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ABSTRACT

Received: 19 Jun 2026 This study aimed to design and examine the effectiveness of an instructional model based on the
Accepted: 27 Aug 2026 retrieval fluency component of the Cattell-Horn—Carroll (CHC) theory of intelligence in improving
First Available: 28 Aug 2026 readin_g literacy among sixth-grad(_e elem_entary school students. This a_pp_lied study employed a quasi-

experimental pretest—posttest design with a control group. The statistical population consisted of
Final Publication: 22 May 2027 female sixth-grade elementary school students in Kerman, Iran, in 2025. Ten students were selected
and assigned to an experimental group and a control group, with five participants in each group. The
experimental group received 10 45-minute sessions of instruction based on the retrieval fluency
Keywords component of the CHC framework, whereas the control group continued to receive conventional
instruction. The instructional model incorporated lexical access speed, ideational fluency,
expressional fluency, figural fluency, and figural flexibility. Reading literacy was assessed using the
Carroll Theory, Retrieval standardized Progress in International Reading Literacy Study (PIRLS) test. Data were analyzed using
one-way analysis of covariance (ANCOVA) in SPSS version 26. Examination of the statistical
assumptions supported the application of ANCOVA. The interaction between group membership and
Elementary School Students. pretest scores was not statistically significant (F=0.044, p=0.84), confirming the homogeneity of
regression slopes. After controlling for pretest scores, ANCOVA revealed a statistically significant
difference between the experimental and control groups in reading literacy (F=206.46, p=0.001,
np*=0.97). Accordingly, the retrieval fluency—based instructional intervention significantly improved
reading literacy, with group membership accounting for 97% of the variance in posttest reading
literacy scores. An instructional model based on retrieval fluency within the CHC theoretical
framework can substantially enhance students’ reading literacy by facilitating rapid access to stored
information, activating prior knowledge, and strengthening cognitive processing during reading.
Accordingly, integrating retrieval fluency strategies into reading comprehension instruction and other
learning contexts requiring efficient information retrieval may provide an effective approach to
improving elementary students’ literacy performance.
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EXTENDED ABSTRACT
INTRODUCTION

Reading literacy is a foundational competence that supports academic achievement,
knowledge acquisition, and the development of higher-order cognitive abilities. Effective
reading requires more than accurate word recognition; it depends on the coordinated
operation of linguistic knowledge, memory, processing speed, prior knowledge, and the
ability to construct meaning from written text. In this regard, prior knowledge has been
identified as a major contributor to reading comprehension because readers must integrate
new textual information with existing conceptual structures in memory (1). Educational
approaches that facilitate activation of prior knowledge and engagement with the semantic
structure of texts may therefore enhance reading literacy. Evidence from educational
research has similarly shown that paratextual elements can facilitate active engagement
with reading materials and improve reading literacy (2), while cognitive metaphors may
support comprehension by helping learners organize and interpret complex information (3).

One of the most comprehensive frameworks for understanding the cognitive
foundations of academic performance is the Cattell-Horn—Carroll (CHC) theory of
intelligence. The CHC model conceptualizes human cognitive abilities hierarchically and
includes broad abilities such as fluid reasoning, comprehension-knowledge, reading and
writing ability, working memory, visual and auditory processing, learning efficiency,
processing speed, and retrieval fluency (4). Research has demonstrated that the CHC
framework can be applied beyond conventional intelligence assessment to explain
individual differences in academic performance and learning processes (5). A meta-
analytic examination of CHC broad abilities has also demonstrated meaningful
associations between cognitive abilities and academic achievement across educational
domains (6). More recent work has further emphasized the value of the CHC framework
for examining cognitive profiles associated with reading difficulties and dyslexia (7, 8).

Within the CHC framework, retrieval fluency is particularly relevant to reading
because it refers to the ability to access stored information rapidly and efficiently from
long-term memory. Retrieval fluency includes processes such as lexical access speed,
naming facility, word fluency, ideational fluency, expressional fluency, figural fluency,
and figural flexibility (4). These processes may influence reading by facilitating rapid
access to phonological, orthographic, lexical, and semantic representations. Research on
cognitive predictors of literacy suggests that early cognitive characteristics are related to
later reading and spelling performance (9). Similarly, serial retrieval fluency has been



identified as an important cognitive correlate of reading fluency (16), while rapid
automatized naming has been shown to predict subsequent reading performance in children
(17).

The relationship between retrieval-related processes and reading comprehension
may also operate through reading fluency. Evidence indicates that reading fluency can
mediate the association between cognitive-linguistic skills and reading comprehension (18).
When lower-level word recognition and retrieval processes become faster and more
automatic, cognitive resources can be redirected toward interpretation, integration,
inference, and evaluation of text. The educational significance of reading fluency is further
supported by evidence linking fluent reading to broader academic performance (19). Access
to vocabulary representations is also important for language processing, and strengthening
phonological vocabulary knowledge may enhance efficient processing of linguistic
information (20).

Retrieval itself is an active cognitive process rather than a passive reproduction of
stored information. Neurocognitive evidence indicates that remembering reactivates neural
regions and representations involved during encoding (12), while contemporary models of
memory emphasize the dynamic interaction between memory traces, retrieval cues, and
neural systems during successful recall (13). From an educational perspective, repeated
retrieval can strengthen learning and subsequent accessibility of information. Retrieval
practice has been identified as an effective learning strategy, although learners do not
always select it spontaneously during study (14). At the same time, subjective retrieval
fluency should not be assumed to reflect memory accuracy in all circumstances, because
ease of search can sometimes distort metacognitive judgments (15). Therefore, instructional
use of retrieval should be systematic and accompanied by meaningful processing and
feedback.

Retrieval fluency may also support broader forms of cognitive production. Research
has shown that broad retrieval ability and processing speed contribute to creative ideation
and divergent thinking (10), and more recent evidence has examined the degree to which
retrieval ability contributes to originality (11). These findings suggest that retrieval fluency
Is not limited to recalling previously learned information but can support flexible access,
recombination, and generation of ideas. Such functions may be particularly useful in
reading instruction, where learners must retrieve vocabulary, connect concepts, generate
interpretations, and reorganize textual information.
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From an instructional-design perspective, cognitive principles become educationally
valuable when translated into structured classroom activities. Effective lesson planning
provides a systematic framework for organizing goals, activities, timing, and assessment
(22). At the same time, flexible instructional design allows teaching procedures to be
adapted to learner needs and the cognitive demands of the content (23). The broader
principle that psychological abilities can be developed through integration into ordinary
school subjects has also been emphasized in theoretical educational models (24).
Furthermore, instructional approaches that actively engage learners and optimize
cognitive-resource allocation may enhance learning performance (21).

Despite the growing evidence linking CHC abilities, retrieval processes, reading
fluency, rapid naming, prior knowledge, and reading comprehension, few studies have
translated retrieval fluency as a specific CHC component into a coherent classroom
instructional model. Accordingly, the present study aimed to design and evaluate the
effectiveness of a retrieval fluency—based instructional model grounded in the CHC theory
of intelligence on the reading literacy of sixth-grade elementary school students.

METHODS AND MATERIALS

The study employed an applied, quasi-experimental design with pretest and posttest
measurements and a control group. The statistical population consisted of female sixth-
grade elementary school students in Kerman, Iran, in 2025. Ten students participated in the
main study and were allocated to an experimental group and a control group, with five
students in each group. Before the main intervention, a pilot study involving five
participants was conducted to identify implementation problems, clarify ambiguities in the
instructional package, and assess the feasibility and face validity of the protocol in the
educational setting. At the beginning of the main study, both groups completed a pretest of
reading literacy. The experimental group then received the retrieval fluency—based
instructional intervention, while the control group continued with regular instruction. After
completion of the intervention, both groups completed the posttest.

