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ABSTRACT

RELEASE FROM PROACTIVE INTERFERENCE AND ITS RELATIONS TO
EXECUTIVE FUNCTIONS: A DEVELOPMENTAL STUDY ON TURKISH
CHILDREN

Unal, Giilten
M. Sc., Department of Cognitive Science

Supervisor: Assist. Prof. Annette Hohenberger

September 2008, 146 pages

The aim of this study was to investigate the development of release from proactive
interference (RPI) and its relations with executive working memory functions. 101
primary school children (aged 6-12 years) and 20 young adults (aged 22-30 years)
participated in the study. The main task, the Categorical Free Recall Test, comprised
12 items from 3 different categories (animals, fruits, clothes). The purpose of the
main task was to examine both the development of the RPI pattern and the
categorization ability during childhood. As our results showed, the categorization
ability and the RPI pattern were already present in the 1% graders. Although overall
memory span increased with age, there was no significant development for the

categorization and the RPI effect. For the additional tasks, the Word Span Test

v



(WST, to measure the phonological WM capacity), the Wisconsin Card Sorting Test
(WCST, to measure both the categorization ability and executive WM functions),
and the Listening Span Test (LST, to examine executive and complex WM
functions), the results indicated that children also improved with age. Overall
memory capacity in the main task was best predicted by the WST; however, memory
of serial position was best predicted by the LST. These findings are in accordance
with the view that the WST measures the phonological working memory span,
whereas the LST measures complex working memory and executive functions. The
comparisons between the adult and the child sample revealed that except for the RPI
pattern adults were better on all tasks than the children. The lack of a consistent RPI

pattern for the adults may be due to the relatively short stimulus list.

Keywords: Release form Proactive Interference (RPI), Categorical Free Recall Test

(CFR-Test), Categorization, Cognitive Development, Executive Functions
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[LERIYE DOGRU BOZUCU ETKIDEN KURTULMA VE BUNUN YONETICI
FONKSIYONLARLA OLAN ILISKILERI: TURK COCUKLARINDA
GELISIMSEL BiR CALISMA

Unal, Giilten
Yiiksek Lisans, Biligsel Bilimler
Tez Yoneticisi: Yrd. Dog. Dr. Annette Hohenberger

Eyliil 2008, 146 sayfa

Bu ¢alismanin amaci ileriye dogru bozucu etkiden kurtulmanin gelisimini ve bunun
diger yonetici isler bellek fonksiyonlarla olan iliskilerini incelemektir. Caligmaya
101 ilkokul 6grencisi (6-12 yas araliginda) ve 20 geng yetiskin (22-30 yas araliginda)
katilmistir. Ana test olan Kategorisel Serbest Hatirlama Testi 3 farkli kategoriden
(hayvanlar, meyveler, giysiler) 12 adet kelime igermektedir. Bu testin amaci
cocukluk donemi boyunca hem ileriye dogru bozucu etkiden kurtulma Oriintiisiiniin
hem de kategorize edebilme yeteneginin gelisimini incelemektir. Sonuglarimiz

kategorize edebilme yeteneginin ve ileriye dogru bozucu etkiden kurtulma
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Orlintlistintin 1. siniflarda bile bulundugunu gostermistir. Genel olarak hafiza aralig
yasla beraber artarken, ileriye dogru bozucu etkiden kurtulma faktoriinde ve

kategorizasyonda o©Onemli bir gelisme olmamustir. Ek olarak yapilan testlerin
(fonolojik isler bellek kapasitesini 6lgmek i¢cin Kelime Aralig1 Testi, hem kategorize
edebilme yetenegini hem de yonetici isler bellek fonksiyonlarmi 6lgmek igin
Wisconsin Kart Eslestirme Testi, yonetici ve karmasik isler bellek fonksiyonlarini
incelemek i¢in Dinleme Araligi Testi) sonuglari cocuklarin yasa bagli olarak
gelistigini gostermektedir. Ana testteki genel hafiza kapasitesi en 1y1 KelimeAraligi
Testi tarafindan tahmin edilmistir fakat listedeki siraya uygun olarak hatirlama
kapasitesi en iyi Dinleme Araligi Testi tarafindan tahmin edilmistir. Bu bulgular
Kelime Aralig1 Testi’nin fonolojik isler bellek araligini, Dinleme Aralig1 Testi’nin de
karmasik isler bellek ve yonetici fonksiyonlar1 Ol¢tiigli goriisii ile uyumludur.
Yetiskin ve cocuk gruplart arasindaki karsilastirmalar, ileriye dogru bozucu etkiden
kurtulma Orilintlisii hari¢ yetisikinlerin ¢ocuklara gore her deneyde daha iyi
olduklarini ortaya ¢ikarmistir. Yetiskinler i¢in tutarl bir ileriye dogru bozucu etkiden

kurtulma oriintiisiiniin eksikligi nispeten kisa olan uyarici listesi sebebiyle olabilir.

Anahtar Kelimeler: Ileriye Dogru Bozucu Etkiden Kurtulma, Kategorisel Serbest

Hatirlama Testi, Kategorizasyon, Biligsel Gelisim, Y 6netici Fonksiyonlar

vii



To My Little Angle Sinos

viii



ACKNOWLEDGMENTS

I would like to express my gratitude to my advisor Assist. Prof. Dr. Annette
Hohenberger for her invaluable support, suggestions, guidance and patience
throughout this study. Without her support, this thesis could not have been

completed.

Thanks to the Miige Bayramoglu who allowed me to use the Word Span Test in my
study. Also, thanks to Theodore Marinis and Duygu Ozge from Reading University
for their collaboration on the Listening Span Test. It was a pleasure for me to work

with them on this exciting topic.

Special thanks to the Havva Hoca, the director of Yozgat Akdagmadeni Kirlar Koyii
[Ikdgretim Okulu, for giving me the permission to carry out my study at her school
and her friendly attitude. I would like to thank the teachers and the director, Tahir
Hoca, of Yiinalan Koyii Ilkogretim Okulu for welcoming me during the experiments.
Besides, thanks to my sister, Hatice, for allowing me to carry out the pilot studies in

her school, Karaalikagag1 1lkdgretim Okulu.

Millions of thanks to my dear parents for their marvelous friendship and patience
during this study. I dedicate this thesis to my little sister Sinem who inspired me to
study with children. Without her love and empathy, I could never manage to finish

this thesis.

X



TABLE OF CONTENTS

ABSTRACT .ttt ettt sttt et e st e te et e s bt enbeeneesseenbeeneans v
OZ ettt vi
ACKNOWLEDGMENTS ...ttt eneen iX
TABLE OF CONTENTS ...ttt s X
LIST OF TABLES ...ttt ettt st e xii
LIST OF FIGURES ...ttt XVi
LIST OF ABBREVIATIONS ...ttt Xviii
CHAPTER
0. INTRODUCTION ...ttt ettt ettt sttt se et e s eaeeneesneennean 1
1. LITERATURE REVIEW ..ottt 5
1.1 Working Memory and Working Memory Development............ccccceevcvveennnennnee. 5
1.2 Cat@@OTIZATION ..cueeiiiieniieeiieeiee ettt ee ettt ettt te et este et e ssbeeteesabeebeesnseenseen 9
1.3 Proactive INtEIfereNCe. ... cc.uiiiiiriiiiiieiiie ettt 10
1.4 Neuro-Anatomical Basis of PT and ageing...........cccccceeviieiiieniiniiienieeieeeeee, 15
1.5 Assessing RPI and related WM abilities in experiments..........c.ccceveereeeneeennee. 16
1.5.1 Categorical Free Recall Test (CFR-TeSst) .......ccccueevieriienienieeieeieeeeee, 17
1.5.2 Word Span Test (WST) ..ccuuieeieeeiieeiee ettt 18
1.5.3 Wisconsin Card Sorting Test (WCST) ...couieviiiiiiiieiiieieceeee e 19
1.5.4 Listening Span Test (LST) ..cccovieeiiieieeeeeeeeeee e 19
1.5.5 Reading Span Test (RST).....cocuieiiiiiiiiiieeeeee e 20
1.6 Socio-economic effects related with the planned tests..........cccocveevieeenieennneen. 20
2. METHOD ..ottt sttt sttt 23
B B o 4 103 | o 1 USSR 23
2.2 EXPOTIMENLS ..cuvteiutieniieeiiieeiieeteeeiteeteesiteesteesateebeessseesbeasseeenseesseeenseasnseeseesnseenne 24
2.2.1 Categorical Free Recall Test (CFR-TeSt) ......cccccevvieeriieeriiieniieeeieeceiene 24
2.2.2 Word Span Test (WST) ..ottt 25
2.2.3 Wisconsin Card Sorting Test (WCST) ...ccovvveiieieiiieeeeeceeeceeeeee e 25
2.2.4 Listening and Reading Span Test (LST & RST)...ccccovveviriiiniininiinienne 27
2.3 ANalyses Of the teStS ....eecuiiiiiiieeiieeiie e e 28
3. RESEARCH QUESTIONS & HYPOTHESES .......coooiiieieeeeeeeeeee 29
4. RESULTS (CHILDREN) ....ccuttitiiitiieiteieetesieete ettt sttt 31
4.1 THE CFRETESE ..uiiiiiiieciiie ettt ettt e e e e saveeenaaeeenens 31
4.1.1 Overall memory performance ...........ccoecveeeeuieeeiureeniiieeniee e eeieeesreeeeeees 31
4.1.2 Release from proactive interference (RPI)...........coooeeiiiiiiiiiiiiiin 36
4.1.3 Categorical CONESION .....cc.eeeviiiiiieiieiiecie ettt 48
4.1.4 FalSE MEIMOTICS .....cccuveeeieiieeeiieeeireeeciieeeieeeeteeeeteeesseeesreeessseeesareeessseeensens 49
4.1.5 Analyzing the CFR-Test task with ANOVA.........ccccoeviiriieieeieeeee, 51

X



1.6 DISCUSSION -ttt e e e e e e e e e et e e e e e e e e e e aeae e aaaeeeeeeeeeanenaaaeeeeeeenaans 52

4.2 Additional MemOTy tasks........ccoevieriieiiiinieeiiee e 54
4.2.1 The Word Span Test (WST)....cccueeerieieiiieeeeeee e e 55
4.2.2 The Wisconsin Card Sorting Test (WCST)....c.ccoevviiiinieniiiiieiieeeeee, 57
4.2.3 The Listening Span Test (LST) ....ccovveveiiieeiiieeieeeeeecee e 58
4.2.4 Correlations between the tasks ..........ccoccveeeeiiiiiiieciiiece e 61
4.2.5 Gender effect for the additional tasks.........ccccceeveeeiiieiniieeniieccee e, 62
4.2.6 DISCUSSION ...uvvieeiiieiiieeiiieeeeiteeeeiteeeetreeeaaeeeaaeeesseessseessesesssesessseeesssesennsens 63

4.3 MUILIPLE TEGTESSIONS ...evveeuerieeiieeeiiieeiieeeiteeeieeeeteeesaeeeeteeesaeeesnseesnnseeensseesnnns 64
4.3.1 DISCUSSION ...uvvieirieeiiieeciteeeeiteeeetteeesteeeeteeeeaeeesbseessseesasesesssesesssesesssesennsens 68

4.4 Teacher-related MEASUIES ..........oeeeeiuviiiieiiiiee e e e 69
4.4, 1 DISCUSSION ...vvvieirieeiiieeiireeeetreeeetteeestseeeareeeaeeeesseessseessesesssesesssesesssesenssens 74

4.4 Relations between Socio-Economic Factors and the CFR-Test as well as the

Additional TasKS.......cccueeiiiiiiiiiiciiie et 75
4.4.1 Gender effeCt ........oei i 81

5. RESULTS (ADULTS) .ettetttiiieeie ettt ettt ettt st siae e e ssaeeneae s 89

5.1 ThE CEFRTESE ..eiiiieiiieiieieecie ettt ettt ae e e sbeesaeseaaenseennnas 89
5.1.1 Overall memory performance ...........ecceeeceeeriierieenieenieeeeeee e 89
5.1.2 Release from proactive INnterference.........ccevveeerveeeeieeeeieeeieeeiee e 90
5.1.3 FalS@ MEMOTICS .....uveieiiieeiiieeiie ettt ettt e et e et e e e e e eeaeeesasee e 92
5.1.4 Analyzing the CFR-Test with ANOVA ......cccvieiiiiiieeeeeeeee e 92

5.2 Additional MemOTY tasks.........cccueriiiriiiiiiiiie et 93
5.2.1 The Reading Span Test........ccccieeiiiiriiieiiieeiee et 94
5.2.3 Correlations between the tasks ..........cccecvveieiiiieiiiecciieeeece e 95
5.2.5 Gender effect for the additional task .............cccceevviiiiiiiiiiiiciiicee e 96

5.3 MUILIPIE T@EIESSIONS .....eeeneieiiieiieeiiieiie ettt ettt et ete et eiteeteesaaeenseesenas 96

5.4 Graduation dEEIEE .......cccuiieiiieeiiieeiieeeieeeetee et e et e et e et e e ebeeesreeesaeeennseeens 97

5.5 DISCUSSION ...uveiiiiieeiiieeitieeeitteeesteeesteeesteeesreeeseseeassseeasseessseesssseesseeessseeensseeans 97

6. RESULTS (CHILDREN vs. ADULTS) ...oooiiieiieiiieieeeee ettt 99

0.1 The CEFRTESE ...ttt ettt et et e e ere e e eare e e aseeesaseeens 99
6.1.1 Overall memory performance ...........cceeevveeerieeenieeeieeee e 99
6.1.2 Release from proactive interference..........coocueeveerieenieenieenienieeeeee 100
6.1.3 FalSE MEMOTICS ...c..uvviiiieiiiiee ettt e e et e e e aba e e e e 101
6.1.4 Analyzing the CFR-Test with ANOVA .......ccooooiiiiiiiiieeeeee 101

6.2 Additional MEMOTY taSKS........cevvieeiiieeiieeriie ettt 102
6.2.4 Correlations between the tasks ...........cccoeeiiiieiiiiiiiiie e, 103
6.2.5 Gender effect for the additional task ............ccceeeiieeiiiiiiiiieie e, 104

6.3 MUILIPIE TEGIESSIONS ..eeeueiieeiiieeiiieeiieeeiee e et e eteeeiaeeeaaeeereeesseeesnseeenneas 104

0.4 DISCUSSION ....vvieerieeiieeeiiieeeitteeeitteeeiteeeeteeeeaeeessseeessseessseessseesseeesseeesssesesssens 104

7. GENERAL DISCUSSION AND CONCLUSIONS ......c.ooooiiieeieeeeeeciee e 108
REFERENCES .......oooiiitiit ettt ettt e eve e saeeaeeeaneeraens 114
APPENDICES ...ttt ettt ettt et ssbeesaeesaeeneennnas 123

A. EXPERIMENTS.....oooiiiiiiie ettt ettt 123

B. DEBRIEFING AND CONSENTS FOR ALL EXPERIMENTS .................... 136

C. QUESTIONNAIRES FOR TEACHERS ........cooviiiiiiieeeeeeeeee e 141

D. MEAN TABLES FOR THE CFR-TASK ..ottt 143

xi



LIST OF TABLES

Table 1 Descriptive statistics for the children group.........ccccceeveveevciiiniiiencieeeee 23
Table 2 Age values for €ach Class ........cccuveeeiiieiiiieiiec e 24
Table 3 Descriptive statistics for the adult group.........cocceeviiviiieiieniiieee 24
Table 4 Descriptive statistics for the main task...........cccoeceeveriininiiininceee 31
Table 5 The mean ranks for the CFR-Test for the boys.........cccccveeveiiiiniiieniieeieee, 34
Table 6 The mean ranks for the CFR-Test for the girls .........cccccevveiiiniiieniieeiee 35
Table 7 An example for analyzing the phonemes ............ccccceviieiiiniiinieniicie 46
Table 8 An example list for analyzing the phonological similarity effect ................. 46

Table 9 Descriptive statistics for the phonological similarity of items remembered by
the SUDJECES - GIad@WISE......eeeiiieeiiieeciiie ettt et e e e e snaeeeenneeens 47
Table 10 Absolute numbers of false memories across grades............cccceeveeereeennnnnne 50

Table 11 The test statistics of the Kruskal-Wallis Test for the additional tasks ........ 54

Table 12 Descriptive statistics for the additional tasks ..........ccccceeveiieriiieniieeniennne, 55
Table 13 Descriptive statistics for the WST for all grades........ccccceevvveviiviencieeeniennnne. 55
Table 14 Descriptive statistics for the WCST for all grades.........c.cceevevvveniieennennnne. 57
Table 15 Descriptive statistics for the LST - level for all grades..........c.ccccceevenuennen. 58

Table 16 Descriptive statistics for the LST — total # of recalled items for all grades 59
Table 17 Pearson’s and Spearman’s rho correlation table for the additional tasks for
] | 1 o] <ot 1R 61
Table 18 The results of the additional tasks for the two genders: male and female...62
Table 19 The test statistics of the Kruskal-Wallis Test for the additional tasks for

xii



Table 20 The test statistics of the Kruskal-Wallis Test for the additional tasks for

Table 21 The Pearson’s correlation table for the CFR-Test and the additional tasks 64
Table 22 The multiple regression results for the CFR-Test (total #of recalled items)
and the additional tasks ..........coeeiiiiiiiiiinie e 65
Table 23 The collinearity diagnostics results for the CFR-Test and the additional

Table 24 The multiple regression results for the CFR-Test and the additional tasks. 66
Table 25 The Pearson’s correlation table for the CFR-Test (the absolute order of
items) and the additional tasks ............ccceeiiiiiiiiniiiiiee e 67

Table 26 The multiple regression results for the CFR-Test (the absolute order of

items) and the additional tasks ...........cccecuiiiriiiieiiiieee 68
Table 27 Multiple regression results for the additional tasks............ccccevveeverinennnen. 68
Table 28 Descriptive statistics for the teachers’ opinions..........ceceeevevveriinerieneenens 70

Table 29 Pearson’s and Spearman’s correlation table for the teachers’ opinions...... 70
Table 30 Pearson’s and Spearman’s correlation table for intelligence and overall
number of remembered ITEMS ........c.coiviiiiieieiieeee e 71
Table 31 Pearson’s and Spearman’s correlation table for intelligence and absolute
order Of 1EEMS & LISTS c..eeuviiiiiiiiiiiiiiie et 71
Table 32 Pearson’s and Spearman’s correlation table for intelligence and the WST 71

Table 33 Pearson’s and Spearman’s correlation table for intelligence and the WCST

Table 34 Pearson’s and Spearman’s correlation table for intelligence and the LST .72
Table 35 Pearson’s and Spearman’s correlation table for the overall remembered
items and the additional memory tasks ..........cccocveeviiiiiiiieiiieceece e 72
Table 36 Pearson’s and Spearman’s correlation table for the absolute order of items
& lists and the additional memory tasks........c.ccocveviiiiriiniiiinin e 73
Table 37 Partial correlation table for the absolute order of items & lists * total #of
recalled items and the additional memory tasks controlling for the intelligence....... 74
Table 38 Pearson’s correlation table for the CFR-Test and socio-economic factors.77
Table 39 Pearson’s correlation table for the WST and socio-economic factors ........ 78
Table 40 Multiple regression results for the WST and socio-economic factors ........ 78

Table 41 Pearson’s correlation table for the WCST and socio-economic factors...... 79

Xiii



Table 42 Multiple regression results for the WCST and socio-economic factors......79
Table 43 Pearson’s correlation table for the LST and socio-economic factors.......... 80
Table 44 Multiple regression results for the LST and socio-economic factors (number
LN B3 o] B3 T4 USRI 80
Table 45 Multiple regression results for the LST and socio-economic factors (order
OF DITER) ettt sttt 81

Table 46 Pearson’s correlation table for the CFR-Test and socio-economic factors for

a1 3 SRR 83
Table 49 Pearson’s correlation table for the WST and socio-economic factors for
DOV S ettt ettt et h e et e at e e bt e s ate e bt e nbe e bt e sateebeeenbeeneans 83
Table 50 Pearson’s correlation table for the WCST and socio-economic factors for
o0 o SRR 84
Table 51 Pearson’s correlation table for the WCST and socio-economic factors for
DO S ettt et et he e e bt e at e et e e sate e bt e nbe e bt e enteebeeenbeeneans 84
Table 52 Pearson’s correlation table for the LST and socio-economic factors for girls
.................................................................................................................................... 85
Table 53 Pearson’s correlation table for the LST and socio-economic factors for boys
.................................................................................................................................... 86
Table 54 Multiple regression results for the WCST and socio-economic factors for
DOYS teitite ettt ettt et e et e ettt e e b e e ettt e et te e e baeeabte e e beeeenbeeennbeeeanreeeanreeans 86
Table 55 Multiple regression results for the LST and socio-economic factors for boys
(Order OF DITtH) ... et e 87
Table 56 Multiple regression results for the LST and socio-economic factors for boys
(the nuUMDbEr Of SIDIINES) ..eeeviiiiiiieeiie e e e 87
Table 57 Descriptive statistics for the main task (adults) ..........cccceveiievieniiiniennnne 89
Table 58 Descriptive statistics for the additional tasks (adults)..........ccccceveieniennnnne 93

Table 59 Pearson’s and Spearman’s correlation table for the total reading time and

the Reading SPan TeSt.......cccuiiriiiiiieiiieiieeeie ettt ettt et eteeseeeebeessseenseens 94

Xiv



Table 60 Pearson’s and Spearman’s correlation table for the yes bias of the subject

and Reading Span TeSt SCOTES .......eeruiiiiiiriieiiieiieeieeriee et eiee st e ste e e aeeseeseeeenne 94
Table 61 Pearson’s and Spearman correlation table for the WST and the Reading
Span Test for the adult GrOUP ......cccveieiiiieiieeeeeeeeeeee e e 95
Table 62 The results of the additional tasks for male and female students................ 96
Table 63 Descriptive statistics for the main task (5" graders) ....oocveevveenieeiieie e 99
Table 64 Descriptive statistics for the main task (adults) .........cccoevevieriiiiniieennen. 100

Table 65 The test statistics of the Mann-Whitney Test for the main task for 5t

graders and the adult Group .......ccceeviiiiiiiie e 100
Table 66 Descriptive statistics for the additional tasks for the 5™ graders.............. 103
Table 67 Descriptive statistics for the additional tasks for the adult group ............. 103
Table 68 The test statistics of the Mann-Whitney Test for the main task between the
adult group and the 5™ GrAAETS .........ov.oveeeeeeeeeeeeeeeee oo 103
Table 69 Table of means for all categories & items, gradewise ...........cccccveeveenneene 143
Table 70 Table of means for all categories & items, across gender (adults)............ 145
Table 71 Table of means for all categories & items (5th graders and adults)........... 146

XV



LIST OF FIGURES

Figure 1 The tripartite working memory model of Baddeley and Hitch (1974).......... 5
Figure 2 The current multi-component model of working memory.............ccoceeene. 7
Figure 3 Performance on measures of short-term memory as a function of age.......... 8

Figure 4 Mean number of correctly remembered items as a function of condition and
trials for college and sixth-grade participants ..........cccccecveveeveerenienenneneseceeeee 18

Figure 5 The development of the CFR-Test for the overall number of remembered

Figure 6 The development of the CFR-Test for the total # of recalled items for girls
and boys separately, for each grade............cooceeiiiiiiiiiiiniii 33
Figure 7 The development of the CFR-Test for the absolute order of items and lists

Figure 8 The development of the CFR-Test for the absolute order of items for girls
and boys separately, for each grade............coceeiiiiiiiiiiniii 34
Figure 9 The frequency of items 1-12 in percent for the main task for the 1* class..37
Figure 10 The frequency of items 1-12 in percent for the main task for the 2™ class38
Figure 11 The frequency of items 1-12 in percent for the main task for the 3™ class 38
Figure 12 The frequency of items 1-12 in percent for the main task for the 4™ class 39

Figure 13 The frequency of items 1-12 in percent for the main task for the 5™ class 40

Figure 14 The relative order of items for the main task for the 1% class..................... 41
Figure 15 The relative order of items for the main task for the 2" class................... 41
Figure 16 The relative order of items for the main task for the 3" class .................. 42
Figure 17 The relative order of items for the main task for the 4™ class.................... 43
Figure 18 The relative order of items for the main task for the 5™ class................... 44

xvi



Figure 19 The development of false memories in the CFR-Test for girls and boys

SCPATALELY ..ottt e et e et e et e eteesabeenneeennas 50
Figure 20 The development of the WST across grades..........ccccveeeevieercieencieeenneeenne, 56
Figure 4 The development of the WST for girls and boys separately across grades .56
Figure 22 The development of the WCST across grades...........cceeeveeviveriienieenneeneens 57
Figure 23 The development of the WCST for girls and boys separately across grades
.................................................................................................................................... 58
Figure 24 The development of the LST across grades..........ccceecveevevieeriiveencieeennenenne 59
Figure 25 The development of the LST for girls and boys separately across grades. 60
Figure 26 The development of all additional tasks across grades..........cc.cceceevuenunenee. 60
Figure 27 CFR-Test Results for the adult group of female and male students .......... 90

Figure 28 The absolute number of recalled items for the main task for the adult group

xvii



ANOVA
CFR-Test
LST

PI

RPI

RST

SD
WCST
WM
WST

LIST OF ABBREVIATIONS

Analysis of Variance

Categorical Free Recall Test
Listening Span Test

Proactive Interference

Release from Proactive Interference
Reading Span Test

Standard Deviation

Wisconsin Card Sorting Test
Working Memory

Word Span Test

xviii



CHAPTER 0

INTRODUCTION

For the last 30 years working memory has been a highly active research area. Some
of the most important studies have been carried out by Baddeley and his colleagues
(as surveyed in Baddeley, 2003). The early working memory model introduced by
Baddeley and Hitch (1974) maintains that there are two slave systems, the
phonological loop and the visuospatial sketchpad, that support the working memory
system. These slave systems are controlled by the central executive, also named
attentionally-limited control system. According to this three-component model of
working memory, the phonological loop was defined as temporary verbal-acoustic
storage. The visuospatial sketchpad has the same responsibilities as the phonological
loop but for visual storage and manipulation. Finally the central executive was
claimed to control our behaviors while being a limited capacity attentional system
(For a more detailed account of Baddeley’s multi-component working memory

model, see the Literature Review in Chapter 1).

