeeeeeeeneess 76
4.2.2. Achievement Tests Results on Near Transfer (RQLL)..................cceeeeees 79
4.2.3 Achievement Test Results on Haansfer (RQL.2)........cccccvvvveeeiiniiiicennnnne 82

4.3 The Indicators of Near and Far Transfer of Learning (RQ2)........cccccevviine 85

4.3.1 Near Transfer of Learning IndicatQrs..........ccccovvvvvvevvieeeii e 86
4.3.2 Far Transfer of Learning INAIiCAtOLS...........cuviiiieiiiiiiiceen i eiees 95
4.3.3. General Evaluation of Reflective Journals and Forums......................... 104

4.4  Student Opinions About Learning Activities and Their Impacts Towards

Understanding (RQ3)....cooiiiiiiiiiiiii et e e s s 106
4.4.1 Additional COMMENTS......cciiiiiiiiiiiiiiieiieerie e e e e e e e s eneneeeeeeeaeeeeaanes 130

4.5 Summary of the FINAINGS ......cooiiiiiiiii e 132

5.DISCUSSION, CONCLUSION AND IMPLICATIONS .......cooiiiiiiiiiiiee e 135

5.1 Near Transfer of LEarning...........ccceeeiiiiiimmmnniiiiiieeeeee e eeseeee e 135

5.2  Far Transfer of LEarning..........ccouuiiuiiiiiiieeeiiiieeee e 142

5.3  Student ReCOMMENUALIONS. ......ccoeiiiiiiiiiiiireeiiiieeee e e e e e anenseeeeeeeee e 149

5.4  Implications and Suggestions for PractiCe.............ccccvvvviiieemeieeeenineiieee 152

5.5 Implications and Suggestions for Further Research...........cccooeevvicreeneen. 152

REFERENGCES . .....coiiiiiiiiiiitet ettt enenas e e e e e e e e e e s s bbb s ennsseeeeeeeeeaans 155
APPENDICES

F N = N G SR PPPRRPR 171
A.PROFILE OF STUDENTS....ciii it eeeer et eemme e e e e 171
B.MOODLE AND TECHNOLOGY SURVEY.......cccicitiiiiiiieeeeeiieee et 173
C.MOTIVATION SURVEY......cuitiiiiiiiiiiiiiiiiieieeetieeeeeeee e e e s asnseasesenssssseeeaaeeeessnnssssneees 177
D.REFLECTIVE JOURNAL QUESTIONS.......coii e 179
EFORUM QUESTIONS. ... ..ttt rmmee s e e e e e e e e s mneas 181
FIDERIVATIVES TEST ... it eeeer et e e eeeme et e e e e e e e et e e e e ennmees 185
G.APPLICATIONS OF DERIVATIVES TEST ...t 191
H.INTERVIEW QUESTIONS ON CALCULUS.........ooiiiiieeee e 197
LWORKED EXAMPLES........ ettt et e e e 203
JWORKED &COMPLETION EXAMPLES.......co et 223
K.PRACTICE PROBLEMS ... .o e eeeme e 245
L.CODING SYSTEM FOR CALCULUS REFLECTIVE JOURNALS AND FORUMZ75
M.CODING SCHEMA FOR INTERVIEWS........ccoiiiiiititeeer et 277
N.SAMPLE WORKS OF STUDENTS AT REFLECTIVE JOURNALS..........c.......... 283

Xii

Resul ts



O.SAMPLE WORKS OF STUENTS AT ONLINE FORUM DSCUS3ONS
PCURRICULUM VITAE ....coiiiiiiiiiiei it

Xiii



LI ST OF TABLES

TABLES

Table 1 Demographic Information for PartiCipants..............cccceeivierceeeiiiniiiiiieeeeeeenn 39
Table 2 Mathematics GPA and Motivation Levels of Selected Students (F: Female and
IVIMEBUR). . ettt e e e e et emer et e e e e e e e ean 40
Table 3 Content of Reflective Journals per WeeK...........ooovvvvvvvieeeieeeeeee 43
Table 4 Distribution of Marks and Question Types of First Achievement.Test.........44
Table 5 Distribution of Markand Question Types of Second Achievement Test....... 44
Table 6 Procedures of the Study.............ooooviiiiiieeciiiiiieceee e A8
Table 7 Achievement Scores of Students from Pretests and Posttests.................... 62

Table 8 Studentsod6 Level of Ne.a....T.r.a.n .4
Table 9 Studentsod6 Level of Ne a.r.....T.r.a.n.66

Table 10Near TranSfer SCOMES.......ccciiiei et e e e e e e e e aeeaeas 69
Table 11 Students6é Level of FEar..Tr.ansi
Table 12 Studentso6 Level of Faur..Tr.ang3
Table 13 Far TranSfer SCOMES.......uuviiiiiiieeieeeieees ettt e e e e e e e e e e e eeeeeaaeaereeenreeeerreenennne 75
Table 14 Descriptive Statistics for Achievement Test.L.......ccovvvvviiiviiicneeieieeeeeeeeenn. 76
Table 15 Paired SampleTlest For Achievement Test 1 (Overall).............cccvvvivvieneee. 77
Table 16 Descriptive Statistics for Achievement TESL2..........ovvvvviviiiieeeiieeeeeeeeenn. 77
Table 17 Paired SampleTest for Achievement Test.2............ccooeeeiiiiiiiceciiiiiiiiiiiiens 8
Table 18 Descriptive Statistics for Overall TeSt SCOreS.........uuuvvvrriiiiicneereeeieeeeeeeeen, 78
Table 19 Paired SampleTest for Overall TESt SCOreS.......covvvvvveviriiiiiieeeeeeeeeeeeeeen. 79
Table 20 Descriptive Statistics for Achievement Test 1 (Near Transfer)................... 79
Table 21 Paired SampleTest for Achievement Test 1 (Near Transfer).................... 80
Table 22 Descriptive Statistics for Achievement Test 2 (Near Transfer).................. 80
Table 23 Paired SampleTlest for Achievement Test 2 (Near Transfer)..................... 81
Table 24Descriptive Statistics for Total Test Scores (Near Transfer)....................... 81
Table 25 Paired SampleTlest for Total Test Scores (Near Transter)..............cccuvveee. 82
Table 26 Descriptive Statistics for Achievement Test 1 (Far Transfer)..........cccccvvuee. 82
Table 27 Paired SampleTest for Achievement Test 1 (Far Transfer)....................... 83
Table 28 Descriptive Statistics for Achievement Test 2 (Far Transfer)..........cccco...... 83
Table 29 Paired SampleTlest for Achievement Test 2 (Far Transfer)........................ 84
Table 30 Descriptive Statistics for Total Test Scores (Far Transfer)............cccuvvveeenes 84
Table 31 Paired SampleTlest for Total Test Scores (Far Transfen)...........ccccvvvveereeee. 85
Table 32 Summary of Paired Sampléebt RESUIS..........uueiiiiiii e 85
Table 33 Coding Schema for Near Transfer in-Gefflanations and Group Discussion36
Table 34 Near Transfer Percentages for Each Reflective Journal............................ 88
Table 35 Near Transfer Percentages for Each FQUUM............cooiiiimmmniiiiiiiceeeeeeennnd 93

Xiv

— —h

—_ -

om
om

om
om

Fi
Se

Fi
Se


file:///C:/Users/Gonca/Desktop/Gonca-tez3.docx%23_Toc369974782

Table 36 Coding Schema for Far Transfer in Self Explanations and Group Discussfiis

Table 37 Far Transfer Percentages for Each Reflective Jaurnal............coooovvceeeen 98
Table 38 Far Transfer Percentages for Each Farum.................ccccceeviiviiiiininnnnnnnns 102
Table 39 Themes and Sehtegories for the Coding of Interview Comments on Worked
EXAMPIE e e ————— e e e e e 107
Table 40 Themes and Sehtegories for the Coding of Interview Comments on Completion
= 11 4] 0] [ 110
Table 41 Coding Schema for Interview Comments on Practice Problems.............. 114
Table 42Coding Schema for Interview Comments on Self Explanations................ 120
Table 43 Coding Schema for Interview Comments on Group Discussions............. 125
Table 44 Interview Codes Repeating More Than Once..........cccccveviivicceeeescciiiieee, 131

Table 45 Descriptive Statistics for Achievement Test Scores on Near Transfer....132
Table 46 Descriptive Statistics for Achievement Test Scores on Far Transfer........ 132

Table 47 PairetHest RESUILS.........ooviviiiiiiieeeeeieees e eaeeeeeenees 133
Table 48 Themes of Students INTEIVIEWS...........uuvviiiiiiiieeee e 134
Table & Mathematics CGPA and Motivation Levels of students (F: Female and M:Male)
................................................................................................................................. 171

XV


file:///C:/Users/Gonca/Desktop/Gonca-tez3.docx%23_Toc369974818
file:///C:/Users/Gonca/Desktop/Gonca-tez3.docx%23_Toc369974819

LI' ST OF FI GURES

FIGURES

Figure 1. Forunbiscussions at Moodle

XVi



CHAPTER 1

I NTRODUCTI ON

This chapter consists of backgroundtbé study, problem statement, research questions,
purpose of the study, significance of the stuilhe roleof the researchesind definition of
terms

1.1 Background of the Study

So far, mathematics has been found to be one of the hardest courses in terms of learning,
interpreting and understanding the concepts effectively to be able to integrate them in
authentic contexts.

Mathematics topics are in close relation for developmsith many fields such as
Economics, Physics, Physics, Engineering, Medicine and understanding key concepts in
mathematics plays an important role in the improvements at those areas. Moreover, Calculus
is one of the major topics that forms the basis ofinsabjects (Orton, 1983;Stewart, 1975) ;

as it facilitates to form the fundamental principles at various discipline areas. However
students face with many difficulties to interpret and understand the concepts of Calculus
(Keith, 1989; Orton, 1980). Like ew mathematics topics, interpretation of Calculus
concepts well enough would facilitate problem solving in different cont&dskins &
Salomon (1988) emphasize that students who do not understand the key mathematical
concepts well enough, will not gamuch enough from the general strategy of defining the
problem and representing it well before the start. Thus, transfer of learning plays an
important role in problem solving.

Transfer of learning has been defined in similar ways but in different wdogliegucational

experts. One of the definitions that Eri k
learning isthe broad, productive and supported use of acquired knowledge, skills, and
motivations i n new cont e¥kdansfe iaatkhowlkedgedrami ng t a

fundamental theory in learning connecting process and outddmmking critically, making
plans, giving reasonsnetacognition activities and problem solving strategies are all the
results of transfer of learning. Hence transfeleafning is the core concept in understanding
and interpretation. It is classified in categories dueaoning outcome and applicatioh



knowledge. Perkins &Salomon (1988) state thamsfer of learning is esseritas the aim of
education is not raising the students only for narrow school tasks but for authentic.context
They also added that transfer of knowledge was a matter as students did not transfer
knowledge into problem solvincontexts easily when they had to think about new situations.
There are two types of transfer of learning: near transfer and far travséertransferis the
application of learned behavior, content knowledge, concepts, or skills in a situation similar
to the original condition. Clark (1999) states that usually near transfer tasks are procedural.
Same steps are applied in the same order. An example b@titcht applying the same steps

for adding two threeligit numbers, after learning to add two tdgit numbers. On the

other handFar transferis the application of these skills in a situation that is different than
the original learning context. Clafd999) adds thaftar transfer is advantageous when the
learner has to make judgments and to adapt to different situations. However, far transfer of
knowledge is harder to teach and to transfer in learning.

It is found that traditional teaching methodsilit st udentsd thinking skild.l
mathematics (Boale 964 Major, Baden& Mackinnon,200Q Tick, 2007 Ali, Hukamdad

Akhter & Khan 201Q Taj & Sivalingam,2013) Boaler (1964) compared a school with the

traditional skill based instruction where teachers introduced students to the different

procedures in a structured and clear way with another school that focused on project based

instruction. The author congle that in mathemati¢saditional teaching methods resulted in

limited knowledge that are ineffective in nenhool settings Ali et al. (2010) found that

problem solving method enhanced the achievement of the students in mathematics compared

to traditional instructionThe study of Tagt al.(2013) showed that students who learnt with

computer assisted instruction performed better in achievementhassu@nts taugh with

traditional instructionThey conclude that students must be active participants of learning

rather than fApassive recipients of informationo.
the question of how students can go beyihredimitations of their own ways of thinking and
several methodologies has been developed to improve more powerfuhsgkiag systems.

It is acknowledged that the content of the learning tasks should support learning and
understanding. To overcome thiifficulties of learning mathematics, worked examples;
completion examples; diverse worked examples;-esgifanation and group discussions
were used to facilitate transfer of learnohge to Cognitive Load Theory principles.

To facilitate transfer of learning in mathematics, several studies are conducted on problem
solving in class. One of them is the study of Kalyuga, Chadler, Tuogim#Bweller (2001).
They found that transition from worked examples to full problem sglfagilitated learning
for apprentices by gradually increasing the complexity. ProponenSoghitive Load
Theoryclaim that worked examples reduce gxraneougognitive load on learner and they
assist optimizing schema acquisition (Sweller & Ow&889; Sweller & Cooperl985).
YéIl dér é m s(thatexiraddous sdgrtiveeloadhich is not useful, prevents learning
and during the learning process it should be reduced as much as pdsstaathoradds
the studies of Cldt, Nguyenand Sweller (2006} Renkl (2005) and Renkdnd Atkinson
(2010) showed thahe aim of using worked examples lies under the princgdléearners
focudng on the method of solving problethroughforming a schemaiyhile they study on



worked examplesThe study of SchwonkeRenkl, Salderand Aleven (2011)alsosupported

the previous findings of CLT on worked examples. Authors concludewoakedexample

reduce extraneous cognitive lodlark and Mayer (2011) claim that worked examples are
powerfulto build new cognitive skills and they are effective in sales lessons; mathematics
probability problems and justification; and financial analysis. Another study of Renkl,
Atkinson and Grosse (2004) on problem solving revealed the result that faded example
assist learning as ely lead to correct type of seadkplanations. Due to the result of their
study, it was found that the faded steps were most effective towards learning regardless of
where the fading was in a worked examplemany studies positivaripacts of completion
examples are found. Pagk992) claimed that effective acquisition of cognitive skills were
realized through completion examples. On the other hand, there are other studies showing
that completion examples might not work effectivatyall circumstances. For example,
RenklAtkinson, MaierandStaley(2002) found that in some conditions completion example
instructions were not as effective as worked example instructionsl, R¢kikson, Maier &
Staley(2002) alsamentioned that Pag$992) did not find any difference in the performance

of students who worked with complete and incomplete worked examples; however study of
Stark (1999) showed that making examplasomplete can assist learninBelated to
extraneous agnitive loadSchwonkeet al. (2011) addt h a t AFor conceptual
ratio of worked steps and-tes ol ved steps had an addaknt age
and Mayer (2011)eportthat there are stillssues to be resolved, such as: how to best fade
multi-step worked examples; when to stop working with worked examples and start
practicing; and how the design of worked examples should be-fiefihed domains. Thus,

there is still need of assessmemtd evaluation of worked and completion examples at
specialcircumstances

It is claimed that usingaried context examplesill assist students to concentrate on the

structure rather than the covering story that will assist them for near and far transfer of the
knowledge.Varied context exampleare defined by Clark and his colleagues (2006) as:
problems with similar structers wi t h di fferent cover stories.
and Shapiro and Schmidt (1982) point out that increased variability of practice along the task
dimensions is beneficial to schema acquisition and hence to transfer of acquired skills
becauset increases the chances that similar features can be identified and that relevant
features can be distinguished from irreleva
Hence the instructor has to be aware of these factors that would affect the trahsfer

learning in problem solving contexts.

Furthermore, theelated approaches of constructivism such as inner speech, discourse as
social interactiorcan also be integrated to the designed instruction for effectiveness. They

can be used for facilitating higher order thinking skills which will be more effective to

mostly actively participating learners, as Hannafin (1992) claims (Driscoll, 2005). Kygots

(1978) state that human development starts from conversational and dialogical process;
then moves inward becomiThedevefopmemnt eontinusinidhe c ho of
process of speech internalization realized through dynamics according to Vygotsky (1986)
where he expl ai nshenahoé develppmantpivhera] firgt sociaf, then



egocentric t hen OBeafexganatiaip ene of thé altériwe wa§ssthat

assist constructing knowledge througher speechhat leads to knowledge construction or
schema formation. Also self explanation is one of the principles in Cognitive Load Theory
that increases germane cognitive lod&knkl (2005) state that selfexplanations are

l earners6 own explanations that are mainly dire
(1998) mention that use of self explanation is an instructional technique that increases
attention to relevant instructional area while iscdigrages irrelevant activities. Past studies
showed that generation of more effective -gsiblanation facilitating understanding of
worked solutions comes from good problem solvers compared to poor problem solvers.
(Chi, Bassok, Lewis, Reimann, & Glas&B89;Recker & Pirolli,1990). Moreover, Chi and
Bassok (1989) claim that good problem solvers produce self explanations that involves
linkages between the example statements themselves; and between the examples and
previously covered principles in thexte

Additionally, Wong Lawson and Keeweg2002) conclude t h aa self@xplanation

procedure can be seen as a simple but potentially powerful technique for acquiring

knowl edge in the studyo(p.254). Their study foc
level. There was a significant difference in pre and post testgdsuthe group of students

who were facilitated selxplanation tasks .

Clark and his colleagues (2006) claim thalfexplanationn s a pr ocess of | earner ¢
understand the solution rationale through finding the domain principle underlying th

solution step. It is cited by Clar al. (2006) that Renkl and his collegues (2004) claimed

thath é f aded worked examples help | earners to incor
type of sefe x pl anati ons t hat benefit l earningo ( p. 22
colleagues (2002) also clarithat he quality of seHexplanations to be espally important

for far transfer and they suggested a further study on a combination of fading and self

explanation training to check for the facilitation lwéth near and far transfer of learning.

Dunlosky, Rawson, Marsh, Natha Willingham (2013) agree with the previous studies and

they add thaselfe x pl anati oné facilitates understanding t
personal understanding of the-ie-learned information; since it assits to integrate new

information with existing kawledge.

Studentsdé reflective petfexplamnaionandit is bnie rofgtse can f aci |
met hods for construction of student so own kno\
mentions that reflective journal writing assists students to exploreamgrehend what is

taught with their own perspectives; they facilitate learning and retention. Brandau (1989) is

in agreement with Keith as he states that writing is central to understanding process; as we

often do not realize what we think, until we diseoto find the words put to paper.

In addition, social constructivism principles serve a variety of strategies so as to facilitate

l earning and understanding mat hemati cs. AFrom
understanding, students must link new h&ag to the ideas of they already have; otherwise
they wild| si mpl y (Lditevaod McAdde,rBasad & Rodrigie, @006, 0



p.19). According to social constructivism, knowledge is being constructed culturally and
socially; learning takes place through interaction. Both Lave and Vygotsky put emphasis on
combining social interaction and learning facility to foster best learfihgs, this link is

made through sharing ideas. Group discussions are one of the frequently used strategies in
class to promote an educational atmosphere where learning is constructed through sharing
knowledge.

As a result, mathematicseaching andlearnng is being affected from these recent
developments in learning theories and technology integration; so it looks for alternative ways

to help stidents for deep understandigjit udent sé perceptions of t he
of concepts and perspective to the events are shaped by the classroom community. Hodson

(1998) mentions that AEven i f they wished t
from the classroom milie it continually impinges on their thoughts, emotions and

relationships, interpreting messages they re
Leithwood et al, 2006, p.22). Thus, classroom acti vi

thinking skills and improve metacognitive skills in mathematics, when learningebeue
combined effectively.

1.2 Problem Satement

Basic derivatives and their applications are based on main principles of Calculus. Calculus is
accepted as one of tlmportant subject areas within modern mathematics (Stewart, 1975;
Orton, 1983). It forms the roots of several applications in different discipline areas through
formulating fundamental laws and principles. It is also known that calculus plays an
importantrole in the improvement and reasoning of science. However, students face with
difficulties while learning Calculus (Keith, 1989; Ubuz, 1996). Rasslan & Tall (2002) state
that the fundamental units of calcutugictions, limitcontinuity, derivatives and iegral are

found to be challenging for students to grasp and interpret.

Previous studies reveal that some students with different characteristics experience
difficulties in learning mathematicMiller & Mercer (1992); Mercer, Jordan & Miller

(1999); Miller & Mercer (1998) Miller et al. (1998)listed these characteristics such as
students with continuous failure, being a passive learner, having a math anxiety, attention
problems, memory problems. These experts also revealed another type of student profile
which is students who are notawareoflt t o become fAmetacognitive
of students are hardly aware of selecting relevant problem solving strategy and adapting
strategies as appropriately when needed. Hence, some studies aimed to address the needs of
students by the analysid efficiency in learning and new strategies haeen developed in
mathematics.

On the other hand, still there are unanswered questions on the metacognitive strategies that
students apply while problem solving for deep understanding and learning. &fdidé
(2006) added that students might think that they have understood the solution of the problem



from worked examples; however metacognitive experiences such as feelings and judgments
regarding to oneds knowl edhgmocess. at e mi ght affect

Studying with worked examples, completion examples that facilitate backwards/forward

fading, diverse worked examples and s{planation are some of the recent strategies that

might lead students towards effective learning by scaffoldingianer speech. By this
methodologies, students are experiencing worked examples requiring fading some of the

steps by gradually increasing its complexity leading to full problem solving. Efldidab

(2006) mentioned that previous studi€swéller, 1994; Kalyuga, Chandler, Tuovinen &

Sweller, 200) had shown that the effectiveness of worked examples depended on the

|l earnersédé6 previous knowledge and expertise as
Hence it was claimed thatorked examples efficiency is limited due to learner profile.

Renklet al.(2002) mention that the use of worked examples as a learning methodology does
guarantee effective learning. According to Atkinson, Derry, Renkl, and Wortham (2000),
there are some factors moderating the effectiveness of worked examples towards learning:
(a) seltexplanations, (b) situational factors, and (c) example design. Within the study of
Renkl et al. (2002) on the focus of example design, it is found that fading as a feature of
example based learning has been found to be effective, at leadb cuear transfer.
Moreover, backward fading manner has been found to be more favorable than forward
manner. Hence a further study on type of fading used in mathematical problem solving and
the proper use of worked examples in instruction would enable tke nfiarther
generaliations in instructional design.

Mwangi & Sweller (1998) state thétE x a rhaséderoblersolving instruction approaches

have proved successful Xlgebra Sweller & Cooper, 1985; Zhu & Simon, 198Z¢ooper &

Sweller, 198), Algebra word problems (Nathan, Mertz, & Ryan, 19%8gpmetry (Zhu &

Simon, 1987), computer programming (Trafton & Reiser, 1993) Stattistics (Paas, 1992;

Paas &an Merrienboer, 1994)...0n the contrary, conventional problem solving encourages
the use of heuristics such as meands analysis, which imposes greater cognitive demands
on wor king memoryo ( etall(¥988) add thhoineprogethat noMwa n g i
all types of worked examples would be effective.If there are worked solutions requiring to
split attention (at areas of Engineering, kinematics, psychological reports, geometry)
between and to mentally integration of two or more resources ofnation, worked
examples create high cognitive load and effectiveness of them decreases. Multiple sources of
information integration is suggested to be embedded in instruction to eliminate such split of
attention. Elimination of split of attention resuttan be gathered through sekplanations

of learners that is one of the focus areas of Cognitive Load Theory. Hetfeexplanations

do not only facilitate understanding through scaffolding; but also gives further analysis of
high or low mental efforof learners during learning process.

Reflective journalnriting is one of the tools for easing selplanation as students are active
learners. Countryman (1992) mention that students must construct knowledge by themselves



through set of activities shcas exploring, justifying, presenting, discussing and
investigating; thus writing enables the realization of critical thinking skills. Writing
contributes to scaffolding of ideas in interpretation of key concepts. However, although
previous studies clairthat writing reflective journad assists learning, there are also some
conflicts due to the contribution oéflective journalwriting towards learning. While there

are some experts claiming the positive effectsraflective journal writing towards
understanding (Countryman, 1992; Jurdak & Zein, 1998); on the contrary, there are also
experts emphasizing thagflective journalwriting has no effect on mathematics learning
(Porter & Masingila, 2000Croxton & Berger, 2003. Therefore further studies are needed
for advance analysis of effective integrationreflective journalwriting in mathematics
instruction.

Though, there are some studies on teaching mathematics through worked examples,
backwards/forwardading and seféxplanation, the studies on math teaching by providing
opportunities for scaffolding and inner speech; their impacts on near and far transfer in
mat hemati cs | e ar néxplapatiodsu as well cas apihioradee mininsab
especially at high school level. Hence, more research is needed in this area to investigate the
metacognitive strategies that students apply while problem solving for deep understanding
and learning.

1.3 Purpose of the Sudy

The purpose of the study is to explore the contributionwarked examples, completion
examples, diverse worked examples,-safflanation and group discussiatesigned based

on cognitive load theory principles asdme approaches of constructivist viewwards
learning, understanding and interpretation of mathematics. In order to investigate the impacts
of running a flexible learning environment through set of activities, the contributions of the
learning tasksinvolving worked examples, completion examples requiring
backwards/forward fading, setikplanations and group discussioas near and far transfer

of learning wee planned to be analyzeohd the opinions of the students towards learning
and understanding were to be gathekehce,study would focus on the contributiotisese
learning activities on near and far transfer learning in mathematics at grade 11 mathematics
level.

1.4 Research Questions

This study was conducted through integrating activities that were designed based on
Cognitive Load Theory. The learning activities involwedrked examplesjiverse worked
examples;completion examples that facilitated backds and forward fadingpractice
problems; selexplanation through reflective journals and online group discussions at
Moodle. The research questions guided this study are:



RQL. Is there a significant mean difference between pre and post achievement test scores of
students who were exposedthe learning activities in mathematics lessdesignedbased
on cognitive load theory principles ?

RQ 1.1 Is there a significant mean difference between pre and post near transfer
scores oftudent8

RQ 1.2 Is there a significant mean difference between pre and post far transfer scores
of student8

RQ2. What are the indicatien o f near and far transfer of | ea
explanations and group discussions?

RQ3. Wh a't are students6 opiwoikedresampiesdoensse t he cont
worked examplescompletion examplesselfexplanation, group discussions and practice
problems towards learning mathematics and deep understanding?

1.5 Significance of the udy

Studentshave faced witlthallenges at transfer of learning and at problem solviige they
have beerstudyng mathematic§Thorndike & Woodworth, 1901 uchins, 1942Brown ,
1989 Cumminsl1992 Gordon,2004; Zachariades,20Q7Calculus is one of the main topics
that has essential contributiotmsvards innovation@ different field aregshence ifplays an
important roleby its applications. Calculus involves variety of problem solving skills at
differentcontexts withthe requirement of critical thinkingnd successful transfer at various
authentic settingsHence, students studying Calculus atsdsub tgics should be guided
towards successful transfer of learning with the tenets of Cognitive Load T{@ory for
crucial contributions at various fields.

The principles ofCognitive Load Theorysuggesthatthe use of worked examples, diverse
worked examples, backwards/forward fading andeghianation fobetterlearning transfer

by facilitating related cognitive loa®n the other handithough it is claimed that worked
examples, backwards/forward fading and-gsefflanation have positive effect ransfer of
learning, their impacts in mathematics has not been investigated much at high schaol level
depthwhile teachingunits ofderivaives so far.There are still questions to be answered on

to what extend near and far transfer learning differ depending on the level of mathematics
learningThi s study may contribute to r étkamgl students
activitieswith its qualitative structurand to establishlternative methodologiga the field

of instructional technologg | ong wi t h s twhild teaching derivativasnits ab n s
high school level



The study of Atkinson, Merill & Renkl (2003) reveal¢dat backwards fading method
fosters both near and far transfer and they found that there was a positive correlation between
using fading and using sedikplanation. However, the participants of these studies were
college level students and high schoaldeints inexperimentalenvironment.Most CLT
studies are experimental study and there are fewer qualitative stodibis arealt is
important to investigate the findings in mathematics learimindepththat might lead to
further studies on transfer of learning and problem solving strategies with less cognitive load
in mathematics at high school lev&he purpose of this study is to fill the gap in literature

by concentrating on such instructional stgie based on CLT principles at high school
level with qualitative content analysi$he discussion on theffectiveness of these strategies
towards deep understanding and learning mathematical corareptsalizedthrough the
analysis ofqualitative data along with thanalysis ofquantitative data coming from
achievement testduring their implementation proces3hus findings of this studymay
contribue toinstructional technolgy field in regard tadesign andievelopnent ofeffective
instructional/learningmaterials and desigring online group activitiefor mathematics
learning

Students usually have difficulties to transfer knowledge into problem solving situations.
Practitioners are looking for effective strategies to facilimganingfultransfer of learning.

Also how to combine examples with seplanation for promoting deep understanding is
another problem for practitioners. The study on diverse worked examples, completion
examples along with self explanations and group discussions are limited to particular
mathematics subjects such as Geometry, Probability, Financial mathematics and Algebra in
literature. There are few studies realized with teaching derivatives with CLT principles and
group discussions. This study might contributehe gap in the literatte of instructional
technologyrelated toinstructional design iteaching derivatives with CLT principleand
integration of group discussions in computer environment

This study might have eontribution to CLT principles with idepth analg i s of st uder
replieswith its qualitative structurewhereas thejuantitative data from thanalysis of pre

and postachievementtest score supporing the evidence othe qualitative data Most

research studies about CLT have experimental designresuts are reported due to
gquantitative analysienly.

Finally, there arsomestudiesabout mathematics teachingplized in the schools of Turkey
throughthe prementionegrinciples of Cognitive Load Theorf{or example, the study of

T a k(#11)claimedthatdesignedGrade 7Algebra lesson developed by the CLT principles

increasd achievemertt in testsand decreaskthe cognitive loadThe author also stated that

when students6é perceptions are gatstudented abo
thought worked examples hachportantpositive effects in practive fdearning Algebra;

and thg completion examples facilitated learnitige units However there are very few

studies at high school level involvimgathematicdesson dsigned baed onCLT principles

in Turkey.Thi s study also aims to cothtanalysisadt udent
studentsd reflective Hemaethisstudyhasmadcignficamcéom di s c



close the gap in literaturgbout mathematics lesson designed based on CLT principles at
high school levefor Turkish studerstwith its qualitative structureSince there araot many
studies conducted in Turkeseferring to mathematics lessons designed basd on CLT
principles

This research has significance regard to practicdofajeachers and (b) for instructional
designers. The results of this study mgyide teachers while implementing learning
activities with CLT principles into practice with its findings and it may also assist
instructional desigers to develop effectivemathematics lesson design®r the
implementation of these learning activities while creating positive impact along with the
perspectives of students towards improvement of these tasks. The results of this study can
also be used by curriculum designersréexamine the current status of problem solving
activities and to revise related strategies in mathematics for the successful integration of
blended setting tools .

1.6 Role of Researcher

The researcher of the studyas the teacher of the studenitie researcher aimed to be
objective as possible while implementing learning activities and analyzing THenmoles of
the researcher are explained below:

(a) The computer competency survey was developed through considering potential
technological necesg@t of the studyand the distribution of it realized before the
study.

(b) The distribution and evaluation of MSQL Scdte the selection of interviewing
students before the study.

(c) The cevelopment ofmaterials folearning activitiesvere realizedhrough selecting
IB question styles and writinguestions

(d) Student groupsvere formedor online forum discussion environment at Moodle.
(e) The intervieve were conductedvith 9 students at the end of the study.

(f) Students pretest and posttest scores in two achievement tesenaymed through
SPSS and quantitative data were interpreted along with qualitative data.

(g9) Qualitative data were collected throught u d eefiettivedjournalsand online
forum discussion<Lollected @ta wereanalyzed though content analysimethodby
preparing Coding Schemalrhese data were interpreted and discussed by the
researcher
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(h) Studentinterviews were transcribedContent analysis was realized bigveloped
Coding Schem®&esultsare interpretecand discussedogetherwith the previous
analysis results.

1.7 Definition of Terms:

DeepUnderstanding:Per ki ns states t hat filas a ment al

conceptualized as the ability to think and
Leithwood et al, 2006, p.27). Perkingt al. (2006) define performance conception of
understandng as fAunderstanding a topic is a matt

and competently with one knows about the top

Near Transfer: Haskell (2001)defines near transfer &$This refers to when previous
knowledge is transferred to new situations that are closely similar but not identical to
previous situationso (p.29)

Far Transfer: Haskell (2001)defines far transfer a8This refers to applying learning to
situationsthatargui t e di ssimilar to the original l ear

Worked kample:A A wor ked exampl dy-stepdedondtrationeodhovats ste

f
perform a task or etslp2D06,.199). probl emd (CIl ar k

Completion Examplelarket al.(2006) merit on t hat #Aln a compl etio
the steps are demonstrated as in a worked example and the other steps are completed by the
|l earner in a practice problemd (p.194).

Varied (Diverse) Context Eamplesare defined by Clark and his colleagues (208§)
problems with similar structures with different cover stories.

Backwards FadingAc cor di ng to CIl ar k, Nguyen and Swel |
the instruction fills the first steps and the learners finish the problem from starting to the end.

Thus in a five step problem, first completion problem shows steps 1 through 4 worked out

and the learner fills in Step 5. In the next completion example, steps 1 through 3 are worked

out and the learner fills in Steps 4 and 5. At the end of the sequemer lisasolving the full
problemo(p. 198).

Forward Fading: According to Clark, Nguyen and Sweller (2006), the instruction fills the
last steps and the learners find the start of the solution to the problem from end to the
beginning. Lines are faded gradlyatep by step.

SeltExplanation: Clark, Nguyen and Sweller (2006gfined thati A s e | f explanat
mental dialog that learners have when studying on a worked example that helps them to
understand the example aodild a schemafromt 0 (p. 226) .
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Online Group DiscussionAn online discussions exchanging ideasmong participants in
groups about a particular topfeorums can be used to facilitate online group discussions and
forums can enable participants to exchange ideas on a fartmpic with open messages in
online discussion groups.

Cognitive Load TheoryClark et al. ( 2 00 6 ) defined Cognitive Load T

universal set of learning principles that are proven to result in efficient instructional
environments as a consequence of |l everaging huma
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CHAPTER 2

LI TERATURE REVI EW

This chapter provides base for this study in through discussion related to theoretical
frameworks and research studies. There are six main sections within this chapter: (1)
Learning Mathematics and (2) Problems at Mathematics Learning; (3) Transfer oingear

(4) Online Group Discussions; (5) Cognitive Load Theorydéhclusion

2.1 Learning Mathematics

For the last half of the century, mathematics learning activities has changed a lot. In the past,
Thorndike and higolleagues claimed that mathematics is best learned through a drill and
practice and demonstrated mathematics as a
(Thorndi ke, 1923, p. 52) . Educators foll owec
in mathemécs education for a long time until a reform was suggested. Some of the new
reforms shaped mathematics teaching and learning. Radical Constructivist Theory of
knowledge which was against transmission of knowledge model in learning, affected
traditional mahematical instruction with the suggestions of von Glasersfeld after 1984. Next,
Hol t s (1994) idea on mathematics education
influenced by John Dewey (1899). Holt (1994) concluded that mathematics education

fi ¢ o ud glideb to expressive seHalization and social integration through scientific
educational practices as they were evaluated and trained by experts according to their natura

i nclinati on sRecnily themebard seveialerew trends and nemsfoof
Mathematics activity influencing mathematics teaching. The new forms of Mathematics
activities gaining significance are: fal gor
expository writing and | ecturingo (Lovasz, 2

At high school, mnematics has been one of the challenging subjects for students to grasp
and interpret the concepts into depth. There has been many studies conducted to identify the
specific difficulties that students might have faced with during problem solving stages an
about transfer of learningsyveller & Cooper, 19832aas & Merrienboer, 199daworski ,
2002Kalyugaet al. 2003; Renkl & Atkinson, & Grosse, 200£Llark, Nguyen & Sweller,

2006)
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2.1.1 Strategies for Learning Mathematics

Within the previous studies, educational experts studied on effective strategies for permanent
understanding transfer of the theories and their applications in the fefferent
methodologies on problem solving are offered to guide students for permanent understanding
of concepts with less cognitive load.

Educational experts |l ooked for addressing studer
needs forlearning. So as to interpret the concept of learning clearly, experts try to observe

the way that individuals learn. Clark and his colleagues (2006) suggest the following for

efficient learning by the support of worked examples, completion examples ang fad

strategy.

Replace Some Practice Problems with Worked Examples

A wor ked exampl e-byistep denmrisiration df hawvsto periotmeapask or
sol ve a pr etbhal, 2006 p.100Renklek al. (2004) conclude that worked
example is composed of a problem formulation, solution steps, and its final solution. Sweller
and Cooper (1985) claim that studying on worked examples assisted learning effectively
compared to wiking on practice problems right after getting familiarity on the tople

study they conducted based on a methodology formed. Experiment group of students were
introduced a topic and then they are given a worked example followed by a practice problem
four times. Then they were asked to define the main principles of the problerhy-step.

The control group was just given eight practice problems immediately after the introduction
of the unit. At the end a test was given on completion of problemsreBearchers found

that learning was facilitated through worked examples efficiently. The control group had
more errors made on the test and they spent more time to finish. The researchers add that
students grasp the conceptual knowledge in a shortedpafrione compared to working on
practice problems.

Additionally, Efklideset al. (2006) state that worked examples are most useful when the

learner does not have the knowledge on the rules or the procedures for the solution of the

problem. Theyadd hat at advanced stages of skill acqui si
problem solving and the study provided by experts on complex problem solving; so benefit

did not come from worked examples. The studies of Kalatgal. (2001) show that afte

l earners study on worked exampl es, active pract
understanding of the problem facilitated learning.

Finally, Paas & Merrienboer (1994) conclude t haft
less time and is perceivexd demanding less mentdfort than training with conventional

problems. In addition, workeelxample training leads to better transfer performance and is
perceived as demanding |l ess effort than training
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UseCompletion Examples to Promote Learning Processing

Yel déer ém tiapreviops steidiea dRenkl (2005) Clark et al. (2006)and Renkl

and Atkinson (2010) showed thtite positive effects of worked examples miglecrease

when the learnehas a prior knowledge on topic ardperts called this effect agpposite

effect of worked examples towards learnivgé | d € r € m stha2dhd A3 the salwdtiohs

to this problemis decreasing theupportof worked examples gdaally that can be realized

through using completion example&ccording to Merrienboeet al. (2002) completion

problems consist of requirement for learners to complete a partial solution, as they provide a
given state, a goal state or a partial solu They add that these problems set a bridge
between worked and conventional problems. Clatkal. ( 2 0 0 6 ) mention the
completion example, some of the steps are demonstrated as in a worked example and the
other steps are completed by therlemer i n a practice probl emo (
Clarketal.( 2006) that Paas (1992) concluded that
out problems leads to less effoite mandi ng and better transfer
experimentson worked examples and completion examples are conducted as explained
below. It is argued by Clark and his colleagues (2006) that completion examples help
reducing cognitive load as it enables providing schemas during the study with worked
examples. It isadded by the authors that completion examples lead to deep processing of
information with its nature.

Transition from Worked examples to Problem Assignments with Backwards and Forward
Fading

Clark, Nguyen and Sweller (2006) suggest techniques for efficiency of learning and
backwards fading is one of them. According to Cetrkl.( 2 0 06 ) , Ailn backward
instruction fills the first steps and the learners finish the problem $tanting the end. Thus

in a five step problem, first completion problem shows steps 1 through 4 worked out and the
learner fills in Step 5. In the next completion example, steps 1 through 3 are worked out and

the learner fills in Steps 4 and 5. At the arfdthe sequence learner is solving the full
problemo(p. 198). Hence, when the students ar
guided towards full problem solving by gradually fading the solution st&lask and his

colleagues (2006) mention thatakugaet al. (2001) found that transition from worked

examples to full problem solving facilitated learning for apprentices by gradually increasing

the complexity.

According to Renklet al. (2004), fading can be done in two ways: backwardsntadind
forward fading. For backwards fading procedure, first a complete worked example is
introduced; then the last solution step is omitted in the second example; next, the last two
steps are hidden in third example; in the final step last problem irsvalvesolution steps.

For forward fading procedure, first a complete example is given; then the first solution step
is omitted in the second example; next, first two solution steps are faded out in the third
example and the final example involves no solutsteps (all three solution steps are
missing).
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At kinson and his coll eagues (2003) conclude t he
learning environment that combines fading worked steps with seléxplanation prompts

support the basic tenets of one of the most predominant, contemporary ioistductodels,

namely the cognitive apprenticeship approach (Collins, Brown, & Newman, 1989). This

approach suggests that learners should work on problems with close scaffolding provided by

a mentor or instructor. Thi s(19%§zpne ofaroxmali s char act
developmenin which problems or tasks are provided to learners that are slightly more
chall enging than they can handle on their owno (

Use Diverse Worked Examples to Foster Transfer of Learning

It is claimed that usingaried context examplesill assist students to concentrate on the
structure rather than the covering story that will assist them for near and far transfer of the
knowledge.Varied context examplegre defined by Clark and his cedigues (2006) as
problems with similar structures with different cover storitast studies showed that diverse
worked examples increase germane cognitive khaolugh assisting forming schemas on
problem solving steps.

It is cited that ARanzijn (1991) and Shapiro art
variability of practice along the task dimensions is beneficial to schema acquisition and

hence to transfer of acquired skills because it increases the chancesithafesatures can

be identified and that relevant features can be
Merrienbter,1994, p.124Y. € | d (@013 mentios Clark et al.(2006) stated thaliverse

worked examplesind diverse problemfscilitate forming flexible schemas that is not only

helpful for learning principles and methods of solving problems; but also for learning the

contexts and cotitibns wherethese problems should be uskl@nce,in order to succeed at

far transfer tasks, learnestould beasked to explain the problem in its structural features

that can be realized through conducting flexible schemas.

The study thatvas conducted by Paas & Merrienboer (1994) aimed to analyze the effects of
learners studying on workeskamples towards time and mental effort. The authors claim

that fAsubjects in the worked condition would ga
would subjects in the conventional conditiono (
problem variablity only had an influence in the worked conditions, such that-hagtability

practice resulted in better transfer performance than dievl@aw i abi | ity practicebo

Merrienboer, 1994, p.130).

2.2 Problemsin Mathematics Learning

Previous studieshowed that learners faced with transfer problems in mathematics. Barnett
and Ceci(2002) mention about poor transfer examples that Thorndike & Woodworth (1901)
came across within their study about the area of geometric shapes. Their resuid stat
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in order to transfer knowledge, elements in the learning context had to exist in transfer
context also.

Brown (1989) found that children could not form causal schemas to a subject if they knew
nothing about it, for instance area. He concludet tvhen this criterion is met, children
were able to transfer general principle to a novel context.

Study of Schliemann and Magal haées (1990)
were given mathematical proportionality problems showed that gérdégrmed well on price

problems since they were familiar with precise proportionality calculations; however they
accomplished less well on recipe problems as they were acquainted with performing only

with rough proportionality calculations.

There were al so S 0ome cases wher e negative
performance was worse on the transfer task than they would have been. For example, Barnett

et al. (2002) refer to the experiment of Luchins (1942).This experimerwshd t ha't A
participants were previously given training problems that required them to use more
elaborate arithmetical processes, they were unlikely to solve a simpler transfer problem in

t he most strai ght febalwao? ¢.61Ma Tha author¢ &lded nhatt t
according to Halpernt al.(1990), this type of overtransfer occurs in hear contexts more than

in far contexts.

Related to transfer of learning, effective strategies are looked for deep understanding in
mathematics. Barnetet al. (2002) state the findings of Cummins Dellarosa (1992):
Ainterproblem processing (focus onerthaompari s
intraproblem processing (focus on specific v
of Needham and Begg (1991) resulted in that problem oriented training (e.g., trying to
explain) leading to more transfer to a probisalving task comparetb memoryoriented

training.

Calculus is one of the main subjects that has essential contributions to the other fields and as

a result it is considered as an important area in mathematics. It forms the basis of topics that
gains importance in different areas by its applications sschreas of science and even

social sciences (Ferriilundy & Lauten, 1994). Barnes (1992) argues that teaching calculus

as a part of education might answer some con
mat hemati cso i n r eaathentic coftentst hr ough | inking to

However, calculus has been one of the hardest topics for students to interpret its concepts.
Leng (2011) itmeiddyiackmowsledged that caliulus concepts are abstract and
complex for students and that teaching andnieg these concepts can be challenging and

even exasperating at ti mes (Gordon, 2004; Za
amount of research made recently to conclude that students face with difficulties while
learning Calculus (Harekt al, 2006 Artigue et al, 2007. Gordon(2004) emphasizes the
importance of generating underlying concepts of Calculus to make sense of algebraic
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practices in the area. Hence, experts agreed on teaching and learning concepts in Calculus is
priority rather than simple calculation techniques for the improvement of student
performance.

Understanding limits and derivatives are the elementary concepts in Calculus. Students need

to interpret the idea of tangent line to the curve and its gradient to make a $ransition

to the applications of derivative. However, it might be still challenging students to transfer

knowledge for the applications of derivatives to make a link. Naatwb Naidoo(2007)

mention thatii Di f f er enti ati on assumes the understandi n¢
curve (not all curves can be formulated by a function). There do not seem to beutlear

characteristics that set advanced mathematical concepts from those in elementary

mathematis. Each advanced concept is based on elementary concepts and cannot be grasped

without a solid and sometimes very specific understanding of these elementary concepts.

Thus the concepts of advanced mathematics carry
emphasize that synthesis of appropriate mental frames for representation of concepts and

procedures are essential for solution of problems in derivatives. Therefore, classroom

activities should focus more on activities where students analyze more abaontepts

and procedures in derivatives for sense making and permanent learning.

2.3 Transfer of Learning

Understanding, its indicators and transfer of learning have been studied by several
educational expert3.he concept of understanding has been interpreted in different ways by

t he experts. Per kins (1994) states t hat filas a
conceptualized as the ability to think and act
Leithwoodet al, 2006, p. 27) . Gardner defines understandi
knowl edge, concepts, and skills to illuminate n

Leithwoodet al, 2006, p.29). Perkins and Unger (2006) state that unddistaa topic well

is a matter of knowing it well but knowledge by itself does not guarantee understanding.

They also add that understanding a subject means forming a good schemata or mental model

on the subject. Desoett al.( 2 0 0 6) add ormantal nfod&ls lare ocoasidered

higherorder constructs that characterize on a conceptual level the integrated functioning of

knowl edge and bel i ePesidsand ing8rg2006), fArmiogoar gpadn g t o

mental model is not enough; learneeed to demonstrate a good possession of schema or

mental model.; hence a performance should be seen. Pezkired. (2006) define
performance conception of understanding as fiunde
to think and act creativegnd competently with one knows about

be understood through | ooking at | earnersod6 inte
by inner and outer | ife; strat eget&§98made; cont e
specified the operational assessment of understanding in the context of learning from

examples under three measur es: i (1) Solutios t
transfer probl ems; (3) Explanationhsstgdg ner at ed wi
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al so f ocused on t he similar i ndi cator s de
understandinghrough transfer

There are several definitions and theories on transfer of lear@imgnier and Hagman
(1987)state thatransferof learning occursvhenprior knowledge and skillsreate an affect

on the perfomance ofnew knowledge and skillhatare learnedAccording to Mayer and
Wittrock (2006), transfer refers to the ability of learner in using prior knowledge in new
situations Barnett and Ceci (2002)atednine dimensions for the taxonomy twénsfer. For
content dimensionsvhich describe what is being transferteitiey labeled aqa) learned

skill, (b) performance change, and (c) memdeynandsOn the other handheygroupped

as(a) knowledge domain, (b) physical contgxi, temporal context, (d) functional context,

(e) social context, and (f) modality are contextual dimensions of transfer that describe
66when and where | earning IiFasyth (2042) snéntonede df r o |
t h dransfdt difficulty depends on how similar or different the target and base of a transfer
problem is al ong e dcchrding ioBaenattsancbCed (2Q0H the 1 7 ) .
contextual dimensionkasa high degree of similaritgn the target andbase it is defined

a» 6 n e ar ; wheeadkcbnettual dimensiondavea high degree of differenamn the

A A

target and basét isdefineda® 6 f ar transfer. 60

However, here is not a common decion avhether transfetappensat all learning
environmentsDetterman (1993) mention that transfer is saF@ppensandit is not easyto
obtaintransfer.On the contrarysome expert such &ransfordet al.(1999 and De Corte
(1999) think that transfer occuss; the difficulty in identifying transfer depends on the
perspectivef theresearcher

In order toprovide ameaningfulunderstanding ofransferand its outcomeghe types of
transferare identified by expertfNear and far transfer atee most studied constructs in
transfer of learningThe definition of near and far transfer tasks have a common consensus
by educational experts.