Reading literacy was measured using the standardized Progress in International
Reading Literacy Study (PIRLS, 2011) assessment. The instrument included literary and
informational texts and assessed four cognitive processes of reading comprehension:
retrieval of explicitly stated information, direct inference, interpretation and integration of
information, and evaluation of textual content and structure. The Persian version had been
translated and adapted for local use. In the present study, Cronbach’s alpha coefficients
were 0.68 for the pretest and 0.78 for the posttest, and test—retest reliability was reported



as 0.72. The literary section consisted of 17 questions with a total score of 23, whereas the
informational section included 14 questions with a total score of 19. Items were presented
in multiple-choice and open-response formats. Participants were given 40 minutes to
complete the assessment.

The intervention was implemented across 10 instructional sessions of approximately
45 minutes each within sixth-grade social studies lessons. The instructional model was
organized around five major retrieval fluency components. The first stage focused on
lexical access speed. Students engaged in brainstorming activities in which they rapidly
retrieved words, names, and concepts associated with the lesson topic and organized them
into semantic clusters. The second stage targeted ideational fluency by asking students to
transform retrieved words into meaningful phrases, sentences, and new ideas. The third
stage emphasized expressional fluency, during which students examined their ideas from
different perspectives and refined their verbal expression through peer interaction and
instructional scaffolding. The fourth stage addressed figural fluency by connecting words
and concepts through lines and visual relationships to construct conceptual networks,
logical sequences, or brief conceptual narratives. The final stage focused on figural
flexibility, with the teacher providing feedback and guiding students to evaluate,
reorganize, and reinterpret the conceptual structures they had created. This sequence was
repeated across the intervention lessons.

Data were analyzed using SPSS version 26. Descriptive statistics included means,
standard deviations, frequencies, and score ranges. For inferential analysis, one-way
analysis of covariance (ANCOVA) was used to compare posttest reading literacy scores
between the experimental and control groups while statistically controlling for pretest
scores. Prior to ANCOVA, the assumptions of normality, homogeneity of variances, and
homogeneity of regression slopes were examined. Statistical significance was evaluated at
the 0.05 level, and partial eta squared was reported as the effect-size index.

FINDINGS

The sample consisted of 10 female students, with five participants in the
experimental group and five in the control group. Descriptive findings showed a substantial
improvement in reading literacy in the experimental group following the intervention. The
experimental group’s mean reading literacy score increased from 7.2 (SD=0.83) at pretest
to 15.6 (SD=0.54) at posttest. In contrast, the control group’s mean score changed from
10.8 (SD=1.09) at pretest to 10.0 (SD=0.71) at posttest. The pretest score range in the
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experimental group was 6-8, whereas the posttest range increased to 14-17. In the control
group, scores ranged from 8—12 at both measurement occasions.

The assumptions required for ANCOVA were satisfied. The Shapiro-Wilk test
indicated no statistically significant deviation from normality (W=0.877, p=0.12).
Levene’s test was also nonsignificant (F=0.699, p=0.427), supporting the assumption of
homogeneity of variances. In addition, the group X pretest interaction was not statistically
significant (F=0.044, p=0.84), confirming the homogeneity of regression slopes.

The ANCOVA results demonstrated a statistically significant effect of group after
controlling for pretest reading literacy scores, F(1,7)=206.46, p=0.001, np*=0.97. Thus,
students who received the retrieval fluency—based instructional program achieved
significantly higher posttest reading literacy scores than those who received regular
instruction. The partial eta squared of 0.97 indicated a very large intervention effect, with
97% of the adjusted variance in posttest reading literacy associated with group
membership. The pretest covariate was also statistically significant, F(1,7)=6.34, p=0.04,
np*=0.47.

DISCUSSION AND CONCLUSION

The findings demonstrated that the retrieval fluency—based instructional model was
effective in improving reading literacy among sixth-grade students. After accounting for
baseline differences, the experimental group showed substantially better reading literacy
than the control group. The magnitude of the observed effect was very large, although this
estimate should be interpreted cautiously because of the very small sample size.

A plausible explanation for the observed improvement is that the intervention
directly targeted processes needed for efficient access to information stored in long-term
memory. Reading comprehension requires students to retrieve lexical, semantic, and
conceptual information rapidly while simultaneously integrating ideas across a text. When
retrieval becomes faster and more efficient, fewer cognitive resources are required for basic
access to words and prior knowledge, leaving more resources available for interpretation,
inference, integration, and evaluation.

The first component of the intervention may have been particularly important in this
respect. By repeatedly asking students to retrieve words and concepts associated with each
lesson topic, the program encouraged rapid activation of relevant knowledge before deeper
processing began. This likely strengthened connections among lexical and semantic
representations and may have increased the accessibility of prior knowledge during
subsequent reading. Organizing retrieved words into clusters may also have helped



students form more coherent conceptual structures, enabling new textual information to be
incorporated into existing knowledge networks.

The ideational and expressional components may have provided an additional
mechanism of improvement. Students were required not only to recall information but also
to transform retrieved words into sentences, explanations, and meaningful ideas. This
process shifted learning from simple recall toward active elaboration. By generating
relationships among concepts and explaining them in different forms, students may have
processed the material more deeply and created multiple retrieval routes for later access.

The figural fluency and figural flexibility stages further extended this process by
asking students to represent conceptual relationships visually and to reorganize those
relationships in response to feedback. Such activities may have strengthened integration
across individual pieces of information and promoted a more organized mental
representation of lesson content. This form of active restructuring is particularly relevant
to reading comprehension because successful readers must continuously connect ideas
across sentences and paragraphs rather than process each unit of information in isolation.

Another important feature of the intervention was its progressive structure. The
instructional sequence moved from rapid retrieval of basic lexical information to the
construction, expression, visualization, and evaluation of meaning. This progression may
have reduced unnecessary cognitive demands by ensuring that relevant information was
activated before students engaged in more complex interpretive tasks. In this way, the
intervention combined fluency with meaning construction rather than treating speed of
retrieval as an isolated goal.

The findings also suggest that cognitive abilities described within theoretical models
such as CHC can potentially be translated into practical classroom procedures. Retrieval
fluency is typically discussed as a cognitive ability, but the present intervention
operationalized it through concrete educational activities that could be embedded within
ordinary social studies lessons. This integration is important because it reduces the
separation between cognitive training and curricular instruction. Instead of asking students
to practice retrieval in decontextualized tasks, the intervention required them to retrieve
and reorganize information directly related to academic content.

The results should nevertheless be interpreted as preliminary. The sample included
only 10 students, and the very large observed effect may partly reflect instability associated
with small samples. In addition, the absence of a follow-up assessment means that the
durability of the improvement cannot be determined. Future studies should examine the
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model in larger and more diverse samples, compare it with active instructional alternatives,
and include follow-up assessments to determine whether gains are maintained over time.
It would also be useful to measure retrieval fluency directly alongside reading literacy to
determine whether improvement in the targeted cognitive process mediates improvement
in reading outcomes.

Overall, the study provides preliminary evidence that a structured instructional
model grounded in retrieval fluency can enhance reading literacy in elementary school
students. By integrating rapid lexical retrieval, idea generation, expressive refinement,
conceptual networking, and flexible reorganization of information, the model appears to
support both efficient access to stored knowledge and deeper processing of textual
meaning. These findings indicate that cognitively informed instructional design may offer
a useful direction for improving reading literacy and suggest that retrieval fluency can be
treated not only as an individual cognitive characteristic but also as a potentially trainable
component of classroom instruction.