The development of working memory has also been studied extensively. Gathercole
(1999) found that working memory performance increases rapidly until 8 years of
age and then displays a somehow slower development up to 11-12 years of age.
Unlike the development of the phonological and the visuospatial working memory,
complex working memory in the service of the central executive displays further

improvement until 16 years of age. This delayed development may indicate the



relatively late development of the related brain areas (i.e., frontal lobes) regarding the

complex working memory functions.

The categorization ability is a general ability of humans. Already infants start to
categorize objects in the second year of their lives (Younger and Fearing, 1999).
However, surprisingly, some animals also display some knowledge of categories. For
example, Inoue et al. (2008) found that “rhesus monkeys are able to perform visual
discrimination of highly abstract biologically significant categories with better
performance in a food-related category than a gender-related one, using two-
dimensional visual information” (p. 70). Besides, Dukas and Waser (1994) tested the
categorization ability for colors of flowers in bumblebees. They found that
bumblebees categorized flowers as rewarding and non-rewarding. Lastly, some
animals also do have phonemic categories such as Japanese quail. Kluender et al.
(1987) observed that “Japanese quail learned a category for syllable-initial [d]
followed by a dozen different vowels” (p. 1195). That is, the categorization ability

can be observed both in humans and animals, albeit in different forms.

Related with category knowledge are two memory phenomena: Proactive
Interference (PI) and Release from Proactive Interference (RPI). Proactive
interference (PI) can be described as follows: Previously learned items proactively
interfere with newly learned items. If, however, these stimuli are organized into two
sets from different categories, release from proactive interference occurs, that is, the
items from the new category are exempt from proactive interference. Release from
proactive interference (RPI) can be measured by constructing a categorical short-
term memory experiment. In this task, subjects listen to stimuli from different
categories, unlike the normal short-term memory experiments in which the items are
from the same category (or not organized into categories at all). The subjects are told
to remember what they just heard. In a normal free recall experiment, the number of
remembered items decreases from the beginning of the items to the end. However,
the result of the Categorical Free Recall experiment shows that there is release of
proactive interference between the last item of each category and the first item of the
next category. Since the items from the first set are from the same category, PI builds

up. However, the remaining items are from another category, therefore RPI occurs

2



since these two different item lists do not interfere with each other. Within the
second category, PI builds up again, and if this second set is again followed by a new

categorical set, then again one could observe the second RPI, and so on.

There are few studies addressing the development of PI and RPI, especially studies
with younger children are missing. RPI studies (for adults as well as school children)
in the literature are conducted in the following way (e.g. the Peterson & Peterson
task, 1959, as cited in Douglas & Corsale, 1977): Firstly, the participants listen to 3
sets of items from the same semantic category (e.g., animals) in which there exist 4
items for each set. Then, in the 4™ set they listen to items from a different category
(e.g., fruits). That is, there is only one category shift in these experiments. Thus, the
build-up of PI is expected till the end of the 3™ set. RPI occurs between the 3™ and
the 4™ sets since after having listened to the items from the same category, the new
category will raise the attention of the participant and its items will be remembered

better.

Given the lack of systematic studies on the development of RPI in children, we set
out to study the development of categorization and working memory and bring them

together in the study of PI and RPIL.

In our main experiment, the RPI task, we used two category shifts because we also
wanted to know whether PI and RPI would manifest themselves in a regular way
across a somewhat more varied sample of items. There were three categories in the
task, namely fruits, animals, and clothes. Before the experiment, we collected
spontaneous data from subjects in the primary school age on various categories.
After some pilot studies on the suitability of those categories, we decided to use the
present ones since children at various ages showed relatively good knowledge about
these categories. Other possible categories that we had explored before such as
colors, vehicles, and furniture had been dismissed for various reasons. The first one,
color, has the potential to produce several false memories. The results on the other
two categories, vehicles and furniture, had shown that the children only infrequently

recalled items from the vehicle category, and even less from the furniture category.



Apart from the main task, the RPI task, we devised a couple of additional
measurements: a Word Span Test (WST), the Wisconsin Card Sorting Test (WCST),
and a Listening Span Test (LST, for children) as well as a Reading Span Test (RST,
for adults). The WST was carried out to measure the phonological memory span of
the subjects. The WCST, the LST and the RST are complex working memory tests
which measure executive functions (see Chapter 3). All these additional measures
were added to investigate the relationship between the memory task and the

executive functions of the working memory system.

The WST was constructed by the author, and improved a previous Turkish version
used in Bayramoglu and Hohenberger (2005). It includes one-syllabic Turkish words
of medium to high frequency. Also, the Turkish Reading Span Test was created by
the author, and the test was similar to that of Saito and Miyake (2004). In this
experiment, the sentences were selected from school books for children of medium
age consisting of widely known facts. The structure of the test is the same as the LST

(see Chapter 3).

The Turkish Listening Span Test was the result of the collaboration with Dr.
Theodore Marinis (University of Reading), Duygu Ozge (University of Reading), Dr.
Annette Hohenberger, and Giilten Unal. The original LST (Pickering and Gathercole,
2001) was translated and adapted for Turkish children.

Our sample was a big rural sample from Yozgat including 101 students. We also
conducted control experiments with young adults (METU students) in order to test
the differences between the child and the adult group. Thus, the developmental line
ranged from 6 to 24 years, approximately. The study aimed to be a detailed study on
the development of RPI in Turkey.

The main results of this study about the children were presented in form of posters
and talks in Marmaris (5" International Cognitive Neuroscience Meeting, Marmaris,
Turkey, 17 - 21 May 2008), Ilgaz (2. Psikoloji Lisansiistii Ogrencileri Kongresi,
Ilgaz, Ankara, Tiirkiye, 26 - 29 Haziran 2008), and Bodrum (10th International

Conference on Cognitive Neuroscience, Bodrum, Turkey, September 1st-5th, 2008).
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CHAPTER 1

LITERATURE REVIEW

1.1 Working Memory and Working Memory Development

The first working memory model was introduced by Baddeley and Hitch (1974, as
cited in Repovs & Baddeley, 2006). It was a multicomponential model in which there
are three functional components: the central executive, the phonological loop, and
the visuospatial sketchpad. The central executive reflects a limited attentional
capacity and is responsible for controlling the other two slave components. In a
nutshell, the phonological loop is responsible for storing the phonological
information in working memory while the visuospatial sketchpad is assumed to be
dedicated to visual and spatial information. Figure 1 shows the original tripartite

structure of the first working memory model.

.

<« » <

Visuospatial Central Phonological

sketchpad executive loop
> >

Figure 1 The tripartite working memory model of Baddeley and Hitch (1974).
(Baddeley 2003: 830)



Gathercole et al. (2004) defines working memory as follows: “a mental workplace in
which information can be stored and processed for brief periods of time in the course
of demanding cognitive activities” (p.2). Alternatively, working memory was defined
as a system that includes “(a) a store in the form of long-term memory traces active
above threshold, (b) processes for achieving and maintaining that activation, and (c)
controlled attention” (Engle, Kane, and Tuholski, 1999, p. 104, as cited in Kail &
Hall, 2001, p.1). In the first definition, working memory is the functional aspect of
short-term memory which is conceived of as a separate memory module. In the
second definition, it is a temporarily activated sub-component of long-term memory

by means of an active attentional mechanism.

After several studies in the area of working memory, a new component, the episodic
buffer, was added to the working memory model (Baddeley, 2000, as cited in Repovs
& Baddeley, 20006). It is also assumed to be “a limited capacity store that is capable
of multi-dimensional coding, and that allows the binding of information to create
integrated episodes” (p. 7). The episodic buffer is associated with the central
executive on the one hand and with episodic long term memory on the other hand.
Figure 2 shows the multi-componential structure of the recent working memory

model of Baddeley and his collaborators.



Working memory

Central
r . executive /4

Visuospatial Episodic Phonological
sketchpad buffer loop

Visual Episodic Language

semantics LTM

Figure 2 The current multi-component model of working memory
representing “fluid” capacities (such as attention and temporary storage) that do not
change by learning and their proposed relations to “crystallized” cognitive systems

capable of accumulating long-term knowledge.
(Repovs & Baddeley, 2006, Figure 1, p. 6)

Looking closer at the structure of the phonological loop, it was also found to consist
of two components: the phonological store and the articulatory rehearsal process.
The former stores the memory traces in acoustic or phonologic form. The latter’s
functions is to retrieve the information in the phonological store and then to rehearse
them (Repovs & Baddeley, 2006). The rehearsal process is subject to development:
“Before 7 years of age, spontaneous rehearsal does not reliably occur in younger
children” (Gathercole et al., 2004, p.177). Thus, in the phonological loop of younger

children, there exists just the phonological store.

The central executive is the most important part of the working memory model.
However, its functions are less well understood (Baddeley, 1986, 1996, as cited in
Repovs & Baddeley, 2006). It is generally assumed to function as the administrator
of the other two subsystems. Still, many unanswered questions about its facilities
remain. However, in the new model where it is complemented with the episodic
buffer it has become clearer on which resources it draws to control the other two

slave systems.



Development of working memory in childhood

The ability to store information in memory develops significantly during childhood.
This development includes many components like “perceptual analysis, construction
and maintenance of a memory trace, retention of order information, rehearsal,

retrieval and redintegration'” (Gathercole, 1999, p. 410).

The below figure shows the development of the working memory components like
phonological short-term memory, visuo-spatial short-term memory and complex

working memory for children between 2-16 years of age.

0.8+

0.6

Performance (proportional score)
=
1

0.4-

trends in Cognitive Sciences

Figure 3 Performance on measures of short-term memory as a function of age.
Mean performance of each age group is plotted as a proportion of

mean performance of nine-year olds. Blue squares, digit span (phonological

memory); red triangles, non-word repetition (phonological memory); open
circles, forward digit span; green squares, Corsi blocks (visuospatial memory);

yellow triangles, listening span (complex working memory); filled circles,
backward digit span (complex working memory).
(from Gathercole, 1999, Figure I, p. 411)

Gathercole (1999) explains that the working memory performance increases rapidly

up to 8 years of age and then shows a slower improvement until 11-12 years of age.

1 Redintegration is “a reconstruction process in which permanent representations are used to help re-build information from the
temporary memory trace” (Brown & Hulme, 1995, 1996; Hulme et al., 1997; Schweickert, 1993, as cited in Thorn et al., 2005,
p. 134)
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Other than the LST which measures the complex working memory span, all test
results are similar to each other. The reason why the complex working memory
develops later than both phonological short-term memory and visuo-spatial short-
term memory may be related with the lengthy development of the frontal lobes,
which presumably support the complex working memory capacity in the brain

(Baddeley 2003).

The neurological processes underlying the working memory continue to develop
during childhood. Both the audio-spatial working memory and visuo-spatial working
memory performance increase with age and the related areas in the brain maturate, as
well. There are some developmental differences in favor of girls, especially between
the ages 6-10. Boys show more immaturity than girls during this period (Vuontela et

al., 2003).

1.2 Categorization

In this study, we also want to investigate the categorization capability of children by
means of the categorical free recall experiment. In measuring the release from
proactive interference by means of this experiment, we also measure the
categorization ability. There should be an interaction between the categorization skill
and release from proactive interference because only if subjects do have categories
can they show release from proactive interference. Since the release from proactive
interference and the categorization capability are strongly connected, we can observe
this skill by examining the results of the release from proactive interference task.
What we mean by categorization is “to respond differently to objects or events in

separate classes or categories” (Ashby and O'Brian, 2005, p.83).

Categorization is an important developmental research issue since this ability can
already be observed in very young infants. The reasons why we start to categorize
objects already at the very beginning of our life might answer the question of how

human beings developed such a complex brain system (Quinn, 2002, p. 66).



Ashby & Maddox (2005) survey several studies that deal with human category
learning. Most theories of the category learning assume that there is just one category
learning system that allows people to learn all kind of categories. Prototype theory,
one of these theories, posits that learning categories is the same as learning category
prototypes. When an undefined stimulus is encountered, it is assigned to the most

similar category prototype.

Considering the beginning of the categorization ability in human beings, we see that
it starts emerging by the second year of life. At this age infants are able to sort
objects into categories (Younger and Fearing, 1999). This ability increases
throughout their life time. As children get older, they learn many categories and they
also acquire the ability of learning new categories quickly. (Ashby and O'Brian,
2005) In a study of Hasher et al. (2002), it was found that release from proactive
interference is stronger for adults than for younger subjects. Therefore, in our
experiments with adults we expect to see more developed categorization ability than
we expect in children. Likewise, in children, we expect to see a stronger

categorization effect in the older children.

1.3 Proactive interference

The ability to store information in the brain spontaneously develops in childhood.
We become better at following our long-term goals and ignoring the irrelevant
information that constrain us in achieving these goals during childhood and

adolescence (Bunge & Wright, 2007).

The seminal studies on PI and RPI are quite old already, e.g. from 1945, but the topic

has always been studied until recently.

Previously learned behavioral patterns frequently interfere with the learning of new
behavioral patterns. These kinds of interferences have been illustrated in the
literature even in infant studies such as hidden objects experiments, and the simple
rule learning studies with children and especially the theory of mind studies (Carlson

& Moses, 2001; Dempster, 1992; Dempster & Corkill, 1999, as cited in Kail, 2002).
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In a theory of mind task, for example, the child has to acknowledge that the change
in the location of an object has occurred so that her own old representation needs to
be updated while the representation of another person might not have been updated
since this person did not witness the change. Besides, the ability to inhibit the
previously learned information is a key for executive functions (Roberts &
Pennington, 1996; Zelazo, Carter, Resnick, & Frye, 1997, as cited in Kail, 2002).
Executive functions generally include “the processes of planning and goal-oriented
behavior, self regulation, and cognitive flexibility—processes thought to reflect
functioning of the prefrontal cortex. Each of these features of executive functioning
depends critically on being able to overcome interference from previous experience,
including overriding habitual motor responses or ignoring stored information that is
no longer needed or accurate (e.g., the temporary location of an object)” (Passler,

Isaac, & Hynd, 1985, as cited in Kail, 2002, p. 1703).

Kail (2002) also surveyed the nature of PI effects in children between 4-13 years of
age in a meta-analysis including 26 studies and 82 data sets). Many of them report a
decrease of PI across age, consistent with the idea of increasing executive functions.
However, he continues that also mixed results have been reported in the literature.
One account proposed that the strength of PI does not change through childhood
(Kail & Levine, 1976; Kail & Schroll, 1974; Tyrrell, Pressman, Cunningham, Steele,
& Thaller, 1981, as cited in Kail, 2002). Other studies even found that the amount of
PI increases with age (Geis, 1975; Kee & Helfend, 1983; Nakayama & Kee, 1980, as
cited in Kail, 2002).

According to Darling & Valentine (2005), when items from the same category are
represented, proactive interference (PI) occurs. According to these authors, the items
in semantic memory are connected to each other via their common features.
Stimulating one item in one category causes the other items to become activated too
(priming). Thus, the other items in the same category can be activated easily.
However, the learning of previous items interferes with learning new items, in
particular of the same semantic category. This is the effect of PI. If, however,

members of a new semantic category are encountered, release from proactive
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interference (RPI) is observed, that is, this new item does not suffer from PI anymore

but is remembered much better.

The studies in the release from proactive interference area rely on the following 4

findings (Derwing & de Almeida, 2004):

1. Short-term memory has several constraints like the magic number 7 +/- 2 (Miller,
1956).

2. Generally, recall of information decreases over a brief period of time,
specifically, items in short-term memory will decay if they are not rehearsed in
the phonological loop (Peterson & Peterson 1959, as cited in Derwing & de
Almeida, 2004).

3. The storage of information in memory is prone to proactive inhibition (i.e., PI).

In the PI task, originally developed by Wickens (1970, 1972, as cited in Derwing &
de Almeida, 2004), participants receive 3 sets of items followed by the interference
task. After this interference task, they are required to remember the items at the
beginning of the experiment. All these, namely three sets of items, the interference
task, and the recall, are repeated three times. According to the results, if all items are
from the same category, recall accuracy drops significantly towards the end of the
list which exemplifies proactive interference. However, if the items in the
interference task are from a different category, recall accuracy is as good as in the

initial set which exemplifies release from proactive interference.

Generally, the studies on release from proactive interference include several
(procedural) differences relating to the stimuli and the representation of the stimuli.
Therefore, the results in this area are quite divergent. For example, the three studies
which examined the ability to use the evaluative dimension in the encoding process
by means of the RPI method for children differed in their results (Cermak et al.,
1972; Kail & Schroll 1974; Pender, 1969, as cited in Douglas & Corsale, 1977). In
these studies, children were required to recall 4 sets of positive words (e.g. fresh,
open, nice) including 2 items each. Then, in the 5™ set negative words (e.g. worry,
burn, hate) were used or the vice versa. A color-naming task was used between the

sets as a distractor. The results were mixed. While the first two studies observed the
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RPI effect both for the 2™ and the 6™ graders, in the last study the RPI was not

present for the 2™ graders.

Gardiner, Craik, and Birtwistle (1972, as cited in Darling & Valentine, 2005) have
investigated proactive interference and retroactive interference paradigms. They used
both categories (e.g., flowers and games) and sub-categories (garden flowers vs. wild
flowers) in their experiments. As a result, while release from proactive interference
could be observed between the superior categories as well as for the sub-categories,
RPI was only observed if the participant had been informed about the specific

category types previously.

Also, Marques (2000, as cited in Darling & Valentine, 2005) used the release from
proactive interference technique in order to examine the difference between
living/non-living objects in semantic memory, with pictures as well as words. In his
experiments, he used a category shift between living and non-living objects. The

study showed an RPI effect for words but not for pictures.

Moreover, Wickens (1970, 1972, as cited in Douglas & Corsale, 1977) adapted the
Peterson and Peterson task (1959, as cited in Douglas & Corsale, 1977) for adults. In
this experiment, participants receive 3 sets of items from the same category. Then,
the items in 4™ set changed into a different category or remained the same. Since all
items were from the same category, there would be a build-up of proactive
interference. When the 4™ set contained items from the same category recall
performance dropped significantly. However, when the last category changed, recall

performance reached the initial level.

In order to explain the RPI effect, Winston (1999) discusses three different
hypotheses. The first one is the attentional or encoding hypothesis which maintains
that participants be alarmed about the change in the list so the processing mechanism
of the participant increases which leads to the item’s better storage in memory
(Wickens, 1970, as cited in Winston, 1999). The second hypothesis is the storage
hypothesis. It claims that there is an interaction between the current item and

previously stored similar items during the process of proactive interference. It
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proposes the metaphor that memory is like a library in which items are stored on
shelves of their own and that similar items are closer to each other in this library, i.e.,
they are on the same shelf. Thus, a shift in the list will be less affected by the
interference since the new items are not any longer similar to the previous items in
memory. The last hypothesis is the retrieval hypothesis. It maintains that each item in
memory is encoded equally but that the retrieval process gets difficult because of the
increasing effect of proactive interference. Therefore, changing the type of item
increases its efficient retrieval. Thus, a shift in the material would provide more

powerful retrieval cues for the participant.

Engle and Kane (2003, as cited in Hamilton & Martin, 2007) report that
susceptibility to interference has been found to be related to working memory span
because low span participants display more interference effects than high span
participants. The authors propose that “the executive control of attention is
responsible for the relationship between working memory and interference

resolution” (p. 113).

Hasher et al. (2002) point out that in RPI tasks, consecutive lists are recalled which
then immediately become irrelevant to the subject. If the deletion is successful, the
previous items will be suppressed and this will make current items easy to remember
(Underwood, 1957, as stated in Hasher et al., 2002). If the deletion is not successful,
there will be poorer recall. The deletion requires executive functions since singular
items or whole lists of items have to be actively suppressed. This deletion ability is

subject to development and ageing (see section 2.4)
Lastly, it has been claimed that the RPI effect might increase because of the

linguistic characteristics of the items in the task, such as semantic attributes, word

length, and phonological similarity (Winston, 1999).
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1.4 Neuro-Anatomical Basis of PI and ageing

The proactive interference paradigm has been investigated in several behavioral
studies on both short-term memory and long-term memory. Just and Carpenter
(1999) argue for its relevance in those areas as follows: “As a determinant of
working memory capacity, it is also important to higher cognitive functions that

depend on working memory” (p. 107, as cited in Du et al., 2008).

Anderson and Neely (1996, as cited in Jonides &. Nee, 2006) state that it is actually
proactive interference, resulting from the competition for retrieval, which seems to
diminish working memory capacity. Namely, the working memory capacity reflects
the number of items to be stored in memory and proactive interference makes it

harder to retrieve information from memory.

In proactive interference, a past experience interferes with a subsequent experience.
In order to overcome this interference, executive functions are needed. They are
generally supported by frontal regions of the brain (Baddeley 2003). More
specifically, some of the relevant studies (as discussed in Badre & Wagner, 2005)
imply “the left mid-ventrolateral prefrontal cortex (mid-VLPFC) in PI resolution
during short-term item recognition” (p. 2003). However, the mechanism is not well-

understood yet.

The perception of the present is assumed to be shaped by our past experiences and
some of them might be detrimental as in the process of proactive interference.
Proactive interference has been considered as a distractor for memory and cognition
and also as a reason for long-term forgetting (McGeoch, 1942, as cited in Badre &
Wagner, 2005). It has also been shown to be responsible for age-related decline in
cognitive skills (Hasher and Zacks, 1988). Proactive interference can limit the
memory processes and thus lead to short-term forgetting, as well (Brown, 1958;
Peterson and Peterson, 1959; Keppel and Underwood, 1962, as cited in Badre &
Wagner, 2005). Thus, “the processes that resolve or resist PI may be critical for the
flexible updating and maintenance of task-relevant goals, stimuli and responses.” (p.

2003).
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Since proactive interference has several detrimental effects on memory, its resolution
is important for goal-relevant behavior. Badre & Wagner (2005) found that various
cognitive control mechanisms helped resolve PI, some of which were supported by

left mid-VLPFC and PFC.

Jonides and Nee (2006) argue for the necessity to study release from proactive
interference and its brain bases. In the case of increased retrieval competition through
proactive interference, context-retrieval may help to resolve the competition.
Context-retrieval is mediated by the left inferior gyrus. Given that working memory
is an important predictor of other cognitive skills and proactive interference limits its
capacity, it is worthwhile to further study mechanisms that may resolve proactive

interference.

In the same vein, Nee et al. (2007) critically emphasize the need to diminish
proactive interference for the sake of successful cognitive processing. Left
ventrolateral prefrontal cortex (VLPFC) was found to be related with this ability in a
number of studies. However, the contribution of VLPFC could not yet be generalized
for different tasks. This study, using event-related functional magnetic resonance
imaging (fMRI), found that “both left VLPFC and left anterior prefrontal cortex
(APFC) are involved in the resolution of proactive interference across tasks” (p.

740).

1.5 Assessing RPI and related WM abilities in experiments

Proactive interference is related to executive functions of working memory as well as
to phonological working memory, insofar as lists of words have to be learned.
Therefore, we will not only administer a PI experiment but also additional measures
that are related to working memory, two for the functions of executive/complex
working memory, and one for phonological working memory. The WCST and the
LST (for children) as well as the Reading Span Test (for adults) are our measures of
executive and complex working memory. The word-span test is for measuring
phonological working memory. These tests are classical ones to measure these

functions. All these tasks are therefore considered valid and reliable.
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The main aim of carrying out these additional experiments is to find out what kinds
of functions of the human working memory system are related with the release from

proactive interference memory task.

In the following, some background information is given on the various kinds of
memory tasks related to RPI, executive functions and phonological working
memory, as they are discussed in the literature. More specific information about our

own tasks (stimuli, procedure, analysis), will be given in Chapter 3 on “Methods”.

1.5.1 Categorical Free Recall Test (CFR-Test)

Release from proactive interference experiments are generally conducted in the
following way: There are three trials with items belonging to the same category
which is then followed by a fourth trial which is from another category (Halford et
al., 1994). The first 3-trial set causes the building-up of proactive interference and
the category shift (between the 3™ and 4™ item) causes the release from proactive

interference.