Near Transfer

Near transfer wadefinedin parallelbehaviordoy educational expergccording to Haskell

(2001), rear transfer requires transfer pfior learning intoslightly different situations
JonegsAntonentkot & Greenwoo(R012)define thati n eransfer is the epitome of applying
classroom learning to real world situations 48§. Clarketal.( 2 0 0 6 ) mention th
transfer tasks are based on procedures that are done the same way each time they are
per f or me dHencé, pear2trarferinvolves knowledge demonstrationin a new

situation which is similar-or example, student leartiee methods of finding derivates and
appliesappropriate methotb find slopea function that is similar to those which has been

learnt.

The previous studies showed thiadividual differencemight dfect on near transfer
performanceGoska & Ackerman, 1996Sullivan, 1964 Woltz, Gardner& Gyll, 2000).
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Woltz et al. (2000 mentioned that Afattention processes I
expected operations and resistance to interference from overlearned operations may be

highly instrumental in theaccuracy of cognitive skill performance and especially in the
accuracyofnear r ansf er pe49f or manceo (p.

Far Transfer

Clarketal.( 2006) agree that AFar transfer tasks requi
each new si tAcetdingaamJonest @.(2@12)0a) transfer requirdbe use of
analogicalreasoningskills. Far transferinvolves knowledgedemonstationn a new and

innovative situation. For example student learns the methods of finding derivatives and
makesgeneralizationsn the graphs of functions and tberivative functions

Somekey points that can be examined in far transfebjas:
(1) Problems require additional solution steps than indicated in the problem or eguation

(2) Some initial thinking is needed before problem solution to extieeted vaablesfrom
the word poblem

(3) Probbems might require solving of multiple cases to be integrated to form the whole idea
or generalization

(4) Learnerscan beasked to explain the problem in its structural features that can be realized
through conducting flexible schemas

According to the literatureaf transfer comprises declarative knowledgestructionwith
concepts and principles at an abstract lesel thatarrayscan beome predictableacross
domains When these arrays aappied to novel practice problem#& assists restoration of
procedural stepgPeverly 1991; Perkins, 1995Anderson, Reder, & Simon, 189Phye
1998; Schraw & Nietfeld, 1998).

It is consideredhat achievingfar transferperformance is not high likely Somerecent
studies shoed positivefar transferoutcomes.Jaeggi, Buschkuehl,Jonides &Perr{@008)
concludedthat training on the Mback taskadvancedscores onthe Raven Progressive
Matrices Task. KarbaclK Kray (2009) determineda posive far transfer itraining task
switchingleading toperformance on a working memory tagkeinetal., 2010 and Mackey
et al.2011also found positive transfet differenttasks. On contrary, eme studies failed to
find far transfer outcomes although designed similarly to the earlier stu@ieen(
Hampshire, Grahn, StentonDajari, Burns & Ballard, 2010; Redicket al, 2013) Another
example is the study of Kiz, Boukrina & Getner(2013) Kurtz et al.(2013)studied on the
effect of comparison on acquisition of relational understandingdonaain and its effes on
further generalization of relational knowledgeamovel domainThey found thatlearners
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who did not grasp thesource domairand did not learn ell, had no chance to achieve far
transfer.

2.3.1 Solutions to Facilitate Transfer

Van Merrienkoer, Shuurman,De Crook & Paas( 2 00 2) me rRedireatimg theh a t fi

| earner so attenti on, by minimizing extrane:
cognitive load, is a very promising method to improve training efficiency and provides good
opportunities to rezh higher transfer performance ( pTo St&t)with, the previous studies

showed that training learners with worked and completion problems led to positive results on
transfer performance. Pass (1992) congduden aét cfogni ti ve structure
instruction emphasizing practice with partly or completely woretdproblems is a more

efficient knowledge base for solving transfer problems than one resulting from instruction
emphasizing conventional problems. Training with partly or completely werled

problems leads to less effatemanding and better transfer performance( p Thé Wiy .

results of also supported the conclusions of Paas (1992n Merrienboeret al. (2002)

me nt i o Mhe tcdmplétion feffect indicates that solving completion problems yields

hi gher transfer of acquired ski IFurthermore,an con
previous studies of AtkinsoiRRenkl & Merrill (2003) conclude that fading solution steps ca

facilitate both near transfer and far transfer.

Afterward, selfexplanation has been found another effective strategy in problem based
environment to provide transfer of learning. Gick and Holyoak (1983) suggest that if a more
effective schema was gerated by problem solvers, then transfer is enhanced. ,Clark

Nguyen & Sweller(2006) expresselfexplanationas fa ment al di al og th
when studying a worked example that helps them to understand the example and build a
schema from ito (p.226) . To processeta.he exa

(2006) based on the studies of Chi and her colleagues (1989g)xg#Hnation is necessary.
Self-explanation has been found critical for successful learning wittkedout examples
(EfklidesKonstantine & Kiosseoglopu200§. During selfexplanation, learner thinks aloud
for reasoning for the choices and procedures in the solution of the problem.

Renklet al.(2004) add that studying on worked examples andesgifanations would lead

to germane load Germane loads defined as thdiit refers to demands placed on working
memory that are imposed by ment al acteti viti es
al., 2004, p.60). They claim thaeltexplanaton s a process of | earners
the solution rationalentough finding the domain principle underlying the solution step. Roy

& Chi (2005) conclude h at AfPeople I earn more deeply whe
or are prompted to provide explanations during learning. Thus;exgliining on
multirepresentadnal examples is a cognitively demanding but deeply constructive activity

is contextwualized in a specific domain (i.e.
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It is claimed by Renklet al. ( 200 4) t hat iefaded worked exampl
incorporate more of thhmonitor and correct type of selfx p| anati ons t hat benef i/
(cited in Clarket al, 2006, p.229)Efklideset al.(2006) mention that the previous studies of

Stark Mandl, Gruber &Renkl (2002) showed that sedfxplanation that are linked to worked

examples supported learning only when they contribute to the rationale of the solution and

the procedure used.

Star k, Mandl , Gruber, and Renkl (1®9eedd f ound th
significantly more the quality of sedixplanations and the near and medium transfer of

|l eamed solution methods than studying complete
study of Atkinson, Renkl, Merrill (2003) demonstrated backward fadingepioe together

with selfexplanation prompting significantly facilitated not only the near and medium

transfer learning but also far transfer learning.

fal}

Finally, group discussions as a social constructivist view play an important role in transfer of

learring. According to social constructivism, learning is being constructed by social

interaction and knowledge is culturally and socially developed. Conceptual understanding of

topics and mathematical thinking skills can be assisted through social interagdons
discussions, grouv o r Kk sharing experiences, forumséetc in
(1978, 1986) believed that language was a psychological tool and that the usage of this tool

invariably led to a series of inner or mental transformations sutheadevelopment of

hi gher thought and concept developmento (cited
in thinking is achieved through a process of internalization. It is mentioned thiintre

speechcomes from internalized social speech. ltiistced t hat AVygot sky (1986
language development as a process which begins through social contact with others and then

gradually moves inwards through a series of transitional stages towards the development of

i nner speecho (Thihking andh language @ré dynamicallyrglated, since
understanding and producing | anguage are proces:s
(Lindblom & Ziemke, 2002, p.2)Finally, it is concluded by Elrich (2006) that that inner

speech results from high thought and is developed through a set of developmental stages.

He adds that these stages are thought to be from the external world that travels inwards;

hence inner speech fosters deep understanding of the abstract concepts by its nature.

Consequentlygroup discussion enables learners to share ideas, construct knowledge through
internalization sociallyon the transferred knowledge. Ernest (1998) summarizes the
contribution of Vygotsky on scaffolding with h
genesis of hi gher | evel t houghtThefteadhenishanguage u
guider for learners to assist internalizing higher level functi@ysscaffolding strategy,

learners are encouraged to learn independently in a social envirofiihisnstudy aims to

integrate learmg activities where worked examples students will provide individualized

support related to problem solving strategies; whereas completion examples, self

explanations and group discussions, students will assist scaffolding ideas
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Therefore, this study aimed to combine CLT principlesvorked examplegjiverse worked
examplescompletionexamples requiring backwards fading and-s&fflanatiorto thesome
approaches of constructivist viewowards learning, understanding and interpretation of
mathematics With this goal, collaboration of individuals in pair works and group
discussions of this study can be linkeddaial interaction principle of social constructivism.
Also, studying on worked examples, completion examples; backwards/forward fading can be
Il i nked t oscaffoldingstratedyy 6 s

2.4 Online Group Discussion

As social constructivists claingarning from social and interactive experiences is necessary,

hence combining this perspective via online group discussions might lead to better transfer

of learning in mathematics. Vygotsky's social constructivist approach denotes that learners
going though the process of thinking together will experience-adlifialization of the
processes involved in individualsd thinking.
that individuals develop understanding through communion with others. According to the
previous studies, cooperative learning is one of the useful methods to address to increasing
coherence and understanding in mathematics. Hence, online group discussion strategy is one

of the techniques that will offer learners an opportunity to think atedgret together and to

realize seHactualization through unity of ideas.

From instructional technology perspective, John&ofragon (2003 claim that technology
integration in instruction has littlenpacttowards learning with theonclusion of previous
studies. Hence, the authorsadd that according to someproponents of instructional
technology Phipps and Merisotis (199%he evidence obnline technologyon influencing

the learning outcomedoesnot lead to essentiaimpactsas much asother instructional
factors such apedagogy andourse designit is claimed that if instructional designers set
clear learning goals and combine it with online environments, it wouldl tieaeffective

learnig outcomes. Therefore, if online group discussion environment is designed due to
aimed instructionafoals combined with instructionahethods with the tenets of CLT, it

may result with desired impacts on learnitigs recognised thatrdine group discssion is

an effective method that fosters learning and understanding. Dosemagen (2007) mentions
that online discussions can be helpful to solve logistical problems through written reflections
derived from asked reflection questions for clarity. The auttades that including a variety

of opportunities for collaboration, providing an array of tools for students to choose, helping
students to develop effective online communication skills, encouraging doféaxee and

online communication are some of theggestions for settling an online environment for
smooth transitions. Macdonal@@006) clarifies that online conferences in collaborative
projects enable evaluation of process. He argued that so if a collaborative wasggoten

online, teacher auld assess the end product as well as process wiockdwead to much
better understanding of studentsod | earning f
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Social Constructivist models stress the importance of collaboration among individuals.
Collaboration and amperative learning are the methods that facilitate learning through social
constructivism. Mclnnerneg Roberts (2004) define collaboration as mutual engagement

of individuals to solve a common problem or to achieve a common goal. The auttlors a
that Paz Dennen (2000) claims that collaboration is a learning method that involves social
interaction for knowledge building. Mclnnernest al. (2004) state that there are four
characteristics of a collaborative environment: shared knoeldogween students and
teachers, shared authority between students and teachers, teachers as mediators,
heterogonous grouping of students. Hence heterogeneous grouping of students and providing
discussion environment in class might lead to understandioggh sharing knowledge.
Mclnnerney and Roberts (2004) argue that through collaborative environment, students teach
each other to learn and to understand and collaborative learning can be effective towards
learning if students share their thoughts, doubts, conflicts.

Not only the strategies are thought but also several guidelines are searched experts so as to
enable effective use of online settings. Dosemagen (2007) suggests that setting a context for
the studied procedures; using visual representations to clarify abstract tspnesipg a

variety of sample problems; relating concepts to mathematical contexts, visual and examples
are the effective ways to facilitate learning in online settings.

Guidance plays an important role in learning through social interaction in class.ahd

Wenger (1991) <claim that #Aknowledge of socially
openendedod (cited in Ernest, 1998, p.231). As kno\
monitoring and guiding the conversation plays an important cofeake sure that effective

learning takes place by realizing the desired objectidesce, if guidance is embedded in

online group discussions, it will increase efficacy.

According to the previous study of Kramarski (2004), a mathematical discussion regarding

online communication had at least four correlatedsrolet o i ncr ease studentsd kn
mathematical discussion led students to discover all pieces of information related to;the task

(2) mathematical discussion raised cognitive conflicts, which, in turn, encouraged students to

discuss conflicts and ggest ways to resolve them; (3) cooperative work provided ample

opportunities for students to participate in mutual reasoning; (4) mathematical discussion
encouraged reflective discour &eeizrachi,d2006,0l | ecti ve
p.601)

Kramarskiet al (2006) Odling discussibnhallotvs asyiichronous exchanges and

permits oneto-one and ondo-many interactions. Studentexhibit motivation, learn

independently, and transfer aagply knowledge to redife situations (e.g., Deaudelin &

Ri cher, 19™MWe) 0&dpt 2AdO3 . add t hat ADi scussion medi
critically examining othersé reasoning and part
students learn to monitor their thinking whereythreason about important mathematical

concepts (e.g., Artz & YaleE e mi a , 1999, Mc Cl ain & Cobb, 2001) o(
online group discussion through metacognitive guidance training showed positive results in
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mathematics learning. These findingsipported the previous studies conducted in
mathematics learning at high school. Kramaetkal.( 2 0 0 6 ) reported that
participated in successful group discussions most often responded to correct proposals by
engaging them productivelywhereas students in less successful group discussions
frequently responded to correct ideas by rejecting or ignoring them (Barron, 2000a, 2000b;
Kramarski, 2004)0(p.228)

Consequently, if mathematics classroom can be established regarding to the mentione
outcomes of the past research, then it will lead to create more flexibility towards learning

that may result in efficient learning, deep understanding and higher achievement. This study
aimed to promote an online learning environment with forum dismossnd its activities

for nearand far transfer of learning.

2.5 Cognitive Load Theory

Cognitive Load Theory (CLT)focuses onthe demandsof the instructional material
integrationin orderto reducethe cognitive load on working memorglark et al. (2006)

defined Cognitive Load Theolys Ait i s a universal set of | e
to result in efficient instructional environments as a consequence of leveraging human
cognitive | ear nThay @dd that €kTie absut sfficiénpy. iféefficiency is

defined in two variables: learner performance and learner mental effort. Moreno (2006)

me nt i o ICET explaiastlearfiing outcomes by considering the strengths and limitations

of the human cognitive architecture aneriding instructional design guidelines from our
knowledge about how the human mind woflRaas, Renkl, & Sweller, 20a8Y p . Clark ) .

eta.,(2006) <claim that Ai nstructional environm
with less mental effid are more efficient than environments that lead to lower outcomes with
greater ment al efforto(p. 18). Hence, it i s

concentrated on effective learning outcomes with less mental effort.

According to Cognitive LoadTheory principles, when learners experience high and
extraneous compulsory cognitive load, their performance was negatively affected (Scott &
Schwatz, 2007). On the other hand, it is also claimed that performance is facilitated, if there

is high and germ@e cognitive load. However germane cognitive load did not always
enhanced performance. Gr osse and Renkl (20
decreases if the germane cognitive load goes beyond the working memory capacity in
mathematics learning.

The effects of instructional techniques increasing germane load that is directly relevant to
learning are also explained through CLAccording to Merrienboeret al. (2002)

construction of cognitive schemata are directly related to those processesadthéyat
AThere are indications that v ardimanbiong, sutchy over
as the manner in which the task is presented, the saliency of defivangcteristics, or the

context in which the task is performed, may increasengeecognitive load and improve

25



schema construction (e.g. PaasV&n Merrienboer1994; Quilici & Mayer, 1996). The
availability of generalized, more abstract cognitive schemata is then revealed by a higher
performance on transfer tasks, whrelguire theperformance of the complex cognitive skill

i n new sit uaherefore) scheta donstrudti@n)has been one of the key concepts
to reduce cognitive load and to lead to understanding.

Additionally, Passtal (2004) mention that @ACognitive | oad
techniques for managing working memory load in order to facilitate the changes in long term

memory associated with schema construction and
with Pa& et al and she adds th&LT enables predictions and explanations as to how

learning can be effectively supported by teaching and instruction, by thinking the demands

on the limited cognitive resources for schema acquisition and procedurali§tiechema

construction and its fostering activities can facilitate understanding with near and far transfer

tasks.

Cooper &Sweller (1987) argue that worked examples facilitate rapid schema construction in
problem solving compared to conventional problestving. The study of Paas (1992) in
statistical problem solving showed that same amount of mental effort was exposed while
training with worked examples and completion examples. Moreover, he add that training
learners with either one of them led to higtest performance with a lower cognitive load,
compared to training with conventional problems. This result showed that superior cognitive
schema to be formed by worked azuinpletion example conditions.

2.5.1 Worked Examples

There are several strategies offered to reduce extraneous cognitive load while problem
solving and learners studying on worked examples are one of the suggested techniques.
Renkl et al.(2010) define that worked out examples include problem formulasiolution

steps and final solution itself. Worked examples have been recognized with its advantages to
mathematics learningSveller 1985;Coope & Sweller, 1987 and there has been several
studies in different areas of mathematics that demonstiabsitive impacts towards
learning: geometryZhu & Simon, 1987Paas &Van Merrienboer, 1994 Algebra (Cooper

& Sweller, 1987;Nathan, Mertz, & Ryan, 19945rosse & Renkl, 2006 Statistics (Pass,

1992)

Sweller and Cooper (1985) found within several experiments that working with multiple

worked out examples resulted in more efficiency in near transfer and lead to better problem

solving performance than studying with a single example followed by profbddving.

Renkl (2005) also agrees with that working with worked examples results in better test

performance of problem solving than solving the equal problems. Sweller (1988,1989)

claims that AEarly work on CLT hussognismede cl ear t
load, for instance by studying workedit examples or solving goal free problems, offers a

more effective way of | earning complex cogniti ve
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(cited in Pas®t al, 2004 ,p.3)Gerven Paas, VaiMerienboer& Schmid (2002) are also
in agreement with the efficiency of worked examples like the other experts and they

conclude that AWorked examples are more | ik
cognitive schemat a, because t bbemstates ands t he
operator s, rather t han o, workgdexdmplesarn ligh §kelypo go al s

recognized for permanent and effective learning with its promoting features.

Next, Renkletal.( 2 0 0 4 ) <Resaarch withirnta@ameivork of cognitive load theory

(CLT) has shown that worked examples should be provided initially followed -bg-to

solved problems in order to foster cognitive skill acquisition in-sillctured domains such

as mathematics (Atkinson, Derry, Renkl adrtham 2000; Kalyuga, Ayres, Chandler and

Sweller, 2003 ( p It )suggested worked examples to be used at-streictured

domains such as in mathemati€e(kl et al, 2009 . The authors add th
cognitive skill acquisition irwell-structured domains, it is very effective to use a series of

worked examples before problems to be solved or exapmpldem pairs as in the classical

studies of Sweller and colleagues (e.g., Sweller and Cooper 1985; for an overview see
Atkinsonetal,2 0 0 0 ) 0 Mdrgmo (BOD6me nt i ons t h-examplé effeckcarwo r k e d
be explained as being the result of a practice method that makes a more efficient use of

studentsdo | imited cognitive r e-sovingpmadice..t han t
a direct implication of CLTassumptions for the design of worked examples is that example
based instruction should minimize studentso

not relevant to schema acquisition and autor
resources$n germane activities within the limits of workin me mor y caplda.i t yo( p
Lastly, Miller (2010) made an experiment in a Calculus class at college level. He concludes

that worked examples assist skill acquisition and provides forming schema. Ths he

students in the long run when faced with more general prebddving situations.

On the other hand, the affects of worked examplescognitive loadin more complex
domains might be differentvhen students need to attain several sources of infommatio
involving diagrams, formulas and several solution stéhen the presentation of
information in complex donias are not integrated, then the attentiérstodents split in
different information sourcesto integrate all mentally, then cognitive loads of students
increase andt limits rule automization as well as schema acquisitibartizi & Sweller,
1988; Ward & Sweller, 199@Renkl, 2002).

Moreover,Renkl et al. (1998) foundthat students with less prior knowledge benefit more
from worked examples on neand fartransfer taskeompared to those who have already
formed schema for solving the problemhis effect is due tahe worked examples
prevening meanrends analysiandnot reinforcingunderstanding the underlying principles
Students wittbackgroundknowledge who have already formed schema on problem solving,
do not benefit from worked exampless they findwvorked exanples to beedundant that
leads to heavy cognitive load on working memory
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2.5.2 Completion Examples

Completion examples involve faded solution steps where learners are required to complete

patially solved problems (Paas an Merrienboer,1994). Completion examples are found

to assist towards near transfer by building and automating schemas when they are used along

with worked examples (Clarét al.2006). These examples also found to assist for reducing

extraneous codgtive load.Pass (1992) argued that completion examples effectively support

the acquisition of cognitive skillsRenkl et al. (2004) suggest a smooth transition from

worked example to problem solving through omitting solution steps step by step after

completing a worked example in the first step. The solution steps are gradually decreased

and learners are guided towards full problem solving by working on completion examples.

The authors <claim that Aby gradualeamnersi ncreasi n
should retain sufficient cognitive capacity to successfully cope with these demands and,
thereby, to focus on gaining understandingo(p.©6
along with self explanation, there has been efficiency in learning. ReAkkinson (2010)

found the substantial effects of fading and self explanation on near transfer and far transfer

of learning while working with probability problems.

Additionally, Pas®t al.(2004) added that the study of Renkl, Atkinson and Grosse showed

that individuals learned most about those principles that were faded in worked out examples

and fading solution steps led to fewer unproductive learning eveatkl, Atkinson and

Gross 2004) conclude that Athe faded steps were mo
of where the fading was in a worked example. The step which is found to be related to the

faded step was | earnt the most. Titeatified e ar ner s 6 p
through fadi netal 2006,ip229) Renldt alC 2800k ) det er mi ne t hat
backward procedure does not appear to offer any general advantage over the forward fading
proceduredo(p. 80) . T hamyi priori e¢omrdeyndatidn aboutnhow to | ead t o
sequence the fading procedure.

On the other hand, Ren&tal.( 2003) acknowl edge that: AFrom a co
the backwardading condition may be more favorable because the first pretdehing

demand is imposed later as compared with forward fading. In the latter condition, the-first to

bedet ermined step might come before the | earner
solution, so that solving the step may impose a heavy cognitive |cadltrie favorable to

fade out workeebut solution steps in a backward manner as compared with a forward

ma n n er 0Motepver2Alkinsoret al.( 2 0 0 3) s Baakivard$ fadiny arocedire

fosters the acquisition of rules that can be (more or lessjtigigpplied (i.e., near transfer)

as well as those that can be flexibly applied (i.e., far tran®agkwards fading procedure

can be combined with sedixplanation prompting toproduce an effect that is both
statistically and prTheefoie therd i$ ayneesd foganfurtier studynt 6 ( p. 7 &
on how fading should be implemented and its estect

The study results ovan Merrienboeret al.(2002) demonstrated that completion problems
led to lower cognitive load than training with conventional problems; however training with
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completion problems resulted in at least equal transfer tdstpance and tendencies were
more towards completion problemdoreover,Van Merrienboeret al.(2002) determine that
when completion problems were used in high contextual inference, training efficiency was
positively affected; but the effect on transfer on test performance was not satisfactory.
Therefore, according to them, not all methods to mizenextraneous load and increasing
germane load would be equally effective. Renkl & Atkinson (2010) cited that the study of
Salden,Aleven, Renkl and Schwonke (2008) demonstrated that adaptive fading of worked
out examples lead to higher test performancedelayed post tests in Cognitive Tutors
technology.Consequently, there is a need for further study on integration of completion
problems in instruction that would reduce extraneous cognitive load as well as increasing
near and far transfer in test perfomoa

2.5.3 Diverse Worked Examples

Variability of examples has been found to be advantageous at far transfer within previous
studies. Diverse worked examples consist of variety of worked out examples in diverse
problem contexts. Diverse worked examples are found to be effective for riafetrdy

assisting towards building flexible schemas when they are processed through self
explanations. Paas and Van Merrienboer (1994) claim that examples with variable surface
features enhance learning compared with examples with similar featuresoAaltiiti Study

on geometrical problem solving done by Paas and Van Merrienboer (1994) showed that
Astudents who studied wor ke dvarigiitya expnhples gain
invested less time and mental effort in practice, and attained better suedfétesdemanding

transfer performance than students who first attempted to solve conventional problems and
then studied work e@agdmpbP83ocopclddrpdReéemlalt 7
that multiple examples are helpful is that learners with elicitedesglianation and multiple

examples showed the highest performance oh farans f er probl ems o0(p. 1
hand, guidance has been fowgss$ential to promote effective learning outcomes. The authors

added that multiple examples without guidance for sophisticateeygatinations resulted in

very low learning outcomes.

2.5.4 Self-Explanation

Clark, Nguym & Swel | er (2006) defined self expl ana
learners have when studying with a worked example that helps them to understand the
example and build a schema from ([(p.226) According to Sweller(2010), sedfxplanation

prompts facil t at es | earnersd thinking through guic
learners are doing. When learners need to formulate explanations, process of information
relevant for learning is realized by learners. Thus self explanations enhance germane
cogniive load. Also, Sweller (2011) mentioned that within Cognitive Theory Principle
contexts, nsel f explanations require | earne
el ements of worked examples both eaccdok ot her
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Lewis, Reimann & Glaser (1989) argued that self explanations were effective because they

enable learners to generate inference rules from the principles provided in worked examples

and when these rules were linked to appropriate actions at spemifitions, they later

became procedur al skill s. It is cited that AnAl e
results with prompting for selxplanations during problem solving rather than during

example study in an intelligent instructional environm&mtecifically, they documented that

problemsolving practice within such a learning environment can be enhanced with

prompting the learners to sakplain by identifying the underlying problesolving
principlesodo (Atkinson, Renkl & Merill, 2003, p.7

Anderson & Krathwohl (201) and Marzano (2001think that students engagement in
metacognition realizeas soon astudenté awar eness of treoegnicedt hought prr
and when they starcommunicating their own thought proced3osemagen @07)
emphasize that when students ask authentic questions, they demonstrate their ability to
assess their own understanding and realize existing gaps and also within the question they
refer to the area where they have confusion about. He adds that stiadehts/e a sense of

what the answers might be due to their background knowledge and if they answer the
guestion, they can be asked to indicate how they have arrived to the answer. He concludes
that students can also be asked to define a specific prolaings strategy. All such
activities lead to illumination of metacognition. In order to facilitate understanding process,
students can be asked to create their own examples related to the topic learnt and they can
explain solution steps with their own way.

Desoeteet al.(2006) used in their studies that drawing conclusions, paraphrasing the answer,

selecting relevant information, estimating the result, designing an action plan, adhering the

plan, calculation correctness, noting probleniving stepsmonitoring a solution process,

reflecting answers, and relating to earlier problems solved can be used techniques to

evaluate metacognitive skillfulness. For the evaluation of understanding process, students

can be asked to analyze the situation throcmmmunicating in a variety of ways, so then

the teacher can observe their way of thinking ¢c
sense to learners or when they get it, understanding is described from this representational

viewo (citedtali2006p.80)Thuiswbadentsd | earning can be
evaluation of organization of concepts that are embedded in invisible structures. Concept

maps, setting a strategy for problem solving, g
thatcan bring into light those invisible structures. These strategies can be referred to students

within student reflective journals. Reflective journal writing can be explained as the strategy

preferred for self explanation in this study. Additionally, studeflective journals can be

one of the ways to promote selfx pl anati ons for students and to
outcomes throughheir commentaries. Reflectijeurnals can be used by researchers to

analyze and i nter pr eavaluatibneandssunundhrees abeubcorcepts c | usi ons
and procedures.

Writing reflective journals can provide advantages when teacher aims to connect ideas.
There are several studies about the effects and contribution of writing reflective journals
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towards learning immathematics Rose,1989;Bagley& Gallenberger, 199Zountryman,
1992;Jurdak & Zein, 1998 Moss Sovchik, Dipillo (1997) categorized possible benefits of
writing reflective journals into five groups: (a) reflective journals providing opportunities
for expressing student feelings, (b) effective retention of information, (c) deeper
understanding of mathematics, (d)nsilation of thinking about mathematics, and (e)
improvement in writing about what they had learned. Ideasoah@yman (1992arein the
same path. He listed some of the advantages of reflective journal writing as follows:
A

1 Writing reflective journalshelps students become aware of what they know and

what they do not know, can and cannot d o €

1 When students write, they connect the prior knowledge with what they are
studyingeé

1 They summarize their knowledge and give teachers insight into their
understandi ngé

T They raise questions about new ideasé
T They reflect what they knowé

T They construct mathematics for themsel ves

Rose (1989) stasghat students are guided to write about specific concepts about what they
have recently learned at most the writing assignments in class; hence students had
opportunities to reflect and communicate on learnt topic. As a result teaching is not one way
delivery process.Educational experts agreed on when students summarize, organize, relate
and associaterjpr knowledge it leads to better retention of mathematics (Bagley and
Gallenberger, 1992; Mosst al. 1997).Quinn& Wilson ( 1 99 7)) me Bdcandary t hat
students gained a better conceptual understanding of mathematics by writing hypotheses,
sharing ideas, and summari zing theiThey di scov
mentionedthat Elliot (1996 statedfwriting their own problems andiscussing about the
structures of problems and solving them, high school students gained insight in
understanding algebidp.15).

Moreover, Pugalee (1997) claims that students reach an understanding of mathematical
concepts through their own experiescehile writing reflective journals. Countryman
(1992) emphasizes that at gradd® students should focus on reflection about clarified
thinking on mathematical ideas and relationships and they should be able to make
generalizations about investigationsdathey should be able to express ideas orally and
verbally. He adds that as the emphasis at high school is more on understanding and
communicating, writing in mathematics classes is one of the preferred ways to improve
skills. Chapman (1996) states thaflective journals can also assist teachers to identify
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student so m Henaee oreflecieve t joumalss are highly recognized to have
advantages towards understanding in mathematics classrooms.

Reflective journals can have different advantages tidg student thinking about what
mathematics is and how the instruction delivery should be. Countryman (1992) mentions that
writing may prevent students to assume that mathematics is a collection of right answers
posed to a question. Alseceflective journals can also be used to evaluate and improve
instructional strategies when they ask students opinions about these techniques.

It is suggested thateflective journal questions should launch writing in mathematics
classes. Some suggesteadflective journal questions that can be directed to students are
given as: describing what is covered in previous class; explaining what went wrong in
problem 3 in the test (if student had errors in that problem); discussing the most difficult
homework problem (Couryman,1992). The author adds that students can have free writing
tasks; they have keep learning logs or they can write a formal paper in mathematics as
reflective journals. Reflective journal activities should guide students to critically analyze
and tocommunicate mathematics through reasoning as a result of their own experiences.

Finally, educational experts agree on that feedback is essential part of learning and for
improvement of writing skills. While giving feedback t@flectivejournals teachershould
facilitate construction of knowledge for effective communication in mathematics; rather than
being judgmental or evaluative. (Gorden al, 1993; Mayeret al, 1996). It can be
concluded that ifreflectivejournal writing can be implerméed in classroom activities in the

light of previous theories, it is expected to guide students towards deeper understanding of
problem solving and the structures of the taught topic.

2.6 Summary

This chapter summarized the Cognitive Lod@teory principles that aim to reduce
extraneous cognitive load and increase germane cognitive load that will facilitate learning
performance. Extraneous cognitive load can be reduced by worked and completion examples
(Cooper and Sweller, 1987) ; whereasrrgane cognitive load can be enhanced through
schema construction which can be achieved by self explanatiodisdiverse worked
examplegRenkl & Atkinson, 2001).

Understanding the core principles in mathematics, specifically Differential Calculus is
complex for students. Several methodologies should be combined for permanent learning
outcomes and their implications should be analyzed in depth for further discuBkimn
previous researches about worked examples are limited to college level and at specific
topics Moreover there are limited number of studies employed qualitative methodologies

that investigate fAhow, whyo issues. Not much
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understanding main principles of derivatives and its applications with workedpksam
completion examples, reflective journals and online group discussion.

Renkl et al. (2002) also mentioned that Paas (1992) did not find any difference in the
performance of students who worked with complete and incomplete worked examples;
howe\er study of Stark (1999) showed that making examples incomplete can assist learning.
Renkl et al. (2004) found that faded steps did not affect learning outcomes; individuals
learned most about those principles that were faded. The authors also Hanihet
backward procedure did not offer any general advantage over the forward fading procedure.
Thus, there is still need of assessment and evaluation of worked and completion examples at
special circumstances.

Moreover,while there are some experts claiming the positive effecteftdctive journal

writing towards underanding (Countryman, 1992; Jurdak & Zein, 1998); on the contrary,

there are also experts emphasizing theftective journal writing has no effect on
mathemdts learning Porter & Masingila, 2000Croxton & Bergey2003).So as to uncover

the effects ost udent sé refl ective journal s, deep a
l inks to transfer of |l earning is needed. T ht
used to uncover the main difficulties that students faced while learning derdvatideits

application and to analyze the level of learning transfer.

This research aimed to combine Cognitive Load Theory principlagdurcingextraneous

cognitive loadandincreasinggermane cognitive load to the suggestions on how to integrate

group dscussions . Moreoveselfexplanation n t hi s study can al so be
inner speech and scaffolding principles; where group discussion elements can be related to
social constructivism principles. The research concentrated on deep andiexgtand near

transfer and far transfer, hence the definitions of Perkins and Unger for performance
conception of understanding, the principles of CLT will form the basis of the preparation of

the learning tasks. These principles were embedded withite#inging tasks to analyze
studentsd | evel of efficiency in understandi
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CHAPTER 3

METHODOL OGY

This chapter denotes the research methodology used in this Istilg. following sections,
detailed information is provided about the design of study, context and participants, data
collection instruments, procedures of the study, data analysis, validity and reliability of the
study, limitations and delimitation®f the study.

3.1 Design of the Study

The main aim of this study was to find the impacts of running a flexible learning
environment in mathematics class through set of learning activities; involving worked
examples,diverse worked examplegompletion examples requiring riward/backwards
fadings, seHexplanationonline group discussioand diverse practice probleras near and

far transfer in problem solving. There were two purposes of the study. Firstly, this study
aimed to investigate the impact of the learningvitts on near and far transfer in problem
solving. Secondly, opinions of the students towards the effects of learning activities and their
contributions towards deep understanding had been examined

Under these conditions, this study aimedingestigate the answers for thellowing
research questions:

RQL. Is there a significant mean difference between pre and post achievement test scores of
students who were exposed to due to learning activities in mathematics lessgmed

based on cognitive load theory principles ?

RQ 1.1 Is there a significant mean difference between pre and post near transfer
scores of students?

RQ.1.2 Is there a significant mean difference between pre and post far transfer scores
of students?
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RQ2. Wh at are the indications of near and far
explanations and group discussions?

RQ3. Wh a 't are students6 opinions about the cont
worked examples, completion examples, -se{flanation, group discussions and practice
problems towards learning mathematics and deep understanding?

Inordert o understand the transitions and students?o
mathematics topics throughout selected activitigsantitative andqualitative research

methodologies were used’hefindings from qualitative data and quantitative datas used

for triangulationCr es we | | (2007) defines qualitative rese¢
understanding based on distinct methodolodiealitions of inquiry that explore a social or

human problem. The researcher builds a complex, holistic picture, analyzes words, reports
detailed views of informant s, and constructs t
Qualitative study design provideseful methods for educational research as it is flexible

and adoptable to a wide range of contexts. Creswell (2007) mentions narrative research,
phenomenological research, grounded theory research, ethnographic research, and case study

research for the athodologies of qualitative research. Merriam (1998) states basic or

generic qualitative study, ethnography, phenomenology, grounded theory, and case study as

different approaches to qualitative research. Creswell (2007) aniaMe(1998) agree on

that these methodologies were linked to each other and they worked in relation to each other.

This study aimed to investigate for theoretically suggested effective ways to provide

opportunities towards deep understanding of the mathematics. Hence, as a aualitativ

research approach, instrumental case study is used in this study.

Creswel | (2007) states that fiCase study resear
investigator explores a bounded system or multiple bounded systems over a time, through

detailed,in depth data collection involving multiple resources of information and reports a

case description and caBea s ed t h e me s é (alp(20063 $uggestS rcase study

method when research reports descriptive or explanatory questions and intends to produce

firsthand understanding of people and even@reswell (2003)states thaiStake (1995)

mentions that case study is used to address ekpipraescriptive and explanatory research

guestions

In this study, researcher aimed to understand and interpret the indicators of near transfer and
far transfer of learning through studeaflective journad and online grougiscussions. Yin

(2003) mentions that types of data analysis of this data chaliséc analysis of the enér

case or an embedded analysis of a specific aspect of a case. Hence holistic analysis of the
embedded case is aimed to be realized. Stake (1995) categorizes case study in three kinds:
intrinsic case studies, instrumental case studies and collective cdges.sttake (1995)
suggestednstrumental case studi@ghen the researcher aimeddescribe a specific case of

a more general phenomendn.instrumental case study, a set of predetermined criteria or a
theory is explored and tested. Johnsbral. (2008) states thahstrumental case studg
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more often used in exploratory research. Yin (2003) states that an instrumental case study is
desigreedntforfm, challenge(pd0) extend the thec

This case study type aims to advance insights irgaricular phenomenon, and there is an
expectation of generalizing or developing a theory. In this study, the aim of researcher was to
understand the holistic entity of problem solving on derivatives as well as understanding
inner workings through deep derstanding in IB Mathematics Standard Level course. Thus,
this study aimed to form of generalization from the particular case to the wider context; thus
the researcher aimed to use instrumental case study method in this study.

Creswell (2003) mentions dh case study researchers have a tendency to be pragmatic and
they support the use of multiple methods and multiple data resources; an eclectic approach is
preferred to interpret the case through multiple resources. Participant observations,
interviews, opn ended questionnairessflective journad, documents are some of the
instruments for data collection to reflect and analyze the case holistically. Data collection
instruments for case studies may come from six sources: documents, archival records,
interviews, direct observation, participamibservation, and physical artifacts (Yin, 2003).
During this study, qual it at refleetiveqoarhah onliner e c ol
and semsstructured student interviewsReflective journa and onlinegroup discussions
assisted to uncover main concepts and substructures in student thinking during problem
solving. They led to better grasping the roots of the subject and hence lead to deep
understandingSemistructured interviews enabled to collectdepth data from participants.

The interview provided opportunity to reveal different perspectives of the participants about
the effects of learning activities towards learning and understanding pr&tesentd

scores in pretests and posttests were tambllect quantitative data anthese datavere

used to support thiindings of thequalitative data.

3.2 Participants of the Study

The participants of this study were grade 11 students who were taking International
BaccalaureatéB) Mathematics Standard Level in one of the Internatiorightschools in

Ankara, Turkey.There were 30 students at Grade 11 who were taking IB Mathematics
Standard Level. There were 11 males and 19 females at the age of sixteen. They all took
IGCSE Matlematics Extended 580 course from different mathematics teachers at grade 9

and 10. They were taught this course by the researcher at Grade 11. Students were attending
to 6 hours of mathematics class every week. Eacbriesas 45 minutes of length.

Hencethe participants of this study were selected through convenience sampling method.
Farrokhi & Mahmoudi Hamidabad(2012) referencéi Conveni ence sampl ing
nonprobability or nonrandom sampling in which members of the target population, as
Doérnyei (2007) mentions, are selected for the purpose of the study if they meet certain
practical criteria, such as geographical proigmiavailability at a certain time, easy
accessibility, or the wil letal@008)snentian®thay ol un't
when convenience sampling method is selected it is important to mention the characteristics

of participants in the reaech.
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Students had an available computer lab at school where they could access at any time they
want. They also have a computer access at their home. These students had a main
mathematics textbook, a supplementary book where they could practice other than the

distributed worksheets. The school also had a library where students could get more resource
books if they needed to and when they could study or research on computers in their free

periods.

The students were required to use Tl 84 tools in IB Mathematagrgm. They had the
requirement to learn instructions on how to use Tl 84 and to use them during the
mathematics assessments as required. They were shown how to use Tl 84 along with the
units. Thus, they used Tl 838raphing Calculators during the pilatdithis study.

With computer competency survey, more detailed information about technological skills of
students on Word, Excel and Moodle wathgred and provided in Tahle The computer
competency survey showed that eighteen students defined themselves as they were
competent to use Moodle, whereas only three of them did not define themselves at using
Moodle. None of the students were very much interested to learn mattemiati Moodle.

All students knew how to use Microsoft Word and majority were capable to use its basic
tools such as choosing font size, arranging paragraphs, inserting images; however other than
four students none of the others knew typing equations.aXlgoeight of them knew how to

draw graphs. Students Microsoft Excel knowledge was more lirttitad Microsoft Word
knowledge.

At Moodle, students were formed in groups of three to answer forum questions during the
study. Students had an acquaintarmcasge Moodle since they had started high school. It had
been used more frequently at science courses at grade 9 and 10. They had been using Moodle
for following the pace of the course, downloading worksheets, accessing to resources that
teacher made linkot reading announcements, contributing to forums for every course that
they are taking. The frequency of integrating Moodle activities and contents changed from
course to course. The computer competency survey showed that more thanthvesnty
students kaw how to follow deadlines at Moodle as well as downloading documents. Only
sixteen of them patrticipated at group discussions at Moodle. Nineteen of them knew how to
attach documents at Moled
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Tablel Demographidnformation for Paicipants

Demographic Frequency
Female 19

Male 11

Age 16 25

Age 17 5
Competency at using Moodle 18
Competency at participating forum discussions at Moodle 26
Competency at drawing graphs at Microsoft Word 8
Competency at typing equations at Microsoft Word 4
Competency at drawing graphs at Microsoft Excel 12

This survey was given to examine overall the technological skills of students so as to adjust
forum questions and their requirements. Students who need assistance for minimum
expectations of using Moodle such as following deadlines, participating intgp grou
discussion, attaching documents, sending emails, downloading documents were trained in
class for 3845 minutes as a group where explanations were provided as a seminar. Students
were trained in an orientation program on those skills before the pilgtist@ttober 2010.

During the pilot and thetudy students were helped individually if they need to assistance to
use these or more tools ikhanswering forum questions.

Interview Participants

Among this group of students, nine students were selected for the interview through
purposeful sampling technigu.he cr i teria wused for selectio
GPA andmotivation levelsThese students were selected by considering their eliites in
mathematics GPA and motivation towards learning mathematics. Selected students were also
volunteered to partipate to the interviews. Tabl2 shows the motivation levels and the
average of | ast 3 yearsodo GPA e iable ofrMotivatermat i c s
level vs. Mathematics GPA of all students arégpendix A
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Table2 Mathematics GPA and Motivation Levels$#lectedStudents (F: Female and
M:Male)

Motivation Survey Items

Gender Students Math GPA Task Value/Intrinsic Self-Efficacy Test Anxiety

(%) (%) (%) (%)
F S 94 82 100 83
F S 89 34 41 29
F Su 80 80 84 54
F Sis 78 32 37 20
F Siy 76 75 96 66
F Soa 67 61 73 60
M Sy 61 88 76 40
M Sie 51 43 43 49
M Sro 45 41 59 63

During this study, percentage norms of motivation levels were analyzed in depth. When
Mathematics GPA scored Grade 11 students were gathered due to last three years so as to
categorize students in terms of mathematics achievements, the achievement levels of
students were categorized as high achievement; average achievement and low achievement.
Among each categy of Math GPA, they were also categorized as High, Moderate and Low
motivated due to the norms stated above for their motivation levels (BlyukoZ&kdn,
Karadeniz, Cakmak and Demir&007). If a student had two or more of the three motivation
categories to be above 70% that student was recognized as High motivated, if s/he had two
categories or more to be below 30%, s/he was recognized as Low motivated. Hence a total of
nine students where three students in High Math GPA with different motiavels; three
students in Average Math GPA with different motivation levels and three students in Low
Math GPA with different motivation levels were selected to interview at the end of the study.
As a result 9 students were selected to interview aritieof the learning activities.
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3.3 Data Collection Instruments

Computer Competency Survey:

Survey was realized at the beginning of the

and background knowledge about using Moodle, Word and Exgether with familiarity

with their tools. There were 8 main questions (AppelJiXt has been reviewed with a peer

to go over the content. The survey has been finalized with an expert through discussion
before conducting.

Rating Scale on MotivatioMSLQ ITEMS

This scale aimed to investigate students?o
to what extend students is interested in learning mathematics. It is used to select interview
students. Pintrich and Garcia (1996)d developed theiginal scale in 1993 by considering
studentsd perspectives apart from in cl ass
used to measure of achievement motivation. The scale found to be having better criterion
validity and reliability than mdsother objective measures. The scale has 31 items with five
point Likert type scaleThe MSQL rating scale of Garcia, T. & Pintrich, P. R. has been
adapted byBuyukoztirket al.( 200 7)) in Turkish to explore
achievement, and to be aware of to what extend students were interested in learning
mathematics effectively in 2007. The rating scale that had been used by Blytlehzlirk
(2007) f &K resaarch in Bukk@y for grade 6 up to Grade THe adapted MSQL

scale has 20 items with seven point Likert type sddie.adapted survey is considered in its
motivation items separately for Task value, Efficacy for Learningand Performance and

Test Anxiety for the aimed study (Append®). For realibility, the Cronbach Alpha values

for the adapted scale referring to the age group8l@&ere calculated as follows: Task value,
0.72; SelfEfficacy:0.69; Performance and Test Anxiety, 0.66. ( Buyiikéat al, 2007)

Percentage norm boundaries are defined by Blyuko=ztigt. (2007) to classify students

due to their motivation levels such as high motivated, moderately motivated and low
motivated. High motivation group in its category was defined as group of students that
should be supported to enable keeping up with the qpaldns towards effective learning

with intrinsic motivation and using necessary strategies for learning. Moderate motivation
group is defined as the group that needs support to go over the strategies towards effective
learning with intrinsic motivation rad close the gaps for using necessary strategies for
learning. Low motivation group is defined as the group that requires immediate assistance
towards effective learning with intrinsic motivation and to use necessary strategies for
learring (Buyukoztirk,et al, 2007)
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St u d Rdfléctsréddurnals:

In order to realize the stage§construction of knowledge and increasing relevant cognitive
loadt oget her with investigating the studentsdé | eve
used within learning activities in Spring 201First, students had to study on assigned
problems and then they wrateflective journas to explain what they had learnt immediately

and they summarized the concepts they ledtidents completed Beflective journak

during the study. Eacteflective journalhad a single question to be answered in clélss
guestions were irthree typeswithin reflective journad: mathematical problems in 4
reflective journas, interpretatiomeflection qustions on the introduction of theories in 4
reflective journad and questions that required proof irredlective journas. Majority of
reflective journad involved combination of these three question styles. Types of questions
differed depending on the wnThe reflective journalquestions had links to the derivative
guestions or concepts regarding to the solutions and the principles in worked examples and
completion examples provided in class. In thosiective journad that required problem
solving, $ udent s we solve aafwdbleil & rod fit hen wexpkin required
mathematical reasoning of the solutions step clearly through correct terminology and
notation® i n reflettieei jaurnat. In reflective journad with interpretatiomreflection
guestions, students were expected to give thair examples with solutions and to explain

the selected example through reasonifibese examples aimed to explain an introduced
theories to a classmate. Proof questiongditective journas either aimed to prove a
particular mathematics problem or a general principle at derivatives Ualtée 3 gives
information on the contents of theflective journad. AppendixD gives the list of questions
atreflective journas.