&

J9, 50y S igp 4l o asT b sl (Slg) 9 (e oy S9N (2 yb
ls Slgwr 2 ol 15U

Y oo "’“A.;”Ag&‘ \GJMMW'ULO" “‘u.jt.zats‘)}lgoc ‘u.wv. @9&»4&.&@0

ul))l ‘uLo); ‘Q;c)'twl .)l)j olKuisly &uLa)s ..\>19 ‘LS‘”JLMU]?) 9 wJ)J P?’Lc Df)f .\

M‘ “

9509 S hen 45l )5 (abjb Sloy adse p (e s oVl (Sl ey g (STl Saa b pol g
b otaleslaass cbgy 5 5l g (o208 Bam jlai ) gy b plosl izl i 4l (ligel 23 (s sl 2 (CHC)
VY0 Jlo 53 losS b ot i agly 5553 (ligel il Jalds gylol anole 292 I35 09,5 5 cpgeilmmoiseiliin b
b otalejl 09,5 )5 15 G gy Jeld plaS” o (S8 5 Gtalesl 09,5 93 5 5 Sl jel Sl Ve T (e 5l oS g,
Jsene (bjgel S8 09,5 &8 Jlo 3 5 bl o |y CHC w ks bl gy (658 g2 (sitee (g0l ecsladds ¥0 aude V-
5 S5 Sy oo blus wgilipenl Sy (o Bly 4 (s Cop Jold olaadlie s bjeel 5ol ol all |,
Judo 51 okl b Wnodls .5gs (PIRLS) 315 05163 slgus 3,5kl (9050 Waodls (659l5,5 I3l 59 gzl IS5 (¢ dobllanil
g1 g Sy Slod (San Sl oS (F=o o FF, P=- AF) 355 jlolias 90510 5 09,5 il 51 559 )80 il lgsS
S99 ol dlsw )3 S35 g halejl 09,5 ol s)loline Sglis ppgeil e S S Sl e ol U5 ilylssS il gl
25 len Slgw Hioline dgu carge b3l Slgy p ine (il dblne (ol (F=Ve5£8, p=-ie ey, np2=~.°w) cusly
sl 5 Rl oy e s 5T AD 00l s 095 51 4y (S Slges (gl Slyad il Sl a3V
lges (S 31 Caghi g g G 53l Jlub 0o s d ST &y g s (0> S L Sl 0 CHC gL
5 iy Aol ey 9 cdlae Syd (5590l 1 oIyl 1 edlatil cqypll famd Do (gylolime yobods Iy o590l sl yilgs

Db o0 gy MBI (bl

VELO YV el s g,
VEO)E0 1 s f,U
0/ 55 tadgl Ola g U

VESLYTN s als ol g,

AL e

isa 4l il g
oy Jo s S
(sdisel (b bl

sl el il

1 28l )l oga

o U 5 Jgl—igam IS g 4055 2 4S5 L ik g 2 stee e 58 (A (VF05) g ot bl g ctll lol o llabs el s alS it s S
ANYE V)V sl 5 Cond 03 630 5 gy VIS Slge

ol oy g 4y 3laze Allio oyl il Gei> oles \f.;© e

LA 05005

el e

el 4285 50 CC BY-NC 4.0 0155 L gillas ol31 s yss & pg0ty alliio ol L Kamyabi.mitra@gmail.com : s xSl ey


http://creativecommons.org/licenses/by-nc/4.0
https://orcid.org/0009-0003-8338-8070
https://orcid.org/0000-0002-2572-7527
https://orcid.org/0000-0001-8028-9833
http://creativecommons.org/licenses/by-nc/4.0

daide

ilisee (slooygd 3 (Jwass Cudbge sbailinin (e g xSl laadlie el Sl (o (Wl Slg
Sinlar Jolss p e 48l (gmptin (gis] b aSLy 395 sod dgame oly liS ey o bl 4 1y lgd Cansl 5 550]
&l s9el Ll el e 3l lime el g zlySein] (oblg g dg ¢ 3ld h15 o 3 cabadls ¢ Sbj ola oUlys le
Sjlw Jhydy bliyl e polie lo S SbjL cds 5 cepo by Sbj leMbl Blgn Bb e S5 o0 Spo 4 oletwd
9 odlgd 0)Sles > (63,8 slacgley 138> calis @ Wlg o les dlaw ol GBS Jelgs awyp late pl 5lamd
D> o wad pd oS el B i 1 48 Wlodls i dmgd claasl LS KeS 5 ise djgel MBI slb
B3 Wgw 3¢5 dlasls 13 dgnge il (ela lislo b1y oyl canl 356 cois leMbl jl pomuie (sline calo (gly oailed 1ys5
2 1) 323 )8 b cov (ges B ysboar |y (ulss S0 o Sl oo (Shize) SIS & o ytund (e g S o
a oilgs b 3gy9 (gl dise) dlul g ielp yolic (65,4 a5 Wlesly LS 55 31 bieel cla g by pen
(3) 290 i el (Slsime )3 350 42 g0l B o Bresi g el (B30 lojls S By

L Jo)= S (s 4l (Sl p S3e BLS b ally ud Gln ot ol o)y
slo2Ulss 9 395050 slod 4 sl (GBS o Ul s Lo Cnogi 53 polae slads o Saele S| (o 45kai (ul .ol CHC
L;Lmug.lsls.;’ 5l L;‘ob);'mf dcgano «dy o Oﬁ‘ 055 S5l s "\‘Su;‘ 20k sk u.,,}").od‘l.wlw Sl B o, e
lr sl 4 g 43y )5 (938 (o yioxiw ojg> I CHC 4)lai3,)8(4) 5,5 oo 2 3 1) sk Sloy 5 G g co
ULM; CHC Jﬁ)lf o)lg)b omral:g:.;‘ Lgl.mum)).g Ll 045 J:.u u.LM LngJ)SJ.Q.c 9 LS‘“}L'“J Lglm.&;i])é O L"f‘9) JJDU
0,13 (ylolize SleMbl Wlgs o Jdo ol D950 g 0353 (slay SUlgs olwl o g0l il o lis 5, Slos jouds a5 A 0
£ iy 5 CHC 03,58 (clo U155 oo gy Jeodlyb cseizpan (5) 33k oalyd hoans inss 5 Cotin ol (sl lS 53l
ol g L)l daly Ldjgel 5,Shas 465UsS slaojor b Jdo ol calize s kis by Uy 4 cul 03,8 sl lass
(6) €85 oy (raxs sglis diepllss (e sl 2920l ! Sl Ol

aSly y800 Sylae S lgicds 4 ol 5 Shas a5 395 0 ST Sloj 0394 yles 0595 13 CHC ks coonl

YMB] hyls 08 3l sla bilagy o)y wis Cldllas b a3 )3 i ) dld LUly pais Jola doly alieay


https://portal.issn.org/resource/ISSN/

AR

o5 /P05 I i B8 A8 T35 S5 8, LR AR § s A

(il slacs g b o] bli) 5 (3 5 Slas SsSenl o 5 (VL Cubls CHC g e o wlosls (L 55 5,550
il & conl o] S0l 3 szl cnl sliee 2 lglosl sl 231 (bgn (gla by )y (7) 20 sl 5 by
4 i)l 0205 39 5 S wald Ml 5 (s )5 i b )gile I s eels ol Mg (BLd Sy 38
0))> iRk o) ek 3 (8) 35 e 0l |y (6550 Phe polaBl huld (il i K 0jei S
35y ads) ol §) (B o bl Syt y3 6358 lacsglis o sl o3l s Mol 5 (ylis adgl Lt (elacy s
g o onlpli (9) 2,65 51,8 o2latul 3)90 plindg) Allio g (olulid )3 Wlgi oo g Cowl Lasipo (ilgs ) (368 (gam 3 )Sdas L
Bl a3y b SleSbl 513 5 (owiord ety b Lasitons &5 ol ol o3gt csbon bl oolais] claailge
S oalf Sl e bjgel gl (Al (sl orlie prae