Kee et al. (2005) also examined the RPI mechanism by developing a gender schema
encoding for occupations. It is the only article we found about the RPI effect in
children. This study is relevant to the current study in terms of the procedure/method
they used and on the developmental issue but not so much on the content of their
categories, namely gender-based occupations and their interest in the activation of
gender stereotypes. In their experiments, they used some typically feminine (e.g.,
ballet dancer, nurse, secretary) and masculine (e.g., police officer, electrician, and
dentist) occupations. Three sets of items including 4 items from feminine
occupations were used and then the items in the 4™ set were from the masculine
occupations, or the vice versa. Figure 4 shows that in the adult sample, RPI occurs in
the experimental condition (where the gender is changed after the third set) but not in
the control group (where the gender is maintained). It seemed that RPI only occurs

for young adults but not for children (6-graders, 11 yrs).
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Figure 4 Mean number of correctly remembered items as a function of condition and
trials for college (upper panel) and sixth-grade (lower panel) participants
(Kee et al., 2005, Figure 1, p. 207)
In the current study we will be concerned with much more basic semantic categories
across a longer developmental period (grade 1-5 and adults). Our own RPI task will
be similar in structure; however, it will be composed of three categories with four
items in each. The overall 12 items have to be recalled freely (in correct serial order).

Therefore we call it “Categorical Free Recall Test (CFR-Test)”.

1.5.2 Word Span Test (WST)

In the Word Span Test (WST) (Pickering & Gathercole, 2001, as cited in Alloway et
al., 2004) children are required to recall a given set of words in the presented order.
At each level, the number of items increases by one until the child makes an error on
one of the 4 trials at each level. Then, the word span equals the correct number of

words the child can remember. The original WST was adapted from English to

Turkish.
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1.5.3 Wisconsin Card Sorting Test (WCST)

Firstly, the WCST can be defined as a complex memory measure (Cianchetti et al.,
2007) since the WCST performance is included in working memory which was

assumed to be a fundamental part of executive functions (Stratta et al., 1997).

As Stratta et al. (1997) claim the WCST is the most used neuropsychological test in
the literature. It is “a complex task involving learning, elaboration of strategies for
hypothesis testing and problem-solving” (p.18). The WCST is also used for children.
In this case it is not much a neuropsychological test but a test for the development of

executive functions.

1.5.4 Listening Span Test (LST)

Gathercole & Alloway (2004) suggested that the working memory capacity in
children can generally be measured with complex span experiments in which both

storing and processing of information are required.

Experiments on verbal short-term memory and visuospatial short-term memory
require only storing of information in memory while working memory experiments
comprise both processing and storage of the spontanecous memory, like in the

listening recall test (Alloway et al., 2000).

In the LST, children are required to listen to some simple sentences like “Apples are
red” and then decide about the truthfulness of this sentence. At the end of each
sentence sequence (whereby the number of sentences increased step by step), the last
word of each sentence has to be recalled. The experiment begins with one sentence
and increases one by one until the child is unable to recall the three last words for the
three sentences in one sequence (Archibald & Alloway, 2008). This test was also

adapted from English to Turkish.
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1.5.5 Reading Span Test (RST)

As Gathercole et al. (2004) state the RST is one of the tests used to investigate the
Central Executive in adults. Whitney et al. (2001) explained that in the RST,
participants are required to read some sentences aloud and then to judge the
truthfulness of the sentences. At the end of each set of sentences, they are required to
recall the last word of each sentence. There are 3 sentences in each set of sentences.
The set size varies between 2 and 6. The test results can be evaluated in two ways:
Either the largest set size that the participant completed correctly or the total number
of remembered target words could be taken as the score (Daneman and Carpenter,

1980 as cited in Whitney et al., 2001).

In Saito & Miyake’s (2004) RST, the target words were either at the end of the
sentence or in near-final position. (In the original English RST, the target words were
always in final position.) However, since in Japanese (the language in which Saito &
Miyake carried out their study) in the final position words are usually verbs, they
changed the original test by also allowing target words in other than final position.
We followed this reasoning for our Turkish adaptation of the RST. Another reason
for not always using the final position is that it becomes easier to predict the position

of the target words.

1.6 Socio-economic effects related with the planned tests

Socio-economic factors on (working) memory performance are well discussed in the
literature. Generally, the socio-economic factors taken into consideration are birth
order, age spacing between siblings, socio-economic level of the family, and family
size. The studies that dealt with the psychological characteristics of individuals
including birth-order of the subject found that socio-economic factors were indeed
very critical, however, other factors such as birth order, were not that important as

originally suggested (Schooler, 1973, as cited in Cicirelli, 1978).

Firstly, Bayley (1965, as cited in Cicirelli, 1978) proposed that until 15 months of
age birth order or gender effects would not influence intelligence scores. Then,
Anastasi (1956, as cited in Cicirelli, 1978) found a negative relationship between
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family size and intelligence. However, she continued that this effect disappeared
when the socio-economic level increased. Also, Glass, Neulinger, & Brim (1974, as
cited in Cicirelli, 1978) pointed out that in families from higher socio-economic
levels first-born children had better scores than later-born ones. However, no
significant effects in this respect were found in families from the lower socio-

economic level.

Two hypotheses are discussed for the family size effect: The dilution hypothesis says
that since the attentional resources are limited within a family, the more children
there are in a family the less attention is given to each child individually (Blake,
1981; Downey, 2001, as cited in Bjerkedal et al., 2007). The confluence model says
that a child is affected by the overall intellectual capacity in the family and also elder
siblings have the tutoring function (Zajonc, 1976, 2001a, p. 513, as cited in Bjerkedal
et al., 2007).

Cicirelli (1978) asserts that the age spacing between the siblings is also another
important supportive factor. If the age spacing is longer for two siblings, then the
older child would have well-developed intellectual abilities and for the smaller one
the average intellectual level of the family would be better. Every time a child enters
the family, the average intellectual level would drop. Also, as Breland (1974, as cited
in Cicirelli, 1978) claimed that if the age spacing between the two siblings is lower

than 2 years their intellectual scores would be quite low.

Boomsma et al. (2008) indicate that there is a negative relationship between the 1Q
and the birth order. There are also conflicting outcomes for the same relation,
however. The reason for these contradictory findings might be the age on which IQ is

measured (Sulloway, 2007, as cited in Boomsma et al., 2008).

Generally, no differences were found between the first-born child and the later-born
ones. Thus the previous studies which had found opposite results might have ignored
some other factors such as birth order, family size, age spacing, etc. (Cicirelli, 1977,

as cited in Cicirelli, 1978).
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Also, some studies report that it is very important to consider the cultural structures
of the families since the relationship between the siblings and the importance of the
birth order is affected by the culture of the society (Cicirelli, 1978) so that these

factors can have a different valence in different cultures.
In order to address the main socio-economical variables that are known to have an

impact on the development of intelligence and working memory, we devised a

questionnaire in which we asked for the relevant information (see also Appendix B).
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2.1 Participants

All experiments were carried out with both children and adults as a control group.
Children's age range was between 6-12 years. They came from grades 1-5. The
overall sample consisted of n=101 children. Both the descriptive statistics and the
age values are shown in Table 1 and Table 2. The pupils were recruited from two

primary schools in a rural area in Yozgat, in the Central Anatolia Region of Turkey.

In the adult group, there were 20 graduate students from the Informatics Institute,

METU, especially from the department of Cognitive Science. The age range of the

CHAPTER 2

METHOD

adults was between 23 and 30 years.

Table 1 Descriptive statistics for the children group

N

Minimum

Maximum

Mean

Std. Deviation

Age of the subject
in years

101

5,58

12,08

8,5520

1,44900
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Table 2 Age values for each class

N Mean S.D.
Grade 1 20 6,711 ,125
Grade 2 24 7,591 ,092
Grade 3 16 8,691 ,178
Grade 4 22 9,504 ,087
Grade 5 19 10,486 | ,143

Table 3 Descriptive statistics for the adult group

N Minimum Maximum Mean Std. Deviation

20 22,34 30,89 25,8520 2,04300

Age of the subject
in years

2.2 Experiments

2.2.1 Categorical Free Recall Test (CFR-Test)

Material
There were 3 different categories (fruits-animals-clothes) and 12 words in the test
(for further details see Chapter 0):
Fruits : erik, karpuz, iiziim, ¢ilek (plum, water melon, grape, strawberry)
Animals : tavuk, aslan, maymun, inek (chicken, lion, monkey, cow)

Clothes : kocuk, ¢orap, kazak, gomlek (coat, sock, sweater, shirt)

Procedure

During the test, subjects listened to the items from the above list via a headphone.
There were 18 different orders of items and categories. Immediately after having
listened to the items, the subjects were required to recall what they remembered from
the list in serial order. The answers of the subjects were recorded by a voice recorder

(See Appendix B for the ethical details of the study).
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2.2.2 Word Span Test (WST)

Material

The WST comprised one-syllabic words from Turkish since the main task consisted
of 2-syllabic words. Thus, we do not want these two tests resemble each other. Still,
it might be objected that the recall of one-syllabic words may actually be harder than
the recall of two-syllabic words, in terms of overall number of syllables retained.
However, using one-syllabic words is the most conservative and therefore most basic
measure of their memory span. The words in this task have been chosen with respect
to easy pronunciation and high frequency in daily usage, such as “sag, tuz, tiirk, and
yurt” (hair, salt, Turkish/Turk, and country). We constructed various sets by using
these words. The longest set size is 8, and the smallest set size is 2. Also, on each
level of set size there are three sets in the experiment. An example of a 2-word-set is

the following (see Appendix A for the whole stimuli list):

1. top can (ball soul)

2.bil kiirk (to know fur)

3. ver tez (to give quick)
Procedure

In the experiment, the subjects listened to the sets of word with increasing length.
The sets began with the smallest set size, i.e. 2, and then increased with the
performance of the subject. If the subject made two or more mistakes in an overall
set, the experiment was terminated. The answers of the subjects were recorded via a

voice recorder.

2.2.3 Wisconsin Card Sorting Test (WCST)

Material

In the basic WCST, there are two sets of 64 cards. However, in the Modified WCST
for children (Cianchetti et al., 2007), there are two sets of only 24 cards. These cards
show different combinations of colors (yellow, red, green, blue), numbers (one, two,

three, four), and forms (triangle, star, circle, cross).
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Procedure

In the WCST, there were four stimulus cards (see Appendix A) which were shown to
the subjects during the experiment. These stimulus cards were a single red triangle,
two green stars, three yellow crosses, and four blue circles, respectively. The
remaining response cards had all the combinations of different colors, forms, and
numbers (Cianchetti et al., 2007). The response cards were displayed one by one to
the subjects. Then, for each response card, the subject was required to give an answer
by indicating a stimulus card for each response card. The answers of the subjects

were written on the answer sheet for that subject.

In the normal WCST for the adults, the rules were as follows (Cianchetti et al.,
2007):
e The required number of consecutive correct answers was 10.
e The order of categories in the experiment was: color-form-number-color-
form-number.
e After 10 consecutive correct answers, the sorting criterion was switched;
however, the participant was not informed that s/he has to find another

rule.

However, in the Modified WCST (Cianchetti et al., 2007) for children, the rules were
changed in the following ways:
e 2 sets of 24 cards instead of 2 sets of 64 cards.
e The required number of consecutive correct answers was 6 (10 in
WCST).
e (Cards which shared more than one attribute (color, shape and number)
were excluded.
e Whatever category the participant chose first was taken as correct.
e After 6 consecutive correct answers, the participant was informed that
s/he had to find another rule.
e After the three categories (color, form, and number) were completed, the

remaining 3 categories were the same as the previous ones.
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2.2.4 Listening and Reading Span Test (LST & RST)

Material
LST
In the LST for children, there were sets of sentences belonging to the some bigger
sets in the experiment. The longest set size comprised 6 sentences and the smallest
set size 2. On each level of set size, there were 6 sets of sentences. For example, on
the 2-sentence-set level, there were 6 groups of 2 sentences. In the experiment, the
total number of sentences was 212. An example of a 3-sentence set for the LST is the
following one (see Appendix A for the whole stimuli list):

1. Muzlar bisiklete biner. (Bananas ride bicycles)

2. Elimiz bes parmaklidir. (Our hands have five fingers)

3. Sogan acidir. (Onions are hot)

RST
The Turkish Reading Span Test for the adults was created by the author. The test is
similar to that of Saito and Miyake (2004). In this experiment, sentences were
selected from school books for children of medium age consisting of widely known
facts. The structure of the test was the same as that of the LST. An example of a 3-
sentence set for the Turkish Reading Span Test is the following one (see Appendix A
for the whole stimuli list):
1. Salon sporlarindan biri de bowlingdir.
(One of the salon sports is bowling)
2. Sebzeler bol miktarda B vitamini ihtiva eder.
(There is much vitamin B in vegetables)
3. Osmanli Devleti diinyadaki en uzun siiren imparatorluktur.

(The Ottoman Empire is the longest lasting empire in the world)

Procedure

LST

In the experiment, the subjects listened to the sentences and then were required to
answer “Yes“or “No” according to the best of their knowledge. In addition, they also
had to keep in mind the last word of each sentence. For example, when they listened

to the sentence “Inekler ugar” (Cows can fly), then they should say “Hayir, ucar”.
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The set size of the test increased with the performance of the subject. Like in the
WST, if the subject made two or more mistakes in one sentence set, the experiment

was terminated. Also, the answers of the subjects were recorded by a voice recorder.

RST

This experiment was very similar to the LST. The first difference was that, here, the
subjects read aloud the sentences from the screen. They then indicated whether the
sentence was true or not according to the best of their knowledge. The second
difference was that the subject should remember not the last word of the sentence but
the underlined, red, target word of the sentence. At the end of each sentence set, the
subject were required to recall what he remembered as target words in this set. Also,

the cut-off criterion was the same as in the LST.

2.3 Analyses of the tests

After all experiments had been carried out, I did a statistical data analysis on all of
these tests (the CFR-Test, the WST, the WCST, the LST, and the RST). As the main
statistical procedure variants of ANOVA were used. For each experiment, I included
age as a factor in the ANOVA. In order to investigate the relation between the tests
and the proactive interference task I ran multiple regression analyses. My predictors
in the regression were LST/RST/WCST/WST, and the predicted value was the
performance in the release from proactive interference task. Since the data was non-
normally distributed according to Kolmogorov-Smirnov Test and Shapiro-Wilk Test
(p < .05), Kruskal-Wallis Test, Wilcoxon Signed Rank Test, Mann-Whitney Test,
was used as the non-parametric tests. Since non-parametric tests did not allow
including more than one variable, ANOVA was used in order to examine the

interactions between gender and grade.
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CHAPTER 3

RESEARCH QUESTIONS & HYPOTHESES

My general research questions are the following ones:
1. How does release from proactive interference (RPI) as measured in the CFR-
Test task develop in Turkish school children (age 6-12 years)?
2. How does the development in this memory task relate to other cognitive
capabilities that the child has to have in order to solve this task (relations with

executive functions, phonological and complex working memory)?

These developmental research questions will be addressed on the background of
mature adult performance. We therefore conducted all experiments with adults as a

control group, too.

The hypotheses of the study are the following ones:

e H1: Overall memory span increases with age. Consequently, the number
of remembered items should increase with the age of the children in the
CFR-Test.

e H2: The categorization capability should increase with the age of the
children in the CFR-Test, that is, we expect to see PI across items within
the same category and RPI between categories. This capability should be

clearly pronounced in the older children in particular.
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H3: With respect to proactive interference we have no directed hypothesis
(as to whether it should decrease or increase over age, see literature
review in Chapter 2). However, the amount of PI will obviously interact
with the RPI in that the level of recall reached at the end of a category
will partly determine the RPI effect. However, the RPI should increase
with age due to the greater categorization ability of the children that helps
them realize the beginning of the new category more clearly.

H4: The performance of the adults should be higher than the performance
of the children both in the number of remembered items and the
categorization capability, that is, the characteristic pattern of build-up of
PI and subsequent release should be more pronounced.

HS: The additional memory tasks — the Word Span Test (WST), the
Wisconsin Card Sorting Test (WCST), and Listening Span Test (LST) —
should also show developmental progression.

Hé6: These additional tasks should predict the results from the main task
to a significant extent since all tasks underlie similar mechanisms in short
term/working memory. In particular the executive functions (as measured
by the Wisconsin Card Sorting Test (WCST) and the Listening Span Test
(LST)) should be predictive of the results of the main tasks.
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CHAPTER 4

RESULTS (CHILDREN)

4.1 The CFR-Test

4.1.1 Overall memory performance

For the CFR-Test, the number of subjects, the mean values and standard deviations
are shown in Table 4. Absolute order of items (&lists) calculates the number of
correctly remembered words according to the serial order of the items (&lists) in the
list. Relative order of items (&lists) calculates the number of correctly remembered
words according to the order of the item in the list but irrespective of the categorical

order. Overall, from a 12-word list, children remembered 5, 56 words.

Table 4 Descriptive statistics for the main task

CFR-Test Mean S.D. Median
absolute order of items 1,08 1,146 1,00
absolute order of items&lists 2,35 1,808 2,00
relative order of items 3,04 1,939 3,00
relative order of itemsé&lists 4,48 2,360 5,00
total # of recalled items 5,56 1,396 6,00
total # of recalled 8,38 1,766 9,00
items&lists

31



We tested the significance of these above values with respect to grade. Since the data
were non-normally distributed according to the Kolmogorov-Smirnov and Shapiro-
Wilk Test (p < .05), the Kruskal-Wallis Test was used. According to the results,
grade has a significant effect on absolute order of remembered items, absolute order
of remembered items & lists, the number of remembered items, and the number of
remembered items & lists (3*(4) = 9.49, p = .05, x*(4) = 12.06, p < .05, y2(4) = 9.59,
p <.05,and y2(4)=9.76, p <.05).

The working memory capacity develops both in early and middle childhood
(Gathercole & Alloway, 2004). This finding was supported by our data. The overall
results of this experiment were in line with the hypothesis that the number of
remembered items should increase with the age of the children in the CFR-Test.
Figures 5 and Figure 7 show the development of the overall number of remembered

items and the absolute order of items and lists across the five grades, respectively.

The development of the Categorical Free Recall Test
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Figure 5 The development of the CFR-Test for the overall number of remembered
items (Error bars represent SDs)

For the main task, we found no significant differences between the boys’ and the
girls’ results according to the Mann-Whitney Test’s results (absolute order of items,
Z =-.720, p = 471, absolute order of items&lists, Z = -.386, p = .699, relative order
of items, Z = -.577, p = .564, relative order of items&lists, Z = -.392, p = .695, total
#of recalled items, Z = -.976, p = .329, total #of recalled items&lists, Z = -.803, p =
422).
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Figure 6 represents the gender difference between girls and boys for all variables for
the CFR-Test (the total #of recalled items). In the first and second classes, girls’
scores were better than the boys’ a little. However, in the third class and beyond, the

boys’ scores became better.

Gender differences in CFR-Test - gradewise
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Figure 6 The development of the CFR-Test for the total # of recalled items for girls
and boys separately, for each grade
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Figure 7 The development of the CFR-Test for the absolute order of items and lists
(Error bars represent SDs)
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For the absolute order of items factor, boys’ results indicated that during the 1%, the
2" and the 3" classes, they got the higher scores. Then, in the 4™ and the 5™ classes,

girls’ scores turned out to be better.

Gender differences in CFR-Test - gradewise
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Figure 8 The development of the CFR-Test for the absolute order of items for girls
and boys separately, for each grade

We also separated the results of all tests according to the independent variable gender
and the grouping variable was grade. For boys, only the overall number of
remembered items was marginally significant (x2(4) =8.774, p = .067). However, for
girls, the results for absolute order of items and absolute order of items & lists were
highly significant (x*(4) = 15.510, p = .004 and y*(4) = 15.918, p = .003). Thus, boys

only marginally develop over time for this sample.

Table 5 The mean ranks for the CFR-Test for the boys

Grade N | Mean
Rank
Category Test — 1 10 17,10
total # of recalled 2 12 22,71
items 3 8 31,00
4 13 33,27
5 10 30,70
Total 53
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Table 6 The mean ranks for the CFR-Test for the girls

Grade N | Mean
Rank
Category Test - 1 10 20,10
absolute order of 2 12 16,92
items 3 8 19,69
4 9 35,33
5 9 32,94
Total 48
Category Test - 1 10 18,70
absolute order of 2 12 18,17
items&lists 3 8 18,38
4 9 36,28
5 9 33,06
Total 48

We can conclude that in boys it is the capacity of the working memory that
(marginally) increases but for the girls it is the serial (and relative) order that
develops. When we examine the plots, we see that the increase take places between
the 3™ and the 4™ classes. However, for the boys it is between the 2™ and the 3™
classes. Although Gathercole et al. (2004) found that there was no significant
difference between girls and boys regarding the verbal-storage tasks, for example
digit recall, word list recall, and non-word list recall, it seems that for boys the
increase in working memory capacity is important while for the girls the

development of serial order is important.

Lastly, in section 4.3, it was found that for the CFR-Test, the absolute order of items
can be predicted mostly by the LST. It, thus, indicates that there is strong relationship
between the executive functions and the ability to recall items in serial order. Since,
for the absolute order of items factor, only the girls develop, as Vuontela et al. (2003,
p. 74)’s claim is supported that “The gender differences found in the performance of
working memory tasks suggest a larger degree of immaturity in boys than girls at the

age period of 6-10 yr.”
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4.1.2 Release from proactive interference (RPI)

In order to assess the results for the release from proactive interference, we ran a
Wilcoxon Signed Rank Test as a non-parametric test since the data were not
normally distributed (the results of Kolmogorov-Smirnov Test and Shapiro-Wilk
Test were p < .05). In the overall item set, there occurred two category switches, the
first one between items 4 and 5 and the second one between items 9 and 10. These
shifts between the last item of the first category and the first item of the second
category and the last item of the second category and the first item of the last
category are critical for the evaluation of the RPI effect. The following statistical
tests were run under a directed hypothesis, namely that the first item of the second
category would be remembered better than the last item of the first category.

Therefore, we report one-tailed p-values.

Overall, across all grades, for the first category switch, there was a significant change
in the number of remembered items between the last item of the first category and
the first item of the second category. (Z = -2.023, p = .022). Also, for the 2™
category switch, for the last item of the second category and the first item of the last

category, it was significant (Z =-1,697, p = .045).

More specifically, according to the results of the paired sample t-tests, for grade 1,
the 1% difference was marginally significant (Z = -1.633, p = .052) the 2™ one was
significant (Z = -2.121, p = .015). For grade 2, the 1* difference was marginally
significant (Z = -1.587, p = .055). For grade 3, none of the differences were
significant. For grade 4, the 2™ difference was also significant (Z = -1.897, p = .028).
Lastly, for grade 5, the RPI effect disappears again, i.e. the only (marginally)
significant difference was the 1% shift (Z = -1.387, p = .086). To sum up, it can be
inferred that release from proactive interference does not increase over age. Release
from proactive interference was present in grade 1. It vanishes, however, completely
for grades 3 and 5. Otherwise, in all grades, at least for one difference, the difference
was significant or marginally significant. Therefore, we conjecture that there might
be some other factors responsible for this decrease in release from proactive

interference (see section 4.1.2.1).
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All figures representing the frequency of items 1-12 in percent for the CFR-Test are
shown in the figures below (see Figure 9-13). In these graphs, for each class, all
remembered items were summed for each separate item. The bars represent the
percentage of children (in the respective grade) that remember this item (irrespective

of correct serial order). In other words, the following plots are position-related.

To begin with, in grade 1, children did not show the build-up of PI effect in the first
category (see Figure 9). Surprisingly, through the end of this category, the items
were remembered better than the former ones. Therefore, the build-up of PI did not
show up for the 1¥ category. However, for the second category and the third category
the build-up of PI could be seen easily. Also, both category shifts (between item 4&5

and 8&9) clearly indicated the RPI. Also, the overall amount remembered items was

very low.
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Figure 9 The frequency of items 1-12 in percent for the main task for the 1*' class.

In this and in the following figures, an asterisk (with parenthesis) indicates a

2

(marginally) significant difference (hence, RPI), “n.s.” marks an insignificant

difference.

For the 2™ graders, the pattern mostly changed (see Figure 10). Except the item 1,
the first category reflected the build-up of PL. Again, other than the 8" item, the

build-up of PI could be seen for the second category. On the contrary, in the last
37



category the levels were nearly the same so there was no build-up. Therefore, just for
the first category there was RPI. The absolute level of the memory did also increase

for this class.
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Figure 10 The frequency of items 1-12 in percent for the main task for the 2™ class

The 3™ graders again showed a different pattern. Only for the first category, build-up
of PI was present. So the RPI was to be found only between the first and second
category. In general, the position curve looks rather flat. This may stem from an

overall increase in WM.
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Figure 11 The frequency of items 1-12 in percent for the main task for the 3™ class
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In grade 4, yet a different pattern occurred. Namely, in the second category there was
build-up of PI and at the end the RPI showed up. Other than these, no significant
change was found for both the PI and the RPI. The capacity of the memory did not

increase significantly.
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Figure 12 The frequency of items 1-12 in percent for the main task for the 4™ class

Lastly, in grade 5, the initial pattern produced by the first graders was partially
present again. Other than the first item of the last category, nearly perfectly all build-
up of proactive interferences and release from proactive interferences were present.
Consequently, it might be assumed that there were some processes between the 1%
graders and the 5t graders that caused that many different patterns for the middle
graders — the 2", the 3", and the 4™ graders. Besides, the memory capacity of the 5
graders developed significantly.
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Frequency of items 1-12 in percent - Grade 5
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Figure 13 The frequency of items 1-12 in percent for the main task for the 5™ class

The following figures (Figure 14-18) represent the development of the recall of the
total number of items in relative order for each class (cx_y means the yth item of the
x™ category, i.e. c1_3 means the third item of the first category). The bars denote the
absolute number of children who remembered the respective items in correct relative
order. To calculate the relative order of items for one class, the order of each separate
item in each category is summed up according to the answer of the subject. Note that
the first suite is about the very general working memory capacity as it develops over
grades (absolute number of all remembered items in a certain position). However, the
following suite is about the amount of remembered items in correct relative order of

items. This development shows more clearly how (relative) seriality develops.