Stucknts were allowed to check resources while writgftpctive journas. Students used 90
minutes lesson to complete theflective journalon the day it was assigned. Questions of
reflective journad were prepared from various textbooks by discussing waithther
mathematics teacher for confirmatidreflective journaljuestion formats and duration were
piloted with the same students in fall 2010 and necessary changdsiratios in the
implementation of learning activitieand imposing worked examples with completion
examplesn the second part of activitiegere made in thstudy.
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Table3 Content ofReflectiveJournak per Week

ReflectiveJour InterpretatiorReflection Mathematics Proof
Questions Problems Questions

Week

Week 1 \% \%

Week 2 \Y

Week 4 \% \%

Week 5 Vv Y,

Week 7 V

Week 8 Vv

Week 9 \Y \Y,

Week 10 \Y

Online Forums:

Online discussion forums at Moodle were organized so as to better analyze the opinions of
the students; to uncover the main principles of the topic; to see what the possible
contributions of sharing ideas among students might be; to triangulate withalitatiye

data gathered fromeflective journas. Via forums, researcher aimed to learn more about the
structure of studentsd6 thought s.

Students completed 8 forums during the study fréwdek to &' week and from 7 week to

11" week. They discussedrum questions in groups of three students. Each forum consisted
of a single question that is either about concepts and theories regarding to the mathematics
principles on derivatives used in worked examples and completion examples; or
mathematical problesmbased on what is covered through learning activities in class. Forum
questions did not necessarily required math equations to type or graphs to plot. Students
were expected to answer verbally in order to uncover main concepts or to find proper
method. Tlere werethree interpretation and commenting questions on theories introduced

in class,two proof questions on theoriesd last three forums consisted of challenging
mathematics problemnts investigate further on what is introduced in class. Forum qusstio

list is given atAppendix E Questions are prepared from various textbooks by discussing

wi t h anot her mat hemati cs t eacher for conf i

discussion logs were kept in the server.
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Achievement Tests:

The achievement tests developed for this study were used as pre and post achievement tests.
During the study, there were two achievement tests, first achievement test involved near
transfer and fatransfer problems on derivatives unit. The second testiad neaitransfer

and fartransfer problems on applications of derivativ@sidents took the first pretest before

the study. Nexttheytook the firstpostestand second pretest the 8" week Finally, they

took the secongostestin the 12" week.

Achievement tests were structured based on International Baccalaureate (IB) format. Both
were composed of Sectionl and Section 2. Students were not permitted to use calculators for
Section 1; whereas they were able to useCdlculatorsfor Section 2. Within both
achievement tests, the grading is equally balanced betweeittraresfer and fatransfer
problems. In Section 1 of derivatives tesinsisted of five questions: three of them were
neartransfer problemg16 points)and two of them were fdransfer problemg16 points).

In Section 2 of derivatives testensisted ofive problems: three of them were neensfer
problems(19 points)and two of them were fdransfer problemg19 points)(Appendix B.
Thescoring of the tests were done through a rubric due to the standards of IB Marchemes of
past exam papers on similar question styles.

In Section 1 of second tesbnsisted offour questions: two of them were ndeansfer
problems(12 points)and two of them were fdaransfer problemg¢12 points). In Section 2 of
applications of derivatives tesbnsisted ofour problems: two of them were neaansfer
problems(21 points) andwo of them were fatransfer problemg21 pointg (Appendix G.
Table 4 and Table 5 shows distribution of marks in the first and second achievement tests.

Table4 Distribution ofMarks andQuestionTypes ofFirst Achievemeniest

Questions 1 2 3 4 5 6 7 8 9 10
Transfer Types Near Near Near Far Far Near Near Near Far Far
Points 7 5 4 6 10 6 6 7 9 10

Table5 Distribution ofMarks andQuestionTypes ofSecondAchievemeniTest

Questions 1 2 3 4 5 6 7 8
Transfer Types Near Near Far Far Near Near Far Far
Points 6 6 6 6 6 15 7 14
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While preparing the questions, past IB mathematics standard level questions and their Table
of specifications on marking were analyzed. Mathematics Textbooks written along with IB
standards were examined. Appropriate questions were determined dueviteir3elected
gquestions and weighting of these questions were arranged through discussion with another
mathematics colleague. The two achievement tests had been prepared by the researcher and
revised by another mathematics teacher. The two tests wetedpiith Grade 11 students

of 20092010 academic year and then tests were revised on wording and format.

The achievement test in pilot study was on trigonometry unit. The weighting efrassier

and fartransfer problems was equal. However, it wasalered that using one achievement

test to check for understanding of the unit was not very effective especially when there were
more than two main chapters. For that reason, it was decided to prepare two achievement
tests where each test assesses theerstahding of two chapters. Moreover, it was
discovered that students might have different background gaps in specific subjects such as
Algebra and Geometry. These gaps had negative effects to answer the test questions
correctly. If there were more Geometrased questions than questions requiring Algebra in

the test, students who were weak in Geometry, were not able to express understanding of
concepts, although they knew main concepts. Some of these students showed critical
thinking skills in algebraic ggstions. Considering this fact, problems in achievement tests in
this study were equally balanced between mathematics subjects where possible.

SemiStructured Interview Protocol:

The interview questions were developed through considétergture review and research
questions. Questions were prepared considering the results of the previous Swdlées (

& Cooper, 1985Paas & Van Merrienboer, 199Kalyuga et al. 2001; Jaworski , 2002;

Atkinson & Grosse, 200&Renkl & Atkinson, & Grosse, 200£Llark, Nguyen & Sweller,
2006). The am of sepit ruct ured i nterviews was gatheri
reflective opinions towards understandimgithematics units throughout worked examples,
completion examples, practice problems, forums rafigctive journad. Thus a structured

interview was considered to be limited to gather enough information. So as to provide
flexibility, semi-structured irerview was selected to be applied for further information.

In the interview protocol, there were six majuestions (Appendix H The questionsvere

about the effectiveness of worked examples, completion examples with forward fading,
completion eamples with backwards fadinggeflective journad, forums and practice
problems towards understanding of derivatives and its applicafidres.main questions
consisted ofive sub questionsThe questionswere aboufpositive and negative effects of
each in class activity towards interpretation of the topic as well as learning the subject. If
students mentioned about the contribution of the activity towards understanding, interview
questions required tawg a specific example and how it has contributed to learn the subject
better. Also, if students had commented on negative effects of the learning activities,
interview questions asked to student to give a specific example among the learning activities.
The questionswere about clarification on which method students had used while studying
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the worksheets and while they were replyingéflective journaland forums. Finally, their
suggestions towards improving the material and their implementatioatimematics classes
were asked so as to provide deep understanding.

Interview questions were revised several times with the advisor for structure and content.

Interview was piloted with the same grade 11 students in Fall 2010. The piloting interview

guestions were on Trigonometry, and the interview protocol for this study was structured

within the context of derivatives. Studentsdé op
improve the question formats and contenthiis study. Giving a specifi example towards

each student comment was found necessary to be included-gsestion in the interview

protocol for this study. After revision made on the content of questions, expert opinion was

taken for approval.

3.4 Procedures of the Study

Before this study, a pilot study was conducted to check if the procedures followed requires
revisions with twentynine students at grade itilFall 2010 and it lasted for five weeks other

than interviews. In the following part, pilot study will be miened where it is necessary.

This study was conducted in Spring 2011 with the same students participated in the pilot
study together with one new student. Based on the findings of the pilot study, some changes
were made in this study in regard to durationegivto students for worked examples,
completion examplesreflective journafforum completion; completion question types;
combination of worked examples, completion examples and practice problems in
worksheets; the system of selection aftjzipants for tie interview.

After the pilot study observations, some changes were considered to be made. It has been
observed that running part 1, part 2 and part 3 in a week period was too much dense for the
students so it has been decided to spend a week for eachtipiarstudy applying to every
subtopic of Mathematics Unit. Thus, after students completed part 1, they had written a
reflective journaland completed a forum in the first week. Then, part 2 has started in the
next week. They completed working on partréective journaland forum in the second

week. In the third week they worked on part 3 and feedback given on part 3. Hence the
durationof time has extended. Another considered change was to combine worked examples
and completion examples in part 2. Hence one worked example was given and then a
completion example had followed it in part 2. Part 3 involved worked examples, completion
exampes and practice problems together. The changes are made thinking that students might
have forgotten what has been taught the week before. One other reason was to move on the
unit. Spending time on the same topic for two or three weeks was longer thatptamned.

Next change was to observe effects of completion examples requiring forward and
backwards fading. Hence, part 2 of first two unitghe$ study included backwards fading
examples; whereas last two units included forward fading examplearin2. The last
change was referring to the content of part 1 and part 2. One more alternative method was
shown to solve a problem rather than restricting with a single technique. This was given as a
suggestion for some questions in part 1 and part 2.
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Since the same students participated in this study, same computer competency survey was
not given before the study, thinking that they had more familiarity to use required
technological tools in the study. The new student was given the survey and trainse ¢

Moodle tools as necessary. SexblE6 belowfor procedures of the study.
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T At t he beginning of t he study, adapted
Questionnaireo (MSQL), rating scale was
adapted MSQL items of Buyukozturkt al. (2007) were used to determine
motivation levels. The apted MSQL items enabled to group students due to their
characteristic profiles such as high motivated, moderately motivated and low
motivated so then, at the end of the study, nine students were selected for interviews
based on their motivation levels.

1 Students were also given two paehievement tests in total for checking the prior
knowledge on the subject aimed to be taught. First pre achievement test on
derivatives was given before the study.

9 For forum discussions at Moodle, students were grouped mapndo three students.

The groups were composed of different members compared to pilot study groups.
There were again ten groups formed.

This study continued for twelve weeks. During the firstvgeek period, students were
taught with worked examples,ompletion examples with backwards fading, practice
problems, writingreflective journa and Moodle forums on the topic. Students attended to
mathematics class six times a week where each lesson was a double with 90 minutes.

1 In phase 1, during the first week, students were briefly introduced unit 1, the
fundamental principle of Calculus and simple rules of derivatives on the board for 90
minutes.

1 Next class, students studied on worked examples for 90 minutes. Students were
allowed to look at notes or textbook when they needed to recall the topic. They also
had the opportunity to ask questions to their classmates when they had difficulty to
understand the topic. The researcher, as teacher walked through the desks to monitor
stident sd study protocol. Some students w
individual solutions and then compared with the given solution. Teacher also
answered their questions on interpretation of the solution when necessary.

9 For the last double studentsote reflective journag for 90 minutes in class about
the first unit topics, simple derivatives.

1 They were assigned to participate at forum discussions during the following three
days.

1 In the second week, teacher introduced further rules on derivatives such as chain
rule, product rule and quotient rule in 90 minutes.

1 Students studied on completion examples in next class in 90 minutes and they
completed aeflective journaduring the ngt class for 90 minutes.

1 They were assigned to participate at second forum discussion for the following 3
days. In forum discussions, students within the same group were able to see own

group membersd replies. Teachestudahts d not
before the deadline of forum. In the third week, students were given overall
feedback on forums as necessary in 90 mi:
class.
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1 Teacher continued on explaining the topic further in the next 90 minutesn&tude
were assigned to study and complete practice problems in the third double class of
the week. They were also allowed to keep up studying on practice problems during
the weekend.

Same cycle continued for the fourth and fifth Wwéer unit 2 in the sampace.

1 In the six week students were assigned to complete practice problems for unit 2 in
the first 90 minutes.

1 Then, they took the first achievement test on derivatives agggidor 90 minutes
in next class.

1 In the last double class of the week (Wd¥), they took preachievement test on
applications of derivatives.

Hence, students completed faeflective journad and participated at four forum discussions
at the end of phase 1.

In phase 2, within the second five weeks, students were tau@hB wmnd unit 4 on
applications of derivatives with worked examples, completion examples with forward
fading, practice problems, writingeflective journas and Moodle forums. Procedures and
order of learning activities were the same as phase 1. In tbadssixth week, they took
achievement test on applications of derivatives as secondgsbsh 90 minutes. Hence,
students completed foueflective journad and participated at four forum dissions at the

end of phase 2.

During the study, some chges were made to complagflective journad. First of all time

has been given longer. Another change was related to the content of the questions in
reflective journad. It was observed that students had spent long time to create their own
examples and explain on it. Hence this type of question was askedrigfldutive journal

when the derivatives unit was easier and applicable. Moreover students were considered to
spend more effort to understand derivatives units compared to Trigonometry as the units
were completely new to them. It was harder for them to create own examples to address the
expectations of theeflective journali n deri vati ves ureatihgsan So
exampl eod type of guestion, chall enging
understanding and proof, were preferred to askfiective journad.

In this study, reflective journas were checked immediately after completion and oral
feedbacks given. For the forums, students were given up to 3 days to reply to forum online.
They were reminded to reply if they had not completed on time. It was expected that students
to investigate each reply and to comment as necessary. Teacher did neteiritedorrect

the answers immediately but gaeedback at the end of 4 days.

During the study prachievement and peathievement tests were given on Derivatives and
Applications of Derivatives Units to check for learning and understanding. Therédweere
achievement tests, first achievement test involved-ineasfer and fatransfer problems on
derivatives unit. The second test involved reansfer and fatransfer problems on
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applications of derivatives. Rtests and pogests were the same. Thest achievement test
was on the sixth week and the second achievement test was on the twelfth week. Both tests
checked for understanding and learning with short and long response questions.

At the end of the study, nine students were interviewed in thirteenth ®egk. structured
interviews for the study were conducted in the last week of the study so as to have more
flexibility to realize potential outcomes where the researcher have natedhotThe
interviews were conducted after all activities are finished.

3.4.1 Learning Activities Based on Cognitive Load Theory

Learning activities aimed to enable students to construct their own knowledge through the
principles of scaffolding, innespeech and sharing information and social interaction.
During the study, students wer e :§inpledalesiDer i v
of Derivatives; Derivatives of Exponential and Trigonometric functions; Curve Properties

and Applications; Motion on a Straight Line and Optimization. For each subtopic, learning
activities were divided into three parts again: Part 1 (woskemples); Part 2 Diverse

worked examples and completion examples) ; Part 3 (Practice Problems).

For each of the four units, first week, part 1 was assigned in ¢fasssimple rules of
derivatives (unit 1) worked examples had improved grigud@he very first examples
required short calculations and the last examples required longer calculations. Students
worked on part 1 for 90 minute$hen, students had writteeflective journad in class for

90 minutes individually, and then they contpl group discussions at Moodle in 3 days on

the studied topicAppendixlpr ovi des the studentsd worksheet

Second week, part 2 was assigned in class, students worked individually. However, they had
chance to ask questions to classmates when necessary. Part 2 questions started with 1 or 2
worked examples and then it consisted of completion examples involvikgvdras and

forward fading. The completion examples were also improved gradually as more examples
given.AppendixJpr ovi des the studentsd worksheets on
After students studied on part 2 in 90 minutes, they submitted tHetaohe researcher to

get feedback within the same or next class. Researcher checked the completed part 2
worksheets and gave immediate feedback. Students compdéidive journas in class on

the next day in 90 minutes and then they participatggoatp discussions at Moodle fitre

following 3 days. Refer toigure 1 as an example of a forum discussion.
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Math SL 11 - 01 (2010-2011) Forums MNews and announcements

®

Display replies flat, with oldest first [~ ]

Unit 1-Part1(Derivatives of simple functions)
§ by Gonca Tuker - Tuesday, 15 March 2011, 10:04 AM

Dear all,
Remember that when we find the derivative of a function, we also find the "gradient of the curve",which is a function.

The_gradient of a curve at any point is the gradient of the tangent to the curve at that point (Mathematics for The IB Diploma,
Cambridge,p.150)

Question:
Does the gradient of the curve always a line equation in the form of y'=mx+c or can it be 3 quadratic (v'=ax*+bx+c), cubic
(v'=ax’ +hx? +cx+d),quartic (y'=ax®+bx’ +o +dx+e)...etc function ? Give your reasoning through an example or reference(s).

Due date to reply to this forum is March 21%, 2011_Monday by 4 pm.

NO answers after this deadline will be accepted.

Re: Unit 1-Part1(Derivatives of simple functions)
by STUDENT X - Monday, 21 March 2011, 03:23 PM

o

The gradient of a curve can be a formula which includes x~3, X~4... because when we take the derivative of a function for the tangents,
we can derive formulas with x~3n (where n is a real number)...
Show parent | Split | Reply

Re: Unit 1-Part1(Derivatives of simple functions)
i by STUDENT ¥ Monday, 21 March 2011, 03:42 PM

Gradient of a curve is the same as slope. Slope however is always a straight line. This is because it is at a2 90 degree angle to the function.
Therefore the gradient curve has to be a straight line equation in the form y'=mx+c and not a quadratic, cubic or quadric in the forms of
(y'=ax2+bx+c), (y'=ax3+bx2+cx+d), (y'=axd+bx3+cx2+dx+e)

Show narent | Snlit | Renly

Figurel. ForumDiscussions at Moodle

Next week, Part 3 was assigned to students as individual assignment to be graded. Practice
problems in part 3, first involved worked examples and then completion examples. When
these two stages were observed, practice problems were given in exam foomaoteed

as homework. Duration was given for students to check their knowledge. Students stated
from simple level and extended to harder level. Feedback on part 3 was given in the
following week. The practice problem assignments were graded by the rtehahdo
marking schemes and feedback was given to the student during the week. This process was
repeated in the same order and system for all four units. Part 3 worksheets are given at
Appendix K

At the end of first two units on derivatives, studentsktthe achievement test, as ptestt,
on the first two topics of derivatives iff' @veek. At the end of third and fourth unit, students
took second achievement test, as the seconegeison the last two topics (Week 12).

All learning activity questinos had been prepared from several resources, considering diverse
examples and were discussed together with another mathematics teacher about applicability.
These tasks formed the basis to analyze and observe transfer of learning and the level of
understanithg.
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3.5 Data Analysis

Quantitative data was collected through analyzing descriptive statistics on achievement tests.
Studentsd achievement test results were anal
near and fartransfer of learningMoreover, paired sampleteésts were conducted to
understand studentso | evel of near and far
achievement test results. Paired samjibsts were conducted to calculate mean difference

of pre and post achievemeesst results of two tests separately and together on near and far
transfer of learninglhese data was used to combine with the results of qualitative data.

Qualitative data were collected througgflective journad, forums and interviewd\Vhile
analyzingqualitative data, six steps are suggested by Marshall and Rossman (1999) such as
organizing the data; generating categories, and themes; coding the data; testing the emergent
understandings as <considering st utbkmaites 6i nd
explanati ons; and writing the report. Same
reflective journad, forums and interview results by focusing on research questions.

3.5.1 Analysis of Reflective Journals and Forums

Reflective journas and forums were analyzed based o1
objectives on Derivatives Units. First of all, six main Bloom taxonomies on cognitive
domain, -which are Knowledge, Comprehension, Application, Analysis, Synthesis and
Evaluation were determing. Bloom (1976) defined six levels of cognitive domain classified
hierarchically from simplest thinking acts to higher order thinking acts:

1 Knowledgelevel of thinking refers tahe recalling of specific items. It denotes to
remembering material in the same form as it was taught. The learners can be asked
to identify, to recall, and to show information that will enable to check for
knowledge.

1 Comprehensiotevel of thinking demostrates that the learner understands what has
been taught. Learners are expected to restate, to rewrite, to give an example, to
illustrate, to define, to summarize that will prove that the knowledge or concepts
have been internalized.

1 Application level of thinking refers to ability to use learned material in the given
situation. Learners are expected to apply, to change, to compute, to demonstrate, to
manipulate the learned material.

1 Analysislevel of thinking refers to the actions of learner examinivegfacts; making

classifications; making comparisons; making contrasts; categorizing; or making
explorations.
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1 Synthesidevel of thinking is the ability to put together to form a new whole entity.
Learners are expected to demonstrate the actions of gnaiéw connections.
Learners are expected to demonstrate some process of adapting, designing,
combining, inventing, predicting, and creating new entities.

1 Evaluation level of thinking is the ability to judge the value of the materials
accuracy, appropriatess, or applicability for a given situation to some standard. It
is the most difficult to obtain in cognitive domain. Learners demonstrate actions of
appraisal; making conclusions or generalizations; making criticisms on limitations of
the material.

Next, the objectives of the course due to IB standards were analyzed in depth to define

specific themes and key terms for each objective. After course objectives were defined more
specifically under themes, indicators were defined. Each indicator of thersedlasgaified

in Bloombébs taxonomies. Taxonomi es lemminge categori
outcomes.According to Hokanson and Hooper (2004), while designing an instruction

Bl oomés taxonomi es c¢ andfaafrassfer. Tha authers stated thatt gh near
applicationlevel involving simple drill and practice questictmst are directly related to the

learnt context can be categorized as near transfer; whereas any levehgimationlevel,

which was calledExtengon in their instructional designcan be linked to far transfer as

students will solve harder prodnsat different context wehere they will look for required

principles. Hence in this study, knowledge, comprehension and analykisels were

considered to indicate near transfdr the students have learning outcom&saightly

connectedto content where principles were directly appliesid analysis and synthesis

levels were considered to require far transfer of learnvigen a problem issolved in a

different situation when a problem is harder that introduced problems and when students

needs to think critically for generalizations, restrictions and judgements of validity.
Therefore,five main categories were determined to summarize collected Tdaacoding

schema was discussed with another subject area teacher during this categorization.

In the qualitative data analysis wEflective journas and forums, a combined technique of

inductive and deductive thematic analysis was u¥edile codingreflective journad and

f orums, t ha treflegtveejdunag and forundsevere read in depithe technique

of conceptualizing is used apdtterns and themes were determinfctordingto Straus&

Corbin( 1998) , fiConceptualizing is the process of gt
defined properties and giving the items a name
Then links and through specifications patterns lardt to form the structures in coding.

AAxi al coding is the process of relating categ:¢
because coding occurs around an axis of a category, linking categories at a level of
properties and e a8 spl28)Asabcod(nd techraqueseaabled to

relate categories to subcategories to explain the phenomena precisely. Hence it provided

more power to explain the phenomenon in de@milar themes were combined by

widening the definition of theheme in Coding Schema; whereas different themes were
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added in Coding Schema under appropriate taxonomgsendix Lconsists of the Coding
Schema prepared for the analysisadfective journad and forums.

Yél der ém an @) erhphasireethat gotyihd qualitative data increases the
reliability, decreases subjectivity while providing opportunity to compare codes or themes.
Therefore, the data gained fromeflective journad and forums were quantified
systematically.Fr equenci es d ureflective joutndd avere counteck Matrix

tables were formed so as to examine the increase or decrease in indicators of near and far
transfer due to the learning activities chronologically.

3.5.1.1. Description of Coding Scheme oReflective Journals and Forums
Near Transfer

1 Knowledgeis one of the themes considered to indicate near transteawfingof the

subject. It involved use oftorrect terminology, correct mathematical notation and
knowledge of general ruleés Calculus.

By correct terminology researcher looked for the key words that were introduced in the
learning activities. Some examples of the required terminologies are derivative function,
gradient or slope of tangent line, proper names of mentioried re. product rule, chain

rule, quotient rule, second derivative, sign table, concave upwards, concave downwards,
increasing/decreasing intervals...etc. students were also expected to use proper names of
recalled functions such as exponential functtdgpnometric function.

By correct notationstudents were expected to use appropriate notations that will assist the

fl ow of t he mat hemati cal explanati on—, Some
no, |l abeling axes in graphséetc. Students v
notation inreflective journas; however they did not have any obligation to use math
equation editor in forumsx 2Bor nea@pghéyo,f IiAf

used fAi”"d notation to denot e >pcoubeerdshutaisher e wa
x"3, then they were noted down as using correct notation. Hence, there was flexibility in
notations while coding online forums because students were not trained on how to use math
equation editor but still there was an indication of they knew to expredsematical
expressions.

By knowledge of general rulestudents were expected to know facts or methods about
derivatives. For example, students were expected to know that derivative function shows the
slope function; or stationary points are found wherivative function equals to zero; or sign

table of derivative function | eading to show

1 Comprehension was analyzed under five headingderstanding the problem; defining

the rule/principle; identifying the correct ethod; outlining the steps of the problem
solution; giving a similar example.
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By understanding the problerstudents were expected to demonstrate some indicators about

what the question is asking for. Paraphrasing the problem or choosing and/or $wtwirgg t

correct method were some of the criteria that were sought under this Diedéimeg the

rule/principlest ood f or statement of an introduced princ
declaration of the introduced formula before the use of it. Idémgifyorrect method referred

to choosing the valid technique(s). That was usually recognized in the start of the problem

solution. Outlining the steps of solutioreferred to solving problem step by step; or

explaining the plan on how to solve the problemcoming up with a summary about the

order that should be followed to reach the ressiling a similar exampleeferred to stating

a simpler but same type of example in the explanation of the answer to the question.

9 Organizing the given expressions; r@xt mathematical calculation; indication of
breaking problem into parts and giving reasons of solution stegre under application
theme.

Any attempt to simplify the given function for the benefit of easier calculation steps to lessen
algebra errors we indicators oforganizing the expressiorSimplifying the function in

terms of smaller coefficients, rewriting rational function in product form for assistance to
taking derivative with less steps or similar manipulations demonstrated organization.
Moreover, correct mathematical calculatiostood for finding the answer of the stated
problem or i ndividual 6s own e X alndipatiom ofwi t hou't an
breaking problem into parteeferred to any case of splitting the given problem into smaller
parts to analyze and then integrating cases to arrive the answer; or splitting given long
functions in terms of addition or subtraction of shorter functions; or if a composition of
functions is given, being able to derive the composed functions sepai@teblve the
problem. Finally, the indicators gfiving reasoning of solution stepgere the statements on

the aim of the solution step an explanation of what the solution step showed. For example,

if the question asked for the tangent line equatiad if the student found the slope of
tangent at given point and wrote a comment that it showed slope of tangent, and then s/he
was accepted as giving reasoning of the calculation step.

Far Transfer

1 There were six main themes under analySismparisonof new problem with learnt
problem; Differentiating the new problem; Solving a problem in new situations; Applying a
new technique to solve a problem; Analyzing the problem further for more information;
Correct interpretation of sign tables, graphs anduks.

By comparison of a new problemesearcher looked for a student comment on recalling the
example that had been shown in learning activities and then looking for similarities on new
problem with the old one.Differentiating the new problemas theconsciousness of the
student that the given problem was different than what had been introduced earlier. If the
student made a comment on the difference of the problem or if there was an indicator of
student attempt to restructure the problem in ordeoli@st in a different method other than
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what was introduced earlier, and then it had been coded under this 8wneg a problem

in new situationwas rewarded for when a problem in a new situation was given by the
researcher and the student successidlved it. If the student had used a new and correct
method different than what had been introduced in learning activities, then this working out
had been coded undapplying a new technigutheme. When student analyzed the given
problem further althougit was not a requirement of the problem, then this was coded under
analyzing the problem further for more informatiteme. For example, if the student had
done additional sign diagrams to analyze concavity or checked for additional graphs for
further interpretation of the question, then this code was given. Some questions required
interpretation with first and second derivative sign tables for a conclusion or graphing
through the analysis of sign tables and calculations. If the student successfylpedribe
question from these requirements, then this working out was coded wcoderct
interpretation of sign tables, graphs and restiftsme.

1 There were five main themes under syntheSi®ating a new problem; generalizing a

Calculus rule/factderiving abstract relationships; judging the reasonableness or validity of

the results; stating limitations and restrictiontudging reasonableness or validity of the

results and stating limitations and restrictions are actions that would resulE¥auation

l evel of thinking due to Bloombés taxonomies
Synthesis as none of the questions were planned to assess these cognitive thinking skills.
Thus, they were expected to show up very low likely in the codingepso

Sometimes, student introduced a problem in a new situation and solved it to explain the
question. This case had been also coded ur@atitg a new problentheme. At some
cases, student realized a rule or a fact resulting from the pattern obiselatithe specific
behaviors of functions that had not been visited in learning activities. Therefore, if there was
a generalization about a fact, thgeneralizing a Calculus rule/fatheme had been used to
code such circumstanceAt some point, sometudents derived an abstract relationship
between the functions as a result of applying derivation rdérsjing abstract relationships
theme was used to code those casksglging the reasonableness or validity of the results
stood for s esa ofewhethed the aresatr f@und was appropriate with the
conditions of the question or not. Hence, if the student demonstrated a working out on
validity of the calculated answer; or critically commented on the reasonableness of the
conclusion, then this de was used. When the student stated restrictions of the results (if
any) or critically interpreted the limitations of the final answer, it had been coded under
stating limitations and restrictiontheme

3.5.2 Analysis of SemiStructured Interviews

Open coding technique is used to code s&tnictured interviews. Strauss and Corbin (1998)
explain open coding as fithe analytic process
properties and dimensions are @&ndowoinm®red in
discrete parts for deeper inspection by comparison of similarities and differences. In this
analysis, first of all conceptualization is made through reading the replies of the students.
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After the accumulation of concepts was realized, caizgjion process was done to
generalize concepts under abstract explanatory terms. Specific dimensions and properties
were determined to identify terms precisely. Subcategories were formed to specify each
category for further explanations. After coding vdase, interviews were skimmed through
again to update coding system as necessary. App#hdignsists of the coding Schema
prepared for the analysis of interviews.

3.5.3 Validity and Reliability

In qualitative research, validity and reliability are necesgams to increase credibility of

the results Ratton, 2001GayMills & Airasian, 2006;Y & | d &t ralg 2005). Gay et al.
(2006) defines validity such that it is the degree to which the qualitative data collected
accurately measure what is aimed to be measured in qualitative research.

According to Johnsoet al.( 200 4 ) , AA qualitative remsearch can
causal phenomenono(p. 253) . They add that inter:H
a researcher is justified in concluding an observed relationship is céstdods of

triangulation: the use of multiple methods and data triangulation: sheoumultiple data

resources can be conducted to promote internal validity. On the other hand, Merriam (1998)

suggests six methods for validity process in qualitative research: i) Triangulation, ii) Checks,

iii) Long-term observation, iv) Peer examinatioar) Collaborative models of research, vi)
Researcher 6s biases

Examples and questions in the data collection instruments were developed after doing a
literature review and conducting pilot study. To realize internal validity of learning activities,
refledive journak and forums, content questions were prepared together with an experienced
mathematics teacher who had expertize in teaching the same course for more than 20 years
and was working in the same schodlith peer review, the clarity of these guess was

revised several times. Multiple textbook resources and past exam papers were used to
increase variability of questions in learning activities. Notations and graphs within learning
activities were revised with peer.

Interview guestions were prepear with the advices of the PhD. advisor. Clarity of questions
was revised several times and necessary revisions were made after pilot study. With the
agreement of the students, all sestmuctured interviews weraudio recordd. Interviews
weretranscribed by the researcher carefully. Tapes and transcripts are open to inspection by
others. The data analysis process was reviewed with a peer.

Achievement test questions were prepared with an expert in the field of teaching IB

mathematics standar@vel. Same achievement tests were implemented with-2009

academic yearo6s grade 11 standard | evel studen
questions. There were 32 students who took the tests in order for researcher to check for

clarity and formatThe tests were revised several times to make necessary changes.
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For the realization ofconstruct validityabout transfer of learning, multiple source of
evidence data were collected through pretest, posttest, reflective journals and online forum
discussions. For example, the difference in mean scores in two pretests and two posttests
were used to support cdnsct validity. The themes in reflective journals and online forums
discussions were supported with achievement test scores.

Gay et al. (2006) definereliability as At he degree to which r es:¢
measur e what ev e rd07). MergovermBogdsru& Bikden ((998) state that
AfQualitative researchers tend to view reliahb
what actually occurs in the setting under st
not to avoid ay important comment that can play an important role in descriptive reporting.
Furthermore, data gathered througgtflective journad and forums were explained in a
descriptive way with clear examples of students through illuminating the main questions of
Ahowo and Awhat they refer todo for deeper an

Validity and reliability of coding irreflective journad and forums was reviewed through
implementing coding process by another mathematics teacher, who was expert in the subject
area and IB curriculm, for objectivity purposes. First of all, Coding Schema and their
intended concepts were explained in details. From eachreitgtdtive journat and forums,

four or five pieces were selected randomly to be coded again. Krippendorff (2011) state that
nPeer codes were compared with Percent or s
number of uni ts of anal ysi s on whi ch t wo
measurements match perfectly to the total number of units coded, is easy enough to
under st and and obtain researcheros codes t

percentageso(p. 4). He adds that Apercent ag
(save for averaging percentages among different pairs of codes, which has questionable
inter pretations). 1t is |Iimited to nominal or

can be determined as either same eweredin ffer el
agreement with 82%Although there is no specific distinctions made about percentages

made, this percentage showed that codes were matched with a high percent. The
confirmation on percentage match criteria wa
who is a highly recagized expert in the field of qualitative research at METU.

For the validity of interviews, interviews were read line by line and coding process was done

again with the same peer. Themes were defined and compared with the previous categories

in coding. Reision of coding process for interviews was made as necessary. Coding was
realized again with the peer for validity purposes. Percentage of code matching was
analyzed. The overall theme codes matched with 93% and validity was satisfied.

The r es émtatiend and delsnitations were clarified and results were compared with

|l iterature in chapter 5 to eliminate researc
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3.6 Limitations of Study

There were several limitations of the study:

)l

)l

Validity of this study was restricted to the reli#tyi of the data collection
instruments used.

Validity and reliability were |limited
reflective journals, online forums and seshiuctured interviews

3.7 Delimitations of Study

1

This study wasddimited to Case Study. If the study was designed as an
experimental study by having a control group and an experiment group with similar
sample characteristics, more generalizations could heee made for the outcomes

of learning activities.

Students were following IB curriculum, hence the level of the questions had to
match with the IB standards.

For the check of learning materials, researcher had to explain the formats of worked
examples, completion examples to another mathematics colleague and then content
of learning materials were discussed for content validity.

Students generally had negative attitude towards using Moodle in a course prior to
the study and typing mathematics equations on computer. Hence, forum questions

were adjusted due to the mathematical, technological and research skills of students.

Theduration of the study was limited to 13 weeks. More detailed observations could
have been realized with a longer period of time.

Sample size was limited to thirty students. If the sample size was larger, the results
could have been analyzed and genegdliwith more confidence.

This study results are limited to Derivatives and its Applicati®isilar learning
activities can be conducted with different areas of mathematics.

This study wa limited to Grade 11 studen&imilar type of study can be conducted
at different grade levels.
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CHAPTER 4

RESULTS

This chapter denotes thresults of the studyhat are arranged in the order of research
questions Before revealing the resultsf the research questignghe findings of pre
achievemenaind postachievementest resultsand near and far transfeesultsare givenin

the following section.

4, St udentsbd Pre anRe Pwlilstts Achi evement

Table 7 below gives the summary @chievemeniscoresof students from pre and post
achievement tests together with gained sctivasare calculated out of 100
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Table7 AchievementScores of Students from Pests and Possts

Student Math GPA Pretests Posttests Gained Scores

100 100 100 100

S 95 5 91 87
S 94 10 96 89
S; 93 10 87 79
S, 92 9 90 83
S 91 9 83 77
S 89 9 82 75
S; 89 1 77 76
S 87 5 85 82
Sy 86 11 88 79
Sio 84 4 71 68
Si 84 3 88 85
S, 83 5 62 58
Si3 82 9 82 75
Sis 80 7 76 71
Sis 79 9 80 74
Sis 78 4 53 50
Si7 76 10 95 87
Sis 75 6 74 70
Sio 73 5 63 59
S0 72 4 82 79
S 71 4 77 75
Sz 70 4 81 78
Sy 68 2 53 51
S 67 12 90 81
Ses 63 0 46 46
Sz6 61 4 59 56
Sz 61 7 65 60
Sy 51 0 55 55
Szo 45 3 47 45
Sz0 45 3 58 56
Mean: 6 75 70
S.D. 3 15 13
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411Studentsod Level of Near Transfer

The findingsfor students leels of near transfer for therdi achievement test (derivatives

unit) together witts t u d e n tGPA weM provided at Table 8The maximum possible
marksthat students would have achieved for near transfer quegtioins first achievenent

testwas 3. Thaefore,pre and pst achieverant test scoresn near transfewere calculated

out of 100 As it i s present edmeanscoref@a bebrdaransfer ledd ent s 6
and posttest meastore for near transfer M=83 and near tnasfergained mean score for the

first achieverent test isM=80. The findings indicated that stants improved their near

transfer learningn mathematics derivatés unis as a result of mathematics lesson designed

based on Cognitive Load Theory principles.
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Table8St udent s6 Level of Near Transfer from First /

Math Pretest Posttest
GPA NearTransfer NearTransfer Gained Scores
Students Scores Scores (NearTransfer)

100 100 100 100
S 95 0 94 94
S 94 6 97 91
S; 93 6 100 94
Sy 92 3 100 97
S 91 6 86 80
S 89 6 100 94
S; 89 0 100 100
S 87 0 97 97
Sy 86 6 97 91
Sio 84 0 97 97
S 84 0 94 94
Siz 83 6 46 40
Si3 82 6 80 74
Sis 80 6 69 63
Sis 79 0 100 100
Sis 78 6 86 80
Si7 76 14 97 83
Sis 75 0 83 83
Sio 73 6 97 91
S0 72 0 94 94
Sa 71 0 71 71
Sy 70 6 97 91
Sy 68 6 63 57
Sy 67 6 94 89
Ses 63 0 37 37
Sy 61 6 66 60
Sy, 61 0 83 83
Szs 51 0 74 74
Spo 45 0 46 46
Sso 45 0 66 66

Mean 3 83 80
S.D. 3 17 17
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When the studentsdé pre achi ev ecaeuateditwvass t res
seen that student 6t 14514 students goly scard ofatoard ¢herav e e n

was only one student who scoréd. It was also observed that almost half of the total
students14 of them, gota score of sixthis was because the beginning of the question linked

to commsition of functions (Appendix Question 8a). Since functions unit had been taught

earlier as prerequisite knowledge, these students were able to answer composition of
function question correct.

Thepostachi evement test on derivatives results
37 to 100 The mearscorein near transfer problems was; and standard deviation wag.

This mean scordor near transfewas evaluated as a high average. Even though the student
who scored37 as lowest mark had Math GPA of @hd s/he was not the student with the

lowest Math GPA.

From the postest, five students scored full points froman transfer questions and the-pre

test score of two of them; &nd S5, was zero points. Seven students sc@&&dhree out of

whom also got zero othree from their pretest. The score of 94vas achieved by four
students, which was also one of the top scores in near transfer question points. Next, highest
score was36 that had been achieved by two students. Hence, 18 students out of 30 students
(60 percentof the students) scored almor equal td6, in other words they accomplished

the attainment of getting68percentfrom near transfer problems. One student was below
45% (failing score)with the score 087 and two other students scoredl 4

Therefore,gained scores of students ranged betw&émand 100 Two students received
gained score of 10@vhereas one studenttg@/ as gained scord5 students, half of them,
accomplished to get above or equal to @&9gained scorethat was high likely to be
recognized as successful outcome. Five of the students gained betwash 8Gsgained

score Gained scores changed fronT 5o 74 for seven students. Thus, other than three
students scoring, 340 and 46 rest of the students were abovedsfained scores. From

these thre low scoring students, only the one who goedtheda score ofwo from preest;

rest of two got zero points from the pretest. Therefore, the near transfer gained percentage
scores of24 students were above BWhereas th@ained percentage scores of six students
were between®and 67

Second achievement test results were in the same trend as the first achievemeéne test.
findings for students levels of near transfer for the second achievemerapgsgttions of

deei vatives unit) together with 9sThemtdnmuimns 6 Mat
possible marks that students would have achieved for near transfer questions in the second
achievement test was 35. The scores were converted into out cA4@0is pesented in

tabl e, st udestdresfdar nepriransferid=t2 amdgasttest meascore for near

transfer isM=91 and near transfegained mean score for tlecondachievementest is

M=82. The findings indicated hiat students improved their near transfer learning in
mathematics application of derivatives units as a result of mathematics lesson designed
based on Cognitive Load Theory principles.
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Table9St udent s6 Level of Near Transfer from Second

PreestNear PostestNear
Transfer Transfer Gained Scores
Students Math GPA Scores Scores (Near Transfer)
100 100 100 100
S 95 18 100 82
S 94 21 100 79
S 93 15 85 70
Sy 92 18 100 82
S 91 12 100 88
Ss 89 6 94 88
S; 89 0 88 88
S 87 12 100 88
S 86 15 88 73
Sio 84 18 82 64
Si 84 12 100 88
Si2 83 6 100 94
Sis 82 15 85 70
Sia 80 12 94 82
Sis 79 18 94 76
Sie 78 0 76 76
Si7 76 21 100 79
Sis 75 12 97 85
Sio 73 12 85 73
Sy 72 15 94 79
Sn 71 6 97 91
S» 70 12 94 82
S 68 0 79 79
Sy 67 18 100 82
S 63 0 100 100
Sz6 61 0 94 94
Sy7 61 12 88 76
Se 51 0 79 79
Syg 45 12 79 67
Sso 45 6 91 85
Mean 12 91 82
S.D. 6 9 9

66



When the studentsé pre achievement test r

e
observed, student std2lsAl the seoses in the pres Werelpathenece e n 0

from question 6; as this quemti was consisting of prerequisite knowledge on quadratic
functions and taking derivative of a polynomial function where studentdéead taught
earlier (Appendix Gquestion 6). Also, this questimonsisted ohearly50 percat of far
transfer score in the tetgstFrom the pretest, six students gascore oD , four students got

a score of sixnine students ga score of 12four of them gota score of 15five students
gota score of 18and two students achievadscore of 2hs top preest score.

Theposachi evement test on derivatives results
76 to 100 that was considered to be a successful outcome from the near transfer problems.
The mean score of near transfer problems @Bswhile standard deviation w&& This

resuls clearly showed that the scores in near transfer problems in second test were quite
high.

According to post achievement test, ten students were awardestduand one student

scored the lowestcore, 76 There was not a pattern or a relation compared to Math GPA of
students; thus full points were spread due to students with different Math GPAs. Number of
students who gad score of 94vas six and it was higher than number of students whagot
score of 97 which was achieved bytwo students Both scores were recognized as quite
favorable in near transfer problems by the researcher. Three students got the second lowest
score,79, which was still considered to be a good score

Furthermore, th@ained scores of students ranged betw&tand 100 which was a better
rangecompared to the first achievement test range in near transfer problem scores. One
student gained the score of 1GGhile two students god score o4 as gained score 1l
students accomplished to get above or equal3m®gained scores. Although it was
observed that this frequency was less than the number of students who got alott®e89

first achievement test; the reason was reliant on question number six, where most of the
students were able to @amorescoresfrom this question in the pr&chievement tesB0
students (all) scored abovd §ained percentage score in the second achievement test for
near transfer problems. @&hd 67were scored by one student for each, where the gained
scores percentages were quite adequate, although they were marked as lowest gained score
percentages.

With the overall descriptive statistics in near tfangproblem scores of both achievement

tests it was observed that the mean of second achievement test gained scores on near
transfer problems were almost the same as the mean of first achievement test gained scores.
Mean score of gained scores in sectest was82 and mean score of gained scores in first
achievement test wa80% However, the standard deviation of the first test Wasnd it

showed more spread of data compared to second achievement teshevistandard
deviation of9.
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Table 10 below explains the overall scores in near transfer for both achievementThsts.
maximumscore fomear transfer questienvas 68. The scores were adapted to out of 100 in
Table 10.The mean obverall near transfer scores in {@s is/, which is a very low score.
The mean of overall near transfer scores in-pess is88, which is quite high. The mean for
gained scores is 8TThis highmean indicates that there was a successful near transfer in
general. The standard deviation fyained scores is $hat shows that there was not a high
spread of data; hence scores of students were almost bal@mwedtudent hh overall
posttest score to be betwe@? on the other han&9 students had overall post test score on
near transfer to be above.628 students had gainestores to be above&' 6
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Table10 Near Transfer Scores

Student g;t: l;l;e;és'[;ansfeScoresin l;lg;itre';gnsfesCoresin Near TransfeResults
Tesi Tesz U Tesd Teex (0 Froest Poses Canes

100 35 33 68 35 33 68 100 100 100

S 95 0 6 6 33 33 66 9 97 97
S 94 2 7 9 34 33 67 13 99 85
S; 93 5 35 28 63 10 93 82
S, 92 1 6 7 35 33 68 10 100 90
S 91 2 4 6 30 33 63 9 93 84
Ss 89 2 2 4 35 31 66 6 97 91
S, 89 0 0 0 35 29 64 0 94 94
S 87 0 4 4 34 33 67 6 99 93
S 86 2 5 7 34 29 63 10 93 82
Sio 84 0 6 6 34 27 61 9 90 81
Si1 84 0 4 4 33 33 66 6 97 91
S 83 2 2 4 16 33 49 6 72 66
Si3 82 2 5 7 28 28 56 10 82 72
S 80 2 4 6 24 31 55 9 81 72
Sis 79 0 6 6 35 31 66 9 97 88
Si6 78 2 0 2 30 25 55 3 81 78
Si7 76 5 7 12 34 33 67 18 99 81
Sis 75 0 4 4 29 32 61 6 90 84
Sio 73 2 4 6 34 28 62 9 91 82
S 72 0 5 5 33 31 64 7 94 87
Syt 71 0 2 2 25 32 57 3 84 81
S» 70 2 4 6 34 31 65 9 96 87
S 68 2 0 2 22 26 48 3 71 68
Sy 67 2 6 8 33 33 66 12 97 85
S5 63 0 0 0 13 33 46 0 68 68
S 61 2 0 2 23 31 54 3 79 76
Sy7 61 0 4 4 29 29 58 6 85 79
Sss 51 0 0 0 26 26 52 0 76 76
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Table 10 continug

Math Near Transfe6Gcoresn Near Transfe6coresn
Student GPA Praests Postests Near TransfeResults
Testl Tesp Total Testl Test2 Total Prdaest Postest Gained
Score Score Score Score Score
100 35 33 68 35 33 68 100 100 100
Sy 45 0 4 4 16 26 42 6 62 56
Sy 45 0 2 2 23 30 53 3 78 75
Mean 7 88 81
S.D. 4 11 9
* Pre and post achievement tesbres were adapted into out of 100.
412Studentsod6 Level of Far Transfer

The findings for students levels of far transfer for the first achievement test (derivatives unit)
together with studentsd Mahema@RiA posshle markpr ovi ded
for far transfer questions in the first achievement test was 35. This score was adapted into out

of 100LAs it i s presented i n tferkalteansfersaa®9dreint s6 prete
posttest meascore forfar transfer idVi=67 andfar transfer gained mean score for the first

achievement test isM=58. The findings indicatedhat there was an improvement in

s t u d &anttassi@r learning in mathematics derivatives units as a result of mathematics

lesson designed based oogBitive Load Theory principles.
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TablellSt udent s6 Level of Far Transfer from Fir

Students  Math PretestFar Transfer PosttestFar Transfer Gained Scores
GPA Scores Scores
100 100 100 100
St 95 3 74 71
S, 94 11 97 86
S; 93 20 94 74
Sy 92 14 89 74
S 91 17 91 74
Ss 89 23 83 60
S 89 6 89 83
S 87 9 77 69
S 86 23 97 74
Sio 84 0 80 80
St 84 0 100 100
Si2 83 9 46 37
Si3 82 14 89 74
Sia 80 11 74 63
Sis 79 17 86 69
Sie 78 9 23 14
Si7 76 6 94 89
Sis 75 11 63 51
Sio 73 3 29 26
Sy 72 0 77 77
Sn 71 9 66 57
S» 70 0 89 89
S 68 3 46 43
Sy 67 23 69 46
S5 63 0 14 14
S 61 9 29 20
Sy7 61 14 49 34
Ss 51 0 9 26
S2o 45 0 9 26
Sso 45 2 16 40
Mean 9 67 58
S.D. 8 27 25
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St ud e ntess storegnrfa transferwere in between 0 t@3. Majority of these points

came from question 5(Appendiy;Rvithin the first part of the question, students were asked

to find intercepts and symmetry axis of quadratic function and then working with
rearrangement in completed to square form. These were thought as prerequisite that some
students were able to m&khe link to the previous topics to answer those parts.