& b3l Slgy )l 650k anls pd (glefng ol « SL3L Slg» CHC &y )l )5 esdip jhae sla olly le 5
@ o piawd s o Mlo olaculilE ol g 5)ld o)Ll conenily aladls )0 sudio > SleMbl 4 gy 9 @ (o piwd (oUlgs
Ul ol coenl (8) conl (IS g pdybllasil  JSS Sy ol balud cgjl ol Sly) el Sy e 5135 pL 0l
o3 2yt sl 005455 gl SAEML] s g3 injl loanss slac b ) s B s oS 3500 (020 b
o cblizl sila 5V o sl & 15l (BUb Syime o bl 5355 5 gy abdansd Cledl ¢
& bl Slgy a5 wlosly Gl 03508 2Lk (2Ll 0ylyd (g Saled il polaidl lae )5 g CleMbl oS 5 i
Sl | ik Slg5ge (Bi13 5 sy g 3,05 byl 551,519 1S5 cladi]yd g onsl ag Ul b asly caladls 5 Slas | o
156 bos) ol 5 bk U5 oo b5 2 35 st lagingh (10) 88 s 1y 53 pe] 5 bl (Ul 53 (63,8
9 &gt sl Wy (BUd el I (S Sy dibls lgize 4 @ g 03 S (a0 yied & Wlosls (LS 5 Wlod)S
(11) wsb &ilygl g

SasSN o] b o ol Ly (sl 851y s i Calleh S il Ll o S 5 LD e §
Sl b site «syshl plEin 45 wleoly ol b licaas dalsd Led o b iz side dd ledbl 4 by yo
5313 (Kt 0o 35 (sl ladl (g5l Jebsl (S5s8 4 sl Culbgo g Bigdh o 153 Baome (613850, o 55 Jleb (300
abadls glaldy (e oromy Jolbss Jols (655l a5 Ko, a8 13 bl i jonas lapli o)y pays cllas (12)
loaibl, cpl o objgal slaie 51 (13) Cunl 42335 (claty o6 (gilo il o b badje (ae slaaSid 5 bk slaaliss
Sl w30 el 085,50k 4 (Gbjb (pped S (oo dtua |y SleMBI LS bk sl 5)Se slacus)d dbnl Coeal
Gl o Ll S ane) 3 ik S Slgdl)s dabls I VLS 1) GleMbl dgie b (6)),S5 g adleite agalse

wil OleMbl (6,805l 5 (5530 (gl i )08 gladyaly 5l (S Wle o Sl oyl &S Canl 03l LS (6,300 sladyal)



[T SRRSO T I ]

CatS 0,l)0 2y8 Cglad Cuwl Sow byl Sy LB son 9w oy 1l P ples dadls by 5,Sles 5 objL
canlio (231 colan b ol yon g diedin il sl 1L b3k gy 5 (ob590] ookl ¢l ply (15) a8 6 yoie | 295 aladls
5k

@y oy pilie (lg) Bl sl Jloye3 0 (e g BB (dngh algidy ) s a9 2biL Slg) e Sen
Sldgead 1O pho (BLd Jolos 51 (S b SbL Slgy &S b lis o) Ken g KOPONEN  yizgh e ials' ]y e Sy
sl Slas ) (gulul (i85 ordopdd SleMbl 4y Jlgte § @y (owyiwd (2l g Canl Slaslre Jlg) 5 a3 gy e
0058 3, Slas oS cuwl 03l LS @ g0 J8253 (615 L 4y by (sla yimgy Julodlyd ¢ pimen L(16) o)l g5  Juass
o (17) 23k am slaJlo o T (il Ulg (sl (s )boliae sy g gl slalo 3 @y ()3P0 BIISS )
i alsd 53 ol by 1y (oMb gy objl oUls 5 oM oy Gy & 3o L gLzl
Al o] ool (Bl sl s wiles e aSh

gk 2l e Sy g SbimBls Glasle ple core ldlanly (i 38 S Sl K g ]
O 58,5 s 0 L gl ) ol Sy g STl sbeles (S e dally o5 0 L o es 5 Cadime
it baye oyte Sy b peeibiane it g ditane (51 e )b 1 (SU5 )l plo g (BSly 53 gess Y Wl Sy,
OBl ln ) it 3L gl ol Simb paw laanl g (ab I8 & sl Bl Bl b 4l ol (18)
o a8 Sligel 4iils g 51y bl uass 3, Slee b ouilgs Slgy a5 wlesly LS 55,505 saled .08 o Sl Lixe YL pdasw
ol 31(19) 35,1 Lao cblis g lgime o 35 p05 gl (e (LS oy Vgano S g0 (B3l sy B2 5 e puo L,
¥l Slgy S b 5l malitnn jod ©jgod a8 ST @ pud 1) (BTl 4 oy LS & Nlg e (2b3L Slgy osd )
Ao il 1oy cdles STy cuals

Ok 313 sl Wojly (SUse 5 (2ly JSB 4 (oo yiws Uy sl sl cpl (oulel (il 51 (S 3 SBT3y sl
agalse a5 0l lis Masral imgt duise deuo 1y SUj g (ool (55 Ll o SB35y sl oledib Cogds g Cunl (g
05> 0 ddlllas oyl 45 ,51.(20) WS SaS (6l S dgupo 9 B ldgly B3l Ll a4 Wl o (S (63955 b 03 piuS
Sl Gl o SBly claaSid (b 5 & WS e Coles oges ol ol 3l o gl sl o plodl pgd (L s xS0

590l > 0,8 g0 iy Une g o3ly SIS lS azpm 5 il 0 A8 e ) G5 B3l Blgise ol 4 (st

\Y



\Y

o5 /P05 I i B8 A8 T35 S5 8, LR AR § s A

oo S5 g (Qlae balgy gyl 39505 Gl g cudly dnles Sl (g yieST (BUS (I 4 (Sbj wly a cwlidil sl
Db oo ol B

Sl 4 e laie | Glg e WS o 53 1) (il Al et g0 &S alaeel (b pelal )
Wlg e wmd (ol 1) (6)900 it B wlio g st |y (5y908 DleMbl ooy o bjgal colleb o a3l glos L 5
S Sloj cBlpmd 53k (slo2,S5) 45 2l plis Deng 5 Lyu Lol il wal )b jbliae (050b (gl (o i bbb
SleMbl ol 55 1 085,85l Jb 8 )i 5 413 ) |y (s ,uS3k 5,Slos Al e ctigds ol 85l 5l b gl b
Sgiore gz &l 4 Byo s 5o Lbisel 45 aad e lis Jlb bl & bgype nleds LS 5 bl ol (21) Wi i3l
5 s OleMbl Jlsb (lojl g (olesil (m3ploil (bl piliae 457 1S 15 )s olaclld 15 1) 015 Sk Bl 4l g
el ol 5 maalae plo enl Mg (Bl bl GuS 5 L Sl 2Ll Slo) 2 e gt N o)l
S Jb plojen ol |y (LS (5115 5l pdaw sz lise

oM )3 eaie 9 Ll BB ooy Jolye a4 (plas Sle s piine (pizmen (5w 3l (bjgel (66U G (b
Sl SO B 1) Sbjyleges g canglej (s ok slacylld cBlual S o S8 wlae 4 g5 (S5 )40l ol o>
oS ol 05 35T 5 (objgel g illanil (clod o9, 5 (22) A8 (S gl ool AlE (S8 3l g amd lejls ezl
>k (Bls Blal g lgze canle (XS0 slajls b cuslie «oll Ghey Sl (SOl Cund s> 4 b o b
wauin ((ddie And o o)l plre 4 |y il Siaload sy sl o Bl glaw o 5l edlatul L ol ) (23) 244
o wloaly U5 bjgal 05 53 (655 (sladleitiy (B cnl 2 9l S has NS lacled 4y 1) aad sla Ul ]
4S5l bgptia cigh 03l (B9 dwyde (wgyd Slgizme ) (p0)e ©ygoh Wilgie j5 Sbra Gher e olaobly o
B ladlge o cuils lanl g5 oo ol (24) 1l ond (b cpbsy 65k ogle S wlul r (B59el slac Il
2l sy 1y siapllss )15 (oS S 4 (b oS bl 5 ObjL Sy, Wl