The results for the relative order of items were very favorable for the first graders.
The items remembered for each category approximately remained the same, i.e. the
categories were recalled equally well. Also, both the PI and the RPI pattern showed
up clearly for this grade. That means the first graders have already the categorization
ability and present the full pattern for RPI. However, the overall performance of the

class was low.
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Figure 14 The relative order of items for the main task for the 1* class

The 2™ graders also remembered nearly the same number of items for each category.
This time, the absolute level of the memory was higher. They presented the RPI
pattern, as well. However, there seemed to have emerged a recency effect within the

last category.
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Figure 15 The relative order of items for the main task for the 2" class

The performance of the 3 graders was very bad, indeed. Possibly due to a memory
reorganization, the performance of the children dropped. Although there was a

primacy effect for the first category and the first item, the curves for the two other
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categories were quite flat. That is, the overall list was asymmetric. There was only

one build-up of PI and subsequent RPI for the first category shift.
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Figure 16 The relative order of items for the main task for the 3™ class

In grade 4, both the primacy effect got stronger for the first category and the general
performance for remembering the items got better. However, like the 3 graders, the
categorical effects (PI and RPI) could not be seen in this figure. So the recall curve
both for the second and the last category was quite flat as compared to the first
category. However, as compared to grade 3, the overall memory capacity has
increased. The RPI effect was present only for the second category shift. Again, the

overall list was asymmetric and there emerged a primacy effect for the first category.
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Figure 17 The relative order of items for the main task for the 4™ class

In the 5™ grade, the students’ memory performance stabilized. Secondly, the RPI
pattern that was reflected both in the 1% and the o grade could not be observed for
the children in 4™ and 5™ classes. These children’s recall patterns mostly were
symmetrical. However, in the 5" grade, there was both symmetry and asymmetry.
The symmetry could be seen both at the beginning of the list and at the end of the list
since the first and the last words were remembered much better than the middle
words. As for the asymmetry, the primacy effect was stronger than the recency
effect. For this grade, the primacy effect was just for the items; they could be
observed in the first 1-2 items. However, the recency effect was for the last category.
Lastly, the most interesting thing would be the “dip” in the middle probably
indicating that the older children aimed to remember all items in list in the first place.
Therefore, they did not consider the category shifts as much as the younger ones like

the 1% and the 2" graders. Then the list became asymmetric.
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Figure 18 The relative order of items for the main task for the 5™ class

To conclude, the overall results for the RPI effect show no development of the
categorization ability. An asymmetry in overall list recall emerged, due to a primacy
and recency effect for the first and last category/items. PI and RPI were present as
early as grade 1, indicating that 6-yr old children can already categorize efficiently
and use these abilities to organize their working memory processes. Besides, the
stimulus list may not have been long enough for the 4™ and 5™ graders to create an
RPI effect. Therefore, future studies that aim to study the RPI effect should use a 15

— word list instead of a 12 — word list.

4.1.2.1 Analyzing the RPI with ANOVA

We also ran an ANOVA in order to confirm the results of the non-parametric tests.
We used repeated measures of ANOVA by selecting the first shift and the second
shift within subject variables, separately. The between subject variables were grade

and gender.

The first shift was significant in the overall sample (F (1, 101) = 4.171, p = .044).
The first shift developed marginally significantly by grade class (F (2, 275) = 4.171,
p = .067). The gender, and the interactions first shift * class, first shift *gender, and

first shift * gender * class were all insignificant.
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The second category shift did develop by the grade (F (1, 101) = 2.824, p = .048) but
did not change due to gender. Other than the interaction second shift * gender * class
(F (4, 101) = 3.009, p = .022), the remaining interactions were insignificant, i.e.

second shift * class and second shift * gender.

All these results were also supported by the non-parametric tests’ results.

4.1.2.2 Release from proactive interference and phonological similarity

In a short-term serial recall experiment, it was found that it is easier to remember the
non-similar sounding items than the similar ones (Lewandowsky & Farrell, 2008).
Therefore, phonological similarity within and across categories might be a candidate
for explaining the insignificant results in the release from proactive interference.
Such phonological similarity is inherent in item pairs such as inek-cilek, erik-inek,
karpuz-kazak, kazak-kocuk, etc. Therefore, we established some criteria in order to
compute this effect. An example list for calculating the phonological similarity score

is shown below:

Example list produced by one child for calculating phonological similarity:

erik (plum)

inek (cow)

karpuz (watermelon)
kazak (sweater)
tavuk (chicken)

We parsed the words in order to examine the number of identical phonemes with
respect to their positions in the words. In our experiment, all words were 2-syllabic.
A syllable has a maximum of three positions, i.e. the nucleus, the coda and the onset.
The nucleus is the center of the syllable, which is the vowel. The coda comes after
the nucleus and generally is a consonant. Lastly, the onset comes before the nucleus
and usually is a consonant. We analyzed the similarities between these segments of

the words in the produced lists.
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Table 7 An example for analyzing the phonemes

1% syllable 2" syllable

Onset, C Nucleus, V | Coda, C Onset, C Nucleus, V | Coda, Ca
k a r p u z

k a z a k

While analyzing, only neighboring words were compared (i.e., erik-inek; ...). In the
below table, there is a total of 5 identical phonemes among the 4 consecutive
comparisons (k-k, a-a, a-a, k-k, k-k). Therefore, the ratio is 5/4, i.e. 1.25. We expect
more phonological similarity for the older children and less for the smaller ones. We
base our prediction on findings from early language production in children. Thus, it
has been shown in the developmental literature on slips of the tongue that
phonological similarity becomes an organizing principle later in development as
compared to semantic similarity, that is, only older children substitute words

according to their phonological similarity (Jaeger, 2005).

Table 8 An example list for analyzing the phonological similarity effect

e r 1 k

1 n e k
k a r p u z
k a z a k
t a \% u

We also calculated the phonological similarity score for the empirical lists, that is,
the lists that were presented to the subjects. The phonological similarity of the
empirical list (Mean= .577, S.D. = .080) was significantly different from the
phonological similarity (Mean= .771, S.D. = .362) of the list they produced
themselves (Wilcoxon Signed Ranks Test (Z = - 4.657, p < .001). Overall, empirical

phonological similarity was lower than the phonological similarity of the produced

lists.
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From this result, it can be inferred that subjects tend to remember the items more in
terms of phonological similarity. They do not always remember the items in serial
order but continue the serial order in terms of phonological similarity. That is,
children tend to use phonological similarity as a memory strategy. However, the
overall effect of the phonological similarity does not significantly change with age
although the phonological similarity scores were somewhat higher for the older
children than for the younger ones. In short, there was no change in phonological
similarity over time (see Table 9). That means that any development in the sensitivity
to phonological similarity must already have taken place prior to schooling (in line
with Jaeger’s findings). All children in our sample, irrespective of age, can make use

of phonological similarity as a memory strategy.

Table 9 Descriptive statistics for the phonological similarity of items remembered by
the subjects - gradewise

Grade Mean S.D. N

1 ,729 ,423 20
2 ,759 ,365 24
3 ,693 ,255 16
4 ,808 ,305 22
5 ,855 ,435 19
Total J771 ,362 101

Furthermore, according to the results of a study on phonological similarity (Nimmo
& Roodenrys, 2004), it was not beneficial when the first consonant and vowel were
the same in the stimuli or the first and the last consonant were the same. Thus, the
phonological similarity effect might not have affected the results at all. However, the
difference between the empirical and the memory list shows that the subjects are

sensitive to phonological similarity.
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4.1.2.3 Release from proactive interference and gender

As for gender, there was no significant change for the release from proactive
interference according to the Kruskal-Wallis Test results. More specifically, among
male subjects, ¢l 4, ¢2 1, and c2 4 were not significant’. However, just ¢3_1 was
significant (p = .032), but it was not very important since overall there was no
significant effect of gender when it was used as between subject factor. Among
female subjects, cl 4, c2 1, c2 4, and ¢3_1 were insignificant. Also, the results for

the gender as between subject factor were insignificant.

4.1.3 Categorical cohesion

We also analyzed the categorical cohesion in the results of the subjects for the CFR-
Test, that is, how many category (semantic) shifts there were in the remembered lists.
In order to assess this measure the responses were examined according to the
criterion “whether each following word belongs to the same or a different category”.

An example list for calculating the categorical cohesion score is shown below:

Example list from one subject for the calculation of the categorical cohesion:

corap (sock)
kazak (sweater)
first category shift 2> kaplan (tiger) False Memory!
inek (cow)
tavuk (chicken)
second category shift 2> cilek (strawberry)

For this list, we measured two values, one with false memory items and one for
without. To begin with the first measure (false memory (FM) items included),
“corap” and “kazak” belong to the same category, “clothes”. Then, a new category,
“animals”, starts with “kaplan” (false memory) and continues with “inek” and
“tavuk” from the same category. So there is a shift from one category to the other

category. Next, “cilek” follows which is again from another category. This is the

2 ¢1_4: the last item of the first category; c2_1: the first item of the second category;
c2_4: the last item of the second category; c3_1: the first item of the last category
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second category shift. In total we have 6 words. We use the following equation for

the ratio or category shifts:

Ratio (+FM) = total number of category shift / total number of remembered items

(+FM)

Therefore, for this example, the “Ratio+FM” is 0.33 (2/6) and “Ratio” is 0.4 (2/5).

We expect that the ratio should be higher for the smaller children since they should
make more category shift than the older ones, that is, their output might not be as

much organized by the categories than the output of the older children.

Since the data were not normally distributed (Kolmogorov-Smirnov Test and
Shapiro-Wilk Test, p < .05), we used the Kruskal-Wallis Test. Neither the results for
the Ratio+tFM (Mean= .432, S.D. = .163) were not significant (y*(4) = 3.77, p =
437) nor those without the false memories (Mean= .448, S. D. = .177; x*(4) = 2.19,
p =.701). The most sensible reason for the insignificant results might be the fact that
the youngest subjects in the overall sample (aged 6 years) can use semantic
categories as organizing principles of memory recall. That is, this capacity does not

develop anymore in older children.

4.1.4 False memories

False Memories are erroneously remembered items that are related to the stimulus
material semantically, e.g., “kaplan” (‘tiger’) in the “animals” category. A false
memory score was calculated by summing up the incorrect words that the subjects
uttered after having listened to the items (see Table 10). Since the normality test was
significant (Kolmogorov-Smirnov Test and Shapiro-Wilk Test, p < .05), we used
non-parametric tests. False memory decreases marginally over age according to the
Kruskal-Wallis Test (x*(4) = 9.04, p = .06). However, only between grade 1& 4 and
2&4, there was a significant difference (p =.030 and p = .019).
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The below table represent the mean ranks values for the false memories for the
whole sample. The marginal decrease appears between the 3™ and the 4™ grade in

which children produced less false memories.

Table 10 Absolute numbers of false memories across grades

Grade N | Mean Rank
Category Test — 1 20 59,13
false memory 2 24 59,19
3 16 52,97
4 22 39,98
5 19 43,21
Total 101

Figure 19 demonstrates the differences between boys and girls according to the
produced false memories. Seemingly, the boys always produced more false
memories than the girls but not significantly. And the greater drop was between the

3 and the 4™ grade for both boys and girls alike.

CFR-Test Results-false memories
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20 - O Boys
15 m Girls
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5 1

Total # of false memory

Grade1 Grade2 Grade3 Grade4 Gradeb5

Grades

Figure 19 The development of false memories in the CFR-Test for girls and boys
separately

It seems that the older children tend to have more veridical memories, while the
younger ones are more prone to false memories. For example, in the CFR-Test, one
of the 1% graders produced false memories such as “bilgisayar” (computer), “cep

telefonu” (cell phone). These items were not in the list but in the physical
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environment of the subject. In support of this observation, Brainerd et al. (2002)
asserted that “A core finding is that young children are often especially vulnerable to
false memories, perhaps because verbatim memory for the actual events of their lives

is poor.” (p. 1363).

4.1.5 Analyzing the CFR-Test task with ANOVA

Non-parametric tests do not allow including more than one variable in each analysis,
so that ANOVA had be used in order to explore any interactions between gender,
category, items, and grade (for the mean table see Table 69 in Appendix D). Since
we did all the other tests with non-parametric variants of ANOVA, we can compare
the results between the parametric and non-parametric tests. Therefore, we analyzed
the interactions between, grade, category, and items. Gender was analyzed in a

separate ANOVA in order to keep the number of variables at a manageable number.

4.1.5.1 Category, grade and item interactions

The interactions between categories (3), items (4 for each category), and grade (5)
were analyzed with ANOVAs. Grade was used as a between subject factor and
category and items were within-subject factors in the mixed model. It was found that
category and items were significant factors for the main CFR-Test (F (2, 101) =
6.686, p <.001; F (3, 101) = 10.029, p < .001). Also, the grade was found to be a
significant factor (F (4, 101) = 2.672, p = .037) which indicated that overall the
children’s memory scores developed. The interaction between category and items
was also significant (F (6, 101) = 2.870, p = .009). However, the other interactions
were all insignificant (category*grade, p = .171; items*grade, p = .441;

category*items*grade, p = .081).
gory g P

Overall, the categories and the items had a main effect on the test. Namely, while the
subject listened to items from the list, she would remember more items from the first
category than from the second & the third categories and more items from the second

category than the third one. This was also valid for the order of the items; the items
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at the beginning of each category were remembered better than the later ones. This

reflects both the build-up of PI and the RPI effect.

4.1.5.2 Gender effect for the main task

In order to assess the effect of gender for the main task, we ran a second ANOVA.
The dependent variable was the overall number of remembered items; grade and
gender were used as between subject factors. The results were both insignificant for
gender (F (1, 101) = 3.369, p = .070) and for the interaction between gender and
class (F (4, 101) = 1.403, p = .239). Female subjects remembered only insignificantly
more items (M=5.81, SD=1.14) than male subjects (M=5.34, SD=1.57). The results
from the ANOVA confirm the earlier findings from the non-parametric tests.
According to the results of the Kruskal-Wallis Test, among boys and girls, there was
no significant absolute effect of gender, i.e. girls do not remember more items than
boys overall (boys: y*(4) = 8.77, p = .067; girls: x*(4) = 2.31, p = .679) (see section

4.1.1 also for the non-parametric results on gender).

4.1.6 Discussion

According to the results of the CFR-Test, working memory developed in the
children. That is, the ability to store information in memory improved during the
primary school years. Other than the mere memory capacity as measured by the
overall number of remembered items, the ability for serial recall as measured by the
number of remembered items in absolute order, developed, as well. Serial recall has
arguably an executive component since the items have to be lined up correctly in
working memory. We found no significant gender effect between girls and boys
which seems to suggest that there is no difference in the verbal abilities of the two
genders, according to the results of the CFR-Test. However, this negative result is
qualified by significant gender effects in development. If compared grade-wise, girls
developed significantly in recall of the absolute order of items but boys (marginally)
in the overall memory capacity. It might be the fact that at the beginning girls had
already more improved memory capacities than boys so they did not show any

further development for the overall memory capacity (see Figure 6). Again, for the

52



boys, the ability to recall the absolute order of items did not develop further since it

was relatively high already in the early grades.

The development of the RPI effect is very complicated, indeed. Overall, both
category shifts were significant. However, this was not true for the different grades.
The 1% graders did show a reliable pattern for the RPI effect. This means that the
categorization ability is available already before school age. In the 2™ grade, only
one significant category shift could be observed so the overall model started to
change fast. Then, for the 3 graders, a re-organization of memory might have
occurred since the curve looked quite flat. This decrease in memory may indicate a
change in the overall memory organization of the entire list. Also, in the 4™ graders,
no exact pattern of RPI could be seen. However, at the end, the 5th graders did show
again the classical RPI pattern, at least in one category shift. Since the memory
capacity for the older children also developed, their higher memory performance
may have helped them overcome the interference effect so that no RPI effect could
be seen due to their overall high performance. Thus, the ability to categorize and the
organization of remembered items in terms of categories were already present in the

1" graders.

In order to explain these different RPI patterns, we investigated the phonological
similarity and the categorical cohesion for the empirically observed lists of
remembered items. However, neither of them showed any development over time
and could therefore not explain the differences in the RPI changes. Thus, we stick to
the conclusion that the RPI effect and the categorization ability are already present in
the 1* graders and re-organization of memory might produce different kinds of RPI

patterns across the older ages.

In addition to these, we found no developmental effect regarding the strength of the
PI, since the interaction between the grade and the item was insignificant (see section
4.1.5.1). That is, the strength of the PI remains stable. Thus, this outcome is contrary
to some findings in the literature, namely that either a decrease or an increase in PI

occurs in development (Kail 2002). However, it is consistent with the results of other
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studies in the literature, namely that there is no change in PI in development (Kail

(2002; see also section 2.3).

Moreover, we found that the youngest children had more false memories than the
older ones, which is in line with the findings in the literature (cf. Brainerd et al.,

2002). Thus the ability to resist likely but not actual information develops with grade.

4.2 Additional memory tasks

Gathercole (1999) found that generally, children increasingly well remember items
over age, in almost all memory tasks. That is, the ability to solve these tests increases
remarkably with age. So far, this finding is confirmed by the analysis of the CFR-
Test (see Table 11 and Table 12). In addition, we also measured related memory
abilities, with the WST, the WCST and the LST. The descriptive statistics of the
three additional tasks are given in Table 12. In all three tests, there was a significant

increase in performance over time (see Table 11).

Table 11 The test statistics of the Kruskal-Wallis Test for the additional tasks

Word Wisconsin | Listening Span | Listening Span

Span | Card Sorting Test - level Test — absolute #

Test Test of correct items

Chi-Square 24,542 34,759 74,746 69,971
df 4 4 4 4
Asymp. Sig. ,000 ,000 ,000 ,000

In the following, the results of all three additional memory tests will be presented in

detail. Since the data was non-normally distributed for all tasks (K-S Test and

Shapiro-Wilk Test was significant, p <.05), non-parametric tests were used.
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Table 12 Descriptive statistics for the additional tasks (For the LST, two scores were
calculated: (1) the attained set level of remembered items and (2) the absolute
number of remembered items)

Mean S.D. Median
Word Span Test 3916 , 784 4,00
Wisconsin Card Sorting Test 26,41 8,244 27,00
Listening Span Test — set level 2,045 ,863 2,00
Listening Span Test — absolute 7,594 4,771 6,00
# of correct items

4.2.1 The Word Span Test (WST)

The WST was clearly affected by grade (Kruskal-Wallis Test, y*(4) = 24.54, p <
.001, cf. Table 11). As shown in the below figure, the scores of the children increase
linearly with their age, as the ones in Figure 20 by Gathercole (1999). The mean

values and standard deviations for the WST for all grades are shown below.

Table 13 Descriptive statistics for the WST for all grades

N Mean S.D. Median
Grade 1 20 3.325 1.030 3,00
Grade 2 24 3.708 .690 4,00
Grade 3 16 4.125 .619 4,00
Grade 4 22 4.136 468 4,00
Grade 5 19 4.368 597 4,00
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The development of the Word Span Test
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Figure 20 The development of the WST across grades (Error bars represents SEs)

In Figure 21, the development of the boys and girls can be observed regarding the
WST. The developmental pattern for this task was very clear indeed. While girls
develop steadily during this age range, the boys’ scores jump both between the 1*

and the 2™ grade and the 2" and the 3™ grade. Then, they do not develop further.

Word Span Test Results - across gender

O Boys

15 | m Girls

Total # of remembered
items
N
o

O T T T T T
Grade 1 Grade2 Grade3 Grade4 Grade5

Grades

Figure 21 The development of the WST for girls and boys separately across grades
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4.2.2 The Wisconsin Card Sorting Test (WCST)

There was also an age effect in the results of the WCST (Kruskal-Wallis Test, %2(4)
= 38.14, p < .001, cf. Table 11). The table below represents the mean values and
standard deviations for this task. In addition, Figure 22 shows that there was a linear

increase for the WCST.

Table 14 Descriptive statistics for the WCST for all grades

N Mean S.D. Median
Grade 1 20 18.250 9.722 21,00
Grade 2 24 24.790 5.579 26,00
Grade 3 16 27.190 6.036 26,00
Grade 4 22 30.230 7.615 30,00
Grade S 19 31.950 3.440 32,00

The development of the Wisconsin Card Sorting Test
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Figure 22 The development of the WCST across grades (Error bars represents SEs)

In the WCST, during the 1* and the 2™ classes, both boys and girls got nearly the
same scores (see Figure 23). However, then boys’ scores exceeded the girls’ in the
3™ grade. Namely, the girls developed between the 1% and the 2™ grade and the 4™
and the 5™ grade. For the boys, the jumps were between the 1% and the 2™ classes
and also between the 2™ and the 3™ classes. In the middle classes, boys were better

than the girls but at the end girls’ scores turned out to be higher.
57



Wisconsin Card Sorting Test Results - across gender
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Figure 23 The development of the WCST for girls and boys separately across grades

4.2.3 The Listening Span Test (LST)

The LST was also affected by grade (Kruskal-Wallis Test, y*(4) = 74.71, p < .001,
cf. Table 11). However, this time, unlike the WST and the WCST, the development

was step-wise and not linear.

Table 15 Descriptive statistics for the LST - level for all grades

N Mean S.D. Median
Grade 1 20 .700 .657 1,00
Grade 2 24 2.021 312 2,00
Grade 3 16 2.000 516 2,00
Grade 4 22 2.727 369 2,75
Grade 5 19 2.737 304 2,50
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Table 16 Descriptive statistics for the LST — total # of recalled items for all grades

N Mean S.D. Median
Grade 1 20 2.050 1.877 3.00
Grade 2 24 5.542 2.146 5.00
Grade 3 16 6.188 3.209 5.00
Grade 4 22 12.045 3.709 11.50
Grade 5 19 12.053 2.345 11.00

The development of the Listening Span Test
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Figure 24 The development of the LST across grades (Error bars represents SEs)

Figure 25 reflects the nearly perfect developmental pattern of the LST. Namely, the
first developmental increase was in between the 1% and the 2" grade. Then the scores
stabilized. However, between the 3™ and the 4™ class, again there emerged a jump
indicating a significant developmental increase in the task’s results. Then, the results

became stable again for the 5™ class.
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Listening Span Test Results - across gender
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Figure 25 The development of the LST for girls and boys separately across grades

The following figure represents all additional tasks’ results across the grades. It
seems that both the WST and the WCST results develop in small amounts. However,

in the LST case, the developmental increase is not kind of flat but step-wise.
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The mean score of each class for each test
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Grades

The Word Span Test —%— The Listening Span Test —%— The Wisconsin Card Sorting Test

Figure 26 The development of all additional tasks across grades
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4.2.4 Correlations between the tasks

We also looked at the correlations between the tasks. As a parametric correlation
measure the Peterson’s r and as a non-parametric correlation measure the Spearman’s
rho were used. The results of the parametric and non-parametric correlations were
always convergent. Overall, there were high correlations between the tests that all
reached significance (see Table 17). In the following, correlations for the various
grades are reported. Specifically, for grade 1 and grade 5, there was only one
significant correlation between the WST and the WCST (Pearson’s r = .557,
Spearman’s rho = .483; and Pearson’s r = .470, Spearman’s rho = .507). For the
second and third grades, the correlation between the WST and the LST was
significant (Pearson’s 1=.463, Spearman’s rho = .202 (p = .343, insignificant);
Pearson’s r=.685, Spearman’s rho = .439 (p = .089, insignificant)). In grade 4, there
were no significant correlations. Overall, the many significant correlations between
the tasks were expected indeed since they all measure various (partly overlapping)

aspects of working memory.

Table 17 Pearson’s and Spearman’s rho correlation table for the additional tasks for
all subjects

Pearson’s r Spearman’s rho
WST WCST | WST WCST
WCST | .465%* 3897k
LST 504%* S548** | 539%* S568%*

Moreover, the presented results show that different working memory functions may
develop at different times for children. For example, for the 1% graders, the
relationship between the WST and the WCST indicates that both these two functions
of the working memory started to develop at this age group or before this age. Then,
the relation between the WST and the LST started to emerge for the 2™ and the 3™
graders. For this age group, the development of the functions for the WCST became
stable but the functions related with the LST began to evolve. For the 4™ graders,

none of the relations was significant which indicates that there was nothing
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developing at this age group. Lastly, the relation between the WST and the WCST
emerged again. Therefore, for these children, both the development of the LST and
the development of the WCST re-appeared.