Postest scores differed frorh4 to 100 The students who got these bottom and top scores

achieved 0 points in the pretest. There was not a specific pattern observed on thstpost t

scores compared to Math GPA of students; scores were spread randomly due to different

Math GPA of students. Thmeanof scores in far transfer problems was calculate@7as

This meanindicated an improvement in far transfer of learning in derivatives Uhi

standard deviation afcores in fatransfer problems waa7. This standard deviation showed

that studentsd scores in far transfer probl ems v

Next, there werell students scoring above or equalaacore of 86: very good score;
whereas there were nine students who were below or ecdl to

When thegained scores was observed, the range wagsh&$e the maximum gained score

was 100and the minimum gained score was. The mean of the gained scores percentage in

far transfer problems was 3Bat was lower than the mean of gained scores percentage in
near transfer problems, 8Blence, students generally had difficulties to answaetransfer
problems in the first test. The standard deviation of gained scores percentage was calculated
as 5 this result was higher than the standard deviation of near transfer problems in both of
the achievement tests. It was concluded that theeda was mor e spread and stud
answering far transfer problems in the first test showed more divetSitgtudents had

gained scores in far transfer to be abovev@Tereas nine students hgained scoresn far

transfer to be between 38d 67 and six students achieved belowiB3ained scores on far
transfer.

The findings for students levels of far transfer for skeondachievement testpplications

of derivatives unit) togethewi t h st udent sé Math GP2AThever e provi
maximum score for far transfer questions in the second test was 33. The scores were adapted

tooutof 100As it is presented in tabl e, sM=ident sdé pre
and posttesiean score for far transfer M4=55 and far transfer gained mean score for the
secondachievement test i§1=55. The findings indicated that there was an improvement in
studentsd far tr an sdpgdicatioh efderivatives gnits iana retbaft he mat i cs
mathematics lesson designed based on Cognitive Load Theory principles.
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Tablel2St udent s 6 L e vlEdm Second Rchieverifentdeasts f e r

Students  Math GPA PreestFar Transfer PostestFar Transfer Gained Scores
Score Score (Far Transfer)

100 100 100 100

S 95 6 97 91
S 94 6 91 85
S 93 0 67 67
Sy 92 0 70 70
S 91 0 55 55
Ss 89 0 48 48
S, 89 0 30 30
S 87 0 67 67
S 86 0 67 67
Sio 84 0 24 24
Si1 84 0 55 55
Si2 83 0 58 58
Siz 82 0 73 73
Sia 80 0 70 70
Sis 79 0 39 39
Sie 78 0 27 27
Si7 76 3 88 85
Sis 75 0 55 55
Sio 73 0 42 42
Sy 72 0 61 61
Sy 71 0 76 76
S22 70 0 42 42
S2s 68 0 24 24
Sy 67 6 97 91
Sy 63 0 36 36
S 61 0 48 48
S 61 0 39 39
S8 51 0 42 42
S 45 0 39 39
Sso 45 0 30 30
Mean 1 55 55
S.D. 2 21 20
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The pretest scores changed frorto®. Very few students were able to answertfpart of
guestion 8 (Appendix X5 The content of this question was introduced in the previous
semester; as a result some of the students remembered how to find the value of trigonometric
function.

Postest scores had the rangeore of 73 where maximumscore was 97 and the
minimumscorewas 24. Two students achieved the highest score and two students got the
lowest score. The mean score of post test results was calculdgédTdss average was

lower than the average of near transfer problems in both achievement tests. Moreover, it was
also lower than the average of far transfer problems in the first achievement test. This
reflected that students, in general, were less succassaul transfer problems of the second

test. The standard deviation of post test scores 2¢asThis result was lower than the
standard deviation of the far transfer problems in the first test; howewess still higher

than the standard deviation of near transfer problems in both achievement tests. Again, it
demonstrated that the studentsdé6 skills on
students were abovke score 089 and12 students were belothe score of 46T herefore, it

also proved that students had more difficulties in far transfer problems of the second test.

The mean score of gained scores Wasand the standard deviation w28. These results
were close to the result of far transfer problems in-fesdt as their ptest score were 0
point for the majority.

When thegained scores observed, it was seenibatas the mean and 2@as the standard
deviation. These two results were close to the far transfer results of first test. They also
indicated that students had more difficulty in far transfer problems of both tests than the near
transfer problems of botlests. This outcome was expected as it is known from the literature
that far transfer cognitive thinking skills were harder to achieve than near transfer cognitive
thinking skills (Bloom, 1976). Thgainedcores differed from 240 91; that was a high
variability. Two students achieved each of thgamedscores. However]1 students got

lower than 45n gained scoredailing score Additionally, 11 students gogained scores on

far transfer tobe above 67whereasl4 students gogained scores on far transfer to be
between 33and 67 and five students got percentage of gained scores on far transfer to be
below 33

Table B demonstrates overall results for far transfer in achievementTéstscore fopre

and post achievement testere 68 and this score wamdapted into out of 100he mean
scoreof pretest results i§; whereas the meagtoreof post test results 81 This postest

mean for far transfer is lower than the mean of near transfer scores. Thescoearof

gained scores is 5@ his average is lower than the mean for percentage of gsooees in

near transfer. Hence there is less far transfer in general compared to near transfer. The
standard deviation of gained scores isTi®at also shows that there is a larger spread of data

in far transfer gained scorekl students got thpercentage of far transfer gained scores to be
above 67 whereas the far transfer gained percentage scoEsapfidents were between 33

and 67 and three students had the far transfer gasoeces to be below 33
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Tablel3 Far Transfer Scores

T Tesa % tems e o ol Fover o

100 35 33 68 35 33 68 100 100 100

S, 95 1 2 3 26 32 58 4 85 81
S, 94 4 2 6 34 30 64 9 94 85
S 93 7 0 7 33 22 55 10 81 71
S, 92 5 0 5 31 23 54 7 79 72
S 91 6 0 6 32 18 50 9 74 65
S 89 8 0 8 29 16 45 12 66 54
S; 89 2 0 2 31 10 41 3 60 57
Ss 87 3 0 3 27 22 49 4 72 68
S 86 8 0 8 34 22 56 12 82 71
Sio 84 0 0 0 28 8 36 0 53 53
Sit 84 0 0 0 35 18 53 0 78 78
Si, 83 3 0 3 16 19 35 4 51 47
Si3 82 5 0 5 31 24 55 7 81 74
Sis 80 4 0 4 26 23 49 6 72 66
Sis 79 6 0 6 30 13 43 9 63 54
Sis 78 3 0 3 8 9 17 4 25 21
Si7 76 2 1 3 33 29 62 4 91 87
Sis 75 4 0 4 22 18 40 6 59 53
Sio 73 1 0 1 10 14 24 1 35 34
S 72 0 0 0 27 20 47 0 69 69
S 71 3 0 3 23 25 48 4 71 66
Sy 70 0 0 0 31 14 45 0 66 66
S 68 1 0 1 16 8 24 1 35 34
S 67 8 2 10 24 32 56 15 82 68
Sys 63 0 0 0 5 12 17 0 25 25
S 61 3 0 3 10 16 26 4 38 34
S,; 61 5 0 5 17 13 30 7 44 37
Sy 51 0 0 0 14 23 0 34 34
Sy 45 0 0 0 13 22 0 32 32
S 45 2 0 2 16 10 26 3 38 35
Mean 5 61 56 Mean
S.D. 4 21 19 S.D.

* Pre and post achievement test scores were adapted into out of 100.
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4.2 Difference Between Pretest and Posttest Scores (RQ

For further analysis on the significance differemgepretest and post test scordise to
learning activities in mathematics lessdesigned based oelatedcognitive load principles,
paired sample t test was conducted for both achievementAeséisst, results ofdescriptive
statistics and paired- ttest were presented for AchievemteTest 2. Then, results of
descriptive statistics and paired test were presented for Achievement TestRally,
results of descriptive statistics and pairetest were presented for the total scores of both
achievement tests.

4.2.1 Overall AchievementTest Scores
Achievement Test 1
A pairedsamples-test was conducted to compare the mean differences between pretest and
posttest of first achievement tesverall meanscores.Table 14 shows the descriptive

statistics for Achievement Test 1 on total scores; whereas T&btiemonstrates paired
samples-test findings for Achievement Test 1 on total scores.

Tablel14 Descriptive Statistics for Achievement Tést

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
Total_Pretestl 6.07 30 4.63 .85
Total_Posttestl 75.33 30 20.80 3.80

Results showdthat there was a significant mean difference between pretest Je@9T,
SD=4.63) and posttest scordgl£75.33,SD=20.80);t(29)=-19.55,p = 0.000 (Table 15).

These results suggest that learning activities in mathematics lesson designed based on
cogritive load principles may have a positive effect on transfégashing.
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Table15Paired Sample-Test For Achievement Test 1 (Overall)

Paired Samples Test

95% Confidence Interve

Std. Std. Error of the Difference Sig(2-

Mean Deviation Mean Lower Upper t df tailed)

Pretestl 69.27 194 354 76,51 622  -19.5 29 .000
Posttestl

Achievement Test 2

A pairedsamples-test was conducted to compare ovenadlanin pretest and posttestores

of second achievement te$able16 shows the descriptive statistics for Achievement Test 2
scores; whereas Tahlg demonstrates paired samplesgt findings for Achievement Test 2
scores.

Tablel6 Descriptive Statistics for Achievemenhgst 2

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
Pretest2 5.81 30 3.98 .73
Posttest2 73.63 30 13.17 2.40

The findings showd that there was a significant mean difference between pretest scores
(M=5.81, SD=3.98) and posttest score®l£73.63,SD=13.17); t(29)= -34.11, p = 0.000

(Table 17). These results suggest that learning activities in mathematics lesson designed
based o cognitive load principles may have a positive effect on transteanfing.
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Table17 Paired Sample-Test for Achievement Test 2

Paired Samples Test

95% Confidence Interval ¢

Std. Std.Error the Difference Sig. (2
Mean Deviation Mean Lower Upper t df tailed)
Pretest2 -67.8 10.89 1.9 -71.89 -63.7% -34.11 29  .000

Posttest2

Achievement Tests Overall

A pairedsamples-test was conducted to compare pretest and posttesdll achievement
testscores of first and second achievemenstdsible 18 shows the descriptive statistics for
achievementscores overall; whereas Tall® demonstrates paired sampletedt for the
samescores

Table18 Descriptive Statistics foDverall Test Scores

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
Pretests 5.97 30 350 .64
Posttests 74.53 30 14.82 2.71

As indicated afTable 19, there was a significant mean differebhetveen pretest scores
(M=5.97,SD=3.50) and in posttest score®l£74.53,SD=14.82);1(29)=-30.01,p = 0.000

(Table 19). These results suggest that learning activities in mathematics lesson designed
based on cognitive load principles result with transféeafming.
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Table19 Paired Sampl@&-Test forOverall Test Scores

Paired Samples Test

95% Confidence Interval ¢

Std. Std. Error the Difference Sig. (2
Mean Deviation Mean Lower Upper t df tailed)
Preests -68.57 1251 2.9 -73.24 -63.89 3001 29 .000
Posttests

4.2.2. Achievement Tess Results on NearTransfer (RQ1.1)

In this sectionat first, descriptive statistics and pairediest results omear transfer scose
werepresented for Achievement TelstThen,descriptive statistics and pairedést results
on near transfer scores were presented for Achievement Tesafly, descriptive statistics
and paired-ttest results on near transfer scores were preséntdtie totalnear transfer
scores of both achievement tests.

Achievement Test 1

A pairedsamples test was conducted to compare near transfer pretest and posttast

scores of first achievement te$iable 20 shows the descriptive statistics for Achievement
Test 1 on near transfer scores; whereas Table 21 demonstrates the findings of paired samples
t-test for Achievement Test 1 on near transfer.

Table20 DescriptiveStatistics for Achievement Test 1 (Near Transfer)

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
Pretestl_NearTransfer 3.37 30 3.57 .65
Postestl NearTransfer 83.70 30 18.16 3.2

According to these results, there was a significaaan difference in near transfer scores
between pretestM=3.37,SD=3.57) and posttestM=83.70,SD=18.16);1(29)=-24.45,p =

0.000 (Table 21). These results may suggest that learning activities in mathematics lesson
designed based on cogwé load principles resulted with near transfefeairning.
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Table21 Paired Sampl@-Test for Achievement Test 1 (Near Transfer)

Paired Samples Test

95% Confidence
Interval of the

Std. Std. Error Differences Sig. (2
Mean Deviation Mean Lower Upper t df tailed)
Pretestl_NearTransfe g, 55 1549 32 -87.05 7361 2445 29 000

Postestl_NearTransfi

Achievement Test 2

A pairedsamples-test was conducted to compare near transignscores in pretest and

posttest of second achievement teBable 22 shows the descriptive statistics for
Achievement Test 2 on near transfer scores; whereas Zablemonstrates paired samples
t-test findings for Achievement Test 2 on near transteres.

Table22 Descriptive Statistics for Achievement Test 2 (Near Transfer)

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
Pretest2_NearTransfer 10.80 30 6.80 1.24
Postest2_NearTransfer 92.10 30 7.8 1.43

As indicated at Table 23, there was a significant mean difference between pretest near
transfer scoresM=10.80,SD=6.80) and posttest near transfer scols92.10,SD=7.82);
t(29)=-53.25,p = 0.000 (Table 23). These results may suggest that learning activities in
mathematics lesson designed based on cognitive load principles resulted with near transfer of
learning.
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Table23 Paired Sampl@-Test forAchievement Test 2 (Near Transfer)

Paired Samples Test

95% Confidence Interve

Std. Std. Error of the Difference Sig. (2
Mean Deviation Mean Lower Upper t df tailed)
Pretest2_NearTransfer o) 5y g36 1.3 8442  -78.18 53.5 29 .000

Postest2_NearTransfer

Total Near Transfer Test Scores

A pairedsamples-test was conducted to compare the total near transfer scores in pretest and
posttest of first and second achievement t€able 24 shows the descriptive statistics for
Total Test scores on near transfer; whereas T2bemonstrates paired sampletest for

Total Test scores on near transfer.

Table24 Descriptive Statistics for Total Test Sco(dear Transfer)

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
Pretests_Total NearTransfer 7.00 30 4.07 74
Postests_Total NearTransfer 87.83 30 10.3 1.93

According to the results, there was a significant mean differbet@een pretest near
transfer scoresM=7.00,SD=4.07) and posttest near transfer scoms§7.83,5SD=10.58) ;
t(29)= -49.93, p= 0.000 (Table 25). These results may suggest that learning activities in
mathematics lesson designed based on tiegribad principles result with near transfer of
learning.
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Table25 Paired Sample-Test for Total Test Scores (Near Transfer)

Paired Samples Test

Std. 95% Confidence Interva
Std. Error of the Difference Sig. (2
Mean  Deviation Mean Lower Upper t df tailed)
Pretests_TotaNearTransfel g o g o7 1L 8414 7752  -49.93 29 .000

Postests_TotdllearTransfel

4.2.3 Achievement TestResults onFar Transfer (RQ1.2)

In this sectionat first, descriptive statistics and paireddst results on far transfer scores
were presented for Achievement Test 1. Then, descriptive statistics and padstddasults
on far transfer scores were presented for Achievement Test 2. Finally, tescsiatistics
and paired-ttest results ofar transfer scores were presented for the fatairansfer scores
of both achievement tests.

Achievement Test 1
A pairedsamples -test was conducted to compare far trangietest and postteshean
scoresof first achievement tesfable 26 shows the descriptive statistics for Achievement

Test 1 on far transfer scores; whereas Tabledemonstrates paired samplegest for
Achievement Test 1 on far transfer.

Table26 Descriptive Statistics for Achievement Test 1 (Far Transfer)

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
Pretestl FarTransfer 9.00 30 7.9 1.37
Posttestl_FarTransfer 67.07 30 26.6 4.87

Thefindings show that there was a significant mean difference between far transfer scores in
pretest ¥1=9.00, SD=7.49) and in posttesM=67.07,SD=26.66);t(29)=-12.86,p= 0.000

(Table 27). These results suggest that learning activities in mathematios tessigned
based on cognitive load principles may have a positive effect on far trankfarrohg.
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Table27 Paired Sample-Test for Achievement Test 1 (Far Transfer)

Paired Samples Test

95% Confidence
Std. Interval of the
Std. Error Difference Sig. (2
Mean Deviation Mean Lower Upper t df tailed)
Pretestl_Farransfer oo v 547 43 6730  -4883  -12.86 29 .000

Posttestl_FarTransfe

Achievement Test 2

A pairedsamples test was conducted to compare far trangietest and postteshean
scoresnf second achievement teFable 28 shows the descriptive statistics for Achievement
Test 2 on far transfer scores; whereas TabBldemonstrates paired samplegdt findings
for Achievement Test 2 on far transfer scores.

Table28 Descriptive Statistics for Achievement Test 2 (Far Transfer)

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
Pretest2_FarTransfer .70 30 1.88 .34
Posttest2_FarTransfer 55.23 30 21.41 3.9

The findings showed thabére was a significant mean difference between pretest far transfer
scores M=0.70,SD=1.88) and posttest far transfer scor®s=%$5.23,SD=21.41);t(29)= -
14.83,p= 0.000 (Table 29). These results may suggest that learning activities in mathematics
leson designed based aognitive load principles result with far transferedirning
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Table29 PairedSample FTest for Achievement Test 2 (Far Transfer)

Paired Samples Test

95% Confidence Interval of

Std. Std. Error  the Difference Sig. (2
Mean Deviation Mean Lower Upper t df tailed)
Pretest2_Farfransier g, o3 50.14 3.68 -62.06 -47.01 148 29 000

Posttest2_FarTransfer

Total Far TransferTest Scores

A pairedsamples-test was conducted to compare the total far tranpfetest and posttest
scoresof first and second achievement teBable 30 shows the descriptive statistics for
Total Test scores on far transfer; whereas Ta8lldemonstrates paired sampletggt for
Total Test scores on far transfer.

Table30 Descriptive Statistics for TotalestScores (Fail ransfer)

Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
Pretests_Total Far Transfer 4.83 30 4.18 .76
Posttests_Total Far Transfel 61.17 30 2078 3.79

Findings indicate that there was a significant mean difference betwestest far transfer
scores =4.83, SD=4.18) and posttest far transfer scordd=61.17, SD=20.78);
t(29)=-16.33,p = 0.000 (Table 31). These results may suggest that learning activities in
mathematics lesson designedséd on cognitive load principles result with far transfer of
learning
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Table31 Paired Sampl@&-Test for Total Test Scores (Far Transfer)

Paired Samples Test

95% Confidence

Std. Interval of  the
Std. Error  Difference Sig. (2
Mean Deviation Mean Lower Upper t df tailed)

Pretests_dtal FarTransfer

Posttests_TotaFarTransfer -56.33  18.89 3.45 -63.3 -49.28 -16.33 29 .000

SummaryT ableof Paired SampleT-TestResults

Table 32 rpresents thesummary ofanalysis results for paired samplgdstconducted on
achievement tests.

Table32 Summary of Paired Sampletést Results

Mean Standard Sig.(2-

Deviation tailed)

First TestScores -69.27 1941 -19.55 0.00
SecondrlestScores -67.83 10.89 -34.11 0.00
OverallTotal Scores -68.57 12.51 -30.01 0.00
NearTransferScores inFirst Test -80.33 18.00 -24.45 0.00
NearTransferScores in Secondiest -81.30 8.36 -53.25 0.00
NearTransferScores in Totallests -80.83 8.87 -49.93 0.00
FarTransferScores inFirst Test -58.07 24.73 -12.86 0.00
FarTransferScores inSecondTest -54.53 20.14 -14.83 0.00
FarTransferScores in Totallests -56.33 18.89 -16.33 0.00

4.3 The Indicators of Near and Far Transfer of Learning (RQR)
The near and far transfef learningindicators of learning in se#xplanations and group

discussions were examined througfflective journad and online forums respectively. Near
transfer of learning indicators and then far transfer of learning indicators are provided below.
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4.3.1 Near Transfer of Learning Indicators

For the analysis ofeflective journad and forums, Coding Schema is used. Coding Schema

has three main themes together whkir subcategories (Tab&S) to derive near transfer

outcomes througheflective journad and forums. Near transfer indicators were interpreted

through percentages foeflective journad and forums. The percentages depended on the

number of students who replied to theflective journad and forums. Thus, if any two
subcategories have samepcent ages, it may not show the same
because number of participating students might differ from activity to activity.

Table33 CodingSchema for Near Transfer in S&kplanations and Group Discussions

Knowledge Comprehension Application

9 Correct terminology 1 Understands the problem 9 Organizes the given
1 Correct mathematical 1 Defines the rule/ principle expressions

notation 1 Identifies the correct method 1 Correct mathematical
1 Knowledge of general rules § Outlines the steps of problem calculation

in Calculus solution 1 Indication of breaking

1 Gives a similar example problem into parts
1 Gives reasons of solution
steps

Indicatorsof Near Transfem Reflective Journals

The indicators of near transfer had shown variety due taefhective journalquestion.

There was not an expectation that all sub categories under each three theme would be met by

students; hencst udent sé6 repli es di f ftyierobtlie sthdert. t o0 t he e
Appendix Nconsi sts of s o mesflestiteyodreah thas \Gill assistpd give s t o

examples due to each near transfer themeetiective journal Due to themes, he

percentagesf of studentsvho had indicators in reflective journase shown at Table4.

All reflective journals had indicators ofKnowledge Themewhen students replies are
analyzed. The highest percentage of studevit® wrote relective journals and had
Knowledge Themeéndicatorsin their replieswas 100% and the lowest percentage of
students was 1% When Knowledge Themevas coded, it was detected that gtedent
percentagesor the use of correct terminologyse ofcorrect mathematicahotation and
knowledge of general rules in Calculwere quite highStudent prcentages dknowledge
Themevaried between 10.7 % and 100%8hen it comes tdhe knowledge of general rules

in Calculus a student statement on recalling principles was expected to be observed within
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reflective journalin order to be coded with this subtheme. Since there wetremany
statements noticed reflective journal?; percentage was very low, 10.7%
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Table34 Near Transér Percentages for EaBeflectiveJournal

N=28 N=29 N=24 N=25 N=28 N=26 N=28 N=28
Codes J]_ Jz J3 \]4 \]5 Je \]7 Jg
53.6 96.6 79.2 88.0 78.6 84.6 89.3 96.4
Correct terminology (15) (28) (19) (22) (22) (22) (25) (27)
&
a 57.1 58.6 75.0 76.0 78.6 80.8 53.6 71.4
§I Correct notation (16) 17) (18) (29) (22) (22) (15) (20)
(©)
g
Knowledge of general 89.3 100.0 95.8 84.0 92.9 100.0 10.7 64.3
Ules in Caloule 25 (9 (3 () (260 (26 (18)
100.0 100.0 100.0 100.0 0.0 100.0 92.9 100.0
Understands thproblem (28) (29) (24) (25) 0) (26) (26) (28)
z
©
2] ) 14.3 13.8 29.2 8.0 89.3 0.0 3.2 0.0
z Defines the Rule or
D principle @) @) % @ 25 0 w o
W
E 89.3 93.1 95.8 80.0 92.9 100.0 92.9 100.0
% Identifies correct method  (25) 27) (23) (20) (26) (26) (26) (28)
O
. 0.0 3.4 100.0 0.0 21.4 115 7.1 67.9
Outlines Step of Problem
collition ©) &) @) O ®) @3) @ (19)
7.1 100.0 0.0 0.0 96.4 100.0 0.0 7.1
Gives a Similar Example  (2) (29) 0) ) (27) (26) ) 2)
: . 92.9 100.0 0.0 0.0 0.0 0.0 0.0 0.0
Organizes the Given
Expression 2 (9 0) 0) ) 0) ©)
5
E Correct Mathematical 100.0 93.1 87.5 72.0 92.9 100.0 89.3 100.0
O Calculation (28) (27) (21) (18) (26) (26) (25) (28)
T
o
< - . 53.6 100.0 100.0 16.0 214 53.8 0.0 0.0
Indication of Breaking
Problem into parts 15 @9 8 @ ®) 4  © ©)
. . 78.6 82.8 83.3 100.0 50.0 50.0 21.4 67.9
Gives Reasons of Solutior 22) (24) (20) (25) (14) (13) ©) (19)

Steps

J; to k= Reflective journal to Reflective journa8;
Numbers irparanthesishowstudentfrequencies
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Under Comprehension Themdowest percentage of students was%®) and highest
percentage of students was 1%® The students percentageBangeddue to reflective
journals.There were overall indicators of comprehension at all reflective journals.

Understanding the problemas almost 100% for ateflective journad, since eacheflective

journal composed of a ath problem or a proof; excepflective journals where students

were asked to explain the topic to a friend. Thus, explaining to a friend statement was not
coded withunderstanding the problengs it was a declaration rather than a problem to
solve. The percentage range défining a rule or a principlewas not as high as
understanding the problem; because some students recalled learnt rule before the solution to
be integrated to the solutioregss. Atreflective journalé andreflective journal8, there was

not any statement seen linking to this subtheme. Hence, its percentage varied in between 0%
and 89. 3%. Students mostly defined rules to be useflattive journalb, since they were
explaining the topic to a friend through introducing the principles in the Lldentifying

correct methodvent along with understanding the problem. Tinéght be the rason forits
percentages were high, where the lowest percentage was 80&fidetive journald). At
reflective journad 6 and 8, students fully identified the correct method. However, at other
reflective journad there were some minor misconceptions of students in the method.
However, the percentages of this subtheme were quitsfysag for near transfer of
thinking. Outlining steps of solutionsvas not compulsory for eacteflective journal
however student were expected to outline steps in optimization problefteative journal

8. Even if this was the case, all students sohedléctive journalB question step by step and

were coded with 100%; wheregaflective journal8 percentage was lower thagflective

journal 3 percentage, 69%. This might be due to the optimizatityeing a challenging

topic. None of the students demonstrated a solution outlineflactive journall and
reflective journald. Researcher met withiving a similar exampls u bt heme at al |
replies forreflective journal2 andreflective journal 6; however there was not any stated
example atreflective journal3, reflective journal4 andreflective journal7. Reflective

journal 6 was challenging students to give their own example to explain the unit; hence
students had to give a similexample like in learning activitieStudents were also expected

to explain the unit ateflective journab throughout own examples; henceforth its percentage
there was also high, 96.4%.

Application Themeconsisted oforganizing the given expressi that was only seen at
reflective journad 1 and 2; because botbflective journad had problem with rational
functions that can be arranged as product of two functions (where denominator can be
expressed with negative powers). Within biaflectivejournal, students required using this
technique, as they were not much familiar with quotient rule then. The two subtheme
percentage®f studentswere high: 92.9% and 100% respectively. Alternativelgtrect
mathematical calculationvas required at alleflective journad. Its percentagef students
varied between 72% and 100%, where the lowest percentage vedlective journald and
reflective journall; reflective journalb andreflective journal8 had the highest indicators of

this subtheme. Stients had the most difficulty at correct calculations while analyzing
tangent line to trigonometric functions. The percentages of this subtheme were quite high in
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general and the results were satisfying to indicate near transfer. Indicatbreasfng
problem into partswere recognized with all students raflective journal2 andreflective
journal 3. Nevertheless, it was not observed at aléfiective journal7 andreflective journal

8. Outlining problem solution and breaking problem into parts were in agreement at
reflective journal3; therefore similar steps were coded with these two subcategories for
some students. At otheeflective journas, percentages were not very high. Véeyw
students preferred to analyze the problem within smaller gangg reasons of solution
steps were highly recommended for students to includeredlective journad so that
communication would be smooth. Its percentage range was 78.6 %. All stigihented
reasons of solution steps raflective journal4 with step by step mathematical calculations
while finding tangent lines. Ateflective journal7, percentage afeasoning solution steps
was very low, 21.%. For this subtheme, it can be con@ddhat in general students were
able to use and link reasoning of solution to the solution step; that might lead to efficient
awareness of students on why that solution step was done.

Appendix Nconsi sts of e X a meflécive journalentries.s[t] isdleent s 6
reflective journalof S;; for Unit 1-part 1. It demonstratedse of correct terminology and
notation in general.Student statedirst principle and method to apply simple rule for
derivatives hence reply was coded witknowledge of geeral rules in CalculusThe
studentunderstood the problemndidentified correct methotb solve the problemThere

was an organization of given expressiomdile arranging powers and having fraction
operations. § also simplified the solution and arrived at answer wilrect mathematical
calculation. S/he broke the expression into partsefore applying simple rules to take
derivative. Explaining steps indetail with math language; justifying abstract concept
(0/0=undefined) through warning on a possible math error and giving reasoning of the
arrangement of the solution were linkedyteing reasons of solution steps.

[2] shows that § mostly usedcorred terminology and notatiothroughout theeflective
journak as well while stating product and quotient rukésowledge of productule and
guotientrule was coded bl¢nowledge of general rules in Calculughis studentinderstood

the problemand showed awareness identifying correct methotb solve the problem. The
denominators were also organized in the form of powered expressions that was linked to
organizing the given expressioihe results out of product rule and quotient rule were
sucessful ; h e n cmeathemdtieal caldulatidrewas$ Gosecihowing detailed
solution steps mathematically along with verbally was indicatorgivihg reasons of
solution steps.

Example [3] consisted oknowledge of general rulavhere the inverse function of
exponential e is of natural logarithm. S/he also demonstrated knowledge on derivative
functions of exponential and natural logarithm functions. Theteri®ct use of terminology
howevermathematical notationsvere problemat. The students followednderstood the
problemands/heused a correct methaglnce inverse ofix); derivative of inverse function;
derivative off(x) and applying composition of function were observed in réfeective
journal entry. Solving the problerwasbroken into partsaas each part of the given formula
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were calculated in steps and then integrated to make up a whole. There results showed
correct mathematical calculation with giving reasamsexplanation of each step

Sig at Example [4] had shownear transfer of thinking throughout the solution of the
problem areflective journah.

Within calculations the student used correct terminology and notation in general. S/he
indicated knowledge of rules in Calculuby calculating derivatives of trigonometric
functions. Studeniinderstood the probletoy arriving at tangent line equations. These steps
also indicatedcorrect mathematical calculation®©utlining steps of solutiongere also
recognized at thiseflective journal entry, throughout the calculation steps of tangent lines
and also from the first paragraph of solution explanation. Reasoning of each step was also
coded for thisreflective journal as verbal explanation and the plan on how to calculate
tangentlines were given Within the graph plots of thisflective journal student first
calculated points to join to get the graph, that indichteaking problem intparts and then
s/heidentified correct methotb plot the graphs. Within thegroof, studenstated two ways

to prove perpendicularity: Algebraically, Geometrically. S/he proved perpendicularity into
ways, that verifies that s/lhe had knowledge on rules as wetloasct mathematical
calculation.

Next, other than involvingorrect use of termiwlogy; correct use of notation; knowledge on
the methods of finding stationary points; understanding the problem; identifying correct
method;giving an example to solve the problem; simplifying solutixample at [5] also
demonstratedutlining steps foproblem solutiorat the end ofeflective journab. Example

[8] also involved indicators adutlining steps for problem soluti@iong withcorrect use of
terminology; correct use of notation; knowledge on the methods of finding stationary points;
undesstanding the problem; identifying correct methsiinplifying solution of mathematical
results andgiving reasoning of solution steps.

Indicatorsof Near Transfem Group Discussions

The indicators of near transfer had shown variety due to the fouastion. There was not

an expectation that all sub categories under each three glveonéd be met by students;

hence studentsd repl i es tykiofftieestudent. Appbendix @ o t he
consists of some st ud assistsofiverexamples dus to eachnéao r u ms
transfer theme at forum&ue to themes,he percentagesf students having indicators of

near transfer in group discussiare shown at Tablgb.

When theKnowledge Themevas observed, studentsd percent :
its sub categories compared to the subcategories of other two th&linésrums had

indicators ofKnowledgelheme Among the participating students who replied to foruims, t
studentpercentage varied due to subthemed¥ Knowledge Students percentages varied

betweerD % and 100% depending of the subtheie®wledgeTheme.Between 69,6% and

100%of the students who participated at forusm®weduse ofcorrect terminologyin their
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replies.95% of sudents also usedorrect notationin most of the forumsHowever, this
subtheme was not applicable in forum 7 and forum 8; as both forums required verbal
explanation and interpretation througmtnces or short claims. Forums3-2 necessitated
knowledge of general rules in Calculus, hence students were awarded to get that subtheme
code automatically.

[1] in Appendix Odisplays a student reply that showed that stukieoiviedge of the general
rulesinCal culus by AGiving for mal definition on
functions in her examples as quartic, cubi c
example of a student reply that had been coded with knowledge theme, wherelém: s

was aware oknowledge of the general rules in Calculttgough taking derivative as well

asuse of correct terminology and notation.

The percentage of studentsho replied to forums and had replies wilomprehension
Themeindicatorsvaried between 0% and 100%dowever, all forums had indicators of
comprehensionWhen it comes tacComprehension Theme understanding the problem
subtheme had quite high percentages. This subtheme percehtstgeentdiffered from

68.2% to 100%. This subtheme was very high likely coded when the student had
demonstrated an attempt to use the correct method or used own word to paraphrase the given
problem. On the other handefining the rule or principlavas very rargl seen depending

on the forum question; thus its percentage values were very low. Additioiiaihtifying
correct methodvas seen more often as any attempt or expression leading to correct method
of solving the problem was awarded with this subtheme. sthdentpercentages of this
subtheme were very high; ranging from 68.2% to 100% other than forum 5 ¢pait 3).

On the other hand, 4.3% of students were abl@ldatify correct methodit forum 5.
Outlining the step of problem solutiamas not a very necessary attempt while answering
forum question, hence very few students showed attempt to outline problem when a
mathematical prolem was asked in the forum. Next, percentaggivafig a similar example
differed due to question style. Most of the students preferred to explain the proof and
interpretation questions (Forum 1 and Forum 3) in forums via their own examples, as they
werenot aware of formal proof techniques.
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Table35 Near Transfer Percentages for Each Forum

N=26 N=23 N=22 N=20 N=23 N=22 N=23 N=22

Codes Fi Fa Fa Fa Fs Fo F, Fe
80.8 100.0 95.5 90.0 78.3 100.0 69.6 95.5
u Correct terminology (21)  (23) (21) (18) (18) (22 (16)  (21)
g 73.1 82.6 86.4 95.0 65.2 72.7 0.0 0.0
4 Correct notation (19) (19) (19) (19) (15) (16) (0) (0)
§ 76.9 100.0 100.0 100.0 87.0 455 13.0 18.2
< Knowledge of general ruléa (20)  (23) (22) (20) (20) (10 3 &)
Calculus
80.8 78.3 68.2 100.0 82.6 40.9 95.7 95.5
Understands the problem (21)  (18) (15) (20) 19 © (22)  (21)
= 11.5 4.3 4.5 0.0 26.1 0.0 0.0 0.0
(% Defines the rule or principle (3) (1) (1) (0) (6) (0) (0) (0)
é 76.9 78.3 68.2 100.0 4.3 100.0 95.7 90.9
i Identifies correct method (20)  (18) (15) (20) (1) (22) (22)  (20)
g 00 174 45 0.0 00 00 00 00
8 Outlines steps of problem solutio (0) ()] 1) (0) (0) (0) (0) (0)
76.9 8.7 95.5 5.0 30.4 9.1 4.3 0.0
Gives a similar example (20) (2 (21) (1) (7) (2 (1) (0)
3.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Organizes the given expression (1) 0) 0) 0) 0) (0) (0) (0)
> 76.9 78.3 18.2 100.0 0.0 81.8 21.7 0.0
8 Correct mathematical calculation (20)  (18) ()] (20) (0) (18) 5) (0)
5 3.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
= Indication of breaking problems (1) 0) 0) 0) 0) (0) (0) (0)
Z into parts
34.6 4.3 13.6 55.0 39.1 22.7 26.1 27.3
Gives reasons of solution steps  (9) (1) (3) (11) %) (5) (6) (6)

F; to Fg= Forum 1 to Forum 8; N= Number of Studenkimbers inparanthesisshowstudent
frequencies
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One of the studentsd reply, [ Gnperstaralingntihee d o u t t h
problem identifying correct method to solve the problan@giving own example to solve

Forum 4 (Unit 2part 2). Forum question was requiringitogi ve an exampl e of a f
where the second derivat i ve Sopfeferredto stagt bye g u a | t o |
giving counter examples on polynomial and trigopnometric functions; and then continued

with an example of exponential function. Tipof has ended with a generalization on this

particular function.

On the other hand, [4] shows a student reply wheredsfiaes the ruldetween sign of
derivative function to the function being increasing/decreasing while explaining the
monotonicity question. [5] is another example of a student reply that consists of
understanding the probleamdgiving own examples

Application Themehad lowest student percentages compared to the other two near transfer
indicators. Student percentagegeplies withApplication Themeindicators varied between

0% and 100%. Within this themegrganizing the given expressiovas observed once in
forums; that is only one student showed this attempt while answering Forum 1 question. [6]
shows the studentds reply t o tSheavefhis pvent forum ¢t
examples with negative powered exponential functiomistaen he organized the answer in
terms of positive powersCorrect mathematical calculatiomas observed nearly at all
forums except Forum &nd Forum 5 as students solved own examples to explain the
guestion. Tdudentpescentage ramge aedl Fom 0% to 100% and there was

not a particular pattern detected. The two highest percentages were recognized at Forum 4
and Forum @art 1.0ther than forum 5 and forum 6, tleevest percentagef studentsvas

seen at forum 3; since students had difficulties to represent the solution steps fully correct.
Most of them had algebra errors in their proofs with own examples, even if they understood
what the question was asking for. Also, some students had de®leninterpret the
notations at given formula at Forum 3. None of the students were able to answer fully
correct; hence none of them were awarded with correct mathematical calculation code,
though there were some correct calculations.

On the other handyreaking problem into partwas not met at all at forums; this might have
been caused due to question style of forums. There were three math problems (Forums 6; 7;
8) and they did not necessitate to breaking problem into parts. Thus, none of the replies
consisted of coding with this subtheme. Tétedentpercentage ofjiving reasoning of
solution stepghanged from 4.3% to 55%. Students had most trouble to make connections at
Forum 2 towards chain rule. They mostly had conceptual errors in understanding an
interpretation of the given notation aimed at chain rule. Forum 4 indirectly required
demonstrating reasoning of solution steps; since it was a proof questionmifhate the

reason fomost of the reasoning of solutions steps was seen atpiesre® Forum 4.

To il lustrate some st ugegvedrsadonirmyofsoyidnetdm [ 5] shows

explaining the why that step was done and how it was linked to conclude increasing and
decreasing functions at Forum 5. Next, [3] demonstrag@sS r epl y t o Forum 4 t hat
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coded to showorrect mathematical calculatioandgiving reasoning of dation steps as
s/he explains the justification of solution steps towards replying the forum quéggtiche
reply of § to Forum 6, also shows that student doesect mathematical calculatioand
gives reasoning of solution steipg linking to learr rules and principles.

4.3.2 Far Transfer of Learning Indicators

For the analysis ofeflective journad and forums, Coding Schema is used. Coding Schema

has two main themes together with their subcategories (T3#pl¢o derive far transfer
outcomes throughreflective journad and forums. There was not an expectation that all
subcategories would be met by student s; as
the questions displayed variations. Far transfer inglisatwere interpreted through
percentages fareflective journad and forums. The percentages depended on the number of
students who replied to theflective journad and forums. Thus, if any two subcategories

have same percentages, it may not show theesamm u mb e r of student so
number of participating students might differ from activity to activity.

Table36 Coding Schema for Far Transfer in Sekjplanations and Group Discussions

Analysis Synthesis
9 Comparison of new problem with lear 9 Creates a new problem

problem 1 Generalizes a calculus rule/fact
1 Differentiates the new problem 1 Derives abstract relationships.
1 Solves a problem in new situations 1 Judges the reasonableness or valit
1 Applies a new technique to solve of the results

problem 9 States limitations and restrictions
1 Analyzes the problem further for mo

information.

9 Correct interpretationof sign tables,
graphs and results

Indicatorsof Far Transferin ReflectiveJournal

The indicators of far transfer had shown varigtgm one journal to anothetue to the

reflective journalquestion structure. Appendix®Nonsi st s of sotheewilst udent
assist to give examples due to each far transfer themefleadtive journat. The percentages

due to themes are shownTable37.
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The fartransferpercentagesf studentsn reflective journad were lower than near transfer
percentages aftudents ateflective journat. There were two themes used for the analysis of

far transfer. There were also subcategories for each theme. Not all the subcategories were
met throughout theeflective journat; thus none of theeflective journad had indicators of
creating a new problemderiving abstract relationshipsor stating limitations and
restrictionssubcategories.

In Analysis Themethere weresome indicators for each its subthemsly in some journals
with very low frequenciesThe student percentages varied between 0% and 100%.
Comparison of a new problem with learnt probleras seen onlyn reflective journal3,
where all 24 student§100% of studentshad this code when recall made on laws of

In x

logarithms for assistance of new problem solutior 'ifin X) = €°** = e"*=x. This was

coded with this code because compositioh t{k)= In x with derivative function was new to

the students; they managed to recall learnt law of logarithms to simplify the solution of the
new problem by comparing the composition of functions outcoBifferentiating the new
problemwas also rarely detected raflective journad; where onlyreflective journalé and
reflective journal7 had some cluefeflective journal7 had the highest percentagehere

75% of studentdifferentiated the new problerihe problem structureat reflective journal

7 was brand new to the students; therefore it challenged for far transfer thiGkinipe

other hand, there were three students who demonstrated this attribute by analyzing the
rational function behavior by finding turning pointssketch the graph that was not covered

in learning activities for rational function.

Solving problem in new situationgas one of the subcategories that was more frequently
observed. When the students were able to s@ftective journald question togther with

four correct graphs, they were coded with this subtheme. Its percentadiecitve journal

4 was 40%. This percentage was the highest among the other subthemesr&ilettiiate
journal Therefore, less than half of ttatal students were able to demonstrate successful far
transfer of thinking while problem solvinig reflective journald. When the student gave

new examples to explain reflective journal5 andreflective journalé; and solved it fully
throughout in s explanations, s/he also was coded with this subtheme. The percentage of
this subtheme atflective journab was 39.3% and 26.9% raflective journab. Again, less

than half of the students were able to solve their own examples fully correetyawehe
explaining the topic that indicated far transfer of thinking. The structure of the question at
reflective journal7 was new to the students; therefore if they were able to solve that problem
fully correct, then they were automatically coded with this subtheme. The success rate of
students to answer this questmorrectwas 78.6%, which was the highestrgentage of this
subtheme among akflective journas. The second highest percentage for this subtheme was
at reflective journal8, where students were expected solve the given problem defined in a
new context with a new structure. Although studentsewamiliar with optimization
problems, the generalization of optimization for the given rectangle was innovative
investigation for them. Thanight be the reason fdts studentpercentage was also high,
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67.9%. Therefore majority of the students demonstrated far transfer of thinking while
solving problems ateflective journal7 andreflective journaB.
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Table37 Far Transfer Percentages for E&ttflectiveJournal

N=28 N=29 N=24 N=25 N=28 N=26 N=28 N=28
Codes N J Js Ja Js Js J; Js
0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0
Comparison of new (0) (0) (24) (0) (0) (0) (0) (0)
problem with learnt
problem
0.0 0.0 0.0 0.0 0.0 11.5 75.0 0.0
Differentiates the new  (0) (0) (0) (0) (0) 3) (21) (0
problem
0.0 0.0 0.0 40.0 39.3 26.9 78.6 67.9
5  Solves aproblemin new (0) (0) (0) (100 (11 (@ (22)  (19)
h situations
5 0.0 0.0 0.0 12.0 0.0 3.8 0.0 0.0
S Applies a nevtechnique  (0) (0) (0) 3) (0) 1) ) (0)
< to solve a problem
10.7 3.4 0.0 4.0 25.0 0.0 0.0 0.0
Analyzes the problem  (3) 1) (0) () (7 (0) ) (0)
further for more
information
0.0 0.0 0.0 0.0 7.1 0.0 64.3 82.1
Correct interpretation of (0) (0) (0) (0) 2 (0) (18)  (23)
sign tables, graphs and
results
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Creates a new problem (0) (0) (0) (0) (0) (0) (0) (0)
Generalizes a Calculus 0.0 6.9 0.0 0.0 0.0 0.0 0.0 7.1
ruleffact © @ © © © © @
2
ﬁ Derives abstract 0.0 0.0 0.0 0.0 0.0 00 00 0.0
£ _felatonships © __© (0 © _© © ©
>_
9 Judges the
reasonableness or 357 759 792 0.0 0.0 38 71 0.0
validity of the results (10) (22) (19) (0) (0) (1) ) (0)
States limitations and 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
restrictions © (0 (© © © (© (0 (0

J; to = Reflective journal to Reflective journas;

Numbers irparanthesishowstudentfrequencies
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Applying a new technique to solve a problems again very rarely detectedraflective
journak. Very few students akflective journald andreflective journalb had this attribute.

At reflective journal4, three studentsither measured angles to bé 80benefitted from the
reflection ofy=x line to plot tangent line while solving the problem. This technique was a
new approach to make a link to algebraic calculations to graphicalsemaly reflective
journal6, there was only one student who used a new method to find vertical asymptote.

Analyzing the problem further for more informatieas seen at foueflective journad, its
percentage was also low for eadflective journal For the firstreflective journal if three
students gava further example to examine simple rule with power=Qeféctive journal
2, one student showetiwo ways to apply product rule; one way with representing

denominator with the product of an peession with negative powers. (i.e—
GBw p ). The other way was to apply product rule to numerator multiplied with a
rational function wh numerator(i.e. — aB8— ). At reflective journald, one student

stated thathere were two ways to find the slopes were perpendicular; algebraically and
geometrically. FoReflective journab, seven students analyzed turning points and classified
them before the sketch. They also investigated concavity of the function to grititiieme
code. Thestudentpercentage of this subtheme was highestfigctive journab, with 25%.

Correct interpretation of sign tables, results and graplas detected at most @flective
journal 7 andreflective journaB. Reflective journall required students to interpret results to
find how many times that the particle passed through origin. If the student understood the
results of sign tables mostly correct to link to the solution, then s/he was coded with this
subtheme.64.3% of studens had correct interpretation of sign tables and resuits
reflective journal7. This meant more than half of thetal students realized far transfer of
thinking in reflective journal7. Similarly, students had to interpret sign tables for derivative
function for the optimization problem reflective journalB. 82.1% ofstudentsvere able to
comprehend the outcomes in their results to link to the solution. When the students had some
minor conceptual errors to make a generalization, they were not awardesbWitig the
problem at new situatiorwherethis code was strictly requiirg full correct answers.