ool ccdlae S5 ) uls Jlgy SIS ¢ Juand i b (BUS slaoblg bl ojl)s 35250 dnled 329 L
b oyesy onl jleir S ks S o gl Slilllas odas 250 (b3 (e iSepl 5 (Jlpe 2Ll 5 e 515U
5 il Sloy O B (6 ,5) Sladly 55565 (Juars cubge L CHC (sla)lils alaly 5 ooy (S 81038 (o)
Sbyy b oulss Sloy o GBI Cuenl 4 S0> (295 9 (17 ,16) Wlod)S wyp ils 3ySlas 3 1) 1y (513561
i (oBig0l g o & CHC ay,kai ) bk Jlyy adlhe it bas (Jl ol b (18 1) wlaasls yy Cllae Sy 238

ol 0 Ly oyl cusnl Slail oyg0 1 ojﬁq;)d.& ool Gl 48,5 5108 dn g Dyge oS e 1] Ayl D Sy Wil &S



[T SRRSO T I ]

WS o S > Glgie (6153L (sl Nl 5l ooliin] Caonws 4 85lgn b (elacs e S A po 3l 590l SIS 6493
Djlw Hladd 1y wyd s Sys wilgs o SleMbl 20 ylojle 5 @y (b5l > Cand 465 )b g

Slyeis B 295 plol yonds BB 5 plaie ooy ook o B ) il dpax (Bjel ASlae o b (Jl s
g ol cldlie camols gy i yxi Ciyg s g Gimgh (Sl el e 0l Cans di e & K6l ds U sadosalin
ol (25) a3l 1y oM lae sz 5l 0)bys bl jlsel Wlgs o o S (slagybo 51 ool g 25,15 4 awslio 34,
3L adgl gail g SS9 sl el (g 15 @)l (s Catl Glodie 5 S g8 oBjgal slatimghy )3 £090
o 2lls (i85 o)) (655 405 3 Sy ygasl 2 0gMe Blgie bl Sy 2 e s S S 5 (2 el
il bl 551y laol bigel 13 jemmecalis OMlae dxwgs ¢l psY Slodde daled o les 3 CHC

O (SLj SOlee plee odomy Jolsd ol (algs blgw oS wiad o U (25 g )kl Ialad Egecme 5
b oB5lg cpped 4 oylgs 300l (59,5 39a5me ¢yl plis funl oaido pad leMbl a4y g yiawd Ulg5 g (5515, s g ¢y
solie Cg2oly CHC & )las wisS Jlb 1) (02550 JolS” cudyls conl (Sae (ol (B sl )b & ca gy g (2liS o)
(dodily dadls lo oo sbrdils I (S (lgiedr Slgiee )5 nl )3 2Lk Sy 9 1S oo ]S LUl cl (bl sl
s 4Bl lB b )85 oSN G 4 adie (&7 ()90 )3 98 4SS )3 e S5 g (S Sl ( SBTly (w yied
5 umd lojl 5o |y menlis o Lulyy aSl S il iz |y Sledbl s & oljeel yials cudls Lzl ol oo o
e iy oSl i Sl oy g (Sl pols imgh Bus g plil fiad olaid] e el 4y (gpuie 3L mle

Dy bl waid aly oljgel yh Ulss dlgw y e )S— 0 yea— kS (hen e 4SS L bl sy

o9Slommoseilitn b b stilojldass g5 5l dmodls (5ygla)S eged jlai jl g (63,0)18" wBum Jla 5l sl imgsy

S isls S5 Yovd Jlo o o) o (il w0y 25 olisel ptils ) Gimgly (gylol ansly gy S8 09,5 L ol e
g MBS 51,8 ol 2ol iy Jold pluS po o ]S g ialesl 09,5 53 )3 g il Qusl jaal il Ve caalllan 350 dnsly o
W i) lolye] lolis 5 el gl il (g s SSTo 2 ol 5m b 5 ing Lol (sl 5
(Yor o) b 3,809 ool 2 bl Al po 3 3lass ol bl b plool 5ol il iy <8)liie b bl adllas S objgal
XV ‘))) ‘L,«B)f O yguo (Y'\\ﬂ) ul)\Swm 9 gh’b szy o..\JJ:Mj‘)‘ L€">L'”"U*’9) u.:L.a Oeed g u.:‘)>| Mo ‘_;:LwL.w 51);

b9l bz 33 1 (y90 )y sy 5wy slnl om el b)) 4l g (g)lel ol ol gl dls ye Lol

VY



VO

o5 /P05 I i B8 A8 T35 S5 8, LR AR § s A

Ol g (ot 3y90 (gal g Al ye )3 09, 93 o a3l Sl el (Lol sl Y oMol plosl Iy 25
Sl oy (slsime Cs2ole 3 1y il g 3 e oS G5 sBigel e Ve (o ialojl 09,5 g i8S 138
89,5 93 3 jl ¢ g0l Slads (L 51 L 2> dalsl 1y 355 Jgame hige] JyiiS 09,5 a5 b ;5 0,8 by paind a0l clozs]
D5 gyt (90l Ao i 1 lise 5 eabaloel ks b sl Jas @ (155 slgus 903l

PlRLS, ) Ap b OJJB& .)|9w 8yl L;U«)J‘u.u aalllas 3,55kl O?"j 5l ulf-\.u.{k_ag).u) ‘_’)A}b& b|9.w g o &ly
ol s Yo g nl oole 5 o3l 5o g5 90 ol g 00b b llae 55 el obsy) sl ) ) 1 oolizl (2011
gl el SUlg bx oo leMbl SUiL ol aan] 3 oyl faed o ) )8 ioxiaw 390 |y iled b lagye 3L slaai] s ]
ool GleMbl ¢ bajlgy 5l Uso zlyseiwl oUlg (clne 4 cpations bliiw! (lodds ylu o 0 pais jobdy &S Cunl  SleMb]
) pomite line o 4 (ol (gl e cilisie laisu 5 onl «leMbl (oS 5 (Ul &S (308l 5 yund S350 53 35290
I 093] ) s ol (e line polie g (Sl kbl dyie oo g 485 (Ul 1 LU &S ()l 5w e LS
crl (ZRwglyy oSy (VoY) (S (s )l el el 0ad (Giloioag 9 dea 5 P Slillas (o 5950 bawgs
VA Ggoiloms sl g o FA bge3l st slp EligsS Sl ops il (imgdy p0 il 0nd (51 S5 b5 s )3 3
ol sl 0956 53 59 Hl3l Jgad o sleiel bl g L3 sdimd b a5 b (555 < VY 55 oloslib (bl cupd g 15 34l
bl WY Jolis (ol (e dimd guwl ¥l 4 aissls Cuoyd aids ¥o Ul g 8,5 1,8 Bass'es b ,Lasl )5 oyg05] (gt
g 20 L] 5lgsl g (gl S aia g0 93 4 SVl 9392 0500 W g b JIgw VT Jold (cale (o 9 0503 YV g 900
i Ll i bulyd o g ogeilmg dl e 53 Ioame j35ie ygail e jgel alslis el 5l