4.2.5 Gender effect for the additional tasks

We used the same statistical models, namely ANOVAs, as in section 4.1.5 to assess
the effect of gender and age on the additional tasks (see Table 18 for the descriptive
statistics). We obtained no significant effect for gender for any grades (the WST, F
(1, 101) = 3.033, p = .085; the WCST, F (1, 101) = 415, p = .521; the LST, F (1,
101) = 1.093, p = .299). In addition, the class*gender interaction was neither
significant for any grades (the WST, F (1, 101) = .671, p = .614; the WCST, F (1,
101)=1.518, p =.203; the LST, F (1, 101) = 1.925, p = .113).

Table 18 The results of the additional tasks for the two genders: male and female

Gender of the Mean S.E.
student
Word Span Test male 3,814 ,098
female 4,061 ,102
Wisconsin Card Sorting male 25,957 ,946
Test female 26,838 ,989
Listening Span Test - level | male 1,984 ,061
female 2,102 ,064
Listening Span Test — male 7,349 ,372
absolute # of correct items | female 7,912 ,389

When we compared the results from the ANOVAs with their non-parametric
counterparts, we could also observe that there was no change in the significance level
between boys and girls for the additional tasks, i.e., the WST, the WCST, and the
LST. Table 19 and Table 20 show for male and female subjects separately that there
was a significant development in these tasks across grades. That is, boys and girls did

not differ in their development in these tasks.
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Table 19 The test statistics of the Kruskal-Wallis Test for the additional tasks for

boys
Word Wisconsin | Listening Span | Listening Span
Span Test | Card Sorting Test - level Test — absolute #
Test of correct items
Chi-Square 16,349 17,792 35,655 33,877
df 4 4 4 4
Asymp. Sig. ,003 ,001 ,000 ,000

Table 20 The test statistics of the Kruskal-Wallis Test for the additional tasks for

girls
Word Wisconsin | Listening Span | Listening Span
Span Test | Card Sorting Test - level Test — absolute #
Test of correct items
Chi-Square 10,521 17,732 40,088 36,516
df 4 4 4 4
Asymp. Sig. ,033 ,001 ,000 ,000

4.2.6 Discussion

The results revealed that children developed between the 1% and the 5t grade in the
additional memory tasks. Firstly, for the WST, children’s performance increased
linearly in this task, in line with Gathercole (1999). Generally, the boys showed
jumps between the first and the second classes and between the second and the third
classes. However, the girls developed more gradually and slowly than the boys.
Secondly, for the WCST, the increase was linear like for the WST. At the beginning,
boys seemed to obtain better results than girls but then in the later classes the girls
became better. Lastly, there was a step-wise development for the LST which
indicated that this kind of ability did not increase yearly; instead it developed for a
short period, then stabilized and then again developed (Gathercole, 1999). Although
the developmental patterns look somewhat different for boys and girls, overall, no
gender effect was found for any tasks. This means that for this age group, girls and

boys develop similarly.
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Furthermore, the correlations between the additional tasks were all significant.
Specifically, in the 1* and the 5t grade, the correlation between the WST and the
WCST was significant. This may hint at the underlying neuro-physiological and —
anatomical development, namely that at the beginning and at the end of the primary
school, the brain areas related with the WST and the WCST do develop but the LST
is stable. For the 2" and the 3™ graders, the relation between the WST and the LST is
important. That is, during 8-9 years of age, the LST starts to develop along with an
increase again in the WST. However, in the 4t grade, the development of all tasks

has stabilized so that no correlation would show.

4.3 Multiple regressions

The results of the multiple regression test revealed that only the WST can predict the
overall # of remembered items (the WST, t(100) = 3.434, p = .001, r = .414; the
WCST, t(100) = 1.681, p = .096, r = .310; the LST, t(100) = -.857, p = 394, r =

.194), when all predictors were entered at the same time.
The following table represents the correlations between the main task and the
additional tasks. The WST and WCST are most dominant, but, the LST is also

significantly related to the CFR-Test.

Table 21 The Pearson’s correlation table for the CFR-Test and the additional tasks

CFR-Test — total # of

recalled items

Pearson’s r Sign.
Word Span Test 414 ,000
Wisconsin Card Sorting Test ,310 ,001
Listening Span Test ,194 ,026
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In the multiple regressions, we used the WST, the WCST, and LST in one block. Our
predicted variable was the CFR-Test (the total # of recalled items). In this model (see
Table 22), the WST seems to explain all significant results for the main task. The
predictive power of the WSCT falls short of significance, although it is also highly
correlated with the CFR. However, the LST, although significantly correlated, fails
to predict the main task. One possible reason could be that both the WST and the
WCST explain one measure, i.e. the memory capacity or the executive functions.
However, the LST comprises both working memory functions. Therefore, one big
portion of the main task is explained by the WST and another smaller portion by the
WCST. The remaining part to be explained is now very small. Thus nothing is left
for the LST, indeed. Besides, the partial and the part correlations also indicate how
the overall variance of the main tasks is to be explained by the other tasks. The
partial and the part correlation for the WST did not drop significantly, while the
WCST lost half of its correlation. For the LST, the situation was even more dramatic,

1.e., it dropped to zero.

Table 22 The multiple regression results for the CFR-Test (total #of recalled items)
and the additional tasks

Correlations

Model B SE B [ Sig. Zero-order | Partial Part

1 Constant 2,321 ,691 ,001
Word Span Test ,668 ,194 ,375 ,001 414 ,329 ,313
\évc;‘:‘tf:g‘f‘r'gs?ard 032 019 190 ,096 310 168 153
Listening Span Test -
absolute # of correct -,029 ,034 -,099 ,394 ,194 -,087 -,078
items

Note R Square Change = .195 for Step 1.

The below collinearity table represents some data about the three additional tasks in
terms of their linear relatedness. In the table, the WST loads highly (92%) on a single
dimension, while the WCST loads highly (99%) on a different dimension. This
means that both the WST and the WCST can explain only one independent measure
separately which are the memory capacity and the executive functions, respectively.
However, the LST shares proportions with the other task and accumulates only 72%
on its own dimension. This underlines the somewhat hybrid character of the LST as a

measure of complex working memory.
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Table 23 The collinearity diagnostics results for the CFR-Test and the additional

tasks
Variance Proportions
Listening Span
Wisconsin Test - absolute
Condition Word Card Sorting # of correct

Model Dimension Eigenvalue Index Constant Span Test Test items
1 1 3,765 1,000 ,00 ,00 ,00 ,01

2 ,176 4,624 ,04 ,01 ,00 72

3 ,042 9,428 ,10 ,07 ,99 14

4 ,016 15,164 ,86 ,92 ,00 13

We also ran a stepwise multiple regressions in which we changed the order of tasks
so that now the WST would only be entered last. This time, there were three blocks

in the following order:

1. WCST
2. LST
3. WST

For the first block, we found that the WCST could explain the main task
significantly. However, when the second task, i.e., the LST, was entered in the
second block, the WCST lost some of its power, while the LST remained
insignificant. Lastly, in the third step, when the WST was introduced, it absorbed all
variance proportions possessed by the WCST and the LST before.

Table 24 The multiple regression results for the CFR-Test and the additional tasks
(with a different blocking order)

Model B SEB ] Sig.

1 Constant 4178 447 ,000
Wisconsin Card Sorting Test ,053 ,016 ,310 ,002

2 Constant 4,186 ,450 ,000
Wisconsin Card Sorting Test ,049 ,019 ,291 ,013
LST - absolute # of correct items ,010 ,034 ,034 , 765

3 Constant 2,321 ,691 ,001
Wisconsin Card Sorting Test ,032 ,019 ,190 ,096
LST - absolute # of correct items -,029 ,034 -,099 ,394
Word Span Test ,668 ,194 ,375 ,001

Note R Square Change = .096 for Step 1; R Square Change = .001 for Step 2; R Square Change = .
098 for Step 3.
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Additionally, we changed the predicted value to the absolute order of items in the
multiple regressions. We did this in order to find out whether different working
memory factors would underlie serial working memory as compared to the overall
working memory capacity. Table 25 shows the correlations between the predicted
value and the other tasks. Now, the LST turned out to be the most powerful predictor
of the main task. Then, it was followed by the WCST and the WST. The reason for
this outcome might be that the absolute order of items factor includes an executive
part. Because it does not just require keeping the information in the memory, it also
demands manipulation of information. Since the LST includes both the storage of the
information and the maintaining the information, the absolute order of items factor

went along with the results of the LST.

Table 25 The Pearson’s correlation table for the CFR-Test (the absolute order of
items) and the additional tasks

CFR-Test — absolute order

of items

Pearson’s r Sign.
Word Span Test ,208 ,019
Wisconsin Card Sorting Test ,262 ,004
Listening Span Test ,319 ,001

Also, the multiple regressions table supports the significance of the LST as a
predictor of serial working memory. It was the LST which was (marginally)
significant. For the partial and the part correlations, both the values for the WST and
the WCST disappeared while for the LST it was still strong.
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Table 26 The multiple regression results for the CFR-Test (the absolute order of
items) and the additional tasks

Correlations

Model B SE B [ Sig.  Kero-order| Partial Part

1 Constant ,026 ,595 ,966
Word Span Test ,049 ,168 ,034 ,770 ,208 ,030 ,028
Wisconsin Card Sorting ,016 ,016 ,116 ,329 ,262 ,099 ,094

Listening Span Test -
absolute # of correct ite]

Note R Square Change = .113 for Step 1.

,057 ,029 ,238 ,053 319 ,195 ,188

Lastly, more specifically, in grade 1, just the WST can predict the result of the
Category Test (total # of recalled items). In the other grades, none of the tests can

predict the main test (see Table 27).

Table 27 Multiple regression results for the additional tasks

WST WCST LST

r Sign. r Sign. r Sign.

Grade 1 |.674 017* 480 5200 217 948
Grade 2 | .210 188 -263 391 -.171 286
Grade3 |-309 .152 .104 836 -.052 422
Grade4 |-.018  .858 062 865  .097 .682
Grade 5 | .355 .076 -.048 346 -172 430

4.3.1 Discussion

According to the results of the multiple regressions only the WST could significantly
predict the main task, in terms of the total # of recalled items. Since both the WST
and the CFR-Test relied on overall memory capacity, the influence of the WST on
the CFR-Test was easily predictable. Other than this, not only the WCST but also the
LST could predict the main task. However, since the underlying mechanisms of these
tasks differ somewhat, the effects disappear when the other tasks come into play -
only the WST still could predict the main task. The executive functions are measured
by the WCST but the LST is not just a measure of the executive functions but also of
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the memory capacity. Therefore, since some common resources were shared by the
different tasks, when all 3 experiments were entered into the multiple regressions,
they could not explain the main task better as each single one could do in a simple
linear regression. It turned out that the WST had the strongest predictive ability

overall.

When the criterion was changed, namely, when the absolute order of items was to be
predicted, all tasks were significantly correlated with the criterion, again. However,
this time the LST became the most important one in the hierarchy. Since the ability
to store items in mind serially needs manipulation of information in memory, it does
require not only memory capacity but also some executive functions. Among the
additional tasks, the LST shared variance with the WCST on executive functioning
as well as with the WST on memory capacity. This underlines its hybrid character as

a measure of complex working memory.

4.4 Teacher-related measures

We also asked some additional questions to the teachers of the subjects. We had a 5-
point scale (very low - low — medium - good - very good) for teachers to score the
related questions for the students (see Table 28 for the descriptive statistics). The
questions are the following ones (see Appendix C for the questionnaire):

1. How intelligent do you consider the student?

2. How well can the student memorize?

3. How well can the student understand a given topic?

4

How efficiently can the student use his/her own language?

According to the results of Tillman et al. (2008), all four components — verbal- and
visuospatial short-term storage and verbal- and visuospatial executive processes - of
the working memory were found to be strongly and independently related with
intelligence. Thus, it means that both the storage and the executive processes of the
working memory are related to the intelligence of the children. Therefore, we could

compare the test results with the teachers’ ratings of the children’s intelligence.
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The judgments of the teachers on the children’s performances could, of course, not
be considered as the objective measures of their intelligence. Thus, it is possible to
get insignificant correlation between the judgments and the memory task results

since the teachers have only an intuitive access to intelligence.
Both descriptive statistics and the Pearson’s and Spearman’s correlation table are
shown in Table 29. All the measures seem to be highly redundant. Therefore, we will

only focus on the “intelligence” measure in the future.

Table 28 Descriptive statistics for the teachers’ opinions

Mean S.D.
Teacher’s opinion 1 — “intelligence” 3,46 911
Teacher’s opinion 2 — “memory” 3,43 ,909
Teacher’s opinion 3 — “understanding” 3,47 923
Teacher’s opinion 4 — “language” 3,34 ,852

Table 29 Pearson’s and Spearman’s correlation table for the teachers’ opinions

Pearson’s r Spearman’s rho

Mem. | Und. Lang. | Mem. | Und. Lang.
Intelligence ,802%% | BAQ** | 754%* | 55** | Q5TH* | T49%*
Memory ,189%* | T56%** ,804%% | 745%*
Understanding ,178%* ,8017%*

We looked further for the correlations between the main task and the “intelligence”
measure. Table 30-34 represents these correlations for intelligence*overall number
of remembered items, intelligence* absolute order of items & lists, intelligence*all

additional memory tasks (the WST, the WCST, the LST).

As can be seen from the below table that there was a zero or slightly negative but
insignificant correlation between the overall number of remembered items and the
teacher’s evaluation of “intelligence” (Pearson’s r = -.023, p = .817; Spearman’s rho
=-.114, p = .255).
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Table 30 Pearson’s and Spearman’s correlation table for intelligence and overall
number of remembered items

CFR-Test — total #of recalled items

Pearson’s r | Sign. Spearman’s rho | Sign.

Intelligence -,023 ,817 -,114 ,255

The correlation between absolute order of items & lists and the intelligence was not

significant either (Pearson’s r = .158, p = .114; Spearman’s rtho = .157, p = .117).

Table 31 Pearson’s and Spearman’s correlation table for intelligence and absolute
order of items & lists

CFR-Test — absolute order of items&lists

Pearson’sr | Sign. Spearman’s rho | Sign.

Intelligence ,158 ,114 ,157 117

For the additional tasks, only the correlation between the WCST and the teachers’
rating of intelligence was significant (Pearson’s r = .212, p = .033; Spearmen’s r =
199, p = .046). However, the correlation for the WST (Pearson’s r = .180, p = .072;
Spearman’s rho = .156, p = .120) and the LST (Pearson’s r = .179, p = .074;

2

Spearman’s tho = .174, p = .082) were not significant (see Table 32-34).

Table 32 Pearson’s and Spearman’s correlation table for intelligence and the WST

Word Span Test
Pearson’sr | Sign. Spearman’s rho | Sign.
Intelligence ,180 ,072 ,156 ,120
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Table 33 Pearson’s and Spearman’s correlation table for intelligence and the WCST

Wisconsin Card Sorting Test

Pearson’sr | Sign. Spearman’s rho | Sign.

Intelligence 212 ,033%* ,199 ,046%*

Table 34 Pearson’s and Spearman’s correlation table for intelligence and the LST

Listening Span Test
Pearson’sr | Sign. Spearman’s rho | Sign.
Intelligence ,179 ,074 ,174 ,082

Finally, we computed the correlation between the overall remembered items * the
additional memory tasks and absolute order of items & lists * the additional memory
tasks with and without the controlling for the variable “intelligence”. For the
interaction between the overall remembered items * the additional memory tasks,
except the LST (Pearson’s r = .194, p = .052; Spearmen’s r = .221, p = .026), all
additional tests were highly correlated with the overall remembered items (the WST,
Pearson’s r = .414, p = .000; Spearmen’s r = .288, p = .004; the WCST, Pearson’s r =
310, p =.002; Spearmen’s r = .205, p = .040) (see Table 35).

Table 35 Pearson’s and Spearman’s correlation table for the overall remembered
items and the additional memory tasks

CFR-Test — total #of recalled items

Pearson’sr | Sign. Spearman’s rho | Sign.
WST A14%* ,000 ,288%* ,004
WCST | ,310** ,002 ,205°%* ,040
LST ,194 ,052 221% ,026

For the interaction between the absolute order of items & lists * the additional
memory tasks, except the WCST (Pearson’s r = .211, p = .034; Spearmen’s r = .177,
p = .076), all additional tests were highly correlated with the absolute order of items
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& lists (the WST, Pearson’s r = .236, p = .018; Spearman’s rho = .208, p = .037; the
LST, Pearson’s r = .214, p = .031; Spearman’s rho = .261, p = .008) (see Table 36).

Table 36 Pearson’s and Spearman’s correlation table for the absolute order of items
& lists and the additional memory tasks

CFR-Test — absolute order of items&lists

Pearson’s r | Sign. Spearman’s rho | Sign.
WST ,236%* ,018 ,208%** ,037
WCST | ,221** ,034 177 ,076
LST ,214%* ,031 ,261%* ,008

For the partial correlations, we first controlled for the “intelligence” while correlating
for the overall remembered items & lists * the additional memory tasks. As shown in
Table 37, there was no significant change in the correlation values. The correlation
between the LST and the main task, however, was significant this time (r = .201, p =
.045). The other tasks were again significantly correlated with the main task (the

WST, r = .425, p = .000; the WCST, r = .322, p = .001).

Secondly, we controlled for the “intelligence” while correlating for the absolute
order of items & lists * the additional memory tasks. The partial correlation table,
shown in Table 37, reflects similar results as in Table 35 and Table 36. The
correlation between the WCST and the absolute order of items & lists was
insignificant (r = .184, p = .067). Still, the other tasks were highly significantly
correlated with the main task (the WST, r = .213, p = .033; the LST, r = .279, p =
.005).

To conclude, we can say that controlling for “intelligence” does not change the

correlations.
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Table 37 Partial correlation table for the absolute order of items & lists * total #of
recalled items and the additional memory tasks controlling for the intelligence

Intelligence

WST WCST LST

Corr. | Sign. | Corr. Sign. | Corr. | Sign.

CFR-Test — absolute | ,213* | ,033 , 184 ,067 ,279*%* | 005
order of items&lists

CFR-Test — total #of | ,425** | ,000 | ,322%* ,001 ,201% 1,045

recalled items

WST A444%* 1000 ,A487** 1,000

WCST ,530%* | ,000

4.4.1 Discussion

Overall, the teacher-related measures were significantly correlated with each other.
This might be due to the fact that the judgments of the teachers on these questions
covered the general performance of each child in the class. Thus, separating the
general performance of the child into different categories like intelligence, memory,
etc. was not very helpful, indeed. Also, the subjectivity of the teachers might have an

effect on these judgments.

Furthermore, the correlation between the intelligence measure and the total # of
recalled items (also the absolute order of items) was insignificant. Thus, it seemed
that these measures were not investigating the actual memory capacity in children.
However, when the additional tasks came into play, then for the WCST a significant
correlation was found. Therefore, what the teachers could judge in their students
might be related to the simple executive functions (not the harder and more complex
functions as measured in the LST). Since the children were 1% — 5 graders, their
elementary executive memory capacity might have developed already while the more

complex functions, which the teachers are not able to judge, are still developing.
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Moreover, controlling for teacher’s judgments of “intelligence” did not change the
results for any task. Thus, this also indicated that the teacher-related measures did not
tap the crucial components of memory such as working memory capacity; rather,
they covered very basic opinions of the teachers about the cognitive ability of their

students.

4.4 Relations between Socio-Economic Factors and the CFR-Test as

well as the Additional Tasks

To assess the relation and possible influence of socio-economic factors on all tasks,
data on the education level of the father, father’s occupation, the marriage status of
the parents, the number of siblings of the pupil, and the order of birth were collected
for each subject (see Appendix C for the questionnaire). Education level and
occupation of the mother did not vary within the overall sample. Mothers had
predominantly primary school education and were housewives. Therefore, these
variables were not taken into consideration. However, for fathers these two variables
showed sufficient variation as to be used as a predictor in the subsequent correlation

and multiple regression analyses.

The education level of the father was coded as follows:
1. none
2. primary school
3. secondary school
4. high school
5. university

The father’s occupation was coded as follows:

—

no job

farmer

worker
worker-abroad
tradesman

civil servant

o

other
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The marriage status of the parents was coded as follows.
1. married, living together
2. divorced

3. married, father working abroad

In an attempt to find out whether these socio-economical and family variables are
related and possibly have an impact on the memory performance of the subjects,
correlations and subsequently, multiple regressions were run with the former

variables as predictors and the latter variables as dependent variables.

In multiple regressions, the set of independent variables were organized into three
blocks, serving as regression models:
I. the education level of the father and father’s occupation
II. the marriage status of the parents

ITI. the number of siblings or the order of birth

Within the first model (block), the two predictors were entered simultaneously
(“Enter” method). Within the third model (block), we either chose “number of
siblings” or “order of birth” but never both together, in order to avoid any
confounding). Since both the education level of father and father’s education are the
main factors that influence the results of the tests, they were chosen as the first block
members. For the next block, the marriage status has the secondary importance since
there are several factors that interfere with the marriage status of the family. Thus, it
cannot be easily analyzed. Lastly, both the number of siblings factor and the birth

order factor are the sub-factors inside the general family factors.

The following tables represent the results of the correlations and multiple regressions

between all tasks and the socio-economic and family factors separately.

In the multiple regression tables, B represents the regression coefficient (slope of the
line) which predicts the change in dependent variable and S.E. B. shows the standard
deviation value for the regression coefficient. The beta value reflects the strength of

each predictor over the predicted value. The constant value for each variable
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indicates the Y-intercept of the regression function. R Square Change represents the

strength between the predictor variable and the criterion variable.

Firstly, it turned out that the socio-economic and family variables were not related to
the CFR-Test (see Table 38, all multiple regression results for the CFR-Test were
insignificant and are therefore not reported). The main task just required the short-
term memory of the participant, i.e., they should listen to the 12 words and remember
them in order. Therefore, it might be inferred that no socio-economic factor play a

role in such an experiment.

Table 38 Pearson’s correlation table for the CFR-Test and socio-economic factors

Categorical Free Recall Test

Pearson’s r Sign.
The education level of the father -,026 ,398
The father’s occupation -,001 ,496
Married or divorced or abroad -,071 ,240
The number of siblings 115 ,125
The order of birth ,083 ,204

However, the WST was related to two factors, namely, the education level of the
father and father’s occupation (see Table 39). Since all mother-related factors were
constant, we may assume that the factors like the education level and the occupation
of the father had some effects on the WST performance. Similarly, Bjerkedal (2007,
p.510) also studied the influence of parental education level, however, not the
father’s but the mother’s education level. He indicated that “The mean of
standardized scores for GA (“general ability” score indicating general intellectual
score, addition by G.U.) of second born men was significantly lower than the mean
of scores for first born for all levels of mother's education.” However, this study was
just performed with young Norwegian men. Therefore, these results cannot be

directly compared with ours.
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One of the effects might be that during school years the increase of the children's

vocabularies is fostered by the educational level of the father. Since the education

level is directly related with one’s vocabulary size, those children with fathers having

a high education level may get better results than others. The other factor was the

father’s occupation which reflects the family income (since all mothers were

housewives). The significant correlation between this factor and the WST indicated

that the father’s job was related to the vocabulary size of the children —probably

because of different social environments due to the different occupations of fathers.

In addition to these correlative relations, the result of multiple regressions supported

the effect of the father’s occupation.

Table 39 Pearson’s correlation table for the WST and socio-economic factors

Word Span Test

The education level of the father
The father’s occupation
Married or divorced or abroad

The number of siblings
The order of birth

,167
,230
,015
,122
-,029

Pearson’s r

Sign.
048
,010%*
440
,113
,387

Table 40 Multiple regression results for the WST and socio-economic factors

Model B SEB R
Step 2 Constant 3,317 ,346

The father's occupation ,130 ,065 0,221*
Step 3 Constant 3,013 415

The father's occupation ,129 ,065 0,220*

Note R Square Change = .003 for Step 2; R Square Change = .016 for Step 3, *p = .050.

The results of the WCST were affected by two other factors, namely the marriage

status of the parents and the number of siblings of the participants (see Table 41). If

the father of the child is out of city or country for a long time or the parents were
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divorced, then the performance of the child drops significantly. Therefore, it is
beneficial to live together with both mother and father according to the negative
correlation of marriage status. The number of siblings was positively correlated with
the WCST, i.e., if one has more siblings then one performs better than others with
fewer siblings. One possible reason might be that the number of brothers/sisters
creates more communication between siblings so that experiments like the WCST
may be positively affected by such relations. Likewise, the result of multiple
regressions revealed that the marriage status of the parents and the number of

siblings were important.

Table 41 Pearson’s correlation table for the WCST and socio-economic factors

Wisconsin Card Sorting Test

Pearson’s r Sign.
The education level of the father ,120 ,116
The father’s occupation -,058 ,282
Married or divorced or abroad -,256 ,005%*
The number of siblings ,295 ,001**
The order of birth ,102 ,154

Table 42 Multiple regression results for the WCST and socio-economic factors

Model B SE B [
Step 2 Constant 26,853 3,617
Together or divorced or abroad -2,841 1,209 -0,249*
Step 3 Constant 19,531 4,170
Together or divorced or abroad -2,725 1,157 -0,239*
The number of siblings 1,950 ,619 0,294*

Note R Square Change = .053 for Step 2; R Square Change = .086 for Step 3, *p < .050.