Studentsé examples show more | imited indicat
at reflective journalsExample[1] at Appendix Ninvolves the subtheme aialyzing the

problem further for moranformation while examining reasons of how to find limit at

rational functions, if the case is undefined for when limit of h approaches toAresther

student related the new problem solution to the learnt laws of logarithms at

f'(Inx) = °%* = &"*=x; thereforecomparison of new problem with learnt problemd

then linking information exists at [3t Appendix N [4] demonstrated that the student
plotted correct four graphs; hence sioéved the problem in new situatidd] alsoapplied a

new techigue (graphical analysisneasuring angles to be 9@o solve the problemather

than algebraicallyExample at [5] demonstrated that the studstved a problem in new
situation as finding stationary points in roots was a new situation and not only s/he made
correct mathematical calculations but also made coherent and full problem solution with the
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analysis of sign tables. She alanalyzed the function further for more informoat by

finding and classifying inflection points as well as examining concavity interZalsect
interpretation of sign tables and resultédso existed at [5]; with increasing/decreasing
interval s; concavity i nt er.{hshavs anothdr examplet i ¢ a |
of a student & s solvirgmlpyblein inaatnewi situatiodineeettse student
analyzed the behavior of chosen rational function with its stationary points and asymptotes.
S/he also sketched the graph successfullypagh there were some missing labeling of axes
and scale€Example [7] indicated that studediifferentiated the new probleras the problem
structure was new to them and s/he was ablesadlee the problem in new situation
successfully. There was alscorrect interpretation ofvelocity-time sign graph and
displacement analysis at critical times at theflective journal entry. At Example [8],
student successfullgolved the optimization problein new situationand madecorrect
interpretation of sigriables and results.

The overall students percentagesSynthesis Themavas lowest. Its percentages varied
between 0% and 79.2%. Und8ynthesis Themegeneralizing a Calculus rule/fasvas
observed seldom. They were only seen at reflective journal 2 and reflective journal 8. Two
students at reflective journal 2 and refieetjournal 8 generalized a fact about each case as
conclusion.Judging the reasonableness or validity of reswss the subtheme that was

most observed under Synthesis at reflective journals. The highest percentages of students
were at reflective journé and reflective journal 3, with 75.9% and 79.2% respectively. If

the student made a comparison of product rule and quotient rule results at reflective journal 2
; and if there was a comment on validity of the final solutions on the left and right ki@nd si

of the formula, Q@ ® ——  at reflective journal 3,thethey were coded with this

subtheme.

At [2] at Appendix N,studentjudges the reasonableness or validity of the reswit
comparing results from product rule and quotient rule; hence awareness exists on validity at
proof. Student at example [3so justified validity of solutionby comparing with the
previous solution (solutions matchedjor the reflective journal entry, [7] and [8]
generalized a facttating that in order to get maximum area, rectangle must be a square.

Indicatorsof Far Transferin Forums

The indicators of far transfer had shown variety due to the forum question. Apg@ndix
consists of some studentsdé replies tfar forums
transfer theme at forums. The percentages due to themes are showe @88Tab

Far transfer indicators were not as much as near transfer indid&fitrs Analysis Theme
comparison of new problem with learnt problemre seen at Forums 1, Forum 3, Forum 4

and Forum 5. However, there was only one student at those forums which caused this fact; as
a result the percentage of this subtheme varied from 3.8% to 5% at those fdroms.
example, Giving another function structure of a with negative powers, together with its
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gradient and then comparing with previously learnt polynomial function characteristics was
awarded for [8] at Forum 1.

Differentiating the new problemvas appreciad at three students at Foruml. The replies of

these students were coded under this subtheme, because students made comments on what
the gradient function would become for functions with negative powers or for fractions.

These cases were not discusselkamning activities before the forum; thus students created

a further problem in a new setup that was more challenging thataygkt examples. [6]

and [ 8] demonstrate two studentsodé replies th
with negativepowers and the outcome in gradient function. It should be mentioned that these
students were in different groups.

Solving a problem in new situatiomsd the highest percentage score compared with the
subcategories ofAnalysis Theme54.5%. This scer was high aForum 3 that required a

proof and students gave their own examples. There were twelve students who were able to
solve their own examples in this new situation.

[9] shows that & used two examples to prove the rule and successfully redobedsult in

the given new situation. [10] is another example thasugcessfully answeretthe given
problem in new situatiomt Forum 7. This type of problem was not introduced before in
learning activities.
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Table38 Far Transfer Percentages for Each Forum

N=26 N=23 N=22 N=20 N=23 N=22 N=23 N=22
Codes Fi Fa Fa Fa Fs Fo F, Fe
38 0.0 45 5.0 43 0.0 0.0 0.0
Comparison of new problem (1) (0) (1) (1) (1) (0) (0) (0)
with learnt problem
115 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Differentiates the new proble (3) (0) (0) (0) (0) (0) (0) (0)
3.8 0.0 54.5 0.0 0.0 22.7 47.8 27.3
5  Solvesa problem in new (1) (0) (12) (0) (0) (5) (11) (6)
n situations
E 115 0.0 4.5 0.0 0.0 0.0 0.0 0.0
Z  Applies a new techniqueto ~ (3) 0) (1) (0) (0) (0) (0) (0)
solve a problem
3.8 8.7 9.1 0.0 0.0 4.5 21.7 18.2
Analyzes the problem further (1) (2 2 (0) (0) 1) (5) )]
for more information
692 522 136 00 435 273 652 682
Correct interpretation of sign (18) (13) 3) (0) (10) (6) (15) (15)
tables, graphs and results
0.0 0.0 0.0 65.0 69.6 0.0 0.0 0.0
Creates a new problem 0) 0) (0) (13) (16) (0) (0) (0)
30.8 435 18.2 20.0 17.4 0.0 0.0 0.0
Generalizes a Calculus (8) (10) 4 4 4 (0) (0) (0)
rule/fact
% 0.0 56.5 9.1 0.0 0.0 0.0 0.0 0.0
T Derives abstract relationship: (0) (13) (2 (0) (0) (0) (0) (0)
E 19.2 47.8 63.6 80.0 8.7 9.1 0.0 0.0
@ Judges the reasonableness ¢ (5) (11) (14) (16) 2 2 (0) (0)
validity of the results
0.0 0.0 36.4 5.0 0.0 4.5 0.0 0.0
States limitations and (0) (0) (8) (1) (0) (1) (0) (0)

restrictions

F,to Fg= Forum 1 to Forum 8; N= Number of Students;
Numbers irparanthesishowstudentrequencies
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Applies a new technique to solve a probieas also seen very rarely at forums. Only forum

1 and forum 3 had some indicators. As an examp,$ reply to Forum 3 ¢
subtheme; since he applied a new technique to solve a harder function (Cubic function)
through finding its inverse function ([9]). He used the fact that if a function has an inverse,

then f(a)=b indicates f(b)=a

Andyzes the problem further for more informatiwas observed except Forum 4 and Forum

5; however the highesttudentpercentage was 21. 8%xample[11] at Appendix O
demonstrates a studentos reply to -feetyym 7. S
relation to direction to increase of speed. This subtheme code was been awarded although
there are some minor misconceptions on acceleration sign and decreasing speed.
Addi tionally, wit BEdxampletl?) é cas besebethat siudeanalyzanl vy i n

the graphds behavior and its relation to Eco

AWhen our total revenue i s the same as o
revenue will be spent to the cost of production hence leaving no profit.

After point A we can sethat the cost graph decreases rapidly and the

linear revenue graph increases hence making revenue more than the cost.

This will give us profit because there |

Correct interpretation of sign tables, graphs and reshéid e highest percentages; by way

of it was given for those cases when student made a correct interpretation of any table, graph

or result within the solution step that led to the final answer to be fully correct. Henceforth,

this code was in agreement witlorrect mathematical calculatiom nd e r AAppl i ca’
T h e me oOsolvashadproblem in new situationader Analysis Theme At Example[2],

student was able to madecarrect interpretation of previous calculatioms a meaningful

conclusion of thah(x)=(fog)(x)with significant solution steps. Thiat the reason fone was

assigned this subthentexample[9] illustrated a student reply with correct interpretation of

the theoretical knowledge to be integrated in his new method of solvingdbkemp; so he

al so recorded under t his subt he me. Al s o, S
assigned this code as they made correct interpretations on analysis of graphs at Forums.

Finally, underSynthesis Themepercentages of its subcategerigere higher than majority

of the percentages of subcategories uddelysis ThemeCreates a new problesubtheme

had quite highstudentpercentages such as 65% and 69.6% at Forums 4 and Forum 5
respectively. Other than these two forums, researcher did not come across with this subtheme
at ot her forums. Forum 4 required students
second derivative f it i s equal to itselfo. Student s
because this fact was not visited in learning activities before. Therefore, majority of the
student who answered Forum 4 guestion correctly, were recorded with this subtheme. Forum
5, similarly, asked students to generate examples of monotonic functions. Consequently, they
were assigned with this subtheme if they were successful at answering the forum question.
Generalizes a Calculus rule/fasubtheme had changing percentages ft@m% to 43.56

in the first five forums; however for the last three forums did not consist of any indications
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for this subtheme. This was due to the fact that, last three forums asked mathematical
problems just to solve only. Subthemedefiving abstact relationshipsvas observed only

at Forum 2 and Forum 3 where the highest percentage wi#s S@lternativelyjudging the
reasonableness or validity of the resuftad been observed more frequently at Forums.
Other than Forum 7 and Forum 8, it watatted with the range of B0%. There were three
forums whereStating limitations and restrictionsvas observed. Students mostly made
comments on this fact at Forum 3 with a percentage d#/36.

[13] is an example of a student reply that involves the subcategoriesatés new problem
with four examplesgeneralizes that a factn the form of the exponential function that will
give the second derivative to be the same as original functioth justif/ing validity of
solutionby comparing with the second derivative with the original function. Moreover, [14]
shows anot her st ucdrect intérgretatiom pflregultawdyeneraizatioh e
of a factwere done through backwards thinking in ssice of induction. ;3 at [15]
generalized a facthroughr e al i z i n;glerived abstrod glatibnshipky realizing
chain rule is applied on composition of functions to derive;jastified validity ofsolution

by comparing with the previous stibn. Similarly, [9] demonstrates that studestated
restrictions on when to apply the given rule with his first sentermag he also made
justification of the solutiooy comparing the result with the previous ends, in his check of
solution section. Aanother example, [3] also shows that theated her own three examples
to illustrate andustification of the solutionvas madeby comparing the second derivative
result with the original function within each example.

4.3.3. General Evaluation of Reflective Journals and Forums

Use of terminologymproved as the number of reflective journals and forums increases.
However, use of mathematical notatiovaried due to given task. It was observed that
percentage of use of correct notation in forums was relathigher than percentage of the
correct notation in reflective journals; however, it was dependent on the sort of the question.

Knowledge of general facts in Calculvas usually high in both reflective journal and forum

(> 84%, >76.9 % respectivelylinderstanding the problemvas indeed in agreement with
using the correct methddr both forums and reflective journals. Except reflective journal 5,
understanding the given problem was 100%. On the other hand, except forum 6, the
frequency of this code waabove 68.2%

Defining a rulewas rarely observed so it was coded when a student defined a rule in
Calculus. As reflective journal 5 involved them to summarize the unit, they had to refer to
the theorems in Calculus; so they had to mention a rule. Thise was above 8% in
reflective journals.

Using correct methodias more detailed observed in reflective journals. It was above 80% in
reflective journalsOutlining the steps of solutiongas not necessary to be used in every
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problem, so this code was formed to address to those who were using the method of listing
the solutions first.

Giving a similar examplavas used mostly when the student was asked to write own example
and to solve it through explaining solution stepsnéde its use varied in reflective journals
and forums.Organization of solution stepsas again an individual choice. The first two

reflective journals were necessitating them to organize powers so the percentages are high in

the frst two reflectivgournalg > 92.9 %).

Simplifying solutiorwas observed that within reflective journals more than 72% of students
found the answers correct. Within the forums, some forums did not necessitate a problem
solution such as forum @vhich was requiring interptation) and this category was only
applicable when student gave own example and solved his/her own example.

Breaking into partsvas an individual choice except the requirement of reflective journal 2
and reflective journal 3. First six reflective joats had percentages above 16% for this

subtheme; as most of the students solved the mathematics problems through breaking into

parts. This subtheme was only observed at forum 1 with a low frequency among all forums.

Reasoning solution stepsquired showig solution steps in detail or stating why the next
solution step was conducted. Again this was mostly seen in problem solution steps in
reflective journal and all reflective journals had this code to be seen. Forums also involved
this code as any reasogirregarding to interpretation of concepts was counted in this
category.

When it comes to far transfer tasks, unédealysis Themesolving a problem in a new
situation was mostly had higher percentages at reflective journals than at online forums.
There & not a trend of increase or decrease but for the last two reflective journals this
subtheme corresponds an improvement together agitrect interpretation of sign tables,
graphs and resultsOn the other hand;orrect interpretation of sign tables, grapland
resultshave higher percentages at online forums than reflective journals. Only forum 4 does
not involve this subtheme. There are also indicator®lefrey a problem in a new situation

at online forumsAnalyzing the problem furthéor more informéon is more often observed

at forums than reflective journals. Six of the forums involved this subtheme.

Under Synthesis Thempidging the reasonableness or validity of the resattd analyzing

the problems furthewere the most seen codes within tle#lactive journals. On the other
hand, forums involved more codes involving far transfer, as it was aiming to search for
more. Generalization of a fact or a rule in Calculasd correct interpretation of results

tables, graphswere also another codeswlt h wer e more frequently

replies in forums.

A

C

Studentsodo self refl ect i on sl nearnrdnsfer oieamipgatd i s c u s !

Knowledge, Comprehension and Application ThemniBse average of percentages was
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higher at Knowledge Level (77.3%); whereas at Comprehension Level average was 52.9% ;
and the average &tpplication Themewnas 56.5% at reflective journals.The forum averages

of near transfer indicators showed relatively close resultsnatvledge Themeonly. At
Knowledge Themeaverage was 71.9%; &omprehension Themaverage was 38.9%; at
Application Themeaverage was 19.0% at online forums. Thusisdléctions had more near
transfer of learning indicators of participants.

Far transfer averages werenker than the percentages of near transfer indicators at self
reflections and group discussions. Studentsd se
reveabd far transfer oflearning at Analysis and Synthesis Theme$he average of

percentages was 13% at Analysis Themg(13.6%); whereas dythesisThemeaverage

was 5.4% at reflective journals.The forum averages of far transfer indicators showed

relatively close results. Adnalysis Themeaverage was 12.6%; é@ynthess Themeaverage

was 15.1%; at group discussions. Thereftaetransfer indicators were rarely observed at

self reflections and group discussions. Alhough percentages are low, there were more

indicators of far transfer at different subthemes at forums thaectie journals.

4.4 Student Opinions About Learning Activities and Their Impacts Towards
Understanding (RQ3)

Student s6é6 OfoikediExam@es Ab o ut

The interview results about the worked examples revealed three main theamesy,
Understanding and Learning; Reinforcing and Confusi@ble 39 showsthe mainthemes

and subcategorigbr a wn f r o mspansesbdutworkesl &xamplessed in the study
Understanding and Learning referred to increasing awareness on the new knowledge and
interpretation on new concepts. Reinforcing stoodstoengthaing solving problems by
adding extra support. Confusion was coded for leading to no clarity to think or understand
with clarity.
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Table 39 Themes and Sutategories for the Coding of Intervie@omments on Worked
Example

Understanding & Reinforcing Confusion Suggestion forEffective
Learning Usage

1 similar examples leads to For: 1 understanding every 1 students explains
long term memory (3) solution steps led to solution steps

1 practicing (9)

1 solutions steps helps confusion (3) verbally.()

understanding reasoning T especiallyfor harder

(4)

1 recalls background

1 examples had more 1 having a space for
topics (2) solutions steps than studenté i nt enc

1 the concepts for needed (1) solution(1)

knowledge (builds othe ~ <"OWN topics. (1)

1 student hadrouble 1 seeing all variety of
top of prior knowledge) (1) to remember solution techniqué4)
background

knowledge (1)

1 solution techniques

were limited. More

variety needed.(1)

Numbers irparanthesishowstudentrequenciesN=9

By the first question, researcher aimed to gather opinions on the effectiveness of various
worked examples towards understanding and interpretation on the derivative units. Eight
studentsstatedtheir positive effects towardsnderstanding and learningThree students
mentioned about seeing similar examples led to long term memeI§{SS,7)

One of them (§) stated that:

il think it actually hetheppeolllemnee because
solved by looking at the solutions and its method; it actually gets into
your | ong term memory SO you can easily

Four students mentioned that seeing step by step solutions helped for understanding the
reasoning.

Onestudent (§,) stated that:

il think seeing |ike how you solved the
the question is helpful because you get to see how someone solved it and
then you can |l earn from that.o
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One student mentioneabout effectiveness of worked examples towards understanding as it
builds on the top of background knowledges).S

Almost all studentsnentioned thatvorked examples were helpful for all the subjects and
they statedthat worked examples wereinforcingto learn the subjects. Two students stated
that worked examples were more helpful for harder subjecta@oitherstudent stated that
those examples to be more useful for unit 3 where it required to interpres gifpinctions.

Sy, claimed that worked examples helped if the subject was known. This staiérthat
s/he studied the units earliend hence/be recognized some of the subjects in the unit.

On theother hand there were also negative comments on effectivehessked examples.
More specifically some students found worked examptegusing Three students stated
that understanding solution steps were confusing.$% Sie)

S, mentioned that:
il think they are not as effective as doi
sometimes when | am doing, going for the workedbfmms, | get

confused and | do m&now where to look back to. But the board may be

more effective but edbladaquestohthatwet hat i f it éds
have to do, it kind of helps us know the ste

Moreover another studentygpstated that that solution steps had more steps than needed:
AiFor time, they helped me when | knew the
understand whahe steps were going to be. But in these cases, my mind
did not maybe work as slow as the examples went. Sometimes | deduced
the information quicker. So they confused

One student () stated that although worked examples were ugbf@ugh combining

background knowledge, thewere confusing as that student had trouble to remember
background knowledgeAnother student mentiongtiat worked examples should show all
alternative soluti on t ec h nghtgdiffersthanassiggesttdudent 6 s
method of solving problem.

She (%) stated that:

iLi ke Lundastandmath by reading, | understand it by doing; by

solving questions on my own. | do naoeally understand. Because

everyone has different techniques and you have on your own technique.

Those papers want me to get your own technique but | always wanted to

solve it with my technique dccanotc ope wi t h t hat paper. o

Students followed similamethods while studyingn worked examples. All interviewing
students read the solution steps of easy questions. Five of them tried to solve the problem
before seeing the solution and then compared their solution (if there is) with the given steps.
One stdent () first read the steps and then tried to solve the same problem for repeating
the method.
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There were differensuggestionsnade bythe students to improve the implementation of
worked example studying in class. The suggestionsiiseeing all alternative solution
methods; having a space elsewhere for students who intents for solving the drefdesn
seeing solution steps for a comparison later sindent guided towards explaining the
reasoning of each solution step verbally initleevn words,while reading the solution steps
to facilitate thinking.

All interviewing studentghoughton the gradual enhancement level of questions and the
difficulty level of questions appropriateness.

Student s6 QOioiptetiocErasnplesb o ut

The interview results about the completion examples revealed four main themes namely,
Guidance, Reinforcing, Challenging and Confusing. Tdleshows the main themes and
subcategories dr awn f rcanpetisnexantplesiusesl i the gyp ons e s
Guidance referred tteading, directing, or advising the proper method. Reinforevag

coded forstrengthening solving problems by adding extra support. Challenging was used for

to code when students had difficulty to address the demand for explanajistifaration.

Confusion was coded for leading to no clarity to think or understand with clarity.
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Table40 Themes and Subategories for th€oding of Interview Comments on Completion

Examples

Guidance Reinforcing Challenging Confusion Suggestion for
Effective Usage

1 c.e.b.fwas helpful q c.e.b.f. helped §c.e.ff was 1 expectation on I more solution

for understanding the
unit: - guidance was
there (5)

1 c.e.b.f.wasless
confusing, (once
started followup was
there) (1)

9 c.e.b.f. is easierto
understand than c.e.f.f
(more guidance given)
)

1 c.e.f.fwas helpful
for understanding the
unit (3)

1

M c.e.f.f wasless
helpful as it involved
answers for checking
)

 c.e.f.f. was more
comfortable as it

answers teheck (1)

more for harder
subjects (2)

7 ceff.
encouraged
thinking more.
©)

7 ceff.is
harder: how to
start makes you
think more (2)
1 c.e.f.f. more
helpful to learn

the subject (2)

challenging at
starting the solution
step. (3)

i c.e.f.f. was harder:
expectation how to
fill the blanks was
subjective (3)

9 c.e.f.f. was more
challenging: lard to
see where the

mistake is (1)

what to write or

how much work
should be shown
were not clear. (2)
1 sometimes
mixing up mind if
the topic was
studied earlier. (1)
1 understanding
the solution steps

was hard.(2)

steps can be given
to fill (1)

1 different
methodologies of
solutions can be

givenalternatively

@)

c.e.f.f.: completion example with forward fading; c.e.b.f: completion example backwards fading;

Numbers irparanthesishowstudentfrequencies N=9
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Second and third questions were about the effectiveness of various completion examples
with backwards and forward fading towards understanding and interpretation on derivatives

units.

Studentsstated thatompletionexamples wereffective on guidance however opinions had

changed on which type of completion examples was more helpful and in which subjects

exampleghey helped mostBy guidancesrudentseferred todirecting towardghe solution
steps of the proble@nd advising proper method for the solution.

Although eight students thought that any completion examples were helpful towards

understanding througlguidance five students ($ S S Si7, Sg) found completion

examples with backwards fading to be more effective in guiding compared to the completion
examples with forward fadingd=ive studentdound completion examples with backwards

fading helpful for different reasons such asmpleting thdast solutionstepswith less errors

as guidance was giveencouraging thinkindast stepdeading to learning proper method;

andreinforcing the necedsito read first solution step¥hree students (g S, S9) found
completion examples with forward fading to im®re helpfulin its guidancdor having the
answertfor checking;andencouraging thinking on proper method to start wiome of the
commaents aboutthe guidance otompletion examples with backwards fadingade by
students were as follows:

S,4 stated that

neél t h i nriferringhto soenple(ion examples with backwards
fading) were easier to do because you had already everything done for
you; so there is no way that you make mistakes. You just follow one by
one. You do the last bit.o

S,q said that

il think the one whietemhing vecompletidn t h e
examples with backwards fadhgvere more useful because the first
steps were easier, taking the derivative and other stuff. Last steps were
harder. So doing harder part, | think, is more useful than doing the easy
part. o

S;explained that

first

AiWhen you gave the | ast steps, it was

firstst eps it helped betterébecause when

| was done the first steps, | did not look at the last steps. But if you gave
the first steps then | had to read
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On the other hand, three studentg;,(Sis, S9) Mentioned thatompletion examples with
forward fading were more useful in its reinforcement on guidance than completion examples
with backwards fading.

Sis explained that:

ANot giving the solution but the answer, it
the answer so that we can just checko.

One stulent (Sg) explained as follows:
AiWhen you start the question, you guide wus

easier to do the question afterwards. But when you gave us the answer
and we have to guide ourselves towards was harder and it was more for

our benefit t han t ke butothe hoptimizatioh t i s easy to
guestions were really hard and it was really good to have the answer and
the | ast part of the solution. Working towar

Six studentsstated thattompletion examples wenmeinforcing to grasp the concepts and
applications of theorems. Two students,(Si) thought completion examples with forward
fading were very helpful for interpretations in harder subjects; especially at units 3 and 4;
where sudents were studying on applications of derivatives. Two studenis $9)
emphasized those completion examples with forward fading encouraged thinking more.

S,, stated that:

nel felt Ilike | was doing more of the work.
problem was supposed to go. In the other @aterring to completion

examples with backwards fadindpecause the paper was leading you to

the answer, you did not feel like you weeatining and doing that

much. o

There were also comments about ¢thallengeof completing the solution steps in examples.
Three students (§ Si7, S7) commented on completion examples with forward fading were
challenging as you had to think more on hovstart the problem and the beginning solution
steps might differ than what was expected to be presented as solution method.

S,2 mentioned that:

il t hireféring tb @mpletion examples with forward fadirge
harder but they are more helpfuor t he test ébecause | guess vy

small mistakes and you have to think. First you have step one, step two
and three, you have to think it by yourself; instead of they are on the
paper so it makes you think more. o
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Five students($ Si7, S4, Sier Sg) thought completion examples to benfusingfor several
reasons: (1) expectation on what to write or how much work should be shown were not
clear; (2) sometimes mixing up mind if the topic was studied earlier; (3) understanding the
solution steps was hard

Related withconfusion S, expressed her idea as follows:

AnCompl etion kind of confused me. Becaus
example where | did not know what parts of the answers that | had to
write. So with completions, sometimes it confuse wianle w. 0

S,ydeclared that:;
il think itds challenging to complete be
exercise is different than how you would have solved the questions.
Sometimes it was hard to understand but when you get used to it, you
justfillinthebb n ks . o

There were similamethodswhile studyingon completion examples. Eight of interviewing
students showed effort to complete solution steps on their own. One stugpprétrred

to complete the steps on her own if the topic was easy to understand; otherwise she asked to
a friend to explain verbally how to fill the blanks, when the topic was a harder subject to
interpret.

There were twasuggestionsnade for the improement of implementation of completion
examples:fimore solution steps can be given to dififerent methodologies of solving the
problems can be alternativelygiven so that student can fill in the blanks of the method that
she has in her head.

Sudentsd Opinions About Practice Probl ems

The interview results about the practice problems revealed five main themes namely,
Reinforcing; Understanding and Learning; Mental Model; Learning; and Time Taking Table
41shows the main themes and subcategories dr .
problems used in the study.

Reinforcing was coded forstrengthening solving problems by adding extra support.
Understanding and Learning referred to increasing awsseoe the new knowledge and
interpretation on new concepts. Ment al Mo d e
procedure about how the solution steps of problem form. Learning was used to code for the
development of gaining knowledge or dexterityme taking was used to code spending long

time to complete.
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Table41 Coding Schema for Interview Comments on Practice Problems

Reinforcing Understanding Mental Model Learning Time Taking Suggestions
& for Effective
Learning Usage

1 tested 9 developed 1 prepared for 9 reduced 1 whenthere ¢ allocate

knowledge (2) critical thinking the test style  calculation are harder more time (1)

9 asked main  skills with variety — questions by = mistakeshy problems (4)

points to
emphasize
learning the

subject(2)

®)

1 challenge made

to analyze more

(4)
9 facilitated

revision with

similar problems

(4)

1 no guidance
facilitated
thinking deeply
)

1 practice helped

for harder topics

(2)
q assisted
permanent

learning (1)

1 lead to effective
interpretation of

reasoning steps(3

encouraging
forming
schema to

solve problems

)

practicing with
similar
problems. (1)
9 harder
questions
helped to
realize the
expected level
of knowledge
)

1 duration

helped to pace

up (1)

1 Students get

prepared for the

test (9)

1 prior
knowledge is

combined (1)

9 allocate
answers at the
back of the

worksheet (1)

Numbers irparanthesishowstudentirequencie, N=9
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Majority of the interviewing students commented on the positive effects of practice
problems. To start with, two students mentioned about that practice problems were
reinforcingas it tested knowledge and asked main points to emphasize learning the subject

One of the students {Sstated that:

il t hi ndincé we hadaordb ev@rything on our ewtrjust tests

our knowledge which is good. Because we need to know what we did
wrong what we did not. Because usually, we get to part 3 we know
everything except that couple of key points that we forgot. It just asks
the key points, the details that we need to remember. | think we learn in
part 3.0

Most of the comments made about the practice problems were on its effects on
understanding and leaing. All interviewing students taught that practice problems were
effective towards understanding the subject. Three students expressed that practice problems
developed critical thinking skills with the variety of hard problems.

A student (&) expresed this point with the following statement:

Al think they are good as well because t
not seen before in textbook. So they helped me to think the subject in a
di fferent aspect. I think | |l earnt from

Four studentgS,, S;7, S7 S thought that challenge and no guidance made to think and
analyze that assisted for learning.

One of them(§) commented that:

il think that was the best part of the
guestions on those on those t&¥e, | know everyone struggled at one
particular part of that worksheet. And when we learnt how to solve those,

~

ités really helpful .o
Another one (8§ mentioned that:
Al think they are hard but you can do t

them. It takes e but you can actually understand them when you get
into the probl emo

The other two students £§ So respectively) said that no guidance facilitated thinking
deeply. They stated that:
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AnSince it does not have adoiggterml uti ons i n it,
more carefully because since you did not give the answers, | am trying to
solve them as much as possible. o

AnPart 3 of course was more wuseful, since we
start with. We just had the question and we need to work everyahing
of itsel f. O

Moreover, four students mentioned that practice problems aided revision with similar
problems and they were supportive to understand and learning the topic through revision.

One of them(g) said that:

féThey wer e ¢ o o Hatyownkihd of askeavthessane typed t
of questions so we practiced by doing the same thing over and over
again. At the end of it I kind of solved it.

Another one (&) added that:

il benefitted from t hem. I't makes me repeat.
do it, | think | have a better wunderstanding

A student ($;) who made similarexplanationsasabove, made an additional comment on
that practice problems assisted permanent learning through practice. Student said that:

AiThey r eal | ybetaesk wherdyouasolte it byl ybuyself and
when you see your mistake without the solutions, then it makes the

~

gquestion permanent. o

Next, two students reported that practicing with problems helped them to understand
challenging topics. One of them statedtth

Awel | in part 3, I really i mprovement my
finding stationary points, inflection points, maximum ,minimum, curve

properties. | really had problems with them. | really do not know why.

Probably | was confusing if the derivadivs equal to zero then you find

stationary point, if the second derivative was zero then you find

inflection point . like | really had confusions about that topic. But as |

solved in part 3 as | solved by myself, it actually improved. | can just

remember t now. I do not confuse them now. 0O

Finally, three students {SS,7, S;9) mentioned that practice lead to effective interpretation of
reasoning solution steps. One of then) &plained that:
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ié bec aetesimy toi par( 3 helps you to understanghy you
apply that step and why is the solution

Another one of them(9 expressed that practice problems made him realized that he had to
be careful in every step of solution as to eliminate follow through error.

One major themetated by a student {§ was aboumental modelShe thought that practice
problems prepared to test style questions by encouraging forming schema on how to solve
problems.

Student said that:

il mean not memori zing, I gtodot hr ough an:
step one, step two, step three for this question. | mean | memorize the
met hods but not the solutions | guess. 0

Another theme that was deducted from the comment of students were practice problems
effects onLearning. At first, one student ($ stated that practice problems reduced
calculation mistakes by practicing with similar problems.

He mentioned that:

AéEnglish teacher says, practice makes p
stuff without solutions, then you can see your mistake in the question

You just not repeat the mistake like there is a low chance of repeating the

mistake so it(referring to practice problemsjeally helps to get the

guestiono

Secondly, another two students4{S5,) claimed that harder questions made them realize
the exyected level of knowledge in tests and in the curriculum.

One of them(g) said that:

Ailn the | ast part 3, they were | B style
me to understand what | B was |l ooking for
The other two students {§S,,) mentioned:

fi é kthink that practice problemswas the best part of the worksheet
because you gave hard questions on those

féBut they are more effective when it
because its similar IB questions and so if you know how tihelm, you
can basically do the quiz. o
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Next, almost all interviewing students claimed that practice problems facilitated to get
prepared for the test.

One student (%) stated that:
fnét hey were just | ike tests amd | l'i ke sol vi
all the other questions that we had done. If there are more test like
guestions then we can get ready for the test and we just solve the

guestions. 0

Another one (§) mentioned that:

ifnéeAnd when we | earnt how to ®tlve those, ité
because you ask similar not the same but basically like the same type of
guestion so people benefited a | ot from thos

She also added that she learnt better throughout challenge problems in practice problem
worksheets and the success in tests cant@matically.

Four students commented on that practice problemstimeegakingas they had a variety of
harder problems and required to recall prior knowledge. One of them said that:

fébut they are very long questions. They tak

Another student () declared that when the question was combined with background
knowledge like the unit of optimization combining geometry that she had difficulty to recall
prior knowledge, hence it took her time to recall and then solve the probldirenbie top

of the prior knowledge.

There were severammethodsmentionedwhile studyingon practice problems. Students
preferred to look at notes, asking to friends, outlining solution steps for similar problems and
studying on units before solving problems.

All studentsstated thatthe level of the difficultywas appropriate as well ggadual
improvement ofthe questions Students also made some suggestions to improve the
efficiency of practice problems. One of the students suggékeadng the answers at the
back of the worksheit

She (%) stated that:
néli ke | s a i dswersfon theoback; pout if you dnaele tleem
as quiz grades, that would not work. So if the answers were there

because we can check them on our own and if we did something wrong
we can go back and then we could save time. o

118



Another suggestion made by a stadevas tofiallocate more tim@ to complete the
worksheet (&).

As an additional comment, four students, (87, S4, $4) compared practice problems with

the previous learning activities. They thought that practice problems were the best part
towardseffective learning and preparation for test than the worked examples and completion
examples.

Student s6é6 SelfErpiamatioas Ab o ut

The interview results about the seMplanations revealed five main themes namely,
Thinking deeply; Mental Model; éarning; Challenging; and Not Helpful. Tabl2 ghows

the main themes and subcat egor iseff explahatanan f r o |
used in the studylhinking deeply was coded for increasing awareness of proper expressions

and organization. Meéna | Model was wused for to describe
how the solution steps of problem form. Learning was used to code fdevieéopment of

gaining knowledge or dexterity. Challenging was used for to code when students had
difficulty to address the demand for explanation or justificatidot helpful stood for to

explain cases when it does not assist understanding.
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Students generallymentioned thatreflective journat had positive effectstowards
understanding and learning. All students thought téféctive journad were good practice

for understanding. Four students emphasized that wrigithective journas made therthink
deeply about the proper expressions, terminologies and organization while transmitting
knowledge (8 Si7, S4, S9).

One student stated thaflective journa prevented memorization (B

fireflective journad were definitely like helpful because you always

wanted us to explain so people who just memorized the solution had a

hard time to do those. Because you should not memorize and you should

|l earn and reflectae jplsnat wereg like helping people

understand what they were doing instead of memorizing the problem

what they had to do to solve the problem

Another student mentioned thiflective journalwriting facilitated thinking deeply on the
details of procedures that should be used while spltre problem. Hence it facilitates
understanding

S,, stated that

fi | n reflebtiee journas, we had to explain how we got the answer and

how we were solving the question. So it kind of gave us the chance to

think about how we were doing the questiBecause usually, when you

are doing the question, you are doing it quickly and do not think about

the procedure used. But when you are trying to explain to someone else

in areflective journal you understand how in kind of

One studat (Sg) mentioned about that he had problems on finding the reasoning of
problem solving steps; howeveeflective journas assisted on grasping reasoning of
solutions steps with its reinforcing nature of thinking requirement.

Eight studentssaid thatwriting reflective journad facilitated creating anental model and
integration with prior knowledgelwo of the students stated thafflective journad made

them notice that derivative problems had to follow a step by step solution in ordered manner
So as to reach to the answer. Therefore, writefedive journat helped to form a flow
schema (&):

il figured out that I had to do step b
reflective journal My answers were always correct but when | did a

guestion my answer was not correct. So | just learnt that, in Calculus |

have to solve step by step; and really organizedrefective journad

really taught me that é firstdoahlse my own ki
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second do that, third do that geflective journalreally made the
awareness. 0

Five students stated that writingflective journas increased awareness of solution steps (S
Se S7, Sie, $4).0ne student mentioned thaflective jairnak also assisted summing up the
main ideas on what has been taught)($\nother student highlighted that writimgflective
journak encouraged to recall prior mathematics topics or different subjects to combine with
new information; hence it faciited to make transfer knowledge into a new situatie): (S

néit hel ps not onl vy wi t h terminology but
understanding .Because most of taftective journas interpreted a lot of
different aspects into one. So | think it helped bringiriggs together
i nstead of separate subjects. o

Three students also foumneflective journalwriting to be useful towardgarningthe subject.
One of the students {# said that writingreflective journad in general reinforced to learn
the details of subict effectively through its setéaching nature.

One statement is that:

ionce vy oeflectgegourmakblaout the stationary points where you
had to explain point of inflection and maximumnimum. When we just
started that topic, | had to open thetbook and | had to look at it. After

that reflective journall did not have to look at the textbook or the
notebook again because | |l earnt. o

Two studentsstated similarommens for the same naturalistic reason. They both thought
that analyzing solution steps improved learning of the topis, £ respectively):

Syesaid that:
i wr i reflective journad guided me and | taught to myself how | did
everything step by stegnd by trying to tell other people. | think thage
really beneficial for wus. o
S,sdeclared that:
Awriting the steps one by one and you are e

just memorization but both teaching and learning. Teaching it to yourself
andleaning it by yourself.DO0
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One student clearly mentioned about theflective journad also helped to learn the
terminology (34):

fiéterminol ogy! Because we use the termir
test a certain word comes up, | know | was like thithésword and |
knew what to do. 0

There were also few negative comments on the effecteeftédctive journad towards
understanding and learning. One studeny)(Stated about thehallengein reflective
journak by saying that writingeflective journad was challenging especially when the
subject is hard because even if the concepts are known, it was hard to transmit the
knowledge with proper expressions. In other words finding proper terminologies and
sentences to explain reasoning of solution stepse wetrallenging. Another student
mentioned that () writing reflective journad were challenging when it requires to
integrate prior knowledgéo the new subject, as it required more effort to remember the
prerequisite topics through revision.

Another stident ($4) mentionedhe challenge of writingeflective journad when there in an
integration of prior knowledge especially when there was a new question style:

fnéThat was the one that [ had the most t
hard butitvas not what we were used to. | t was

One of the students{Sstated that writingeflective journad was not effective towards
understanding especially when you needed to write immediately after the topic was taught;
more time was needed to grasp the concepts and it was challenging to concentrate on writing
in class environment.

She stated that:

fi € do not know the effectiveness. | did not find them really effective.
Because | usually got help while | am doingliteally can natWhen |

am in class, | cannot really work on them. | need to go home and
understand it better when | look at it by mysel 0

Students usually had similarethodswhile writing reflective journat. Six students checked
notes, textbook when they had trouble with remembering proper terminologies, sentences
and expressions. One of the studentig) (8eferred to get verbal hefppm her friend as she
needed someone to explain the subject orally in order to understand the concepts. Two
students preferred to writeeflective journad from their minds as they were able to
remember the topic.

There were also several suggestionslent improve the effectivenessreflective journad

towards understanding and learning. One studept f&ferredreflective journas to be
assigned as homewosb then they could be used to practice for the future assessments:
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Student stated that:

il f it was given as a homework assignment a
know , to be as a revision before the test. Ifrgéiective journalentries

all in a stack or something as a revision, so that we can study that way

for the exam, | think that wouldtiee been bett er . 0O

Another student(®) suggested tgive expectations ireflective journas to be given in an
outline format;so that she wodlbe aware of all requirements:

fébecause that not everyone understands the
reflective journas so maybe write the question and then bullet point. For

instance onefind derivative, twemake a sign diagram, thrdda bla.

That kind of easy kind of summary of steps that we have to do would be

way easier to do it. That wild/|l actually help

One of the students {Sreferredmathematics problems rather than summariesftective
journals and she added that they involved too much verbal explanations. She added that if
reflective journas involved more numeric calculations.

She said that:

féBecause t he summari zati on ones ar e t oo
mathematical ones, first we did it and then we wrote it so $ kirad of
|l i ke doubl e doing itbo

Student sé6 QlineGraum Biscusdionsu t

The interview results about the onlirgroup discussian revealed seven main themes

namely, Mot i vati on; Deep Thinking; Refl ecti on Ot h
Competence; Learning Contribution and Not Usiendly. Table43 shows the main themes

and subcategories dr awnonline graup distussidresactirsttie r es ponses
study.

Motivation was coded for reinforcing elements that makes you enjoy the learnt concepts and

skills. Deep Thinking was coded for increasing awareness of proper expressions and
organization. Refl ection Othersdé6 Thinking used f
styles. Understanding was coded for interpretation of concepts effectively.e@omoe was

used when the student mentionedwed qualified skills for solving problems. No learning

contribution used for when student stated that there was any meaningful influence towards

learning the subject. Not user friendly stood for causinglemgé to express opinions or

mathematical ideas easily with its practical elements
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Points of views regarding to the effects of online forum discussions towards understanding
and interpretation of topics varied due to students expectations. Some students commented

on positive effects of online forum discussions towardsivation Threestudents found

participating in forums increased motivation, since it enhanced awareness of different
concepts and it made connection to different field areas. One student mentioned that some

questions increased awareness of some facts about functiomseftnened that (5
She mentioned that 5

il think there were interesting questions |

over i x0él had to think a | ot about

Other two students enjoyed combining derivatives with economichi@ngiven profit
problem at forums (2 S7).
One of them (§) stated that:

neél |l i ke the Economy obviously but al
not seen the cost graph and the revenue graph so when | looked at it |

~

had to think about itand | leasto met hi ng from it . o

Students had different opinions about forums effectdemp thinkingThree of the students
agreed on seeing variety of questions facilitated thinking critically £, $-).

One of them expressed this situation 39)(S

fi Irgally helped because when you give different questions, the student
understands the basic of it because as you solve more problems in
different varieties, you improve yourself. Because you get the basic of it,

so in future when you see a question that lgave not seen, you can just
understand how to solve it very easi/l

Three students approved that forums made them think mgr§,{SS,5).One of the students
said that problems made them think more compared tangsquestions.

He stated tha(S,o):

Anéfor the research questions, we just
internet. Just got the knowledge and wrote it down on the forum; but

when we had to solve questions before posting it on the forum, that made

us to think more. o

Some studentsrought about that forums did not contribute much towdesp thinkingor
mi xed up mind when the replies a4 ot her gr c

they
mentioned that friendasksreplies mixed

S7)
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One of them (g declared that:

il |l ooked at my friendsdé replies. It hi
| think the forums had confused me. 0

Four students ($S17, Sis, S9) stated that friendsd replies
deep thinking Some of them preferred to solve in their own way, some of them did not
understand friendso6 replies to benefit from
as there was nanough discussion environment.

One of them (&) said that:

Al r efardi emyds 6. They had their own way so
it out how they solved it so | just trie

One of the students mentionedabout e r ef | ect i o n(S4 BShestatddehats 6 t hi

Ailn the forums, I read my friendsdé answe
helped me to find something that they have not already said. So it was
good. o

According to the same student, forums also assistetbrstandingof the subjects as the
theories mationed in the forums helped to interpret the concepiy.(She agreed on
forums helping her to realize new methods of solutions or new perspectives on the top of
what is stated.

She also said about the forum questions that:

0 éSome of them were theoretical, | think. Those helped me to
understand what the subject was about 0.

Another student ($) talked about the contributions of forums towards practice, hence it
facilitatedcompetencd-e said that:

Ailt real |l y whealop gk diffeecist guestians, the student

understands the basic of it because as you solve more problems in

different varieties, you improve yourself. Because you get the basic of it,

so in future when you see a question that you have not seertygust
understand how to solve it very easily.

Three students (SS;; and S¢) talked about that forums did not mucbntribute towards
learning.
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One of them stated that:

ol read my friends6é. Tdnetyealhfmgadedt hei r own way

it out how they solveditsojlust tried it Ilkkewotheny owné | do no
peopleds met hod. B e ¢ @ mys @vn methddeot | better, i f
solving it.o

One of them (&) mentioned about that visiting theories in forums did not mdch to her
problem solving skills. Another student explained that research question styles are not as
helpful as practice problems towards problem solving.(S

He stated that:

i Wel | the research for ums, I do not want T
guestions | ike the | ast graph question, t he:
research questions, we just researched and looked through the internet.

Just got the knowledge and wrote it down on the forum; but when we

had to solve questions before posting it oa tbrum, that made us to

think more. o

Only one could not participate at forum discussions he had problems with planning his time.
He contributed 3 forums out of 8. That student mentioned that forums are neither effective
nor necessary, hence he can legithout forums.

Two students (sand §5) commented about that forums at computersnateuser friendly.
One of them complained about the difficulty of typing equations at computer and she added

that (Se):

0 | am against f or uestonhHomewarluferasoy ou can gi ve (
one question maybe as homework, we can solve it with our hands and

stuff like that . ..Then, it could be easier. First of all, | hate typing math

upé, it is really hard to explain math onlin

The second stient (S) talked about that she does not like technology in classes. Also she
claimed that words restrict to explain a mathematical concept and she emphasized on the
necessity of diagrams; however she added that plottingashiesgpn computer is challenging

She stated that:

ineél do not |l i ke doing math with technol ogy
technology overall for my lessons. That is why | do not prefer to do it. |

just do not like typing anything that has to do with math so | want to be

able to draw diagramand do all of those things. But words limits

me é 0
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There were severahethod used to folloWor the replies of forum questions. Four students

gave their own answers and then did not check the . Two of them compared their answers
after they replied. Twotsudent s checked friendsd replies
question clearly and then gave their own answer.

Somesuggestionsvere made to improve the forums. One of the studepfsr@&ntioned that

there should have beémore discussion to takglaced for better improvement in problem

solving and she also suggested more questions to provoke discussions. She recommended to
motivate student with more open ended and/or interpretation questions that might motivate
students to discuss more on the topi

She said that:

il usually did it and then | waited for
it was not a real discussion. Maybe the questions could be mo

di scussion pr&awmolwi ho&l idédsngbing to moti

but to motivate thaliscussion like more opeanded questions or more

interpretation questions might be more like that. Also like the last one we

also had to watch a video, that also kind of take me into the question.

More questions | i ke that. That coul d al

Another student (&) suggested tofihave discussions in class rather than online
environmen.

She mentioned that:

i é I would prefer if you just gave smal

rather than putting it on forums, just give it to me. | cawvesdhem and

then bring back to youélf they were next

than just reading it : ét is the same
discussed it in classroom, that would be way better than trying to
understand what they wrotetheor um. 0

One student () claimedfnot to have online forums in mathematiassesand he talked

about the difficulties that he faced with to access internet when he needed to. Lastly, one
student (9 recommended facilitating online experimemnégher than online forums. She
suggested online experiments instead of online forums if mathematics will be linked to
technology.
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She said that:

AnéWhen you get to experiment stuff. For ma t
things to do . when you needgtyetch the corner of a triangle and test it;

or when you put everything in a weighting machine and see how it

affects the rest, that way that | can relate it to more to real life, then |

wi || enjoy it more. o

4.4.1 Additional Comments
Some students made additional comments on the comparison of learning activities. Four
studentshought that worked examples were more helpful towards learning in harder topics,
like curve properties (Unit 3) and applications of derivatives (unit 4).
A student (&) mentioned that:
il think they helped me at tangents and nc

specific steps for those questions that you have to find the derivative, try
to find the tangent line equation by substituting information. | could see

and understand what the steps wereél was get
the sign tables before but now | cgmess after doing the examples. | got
more practical and | can see that. o

Another student () mentioned that she benefitted more from worked examples in visual
problems where they were analyzing the relationship between the graphs of the functions,
deilivative function and second derivative function.

One of the students {Sthought that worked examples, completion examples and practice
problems were more effective theaflective journas and forums.