FO aude Ve (b g ad (2l Jo) 50— S Goem )l 50 bk gy alie bl gy (b0l Al
kol e gy g dnds o l3le 005 Tl Jislejl 69,5 (¢l it Al clan] Sldlhae oy (glgome LB 3 (cladds
4 AEE3 Ve D9 & duda pp CunsS IS ) o ST plaie Gjgods (pyd pa 3 Jelie (nl g 9 gl (2L Sy,
()58 (sl S5l oLl b plae oS g0 cnl 08,5 00 )13 005 3590 €Sy Ay (g pusd Sy el oo oo
sl 295 aladls 51Ty ey mamlio g alul (5lg idgy ciloge jgel il 5 5,5 oo okae ) o3 ol Egse b lgie
03‘9 g d‘)g UM 9 ..\Smup Cud 01)9‘1L)‘“"‘> )d.) 29 S S92 o.\;fl),; G ygody o.kwc])?w»‘ ulf)b WLy L)L" cJJ.))fu.n
488> Vo 9d> &S pod IS )3 23S JSI manlie | gladiss (o)l g )a U ade (2l 58 )50 b e Bl Lol
hle a1y Jd Ao jo 5> osslcanday o531y 260,80 I jgel il 9 €85 00 )8 drgi 3)50 €iglo ol Jlg
dgd aS &Kl Ll s pow dspo 50 a5k 18 0 bl sad obh pelas le g 0SS bag jbolize slros] § Mes



[T SRRSO T I ]

Ol Feade 9 Sy F3Ed M5 4 ]y ] 80dsS e g 03,5 0 gy e gblg 1) 255 (slmony] (pblien |
bli) oadced punlao 5 0l55ly e plee Culan b oligel il g diB> gy dgu oS € JSs sy b oy alye o S
235 g0 ol agrda olisS il b gilate Ly, «(slaSid bl S dag] e bglad w5 By Sl g 13,5 o0 )18
95 Sl ) (6360b yone )95k L) b ples nitS o Jsbo 4l iy 293 a5 €SS (g pddlash b SbL by
4 aquplie (o ondolm) Jlble wlidjl Gyl jl g 2ol oo )8 lid 5 b5yl 3y90 1) ordass gl elgimo ljgel il
o 2l U jL,SS adlie cluds ol o g cpl s ly o yoyd (ogre Olbls)l Syd 5 SleMbl dsaze 20yl
09,5 Do Cog Liopllss jobay mumlas oy ;0 Bllasil 5 g, by 0l adgh ¢ slize (2O jlojle chtonily alasls I leMb]
2855 )18 bl Sy eolatd] (g6l (5 ym0 53 53,8 2Bl |y oS Jgeme bjgel 093 (e Jbo y S
o 53 505 oo V5 aseas SPSSlj8ls 5 5l onlisnl b «cg5913,5 5 o 903l 9 090 i 51 ol slnosls
Some Gliol g xSk a5le ol el 51 S g Giulejl (slaog)S 53 (lgs dlgw jite Cundy Cinogi sl inog Ll
il 40 3llsS” Sl 1 4558 09,5 b olyen esl i oiseiloter b & 4 b ozl ol g 53 a5 o3zl
(oilylass s slpl 5l Gty b sl (pgeslhe lhed B U5 L eg)S 93 il dlsw (igel iy Dlyes anslie
Kot Slygmg,ls (903l oalitl b laodls 565 (392 Jloyi 28,5 )15 (w2 390 (3051 0l 42 gy (glol (sloaidg jio
) 306 51 G b 23] ogeil it 9 09,8 e S gy sl 31 g Sy Slaand (e g gl (g0l b g
b 31 o)Ll (s loline o g Fojlal jy ogMe (objgol alslio 5B line o sl g 2 Ll il lgsS Jubos g e

A A 5 0 3 > gy dedp gl sl el (sybline g 102,5 IS Si SbBl ppione 5l ki

bS5 RS g Galejl 098 93 50 oS og (ol i aly 220 jeal il Ve Jeld gl aiges
JriS 09,5 10 o,0 00 g inlesl 09,5 40 BaS S 1o 5l a0 0 oplplo g jg0l 2ilo & Jolis laog S 51 S5

JrS 9 Sulojl gbog )5 5o (yuilss Slgw mog s asls ) Jeux

u_:|)4.: 03 giste u‘)m 03 g )L,.am n_9|).‘7u‘ u..f;L.n )L,.am n_9|).7u| u,..i:L,..a ‘5>|5|).9 03;
O5o3lom 05031 O9o3lom O9o3lom 09031 0993l

V=Y F—A - 0f V0.8 < AY VAl 0 bl

A—VY A—VY <Y Voo y..q VoA o Js

\#



\Y

o5 /P05 I i B8 A8 T35 S5 8, LR AR § s A

cAY e Bl LYY 51 iolesT 09,5 ailes olgas 0 p0s (uSilis 09 oo saplica V' Jgaz 10 45 4365 yleb
09,5 gz olgw 0 ped Sl ¢ olie 0 .8l ol aeslm 5o . OF Hlae Glsul LS 4 gesl s 5o
aials cpizmed ey Ggeilm 50 VY Jlae Bl bV ee  gesliig 5o Ve e Sl LV A 1 s
JycS 09,5 Ol jes asals a5 I 10 0,5 pwd 903l ;0 W B VE @ g0l i o ALE 5l Giolesl 0,5 &l e
ONlg Slguw Dl pad axgi bB iol8l oaims lis cavosi (6ol pl bl JIENY U A cogase jo al> 0 g0 0 0
AU s Sl ol bl (g )loline s gl 092 (23l Slgy 2 e Alhae (2l 1 ey GialesT 09,8 50
5 oaliul il lasS” Jelodt 5l eyg03T sty Sl

5 ol ly (e doosls w355 05 Jloy 4 bgrye (g bl slaadg e puily)lgsS el szl 51 G
Sl ogr Jloyi 5l osls a5 a ols (las gyl (305l @bS ol gy s sS 5 Slocad SSon
oo ol g ogel @l comizmen g S8y (g oy adgyhe nlply W=e AVY, P=o 1 1) 5l (g lobine
Lo il )ly (SSot adg e ezt jo g (F=r £99, D= FFY) 3)l0 3525 09,5 99 laguilyly (e (55lobine slis
3 9031 3590 Gga3lin 0p0d 5 09,5 Blite i1y S5 Slocard (Kod (guy sl il 2 09 b ol
wigyia conl gl (F=e.e FE, P=v AP) G JJoline oyg03] sioms x 05,5 bliite 1 ols 5Lis cy9e3] el dois 2,5
s ool uilylosS Jedo szl sl p3Y a5 092 51850 5 e )55 Slocerd (SSen

09,5 99 3o (yilgS Slgw A lile (gl p Ay il Hlggs Judoxd' @bl .Y Jour

S5z Sl e p F Slayye Sk @bl 4z Sl o gyorme Syt e
- fv - f FX¥F V.Y \ V.o 905 i

- Ay SRR AT Fa.0v \ fa.07 09,5

— — — -.Yf \ VAV Uas-

Sy 09,5 Alga3lit Dlped S U585l Gy o8 ols Gl ¥ Jgazr 5o dal, o (il g Jodow gl

Saleyl 09,5 Hles conl ol (FO Y=Y 858, p=+ o <V, NPP=-.AY) 545 jloline 5 Lol a5l asles Slgas (03T pmn
4 ui;iLo)'T 09,5 Slyad iolidl a4y azgi b g s 0925 (5 lobine Dglas alslae (gl >l 5l Ly lgS Slgas o S
5995 jlade 39 (b5l (Sl p (e (bigel 0o Edl 0 09,8 0 Sles Sgage S 40 D9l (l (yge3lm Al 1o
09,5 AL 303l JyS 5l g ilss olas Slyad Guily g 5o )0 AV a8 ols (s 55 - AV Ll S (sU



[T SRRSO T I ]

Sl il e g0l A (glyzl a5 Wisls (Lt beazdl g gozme 4o (FOLY)=5X'F, p=- .- ¥, np2=+ V)