Lastly, there were three factors regarding the LST results: the education level of the
father, the number of siblings and the order of birth (see Table 43). The effect of the
new factor — the order of birth— can be interpreted such that younger siblings should

listen to the order of the older ones and older ones can give commands to the
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younger ones. If you are younger then you learn to execute the various commands of

the older siblings. So the communications with you and your siblings would help you

in such tasks. Similarly, the multiple regression results show the same results with

the correlations (see Table 44 and 45).

Table 43 Pearson’s correlation table for the LST and socio-economic factors

Listening Span Test

The education level of the father

The father’s occupation

Married or divorced or abroad

The number of siblings

The order of birth

Pearson’s r

,293
,139

-,102

,314
,184

Sign.
,001%*
,082
,156
,001**
,033%*

Table 44 Multiple regression results for the LST and socio-economic factors
(number of siblings)

Model B SE B R
Step 1 Constant 1,902 1,901
The education level of the father 2,348 ,857 0,276*
Step 2 Constant 2,883 2,063
The education level of the father 2,157 ,869 0,253*
Step 3 Constant -1,801 2,347
The education level of the father 2,302 ,822 0,270*
The number of siblings 1,247 ,349 0,325*

Note R Square = .089 for Step 1; R Square Change = .014 for Step 2;
R Square Change = .106 for Step 3, *p < .050.
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Table 45 Multiple regression results for the LST and socio-economic factors (order

of birth)

Model B SE B K
Step 1 Constant 1,902 1,901

The education level of the father 2,348 ,857 0,276*
Step 2 Constant 2,883 2,063

The education level of the father 2,157 ,869 0,253*
Step 3 Constant 1,094 2,189

The education level of the father 2,299 ,856 0,270*

Birth order of the subject ,653 ,303 0,204*

Note R Square = .089 for Step 1; R Square Change = .014 for Step 2;
R Square Change = .041 for Step 3, *p <.050.

4.4.1 Gender effect

We also looked for a gender effect regarding the socio-economic effects. Firstly,
there was no significant difference between girls and boys according to the CFR-Test
(see Table 49 and 50), as evidenced by the insignificant correlations and the multiple
regressions. However, for the boys, the number of siblings affected their
performance. Importantly, there were negative relation for girls and positive relation
for boys. Thus, taken together, there arose big difference between girls and boys in
this respect. One possible reason for this might be that in small villages like in
Yozgat, girls are somewhat limited in their mobility as they grow up, and this may
influence their development. Girls are frequently forced to stay with their mothers at
home, do housework, etc. However, boys can free to roam around the village, play
till midnight. Also, if a boy has several siblings, then he can take advantage of their
environment, friends, physical strength, etc. in order to become stronger among his
own friends. However, girls cannot take the advantage of having several siblings
since her freedom is more restricted. Thus, the number of siblings factor may have a
relation to “executive function” that plays role when a child’s mobility is limited or
not. In other words, if a child is not allowed to express and act according to his/her

own wishes, his/her executive functions might become repressed.
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Table 46 Pearson’s correlation table for the CFR-Test and socio-economic factors

for girls

Categorical Free Recall Test

Pearson’s r Sign.
The education level of the father -,083 ,287
The father’s occupation ,048 ,372
Married or divorced or abroad ,083 ,288
The number of siblings -,218 ,068
The order of birth -,103 ,242

Table 47 Pearson’s correlation table for the CFR-Test and socio-economic factors

for boys

Categorical Free Recall Test

Pearson’s r Sign.
The education level of the father ,006 ,483
The father’s occupation -,069 ,312
Married or divorced or abroad -,202 ,074
The number of siblings ,246 ,038**
The order of birth ,185 ,092

For the WST, the effect of the education level of the father disappeared for boys (see
Table 49). However, it was still valid for girls (see Table 48). This may be due to the
fact that girls are more “verbal” than boys, so they profit more from the influence of
their fathers. In a literature review, Cicirelli (1978) also indicated that generally girls
were better on verbal abilities than boys. Having found a positive relation between
father’s occupation and the WST, this result supports the view that fathers'

occupation is related much more to girls’ vocabularies than boys’.
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Table 48 Pearson’s correlation table for the WST and socio-economic factors for

girls

Word Span Test

The education level of the father
The father’s occupation
Married or divorced or abroad
The number of siblings

The order of birth

Pearson’s r
,191

,264

,054

,001

-,029

Sign.
,096
,035%*
,358
,498
,387

Table 49 Pearson’s correlation table for the WST and socio-economic factors for

boys

Word Span Test

The education level of the father
The father’s occupation
Married or divorced or abroad
The number of siblings

The order of birth

Pearson’s r

,147
,179
-,033
,168
-,195

Sign.
,147
,100
,406
115
,092

The WCST results were also affected by gender. Generally boys show the same

pattern as the whole sample, i.e., their performance covaries with the marriage status

of the parents and the number of siblings. However, this time the girls' performance

was not under the influence of the marriage status of their parents and the number of

their siblings. One possible reason for this situation might be that boys usually need a

father figure in their family, i.e., a father maintains the “executive function” in a

Turkish family. Since boys may need a role model for executive functions (father)

and if this figure is away, their own executive functioning would be impaired.

However, girls were not significantly affected by their parent’s marriage status. Also,

boys profited more from their siblings than girls did. As Irish (1964, as cited
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Cicirelli, 1978, p. 365) reported “Siblings may serve as role models for one another,
particularly may the younger observe the other siblings of the same sex. They can
serve as challengers and stimulators” (p.282). Therefore, girls may have developed
some strategies for distancing themselves from their siblings so that they may grow
up more independently, however, they also do not profit from their siblings as much
as the boys do. Moreover, some of the large-scale studies revealed that if the size of
the family increases, the cognitive ability and achievement decreases (Cicirelli,
1978). Our results, however, provide counter-evidence to this negative relation:
generally, the relation between the WCST and the number of siblings is positive, in

particular for the boys.

Table 50 Pearson’s correlation table for the WCST and socio-economic factors for

girls

Wisconsin Card Sorting Test

Pearson’s r Sign.
The education level of the father ,199 ,088
The father’s occupation ,008 ,254
Married or divorced or abroad -,155 ,146
The number of siblings ,109 ,231
The order of birth -,047 ,154

Table 51 Pearson’s correlation table for the WCST and socio-economic factors for

boys

Wisconsin Card Sorting Test

Pearson’s r Sign.
The education level of the father ,073 ,303
The father’s occupation -,182 ,096
Married or divorced or abroad -,339 ,007%*
The number of siblings ,384 ,002%*
The order of birth ,182 ,376
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For the LST, boys showed the same pattern as the general one, i.e., their performance
covaried with the father's education level, number of siblings and birth order.
However, again, the effects of number of siblings’ and order of birth disappeared for
girls. Both gender groups profited from the education level of their father. Moreover,
when the numbers of sibling increases, boys profit from their siblings much more
than girls, like in the WCST. Besides, boys’ test results were better if they were the
youngest of the family. Thus, the status of being “abi” (older brother) does not help
much for this kind of test’s performance. In a classical Turkish family, the oldest one
is socially very much appreciated and the younger siblings have the lower status in
hierarchy. At the same time, the intellectual capacities are inversely correlated to the
birth order: the older boys perform less well than the younger boys. This seems to
indicate that social rank and intellectual ability as measured in the LST are inversely
related: as “abi” you don't have to do much, whereas as “youngest one” you have to
make great intellectual efforts or you have to serve your older siblings more (for
which you also need more intellectual resources) to get around in the family. This

may differ between city to country-side, however.

However, the order of birth effect did not show up for girls. Since little girls are
generally treated as little, cute, non-aggressive children, they might not want to
behave competitively. Therefore this sisterly manner towards the other siblings may

prevent triggering the order of birth effect for girls.

Table 52 Pearson’s correlation table for the LST and socio-economic factors for girls

Listening Span Test

Pearson’s r Sign.
The education level of the father ,305 ,018**
The father’s occupation ,234 ,055
Married or divorced or abroad -,014 ,463
The number of siblings ,228 ,059
The order of birth ,067 ,325
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Table 53 Pearson’s correlation table for the LST and socio-economic factors for
boys

Listening Span Test

The education level of the father
The father’s occupation
Married or divorced or abroad
The number of siblings

The order of birth

283
,038
-,192
379
273

Pearson’s r

Sign.
,020%*
,394
,085
,003%*
L0247

In total, for the gender effect, only three

multiple regressions were found to be

significant. One of them was the WCST for boys. As the correlation table indicates

(see Table 51), the number of siblings — but not the marriage status of the parents—

affected the results.

Table 54 Multiple regression results for the WCST and socio-economic factors for

boys
Model B SEB R
Step 3 Constant 19,246 6,320
The number of siblings 2,345 877 0,344*

Note R Square Change = .113 for Step 3, *p < .050.

Lastly, there were two significant multiple regressions results but just for boys and

for the LST. These outcomes were also supported by the correlation tables.

86



Table 55 Multiple regression results for the LST and socio-economic factors for

boys (order of birth)
Model B SE B R
Step 1 Constant 2,711 2,561
The education level of the father 2,796 1,270 0,332*
Step 3 Constant 1,378 2,965
The education level of the father 2,536 1,254 0,301*
Birth order of the subject ,808 ,387 0,274*

Note R Square Change = .090 for Step 1; R Square Change = .073 for Step 3, *p <.050

Table 56 Multiple regression results for the LST and socio-economic factors for
boys (the number of siblings)

Model B SEB 3
Step 1 Constant 2,711 2,561
The education level of the father 2,796 1,270 ,332
Step 3 Constant -1,605 3,130
The education level of the father 2,595 1,195 ,308
The number of siblings 1,351 434 ,393

Note R Square Change = .030 for Step 2; R Square Change = .148 for Step 3, *p < .050.

To sum up, The CFR-Test seemed not to be affected by all socio-economic factors
and the gender factor. Only the boys were affected by the number of siblings which
may be due to the fact that, in small villages, boys profit from their siblings and
become more socialized. The WST was affected by both the education level of father
and the occupation of the father and the gender factor. Since the WST just requires
the memory capacity, the education level of father predictably affected the test
results positively. However, it was just the girls who were affected by the occupation
of the father. Because girls generally are found to be better on verbal abilities than
boys, girls may take more advantage of their father’s occupation than boys. For the
WCST, girls did not display any socio-economic effect. What made the significant
difference for the marriage status of the parents and the number of siblings factor for
the whole group were the boys. Since the boys may need a father figure during this

age period, those parental issues would affect the boys more than the girls. Lastly,
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the LST also showed the gender effect. Only the education level of father factor
affected both girls and boys because the task requires both the storage and the
manipulation of information and that can probably be supplied better by educated
parents. Like in the CFR-Test and the WCST, boys were influenced by the number
of siblings’ factor. Additionally, this time the birth order positively influenced the
boys. That is, the younger the boy, the better results for the LST. The reason for this
might be that when a young boy joins the family, he might enter into a stimulating
competition with his elder siblings. Thus, these competitive feelings might trigger the

better outcomes in favor of the youngest boy.

To conclude, all these external influences related to socio-economic and family
factors are probabilistic, they are not necessarily causal, or their causal direction is
not always easy to determine. In the multiple regressions, however, we tried to work
towards a better understanding of some of the causal links. Overall, boys and girls
did not differ in intellectual capacity — they were on the same level in all memory
tasks but they differed in the susceptibility towards such external influences. One
important constraint of the study was the mother-related variables. They did not
show up here because all mothers had the same status. However, they may influence
the results. Further studies should be carried out in different parts of Turkey with a

different socio-economic profile, namely with some urban population of Turkey.
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CHAPTER 5

RESULTS (ADULTS)

5.1 The CFR-Test

5.1.1 Overall memory performance

According to the Kolmogorov-Smirnov Test and Shapiro-Wilk Test (p < .05), the

data are non-normally distributed. Therefore non-parametric tests were used.

For the CFR-Test, the mean values, median, and standard deviation scores are shown

in Table 57. Overall, from a 12-word list, adults remembered about 9 words.

Table 57 Descriptive statistics for the main task (adults)

items&lists

Mean | S.D. Median
CFR-Test — absolute order of items 4,70 2,452 4,00
CFR-Test — absolute order of 7,45 2,685 6,00
items&lists
CFR-Test — relative order of items 6,90 2,732 6,50
CFR-Test — relative order of 9,65 3,117 9,50
items&lists
CFR-Test — total # of recalled items 9,10 1,861 9,00
CFR-Test — total # of recalled 11,95 2,139 12,00
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We also separated the results of all tests according to the independent variable
gender. For male and female students, the test statistics for the main task are shown
in Figure 27. There was a significant difference between the results of the total
number of remembered items (Z = -2.203, p = .031) and the total number of
remembered items & lists (Z = -2.236, p = .025). That is, female students had M =
9.91, SD = 1.640 and U = 11 and male students had M =8.11, SD =1.691 and U =9
on the total #of recalled items. Also, female students had M = 12.91, SD = 1.640 and
U = 14 and male students had M = 10.78, SD = 2.167 and U = 12 on the total #of
recalled items&lists. In Figure 27, the significant difference between two genders can

be observed in terms of total #of recalled items and total #of recalled itemsé&lists.

CFR-Test Results
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Figure 27 CFR-Test Results for the adult group of female and male students

5.1.2 Release from proactive interference

Overall, for the first category switch, there is no significant change in the number of
remembered items between the last item of the first category and the first item of the
second category. (32(1) = 1,905, p = .150). For the 2" category switch, that is, for
the last item of the second category and the first item of the last category, the RPI is
non-significant either (y2(1) = .960, p = .257).

The frequencies of the overall remembered items are shown in Figure 28 below. The

insignificant levels of category shifts are indicated accordingly.
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Figure 28 The absolute number of recalled items for the main task for the adult
group

Interestingly, the RPI shows up at the 2™ item of the new category. Therefore, we
tested the significance values between the last item of the 1% category and the 2™
item of the second category (item 4 and item 6) and the last item of the nd category

and the 2™ item of the last category (item 8 and item 10). As expected, both these
two shifts were significant (t (19) =-3.199, p =.005, and t (19) = -2.349, p =.030).

In general, the RPI effect could not be observed but a “delayed RPI effect” emerged
when the 2™ items of the second and the third categories were taken into

consideration.

5.1.2.1 Release from proactive interference and gender effect

There were no significant differences in the RPI between male and female students.
For female students, the 1% change and the 2™ change were not significant (1
change, x2(1) = .917, p = .318; 2™ change, x2(1) = 1,222, p = .293). Similarly, for
male students the two shifts were insignificant (1 change, y2(1) = .277, p = .500; 2™
change, ¥2(1) =.234, p =.500).

When the delayed shifts which occurred between ¢l 4 & ¢2 2 and ¢2 4 & ¢3 2

were examined, significant differences resulted between female and male subjects.
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Namely, the first shift was significant for the female subjects (t (10) = -2.390, p =
.038), and the second shift was significant for the male subjects (t (8) = -2.530, p =
.035) according to the Paired Samples Test results. Therefore, it was the female
subjects who showed the RPI effect for the first (delayed) category shift and it was
the male subjects who showed the RPI effect for the second (delayed) category shift.

It can be concluded that there was no overall gender effect in the adult sample.
However, gender effects occurred when the “delayed RPI effect” was taken into
account. That is, the 1 shift was primarily because of the female subjects and the 2™

shift because of the male subjects.

5.1.3 False memories

In the adult group, there were just 3 subjects showing false memories and the
numbers of false memories were 4. That is, nearly none of the subjects uttered

incorrect words during the CFR-Test.

5.1.4 Analyzing the CFR-Test with ANOVA

5.1.4.1 Category, item, and gender interactions

The interactions between categories (3), items (4 for each category), and gender (2)
were examined with ANOVA (for the mean table see Table 70 in Appendix D). As a
between subjects factor gender was used and category & item were within subject
factors. According to ANOVA results, category and item effects were significant (F
(2, 20) = 9,748, p < .001; F (3, 20) = 8,184, p < .001). However, the interaction
between item and gender, category and item, and item*category*gender were
insignificant (F (3, 20) = .189, p = .903; F (6, 20) = .994, p = .433; F (6, 20) = 1.233,
p=.295).

The adult subjects mainly showed both a category and item effect but did not display

the interaction effect between the category and the item.
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5.1.4.2 Gender effect for the main task

For the main task, two different measures were examined in order to asses the gender
effect. The dependent variables were the overall number of remembered items and
the absolute order of items & lists; and gender was used as between subject factor.
Gender has no effect on the absolute order of items & lists (F (1, 20) = 2.474, p =
.133). On the contrary, the total #of recalled items was significantly affected by
gender (F (1, 20) = 5.784, p = .027). That is, female subjects (M = 9.91, SD = 1.640)

remembered significantly more items than male subjects (M = 8.11, SD = 1.691).

In general, there was a significant gender difference in favor of the female subjects.

5.2 Additional memory tasks

The descriptive statistics for the additional tasks for the adults group are given in
Table 58 below. Specifically, the results for the WST were 5 or higher for the adults.
Also, all subjects have the highest level in the WCST, i.e. 6. For the Reading Span
Test, the mean value for the level was 2.6 and most of the subjects’ score were

between 2 and 3.

Table 58 Descriptive statistics for the additional tasks (adults)

Mean S.D. Median
Word Span Test 3,675 335 3,50
Wisconsin Card Sorting Test 6,00 ,000 6,00
Reading Span Test — level 2,60 447 2,50
Reading Span Test — absolute # of 13,40 3,185 13,00
correct items

93




5.2.1 The Reading Span Test

Since the Reading Span Test is a complex measure and newly developed, we also
carried out some further statistics to understand this test better. Firstly, the
correlation between the total reading time of the subject and the results of the test
was examined. It was found that the total reading time had no relation with the
Reading Span Test results, neither with the level nor with the absolute number of

remembered items (see Table 59).

Table 59 Pearson’s and Spearman’s correlation table for the total reading time and
the Reading Span Test

Total reading time

Pearson’s r | Sign. Spearman’s rho | Sign.
RST —level -,021 ,929 ,102 ,670
RST — absolute #of | ,035 ,884 ,131 ,583
correct items

In the Reading Span Test, there were some subjects who tended to say “yes” for most
of the sentences. We thought that there might be some effect of this “yes bias” on the
results of the Reading Span Test. Therefore, we examined the correlation between
the “yes bias of the subject” and the Reading Span Test scores. Again, there were no

significant correlations (see Table 60).

Table 60 Pearson’s and Spearman’s correlation table for the yes bias of the subject
and Reading Span Test scores

Yes bias of the subject

Pearson’sr | Sign. Spearman’s rho | Sign.
RST —level ,225 ,340 ,259 ,270
RST - absolute #of | ,056 ,814 ,260 ,269
correct items
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Overall, it was found that both the total reading time and the yes bias of the subjects
did not significantly affect the RST results.

Lastly, in the RST, the adults may have cheated in answering the questions faithfully
because the performance of some subjects was very low. Therefore, the adult sample
was separated in two groups. The criterion for successful performance was set at
85% (and above). Thus, we checked the differences between the successful sample
(Just 6 out of 20 subjects were above this criterion) and the non-successful sample
(14 subjects) considering this criterion. We found no significant difference between
these two samples. Further we omitted the non-successful subjects from the tasks and
checked the differences between this new sample and the original sample. Again, we
found no significant difference between these two samples. Consequently, it can be
concluded that the results did not change because of the low performance of some

unreliable subjects in the task.

5.2.3 Correlations between the tasks

The correlations between the additional tasks were also examined. Since all subjects
had the same results for the WCST, it was excluded from the correlations. Therefore,
only the correlation between the WST and the Reading Span Test was assessed.
However, these two tests were not significantly correlated with each other in the

adult group (see Table 61).

Table 61 Pearson’s and Spearman correlation table for the WST and the Reading
Span Test for the adult group

Reading Span Test
Pearson’sr | Sign. Spearman’s rho | Sign.
Word Span Test ,228 ,333 ,242 ,305

To summarize, no significant correlation between the additional tasks was found.
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5.2.5 Gender effect for the additional task

For the additional tasks, we found no gender effect at all (the WST, F (1, 20) = .313,
p = .583; WCST, not applicable again; the Reading Span Test, F (1, 20) = .010, p =
.923) (see also the descriptive statistics, Table 62). Thus the results revealed that

there was no significant gender effect for the additional tasks.

Table 62 The results of the additional tasks for male and female students

Gender of the Mean S.E.
student
Word Span Test man 5,722 ,363
woman 5,636 ,323
Wisconsin Card Sorting man 6,00 ,00
Test woman 6,00 ,00
Reading Span Test - level man 2,611 ,486
woman 2,591 437
Reading Span Test — man 13,56 3,432
absolute # of correct items | woman 13,27 3,133

5.3 Multiple regressions

We analyzed two different multiple regressions for the main task. The first one was
for the overall number of remembered items and the second is the absolute serial
order of items & lists. The overall number of remembered items could not be
predicted by any of the predictors (the WST, t (19) = 1.642, p = .120, r = .270; the
Reading Span Test, t (19) = .118, p = .907, r = .088). Similarly, the absolute serial
order of items & lists could not be predicted (the WST, t (19) = 1.050, p = .309, r =
.288; the Reading Span Test, t (19) = .260, p = .789, r = .158). Generally, for the
main task, neither the total #of recalled items nor the absolute order of items could be

estimated by the additional tasks.
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5.4 Graduation degree

We also ran a non-parametric test in order to examine whether there were any
differences between the subjects who graduated from a Natural Science-related area
vs. Social Science for all tests. According to the results of the Mann-Whitney Test,
there was no difference between these groups (CFR-Test — total #of recalled items, Z
=-.346, p = .739, CFR-Test — absolute order of items, Z = -.314, p = .796, the WST,
Z =-376, p =.739, the WCST, Z = .000, p = 1.000, the RST, Z = -.538, p = .631).
Thus, the subjects did not differ in any of the tasks when the graduation degree effect

was taken into consideration.

5.5 Discussion

Overall, the results of the main task were very good for the adult group. However,
the RPI effect could not be observed, probably due to the fact that the memory
capacity of the adults was relatively high. Although the exact RPI pattern could not
be found, surprisingly a “delayed RPI” effect was observed that occurred on the ond
item on the novel category and not on the first one. One possible explanation is that it
may have taken time to realize the new category. In rapid presentation of the items
the category shift may have been more fully realized by the adult subjects only when
the second item of the new category occurred. Another possible explanation is that
since the number of items in each category was relatively low (just 4 items) the
category formation may not have been very strong at the point when the new
category would open up. We also found gender difference, not for the standard RPI
effect but for the delayed RPI effect. Namely, female subjects showed the first
delayed shift and the male subjects the second delayed shift. Obviously, this delayed
RPI effect and even more any possible gender difference need to be replicated in
future studies. Besides, there were few records of false memories, indeed, i.e. just
one subject uttered two items which were not in the list. Thus, false memories are

almost inexistent in the adult group.

As the ANOVA showed, the category and the item effects were significant for the

adults. That is, it did matter in which category and in which position they heard the
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items in the experiment. The category effect is caused by the second and third
category being remembered less well as compared to the first one. The item effect is
evidence for the PI and RPI effect. Also, we found a significant gender effect for the
total # of recalled items. Here the female students were better than the male students.
Generally, women tend to show better memory scores for capacity measures than
men (see section 6.4 for possible explanations). However, for the additional tasks, no
significant gender effect was found. Furthermore, the adult group performed well in
the additional tasks except in the RST. Since the RST is a very difficult task to solve,
the participants felt very distressed and even disappointed during the experiment.
Thus, although the mean levels for this task indicated lower scores, in fact, the actual

executive functioning level of the subjects was high enough for the task.

Furthermore, none of the results for the correlations and the multiple regressions
were significant for the additional tests (see section 6.4 for possible explanations).
Lastly, we found no effect of graduation degree (Natural Scientist vs. Social
Scientist) which indicated that the adult sample showed similar result patterns for

these kinds of tasks irrespective of the area of their academic studies.
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CHAPTER 6

RESULTS (CHILDREN vs. ADULTS)

6.1 The CFR-Test

6.1.1 Overall memory performance

The differences between the 5™ graders and the adults were compared since the
oldest group in the children sample was the 5™ graders. Thus, we wanted to see the
exact contrasts between these two groups in order to conclude whether the
development extends into the adulthood. Therefore, we tested the significance of the
CFR-Test between the 5™ graders and the adult group. According to the results, there
were significant differences between these groups (see Table 65), i.e. adults scored
significantly higher on all of the various measures for the CFR-Test (see the

descriptives for the 5™ graders and the adult group in Table 63-64)

Table 63 Descriptive statistics for the main task (5™ graders)

Mean S.D. Median

CFR-Test — absolute order of items 1,47 1,172 1,00
CFR-Test — absolute order of items&lists 3,05 1,747 3,00
CFR-Test — relative order of items 3,26 1,968 3,00
CFR-Test — relative order of items&lists 4,84 2,478 5,00
CFR-Test — total # of recalled items 5,63 1,461 6,00

CFR-Test — total # of recalled items&lists 8,37 1,921 9,00
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Table 64 Descriptive statistics for the main task (adults)

Mean | S.D. Median

CFR-Test — absolute order of items 4,70 2,452 4,00
7,45 2,685 6,00

CFR-Test — absolute order of items&lists

CFR-Test — relative order of items 6,90 2,732 6,50
CFR-Test — relative order of items&lists 9,65 3,117 9,50
CFR-Test — total # of recalled items 9,10 1,861 9,00

CFR-Test — total # of recalled items&lists 11,95 2,139 12,00

Table 65 The test statistics of the Mann-Whitney Test for the main task for 5"
graders and the adult group

Z Asymp. Sig.
(2-tailed)

CFR-Test — absolute order of items -4,328 ;000
CFR-Test — absolute order of items&lists -4,605 000
CFR-Test — relative order of items -3,853 ,000
CFR-Test — relative order of items&lists -4,082 ,000
CFR-Test — total # of recalled items -4,626 ,000
CFR-Test — total # of recalled items&lists -4,293 000

6.1.2 Release from proactive interference

The release from proactive interference was overall significant for the children (first
change, p = .022; second change, p = .045). However, considering the 5t graders,
this effect was only instantiated partially (see section 4.1.2). For the adult group none
of the two category changes were significant (first change, ¥2(1) = 1,905, p = .150;
second change, x2(1) = .960, p = .257). However, we found significant differences
between the last item of the previous category and the second item of the following
category for both category switches in the adults. Such a “delayed” RPI effects were
not generally observed in the 5™ graders, however, there may be a hint of it in Figure

13 where the 5™ graders also showed a higher recollection of the 2™ item of the last
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category when the mean number of remembered items for each position was

assessed.