She stated that:

il think they were very effective. For the
from the parts so | like all of the parts. Parts were more effective than
reflectivejournad and f orums. 0O

Same student thought that completion example worksheets were the bésg laativity
compared to the rest. She added that:

nYes, t hat was t he itefersng to ganplétion. I think par
exampley was the best out of all the other parts. Because | did not get

completely confused because there was some clues, but fsdidl a

chance to do it by myself because there were some blanks. So | think that

was the best part. o
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One student (% mentioned about that if she had known which steps to follow while
answering a mathematical problemréflective journalin harder units, she would have felt
more comfortable to complete them.

4.4.2 Summary of Student Interviews
Table 44 shows the common codes that have appeared more than once while coding
studentsd comments on | ear theme ghat aad the kighesi e s .

frequency derived from students replies. The rest of the codes repeated twice among the
replies to the five major interview questions.

Table44 Interview Codes Repeating More Than Once

Code Reinforcing Understanding Challenging Confusion Thinking Mental Learning
and Learning Deeply  Model
Frequency 3 2 2 2 2 2 2

In general it can be understood that studémisight that they benefitted from the learning
activities even though it varied which activity helped them most. For those students who
learnt the topic for the first time, they found worked examples to be assistance towards
learning and interpreting theulsiect. When it comes to the completion examples, opinions
varied about which type of fading (backwards or forward) was more helpful than the other
type; however the common idea was that completion examples were guiding towards
thinking and understandingtudents generally thought that forward fading to be more
challenging than the other fading style, as they had difficulties to start the solution of the
problem. Some also had difficulties to understand the expectations on how to fill in blanks.
Some suggstions on including all different methods of solution to the same problem were
made on the improvement of worked examples and completion examples.

The students who actively thought and engaged in writifigctive journad believed that
reflective journak assisted towards learning and understanding the subject. Some students
had more challenge to find proper techniques, appropriate expressions or terminologies to be
used inreflective journasd; but they also agreed on the positive effects of writiflective
journak towards understanding and interpretation of the units.

Next, students usually had relatively negative comments on the process of online group
discussions at Moodle forums. They agreed on variety of questions at forums facilitated
thinking and awareness of the subject; however since not every student pedidigistor

on time, discussion environment was not so effective to run smoothly for better improvement
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on extending frames in thinking. Moreover, some students had faced with technical
challenges to express diagrams or mathematical notations and theytlzatddey felt more
comfortable to explain on paper through writing but not typing.

Finally, most of the students decidedly thought that practice problems assisted them towards
thinking deep and understanding. Hence they prepared them for the achievesten
through addressing possible studentsédé outcomes.

4.5 Summary of the Findings

Thesummaiesthe findings of this studgre given below under each eaxh questionThis

section provides brief information of the results epterTable 4 represents mean score

and standard deviation of achievement tests about near transfer of ledimengained
scores of jgost lachievermestest®w8a; SD.:9) indicated there was an
effective near transfer of learning. All students achieved above 56% of gained scores in near
transfer.

Table45 Descriptive Statistics for Achievemengest Scores on Nedransfer

Pretest Score Posttest Score Gained Score
Mean 7 88 81
S.D. 4 11 9

Table 4 represents mean score and standard deviation of achievement tests about far
transfer of learningT he gai ned s c oD ecst achievenent tedte (Mt 5360 t w
S.D::19) indicated fartransfer of learning.also realized with lower gained scores All
students achieved above 25 of gained scores in far transfer. The gained scores were not as
high as near transfer gained scoresbo.

Table46 Descriptive Statistics for Achievement Test Scores on Far Transfer

Pretest Score Posttest Score Gained Score
Mean 5 61 56
S.D. 4 21 19
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Research Questiorl Is there a significant mean difference between pre and post
achiewement test scores aftudents who were exposed doe to learning activities in
mathematics lessatesignedased on cognitive load theory principles ?

Table 4 representspaired samplet test results ofachievement tests abotiie mean
differences of pre and post tessults.

Table47 PairedSample FtestResults

Paired Samples Test

95% Confidence Interval ¢

Std. Std. Error the Difference Sig. (2
Mean Deviation Mean Lower Upper t df tailed)
Total Pretests oo ce7 12514 2285 73240  -63.894  -30.011 29 000

Total_Posttest

ResearchQuestion2. What are the indications of near and far transfer of learning in
s t u d e nexpladatiomseahdfgroup discussions?

Studentsé self reflections and group discuss
Knowledge, Comprehension and Applicatibmemes The average of percentages of each

level differed at self reflections and group discussioBslf-reflections andforums

indicated near transfer of learning unders different subthelHmsever, self reflections

had more indicators of near transiisome subthemes

Far transfer indicators were observed at Analysis and Synthesis Themes at self reflections

and group discussionSelfreflections and forums indicated far transfer of learning under

different subthemeddowever, far transgfer indicators had less percentagrageshan

near transfer i ndicatorsd6 at Futheinforetheef | ect i |
averages of far transfer indicataat self reflectionsvere lower thariar transfer indicators

of. group discussionsthere were more far transfer indioes spread under different

subthemes ajroup discussions

Research Questiol3 Wh at are studentsdé opinions about
examaples, diverse worked examples, completion examplesex@elfiation, group

discussions and practice problems towards learning mathematics and deep understanding?

The themesit Table 8 arethe most frequently appearing themes about studleptsions
aboutthe effects and contribution of learning activities for learning and understanding
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Table48 Themes of Students Interviews

Worked Completion Practice Self Reflections Group
Examples Examples Problems Discussions
1 Understanding § Guidance 1 Reinforcing 1 Thinking 1 Motivation
and Learning 1 Reinforcing 1 Understanding deeply 9 Thinking
1 Reinforcing 1 Challenging & Learning 1 MentalModel deeply
1 Confusion 9 Confusion 1 Mental Model 9§ Learning 1 Reflection
1 Learning 9 Challenging ot her so6 t

i Time Taking 1 Not helpful 1 Understanding
1 Competence
1 Not learning
contribution
1 Not user
friendly
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CHAPTER 5

DI SCUSSI ON, CONCLUSI ON AND | MPLI CATI O

This chapter offers a discussion of findirysd conclusionalong with the implications of
findings for theory, research and practid&e chapter aims to help for understanding and
interpretation of the meanings of these findings and it provides recommendations for further
research.

This chapterstarts by a discussion and conclusion fear transfer of learningnd it
continues with th discussion and conclusion fiar transfer of learningNext, it provides
recommendations by students for the improvenmemtmnplementatiorof worked examples,
divereed worked examples, completion examples, practice problems, self reflections and
group discussions.The chapter ends with implications and sigjgas for practice and
further resegch.

5.1 Near Transfer of Learning

In this section, the results of pre and post achievementigst® near transfare discussed

along with the outcomes of sekflection and group discussiorf@nally, theseresults are
discussed togethevi t h st u d e mabositGhe effects mfeimptementation of worked
examples, diversed worked examples, completion examples, practice problems, self
reflections and group discussions towards near transfer of learning.

Previous studies showed that when the principles of CLT on reducing extraneous mental
effort and increasing germane loadnplemented properly, they would increase

st udent sdep(Bwelferetram 4998; Kalyugaet al, 2003; TindalFord, Kalyuga,
Chandler & Sweller, 1997). Previous studies focused on proper use of worked examples
completion exampleqractice problemsor facilitating transfer ofearning while reducing
extraneous mental load;whergasper use o$elf-explanationsalong with worked examples

and diverse worked examplieadingto increase germane load
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Studentsn the current studizad preachievementestand postichievementestsbefore and

after theimplementation oflearning activitiesrespectivelyWhen students®é gai ned
from near transfer problems in achievement tests were examined, it was seenrtiesdrtbe

of gaired scores from eadthievement test werd&nd & respectively. These high means

of gained scores indicated that studentsd score
has been success near transfer of learningurthermore, the standard deviati(Y) of the

gained scores from the first achievement test points out that there was a considerable
difference in the spread of scores iranéransfer problems. Therefore, there were some

students who did not equally succeed in answering near transfer problems in the first test. On

the other hand, thstandard deviatior{9) was relatively lower in the second test, that

illustrated that students problem solving skills in near transfer wleselybalanced in the

second testThis less spread of data in the second achievement test may indicate that
student so p skild onenear tsansfeproblengs showed an improvement in
performanceThe overall results in gained scores of near transfer indicates that there is a

high evidence that near transfer of learning took place successfully with its overall thean, 8

and stadard deviation9.

Along with the results of descriptive data from pre and post achievemeniesisa paied

t- test was realized fqure and posachievement test, the resultindicated that there was a
significant mean ifference between pre and pasthievement near transfer test scores
The pairedsamplet test result for pre and post achievement test 2 also showed a significant
mean difference between pre and post test scores on near trAdsfiéonally, the paired
samplet-test oftotal pre and post achievement testsnear transfeshowedthatthere was a
significant mean difference between pretest near transfer scatgsoatiest near transfer
scores These results may suggest that learning activities in mathematics lesson designed
based orthe structures ofognitive loadtheoryresuled with near transfer diearning The
statistics onachievement testare parallelto the results ofprementioned studies where
reducing extraneous mentaffort and increasing germane lo#&t to increasing student
performanceon near transfer problems achievement testsAdditionally, Cooper and
Sweller (1987) dund that subjects trained by heavy emphasis on worked examples were
better able to solve similar and transfer problems than those who were trained with
conventional problems in algebra classes. They added that increasing the use of worked
examples increas transfer performance in algebfdere mighhavebeenthe similar effect

of worked examples in increasing near transfer performandéenemtiation

Therefore, thisachievement levein near transfer scores in achievement tests might have
resulted due to designing arstruction lased orCLT principles. However, since there was

not a control group and an experiment group, the researcher is not sure whether these
indicators were unique to achievement tests or not; and whether they directly came from the
process of learningctivities mplementation or not. Thas the reason fofurther analysis

was made to examine near transfer indicators atresidfctions and group discussions to
realize an overall picture.

Clark et al. (2006) suggested sadikplanation to procegbe examples deeply based on the
studies of Chi and her colleagues (1989). Eflieteal. (2006) declared that sedfxplanation
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has been found critical for successful learning with woiteid examples. Additionally,

Renkl et al. (2004) added thaselfexplanations with worked examples would lead to
increasing germane load. Therefore, integrating method of usingxgd#nations in the
course was one of the operative methods that would lead to effective transfer of learning as
this current studyimed and students wrote reflective journals along with worked examples
and completion examples. The findings about near transfer of learning derived through
reflective journals were parallel to the preentioned literature outcomes.

When studentsé6é reflective journals were anal
indicators of near transfer of l earning wit
near transfer of learning, namefynowledge, Comprehensicand Application Themeshad

generally high frequencies in eight reflective journals. Almost all eight reflective journals

had high percentages Hinowledge Themeat the use of correct terminologies (mean:

83.3%) and knowledge of general rules in Calculus (mean: 79.&i)dent percentages of
Knowledge Themevaried between 10.7 % and 100%. This was not an unexpected result
where students had to know the introduced principles and to be familiar with the proper use

of terminology and notation in order to answer reflecfiournal question with appropriate
expressions. Even if this was the case, if the student had made minor mistakes on
mathematical notation or used improper terminology, this code was not awarded. It was
determined akKnowledge Themeéhat students had motendency to make minor mistakes

on notation, rather than to use incorrect terminology.

At Comprehension Themeamost of the indicators were observed at understanding the
problem (mean: 86.6%) and at identifies correct method (mean: 93.0%). These two
stbthemes were closely related as fifging correct metbd was followed after
understanding the problem. On the other hand, researcher mefiviitly a similar example

subt heme at all/l studentsdo replies fwever refl e
there was not any stated example at reflective journal 3, reflective journal 4 and reflective
journal 7.Also, reflective journal @night have beeohallenging students to create their own

example to explain the unit; hence students had to give yasiilar example like in

learning activities.

Correct mathematical calculation was the subtheme that had highest percentage level under
Application Themdgmean: 91.8%). The lowest standard deviation was at identifying correct
method subtheme und&@omprehension Themat reflective journals with 6.4% ; whereas
highest standard deviation was recognized again uBderprehension Themat giving a
similar example case at reflective journals with standard deviation 49'Bése results
indicate that stuehts havesimilar thinking skills atnear transfer of learning while
identifying the correct metho@nd when they find the correct method, there is more
tendency toapply correct calculationsn reflective journal problemsOn the other hand,
some studentprefer togive similar exampledepending on the question type of reflective
journals. Againgiving similar examplesubtheme might have this high spread due to the
requirement of the reflective journal question.
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It can be inferred that the findings thfis study were in agreement with the previous studies

declaring that seléxplanations were assistance towards transfer of leammiren they were

used along with workedna completion exampleResultspointed outhatself-explanations

lead to trasfer of leaning when they were used together with worked and completion

examples Therefore,st udent sé replies to reflective journ
|l earning through studentsodo solutions and expl anc
journd questions.

Some of the near transfer indicators at-sglflanations might be linked to several themes

derived from studentsod intervi ews. For exampl
effectiveness of seéxplanations, eight students mentioned thatesgifanation at reflective

journals leading tehink deeplyon how to use proper expressions; how to reason solution

steps and how to interpret for long term memory. Furthermore, nine interviewing students

(all) stated that selfeflections assisted towarddental Modelfor solution steps of a

problem; summarizing the main idea and bringing together different sutiettsthemes

are in agreement with the literature including the studies of Clark and his colleagues (2006)

expressing thaselfexplanationasia ment al di alog that |l earners h
worked example that hel ps them to understand th
(p.226). Students also made comments on-reé@ctions contribution ta_earning on

problem solving This might be lnked to the previous studies of Gick and Holyoak (1983)

suggesting that if a more effective schema was generated by problem solvers, then transfer is

enhanced. Moreover, the use of Belplanations along with worked examples might have

created positive daomes for learning in this current study as Crippeal.(2005) claimed.

According to Wobrledexamplesralone mayihave a verii refined impact on

student performance...The combination of a worked example with-exgd#fnationprompt

seems to produce a difference in performance, problem solving skill, areffeafyo

(p.818). These three subthemes, maifhjinking deeply, Mental Model and Learnjng

derived from the interviews can be linked to near and far transfer of ledrningm st udent s o
perspectives. Hence, these findings might indicate that students have an awareness on

transfer with the assistance of sekplanations.

Group discussions have bedetermined asffective towards learning and higher order

thinking aacording to the related structures of social constructivistmdents participated at

group discussions mediated by online forums at Moodle and they completed eight forums
during the study. Teacher did not iqtheer fere or
forum; instead she was an observer of the progress.

When studentso6 replies to Moodle forums were ana
transfer of learning, namelgnowledge, Comprehensiorand Application Themesresults

indicated that thesthemes had generally high frequencies in eight forums. Héoen

replies indicated positive improvement in near transfer of learning. On the other hand,

frequencies of the themesforumswere lower than the frequencies of reflective journals on

near tansfer.Knowledge Themet forum analysidad the highest frequencies compared

with the othertwo themes of near transfdn addition to that the highest average of near

transfer indicator at forums was at use of correct terminology Wmawvledge Themavith

138



the mean of 88.7%.Thus, students have less problemsréoognizethe terminologies,
notations and general rules in derivatives compared to comprehension and application of
them at online forums.

The other highest percentages near transfer of learningvere recognized under
Comprehension ThenEhese subthemeswvere the same subthemes that had highest
frequencies at reflective journaldnderstanding the problentsad mean: 80.2%, whereas
identifying correct methotlad the mean76.8% at eight forums. On the other hath@%

of students were able tdentify correct methodt forum 5. The low percentage value, 4.3%
might have resulted due to the difficulty level or clarity of the question in that forbos,
students havéigher tendencies to realise near transfer of learning at comprehension level
compared to application level. Howevéhjs finding might depend on thdifficulty level

and clarity of the referred question.

Under Application Theme,correct mathematicatalculation had the highest percentage
mean with 47.1%; however this percentage was quite lower than the average of the reflective
journals for the same subtheme. This subtheme also had thesthigandard deviation with
41%. There was a larger spreadvafiety at the replies to forums under that subtheme. That

is because forum 5 and forum 8 did not have indicators of correct mathematical calculation.
Organizing given expressioand indication of breaking problems into partgere rarely
observed at forus (once among eight forums); because forums usually concentrated on
research based or conceptual type of questions rather than mathematical prabkims.
thesefindings onnear transfer of learningight havechangediue to thdlifficulty level and

clarity of the referred questioAnother reasoif changing near transfer indicatangght be

due to thes t u d familiagtybon using technology texplainideasthroughmathematical
notations and expressiongechnology might have caused difficuliy use compared to
paper and pencil.

The positive near transfer improvement indicators of online forums support the literature
findings on the effects of group discussion towards understanding and thiakixggotsky
(1978) and Driscoll (2005) claimethat group discussions highly recognized to facilitate
higher order thinking skills that would be effective for actively participating &srnThe

results of the analysis of online forum al ¢
development of higer thought and concept development; since Elrich (2006) cited that
AVygotsky (1978, 1986) believed that | anguacg

of this tool invariably led to a series of inner or mental transformations such as the
developmenb f hi gher thought and concept devel op me

When students commented on the effectiveness of group discussions, there were some
subthemes such ashinkingdeply, Refl ecti on oandUoderstamdingtitat T hi n ki
can be related to near and far transfer themes that were coded for online group discussions.
Students mentioned about positive impacts of online fordowsards learning and
understandinginder these three subtheme&ke facilitation of thesenentionedhigher order

thinking skills might have resulted from the online group discussions as literature pointed out
earlier. Past studies showed tha integration of the structures of social constructivism in
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instruction has been also highly recognized tdlifate higher order thinking skills that

would be effective for actively participating learners, as Vygotsky (1989), Hannafin (1992)

and Driscoll (2005) claimed. Additionallideaudelin & Richer (1999) mentioned that online

discussion enables asynchronoechanges and it assists e@peone and oné¢o-many

interactions;so then studendse motivated for learning independently, they transfer and

apply knowledge to redife situations.Fi nal | vy, t he t hemes driven t !
interviews is in line withthe outcomes of other studies as Kramaedlal. (2006) pointed

out. The authors cited th&tDi scussi on mediates shared meaning.

othersd reasoning and participating in the r1es:
monitor their thinking when they reason about important mathematical concepts (e.g., Artz
& Yaloz-Femia, 1999 Mc Cl ain & Cobb, 2001)0(p.218) . Thus,

have an awareness of learning transfer with different benefits through forums.

It canbe deducted that some students had technological difficulties, as two students found
online forums at Moodle to beot useffriendly. Two students mentioned that they had hard
times to reply as they wished to due to technological difficulties. They empHtathat

typing and graphing at computer were taking time and it was not as easy as to present ideas
with paper and pencil. These comments were expected as a result of technology survey that
was given before the study. Although, some adjustments madeiastian styles, two
students still faced with challenge at expressing themselves fully with mathematics language
at computer. Another reason of these difficulties might be due to forums used for the first
time in mathematics classes for learning.

Additional Notes on Selfreflections and Online Discussiorsbout Near Transfer of
Learning

When selfreflections and online forum discussions were canegh on mar transfer of

learning following outcomes were identified. Onlinerlims consisted ofower percentages

in near transfer than in reflective journalso6 mi
the students. These results might have resulted due to the type of the forum question; as they

might not have directed students towards tlaeBtacts as much as reflective journals.

At Knowledge Themeuse of mathematical notatiomaried due to given task. If the given
problems involve long operations, graphing and tables, notation errors were easily seen.
Problems involving long calculatis were preferred to ask in reflective journals rather than
forums, that was because typing in Computer taking longer time than handwriting, so
forums focused more on knowledge, interpretation, analysis of real facts rather than long
calculations.

Under Comprehension Themelefining a rulewas rarely observed so it was coded when a
student defined a rule in Calculus. It can be inferred from the comparison of percentages at
Table 33 andrable 34, online forums led students more towaefning a rulemorethan
reflective journals; this might be due to the fact that online forums focused more on
interpretation of concepts and forums enabled them to mention the rule more than reflective
journals.Outlining the steps of solutionsas rarely used in reflectivieurnals and online
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forums in general, except reflective journal 4 that was requesting students to outline the steps
solutions

Under Application Theme organization of solution stepwas not observed frequently in

every reflective journal and online faru On the other hand, reflective journals 1 and 2 had
higher percentages for this subtheme because they especially necessitated organization of
solution steps. As there were less requirement for reorganization for the rest of the problems
in reflective jounals, it was not observed in rest of the reflective journals and forums.
Breaking into partsvas an individual choice except the requirement of reflective journal 2
and reflective journal 3. Forums were more concerned with interpretation of concepts so no
breaking into partof calculations were observeldeasoning solution stepgas mostly seen

in problem solution steps in reflective journals and online forums.

InterviewThemes for Worked example, Completion Examples and Practice Problems

From studentso6 interviews, it can be seen t|
with its effects towards learning under the themesunélerstanding& learning and

reinforcing Most of the comments undémnderstanding and Learnintheme for worked

examples were at the commpaositiveidea of solutions steps helping towards understanding

the reasoningThese pseitive comments support thpeeviousstudies of Crippeet al.(2004)
stating thato regarding i mpact on both per
respondents held positive perceptions of wort
All students considered that worked exampiemforced practicing. Therefore, practice

might have led students to near transfer of learning

On the other handConfusioowas anot her theme that came up |
worked examples. According to the opinions of students, it can be inferred that worked
examples were most useful when learners did not know the subject. This inference is in
agreement of the redslfound by Efklideset al. (2006) and Renklet al. (1998)They
concluded that worked examples were most useful when the learner does not have the
knowledge on the rules or the procedures for the solution of the proBlesording to
experts, sidents withprior knowledge find worked examples to be redundant that leads to
heavy cognitive load on working memorjhe comment of a student supported the same
idea; the methods in worked examples were sometimes confusihgrfehen the student
studied the topic earlier; ahefocused orherown method in the reference instructi@ihe

found worked examples to be confusimgen student deduced the information quicker than

the solution steps of worked problemdence, at some cases;onfusion might have

A

negativelyaf f ect ed st udent so impleaionst ransfer of | eatr

Related to near transfer of learning, the positive comments for completion exa@aples
grouped under two main theme&Suidanceand Reinforcing Under guidancetheme, five
students stated that backwards fading was hiefpfuunderstanding the unitvhereas three
students stated that forward fading was helpful for understantimg guidance might have
facilitated near transfer of learning. Mweg, two students mentioning that backwards fading
reinforced learning for harder subjects and two other students stating forward fading
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reinforced more for learning show that students might have benefitted from completion
examples for near transfer of faang.

For practice problemshé themes ofinderstanding & LearningndLearningcan be elated

to near transfer of learningll students thought that practice problems were useful towards
Understanding and Learning Under this theme, four students riened that practice
problems facilitated revision with similar problems Undearning theme one student
emphasized practice problems reduced calculation mistakes by practicing with similar
problems. Therefore, reducing calculation mistakes and asssdlagg similar problems

can be linked to comprehension and application themes of near transfer

Conclusion Remarks

It can be concluded that based on the findings from achievement tests, reflective journals,
online group discussions and intervighat worked examples, diverse worked examples,
completion examples, practice problems, self reflections and group discussions helped
students learninghe units of derivatives and application of derivatives in near transfer

setting.However, technological bamieforon| i ne di scussion and students

in solution steps should be considered in designing similariftgaenvironment.
5.2 Far Transfer of Learning

In this section, the results of pre and post achievement tests due to far transfer are discussed
along with the outcomes of sekflection and group discussions. Finally, these results are
combined with students6 comments about the
diversed worked examples, completion examples, practice problems, feadfions and

group discussions towaréiar transfer of learning.

Pre andpost achievement tests enabled to collgeantitative data on far transfer where
students individually had to reflect problem solving skills in a determined time p@/ieh
studentsd gained scores from far transfer
results showedhat themeans of gained soes from each achievement tést far transfer

were 58and % respectively. These means showed that far transfer of learning might have
been realized by the assistance of designed learning activities. Nevertheless these means
were lower than the means of near transfer gained scores in testsigifiidbean indicator

that students had more difficulty to solve far transfer problems in the achievement tests.

The standard deviations of gained score percentages in two achievement tests avete 25

ef fec

probl

20 respectively. Theesults indicate that there was alargargpad of dat a; hence st

replies to far transfer problems differed due to their gained skills at traf$feroverall
results in gained scores of far transfer indicates that there is a high eviderfee tizatsfer

of learning took place with itsverall mean,56 and standard deviatidi®. These results
support thefindings of Clark@999 in that students had more difficulties at far transfer of
learning compared to near transfer of learning.
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Along with the results of descriptive data from pre podt achievement tests, when a paired

t- test was realized for pre and post achievement test 1, the result indicated that there was a
significant mean difference between pre and post achievement far transfer testdoores
pairedsamplet test result fopre and post achievement test 2 also showed a significant mean
difference between pre and post test scorefaptransfer Additionally, the paired-test of

total pre and post achievement testdamtransfer showed that there was a significant mean
difference between pretefdr transfer scores and posttéat transfer score§ hese results

may suggest that learning activities in mathematics lesson designed baseghitine load
prindples result withfar transfer ofearningup to some extendThe statistics ofar transfer

in achievement tessshowed that far transfer was facilitated throughléfaening activities of

the current study and the quantitative daftahe current studwgre parallel to the results of
prementionedstudies orfading procedureself explanatioreffect and diversity ofvorked
examples. Thanalysis orachievement test resulgsipports thestudy of Atkinson & Renkl

& Merrill (2003) wherethey claimedfading procedure together with self explanatiaiso
enhanced far transfer.

The gained scoresnean of far transfemproblems in achievement tests are lower than the
gained scores mean of near transfer problems in achievement tests.Moreogainghde
scorestandard deviatioof far transfer problems in achievement tests shows a wider spread
of data leading tanore differentiation ins t ud e nt s 0 tranderrdalizationdhese f a r
results of the test analysisealsoin agreement with the conclusion of Clark (1999) in that
far transfer of knowledge is harder to teach and to transfer in learniag. further
verification for far transfer of learningdvanceanalysis was made to examine far transfer
indicators at selfeflections and group discussionssaethe overall picture.

Previous study of AtkinsonRenkl, Merrill (2003) demonstrated that backwards fading
procedure together with sadkplanation prompting significantly facilitated not only the near

and medium transfer learning but also far transfer learning. Moreover, Bieakl(1998)
declaredthe iThe only evidence that mul tiple exa
elicited selfexplanation and multiple examples showed the highest performance-on far
transfer (pAado bl ems o

The coding of self explanations mediated by reflective journals indicated positive
improvement in far transfer of learnintudents had demonstratiedicatorsfar transfer at
analysis andly nt hesi s | evel s o0On thB lotheo hadché dulsthernen o mi e s
indicators & far transfer of learning, namelknalysis and Synthesi§hemeshad lower
frequencies in eight reflective journaisan neartransfer indicator®f reflective journals

The highest percentage average of far transfer indicator appearedAuradgsis Theme

with solving a problem in newituation (mean: 31%). Thissultheme also consisted of the
highest percentage reflective journal 7 with78.6 %. This code was awarded mostly for
reflective journal 7 , since theveas a requirement of solving a new problem. Thus, students
demonstrate far transfer of learningvhen the question addressed The highest standard
deviation of far transfer indicators of reflective journals was observednaparison of new
problem wih old problemunderAnalysis Themewith 35.4%; because it was only seen at
reflective journal 3 This result might resulted due to the requirement of the referred
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guestionAlthough the average percentageawfrect interpretation of sign tables, graphs

and resultsis low due to the mean of eight reflective journals, it can be observed that
students successfully analyzed graphs, tables and results for the last two reflective journals,
since it was a requirement especially for these two joulftedspercetages were 64.3% and

82.1 % respectively;therefore, students had shown successful far transfer of learning
outcomes when the question addresseahterpretation of results under analysis level of

Bl oombés taxonomies.

Some of the far transfer indicators were not observed at reflective jouraaisiycreating

a new problem, deriving abstract relationships, stating limitations and restrictibas
transfer of learning ereobservedaroundat one tenths foreflective journals; however there

were still some indicators of it. Bee outcomesnight have resulted due to the type of the
reflective journal question; as they might not have directed students towards these artifacts
with its requirements and its fesing contents. Moreovesince it was found thatear
transfer of learning is relatively easier to realize compared to far transfer of leah@ng
findings of this studyt hr o u g h s-explanations might kx énferred as in agreement

of the firding of Clark (1999)or far transfer of learningClark (1999) declared that far
transfer is advantageous when the learner has to make judgments and to adapt to different
situations however, far transfer of knowledge is harder to teach and to transfer in learning.

Students generally enjoyed writing reflective journals and spending time on thinking proper
expressions to answer the reflective journal questiorcah be inferred fronst udent s 6
reflective journals that transfer of learning might have been realized through learning
activities and seléxplanation.Some of the themes derived fronudent$ commentsat
interviewsshowed that students had some awareness on the effedfsrefisetion towards

far transfer of learninglhere were three main themesultingfromt he st udent sd commen
that were along with transfer of learninghinking deeply; Mental Modeknd Learning

Under thinking deeply themédwo students thought that self reflectioassisted grasping
reasoning of solution steps that can be linked to far transfer of learning outbuae this

theme, thinkhg genuinely on the proper expressions/examples to explain and the
organization was the subtheme that had been mentioned the Ammher student
mentioned that self reflections prevented memorization

On the other hand, undbtental Modeltheme,self-reflections were highly recognized with

its emphasis on in what way to organize solution stefpglefits mentioning self reflections

encouraing forming schema for the solutions of problerbsinging different subject areas

to connect the topics anddilitaing the main summary of the subjenight demonstrate that

students also have an awareness of the effect of self reflection towards far transfer of

learning outcomedy assistingMental Model Under Learning Theme, two students stated

thatanalyzing cases in details helped learniigo, cme student mentioned that self teaching

helped learningnder Learning ThemeThese commens supported the findings of Simon

(1979). If it is considered that selhstruction was facilitated by sedfxplandion in this

study, this conclusion might have provided an evidence to the previous study of Simon

(1979) who stated that Astudenrdtnsstiraartn omo@t ( pb 8 7
and the findings of Cheétal.( 1989) who were in agHeeepastnt of Si mc
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study results and the results of this study do not only indicate far transfer of learning through
the analysis of learning activitiglsut alsostudents think parallel to the positive outcomes o
far transfer through self reflections.

These comments were in harmonious with the claimberstudy of Efklideset al. (2006)

who concluded that during sedkplanation, learner thinks aloud for reasoning for the
choices and procedures in the solution of the probleraddition to this, theéhreeoutcome
themesf r om st udent s 6 suppdrthe resulte of Gppeneh el.€2006) from
students perspegt. Crippenet al.(2006) mentiored that when worked examples and self
explanations were used togethdhey increased in selfficacy (motivation) and
performanceand together with selxplanations students learn a difficult content without
overwhelmed hence students might have understood and learnt a difficult subject like
derivatives with thecombination of worked examples aself-explanation Hence, students

had awareness on the effects of reflective journals towards understanding and learning; as
the previous studies showed that geffection facilitates understanding when they were
used with worked and completion examples (Simon, 1979eC4li 1989; Paas 1992; Renkl
etal,2 00 4 ; Ef kli des, 2006 ) . These findings wer
in this study.

Group discussions mediated through onlioeufns had relatively more indicators of far
transfer of learning thareflective journad that might have resulted in the forum question
type and its requirements. The subtheme indicators of far transfer of learningnedysis

and SynthesisThemesin eight forums. The highest percentage average was observed under
AnalysisThemeat correctinterpretation of signs, tables and resuitsean: 42.4%)Hence,
studentsgenerallydemonstrate far transfer of learnitminterpret sign tables, graphs and
results correctly at analysis level when the question requiresntgroup discussioithe
second highest percentage of subtheme ju@ging the reasonableness of the datader
SynthesisThemewith 28.6%. This average was closer to tbftective journad 6 per cent ag
mean for the same subtheme (mean:25.2%gence students demonstrate far transfer of
learningas the question requires in technological environment in the same level as in paper
pencil format; since the judgement is explained in words rather than mathematical notations.

In addition to that, lthoughsome of the far transfer indicators un@smnthesis Themeere

not observed ateflective journas: creating a new problem, deriving abstract relationships,
stating limitations and restrictionssome forums revealed these subtheme indicators. For
instance forum 5 had the highest percentage on creating a new problenSyntlersis
Themewith 69.6%. On the other hand, forum 2 had the percentage of 56.58&rfeing
abstract relatonships At forum 3, stating limitations and restrictiongrere observed with
the percentage of 36.4%Hence, it can be inferred that online forums reveled positive
improvement in far transfer of learning due to learning activifidee highest standard
deviation was observed at highest percentagereating a new problemnder Synthesis
Themewith 31.2%. However, this subtheme was obserweith high percentageat two
forums, specifically forundt and forum5, requiring creating a newroblemin the question
structure. Thus, it can be deduced that studenight successfullgreate a new problem and
demonstrate far transfer of leémg outcomes aSynthesisTheme when the question
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required toas a result of the implemented learning\aiies. That is because percentages at
this subtheme can be recognisediah 65.0% and 69.6% respectively.

It can be deduced thaarf transfer indicators at forums were not as much as near transfer
indicatorsof forums One of the reasons of thiensequence might be due to the fact that far
transfer outcomes were harder to achieve; it takes longer time to digest information
efficiently which was parallel to the pre mentioned pastystfdClark (1999) Thatmight be

the reason forthe percetages of far transfer indicators were lower than the percentages of
near transfer indicator®©ne other reason might be the question styles of forums addressing
to far transfer outcomes. These outcomes of far transfer and lower percentages of indicators
might have shown variability due to the question styles at online forums addressing to
indicators of far transfer of learning.

Some of the studeriisomments were parallel to the findings of this study on far transfer of
learning as a result of online forums. Withihre interviewsthe themesf deep thinking,
understandingr ef | ect i on 0,ho leamihgeconsilButiotamdinot wser frigndly
might be rested to above findings for forumbklnderthinking deeplitheme, three students
thought thaseeing variety of questions extended thinking skills in different perspeetines
whereas three students stated that foromadethem think moreOne student mentioned that
theories helped to interpret concepts undederstandingheme.One student considered

t hat reading friendarderrefpll @ @tsi cand defthem&tnfoevrl d@ ge h i
Hence, forums affected far transfid learningpositivelywith its assistance towards thinking
and understandinfipr some students. On the othemd,four students condered thatforum
replies did not contribute much thinking deeply;some of them preferred to solve in their

own way; some of them did not understand frienc
them could not benefit from replies as there was not enough discussion envirchateot.
the other students considered that&nds 6 repl i es mi xed wup mind and

rather than leading tthinking deeplyAnother student thought that the theories emphasized

did not help much to problem solving and thought it leadddearning contributionOne

student stated that she preferred own solution; whereas another student mentioned that
students can learn without forums under the same theme.

Majority of the ideas were und@eep Thinkingtheme; nevertheless there were not any
consistencyomdi scussions® positive or negative effects
seeing variety of questions extended thinking skills in different perspectives and forums
made them think more. These comments were in favor of the literature findiigs also

linked to self explanation effect on problem variabi(iBaaset al,1994;Renklet al, 1998)

Paaset al.(1994)claimedthatlearners with elicited sekxplanation and multiple examples
showed the highest performance famtransfer problemsThus, students might have an
awareness of problem variability extended their critical thinking skills on problem solving.
Hence, the effects of forums towards problem sohang learningmight be indirect by
addressing the structure of concepts.a result, perception of forums towards learning does
not have any common consensus as well as not having a common outcome with its effects.
Mentioned commentight explain the low percentagekfar transfer of learning outcomes

in online forums.
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Researcher did not prefer to interfere to forum discussions much in order to prevent giving

too much guidance that would disable student to generate own ideas. Instead there might be
aslightconj ecture driven from studentsd comment
have eliminated confusionghus, the instructor should observe the learners and guide when
necessaryin online group discussionHe nc e st u d e noh guidanee catmoniene t s
forum discussions support the findings of pasttofd Ernest (1998) assémgt h at AThe
learner may lack of confidence and need assurance or may not be able to make the

transformati ons unai ded in order to achi eve

domain of competence so that ultimately she can undertake the challenging type of task
unai ded and complete the tr anThdsoirmght beon al
inferred that replies of t u d &ientdssnight have an effect on near transfeut more
discussion environmertbgether with guidancehould have been facilitated to reach far
transfer of thinking.

In general it can be inferred that analyzing online forums assisted to reveal far transfer of
learningoutcomeswith its questionstructure. It can be deduced thgtoup discussions had
somepositive impacts towardsr transfer of learningandthere are some indicatoo$ this

result that are in agreement of the previous studies about problem solving activities
harmonious with CLT principles.

Additional Notes onSelfreflections andsroup DiscussionsaboutFar Transferof Learning

When far transferof learning outcomes are compared at reflective journals and online
forumsunderAnalysis and SynthesiBhemesit is observed thajudging the reasonableness

or validity of the resultandanalyzing the problems furtherere the most seen codes within

the reflective journals. On the other hand, forums involved more codes involving far transfer,
as itwas aiming to search for mor&eneralization of a fact or a rule in Calculand

correct interpretation of resulistables, graphs were also another codes which were
freqguently observed i The petceanthges wer @ependeptian th s i
question types and participation rates of students. The percentages might have also differed
due to confidence of students with the use of mathematical notations, graphs and tables at
replies on hard copy (self reflections) and on technology (group sdigrs).lt might be

infered by observation of near and far transfer that reflective joumniglst have assisted

more towards forums. By reflective journals studentght have discovered basis of the
tasksevoking theskills on near transferand with forums theynight have combined the

taught lesson witheflective journal outcomed his transitiormight haveformed a schema

in their interpretation oferivatives and their applicationbence studenteplies showed

more indicatorsat far tranger of learning in online forumslt might be assumed that the
mathematics lesson designed based on the principles of CLT and its fostering learning
activities might have resulted in near and far transfer of learning.
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InterviewThemedor Worked exampleéZompletion Examples and Practice Problems

The far transfer of l earning indicators
examples can also be linkedWnderstanding and Learning@ndReinforcingthemes. These

two themes were expected to be derived based on the findings of CLT principles in literature
(Renkl et al, 1998; Cripperet al, 2004; Renklet al, 2004). Underunderstanding and
learningtheme, four students mentioning s@uas steps helping towards understanding the
reasoning can be linked to far transfer of learning outcomes; since understanding and
learning the reasons of solution steps can also facilitate flexible schema forming. In addition
to that, undemunderstandingand learningtheme, three students mentioned that worked
examples facilitated to store information in long term memory with its similarity in
examples. Renkkt al. (2004) concluded that studying on worked examples and self
explanationgogetherwould lead to germane load that contributed directly towards learning.
On the other hand;onfusiontheme and its reasonsentioned in previous sectiomight

also have produced some interruptions in far transfer for those students who knew the
subject earlieras Renkl et al.(1998) and Eflidegt al.(2006) emphasized.

Related to far transfer of learning, the positive comments for completion exarapldse

related totwo main themesGuidanceandReinforcing Merrienboeret al.(2002) found that
completion examples resulted in higher transfer of acquired skills than conventional problem
solving. Furthermore, Atkinson & Renkl & Merrill (2003) concluded that fading solution
steps can facilitate both near transfer and far tranSfadents also thought that completion
examples foster learning and understanding through its guidance and reinforcing elements
towards thinking; they had to spend time on how to start or how to move on in the steps of
problem solution. However, the ideais which type of completion example type (backwards
fading or forward fading) to be more useful varied due to the students. Guugance
theme, five students thought that completion examples with backwards fading to be helpful
for understanding the unfiecause guidance was giveXlithough, it is not clear whether
studentsaddressed usefulness of backward procedure on near and far transfer problems,
thesecommentsmight bein agreement with the previous raseh of RenklAtkinson, Maier

& Staley (2002 on far transfereffect The experts claimed théiackward fading has the
potential to foster far transfewhereas forward fading does not substantially reinforce the
same accomplishmefitin the other hand, undBeinforcingtheme, three students agreed o
completion examples with forward fading encouraged thinking more and two other students
thought that completion examples with forward fading were to be more assistance towards
learning the subjectThis point of viewof students revealed different perspective of
learners compared the past studies of Renét al.(2002) On the other hand, one third of

the interviewing studentmentioned thatompletion examples with forward fading to be
morechallengingthan completiorexamples with backwards fading.

Relaed to far transfer of learning, following comments are identiffddstudents thought

that practice problems were useful towathglerstanding and Learningnd they all thought

that practice problems prepared them to the achievement tests. Under this theme, one third of
students generally thought that variety of practice problems challenged them and four
students considered that they guided them towardsatrihinking and analyzing. Three
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students also thought that practice lead to effective interpretation of reasoning solution steps.

One student stated that practice problems prepared for the test style questions by
encouraging forming schema to solve penfis. Hence, practice problems also facilitates

Mental Modelfor some studentsThese comments are in agreement of the past study of
Renkl& At ki nson (2002) w h kearring frdmeexammlds ésinotéheé t h a't
preferred method when learners re#tod third stage (proceduralized rules), where problem
solving practice is the opti mal i nstruction
practice prepared them for the tests after having learnt the subject through several reasons.
Under Learning theme, seven students mentioned that practice problems was the best
learning activity among the rest. That resulting derivation was not unexpected, because
practicing with practice problems was a traditional system that has been followed for those
students.These two themes of interviewing students were also in agreement of literature
revi ew. It is cited that ARanzijn (1991) a |
increased variability of practice along the task dimensions is beneficial to schem#ianquis

and hence to transfer of acquired skills because it increases the chances that similar features
can be identified and that relevant features:s
& Van Merrienbder,1994, p.124). Also, these explanationssafdents might have come

through the effect of already experienced situation and development of necessary skills while
working with practice problems in the pa&dditionally, studentamight have been enjoyed
competency through worked examples and sdléctions.As a resultthey might be happy

to solve the practice problems with a competence.

Conclusion Remarks

It can be concluded that based on the findings from achievement tests, reflective journals,
online group discussions and interview that worked examples, diverse worked examples,
completion examples, practice problems, self reflections and group discussipes

students learning the units of derivatives and application of derivatives in far transfer setting

up to an extend. However, technol ogi cal bar
knowledge in solution steps should be considered in degjgminilar learning environment.

5.3 StudentRecommendations

In this section, thestudent recomendationsabout the effectivémplementatiorof learnng

activitiesdr i ven from st udent $n@eneralit cam be undarssooddhate di s
students thought that they benefitted from the learning activities even though their ideas
varied which activity helped them most. Worked examples were positively reedgwith
Understanding and Learningand Reinforcingthemes by student$iowever, there were

some cases where they led@onfusion Hence it is recommended that worked examples

should be integrated in instruction to promote understanding and leamihgtudents are

guite satisfied wor ked Aexamm@li ensggd troe isntfuodrecnitnsg
workedexamples can be jnoved bystudentd self-explanations to explain the given steps

in their own words; having a space for them to try to esdhve problem; and integrating

variety of solution techniques. It is already known from literature that (Retn&l. 1998,

Renkl et al. 2004) when self explanations were used with worked examples,it enables
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schema formation; so one of the studesso recommended to explain the given problem in
their own words would increase its effect for learning.

Students thought that completion examples were effective towards learning and
understanding. This can be understood thro@gidance and Reinfcing themes derived
from st udenWhed it comesnrethégyps of completion examples, opinions
varied about which type of fading (backwards or forward) was more helpful than the other
type; however the common idea was that completion examples géding towards
thinking and understandinglhus, its use in instruction assisted learning and understanding
through its elementsAdditionally, five students thought completion examples to be
confusingfor several reasons: (1) expectation on what to write or how much work should be
shown were not clear; (2) sometimes mixing up mind if the topic was studied earlier; (3)
understanding the solution steps was hdrde comment at (2) can also be linkedtte past

study of Efklideset al. (2006) and Renklet al. (1998)in its opposite effect like worked
examples; completion examples may also lead to confusion if the topic is studied earlier.
Instructors are recommended tese completion examplesor addressing effective
understanding; however they shoblel clearabout theexpectations on how to complete the
fading steps

As for studentsdéd recommendation on i mpro
suggested to haveore solution steps car lgiven to filllwhereas another student suggested
to have different methodologies of solutions can be given alternatidelyce students
preferred to have morarietyin methods and more solution steps to fill for long problems.

When selfreflection recommendations are considetbdre weredifferent perspectives on

the challengeof writing self-explanationsTo gart with, three students had beehallenged

at writing reflective journad when transmitting knowledge; when prior knowledge is
integrated; and when a new problem style was asked. One of them found vefigctjve
journak to be stimulating, therefore they were to be useful towards learning. While the other
two though thatintegration of prior knowledge in new situation to be challengifs

some students may be allocated more time for recalling prior knowledge before completing
reflecive journals.One student suggested writingeflective journad after the new
information was digested in a longer period of time; hence in that sense she thought that
reflective journad did not help muchAnother student suggested to haeélective journals

as assigned homeworRhus, some students may take more time for formicliema
through selreflections and this process may take tiPAmother recommendation were
statingoutline of expectations in reflective journals;hence clear instructions should be given
on expectationsThis student comment may support the study of Reatkhl. (1998)
emphasizing thaguidance to be essential in promote effective learning outcomes while
working with worked examples and selplanations. The authors added that multiple
examples without guidance for sophisticated-egfflanations resulted in very low learning
outcomes.On the other hand, this comment shows students not only need guidance in
worked examples but also at the instructions in self explanatibresstudent recommended

to havemathematicproblems rather than summaries in reflective journals;this might be due
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to students habits in mathematics classes; participants were more uske tmathematics
problems thanvriting verbal explanations for mathematics as regular study habit.

Three students foundnline forums motivatingtowards learning when differentefd areas

were linked to the derivatives units. Connecting mathematics units to other fields might have
aroused intrinsic motivation of students that results in making more sense of what was learnt.
Mueller et al. (2011) stated that intrinsicgll motivated students concentrate on
understanding concept$.he aut hors <concluded that Al ntori
dispositions toward mathematics, which, in turn, encourage students to develsificadly

and mathematical autonomy as they désciand share their understandings with their
classmateso(p. 42) . One student believed t hé
concepts. Therefore, forums might be assigabowards learning with its iribsic

motivation propertyAs mentioned earlieas recommendation one student recommended to

have more discussion provoking questions at forums; while another one stated that group
discussions should take place in class rather than in online environments. Therefore, it can be
inferred that some studerdse open to discuss mathematical ideas in groups when questions
provoke and when they feel comfortable to discuss with immediate comments.

One of the students stated that theories examined at forums helped for understanding of
conceptsunder understandig theme whereasone student stated that forums fostered
practice with further problemainder competencetheme These comments were not
unexpected, since the researcher aimed to increase awareness on the concepts of the units
through forum question§hus,these students had awareness of the outcomes of the forums
discussion lrough its easoning and practicglements The commentsof studentsmight
showan evidencén that objectiveof group discussions were addressed to some students
Researcher aimed took for to what extend the transfer would occur, if students were led
towards further interpretation of the constructs through reasoning and justification. This aim
was along with the past study of Schoenfield (1992) pointing out that asking why gsiestion
to students during the solution processes facilitated elaboration and retainment information.
Moreover, the forums were in the line of the strategie&odmarskiet al.(2004 declaring

that forum discussion is not sufficient for enhancingthematical literacy; a structure for
mathematical discussion is needed through the practice and reinforcement of giving reasons.