(S e § =

950 Shsn )kl 52 4SS L (bl Sl » e )l o Sl gy Bia L ol oy
Ot «09ilibe Slyad S S 5l mg a5 0 LS gy (slaasil a3 el ol pid il glisel il ol Slge
oialefl 09,5 )3 (lsS Slow (:Sle ¢ pasiie gbody bl Sy (g olias Cglds (lsS Blgw lyad > S8 g Gialesl 095
Veor 4 oygoilie 33 VA Sl lhed (3:50ke J5S 09)S )3 4T Jlo 3 cdly i3l igejlm 3 V05 4 gajlta 3 VY
Jade o (F=206.46, p=0.001) 391 jlslixe y5lg3 Slow y 09,5 5 a8 sls L 55 LwibylgeS Julow gl vy g0l )
olgs o 905l e lyes Slyaii 5 aeg BB it &S ol o] J5ko 4l cpl el cand 4+ AV bl S5 (BT 9o
izl Gimghy ol 4l cnlply sl 039y by (b3l g, 2 (tee (objgel Alblae 8L g Gtulejl 09,5 )3 cogae |
ssme g sisel gcled (mplejle & dmd e i g WS Coles (Ul Slg dgs 3 end b (el (565
5 by 3 1) gl il 5 )Sles Wl o S5 (g pdpdllan g IS ) el Lol 0] A5 (53l 4 g (g yod
Ao @)l e STy

ans s Sles alas opl 3 5 el Glosen o) 5= 00— IS ©oz)la b (o)l jlate I ol eyl 4l
Gy 2y o Sl 2o QU195 51 (S (b3l Sloy 5 Wgdse (AT S0 90318 (BLS Sl Ul I slae gecme Jolos oy
Slooly i 35 CHC G jla 1 e Sledllas L(4) 3445 o0 bgypo cdosidy abadls 3 ouio s d leMbl 4w yiwd g
Colibgo (g5 g0 9 1S (o0l 1) leaod 5 Sles g (3LS sl bl e Laily) 5385 Jolod Sl @l oyl jl eolisl o5
byt 9 CHC 03,28 sla bl (e baily) Jloold onizmon (B) 2,5 (e pogos 2Ulg o (bl 2 s 1) (gl
ol el 2 (B) Bl ylobin dlasly (6,83l ilie slaojes b gyl cpl Ll sloailge & ol oy i Juass
S s siabin gl el LB 53 & Lol (b Ly il etk WUl Sy Cogh 45 85w Glyis
Sl Jd 1y ailed dlgw > s Bl gla 8ol 5l dsw cul 0B g 48,5

ol drg BB s wles b by 3k sla blgy o)k suie Cllles b psls Giagh wmls ogwes
by Bld gl olle & wmd o lis il slagylais (gl o138l 3 CHC Juo 3l eolainl b sadsplol (sl oaw )y
253k g led SYMBIL s yo (slasingy 90 inod o(8) A8 bl Mol g ()il 3 )See )3 (oten (sloglis wilgs oo
3,Slas ;3 &S S S8 oy g5le slolis & Llg o Bld sla blgy |l o cusl odly i CHC Gyl olwl y

YA



14

o5 /P05 I i B8 A8 T35 S5 8, LR AR § s A

Sl 2Ulgs By a5 aid o i Mol 5 (yilss adgl (B (sl i 4 bgape sl ol 2 (9381 (7) 8)b i oyl
ook plalefl 09, ) (ilss g (I3l el s (9) 5, bl (g (il 5,Skae b Jasss s sla Lo | (31
b sl b o lgs ol Jgame y po 35 pe5 slo b oobjgal (oS &S canily o 5l 8L a0 U Gl ee ] ol
sl 03l 18 G |y @leMbl LbjL g (20 kol ¢ awyiwd 3 Jusd

S 5590l 5l (il Pl (Ll sl (1l 0 bl gy (B ol ably (gl e o ee 3 S
B33 d9ime Cud )l Sl gyt (w0 Sl o3bj (LS I g ploj 4 basipe CleMbl L s woly 4y (gt ]
ol e hlie > alo oo (Bl oo (2] 5 38l bl (sl (508 @lie dom y3 5 S oo wly polis Dbk Bpo ) 295
bl ksl 1) it (B gl 9 L5 5065 1) i 3)50 GleMbl ay (o yid Wlgie 2Lk Cgre 5 oy
g objgel glacdlss (b oS Wlodly (Ui 5 (B )b g 550k dinej > ol glaaidly amd )18 YL e
T lacdld 55 yols oS )0 (21) Miso deup |y (6500 5,Slas Wlg o S dlul 3ls lie | (g 50l 5 oxlizul 45
S5 e oplplo iy oo leMbl lasjb 5> GBllasil g ogade (sladign dbul ¢yl dize M5 & g B05 0 5T 5515 SL5L
DS e &8 lgime e )lSy (hilsy 4 aly polie bl 5l 2y UG 4

15T s 3,8kee )3 Jhpw (bl Sy Cumtl 2 & Casl guuan 35 o Kan 5 KOpONEN gl b sl «dl,
by oy b1y 0l gl 5l 3590 a5 S92y oMbl amd po (ISl S0l Sl 4 2l Sy, (16) e S
Gyge GyeS 5)lpa b bojly (cwlidjl gd plxl (gpuin 2L b a2l ool & (oK A Sl3])8 Caently abals ]
claasl b oM leMbl 4wy sy i3 ad olaid] e (cline 4 1y (¢ tdn dn g Wlg3 o 590l 41 9 3,5 o
2 qp 535 6380 oS ol L ), Ken g MCWEENY ol 3 .ol 0ads b 3 qayw H5355 (6518880 & gy yo
polo gt dSlie Cunss Al po plate el 5(17) 5L oan] (ilgs 3 )Shoe (gl soee 018 st Sl o0 (S35 o0
ool s )lS 53 31 (S asipo el 5 S i s (b3l S5 ook S Vol (Sl s (3 a8 s (3508 (i
sl 03,8 Cogi |y (e $olsy GBiPR ln b )90

sl Y5 wlo3 )" gy |y llae S g il Sy daly & Slllae b ol Jiagh (sladll (pinen
Gldlawly yii Cllae Sy g Sbi— Bl sl )le e daly 15 Bl o fuled Sy a5 Lo L ), Kea 5 Cadime
i oSl g gud i (i g S > 4 laniuns Log3) L) 5 (U5 (sl Ul &5 amago i Bl oy (18) sl axals
Sy Cadl 55 Rahayu ¢ Bessie .55 & yge hles aild ol )l5 5 cas iy Gialidl )b 5l sl 5Son bl 45 ]

o yiosd Sy Ll 38l b 5l sl Koyl gy allie  yolol cysad 1 (19) Wlo3,S 48T je0l 3 Slas (6l oy0ls



[T SRRSO T I ]

e Slgize (§ilwdz LSy g SleMbl gl gl (pline Laily) yie wad i ) kalpd e il (A3l s g SleMbl &,
Al 03,8 r@])s

55 0 il (S8 5 by G115 2 oSl e osly (3113 sy Jgame e il Sl 03 (55w ]
Lo cilo (gl 0ailed 4 wlooly L g Wled,S wST lsd S0 )3 (sldine; 13 Caen] o) Ko 9 SMIh sl diasl
2l gl ) el il sl Jimghy (obisel oSl 53 (1) 23le lagse 355 dg2ge (i b ]y e leMbl L
rades Oy 4 oad b (sojly e cCuwl odd s CleMbl b yd ol p GBS Ol S ol g i i
iline sloylilo Sl e lmaglejlo ez 13,5 o ) b lagl e (ligel il g iadice (30 lojlo sospie
> halEl ) S lgie g (LB I Gle (Sl 5 03,8 JUb ) dladls 5 39250