In section 4.1.2.2, we saw that there is no significant gender effect for the RPI. This
is also valid for the adult group (for female students: 1% change, ¥2(1) = .917, p =
318; 2™ change, x2(1) = 1,222, p = .293; for male students: 1% change, x2(1) = .277,
p = .500; 2™ change, y2(1) = 234, p = .500). However, there was one for the
“delayed RPI effect” (see section 5.1.2.1).

Overall, both in the adult sample and in the 5™ graders, the RPI effect could not be

observed consistently.

6.1.3 False memories

According to the Kruskal-Wallis Test (x2(4) = 9.04, p = .06), false memory
decreases marginally over age for the school children. Also, for the adult group, we
hardly observed false memories. Since there were just 4 false memories among 20
subjects, the adult data could not be properly analyzed statistically. However, it is
clear that there is a meaningful difference between the children and the adult group
on false memory. That is, false memories can be observed in young children
however, they gradually disappear during development until for the adults they have
vanished nearly completely. Brainerd et al. (2002) also supports this finding by
stating that “False memories have typically been found to be more common during

early childhood than during later childhood or adulthood” (p. 1363).

6.1.4 Analyzing the CFR-Test with ANOVA

6.1.4.1 Category and item interactions

In section 4.1.5.1, we found that for the children, the factors category and items are
significant for the main task (F (4, 101) = 10.029, p < .001; F (3, 101) = 6.686, p <
.001) (for the mean table see Table 71 in Appendix D). Similarly, for the adult group,

category and item effects were significant (F (2, 20) = 9,748, p < .001; F (3, 20) =
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8,184, p <.001). The interaction between category and items was also significant (F
(6, 101) = 2.870, p = .009) for the 5t graders. However, this interaction was
insignificant for the adult group (F (6, 20) = .994, p = .433). Besides, the other

interactions were insignificant for both the 5t graders and the adults.

The adult group was affected by both the category and the item effects like the 5
graders. However, they did not show the category*item interaction effect, i.e. it was
not important that an item could be recalled differently when it was in the different

categories.

6.1.4.1 Gender effect for the main task

The ANOVA results for the children showed that there is no significant effect of
gender on the main task, the total #of recalled items (F (1, 101) = 3.369, p = .070)
(see section 4.1.5.2). However, for the adult group, there was a significant effect of

gender (F (1, 20) = 5.784, p = .027).

6.2 Additional memory tasks

The differences between the 5™ graders and the adult group were also highly
significant for the additional tasks except the Listening/Reading Span Test. Those
two tests may not be directly comparable (for the descriptives see Table 66 and Table

67).
Specifically, adults remembered significantly more words in the WST (M = 5.675,

SD = .335) than the 5t graders (M = 4.368, SD = .5973). It was also valid for the
WCST (the adults, M = 6, SD = .00; the 5t graders, M =4.47, SD = 1.020).
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Table 66 Descriptive statistics for the additional tasks for the 5t graders

Mean S.D. N
Word Span Test 4,368 ,597 19
Wisconsin Card Sorting Test 4,47 1,020 19
Listening Span Test — level 2,737 ,304 19
Listening Span Test — absolute # of 12,053 2,345 19
correct items

Table 67 Descriptive statistics for the additional tasks for the adult group

Mean S.D. N
Word Span Test 5,675 ;335 20
Wisconsin Card Sorting Test 6,00 000 20
Listening Span Test — level 2,60 A47 20
Listening Span Test — absolute # of 13,40 3,185 20
correct items

Table 68 The test statistics of the Mann-Whitney Test for the main task between the
adult group and the 5™ graders

Word Wisconsin | Listening Span | Listening Span
Span Test | Card Sorting Test - level Test — absolute #
Test of correct items
Z -5,268 -5,744 -,958 -1,406
Asymp. Sig. ,000 ,000 ,380 ,166
(2-tailed)

6.2.4 Correlations between the tasks

The correlations between all of the additional tasks were highly significant for the

children (see section 4.2.4). On the contrary, for the adult group, the two tests (WST

and Reading Span test) were not correlated significantly (Pearson’s r = .228, p =

.333; Spearman’s rho = .242, p = .305). Thus, in opposition to the 5™ graders, none

of the tasks was significantly correlated for the adult group.
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6.2.5 Gender effect for the additional task

We found no significant gender effect for the additional tasks in the children’s data
(see section 4.2.5). For the adult group, also, there was no significant gender effect
for the other tests (the WST, F (1, 20) = .313, p = .583; the WCST, not applicable;
the RST, F (1, 20) =.010, p = .923). Therefore, no gender effect was observed for

these two groups.

6.3 Multiple regressions

For the children group, we found that the WST for the children could predict the
overall # of remembered items (t (100) = 3.434, p = .001) and the LST could
(marginally) predict serial order (t (100) = 1.967, p = .053). However, for the adult
group, the main task could not be predicted by any of the additional tasks (the WST,
t (19) = 1.642, p = .120, r = .270; the Reading Span Test, t (19) =.118, p =.907, r =
.088). So, overall, for the adult sample, the main task could not be estimated by any

of the additional tasks.

6.4 Discussion

Overall, the adult group was better on all tasks except for the LST/RST. However,
for the RPI effect, we again could not exactly obtain the predicted pattern for the
adults. That is, adults did not show the standard RPI effect on the first item of the
two new categories, respectively. Since the general pattern found for the children in
all grades was instable anyway, it was not unusual to obtain inconsistent results for
the adult sample as well. We explained the missing RPI effect with the overall high
memory performance of the adults which would level the differences between the
various positions. However, the delayed shifts described in section 5.1.2 deserve
some closer attention. The fact that a significant recovery of memory occurred not on
the first item of the new category but on the second may be due to the following
reasons: Firstly, for the adults, the time to realize that there was a category shift took
longer. When the subject hears an item from a different category after having

listened to the items from the previous category, s/he might not realize that there is a
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shift in the categories. Then, as soon as the second item of the different category
comes into play, the change in the categories is confirmed with more certainty.
Therefore, the subject may only then have become aware of the shift. There may be
evidence for such a delayed RPI effect in the second category shift of the 5t graders
as well, who may behave more similar to the adults than the younger ones. In our
experiment, categorical cohesion and categorical distinction were very different than
the ones in the literature because we had two category shifts. In a standard RPI task,
where 3 sets of 4 items from the same category (e.g. fruits) are used which are then
followed by a set of items from a different category (e.g., animals), the RPI effect is
stronger than it was in our study (see section 2.3). The reason why the standard RPI
effect was not found in the adults but rather a delayed RPI effect arose in the adults
and possibly also in the 5t graders, could be the insufficient strength of the build-up
of the PI effect in the current study. Another reason might also be that the
presentation time of the items was relatively fast. Obviously, these initial findings

should be followed up by further studies.

For the main task, the category effect indicates a primacy effect. That is, the first
category is always recalled better than the following categories. The item effect also
shows the build-up of PI since in a category the first items are remembered best
while the last items are recalled worst. Lastly, the category*item interaction reveals
that it makes a difference for an item to be in a particular category (position) and to
be in the different item position in a category. Since the children are sensitive to both
the item and the category positions while they are developing, they did show this
significant interaction. However, for the adults, this was not the case anymore. Since
there does not seem to be any development for the adults in terms of memory
capacity anymore, they were not sensitive to these interactions. Given that the
experiment was not challenging enough for the adult, their overall recall level was
very good in the main task. Thus, the categories were recalled nearly equally well.
They benefited from the (delayed) RPI effect by means of their good memory and

categorization abilities and showed no interaction effect.

The other issue was the difference between the female subjects and the male subjects

for the adult group. The female subjects were better than male subjects in the total #
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of recalled items. However, it was the (not significantly) reverse for the child sample
in the higher grades (see section 4.1.1). There might be two reasons for this change:
The first one could be that girls might develop between the age range of 12-20 years.
The second reason could be due to a social effect. One possible reason might be that
girls are given less freedom to express themselves in their families than the boys in a
classical Turkish family, as typical for the rural area where the children’s experiment
has been carried out. So the executive memory abilities of the girls may only develop
later in time than those of boys. Girls (of rural areas) that continue with their school
education and enter university later on will constitute a highly selected sample of
those initial cohorts. Those girls become less restricted than they were when they
were younger. That is, either they are those who had already strong cognitive
abilities and/or they become more self-confident, more verbal, and more developed
in terms of their cognitive abilities through their continued studies. Obviously, the
differences between subjects in rural and urban areas have to be taken into
consideration. Since the adult experiments were conducted in an urban area (Ankara)
and the children’s experiments in a rural area (Yozgat), there might actually be great
differences between these samples. Because in a rural area boys are treated as more

prestigious than girls, this could affect the results in favor of the boys.

The results of the WST increased for the adult group as compared to the 5t graders,
as expected. For the WCST, all adults attained the highest level since the test is
generally used in clinical samples. Thus, the results confirm that our sample included
clinically normal adults. Lastly, the RST was a relatively hard task for the adults. In
the same way, the LST was a hard experiment for the children. Therefore, no
significant difference between the two samples was found. Note that the LST could
not be used in the adult group since it would have been too easy and they would not

have taken it seriously.

Lastly, the results of the correlations and multiple regressions revealed that there was
no significant correlation between the additional tasks and the main task in the adult
sample and hence the additional tasks could not predict the CFR-Task. This is
probably due to the fact that the memory capacity of the adults does not develop

further. If there is no development, a considerable part of the variation may be lost
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and there should be no more significant correlations. This means that most of the
predictive power of the additional memory tasks on the main task in the children can
be attributed to their common development. Another factor that may have made the
correlations in the adult sample insignificant is related to different aspects of memory
capacity in the WST and the RST. Since it seemed that both tasks measured different
aspects of working memory (the WST measuring overall short-term verbal memory
capacity, the RST measuring complex working memory) the resources shared by
these tasks should be minimal. However, for the children all tasks were quite related
to each other according to the correlations (see section 4.2.4). Because the memory
abilities of children are still developing, the resources for the various tasks could be
still shared more than those of the adults, that is, the memory system of the children

is still differentiating.

We suggest that these findings should be followed up by either a longitudinal study
investigating the same children when they are grown up or by a cross-sectional
comparative study in which subjects from an urban area are compared with our

subjects of a rural area.
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CHAPTER 7

GENERAL DISCUSSION AND CONCLUSIONS

In this study, we aimed to examine the RPI phenomena and its various relations with
other working memory components, namely phonological, complex, and executive
working memory functions. Since we discussed the findings already in depth in the
various discussion sections in the result part of this thesis, this chapter will highlight

the main findings and draw conclusions from it.

To start with the main task, the CFR-Test, we observed a significant development
throughout childhood. Thus, our 1* hypothesis was confirmed which indicates that
the overall memory span increases with age. However, our 2" and 3" hypotheses
were not confirmed. Neither the categorization ability nor the RPI effect increased
with the age of the children. There was no significant difference between younger
and older children in this respect. With respect to the PI effect, we had no directed
hypothesis. It turned out that the PI effect did not change either. It was stable
throughout childhood (in line with findings cited in Kail (2002)). However, in itself
the RPI was unstable, that is, it was not reliably present or absent throughout the
children’s development. Since the categorization ability, the PI and the RPI effects
were present even in 1% graders, it did not develop during the childhood. One
possible reason is that by the second years of life the categorization ability starts
emerging in infants (Younger and Fearing, 1999) and this ability increases during the

childhood so the genuine development of categorization could appear even earlier
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than school-age, i.e., before 6 years of age. Thus, we could not observe the
significant development after primary school-age. Also, the re-organization of the
memory that seemed to take place in the 31 grade may have spoiled both the PI and
the RPI pattern that was present for the 1% and the 0 graders in the sense that an
overall flat memory curve would prevent any RPI effect to surface. Besides, the
shortness of the list was a factor for the 4™ and the 5™ graders because their relatively

higher memory capacity might not have allowed these effects to occur.

The 4™ hypothesis, that is, the performance on the main task and on the RPI effect of
the adults should be higher than that of children, was confirmed partially. The adult
group showed higher performance in all tasks except the RST which was relatively
hard. However, it was not confirmed with respect to the RPI pattern since the RPI
patterns produced by both children and adults were very unstable. Thus, it cannot be
concluded that in the adult sample the RPI pattern was more pronounced than it was
in the child sample. Like for the older children, it was due to the fact that the memory
capacity of the adults was relatively high so the RPI pattern could not be clearly

observed in the adult group.

We also observed a strong developmental progression in the additional memory
tasks, i.e. the WST, the WCST, and the LST. That means, our 5th hypothesis was also
confirmed. The increase was linear for the WST and the WCST but it was step-wise
for the LST. These developmental patterns confirm the findings of Gathercole (1999)
who also found a steady increase for simple working memory tasks across a
comparable age range but a slower and stepwise increase for complex working
memory. These additional tasks were used as predictors of the main task, in order to
find out the underlying structure of the CFR test. All tasks were highly predictive of
the main task for children, thus confirming the last hypothesis of the study, but not
for the adults. This result reveals that the good predictability in childhood was due to
the common development of the tasks, whereas the predictability was low in the
adults since they did not develop further and had uniformly attained high levels of
performance. Especially, the WST became highly significant for the prediction of the
children’s overall memory capacity in the main task when all tasks were entered at

once in a multiple regressions. This is because the CFR-Test generally measures the
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overall working memory capacity like the WST does. Then, the WST absorbs all the
variance from the other additional tasks since there was a high correlation between
the WST and the other two tasks, the WCST and the LST. However, when the
criterion was changed, e.g. the performance on the correct serial order of items had to
be predicted, it was the LST that was most predictive among all tasks. From this
finding we can conclude that serial recall of items involves executive and complex
WM functions to a higher degree. Executive and complex WM functions are

particularly measured by the LST.

The socio-economic factors were not related to the results of the main task but to the
additional tasks. We looked at three general factors regarding the socio-economic
dynamics of a family, namely, the education level/occupation of the father, the
family/marriage status of the parents, and the number of siblings/ the birth order.
Firstly, the education level of the father covaried positively with both the WST and
the LST which points to its relation with the vocabulary of the children. The
occupation of the father only correlated with the WST which shows that education,
not occupation, is more connected with children’s memory development. The family
status (father being abroad) had a negative relation with the WCST. One possible
reason is that the WCST measures one of the executive functions which are affected
by the physical presence of the father at home. The child may need a father figure
which fosters the development of her/his own executive functions. For both the
WCST and the LST, the number of sibling factor was significant. That is, the more
the siblings you have the more successful you are in complex WM functions. Thus,
the communication between the siblings might trigger the use of executive functions
more in families with many siblings than in families with fewer siblings. Lastly, the
birth order only correlated with the LST. Namely, the youngest of the family were
most likely to attain the highest scores among the siblings. This might be due to the
fact that the youngest one in a family might feel inferior to her/his elder siblings and
constantly has to cope in order to keep up with them. Therefore, s/he would become

more competitive which helps her/his executive functions to develop.

Overall, in most of the results no gender effect was observed. For the CFR-Test and

the additional tasks, there was no significant difference between girls and boys for

110



the child sample. However, in the adult sample, the female subjects were
significantly better as compared to the male subjects in terms of the total # of
recalled items but not for the additional tasks. This result contrasted with the finding
that the girls were slightly inferior to the boys by the end of the 5t grade. Thus, the
young female students might have experienced a relatively late development in
adolescence. However, it can also be that the child and the adult sample differed in
other respects, e.g., the child sample was drawn from a rural area whereas the adult
sample was drawn from an urban area. For the CFR-Test, the developmental pattern
was slightly different for the boys and girls: the boys developed significantly in the
total number of recalled items, whereas the girls in the number of remembered items
in correct serial order. That is, the boys had slightly higher scores in seriality on
which they did not improve too much and slightly lower scores in overall memory
capacity on which they improved a lot. The reverse pattern was found for girls. For
the RPI effect, overall, girls and boys did not differ in their results, neither in the
child nor in the adult sample. Lastly, the socio-economic factor also displayed gender
effects. For example, the occupation of the father only correlated positively with the
WST because of the girls but not the boys. Therefore, it seems that girls’ language
working memory development was stronger related to their fathers’ occupation than
the boys’. Conversely, the negative correlation of the family status of the father being
abroad with the WCST was due to the boys only. That is, the absence of the father
figure had a stronger negative impact on boys than on girls. For both the WCST and
the LST, the number of sibling factor was again only related to the boys. In this
sample, girls did not seem not having an advantage of having more siblings as
opposed to boys. This finding may correspond to the more favorable status of boys
rather than girls in a rural area in which these experiments were conducted. Thus,
boys profit from their siblings more than girls. Lastly, for the LST, it was again the
boys for who birth order was significant. Boys profited from being the youngest in
their family but not girls. The “advantage of being a boy” again showed up in this

situation

In the following section, I would like to address some weaknesses of this study.
Firstly, the study was conducted in a rural area for which there exist no comparative

studies in the developmental area. Therefore it is hard to draw any strong and final

111



conclusions from our sample. Still, it was an advantage to conduct the experiments in
Yozgat. Our study which assessed a multitude of very general memory and cognitive
processes points to a blind spot in the literature and explicitly deals with the
peculiarities of a rural sample. Thus, the current study should be compared with other
studies in urban Turkish areas in the future in order to find out whether the cognitive
memory processes are stable everywhere irrespective of being carried out in a rural
or in an urban area. The cognitive and developmental resilience of memory processes

could thereby be addressed.

Secondly, there was no possible direct comparison for the LST and the RST results
since in the literature there are only English studies on these experiments. Because
the LST was adapted for Turkish and the RST was newly developed, future studies
following this one can make use of both tests in order to compare the similarities and

the differences between their results and ours.

Thirdly, the PI and the RPI effects could not be observed clearly since the stimulus
list might have been too short. That is, the task was slightly too easy for the older
children and the adults. However, if it had been longer, then it would have been too
hard for the younger children. Instead, the same stimulus list was used both for the
younger and the older subjects as well as for the adults. Although the list did not
always allow the PI and the RPI effect to manifest itself clearly, the fact that there
were two category shifts which on and off showed the RPI effect allowed us to
observe the effect of the categorization ability on the organization of working
memory in general. In this constellation, surprisingly, a novel effect emerged in
adults (and maybe also partially for the 5t graders): the “delayed RPI effect”. It
seems that if the various categories comprise only few items, the category shift may
be detected only belatedly. This suggests that the strength of category formation and
the point at which a novel category is identified depends on the number of the items
in the category. This new finding should be studied further by changing the number
of categories, the number of the items in the categories, and the duration of the
stimuli in order to systematically observe different patterns of PI and (delayed) RPI

effects.
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The current study was carried out with both children (in a rural area) and adults (in
an urban area). It was a study with a wide age range, drawn from a big sample in
Turkey. The main task, the RPI experiment, was different from the other RPI tasks in
the literature since we had two category shifts. The additional tasks, except the
WCST, were newly developed. The WST was taken from Bayramoglu and
Hohenberger (2007) and further improved in order to study the phonological WM of
children. We also used the children’s version of the WCST since not the original
version but the Modified WCST is recommended for children. The aim of the test
was to measure both the categorization ability of children and their executive
functions. There were two experiments regarding complex working memory: the
LST (for children) and the RST (for adults). The original study of Pickering and
Gathercole (2001), the LST, was adapted for Turkish and the RST was inspired by
Saito and Miyake (2004) and developed by the author.

The LST was translated from English to Turkish and adapted to the language rules of
Turkish. Future studies in this area may both use the test and compare their results
with ours. Besides, the RST can also be developed further for future studies.
Different versions could be obtained by changing the level of difficulty of the
sentences, by conducting the experiment with an experimenter instead of as a self-

paced study, and adding a point for each sentence that is answered correctly.

To conclude, with this study, we want to contribute to the knowledge on the
development of the human working memory system. Examining and comparing both
the results from the children and the adults by means of the CFR-Test and the
additional working memory tests could help us improve our knowledge in this

central area of cognitive science.
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Experiment 1 (The

2’LiK SETLER
Kosk - Muz
Pil - Ust
Buz - Dort
3’LUK SETLER
Gol - Sag
Sev - Kiirk
Kir - Ut
4LUK SETLER
Kas - Sos
Cam - But
Zar - Kus

APPENDICES

APPENDIX A EXPERIMENTS

Word Span Test)

- Tuz

- Bel

- Pas

- Gog - Yat

- Sal - Koy
- Tim - Can
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5’LiK SETLER

Su¢ - Kek
Bal - Kurt
Ot - Son
6’LIK SETLER
Hak - Sus
Kes - Bin
Tren - Kel
7’LiK SETLER
Ak - Top
Mart
Tel - Poz
Tir
Kis - Ver
Kiil
8’LiK SETLER
Tam - Bak
Ek - Yurt
Ue - Kas
Dil - Kum
Bul - Pek
Ses - Geng

Bol
As
Turk

Tek
Ter

Soz

Su

At

Han

Ug

Al

On

Top - Zam
Tat - Cop
Se¢ - Kol
Mum - Dip
Ask - Yut
An - Koy
Alt - Bey
Bil - Yok
Bot - Yil
Goz - Hal
Miilk - Bir
Fal - Var
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Sel
Tez

Bol

Fes

Post

Bos

Tut

El



Experiment 2 (Wisconsin Card Sorting Test)

Four stimulus cards

A

* Y
e o0

Experiment 3 (Listening Span Test)

Deneme seti

1. Cocuklar okula gider.

2. Baliklar havada yasar.

3. Agaglar dans eder.
2’LiK SETLER
1

1. Biber acidir.

2. Kediler okulda galisir.
2

1. Filler ¢ok kiiciiktiir.

2. Ayakkab1 ayaga giyilir.
3

1. Insanlar sachidur.

2. Cicekler fare kovalar.
4

1. Ayilar araba siirer.

2. Havuglar turuncudur.
5

1. Gece karanliktir.

2. Portakallar suda yasar.
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l.
2.

Ates sicaktir.
Baliklar konusur.

3’LUK SETLER
1
1. Otobiislerle tatile gideriz.
2. Toplar karedir.
3. Ogretmenler agacta yetisir.
2
1. Muzlar bisiklete biner.
2. Elimiz bes parmaklidir.
3. Sogan acidir.
3
1. Otobiisler oyuncakla oynar.
2. Kuslar kanathdir.
3. Elmalar agacta yetisir.
4
4. Piyanolar miizik calar.
5. Kardeslerimiz kuyrukludur.
6. Burnumuzla goriiriiz.
5
4. Ayagimiz cenelidir.
5. Giines sicaktir.
6. Taslar serttir.
6
4. Kagsiklarla yaz1 yazariz.

Limon saridir.

Kopekler kedileri kovalar.
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4 LUK SETLER

1

el Ll > »w D > » D Ll

> » b

Ziirafalar uzun boyludur.
Cicekler pasta sever.

Portakallar kulaklhdir.

Ogretmenler okulda calisir.

Otobiisler konusur.
Bankalardan para cekeriz.
Kislar sicaktir.

Pastalar tathidir.

Gokylizii kirmizidir.
Bebekler aglar.
Kopekler konusur.
Muzlar tatlidir.

Armutlar mavidir.
Sapkalar basa giyilir.
Tavsanlar saati gosterir.
Filler biiyiiktiir.

Insanlar iki ayaklidir.
Portakallar siyahtir.
Kediler futbol oynar.

Kitaplar1 okuruz.

Tavsanlar agacta yetisir.
Biberler yesildir.

Portakallar markette satilir.

Insanlar {i¢ gozliidiir.
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5’LiK SETLER
1

1. Babalar kanathidir.
Dondurma soguktur.
Portakallar gitar galar.
Arabalar benzinle calisir.

w»ok »w N

Fareler cok biiytiktiir.

1. Havugclar mavidir.
Kulaklarimizla goriiriiz.
Portakallar turuncudur.
Tavuklar yumurta yapar.
Bigak keskindir.

U

1. Elmalar pembedir.
Karincalar yavastir.
Dondurma sicaktir.

Kediler fare kovalar.

wok »wN

Bebekler tiiyliidiir.

—

Kuslar kocamandir.
Motorsikletler havlar.

Bicaklar yumusaktir.
Bulutlar beyazdir.

wok w N

Tavuklar yazi1 yazar.