Finally, when it comes to pciice problemsthere were four positive main themes that
resulted i n t hrough ¢ a dReimfaycingt Wrelerstandingdamah t s 6 C
Learning; Mental ModelandLearningUnderreinforcing themeit is seen that two students
thought practice problems tested knowledge while two other thought practice problems
emphasizes main points. Thus, practice problesirgorcelearning.As for recommendation

on practice problems,olur students believed that they needeate duration of time when
therewere challenging problems to analyze in degoild integrated prior knowledgdlence

time allocation should beonsidered more critically for those students who take more time to
interpret the new knowledge depending of the work |daswers of practice problems can

be given to students; one studenggested to have answers at the back so then s/he can feel
comfatable by checking the answers.
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5.4 Implications and Suggestions for Practie

This study is a case study and therefore it is not possible to generalize the firidings o
study.However based on the findings, some implications saiggiestions for the similar
settings are presented in the following settio

1 The Cognitive Load Theonprinciples on reducing extraneous cognitive load and
increasing germane loadvhile problem solving are effective instructional
methodologies towards learning to be implemented at high school mathematics
classes. Teachers and instructional designers can work more on how to put them into
practice by balancing the prior knowledge with theewn information, giving
appropriate duration to complete tasisd by proper guidanca high school level
especially for a challenging subject, like derivatives.

9 Teachers and instructional designers should be aware of that students would like to
see varity of solution methods at worked examples and completion examples, and
they would like to feel comfortable to follow the solution method that addresses their
interpretation. In that situation confusion of students on understanding might be
prevented more.

9 This study result supports the lis¢ure findings onself-explanations They were
found to be effective towards transfer of learning if they were used along with
worked and completion examplé$owever, it can be deducé&wm the findings that
teachers and instructional designers shdudve awareness on the amount of
challenge that students will be invotly/en whenprerequisite knowledgand/or new
problem style were given in sedkplanationsStudents comments on tlggidyalso
enlightened that teachers and instructional desigstevaldconsider critically how
to organize and to involve seadikplanations with examples along with principles of
CLT as well as designing an effective learning environmeaichers shouldlso
consider spending time in class for reflective journals as well as giving more time
outside of the class for the completion of reflective journals.

I Teachers and instructional designers should consider critically how to integrate
onlinegroup discussionand the structure of discussion questions in order to support
learning and deep understanding with examples and problems in derivatives units.
They should have an awareness on that students might necessitate memeegtad
clarify concepts in discussions to create correct understandsbgdents might be
allocated more time to participate and discuss on online forums.

5.5 Implications and Suggestions for Further Research

9 This study was conducted in thirteen weekisnilar type of degin can be used for
a longer period of time to observe the float and the process in more details.
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Worked examplesdiverse worked examplesompletion examples and practice
problems were found to be effective towards transfer of legmuilren implemented
properly. Howevera further researclsan be donen the proper level of questions

in derivative units at high school and how to develop effective derivative questions,
especially completion examples, thaould gradually assist students towards
smooth understanding.

Group discussions were recognized as to foster learning and understanding through
selfactualization. However, instructional designers should develop new instruments
on facilitating online forumsn mathematicsvhile supporting deep thinkingnd
intrinsic motivatons of students.

These learning activities should be implemented at rdiffe grade levels, at
different field areas. Moreover, students should be guided towards more these types
of learning activities in the tenets of CLT in mathematics classes and results should
be examined further when students get used to example typasmasitions.

This study was done with participants selected via convenient sampling method.
Same study design can be used through students with higher motivations or higher
skills at using technologgr with a larger sample size in order see its possi®
outcomes compared with principles based on CLT.

This study was a case study due to some limitations and restrictions. Same type of
design can be implemented in an experimental study with larger samples in order to
make more generalizations of the fings

Similar learning environment can be designed for zedli transfer of learning.
However, theindividual impacts of each learning activitegards to transferof

learning can be tested through excluding one of them, #meh analyzing
gualitativelythe effects bisolation of the activity towards transfer of learning.

The impact of the principles implemented can be tested in regard to retefition
learning
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APPENDI X A

PROFI LE OF STUDENTS

Table49 Mathematics CGPA and Motivatidrevels of students (F: Female and M:Male)

Motivation Survey ltems

Math CGPA Task Value/Intrinsic  Self-Efficacy Test
Gender Students Anxiety
(%) (%) (%) (%0)
F S 95 63 90 54
F S 94 82 100 83
F Ss 93 77 84 89
F Sy 92 52 73 80
F S 91 64 82 74
F S 89 66 51 51
F S; 89 34 41 29
M S 87 73 65 80
F S 86 63 69 49
M Sio 84 38 41 69
F Suiu 84 91 73 83
F S 83 52 39 57
M Sis 82 89 90 51
F S 80 80 84 54
M Sis 79 64 61 83
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Table 8 (continued)

Motivation Survey Items

Math CGPA Task Value/Intrinsic ~ Self-Efficacy Test
Gender Students Anxiety
(%) (%) (%) (%)
F Sis 78 32 37 20
F Sz 76 75 96 66
F Sis 75 39 35 26
F Sio 73 79 73 14
M Sy 72 75 84 97
M S 71 91 88 37
M S 70 34 31 66
F Sy 68 29 57 57
F Sy 67 61 73 60
F Ses 63 23 24 54
F S 61 63 57 37
M S 61 88 76 40
M Sy 51 43 43 49
M Sy 45 41 59 63
M Sz 45 64 67 46
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APPENDI X B

MOODLE AND TECHNOLOGY SURVEY

Dear Students,
This questionnaire aims to find out the level of your knowledge about Moodle and
Microsoft Office applications. This questionnaire will take approximately 5 or 10
minutes. There is no correct or wrong answer and youN@T be judged by your
answers. Thanswers of the questions will be confidential.
Thank you for your cooperation.
B.Gonca Tuker
Mathematics Teacher

SURVEY
Please provide the information about yourself.
Gr ade: éeéeéeé Section: éeéecéeéeé,

,,,,,,

Name/ Last name: éééé. Age: ¢éééeéé
Please rate the given questions # 1 to #8.

1. How competent are you at using Moodle?

1 (none) é. . 2 (little)éé
2. How much are you interested in learning mathematics with Moodle?

1 (nane) é 2 (little)éé
3. Do you think that math lessons should be supported with Moodle?

1 (none) é. . 2 (little)éé
4. Do you use Microsoft Word?

Yeséeéeée No ¢éé.
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5. If yes how competent are you at using Microsoft Word for the following?

Typing with a particular fonf1 (none2 (littl |3 (very m
size:

Arranging page layout: 1 (none?2 (littl|3 (very m
Typing equations: 1 (none2 (littl|3 (very m
Drawing graphs: 1 (none2 (littl|3 (very m
Drawing shapes: 1 (none?2 (littl|3 (very m
Inserting picture: 1 (none2 (littl|3 (very m

6.Do you use Microsoft Excel?
Yesééeé No éeé.

7. If yes how competent are you at using Microsoft Excel for the following?

Typing summation formula: {1 (none|2 (littl|3 (very m
Typing average formula: 1 (none|2 (littl |3 (very m
Typing a formula involving 41 (none| 2 (littl3 (very m
operations:

Drawing graphs: 1 (nonel2 (littl|3 (very m

8.How competent are you at realizing the following procedures at Moodle? Please rate
the items.

Following Deadlines: 1 (none)l2 (littleg3(very mu
Completing assignments |1 (none)2 (littlg3(very mu
with deadlines:

Downloading worksheets: |1 (none)|{2 (littl g3(very mu
Downloading 1 (none)l2 (littleg3(very mu
Videos/Powerpoints:

Participating at group 1 (none)l2 (littleg3(very mu
discussions at forum:
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Participating atindividual |1 (none){2 (littleg3(very mu
forum

discussions:

Attaching documents : 1 (none)l2 (little3d3(very mu
Sending email: 1 (none)l2 (littleg3d3(very mu

Other comments:
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APPENDI X C

MOTIVATION SURVEY

Please provide the information about yourself.

Gradeé ¢ é ¢ é é ¢ Section: ééeéeééecéé,
Name/ Last name: éééé. Age: ééeéeéeéé

The following questions ask about your motivation and attitudes for this .élgags,there
are no right or wrong answers.Answer the questions about how you study in this class
as accuately as possible.Use the same scale to answer the remaining questi®sase

rate the given questions # 1 to #20.

Q
[ £
“—
GE) E o © o)
- S 0 o o S
o ) = 2| 2 “= )
P S S+ = e o =
= 5 R = > S
) =
= c Eg c S = Q
s > =5 2 = > 2
= Q (2] == +
© ] O @ S © >
= S EQ) (&) Q > el
) %) O +=| © = n ()
z D wm £ oa;)O D >
1 2 3 4 5 6 7

1 In a class like this , | prefer course
material that really challenges me
| can learn new things.

2 If | study in appropriate ways, then
will be able to learn the material in
this course.

3 When | take a test | think about ho
poorly | 6m doin
other students.(R)

4 | believe | will receive an excellent

grade in this class.

5 When | take a test | think about
items on other parts of the test | cg
notanswer.(R)

6 It is important for me to learn the
course material in this class.

7 When | take tests | think the
consequence of failing.

8 | 6m confi dent I
most complex material presented |
the instructor in thisourse.
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9 In a class like this, | prefer course
material that arouses my curiosity,
even if it is difficult to learn.

10 | If I'try hard enough, then | will
understand the course material.

11 | | have an uneasy, upset feeling wk
| take the exam.(R)

12 |1 6m confident |
job on the assignments and tests i
this course.

13 | The most satisfying thing for me in
this course is trying to understand
the content as thoroughly as
possible.

14 | think the course material in this
course is useful for me to learn.

15 | When | have the opportunity in this
class, | choose course assignment
that | can learn from even if they d
not guarantee a good grade.

16 | I like the subject matter of the
course.

17 | Understanding the subject matter (
this course is very important to me

18 | | feel my heart beating fast when |
take an exam.(R)

19 Il &m certain | C i
being taught in this class.

20 | Considering the difficulty of this
course, the teacher, and my skills,
think | will do well in this class.

Thank you for your time

REFERENCE:Garcia, T.& Pintrich, PR (199%)s sessi ng studentsd motivati
Strategies irthe classroom context: the motivated strategies for Learning questionimairre
Birenbaum, M. & Dochy, F. Alternatives in assessment of Achievements, learning processes

and prior Knowledge, by Kluwer Academic Publishers. (pp-329)
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APPENDI X D

REFLECTI VE JOURNAL QUESTI ONS

REFLECTIVE JOURNAL 1

Prove that derivative of f(xX)eww -is™Q w 1w — from first rule and Fundemental
Theorem of Calculus (First Principle)

REFLECTIVE JOURNAL 2
Prove that thelerivative of y=——is the same through product rule and quotient rule.

REFLECTIVE JOURNAL 3

"Q ® aand "QE'Q  w and show that "Q

If f(x)=Q calculate

REFLECTIVE JOURNAL 4

PART A.
Given thatf(x)=sin (x)and g(x)=os (x).Find tangent line to f(x) at (0,0).Find the tangent
line to g(x) at € fr). Graph the two tangent lines (of f(x) and g(x)), f(x) and g(x) on the same
coordinate system. Prove that tangent line to f(x) is perpendicular tantpent line to g(x).

PART B.
What are the difficulties that you faced with while solving questions on derivatives?
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REFLECTIVE JOURNAL 5

Explain the topic to a friend who did not come to math class when Unit 3 was introduced
including subtopics.
(Subtopics: increasing/decreasing intervals; stationary points and points of inflection.)

REFLECTIVE JOURNAL 6

Write your own rational functiorfind stationary points and asymptotes of it. By analyzing
the sign tables for stationapoints, skecth the graph of your function.

REFLECTIVE JOURNAL 7
A particle moving along a straight line, has its displacement function, x meters from ma
fixed point O, at time t seconds, governed by the function:

x=t%-17t?+80t-100 , t OO0
How many times will the particle pass through the origin.

REFLECTIVE JOURNAL 8

List down your steps to solve the optimisation problem below, then apply your steps to solve
the problem.

Problem: A rectangle of area A chand dimensions ot cm andy cm. It has a constant
perimeter of P cm.

a) Showthatixo -

o -o o

b) Find—in terms of P and.
c) Find maximum area in terms of P axnd
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APPENDI X E

FORUM QUESTIONS

FORUM 1 (UNIT 1-PART 1)

Remember that when we find the" degrriavdateinte ooff
currvevhich is a function.

Ther adi ent adf aamycwprovent i s the gradient of th
(Mat hematics for thé&ab5DB Diploma. Cambridge, p.

Does the gradientiaoft theatupbpwneial whgsfarm of

quadr at3+(bx(+y:‘)=,a>c3ub2wa: X)) 5 aw éﬂbl%«ia,zxc(wwie:)a.x. .etc
func2t i@inve your reasoning through an exampl e

FORUM 2 (UNIT 1-PART 2)

If f(x)=x? and g(x)=4x+3, then find f'(g(x)). g'(x) and discuss how this process is linked to
chain rule by considing the derivative of h(x)=(4x+3)
Hint: Deri vati ve of h(x) woul d gi ve y ou t he

FORUM 3 (UNIT 2-PART 1)

If f(x) is a differentiable function and if also the inverse of f(x) exists, so does the rule
p
hold for any function? Please show it by an example and discuss in between.

N w
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FORUM 4 (UNIT 2-PART 2)

Please give an example of a function where the second derivative of it is equal to itself.
Please show the proof in your example.

FORUM 5 (UNIT 3-PART 1)

Some function either increase or decrease for all real x values. Give an example of a function
with this property and relate this property of the curve to the gradient of the curve.Make a
research on what the terminology used fartsfunctions. (Remember to give a reference)
FORUM 6 (UNIT 3-PART 2)

Part1

The population for a country is modeled by the equation

P(t)=100+0.05%0.0002 t

During what periods do you expect thanual rate of increaseof the populationto_be
increasing Justify your answer by reasoning with calculations, sign tables and from the
graph. Remember to explain the reasoning for each of your step.

Part 2:

When we need to sketch the graph of a rational function, within the sign table of the
derivative of the function, we also include the vertical asymptote values although the sign of
the derivative function does not change.

What is the benefit of includingwalues of the vertical asymptote lines?

Why does not the sign of derivative function chabgéore and after -koordinate of the
vertical asymptote value?

FORUM 7 (UNIT 4-PART 1)

Interpret the direction and position of the particle in between the given five points

A,B,C,D,E from the given displacement (s(t)) vs time (t) graph. The particlerésvn
vertically upwards.
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s(t)
20 | B

FORUM 8 (UNIT 4-PART 2)

As you know of, we use optimization in Economic models. Given the graphs of cost
function,

C(x)=xw> 30 x2 + 40 x + 100 (in euros)
and Revenue fugtion , R(x)=12x+60 (in euros) where x shows number of units produced.
a) Interpret what happens to profit at points A and B. How will the profit change after points
Aand B
b)Interpret on the number of units to be produced to maximize the profit.

24

100,

80,
C()=x*-30+40x+100

60|

Hint: You may watch the video:
http://www.youtube.com/watch?v=LmftTXTE3Fw&feature=relmfu
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APPENLHF X

DERI VATI VES TEST

GRADE 11 MATH SL

Name/Lasthame : Mark: /70

TIME 80 minutes

DATE: March 2011

INSTRUCTIONS TO CANDIDATES

Write your name in the space at the top of this page. Answer all questjmers. in

Youmustshow all work where necessary. Remember marks are given for correct method,
provided this is shown by written work. If the degree of accuracy is not specified in the
question, and if the answer is not exact, give the answer to three significant figures. F

use your calculator value.

Make sure that your work is tidy

Paper 1 Write your answers in the spaces provided on the question paper.
NO CALCULATORS ARE ALLOWED
Paper 2:Write your answers in the spaces provided on the question paper.

CALCULATORS ARE ALLOWED
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Duration: 35 minutes

PAPER 1. Show all your answers in the spaces provided. No calculators are permitted in
this sectionRemember to show all your working. Answers must be given to 3 significant
figures unless otherwise stated.

1. Differentiate each of the following with respectxto

a) W ow Cw U

(1)

b) y= colo p
(2)

(4)
2. For each of these functioh$x), find x such thaf x) has the given value.
a) f(x)=x+ 3w and fGx)=7
(2)

b) f(x)=(x+3)(2x-1) and fgx)= -3
3)

3. Given the functiorg (x) = X2 +4kx -(m + 2), determine the values kfandm such thag

(2) = 14 andy ¢1) = 2.

(4)
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4. Consider tkke dounmodtd on a
@Write d&own &anNj (

1)
(b) The equation of the tangent to the grapl ¢f atx=a is y = 4x +1. Find
the value ofa;
2
(c) m.
3

5. The following diagram shows part of the graph of a quadratic function, with equation in
the formy = (X1 K)(xT1 t), wherek, t7 Z.

f 6

(a) Write down
(i) the value ok and oft;

(@)

(ii) the equation of the axis of symmetry of the curve.

(1)
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(b) Find the equation of the function in the foym (x 1 h)2 + k, whereh, kT Z.

(3)
(c) Find Y .
dx
(2)
(d) LetT be the tangent to the curve at the point3), Find the equation dF.
(2)

Duration: 45 minutes

Name/Last name:

PAPER 2.Show all your answers in the spaces provided. Calculators are permitted in this
section.Remember to show all your working. Answers must be given to 3 significant figures
unless otherwise stated.

6. Given thatf (x) = (2x + 1)% find
(@ f (xp

)

(b) Find the equation of the normal to the curve atlx=

(4)

7. Find the equation of the tangent line to the curv&y=& p which is parallel to the
line y=3x5

(6)
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8. h(x)=(x+1) and g(x)=sin(2x)
(a) Find (hog)(x)
(2)

(b) Show that
%cos(2x)

(derivative of (log)(x) with respect to x) is 6[sin(2x)+1]

(4)

(c) Find the value of——— at x =—

(1)

9. The liney=x+6 meet the curve ys at P and K

(a) Find the coordinates of P and K

(2)

(b) Find the equations of tangents to the curve at P and K.

(4)
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(c) Find the points of intersection of tangents at P and K.

(3)

10. The equation of a curve may be written in the fgrm-0  © 1.
The curve intersects theaxis at A{ 2, 0) and B(4, 0).

(a)(i) Find %

(1)

(i) A tangent is drawn to the curve at a point P. The gradient of this tangent is 5.
Find the coordinates of P.

®3)

(b) The lineL passes through B(4, 0), and is perpendicular to the tangent to the curve at
point P.
(i) Find the equation df.

®3)

(i) Find thex-coordinate of the point wheteintersects the curve again.

®3)
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APPENDE X

APPLI CATI ONS OF DERI VATI VES TEST

GRADE 11 MATH SL

Name/Lastname : Mark: /66

TIME 70 minutes

DATE: April 2011

INSTRUCTIONS TO CANDIDATES

Write your name in the space at the top of this page. Answer all questjpers. in

Youmustshow all work where necessary. Remember marks are given for correct method,
provided this is shown by written work. If the degree of accuracy is not specified in the
question, and if the answer is not exact, give the answer to three significant figores. F

use your calculator value.

Make sure that your work is tidy

Paper 1 Write your answers in the spaces provided on the question paper.
NO CALCULATORS ARE ALLOWED
Paper 2:Write your answers in the spaces provided on the question paper.

CALCULATORS ARE ALLOWED
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Duration: 25 minutes

PAPER 1. Show all your answers in the spaces provided. No calculators are permitted in
this sectionRemember to show all your working. Answers must be given to 3 significant

figures unless otherwise stated.

1. The displacemergmetres of a cat,seconds after leaving a fixed point A, is given by

s=1ai 2tz.
(a) Calculate the velocity when= 0.
(3)

(b) Calculate the value afwhen the velocity is zero.

)

(c) Calculate the displacement of the car from A when the velocity is zero.
(1)
2. The following diagram shows a rectangular area ABCD enclosed on three sides by 80 m
of fencing, and on the fourth by a wall AB.
Wall

A

D [
Find the width of the rectangle that gives its maximum area

(6)
3. The diagram shows the graphyof f (X).
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On the grid below sketch the graphyof f (§). (Show intercepts and stationary points)

N

v

(6)

4. The graph of a functiof{x) is given in the diagram below.
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E{maximum)

Dgminimum)

. T T . <l 1P Tl T

The curve has its maximum value at point E and its minimum value at point D. B and C are
inflection points off (x)
Complete the table below, by stating whether the first derivétNe i s posi ti ve,

zero, and whether the second derivafidgNj i s posi ti ve, negative
points | fNj f NjN;j
A
B
E
(6)

Duration: 45 minutes

Name/Last name:

PAPER 2.Show all your answers in the spaces provided. Calculators are permitted in this
section.Remember to show all your working. Answers must be given to 3 significant figures
unless otherwise stated.

3 2

5. The graph ofy = x° + 4x© -12x + 2 has a minimum point between= 0 andx = 2.
Find the coordinates of this minimum point algebraically

(6)
6. A ballis thrown vertically upwards into the air. The heightpetres, of the ball above
the ground after seconds is given by
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h=6+4ai 102 t00
(a)Find theinitial height above the ground of the ball (that is, its height at the instant
when it is released).

()

(b)Show that the height of the ball after one second is 36 metres.
(2)

(c) At a later time the ball iagainat a height of 36 metres.
(i) Write down an equation thatnust satisfy when the ball is at a height of 36 metres.

(i) Solve the equatioalgebraically.

(4)

: . dh
(d () Find &
(i)  Find theinitial velocity of the ball (that is, its velocity at the instant when it is
released).
(i) Findwhenthe ball reaches its maximum height.

(iv) Find the maximum height of the ball.

()

7. Find the dimensions of the rectangle with the maximum area that is inscribed in a semi
circle with radius 2 cm. The equation of the circlesy%=4. Twovertices of the rectangle
are on the semicircle and the two other vertices are on the x axis,as shown on the diagram.

Y

()
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8. An object is moving along a line such that its displacement,s metres ,from a fixedtpoint
any time t,in seconds,is given by:

S(t)=sin(t)+cos(t) for the interval
(a)What is the objectds initial di spl acement
(2)
(b)) Find an expression for objectds velocity
(2)
(c)At what time is the objectds velocity maxi mum
(4)
(d) Find an expression for objectbés acceleratioc
o (2)
(e) In the interval 00t O4, at what time is the
o bj ect demwmenthndsgidcity when acceleration is zero
(4)
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APPENDI X H

I NTERVI EW QUESTI ONS ON CALCULUS

1.What do you think on the effectivenesd various worked examples towards
understanding/interpretation on product rule/quotient rule, finding tangent and normal line
eguations, velocitglistance and rate of change problems, optimization?

1.1 (If there is a positive answer for 1)In what ways did various worked examples
improve your understanding/interpretation on product rule/quotient rule, finding tangent
and normal line equations, velocitljstance and rate of change problems, optimization?

1.2 (If there is a positive answer for 1)Can you give examples on how various worked
examples contributed your understanding/interpretation on product rule/quotient rule,
finding tangent and normal line equations, velodistance and rate of change
problems, optirization? Please explain the reasons and the situations on how they
contributed for your better understanding in details.

1.3 (If there is a negative answer for 1)In what ways did various worked examples affect
your understanding/interpretation on produate/quotient rule, finding tangent and
normal line equations, velociyistance and rate of change problems, optimization
negatively?

1.4 (If there is a negative answer for 1) Can you give examples on how various worked
examples affected your understandinggipretation product rule/quotient rule, finding
tangent and normal line equations, velodligtance and rate of change problems,
optimization in a negative way? What experiences influenced this opinion? Please
explain the reasons and the situations aw hthey affected your understanding
negatively in details.

1.5How could worked examples on product rule/quotient rule, finding tangent and

normal line equations, velocHyistance and rate of change problems, optimization be
improved?
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2. What do you think on the effectiveness of various completion examples (backward fading)
towards understanding/interpretation on siosine rule/sector areac length/the graphs
of trigonometric functions / solving trigonometric equations througit circle?

2.1 (If there is a positive answer for 2) In what ways did various completion examples
(backward fading) improve your understanding/interpretation orcsisi@e rule/sector
areaarc length/the graphs of trigonometric functions / solvingotragnetric equations
through unit circle?

2.2 (If there is a positive answer for 2) Can you give examples on how various
completion examples (backward fading) contributed your understanding/interpretation
on product rule/quotient rule, finding tangentdanormal line equations, velocity
distance and rate of change problems, optimization. Please explain the reasons and the
situations on how they contributed for your better understanding in details.

2.3 (If there is a negative answer for 2) In what wagswvarious completion examples
(backward fading) affect your understanding/interpretation on product rule/quotient
rule, finding tangent and normal line equations, veledisfance and rate of change
problems, optimization negatively?

2.4 (If there is anegative answer for 2) Can you give examples on how various
completion examples (backward fading) affected your understanding/interpretation
product rule/quotient rule, finding tangent and normal line equations, vethstgnce

and rate of change pra@hs, optimization in a negative way? What experiences
influenced this opinion? Please explain the reasons and the situations on how they
affected your understanding negatively in details.

2.5 How could completion examples (backward fading) on product rudéémi rule,
finding tangent and normal line equations, velodigtance and rate of change
problems, optimization be improved?

3. What do you think on the effectiveness of various completion examples (forward fading)
towards understanding/interpretation sinecosine rule/sector areac length/the graphs of
trigonometric functions / solving trigonometric equations through unit circle?

3.1 (If there is a positive answer for 3) In what ways did various completion examples
(forward fading) improve your undganding/interpretation on shkw®sine rule/sector
areaarc length/the graphs of trigonometric functions / solving trigonometric equations
through unit circle?

3.2 (If there is a positive answer for 3) Can you give examples on how various
completion examles (forward fading) contributed your understanding/interpretation on
product rule/quotient rule, finding tangent and normal line equations, vetbstgnce

and rate of change problems, optimization? Please explain the reasons and the situations
on howthey contributed for your better understanding in details.
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3.3 (If there is a negative answer for 3) In what ways did various completion examples
(forward fading) affect your understanding/interpretation on product rule/quotient rule,
finding tangent andnormal line equations, velociyistance and rate of change
problems, optimization negatively?

3.4 (If there is a negative answer for 3) Can you give examples on how various
completion examples (forward fading) affected your understanding/interpretation
product rule/quotient rule, finding tangent and normal line equations, velocity
distance and rate of change problems, optimization in a negative way? What
experiences influenced this opinion? Please explain the reasons and the situations on
how they affectedgur understanding negatively in details.

3.5How could completion examples (forward fading) on product rule/quotient rule,
finding tangent and normal line equations, velodistance and rate of change
problems, optimization be improved?

What do you thinkon the effectiveness of writing reflective journals towards
understanding/interpretation on sioesine rule/sector areac length/the graphs of
trigonometric functions / solving trigonometric equations through unit circle?

4.1 (If there is a positive answdor 4) In what ways did writing reflective journals
improve your understanding/ interpretation of trigonometric concepts oftG#ige
rule/sector arearc length/the graphs of trigonometric functions / solving
trigonometric equations through unit cirele

4.2 (If there is a positive answer for 4) Can you give examples on how writing reflective
journals contributed your understanding/interpretation on-@isae rule/sector
areaarc length/the graphs of trigonometric functions / solving trigonometric
equatims through unit circle? Please explain the reasons and the situations on how
they contributed for your better understanding in details.

4.3 (If there is a negative answer for 4) In what ways did writing reflective journals
affect your understanding/interpagibns on product rule/quotient rule, finding
tangent and normal line equations, velodistance and rate of change problems,
optimization negatively?

4.4 (If there is a negative answer for 4) Can you give an example on writing reflective
journals affectediour understanding product rule/quotient rule, finding tangent and
normal line equations, velocHyistance and rate of change problems, optimization
in a negative way? What experiences influenced this opinion? Please explain the
reasons and the situationa how they affected your understanding negatively in
details.
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4.5 How could writing reflective journals on product rule/quotient rule, finding tangent
and normal line equations, velocitjstance and rate of change problems,
optimization be improved?

5 How dd using online group discussions affect your understanding product rule/quotient
rule, finding tangent and normal line equations, veledistance and rate of change
problems, optimization?

5.1(If there is a positive answer for 5) In what ways did onlgneup discussions
improve your interpretation of product rule/quotient rule, finding tangent and normal
line equations, velocitdistance and rate of change problems, optimization?

5.2 (If there is a positive answer for 5) Can you give examples on how agrioug
discussions contributed your understanding/interpretations on product rule/quotient
rule, finding tangent and normal line equations, veledisfance and rate of change
problems, optimization? Please explain the reasons and the situations orefiow th
contributed for your better understanding in details.

5.3 (If there is a negative answer for 5) In what ways did online group discussions affect
your understanding/interpretations on product rule/quotient rule, finding tangent and
normal line equations, i@city-distance and rate of change problems, optimization
negatively?

5.4 (If there is a negative answer for 5) Can you give an example on group discussions
affected your understanding product rule/quotient rule, finding tangent and normal
line equations, vekity-distance and rate of change problems, optimization in a
negative way? What experiences influenced this opinion? Please explain the reasons
and the situations on how they affected your understanding negatively in details.

5.5 How could online group disissions on product rule/quotient rule, finding tangent
and normal line equations, velocitjstance and rate of change problems,
optimization be improvedi

6. What do you think on the effectiveness of practice assignments towards
understanding/interpration on product rule/quotient rule, finding tangent and normal line
eguations, velocitglistance and rate of change problems, optimization?

6.1 (If there is a positive answer for 6) In what ways did practice assignments improve
your understanding/interpreiat on product rule/quotient rule, finding tangent and
normal line equations, velociyistance and rate of change problems, optimization?

6.2 (If there is a positive answer for 6) Can you give examples on how practice

assignments contributed your understanding/interpretation on product rule/quotient
rule, finding tangent and normal line equations, veledisgance and rate of change
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problems,optimization? Please explain the reasons and the situations on how they
contributed for your better understanding in details.

6.3 (If there is a negative answer for 6) In what ways did practice assignments affect
your understanding/interpretation on produatefquotient rule, finding tangent and
normal line equations, velociyistance and rate of change problems, optimization
negatively?

6.4 (If there is a negative answer for 6) Can you give examples on practice assignments
affected your understanding/inter@gon product rule/quotient rule, finding tangent
and normal line equations, velocijstance and rate of change problems,
optimization in a negative way? What experiences influenced this opinion? Please
explain the reasons and the situations on how #féscted your understanding
negatively in details.

6.5 How could practice assignments on product rule/quotient rule, finding tangent and

normal line equations, velociyistance and rate of change problems, optimization
be improve@
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APPENDI X |

WORKED EXAMPLES

PART 1:WORKED EXAMPLES
UNIT 1-SIMPLE RULES OF DIFFERENTIATION

Example 1:

Find f 6(x) for f(x) equal to
a) 5x-4x+x-7
b) 8x——
c) 2M® =

Solution 1:

Find f oO6(x) is dftxke derivative function
a) If f(x)= 5x>-4x%+x-7, then by applying simple rules of differentiation, we can find

f 6 ( x )34(28)¢£13R)-0. When the expression is simplified, the derivative of
f(x) becomes

f 6 ( x ¥8+11 5 x
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b) If f(x)= 8x-—— ,then f(x) can be rarranged as f(x)= 82x*-5x>. When the

derivative is taken,

f 0 (-201Lx)5(-28%). When the expression is simplified, the derivative of
f(x) becomes,

f 0 ( x ) 2+18x° .8If+vexget rid of negativepowers, the expression

becomes,
f O0(x9)+= 8x+
c) If f(x)= 2w = then f(x) can be rarranged as :
f(x)=2w - —, that simplifies to
f(X)=2w - 3w . The derivative becomes

f 0( x-W=)B( - . Thissimplifies to:
f 6 (ax o . That equals to:

f6(x)

X

Example 2:
Find — for @ — and interpret its meaning.

Solution 2:
Asw — ,then

W -w

— - 0w .ltsimplifies to:

— shows the derivative function of y with respect to x and it shows the instantaneous rate of
changein vy as x changes.
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Example 3:
For each of the given functions, find x such

a) gx)=(2x1)? andg 6 ( x ) = 4

b) g)=——and gla( x) =

c) gX)=Mwo® pand go(x) =0

Solution 3;

a) If g(x)=(2x-1)?, then g(x)=4%4x+1. When the gradient function is found for g(x),
go(x)44(2x)
g6(x4~=8Xxhe condition given for g6 (x) =4.

go(x) =4, we wil/l equal both equations:

8x-4=4
8x=8
x=1

b) First we need to simplify g(x) before we find gradient function.

If g(x)= , then if the denominator &plit for each of the term on numreator:
g(xX)=— —. When the denominator simplifies with numerator, g(x) becomes

g(X)=2x+—. This simplifies to:

g(X)=2x+w
When the derivati ve -20f. Whef thg givers conditok &sn , go
mat ched with go(x).
2-20 p T When the equation is-aranged:
16=2n

8=w .Thatis:

8=—. When cross multiplication is applied:

8w p

w =-.when cube root of both sides is taken
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x=/p Vg . Then
X=2
c) If gx)=Md ok p , when the terms are multiplied, g(x)3&% M®,

If g(x) is arranged in terms of powers:
9(¥)=3% &

Then derivative of g(X) is:
g6 ( xWF3d . It simplifies to:

g 6 (-x0) =8-. When the powers are converted to roots,

g0 (WP=-8-
If the condition is matched:
g o ( 947@_1):—8'7'—_:0

-® -8
When cross multiplication is realised,

-Vaies;,  p.This gives:
o p

PART 1: WORKED EXAMPLES
UNIT 2-DERIVATIVES OF EXPONENTIAL AND TRIGONOMETRIC
FUNCTIONS

Example 1:

Differentiate the following functions
d) {(x)=Q 1 low p 1
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e) g(x)=

f) h(x)=M—_80 @

Solution 1;

Fi nd f defvatiye fundion ofli(e.

a) ffx)=Q 1 low p T, then by applying rules of differentiation, we can find
f 0 (& =—— o When the expression is simplified,the derivative of f(x)
becomes
fo(eQ) =—
b) If g(x)= ,then g(} can be rarranged as:

9x)== —
When the derivative is taken by applying quotient rule to both terms in function g(x),

A Ly B _ 8
go( *} -

When the expression is simplified,the derivative of tegomes,
g0 (x)—=

c) Ifh(x)= m__80 @ then h(x) can be rarranged as :

h(xX)=Q 80

The derivative can be taken through product rule
hodo(x)=80 Q™

Example 2:

Find —forwo OEdo AT ® ®
Solution 2:

Qw T o I,
B ’chAlcO —QOEdsoo
Note that derivative ofA | @¢ ds taken through chain rule.
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Example 3:

For each of the given functions, find the slope of tangent line
d)y gx)=l 1A TaOat x=-
Solution 3a:

If g(x)=1 1A Tc®, then
g 0 (-sinx——

g o ( 5(—)—=(gradient of the curve)

When the given x coordinate is substituted in
be found as:
7 -_ 5
9 &) ——=—=-Wo
e) gx)=Q 1 lco p atx=In2
Solution 3b:

First we need to simplify g(x) before we find gradient function.

fgx)=Q 1 Icw p then,
g 6 (dd) =—— (gradient of the curve)
When x= I n 2 is substituted in gé6(x), the sl op

go(laR 2) =——

go6(laR 2) =——

go(ladR 2)=—

Note: Q simplifiestof 80 because of the | aw of |l ogarithms
Q & wherebis a positive real number

g6 (lay 2=

go(lent 29=a18.8 (correct to 3 significant figur e

c)g(x)=tan(4x+1) at x=0

208



Solution 3c :

Given that g(x)= tan(4x+1).
Recall tan(x) = , S0 g(X) can be simplified as:

g(x)=tan(4x+1)= ———
Now, we can use quotient rule to differentiateAg(x):
OEtdw p
AT® p
TAIO pAT @ p 1 OEd p OEdw p
AT @ p

When the numerator is taken into 4 paranthesis:

1 hEite p i Qe p
AT @ »p
Note ®é i— i "Q&—=1
— s Tp
AT p

To find the slope of tangent line, we need to replace 0 for x (given condition)

"Gar Tp
AT1©® p
- Tp
aw AT ©
(make surethat calculators mode is in radians)
"Qan 8—&13.7 (in 3 significant figures)
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PART 1:WORKED EXAMPLES

UNIT 3-CURVE PROPERTIES & APPLICATIONS OF DERIVATIVES

Example 1:

Find the values of x for which the function f(x)=2%+12x+1 is increasing and decreasing.

Solution 1:

m t he

I n order t o
derivative function.

0=6x2-18x+12

defi

fin

d

the interval s

0=6(>¢-3x+2). When both sides are divided by 6,

0=x%-3x+2
0=(x-1)(x-2)

x=1 and x=2 are critical points of the derivative function.

Letdbs check the sign table
X 1 2
f o ( + - +
f(x) | increasing| decreasing Increasing

Hence, f(x) is increasing onE{ , 1) U (2, D)

f(x) is decreasing on (1,2)

f

nition, a function

or

i s

i ncreasing

wipoiets & thd 6 ( x ) > 0

t

he

derivative:

Example 2 : Find the coordinates of stationary points on the curvé-§x%15x+2 and
determine their nature. Hence sketch the curve

Solution 2:

From the definition, a function is increasing for whe0; and it is decreasing for when

—<0
—=3x>-12x-15
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In order to find the intervals where>0 or —<0, we need to find critical points of the
derivative function. A point where- Tis called stationary point. So we need to solve for

when— Tt

0=3x-12x-15

0=3(x¢-4x-5). When both sides are divided by 3,

0=x*-4x-5

0=(x+1)(%5)

x=-1 ard x=5 are critical points of the derivative function.

Letdbs check the sign table for the derivati v

X -1 5
Qw + - +
Qw
y increasing| decreasing Increasing
y
A Ny W 4

Hence, f(x) is increasing orf -1) U( 5, D)
f(x) is decreasing on1,5)
That means there is a local maximum atlxand local minimum at x=5
Local maximum: {1, 10) and local minimum: (598).
So stationary points arel(10) and (598)
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100 |

50 |

max=(-1,10)

wW-Bx-18x+2

min=(5-98)

Graph: Graph ofy=x?-6x*-15x+2
Example 3: Determine the coordinates of local minimum for g(x)=x In(x)

Solution 3: From product rule

u=x v=In (x)

uot=1 3 v
go(x)=2xIl n (x)+

goé(x)=In (x) + 1

If the critical pointsaré¢ ound f or go(x):
goé(x) =0

In (x) +1 =0

In (x) =1

et =x

x=0.368
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X 0.368

go( - +
g(X) | decreasingd increasing

g(x) P W

If x=0.368
y=0.368 In (0.368)6.368
At (0,368,-0.368) there is a local minimum
Example 4:Find the points of inflection for y="%5x°

Solution 4:

Point of inflection is at where—=0 and—  1tsmaller or larger values of x at+=0;
OR

— T1and when— 1tfor smaller or larger values of x at=0

Qw _| ‘
06 T pw
Qw S o
o) P @

If — 1, then
O=p@ oD
0=2x (6x%15)

x=0 and x= are the roots of the quadratic equation above.

It is not sufficient that both are inflection points, we need to check the sign table ftor
both of these x values

X 0 2.5

Qw - - -

Qo

y decreasing decreasing decreasing
Y | N (0N

If x=0, y=0and if x=-, y=-39.01

Hence point of inflections are (0,0) and (239.01)
Example 5: The estimated cost of a companytilyears is given asP(t)=3t-18t+150
thousand euros.

a) Find the values of t where the profit will increase and decrease on the previous year.
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b) Find the minimum profit of the company.

Solution 5:

a) In order to find the intervals for where the profit will increase or decrease, the
gradient function of P(t) must be investigated.

QL |
Qo © PV
We need to find the critical points for P(t).
0=6t18
t=3 years
Letdébs check the sign table to find out increasin
t 3
Qo - +
Qo
P(t) | decreasing increasing
PO |« (W
P(t) is increasing onb,(33) P) and it is decreasin

b) From the sign table in part (a), it can be observed that the minimum profit will occur
in the 3 year (t=3)
So minimum profit will be:
P(3)= 3(3¥-18(3)+150=123 thousand euros
Example 6:

The volume of the remaining water of a pool (if) is given as V(t)=300(46)*> when the
water is draining from the pool in t minutes.

a) Calculate theverage rate at which the water leaves the pool in 10 minutes

b) Calculate the instantaneous rate at which the water is leaving the pool at t =10
Solution 6:

a) The average rate on 0 O tO 10 is calculated

=-21000 mper minute
(21000 i of water is leaving the pool per minute)
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b) The instantaneous rate at"finute is the rate of change at that moment. Hence we
need to take the derivative of V(1)

—=0onm TMO0 peééé.( from chain rule)

—= @TmUT O
When t=10

— =-600(4010)

— =-18000 niper minute
(18000 i of water is leaving the pool per minute in thd' hdinute)

PART 1:WORKED EXAMPLES
UNIT 4-MOTION ON A STRAIGHT LINE & OPTIMISATION

MOTION ON A STRAIGHT LINE:

Example 1:

A ball is thrown vertically upwards from the ground level. Its height is given as h(t)=54t
2.7¢ metres per second. Show that its height is maximum when t=10 sec and hence find its
maximum height.

Solution 1;

The ball is at maximum height when tlvelocity becomes zero (it is at the instant of
changing direction from upwards to downwards) OR from the curve properties, maximum
point can be found through when the derivative of the given function is zero.

ho(tH4ae54

0=545.4t

t=10 sec

Let 6 satpl0secand, the ball is at its maximum height:
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t 10
hé(t )+ -
Towards | Towards
upwards | downwards
h(t) increasing| decreasing

When 00 tO 10, h(t) function i s Sothaeiras i
maximum point (maximum height) at t=10 seconds

So maximum height is:
h(10)=54(10)2.7(1G)=270 metres

Example 2:

A particle moves along a straight line. Its displacement from the origin is given by §{t)=2 t
54t+12 cm where t is iminutes.
At what time the particle is at rest ? Find the acceleration at that time.

Solution 2:

The patrticle is resting when v(t)=0
sO6(t) =54( ¢nyminG t
0=6t-54

6t°=54

t°=9

t= 3 minutes or t=3 minutes

Time can not be negative .So thexrticle is at rest at t=3 minutes
The acceleration is :
vo(t)=a(t)=12t cm/ min

The acceleration at t=3 minutes is:
a(3)=12(3)=36 cm/ min

Example 3:

A body moves on a straight line where its displacement is $g@if=t+10 metres where t is
inseconds (tO0) . Find

a) the velocity and acceleration of the body and draw its sign diagram.

b) the conditions for the body when t=3 seconds

c) the time interval when the speed of the body is increasing

216

ng

w h



Solution 3:

a) Derivative of the dispacement (instantanecate of change of displacement with
respect to time) shows the velocity of the object.
s6(t) Za+l mjsec3 t
0=3f-4t+1
0=(3t1)(t-1)
t=— seconds or t=1 second

t - 1

V() | + - +
Towards| Towards | Towards
right left right

Derivative of the velocity (instantaneous rate of change of velocity with respect to
time) shows the acceleration of the object.
s606(t)Aavo(t) =6t

0=6t4

t= second

t _

a(t | - +
Towards| Towards
left right

b) When t=3

s(3)= 3-2(3)+3+10 =22 m (body is 22 m on the right of origin)
v(3)= 3(3)-4(3)+1= 7 m/sec  ( body is moving to right with a speed of 7 m/sec)
a(3)=6(3)4=14 m/set (body is accelerationg toward right)

We need the sign tables of v(t) and a(t) because when the signs of v(t) and a(t) are
the same, speed is increasing no matter what the direction of the body is.

t - 1
V(@) |+ - +

c)

Towards
right

Towards
left

Towards
right
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t -

a(t) | - +
Towards| Towards

left right
Condition 1:
Wh e n - ticcel@ration is positive; velocity is negative whe® t O 1 but it is
positive for tO1
Hence, both acceleration and velocity is positive r t 01 second.
Therefore speed is increasing for tO1 (towar
Condition 2:

Wh e n - accelération is negative; velocity is negative whe® + Kt it is
positi-ve for tO
Hence, both acceleration and velocity is negative-far + O

Therefore speed is increasing fad + (@wards left)
Example 4:

A particlebdbs displacement , X metres, from a f i)
(2icos (2t) at time t seconds and 00 t 03

a) What is the maximum speed of tparticle?
b) Descri be particleds moti on.
c)

Solution 4:

The speed can be found through the gradient of displacement function. The maximum speed
can be found by analyzing for when the acceleration is zero

x6(t)y=vo(t)=2. Cos (2t)+2 sin (2t) ( fror
x006(t) =vwvasigA)td)cosf2)t ) =
When a(t)=0

0=4sin(2t)+4 cos (2t)

0=-4(sin(2t}cos (2t))

0= sin (2t}cos (2t) .We need to solve fort.  Take cos (2t) on the other side:

cos (2t)=sin2t) .Divide both parts by cos(2t)

1=—

1=tan (2t)

So:

2t=tan" (1). (Make sure that your mode isddiansif you are using calculators)

2t=—
OR
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2t =— '

Then t=-=0.393 seconds OR t==1.96 seconds.
When the graph of x(t) is drawn and analyzed on calculator:

t 0.393 1.96
vo(+ - +
v(t) | increasing| decreasing increasing

So the maximum speed will be when t=0.393 sec
V(0.393)=2.83 m/sec
d) The displacement graph of the object shows that the particle is moving back and
forth about the origin O in a periodic manner. That motion is knowns as simple
harmonic motion.

-2

The extreme displacements of the particle is 1.41 metres (at t =1.18 set)Mdnahetres (at

t=2.75 seconds). The motion is simple harmonic motion with a peried=of

OPTIMISATION (APPLIED MAXIMA AND MINIMA PROBLEMS)

Example 5:

Mario wants toeclose a rectangular garden next to river with a 60 m of rope. The river side
will not be enclosed. Find the dimensions of the rectangular garden for a maximum land
area.

RIVER
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Solution 5:

If we label width as X, the length will be:
Width+width+ length =60
x+x+lenght=60

2x+length =60

60-2x=length

60-2x%

RIVER

Area of the rectangular garden is :
Area=A=width x lenght
A=x(60-2x)
A= 60x-2X°
To maximise the area of the garden we need to investigate when gradiestasra.
— =60-4x
0=604x
X=15m
X 15
‘Qo| + -

A | increasing| decreasing

So, at x= 15, Area of the rectangle will have its maximum value. The dimensions of the
rectangle are:

X=width=15 m
60-2x=60-2(15)=30 m (length)
Example 6:

A rectangular sheet measures 12 cm by 8 cm. Small squares of equal area are cut from each
of four corners of the sheet. The remaining sides are folded to form an open box. Find the
maximum volume that the box chave.
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Solution 6:

If we label the lenght of cut piece by x, and if x is cut from each corner, lenght of the sheet
will decrease by 2x units and width of the sheet will decrease by 2x units. (Lookj at the
diagram below)

X

b

L

12-2x

8-2x%

Since

Thevolume of a rectangular prism is :
V= heigth x length x width
V= x(8-2x)(12-2x)
V=96x-40X+4x

The maximum volume can be found by analyzing the condition for x that makes the gradient

to be zero

—=96-80x+12%
0=96-80x+12%

0=4(3¥-20x+24). Ifquadratic formula is used to solve the equation:

X=1.57 cmor x=5.10 cm

Let 6si nvest i gaddecidsanthe maximumlipent.f or

X 1.57 5.10
Q| + - +

Qw

Y increasing| decreasing increasing

So thevolume is maximum when x=1.57 cm
V maximun=V(1.57)= 96(1.5740(1.57)+4(1.57)=156 cni
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APPENDI X J

WORKED &COMPLETI ON EXAMPLES

PART 2: WORKED &COMPLETION EXAMPLES

UNIT 1-SIMPLE RULES OF DIFFERENTIATION

Examplesin odd numbers are worked examplesamples in evemumbers are completion
examples that you need to complete

Example 1:(Worked examplelrind the gradient function of f(x) at x=4 where f()%la +X
Solution : Gradient function of f(x) is the derivaévfunction of f(x).

f(x)=- =X
Qw —_+X
"Qw Cw  +X

f &FE) ) +lw

f & QX ¥l
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f & Fxﬂ
at x=4
f & ﬁl

f G4l

Example 2:(Completion example) Find the gradient function of f(x) at x=1 where
a) fxX)=rno Q-

Solution 2a: Complete the following solution

Gradient function of f(x) is the derivative function of f(x).
)=V Qw -
fx) o Qw w

888

f O (-8Eps=t....... €583

N _ 88888
f 6 (%ﬁzﬁg- 88838 ETYT
at x=1

88888

O (2= 888 G,

,,,,,,,,

2b) f(x)=
Solution 2b: Complete the following solution

Gradientfunction of f(x) is the derivative function of f(x).If f(x) is rearranged by splitting the
terms of the numerator:

fx)=0— - -

f(X)=3x-1+-
88888

f6(88) 88888
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at x=1
f 6(81B888388

Example 3 :(Worked example) Find the gradient of the curvebof @ ®

Solution : If chain rule is used,then

fxX)= @ ® ,then
f 08 =00 8——

f 08> »x) =» 8¢cw p OR f 0(@6xB)=0
Example 4:(Completion example)
Find — using chain rule for
a) y= o W®

Solution 4a : Complete the following solution
y=® WMo h then

4b)y=——

Solution 4b: Complete the following solution
Given that

y:

, then

y=Co X

From chain rule:
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— 888cn x8%® 8888

Qo 8888888
Qb 8888888

4c) yow ©

Solution 4c: Complete the following solution

Given that
y=Viot *
i 88888
w ow “ 888
T So
Qw 88888
Qe 88888

Example 5:(Worked example)

For each of the given functions, find gradient function by using product or quotient rule
where appropriate.

a) y=p T OO® ¢

Solution 5a; Product rule will be used as vy is the product of two functions: (10+cx) and
W __C
a) y=p T OO ¢

QW Qpm OO . . Qo ¢

Qo ~ oe ¢ PO

"El TI'H 'IllH—é’IW:derivative of o is found through chain rule)
Q0 . oo 8ca

Qo PO ¢ PTT WW ® ¢ 8¢W

20 & g & p o ®
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5b) y=* WVip ©

Solution 5b: Product rule will be used as v is the product of two functiohsiw and

Vo ®
Given thaty=" &/p & then

y=" wp @
QO Q° ® P w'Qp 0"
Qo Qo P Qo
— ¢ p o @ “w-p o .1
w ¢ o ‘o
Qo P Ub o

5¢) y=

Solution 5c¢: Quotient rule will be used as y is a rational function

. Qp w . Q1 ow .
Q & oo [ 0w o p W
Qw T oW

Qw p8t ow o p

Qw T oW

Example 6:(Completion example)

For each of the given functions, find gradient function by using product or quotient rule
where appropriate.

a) y=— pU® p

Solution 6a: Complete the following solutionProduct rule should be used.
Giventhaty=— p Ncw p.
So

y=0 p Cw p
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Q0w Qw p . _ . Qcw p -

Qo qo @ P @ Qo
e 888888
56 @ p ® P

Qv . 88888888

o 8888888888

6b) y=—""

Solution 6b: Complete the following solution.

Quotient rule should be used as y is a rational function

. Qo w . Qp vw =~

Qw —qg P VO e _°©

Qw P LW

QO ogggdﬁsssp L ¢8888 8838alw
Q6 P UGEEE

Do 8888888888888888888
Qm 88888

PART 2: WORKED & COMPLETION EXAMPLES

UNIT 2- DERIVATIVES OF EXPONENTIAL AND TRIGONOMETRIC
FUNCTIONS
Examples in odchumbers are worked examplesamples in evemumbers are completion
examples that you need to complete
Example 1: (Worked example)Differentiate the following

aAw -a&w
Solution la:

When product rule is applied,
u=— v=Inx

—=1w =— —=_
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Qw
Qw WW
Qw a& wp
Qw o o
b) Differentiatecy Q 0 o
Solution 1b:
a)When product rule is applied
u=Q v=sin 3X
—=Q q —=3c0s (3x)

’Q(b . Z Z AN oy AN
. cQ OBty o weowQ
Qw

Example 2: (Completion examplefind the gradient of the curve
_ m*
Q)Y 1.
Solution 2a Complete the following solution.

Ify = ﬁ , then quotient rule can be applied to find the gradient of the curve

u=Q v=c0s(2x-1)
—Q p —=-2sin (2x1)

NH 888888888888 88888888888
Qm 888888888

b)Find the gradient of the curve if f(x)= tan (&X
Solution 2b: Complete the following solution

If f(x)=tan (5%1), then f(x )=
Thus quotient rule can be applied to find the derivative of f(x) that is the gradient of
the curve.

astan x=——

u=sin (5x%1) v=cos (5x1)

,,,,,,,,,,,

—=¢éééééeeeeé. —=¢éeceeceeeececee.

Qw 888888888888888B 88B8888888888
Qw 8888888888
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c) Find the gradient of the curvieog(x), if h(x)= cos xandg(x)=Q
Solution 2c: Complete the following solution
First we need to find hog(x)= h(g(x))=hQ )

,,,,,,,,,,,,,,,

—eéeééeéeéeéeééeé.
Now, the derivative of hog(x)can be found through chain rule.

QG "B
Y 888888888888888888888888888888

Example 3:Find the equation of tangent line if
y=sin (In t) when t=1
Solution of 3:
This time the variable is t,that means we need to find the derivative of y with respect

to t; that is—

STEP 1:Find derivative of y by chain rule

—=cos(In t)-

STEP2Fi nd derivati veosslopeafltangentlme t =1 to find the
—=cos(In1)-=cos(0)=1

STEP 3:Find yvalue when t=1

y=sin (In(1))=sin (0)=0

STEP 4:Find c in the equation of tangent line in the form of y=mx+c, where m is the slope
of tangent line found in STEP 2

y=mx+c

0=1(1)+c, when t=1(given) and yg0bund in STEP 3)

c=1

STEP 5:substitute ¢ and m into tangent line equation in the form: y=mx+c
y=1x1

y=x-1 (tangent line equation at t=1)

Example 4:Find the equation of normal line if
y=In (Q A T cwhen x=
Solution 4:Complete the followingolution without calculator
STEP 1:Find derivative of y by chain rule
—= — @Ol ——  OAd
STEP2Fi nd der i v at4tofiadtleslopeor tangentdirte x =
| asm@o: aRdR —=——  OA=2RSARES
STEP 3:Find the slope of normal line at x=

0 G N@E 1 ao@d Q wa p
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88888888888
T 8888888888

STEP 4:Find y-value when x=

,,,,,,,,,,,,,

y= ééeéeeéecéecée.

STEP 5:Find cin the equation of normal line in the form of y=mx+c, where m is the slope
of normal line found in STEP 3

y=mx+c

eeéeééeeé=¢€éeé. ), when x= (given) and y (found in STEP 4)

c=ééeéeééeée.
STEP 6:substitute ¢ and m into normal line eqoatin the form: y=mx+c

,,,,,,,,,,,,,,,,,

y=€ééééééeécéééeeéééeéeé. (normal xkHd)ne equation a
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PART 2
WORKED AND COMPLETION EXAMPLES

UNIT 3-CURVE PROPERTIES & APPLICATIONS OF DERIVATIVES

CURVE PROPERTIES

Example 1: (Worked example)
Find and classify stationary points of y=x>-3x+4

Solution 1:

From the definition of stationary point we need to check for when % = 0.

d
2303
dx

Let's check the sign table for the derivative:

X -1 1
dy + - +

y increasing | decreasing | Increasing

Hence, y has a maximum at x=-1
y has a minimum at x=1
Let's find y values for x=1 and x=-1
y=1%3+4=2 atx=1
y= (-1)°+3+4=6 atx=-1
Thus, y has a local maximum at (-1,6)

y has a local minimum at (1,2)
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Example 2 (Worked example) : Find intervals for when the function is concave upwards or downwards
if f(x)=2x" -6x°+7

Solution 2: A curve is concave downwards if f’(x) < 0 for all x in an interval S.
A curve is concave upwards if f’(x) 2 0 for all x in an interval S.
f/(x)=8x>-18x*
f”(x)=24x>-36x. We need to solve for when (x)=0 to find critical points for the second derivative.
0=12x(2x-3)

x=0 and x=1.5 are the x-coordinates where there is a point of inflection.

When the sign table for f’(x) is examined, the concavity intervals for f(x) can be found

X 0 1.5

f'(x) | + - +

f(x) | Concave Concave Concave
upwards downwards | upwards

f(x) is concave upwards on (-02,0] U [1.5, o)

f(x) is concave downwards on [0,1.5]

Example 3 : (Completion example) Find the coordinates of stationary points on the curve

y=x"-2x*+10 and determine their nature. Hence sketch the curve

Solution 3: Complete the following solution

d
From the definition, a function has stationary points for when %=0.

d -
So we need to solve for when d—z =1()
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x=-1 or x=0 orx=1 are critical points of the derivative function.

Let’s check the sign table for the derivative:

X -1 0 1
dy |- + - +
dx
y decreasing | increasing | decreasing | increasing
y
mn (o | N (W

Hence, y has a minimum at x=-1 and x=1
y has a maximum at x=0
Let’s find y values for x=-1, x=0 and x=1
y=(-1)*-2(-1)+10 =9 atx=-1
y=(0)*-2(0)*+10 =10 atx=0
y=(1)-2(1)*+10 =9 atx=1
Thus, y has a local minimums at (-1,9) and (1,9)

y has a local maximum at (1,10)

1.9 (.9

Graph: Graph of y=(x)*-2(x)*+10
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Example 4: (Completion example) Given that g(x)= 2x’ +9x’+1

a) Determine and classify the coordinates of stationary points of g(x)
b) Determine and classify the coordinates of inflection point(s) of g(x)

Solution 3a: Complete the following solution

From the definition, a function has stationary points for when g’(x)=0

XS corsremipensnnn O K ssnnsssonasarsnsans

..................

g'(x)

gx)

If x=-3, then g(-3)= 28
If x=0, then g(0)=1
Hence, g(x) has a local maximum at (-3,28)

g(x)has a local minimum at (0,1)

Solution 4b: Complete the following solution

From the definition, a function has inflection point for when g”(x)=0

- is the x-coordinate where the point of inflection exists.

Let’s find whether it is a horizontal or non-horizontal inflection point by substituting this point into the
first derivative:

" (A )= _727 # 0.So it is a non-horizontal inflection point
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When we find the y-coordinate of this point

29
=5

2
-3 29, . - s i y
Thus (-2—,7) is the non-horizontal inflection point.

Additional information:

X =5

g"(x) = +

g(x) | Concave Concave
downwards upwards

Example 5: (Completion Example) Find and classify stationary points and the points of inflection for
y=3x"-8x7+1
Comment on the intervals for when y is concave upwards or downwards

Solution 5: Complete the solution

Stationary Points

XZreeeenns ) XZereeeeeersinnenes @NA X= oo, are the roots of the derivative function
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It thenve s

If X=uiee, then y=.........

Hencelyihas ianenmmmi i points at (..., v, Jandi{ S e

Hetice yhas arss it nn pointatiles o ) ‘

Inflection point(s)

R —

S e AN T S T ke

b T o], E TS R are the x-coordinates of inflection points.

Let’s classify whether they are horizontal or non-horizontal inflection points

AR o e O

A= TRt O s L e A

....................................................................................................................

2

Hence, y is concave upwards on (......., ....... )

y is concave downwards on (......., ... )
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APPLICATIONS OF DERIVATIVES

Example 6:

The height of a tree is given as H(t)=10 - % metres, where t is the number of years after the tree was

planted.

a) (Completion example)Find the rate at which the tree is growing at t=10 years.
b) (Worked example) Show that H'(t)> 0 for all t> 0. What is the significance of this result?

Solution 6:

a) Complete the solution:
Rate gives a hint about that you need to work with the derivative of the function, as derivative
of H(t) at x=10 is the instantaneous rate of change at x=10.

No solution for t.

200

>0

That means H’'(t)= tr2)e=

t 0 +00
H'(t) | +
H(t) | alwaysincreasing

Thus, the height of the tree is always increasing and the tree keeps up growing

1500
Example 7 :(Completion Example) The quantity of a chemical in a cup is given by Q(t)=6t+ ; cm?

where t shows number of hours.

a) Atwhat rate the quantity is changing at the hour of t=4.
b) At what time the quantity of the chemical will be minimum.
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Solution 7a: Complete the following solution

Q(4)=errnerrenss = ———————=.45 8 cm*/ hour

t=5 hours
Let’s check the sign table to make sure that minimum exists at t=5 hours

Be careful that at t=0 there is a vertical asymptote:

t 5
Q(t) |- +
Q(t) |dec |inc
Hence, minimum quantity occurs at t=5 hours

Example 8 (Completion example):

A ballis thrown; its height above the ground level is given as:
s(t)= 4.3 +12.4t-3.2t> meters , where t is time in seconds.
What is the maximum height of the ball?

Solution 8: Complete the following solution

S s S s T
0=....
t= Check the sign table
L Ry
st e
S s e
The height will be maximum at t=..........ccccoueune.. and the maximum height is : H(............ )=
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PART 2:COMPLETION EXAMPLES

UNIT 4-MOTION ON A STRAIGHT LINE & OPTIMISATION
MOTION ON A STRAIGHT LINE

Example 1:

An insect moves on a straight line whisedisplacement is s(t)=512t+4 milimetres where
t is in seconds (tO00) . Find the velocity and
diagram. Hence, find the time interval when the speed of the insect is increasing.
Solution 1: Complete thdollowing solution
Derivative of the displacement (instantaneous rate of change of displacement with respect
to time) shows the velocity of the insect.
s6(t)=v(t)=..

t=1.2 sec
t 1.2
V() | - +
Towards| Towards
left right

Derivative of the velocity (instantaneous rate of change of velocity with respect to time)
shows the acceleration of the insect.
s606(t)®B=v.0.(.1.).5.a.. mm/sec

a(t)>0
t 0
+D
a(t) +
Towards right
When t O 1.2 acceleration is positive; velocit
same signs. T heref ore speed is increasing for t 01. 2 s
right).

Example 2: A body moves along a straight path where its displacement from the starting
point is
x(t)=25¢-60f+45t+150 metres
where t i s i n miniatenalsvhen th©spded af thekbbdy is detréasingt i me
Solution 2: Complete the following solution
Derivative of the displacement (instantaneous rate of change of displacement with respect to
time) shows the velocity of the body.

xXo0(t)=v(t)=...

0=
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.............. min
t 0 s
V() | + - +
Towards| Towards
right left

Derivative of the velocity (instantaneous rate of change of velocity with respect to time)
shows the acceleration of the body.

X006(t)=vo(t)=a

Wh e n

Therefor e,

00

t O

(t3 =. ...
t o ...
aft) | - +
Towards | Towards
left right
0. 6 accel

er ati

on i

S

speed is decreasing for
tisin [0,0.6] U [0.8, 1]
HINT : When the number line is investigated:
v(t)=0, a(t)<0

v(t)=<0, a(t)<0

‘\\/— v(t)=0, a(t)=0
v(t)<0,
d

u} ICI.2 II:I.-’-l II:I.E o 1 I1.2 1.4 I1.B I1.8

Example 3: A car moves on a straight road where its displacement from garage is

s(t)=t-8t-16f kms

wheretid n

Solution 3:

OPTIMISATION

hour s

Example 4:

(t 00)

Fi

n d

t

he ti

me

negati ve,;
acceleration is positive but velocity is negative. (THEY MUST HAVE OPPOSITE SIGNS
IN ORDER SPEED TO DECREASE)

00 tO O.

nterval

A rectangular garden next to a wall is eclosed with a 80 m of wire. The wall side will not be

enclosed. Find the maximum land areghefrectangular garden.
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Solution 4: Complete the following solution

If we label width as X, the length will be=.................cc.......
Area of the rectangular garden is :
Area=A=width x length

Sttt (in terms ofx)

To maximise the area of the garden we need to investigate when gradient of A is zero.
— =80-4x

0=80-4x

X=20m

X 20
QO + -

A | increasing| decreasing

So, at x= 20, Area of the rectangle will hate maximum value. The dimensions of the
rectangle are:

x=width=20 m

80-2x=40 m (length)

Area (max) =20 x 40= 800

Example 5.
y

Rectange ACDB is inscribed within
parabola

y= mx® and the xaxis, as
shown.

]
If OB=x find m if the area of the rectang
ACDB is maximum when OB i#lg, find
imo.
A B b
/ / \
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Solution 5: Complete the following solution

y If OB= x,
then DB=.........cccccceenne (asDisont
parabola)
Area of the rectangl
D = et rerrrerersrrr ey

In order to find maximum point, w

e need to check for when gradient of
A 5 is 0.
[ o« Lo
0=,

It is given that when OB=x#o, area
IS maximum,

So

0=2m6(10%)

m=9

Example 6: The cost of metal used for surrounding a cylindrical tin cans is wanted to be
minimised. The capacity of the tin can is 1 Litres (1006)cifhe radius of the base and top

is Aro and the height of the cylinder is fAho
r

a) Show that h = cm by using the volume of the tin can

b) Show that the total—sctface area is A=2"

c) Find r that makes fAA0O (surface area) as s
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Solution 6: Complete the solution
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APPENIKK X

PRACTI CE PROBLEMS

PART 3:WORKED -COMPLETION EXAMPLES AND PRACTICE
PROBLEMS

UNIT 1-WORKED AND COMPLETION PROBLEMS

Examples in odchumbers are worked examplesamples in evemumbers are completion
examples that you need to complete

Example 1:Find the slope of
a)tangent line to y#io ow pat x=1

Solution la:
Slope of tangent line is found through substituting the givealue into the gradient
function. Hence,

y= 0w p
— - +6X
— -——=+6x.

n

So at x=1,
— —F +6(1) = (slope of tangent line)
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Examplelb)Find the slope of normal line to y=— at x=1
Solution 1b:

Slope of tangent line is found through substituting the givealue into the gradient
function. The relationship between tangent line and normal line at the given point is
they are being perpendicular to each other. Thus, slope of normal line is

We need to apply quotient rule so as to calculate the gradient of the curve:

Qw pm p oW ouLw ®
Q6 L W
So at x=1,
Qw pmp po p p 0oL P P
Qw L p p

— ——— — —(slope of tangent line)

As (slope of tangent line)x( slope of normal linel then
Slope of normal line=—=—

Example 2 :Find the gradient of
a) tangent line to y=(2x+1) (x+%at x=2

Solution 2a: Slope of tangent line is found throughbstituting the given-xalue into
the gradient function. Gradient of the curve found through product rule.

oo 888888 w v 88888888 co p
At x=2,

— 8888888888888 88888 (slope of tangent line)

Example 2b)Find the gradient of normal line to y=(ax*2t x=0 in terms of a (a is a
real number)

Solution 2b: Slope of tangent line is found through substituting the givealue into
the gradient function. The relationship between tangent line and normal line at the
given point is they are being perpendicular to each other. Thus, slope of normal line is

p
i aéénN@oe ANVHQ
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Gradient of the curve found through chain rule

Qo 88 Ma 88
Qw wo S
At x=0,

— 888888 8388838 (slope of tangent line in terms of a)

As (slope of tangent line)x( slope of normal line} then

. 88888 .
Slope ofnormal "”em (in terms of a)

Example 3. Given that f(x) =2@ and g(x) = 43x. Find the equations of
a) tangent line td(x) passing through P{6)

Solution 3 a:

The derivative of f(x) isf 6 (6s0) =
at x=2
f 0 (62) =-24 (slope of tangent line)
When slope of tangent line, x and y values are substituted to the line equation in slope
intercept form:
y= f6(2)x+c
-16 =-24 (2)+c
c=32
y=-24x+32 (equation of tangent line)

Example 3b)Find the equations of normal linedéx) = 43x at Q¢1,7)
Solution 3b:

The derivative of g(x) isg 6 ( X3) =
at x=-1
g - £-3 (slope of tangent line)
slope of normal line= -

When slope of normal line, x and y values are substituted to the line equation in
slopeintercept brm:

y= mx+c

7=-(-1)+c

c=—

y=—w — or 3y=x+22 (equation of normal line)

Example 4:Given that f(x) =4w + 3and g(x) = 2x. Find the equations of
a) tangent line tofog)(x) passing through A(41)
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Solution 4 a:

Firstly, (fog)(x)should becalculated:

(fog)(x)=-4 ( é%+3.)

The derivative offog)(x)can be calculated through chain rule:

(fog)bx)= éeéeééeééeeée.

atx=1

(f og)= 64éleéecéeéeéeée. (slope of tangent 1| ine)
When slope of tangent line, x and y values are substituted lio¢hequation in slope

intercept form:

y= mx+c

-1 = ééé (1) +c

c=éeééeéee

y=ééeéééeéeééeéeéée (equation of tangent | ine)

Example 4b)Given that f(x) =4w + 3and g(x) = 2x. Find the equations of normal
line to @of)(x) passing through BL,3)

Solution 4b: Firstly, (gof)(x)should be calculated:

(gof)x)=1-2 (éé. .)
The derivative ofgof)(x)=can be calculated as

,,,,,,,,,,,,

,,,,,,,,,,

(gof)f1)=e e éééeéééé. (slope of tangent 1ine)

Slope of normal =

& Ta <a

When slope of normal line, x and y values are substituted to the line equation in slope
intercept form:

y= mx+c

3 = éelgre (

,,,,,,,,

So y=—ééééééeéeéééeéé (equation of nor mal l i ne)
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UNIT 1-SIMPLE DERIVATIVES
PRACTICE PROBLEMS

Name/Lastname: Mark : /50
Recommended time50 minutes

1. Letf(x) =62 . Findf6 x).(

4)
2. Find the slope of tangent line to f(x) at givemalues
f(x)=Mo qmat x=1
(3
3.  Find equation of tangent line to yx2(+ I)2 atx=-1
()
4.  Given the functiorf (x) = 27 amx+ (n + 1), determine the values nfandn
such thaf (1) = 0 and (2p=0.
()
5. Letf(X) = —x2+2x+ 1.
(@) Write downf (X)Nj
2
(b) Find the x value for when gradient of normal line is zero
3
(c) Find the equation of the normal to the curve ¢f) at (-3, 1).
4)
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6. Letf()=w ww ¢ pC
() Findf @).

(2)
(b) Find the coordinates of point where the gradient of the curve is zero

(3)
(c) Find the equations of horizontal tangent lines to the curve.

(5)

7. The tangent to the curve y=2k e at the point (1,4) meets theaxis at K, and the y
axis at L. Calculate the area of the triangle OKL, where O is the origin.

(6)

8. The tangent of theurve y=X(x+2) at the point-{,1) meets the normal to the same curve
at the point{2,0), at the point Q. Find the coordinates of Q

(8)
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PART 3:WORKED -COMPLETION EXAMPLES AND PRACTICE
PROBLEMS

UNIT 2- DERIVATIVES OF EXPONENTIAL AND TRIGONOMETRIC
FUNCTIONS

WORKED AND COMPLETION PROBLEMS

Examples in odchumbers are worked examplesamples in evemumbers are completion
examples that you need to complete

Example 1: (Worked Example)The tangent to the curwe=x In(x) at (e,e) meets the
x-axis at A and yaxis at B. Find the distance between A and B.

Solution 1:
Step 1:Finding the derivative of y

— 0 & @ «o¢ wp(gradient of the curve)

Step 2: Finding slope of tangent at x=e
Substitutefi e where you seg in the derivative of y.

— 0 & Q=2 (slope of tangent line)

Step 3: Find c in the tangent line equation in the form y=mx+c

y=mx+c, where m is the slope of tangent line

e=2e+c

c=-e

Step 4: Substitute the found values indgbgation of tangent line

y=2x-e (equation of tangent line)

Step 5: Find the coordinates of A and B

A shows the coordinates of-imtercept whereas B shows the coordinates -of y
intercept.

To find A, we need to substitute O(zero) for y in the tangent linategqy y=2xe:
2x-e=0

2x=e

x=0.5e

Hence, A(0.5¢,0)

To find B, we need to substitute O(zero) for x in the tangent line equation,ey=2x
y=2(0)e

y=-e

Hence, B (0g)
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y=2x-272

Graph 1: Graph of y=2gr

To find the distance between A and B, Pythagoras Theorem:
Distance=d= & ¢ D &
d= Q T®Q
d=3.04 units(3 significant figures)
Example 2: (Completion Example)
Given thatw a'® . The tangent line to the curve, y at (1,2) intersects with the
normal line to the curve, y at (2,4) . Find the point of intersection.
Solution 2: Complete the following solution
Finding the equation of tangent line at (1,2)
— —8&A g c.
Thus slge of tangent line is always 2, no matter what the x coordinate is.
So we can find ¢ by substituting (1,2) and slope of tangent line,2 into the line equation
of tangent y=mx+c
2=2(1)+c
c=0
Thus the equation of tangent line is
y=2X

Finding the equation ofnormal line at (2,4)

— —&A & c.
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Thus slope of tangent line is always 2, no matter what the x coordinate is. We can find

the slope of normal line by taking negative reciprocal of the slope of tangent line.

.~ 88888888
So the slope of normal Ilne%m8

So, we can find ¢ by substituting (2,4) and the slope of normal line into the line
equation of normal line y=mx+c

éee. =-ée(eéeé.) +c

c = .

Thus the equation of normal line at (2,4) is

y=—éééé+ééeé.

-

Now we need to find the point of intersection a# tiormal line and tangent line found
above. We will make the y values to be equal to each other:

,,,,,,,,,,,,,,,,,

(0]
(0]
(0]
(0]
(0]
(0]
(0]
(0]
|
(0]
(0]
(0]
(0]
(0]
(0]
(0]
(0]
(0]

,,,,,,,,,,,,,,,,,

—eeeeeeeece

(0]
(0]
(0]
(0]
(0]
(0]
(0]
(0]
|

< X
| |
@ D
@ D

Example 3: (Worked Example)

Given that y= six+3 cosx, show that

Qw Qw | © &
— O——. w

(0N Qw ¢ P
Solution 3:

—. Al o Qc w
Qw

Q@ i QE avéi ©
(o)

If — and— are substituted in

Qw Qw

S O—. w
a Con °

i Q¢ @anéi @wémd of Q¢ o i Qe oREMD
-Sin X+ 9 sin X+2 sin 38 cos X3 cos x+6 cos x= 10 sin X

Hence

— 0— Ccw=1l0sinx
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Example 4: (Completion example)

Find the coordinates of the points on the cuive in the range 0 O x

where the gradient is

Solution 4: Complete the following solution.
From quotient rule, the derivative of y is:
Qw Ofipowéi cOEI O
Qo p weEi
The derivative can be simplified as
Qw 88888888

Qb 8888888

It is given that gradient is:

888888888888888
888888888888888

If the cross multiplication is conducted between two fractions

eeéeééecéeéée=-¢ecéeééeéecéeeécté
The quadratic equation above can be factorized as:

,,,,,,,,,,,,,,,,

. 8888888
Either cos Xm

or
COS XxX=¢ééééeée.

X=€é6é¢6.. , e éé. (from the first solution)
OR
x=¢é¢é, ééé(from the second solution)

PRACTICE PROBLEMS
Name/Lastname: Mark : /73

Recommended time:75 minutes

1.  The populatiorp of bacteria at timeis given byp = 200:;0'02.
Calculate
(@) the value opbwhent =0;
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(b) the rate of increase of the population wherb.

£OSX Z

2. Find the slope of tangent line to f(x) at givemaluesf (x) = 2 atx =

3. Find equation of tangent line to y=1r(B1) atx=1

X

4. lety= e3 +5cosx Find —

5. Differentiate each of the following with respectxto

(@) y=coskx
(b) y=3xtanx
(Cy=—

6. Letf(x) = 'Q T x.
(8 Findf &).

(b) Find the coordinates of point where the gradient of the curve is zero

(c) Hence, find the equation of horizontal tangents to the curve

7. Ify=1n(3i 1), then find—

8. Letf (x) =Q
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(6)
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(1)

(2)

3)

(2)
3)
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(a) Evaluate —  for h=0.1 by using your calculator

(b)  What number does

9. Given thaty = € cosx.

(a)Show that% = e?((cosx T sinx).

. d?y
b) Find —.
(b) e,

10. Consider the functiog(x) = a cosx -6x,

(a) Find g6 ).

approach ah approaches zero?

w haedisa cofistant.

(b) Whenx =- the gradient of the curve gf(x) is 4. Find the value &.

11.Letf(X)=2cos 2 - sin x.
(@) ShowthafNK) ( = 1x5

(b) Inthe interval—OxO 2 ° ,

k. Find the value ok.

(c) In the interval—Ox O 2~ ,
Find the value of.

12. Given that®ya ——, show that—

i n 2

one t an gdastequdtiay=t h e

one nor rmaas equatioxt=Hh. e

. Hence find the coordinates of two

points on the curvepy —— where gradient is zero.
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PART 3:WORKED -COMPLETION EXAMPLES AND PRACTICE
PROBLEMS

UNIT 3- CURVE PROPERTIES AND APPLICATIONS OF DERIVATIVES

WORKED AND COMPLETIO N EXAMPLES

Example 1: (Worked example)

The diagram shows thgraph of y#$(x). Sketch the graph ¢f 6 ( x )
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Solution 1:

f(x) has a minimum in between
1OXO 0, Somin.f é(

f(x) has a maximum in betwee
00x0O 2, somf 0 2

f(x ) has three roots(three -
intercepts),hence f(x) is acubic
function wher e

guadratic function ( one degree lg — . o . . .
than f(x)) ' '

If f(x) is decreasing forD < X Qi
so f 6(x) OO0 the
If f(x) is increasing for ¥, O

O¥%wxs SO f o6(x) O 3

If f(x) is decreasing for < X <
so f thefex) OO

So the graph of

Example 2: (Completion Example)

The diagram shows the graph of g(®é&-m)(x-n). The graph cuts theaxis at ¢(3,0), (0,0)
and (2,0). There is a local minimum point at A and local maximum poBht at
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a) Find m and n, where m<n
b) Find the exact values of x where

c) Hence, sketch the graph of go(x)

Solution 2;: Complete the following solution

a) If (-3,0), (0,0) and (2,0) are theintercepts, they are the roots of the g(x).
Thus:
g(x)=-(x-€ ) -&)x -¢)x

So m=3, n=2

,,,,,,,

b) g 6(x)=¢é¢ééeéeée..

I f we need to find where g 6(x)=0,

,,,,,,,,,,,

0=eéeééeeeééeeeée. . wildl gi ve

x=-1.12 or x=1.79
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c) We have already found

g)AUrthe)

but

g(x) has a mini mun
so g o6(x) A at € é
g( x) has a max i m
S0 go6(x) =0 atmX=¢§¢
g(x ) has three roots(three -
intercepts),hence g(x)
3 '

is a cubic functi o
eeéeéé function (
than g(x))

g(x) is decreasing forb<x O é
so goéd(x) OO0 in tha
g( x) i's i ncreasin
so g6(x) O0. in thad
| f g( x) i s decr e
so goéd(x) OO0 in tha
So the graph of g

|l et 6s
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Example 3 (Completion example):

Given the graph of y, sketch the graph—ge\f
X

261



Solution 3: Complete the following solution

y has mi ni mum
X=6=8&.
dy .
so — =0 at those scoordinates
dx
y has maxi mums

and
dx

coordinates

y has ¢éé.
.functiogx

dx
has to be éééeé
(one degree less than y)

eeee.

X = égl’.:o at thase x

root

y is decreasin 4
ée. and éeéeeée. < -
dy O0 in those i -
dx

y i s i ncreasin

Oéé and

.Sod—yOO in those

dx
UNIT 3-CURVE PROPERTIES AND APPLICATIONS
PRACTICE PROBLEMS

Name/Lastname:

Date:
Recommended Time75 minutes

MARKS:

1) Find and classify the stationary points fe0=x>+7x*+8x-1
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2
2) Consider the function h(x)=X— .
1+2x

a) Find and classify the asymptotes.

2)
b) Find ancclassify the stationary points.

(6)
c) Hence, sketch the graph of h(x) on the grid below by showing the coordinates of the
stationary points and by drawing the asymptote lines.

(4)

3) Differentiatey=x In(x). Hence find the coordinates of points opl decimal place) where
y has a local minimum.

(6)
4) Find the coordinates of points of inflection f6r@ x  Cior B=6:iA (2X)

(6)

5) The voltage in a power line t seconds after a power cut is modeled by the function
V(t)=100e?si n( 50 t)

a) Find the voltage after t=0.02 seconds

(2)
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b) Find the average rate of change in the voltage during the first hundredths of a second,
giving your answer correct to three significant figures

3)
, . . : 1
c¢) Find the instantaneous rate of change at which the voltage is changln%—ce)xétths of a

second

4)
6) The cost in dollars of x units of products is given by the equation
C(x)=x-25x*-100x+500, xO 0

Find the least number of units thetould be sold to get maximum profit if each item is sold
for $100.

(6)
7) Show that y= 2%8x° +1 has a notorizontal inflection point at x=2

(5)

8) Find the local minimum point of yg—
X

(4)

9) f(x)= 2x% 1 Ax® +1, A is a real number. f(x) has a local minimum atgxzfind A and

justify that the minimum is at x%.

(6)

10) Let y= g(x) be a function of x. The graph of g(x) has an inflection point at K and a

maximum pointa t L. Parti al sketches of go(x) (on

shown below.
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4 o)

9]

a) Write down the »xcoordinate of K and justify your answer

3)

b) Write down the xcoordinate of L and justify your answer

(3)

¢) Given that g(3) =7. Sketch the graph of g(x) and mark the points K and L on your sketch.
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PART 3:WORKED -COMPLETION EXAMPLES AND PRACTICE
PROBLEMS

UNIT 4-MOTION ON A STRAIGHT LINE & OPTIMISATION

WORKED AND COMPLETIO N EXAMPLES

Example 1: (Worked example)

A rectangle is bounded by &xis, y \
axis and the line with equation:

y — ¢ o

(0, 0.48)

What are the dimensions of ti
rectangle with maximum area

Solution 1;

1 _':i\':’\ E X
O (6x) g d

If |JAD|=x, then |DE|=6xIf |AB|=y, then |BF|=0.4%
BCF and DEC are similar triangles if the angles are matched (AAA similarity)
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an
an
an
an
an
an

"Q kconstant

an
an
an
an
an
an

o w (@)
® WY w

Cross multiplication will give:
2.880.48x+xy-6y=xy
2.880.48x=6y

y=0.480.08x

We would like to maximize area of the rectangle.

Area(A)=xy=x(0.480.08x)

A=0.48x0.08%
Q0 - .
— T Y 1 @0
x=3 cm
X 3
Qo + -
Q6
A increasing decreasing

So at x=0.3 yothave a maximum point
Length of rectangle=x=3 cm

Width of rectangle=y=0.480.08(3))= 0.24 cm
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Example 2: (Completion example)

A rectangle is bounded by
axis, yaxis and the line witk

equation: \

y - U o F
. . E'::
What are the dimensions {
the rectangle with maximun|
area
B O & C
X

Solution 2 (Complete the solution):

1
(0]
(0]
(0]
(0]
(0]
(0]
D
D

I f | AD| =x, then | DE| =ééééeéeéeée

|f | AB| =y, then |BF|=¢66é¢c66é¢6.

BCF and DEC are similar triangles if the angles are matched (AAA similarity)

an
an
an
an
an
an

"Q kconstant

an
an
an
an
an
an

888888 8888888
888888 88888888

Cross multiplication will give:

15-3x+xy-5y=xy

15-3x=5y

y=3-0.6x

We would like to maximize area of the rectangle.
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Area(A)=xy=x(3-0.6x)

A=3x-0.6X
Q6 o pEW
de) p
— o0 p&w0
x=2.5cm
X 2.5
Qo + -
Qw
A increasing decreasing

So at x=2.5 you have a maximum point

Length of rectangle=x=2.5 cm

Width of rectangle=y=30.6(2.5))= 1.5 cm

UNIT 4- MOTION ON A STRAIGHT LINE & OPTIMISATION

Name/Lastname:
Date:

Recommended Time80 minutes

PRACTICE PROBLEMS

MARKS: /76

1) The displacemerg metres of a cat,seconds after leaving a fixed point A, is given

by

s= 20t 0.42,

(a) Calculate the velocity wher= 0.

3)

(b) Calculate the value afwhen the velocity is zero.

(2)

(c) Calculate the displacement of the car from A when the velocity is zero.

(1)

2) The displacement s metres at tirgeconds is given by

2

s(t)=4cos2+t“+8,fortO 0.

270



(@) Write down the minimum value &f

1)
(b) Find the acceleratiom, at timet.

(2)
(¢) Find the value of when themaximum value ofa first occurs.

(3)

3) The main runway aan airport is 4 km long. An airplane, landingtae airport,touches
down at point K, and immediately starts to slow down. The point A is at the southern end of
the runway. A marker is located at point L on the runway.

Not to scale
As the airplane slows down, its distansgrom A, is given by

s=n+20ai 82

wheret is the time in seconds after touchdown, andetres is the distance of
K from A.
The airplane touches down 600 m from i, = 600).
()  Find the distancéravelled by the airplane in the first 3 seconds
after touchdown.
2)
(i)  Write down an expression for the velocity of the airplane at time
seconds after touchdown, and hence find the velocity after 3
seconds.

3)

The airplane passes the marker atith a velocity of 40 m'st. Find
(i) how many seconds after touchdown it passes the marker;

()

(iv) the distance from ko A.
®3)
(b) Check whether the airplane touches down before reaching the point L, it
can stop before reaching the northern &df the runway.
(5)
4) A rock-climber slips off a rockace and falls vertically. At first he falls freely, but
after 1 second a safety rope slows him down. The hbighgtres of the rocklimber
aftert seconds of the fall is given by:

h= 407 4%, 0 td 1
h= 487 16t + 4t2, 10 t O 3
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(@) Find the height of the roe&limber whert = 1.

1)
(b) Sketch a graph dfagainstf or tGB. O
4)
. dh .
(c) Find dt for:
() 0 tO1
i)y 1 tO3
(2)
(d) Find the velocity of the roeklimber whent = 1.
(2)
(e) Find the times when the velocity of the redkmber is zero.
(3)
()  Find the minimum height of the roek| i mbe tO¥ or 0 O
3)
5) A ball is dropped vertically from a great height. Its velowity given by
v=30i 30d X t6 0
wherev is in metres per second ahig in seconds.
(@) Find the value of when
@ t=0;
@iy t=2.
2)

(b) () Find an expression for the acceleratiangas a function off.

(i)  Whatis the value o whent = 0?
3

(c) () Astbecomes large, what value daespproach?
(i)  Astbecomes large, what value d@espproach?
(i)  Explain the relationship between the answers to parts (i) and (ii).

3)
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6) A nonuniform metal chain
hangs between two walls. The
height above the ground level of
this chain is given as

H(X)=Q Q , xO 040
Wherex is the distance along the
ground from the left wall. How
close to the ground will chain get?

7) A pool is constructed as rectangle &
a semicircle of radiusr m. The
perimeter of the pool to be 80 mete
Find the value of r and the dimensio
of rectangular section to have maximt
surface area of the pool.
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8) A long flat sheet of tin 24 cn
wide will be used to for a roc
gutter. The sheet of tin will b

turned up sides of 8 cm so that 2 cm
trapezoidal crossection will be
formed as in the diagram. Find tl
val ue of d 8cm
carrying capacity of thgutter
(13)
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CODI

APPENDI X L

NG SYSTEM FOR CALCULUS

REFLECTI VE

NEAR TRANSFER

1. Knowledge

1.1 Correct terminology
1.2 Correct mathematical notation

1.3 Knowledge of general rules calculus

2. Comprehension

2.1 Understands the problem

2.2 Defines the rule/ principle

2.3 Identifies the correct method

2.4 Outlines the steps of problem solution

2.5 Gives a similar example

3. Application

3.1.0rganizes the given expressions
3.2.Correctmathematical calculation
3.3.Indication of breaking problem into parts

3.4. Gives reasons of solution steps
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FAR TRANSFER

4. Analysis

4.1.Comparison of new problem with learnt problem
4.2.Differentiates the new problem

4.3.Solves a problem in nesituations

4.4, Applies a new technique to solve a problem

4.5. Analyzes the problem further for more information

4.6.Correct interpretation of sign tables, graphs and results

5. Synthesis

5.1. Creates a new problem

5.2.Generalizes a calculus rule/fact

5.3.Derives abstract relationships.

5.4.Judges the reasonableness or validity of the results

5.5.States limitations and restrictions
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APPENDI X M

CODI NG SCHEMA FOR | NTERVI

Question 1. Worked examples

1. Understanding andLearning

1.1 Similar examples leads to long term memory

1.2 Solutions steps helps understanding reasoning

1.3 Recalls background knowledge (builds on the top of prior knowledge)

2. Reinforcing

2.1 For more for harder topics
2.2 For the concepts of previoudlarnt topics

3. Confusion
3.1 Caused confusion at understanding solution steps
3.2 There were more solutions steps than needed

3.3 Student had trouble to remember background knowledge
3.4 Solution technigues were limited. More variety needed.

Method used to Study

1. Reading Solutions

1.1 First read the solution then solved

1.2 Read the solution steps

1.3 Solved by own and then compared with the solution

Suggestion for Improvement

1 Students explain solution steps verbally
2. seeing all variety of solution techniques
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Question 2. Completion examples (c.e.f.f.:forwad fading ; c.e.b.f: backwards fading
1.Guidance

1.1c.e.b.f was helpful for understanding the unguidance was there

1.2 c.e.f.f. was less helpful as it involved answers for checking

1.3c.e.f.f. was more comfortable as it answers to check

1.4c.e.b.f . was less confusing, (once started follow up was there)

1.5c.e.b.f. is easier to understand than c.e.f.f. (more guidance given)

2 Reinforcing

2.1 c.e.b.f. helped more for harder subjects

2.2 c.e.f.f. encouraged thinking more.

2.3 c.e.f.f. is harder : how to start makes you think more

2.4 c.e.f.f. more helpful to learn the subject

3 Challenging

3.1 c.e.f.f. was challenging at starting the solutsep.

3.2 c.e.f.f. was harder: expectation how to fill the blanks was subjective

3.3 c.e.f.f. was more challenging: hard to see where the mistake is

4 Confusing

4.1 expectation on what to write or how much work should be shown were not clear.
4.2 sometimes mixing umind if the topic was studied earlier

4.3 understanding the solution steps was hard.

Method used to Study

1. Read and completed
2. Asked a friend to explain

Suggestion for Improvement

1. Different methods should be stated
2. No completion examples should be given

Question 3i Self-reflection
1. Thinking Deeply

1.1 Makes think deeply (the proper expressions/examples to explain and the organisation)
1.2 Prevents memorization
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1.3 Assists grasping reasoning of solution steps

2. Mental Model

2.1 Encourages forming schema for the solutions of problems
2.2 Assists summing up what is learnt

2.3 Makes you notice solution steps

2.4 Brings together in different subjects

3. Learning

3.1Self teaching helped learning

3.2 Analyzing cases in details helped learning

3.3Improves terminology

4. Challenging

4.1 Harder as it involves proper expressions to transmit knowledge
4.2 When requires background knowledge

4.3 When a new question style is asked

5. Not helpful

5.1 for understanding if itds done i mmedi at €

Method used to Study
1.Checking notes and textbook

2. Received verbal help from a friend for explanation

Suggestion for Improvement:

1. Should consist more math calculation problems thanmary

2. Should be assigned as homework at home

3. Teacher should give the outline of the reflective journal to clarify what is expected
Question 4i Online Forum Discussions

1. Motivation

1.1. It made aware of different concepts
1.2. It enabled to link to othesubjects
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2. Thinking deeply

2.1 Seeing variety of questions extended thinking skills in different perspectives

2.2 Made to think more

23Seeing friends6 replied did not contribute muc
2.4 Replies mixed up mind

3. Refl ection Othersod Thinking

31 Reading ri endsé replies added knowl edge

4. Understanding

4.1 Theories helped to interpret concepts

5. Competence

5.1 Facilitated practice with further problems

6. No Learning Contribution

61 Prefers own solution (not friendsé solutions)
6.2 Theories did not add much pooblem solving

6.3 Research problems not as helpful as practice problems

6.4 Not needed. Someone can learn without forums

7. Not user friendly

7.1. Using computer to type equations is hard

7.2. Words restrict discussion. Digrams needed. Hard to plot diagrams on computer.so
diagrams drawn by hand would help more to discuss.

Method used to Study

1. Gave own answer

2. Compared answer with friends?o

3. When did not wundepliesst and checked friendsé
Suggestion for Improvement:

1. More group discussion needed

2. Discussion in class is better than online environment

3. Questions should be more discussion provoking
4. Instead of forums online experiments should be facilitated.
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Question 5 Practice Problems
1. Reinforcing

1.1 Tested knowledge
1.2 Asked main points to emphasize learning the subject

2. Understanding & Learning

2.1 Developed critical thinking skills with variety of hard problems
2.2 Challenge made to think and analyze more

2.3 Facilitated revision with similar problems(long term memory)
2.4 No guidance facilitated thinking deeply

2.5 Practice helped to understand harder topics

2.6 Assisted permanent learning through practice

2.7 Practice lead to effective interpretation

3. Mental Model

3.1 Preqared for the test style questions by encouraging forming schema to solve problems
4. Learning

4.1 Reduced calculation mistakes by practicing with similar problems.

4.2 Harder questions helped to realize the expected level of knowledge

4.3 Duration helped to pace up

4.4 Get prepared for the test

5. Time Taking

5.1 When there are harder problems
5.2 prior knowledge is combined

Method used to study

1 Looked at notes

2 Asked to friends

3 Outlined solution steps for similar problems
4  Studied topics

Suggestion for Improvement:

1. Answers should be given at the back to check immediately
2. More time should be allocated as homework to complete the worksheet
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APPENDI X N

SAMPLE WORKS OF STUDENTS AT REFLECTI

[1] Reply of S;to ReflectiveJournal 1

fact+l unit 1 :
1. Prove that; +ne derivative 0§ €01 -

S £00-Axt 1 con simple’s
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to £in0 itne EEHERNBIIEILL €00 we Sirse neSA 4o
& o e ALONErGLSC . TNIS Wil cnaswe COLCAIAL

SKe W noS O EEEEERRSEERSEY s

once S dake~ +o e Auneoxol .

fCD = 29 —x1 /

D e cwe selslus S ovies e S0 neRs A RO, FEEEE e O

fhe | dervolNE, WE  multply o S ——

.Z-(Z) 27 L e cEEREEENR cf YV st porkt

L
S
£ s
far e aext poft we Wi Use e san

= o @—(-—\)X—‘—" = + X"
\Fe=( e
WEEPT  GarmciPEDh | wie . comne P WEEW o ECRE RN S oS

e -

2.

Gx+ x-2

S m

WIS Wae g?posite of cur €irsc
SR - ThIS lcones us witihe

=P+ A
R < ~Y Qo

beca 2 takeEs e aerominator vecoms<e
J.V-af(Ase'i-V\e PR is diviadea ou 1 .
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[2] Reply of §; to ReflectiveJournal 2

Prove Hhak  dRMivOXIVE oF 9-
producy fve € guosew Tule.
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[3] Reply of S to ReflectiveJournal 3

Journal €nty

Unit 2- Part- |

It £60)=€*, calculate denvarive Of ¢~ ()()'*“(.f_'(xﬂ\

and (fof™)) and show
(el

RISl

First, we have to @lewate the inverse o £(X).
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[4] Reply of Sgto ReflectiveJournal 4

-
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[5] Reply of S to ReflectiveJournal 5
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[6] Reply of S3to Refective Journal 6

1

Journal
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