1. Gemiler ugar.

Kareler yuvarlaktir.
Corab1 ayagimiza giyeriz.
Bisikletler siit icer.

w»ok wN

Insanlar iki kulaklidir.
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wok N

Ucgaklar kanatlidir.
Elmalar sarki soyler.
Daglar ¢ok kiictiktiir.
Sandalyeler ayaklidir.
Makaslar kagit keser.

6’LIK SETLER

1

A AN

A O i

Muzlar dislidir.
Kopekler gitar galar.
Bacagimiz parmakhidir.

Mektuplari pulla géndeririz.

Muzlar saridir.

Kurbagalar ziplar.

Oyuncak ayilar yumusaktir.
Ordekler suda yasar.

Cocuklar ii¢ kolludur.
Evimiz sarki sdyler.
Ordekler bes ayaklidir.

Kar soguktur.

Saatler zaman1 gdsterir.
Ayran tathdir.

Kurbagalar uzun kulaklidir.
Agaclar miizik calar.
Toplar yuvarlaktir.

Baliklar suda yasar.
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—

A

—

A i

A

Arnilar sokar.

Koyunlar kuyrukludur.
Inekler ucar.

Kopek baligi kocamandir.

Bulutlar siyahtir.
Pamuk agirdir.

Agaglar tiylidiir.
Marketler yiyecek satar.
Domates kirmizidir.
Kediler ¢ok biiytiktiir.
Tavsanlar uzun kulakhidir.

Tavuklar okula gider.

Kirazlar mavidir.
Agaglar yaprakhidir.
Demir hafiftir.
Yilanlar ziplar.
Kekler tatlidir.
Tekerlekler karedir.
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Experiment 4 (Reading Span Test)

Deneme seti

1. Kisin en soguk zamanina zemheri denir.

2. Corum I¢ Anadolu Bélgesi’nde yer almaktadir.
3. Almanya’da on iki milyon tiirk yasamaktadir.

2’LiK SETLER
1

1. Senin kardesinin ¢ocugu yigenindir.
2. Trabzon muisiri ile {in salmistir.

2
1. Haritada Tiirkiye Fransa’dan daha fazla yer kaplar.
2. 30 Eyliil’de doganlar akrep burcu olurlar.
3
1. Zorunlu egitim iilkemizde 8 yildir.
2. Uzag1 iy1 goremeyen hipermetrop gozlerdir.
4
1. Bir yumurta 80 kalori barindirir.
2. Insan susuzluga haftalarca dayanabilir.
5
1. Bir insanda 46 ¢ift kromozom bulunur.
2. Tiirk Hukuk Kurumu THK 1ile kisaltilir.
6 .
1. Osmanli Imparatorlugu 1299 yilinda kurulmustur.
2. Yapraklar ilkbaharda sararir.
3’LUK SETLER
1

1. Salon sporlarindan biri de bowlingdir.
2. Sebzeler bol miktarda B vitamini ihtiva eder.

3. Osmanli Devleti diinyadaki en uzun siiren imparatorluktur.
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1. Boza icecegi Arap kokenlidir.

2. Bir bardak sekersiz ¢ay sifir kaloridir.
3. Sol ele s6z yiiziigii takilir.

’ 1. Lodos giineybatidan esen riizgara denir.
2. lIskambil kagidu ile bri¢c oyunu oynanabilir.
3. Haritada Bulgaristan Yunanistan’dan daha fazla yer kaplar.
4
1. 1920 yilinda cumhuriyet ilan edilmistir.
2. Trampet nefesli bir ¢alg tiiriidiir.
3. Kuvircik sach olmak kalitimsaldir.
5
1. Uraniis glinesten en uzak olan gezegendir.
2. Ristiye lise dereceli egitim kurumuna denir.
3. Mozart Viyana’da dogmustur.
6
1. Bir yil {i¢ yiiz altmis bes giindir.
2. Carparken ¢ikarmayi, bolerken toplamayi kullaniriz.
3. Seksen tane sehir lilkemizde bulunmaktadir.
4’LUK SETLER
1
1. 30 adet tasla tavla oyunu oynanabilir.
2. Etkisiz eleman sifir olan islem toplamadir.
3. Tiirkiye’nin iiglincii cumhurbaskani1 Cemal Giirsel’dir.
4. lyot tiroit bezinin ¢alismast i¢in gereklidir.
2

—

Baklagil tiirlerinden biri de mercimektir.

Dama ve satrang ayni sayida tasla oynanmaktadir.

[zmir Mugla’dan yiizdl¢iim bakimindan daha kiigiiktiir.

> »w b

Bir araba igin hiz sinir1 otoyolda 90 km’dir.
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1. Salep bir Tiirk icecegidir.

Epik siir kahramanliklardan bahseder.

I¢c Anadolu Bolgesi Tiirkiye nin en genis bdlgesidir.

Ll o

30 Mart’ta doganlar kova burcu olurlar.

1. Tavsanlar ot yiyerek yasar.
Sar1 ve kirmiz1 birlikte karisirsa yesil olur.
Yilan ve timsah siiriingendir.

> »w b

% 74 oraninda su ¢ig yumurtada bulunur.

1. Kaus tiirlerinden biri de devekusudur.
Teyzenin ¢ocugu senin yigenindir.
35 kalorilik enerji havucta vardir.

Ll o

Telli galgilara 6rnek olarak akordiyon verilebilir.

1. Diinyanin yiizél¢limii en biiyiik olan iilkesi Amerika’dir.
Ev telefonlarn elektrikle ¢alisir.
Azerbaycan Tiirkiye’ye komsudur.

> »w D

Ay diinyanin tigte biri biiytikliigiindedir.

5’LiK SETLER
1

1. Tuzlu su daha kisa siirede kaynamaktadir.

Bolu’nun yiizél¢timii Sivas’in ylizl¢limiinden biiytiktiir.
Oyun kartlar1 52 adet karttan olusmaktadir.

Bir gozleri acik uyuyan hayvan yunuslardir.

“wok w N

Yirmi dort tane dis cocuklarda bulunmaktadir.

1. Istanbul 1453°de fethedildi.
Iskambil kagitlarindaki kupa ve sinek kirmizidir.
C vitamini domateste bulunur.

Bir linlem climlesine 0rnek olarak aman tanrim verilebilir.

wok w N

Jupiter giinese en yakin gezegendir.
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A wok N wok »w N

wok wN

Rafting akarsuda yapilan bir spordur.

15’ser adet siyah ve beyaz tas satrancta bulunur.
Diinya’nin en uzun insani iki metre doksan cm boyundadir.
Fistik findiktan daha yagli bir kuruyemistir.

Roma rakaminda C harfi ile 100 sayis1 gosterilir.

Bir kilometre bir milden daha uzundur.

Tatl su baliklarindan biri de alabaliktir.

Bir y1l elli dort hafta siirmektedir.

Alt1 kisilik iki takimla voleybol oynanabilir.
Haritada Rusya Cin’e gore daha fazla yer kaplar.

Isim tamlamasina 6rnek olarak balin petegi verilebilir.
Futbol on iki kisilik iki takimla oynanir.

Sigara sagliga yararhdir.

Dogu Anadolu Bolgesi Malatya’y1 da icermektedir.
Miyop gozler yakini iyi goéremez.

Kemence telli bir ¢alg tiirtidiir.

Mor dogada nadir bulunan renklerdendir.
Suriye’nin yonetim sekli cumhuriyettir.

Bir karinca kendi agirliginin 20 katini tasiyabilir.

Corum leblebi ile linlidiir.

6’LIK SETLER

1

A O i

Gokkusaginin ortasinda bulunan renk yesildir.
30 giin ¢eken aylardan biri de Mayis ayidir.
Bir sise maden suyu bir kaloridir.

Osmanli Devleti’nin para birimi akgedir.
Tiirkiye’nin en uzun akarsuyu Kizilirmak tir.

Glines diinyamizdan daha kiigiiktiir.
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AN

Kediler sadece siyah beyaz gorebilirler.
Elektrik akimi 6l¢iim birimi volttur.
Otizmde zekada gerilik yoktur.

Patates asit oran1 yiiksek bir sebzedir.

Bu y1l cumhuriyetin 84. yilin1 kutluyoruz.

Diinya’nin en yogun niifuslu tilkesi Hindistan’dur.

Poyraz sicak bir riizgar tiirtidiir.

Antalya’nin niifusu Istanbul’unkinden daha fazladur.
A vitamini goz saghgi icin gereklidir.

Tiirkiye Avrupa Konseyi’ne liye olmustur.

Yesil ve siyah renkler karisirsa kahverengi olur.
Toplam 184 iilke diinyada bulunmaktadir.

Elma asit oran1 yiiksek olan meyvelerdendir.

Kanin pihtilagsmasi i¢in kalsiyum gereklidir.

8 kalorilik enerji salatalikta vardir.

Mustafa Kemal Selanik’te dogmustur.

Zebralarn siyah iistiine beyaz ¢izgili derileri vardir.

Bursa’nin niifusu Sivas’in niifusundan eksiktir.

Ankara’nin ylizél¢limii Konya’ninkinden biiytiktir.
Sifat tamlamasina 6rnek olarak kapinin kolu verilebilir.
Kiligla yapilan sporlardan biri de eskrimdir.

Cicekler kis mevsiminde agar.

Piring bir tahil tiirtidiir.

26 tane harf Ingilizlerde bulunmaktadir.

Mimar Sinan Tiirk soyundan gelmektedir.

Peynirde D vitamini bulunur.

Bes kisilik iki takimla basketbol oynanabilir.

Giines sisteminde dokuz tane gezegen bulunmaktadir.
Malatya kayisi ile tinliidiir.

Ege Bolgesi Balikesir’i de bulundurur.
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APPENDIX B DEBRIEFING AND CONSENTS FOR ALL
EXPERIMENTS

GONULLU KATILIM FORMU

Bu c¢alisma, ODTU Enformatik Enstitiisii Bilissel Bilimler Boliimii’nde master
yapmakta olan Giilten UNAL tarafindan yiiriitilmekte olan bir tez ¢alismasidir.
Calismanin amaci, ¢ocuklarda ve karsilastirmali olarak yetiskinlerde ileriye dogru
bozucu etkinin ve bunun beynin yonetici fonksiyonlar1 ile olan iligkilerinin
incelenmesidir. Ileriye dogru bozucu etki, bir konuyu dgrenirken o konudan hemen

once 0grenilmis baska bir konunun, esas konuyu 6grenmeyi zorlagtirmasina denir.

Bu calismayla beraber, katilimcilar kendi bilissel gelisimlerini inceleme firsati
bulabileceklerdir. Ogretmenler, bu deneylerin sonuglarina bakarak 6grencilerinin
biligsel gelisimleri hakkinda faydali bilgilere sahip olabilecektir. Buna ek olarak,
Ogrencinin ailesi de Ogrencideki biligsel gelismeyi inceleyip, cocuguna destek

olabilir.

Calismada katilimcilara 4 tane davranigsal hafiza deneyi yapilcaktir. Bunlardan 3
tanesinde, katilimcidan beklenen sey sadece hatirladigi kelimeleri sdylemek
olacaktir. Verilen cevaplar bir ses kayit cihazi yardimiyla kaydedilecektir. Diger 4.
deneyde ise katilimcidan bazi 6zel oyun kartlarini kullanarak, tahminlerde bulunmasi
istenmektedir. Ik ii¢ test ortalama 5’er dakika siirmekte olup, en son yapilacak olan
deneyin siiresi ise, katilimcinin performansina gore 10-20 dakika arasinda

degismektedir.

Bu calismaya katilmak tamamen gonliilliik cergevesinde olmalidir. Calismada
katilimciya rahatsizlik verebilecek unsurlar bulunmamaktadir. Fakat, calisma
sirasinda deneylerden ya da diger herhangi bir sorundan o&tiirii kendinizi rahatsiz
hisserdeniz, calismay1 yarida birakip c¢ikmakta serbestsiniz. Boyle bir durum
s6zkonusu oldugunda, deneyi uygulayan kigiye bunu sdylemeniz yeterli olacaktir.

Ayrica bu ¢caligmaya katilmakta katilimeilar i¢in herhangi bir riski bulunmamaktadir.
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Bu calisma sirasinda elde edilecek olan bilgiler tamamiyle gizli tutulacak ve sadece

bu arastirmayi ytirlitenler tarafindan kullanilacaktir.

Bu calismaya katildiginiz i¢in simdiden tesekkiir ederiz. Calisma hakkinda daha fazla
bilgi almak i¢in Bilissel Bilimler Bolimii 6gretim {iyesi Dr. Annette Hohenberger
(Tel: E-posta: ) ve Biligsel Bilimler Boliimii master dgrencisi Giilten UNAL (Tel:; E-

posta:) ile iletisim kurabilirsiniz.

Bu calismaya tamamen goniillii olarak katilyyorum ve istedigim zaman yarida
kesip c¢ikabilecegimi biliyorum. Verdigim bilgilerin bilimsel amach yayimlarda
kullanilmasini kabul ediyorum. (Formu doldurup imzaladiktan sonra uygulayiciya

geri veriniz).
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VELI ONAY FORMU

Saymn Veli,

Orta Dogu Teknik Universitesi Enformatik Enstitiisii Bilissel Bilimler Béliimii'nde
yiiksek lisans ogrencisi olarak calismaktayim.Master tezim kapsaminda “Ileriye
dogru bozucu etkiden kurtulma ve bunun yonetici fonksiyonlarla olan iliskileri: Tiirk
cocuklarinda gelisimsel bir ¢alisma” baslikli bir tez calismasi yiiriitmekteyim. Bu
calismanin amaci 7-12 yas grubu cocuklarda ileriye dogru bozucu etkinin yasla
dogru orantili olarak azalmasimi incelemektir. (ileriye dogru bozucu etki, bir konuyu
Ogrenirken, o konudan hemen Once Ogrenilmis baska bir konunun, esas konuyu
O0grenmeyi zorlastirmasina denir.) Bu amaci gergeklestirebilmek i¢in ¢ocuklarinizla

baz1 “davranigsal hafiza deneyleri” yapmaya ihtiyag duymaktayim.

Bu calismada c¢ocuklara 4 tane davranigsal hafiza deneyi yapilcaktir. Bunlardan 3
tanesinde, cocuklardan beklenen sey sadece hatirladigi kelimeleri sdylemek
olacaktir. Verilen cevaplar bir ses kayit cihazi yardimiyla kaydedilecektir. Diger 4.
deneyde ise baz1 6zel oyun kartlarini kullanarak, cocuklardan tahminlerde bulunmasi
istenmektedir. Ilk ii¢ test ortalama 5’er dakika siirmekte olup, en son yapilacak olan
deneyin siiresi ise, c¢ocugun performansina gore 10-20 dakika arasinda

degismektedir.

Calismaya katilim tamamiyle goniilliiliik ¢ergevesindedir. Hem sizin onayiniz hem
de bu calismaya katilmasi i¢in ¢ocugunuzun goniillii olmasi bir On sarttir.
Katilmasina izin verdiginiz takdirde deneyleri okulda ders saatinde
gerceklestirecegiz. Cocugunuzun katilacagi deneylerin onun psikolojik gelisimine
olumsuz etkisi olmayacagindan emin olabilirsiniz. Cocugunuz bu deneylerdeki
cevaplari kesinlikle gizli tutulacak ve bu cevaplar sadece bilimsel arastirma amaciyla
kullanilacaktir. Katilim sonunda, herhangi bir maddi yarar saglanmamakatdir. Bu
formu imzaladiktan sonra g¢ocugunuz katilimciliktan ayrilma hakkina sahiptir.
Calisma sirasinda da g¢ocugunuz herhangi bir sebepten oOtiirii ¢aligmayr yarida

birakmakta serbesttir.
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Cocugunuzun deneylere katilarak bize saglayacagi bilgiler cocuklarin biligsel
gelisimlerini incelemek adma onemli katkilarda bulunacaktir. Arastirmayla ilgili

sorularinizi asagidaki e-posta adresini veya telefon numarasini kullanarak bize

yoneltebilirsiniz.

Saygilarimizla,

Imza Imza

Dr. Annette Hohenberger Giilten Unal

Liitfen bu arastirmaya c¢ocugunuzun katilmasi konusundaki tercihinizi asagidaki

seceneklerden size en uygun geleni daire i¢ine alarak ve imzanizi atarak belirtiniz ve

bu formu ¢ocugunuzla okula geri gonderiniz.

Yukarida aciklamasini okudugum calismaya, oglum/kizim

’nin  katillmina izin  veriyorum/ izin vermiyorum.

Ebeveynin:

Ady, soyadi: Imzas: Tarih:
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KATILIM SONRASI BiLGi FORMU

Bu calisma, ODTU Enformatik Enstitiisii Bilissel Bilimler boliimiinde master
yapmakta olan Giilten UNAL tarafindan yiiriitilmekte olan bir tez ¢alismasidir.
Calismanin amaci, daha 6nce de belirtildigi gibi, cocuklarda ve karsilastirmali olarak
yetiskinlerde ileriye dogru bozucu etkinin ve bunun beynin yonetici fonksiyonlari ile
olan iliskilerinin incelenmesidir. ileriye dogru bozucu etki, bir konuyu 6grenirken o
konudan hemen oOnce Ogrenilmis bagka bir konunun, esas konuyu Ogrenmeyi
zorlastirmasina denir.

Calismada 4 farkli davranigsal hafiza deneyi bulunmaktadir. Ana deney olarak
kategorisel kelime hatirlama deneyi yapilcaktir. Bu deneyde birbiri ardinca gelen 3
farkli kategori bulunmaktadir. Herbir kategoride ogrenilen kelimeler, bir sonraki
kategorinin 0grenilmesiyle beraber unutulmaya baslanmaktadir. Bu durumda yeni
kategorideki kelimeleri aklinizda tutmaya c¢alisirken, bir Onceki kategoride
ogrendiginiz kelimeler yeni kelimeleri aklinizda tutmanizi zorlastiracaktir. Ayrica,
herbir yeni kategorinin ilk kelimesinin, kategori degisimi yasandigi i¢in, hatirlanmasi
kolaylasacaktir. Bunun disindaki diger 3 deneyde de, beynin yonetici fonksiyonlari
yine hafiza testleriyle ol¢lilmiistiir. Bu ek deneylerin yapilmasindaki amag, beynin
yonetici fonskiyonlar1 ile ilerye dogru bozucu etkiden kurtulmanin arasindaki
iligkileri gézlemlemektir.

Bu caligmadan elde edilen bilgiler sadece bilimsel arastirma ve yazilarda
kullanilacaktir. Calismanin sonuglarin1 6grenmek ya da bu arastirma hakkinda daha
fazla bilgi almak icin asagidaki isimlere basvurabilirsiniz. Bu arastirmaya

katildiginiz igin tekrar ¢ok tesekkiir ederiz.
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APPENDIX C QUESTIONNAIRES FOR TEACHERS

VELI ARASTIRMA ANKETI

S1 Annenin egitim durumu

[ ] hi¢ bir okulu bitirmemis [ ] ilkokul [ ] ortaokul [ ] lise
[ ] meslek lisesi, hangi alanda?
] Universite, derece, alan?

[] diger

S2 Anne su anda calisiyor mu?

[ 1hayrr []evet
Evetse, Ne is yapiyor?

S3 Babanin egitim durumu

[] hig bir okulu bitirmemis [ ] ilkokul [] ortaokul [ lise
[] meslek lisesi, hangi alanda?
] Universite, derece, alan?

[ ] diger

S4 Baba su anda ¢ahisiyor mu?
[ ] hayir []evet Evetse, Ne is

yapiyor?

S5 Aile durumu:
[Jevli [ ]ayrilmig/bosanmisglar

S6 Bu ¢alismaya katilan cocugun kac¢ kardesi var?

(10 11 12 13 [] 4 veya daha fazla
Bu calismaya katilan cocugunuz kaginci
¢ocugunuz?
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OGRENCI BASARI ANKETI

S1 Bu 6grencinin ne kadar zeki oldugunu diisiiniiyorsunuz?

11 (gok diisiik) 12 (diisiik) 13 (orta) T 4 (iyi)

S2 Sizce 6@rencinin hafizasi ne kadar iyidir?

[ 11 (¢ok diisiik) [] 2 (disiik) []3 (orta) [ 4 (iyi)

S3 Sizce 6grencinin anlatilanlar: anlama kapasitesi ne kadar iyidir?

71 (gok diisiik) 12 (diisiik) 13 (orta) T 4 (iyi)

[]5 (cok iyi)

[]5 (¢ok iyi)

[]5 (cok iyi)

S4 Sizce 6grencinin kendi ana dilini kullanabilme kabiliyeti hangi seviyededir?

(11 (gok diisiik) [] 2 (disiik) []3 (orta) (] 4 (iyi)

S5 Sorulanlar disinda 6@rencinin baska herhangi bir problemi var m1?

[ | Hayir

[1Evet Evetse, Bu problem nelerdir?

[]5 (¢ok iyi)
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APPENDIX D MEAN TABLES FOR THE CFR-TASK

Table 69 Table of means for all categories & items, gradewise

Mean S. D. N

Grade 1 Category #1 | item 1 ,35 ,489 20
item 2 ,45 ,510 20

item 3 ,60 ,503 20

item 4 ,20 ,410 20

Category #2 | item 1 ,40 ,503 20

item 2 ,35 ,489 20

item 3 25 ,444 20

item 4 ,30 ,470 20

Category #3 | item 1 ,60 ,503 20

item 2 ,40 ,503 20

item 3 ,50 ,513 20

item 4 25 ,444 20

Grade 2 Category #1 | item 1 ,38 ,495 24
item 2 71 ,464 24

item 3 ,54 ,509 24

item 4 ,29 ,464 24

Category #2 | item 1 ,54 ,509 24

item 2 ,25 ,442 24

item 3 ,25 ,442 24

item 4 ,38 ,495 24

Category #3 | item 1 ,50 S11 24

item 2 ,50 11 24

item 3 ,63 ,495 24

item 4 ,33 ,482 24

Grade 3 Category #1 |item 1 ,63 ,500 16
item 2 ,69 479 16

item 3 ,50 ,516 16

item 4 25 ,447 16

Category #2 | item 1 ,38 ,500 16

item 2 ,38 ,500 16

item 3 ,38 ,500 16

item 4 ,56 512 16

Category #3 | item 1 ,38 ,500 16

item 2 ,50 ,516 16

item 3 ,63 ,500 16

item 4 ,56 512 16

Grade 4 Category #1 | item 1 ,86 ,351 22
item 2 ,59 ,503 22

item 3 ,32 477 22
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Table 69 (continued)

Mean S. D. N

item 4 ,59 ,503 22

Category #2 | item 1 ,50 ,512 22
item 2 41 ,503 22

item 3 ,32 A77 22

item 4 27 ,456 22

Category #3 | item 1 ,55 ,510 22
item 2 55 ,510 22

item 3 ,55 ,510 22

item 4 ,36 ,492 22

Grade 5 Category #1 | item 1 ,84 ,375 19
item 2 ,63 ,496 19

item 3 ,58 ,507 19

item 4 ,37 ,496 19

Category #2 | item 1 ,63 ,496 19
item 2 ,42 ,507 19

item 3 21 ,419 19

item 4 ,37 ,496 19

Category #3 | item 1 ,37 ,496 19
item 2 ,53 ,513 19

item 3 ,37 ,496 19

item 4 21 ,419 19
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Table 70 Table of means for all categories & items, across gender (adults)

Mean S. D. N
Females Category #1 | item 1 1,00 ,000 11
item 2 1,00 ,000 11
item 3 1,00 ,000 11
item 4 ,55 ,522 11
Category #2 | item 1 ,82 ,405 11
item 2 91 ,302 11
item 3 ,64 ,505 11
item 4 ,73 467 11
Category #3 | item 1 91 ,302 11
item 2 91 ,302 11
item 3 ,73 ,467 11
item 4 ,64 ,505 11
Males Category #1 | item 1 1,00 ,000 9
item 2 ,78 ,441 9
item 3 ,89 ,333 9
item 4 ,67 ,500 9
Category #2 | item 1 ,78 ,441 9
item 2 1,00 ,000 9
item 3 ,67 ,500 9
item 4 ,33 ,500 9
Category #3 | item 1 44 ,527 9
item 2 ,78 ,441 9
item 3 ,44 ,527 9
item 4 ,33 ,500 9
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Table 71 Table of means for all categories & items (5th graders and adults)

Mean S. D. N

Grade 5 Category #1 | item 1 ,84 ,375 19
item 2 ,63 ,496 19

item 3 ,58 ,507 19

item 4 ,37 ,496 19

Category #2 | item 1 ,63 ,496 19
item 2 ,42 ,507 19

item 3 21 ,419 19

item 4 ,37 ,496 19

Category #3 | item 1 ,37 ,496 19
item 2 53 513 19

item 3 ,37 ,496 19

item 4 21 ,419 19

Adults Category #1 | item 1 1,00 ,000 20
item 2 ,90 ,308 20

item 3 ,95 ,224 20

item 4 ,60 ,503 20

Category #2 | item 1 ,80 ,410 20
item 2 ,95 ,224 20

item 3 ,65 ,489 20

item 4 595 , 510 20

Category #3 | item 1 ,70 ,470 20
item 2 ,85 ,366 20

item 3 ,60 ,503 20

item 4 ,50 ,513 20
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