Swdie) polic 3yl Slosten 5o led dlgw sli)) o ielyd Jelse (id5 o)lys Pashael slaadl b oy oy
SlbLs,l sbul g, 511 a0l 5315 S50 Wlgs o Loy 3 (3l (lmo ylaiaol ) oolito] a5 Slosls L5 3¢5 siepllss yg e 3
ol 534Sl i S 0d (Dl 1y Wodly s lisel ptils 5 ol Simgly 53 (3) S g Cllae oloisl Jated 9 (so5ie
b olgiion ) (obisel 6o o il el ol 03,8 oo s (cogpie (sla)liblis g (glaSid g, el clie ) o] (s
ol byl olixe olsib g a3 lojlo 4 cleMbl 3 jiie ob5L i a0l sl Jsl Juols cas

KdudgS o 590l s> s po ol 3 sl o] aiSu 3 LY 51,50 (S Wl e 5 Al 53 g5l ol gy dls ye
Sony) piiane a8l )5 as 35,0 |y ababls Byo cudled l S i Jbliee ©Mes ¢ chilis daoy] 4 1 o bl 553l
O3y e wd S oLk oUlg e blsyl 4l,Kea g FOrthmann g was szl g calisee SleMbl oy b))l
o) on 5 WeISS (slaasdly (10) wilos,S 28T ol aes 5 abasls 1 leMbl obsh i g Slodls ol 1y M5 (sjls o)
Vlainl yols oS 5 (il pmods] el oplply (11) 5, 48T laosy) cdlol 5 bjl obls ole bls)) 339 5 3
o 23S oS 53k b g 4 1y s obb cleMbl g0l il g 390z Jaiie el ) aladls Sb5L sloss o
A3 dguts |y oo Syd Coled o g bl asly Jlos 4 1y leMbl g gues 3 lojl g da5we (613550, Wlgi o (305

ol (b o sl (s Jlb anlp o b3l 08 e 35 bl slay gl Jlate | plgiee |y plmgl dons
&Sy obaSd Wlg o (6y9hl a8 wlosly L S lidcwas Slllas bgs o Jlsd b,\yu aladls > odde w33 sla olesil
2ad o i aadls i jeuas Sle 4 basye daleds ¢ piomed (12) WS 1500 0,Lg0 Sledgy Jlad SleMbl (5,138 50, pKin

Q@ 3890 (wyiwd I awlol isw SleMbl g5lw Jdsl 5 Cuwl dgng0 (slaailis 5 dadls slals, o Jolei aonis SbjL &S



AR

o5 /P05 I i B8 A8 T35 S5 8, LR AR § s A

5 Yluor slron] ( oapio Slbli)l daoily ¢ wyd lais (ol Limgh aldlie ;3 (13) 59d o guwore oo D il
Aolyd cpl )L ke Jled |y et 3l 4 by (slaaSids 5 08 Jos obib slaailis lgcd diiwily o pleo 3y 5L
Ak 03,8 el 51y obsb (ol pune g Jugewss |y GleMb] 4 oo yiwd ol Son iliseo cluds 5

sy olas Karpicke .cuul 85k 353k 53 (abjk ceyed (oiSu il 4 barpe aled b pol (iagh bt (oninen
2303 G2 o & (S (gt 9 s 3 Moo G319 30705 5 ol (53l ot 30l Sy SN b ol o5
ol Storm 4 Stone o 4365 jlea ¢ Il opl b A8 (6jlojb calise (clacumdge p 1) o oo g (UL bbb 5wy
aladls 0)lyd B (5939w Copuw wlulp Gl Sen 38 5 Cung dbabls B> olre o SL5L Sy, wlus] cilosls
295 5L b bl s el diags a5 e )0 35 pols aldlie aidl ldle sk Cuenl (15) Wbl aidly oo ydb cgliad de5
B ol gie (G g sl 1 (e o Clled o &y 9 392 olpem 00515 (slyms (bl g Vlwon b Jolad eplas

b 2loiil s pyg s 9 CudsS 4 (L5 gy D313 255 3Ll 55 (SBT3l IS G @ Bl gl St (e 5
2al)8 oy sl SE3ly GBI sl st el Sl Al cpl sl Sglise pls imgl b yeSie ddllae dlej Ay
B 05 o 9090 4 bgye 1y oy S 1 lesiite (bigel dlo e s uols Limghy 0 S e Coles b
o¥lss Qb 3 1) porde 5 ofly e byl g w5 Jlb 1y el Sy (liae g (JBly a5 cunslyi o e ] 1S5 iy
w ) oyt dog Al o g 4l jL oS Bl mbe 4 bojly line ULl ool il e 13 bles Juguns
A2y olaid] e IS glgie

2ol plite )25 S50 S 4 (BLS (55 adlhe o s 4 amd oo (LS ol (slaaidly ¢ oBjgal i )
u;”’)?“’] sbedls L;\)?\ PRl Ql&&" ol 9 oY AJ)B Colin 30 e () C)b u-’")b Canod] Y, Yonkaitis .c.!
slojls 5 Slaal b objeel slacled gl 5 Gupl 2k 3 s pdybllan] Cuenl 35 (22). Zhang cul o8 45T
il Jb s 50 bl g eulled j| oo JIg eyl pols Limgdy dblie olaie oyl j1.(23) 3,0 48T 5,500
Ui wyd Slegsge bl ples] )b 5l Caliseo (sla oUlg (oy9p Kl p cne MESEE oy ¢ e Amd vl 53)
el o 1y byl lgie aSh 0,5 Gygo oy wby jl )l Ll 25hs cla obls [35eel Cans pjY S and o
2 s oyl cpl 3l g ol isgel elain! cilalllan ywyd st j3 1y (oLl Slg) 5 pols imgn .(24) 5,5 plesl dwyse (ole

Dy 5ly8 i dy90 S (ABly (slgizme LIB > Wl o BUS oUly SO



[T SRRSO T I ]

SSBL ey iles Slgy ( 2ljl Sloy CHE 4 jlai 4y by o aaled jl glacgacme b pols yimgy (slodibly (ggocme )
oo Az jlodd Sl alilie o8 3)S e (pa Olgiee @lsd cpl pelul el guen 2Ll Cnyed g ey RIS (e
sy aladls OleMbl ay ow yiuwd Cagus il 8l dlag o 18519 9 ild @ (65l Jled iunl dzisliS 31 u6les Slaw p JoSo
g Lo Jlb (5lujle g 055 )3 oal Sl 9,87 15,0 diime agade (mclejl oy LIS § dpde SleMb] e bl )| by
LSl )3 0g)5 |2 a5 W) udgl Wlgi oo ALl (pl Slojer .l CleMbl ok sl b 590 (BLS mle ialS
1L 1 Oad pads wrdosnlio ) sl Sl ol dg2g b ol (L 6yt 3 )Shas (yg0il s 3 (2b3k Sl 32 (e b9l
23 (oBly 031l 51 (A (3,91 &SI 51 Sy p3ls Bl g 3,5 g0 bl b (gl dgace s digel w4 255 L
295 48,5 a5 53 5 ol (oBjgel b s I (Slosio anlsd lyisas sl ansl>

et s yipte NS g S0 b okl s 5 e 3 88 330 oen placargine b ol ing
sl ygl ot > 9y J S g halel (slaog)S 51 o a3 Seal il iy ki jgds g agh SoeS sl gel oo
blinl b b of590l 23l 03 52 dasls ) gulis maess g 4l ol (63,8 Ol pis ) S Sl (oo 3l 03151 0391 5 (5Ll
e ososs (el (pal s g 392 o) o (2l iy 5 ligel sl Jolis Les g diges pioman 35 &9
o imggy ol dgime Ciglie (Simb g (obigel Ll (sl blio b et cladsly julos cyuy o0l Sl 4y Wnaly
OIS dlgas cnl 2 3938 05 Pl Gloj Jgbo 53 s lie Sl gl oy sl (60K Al po g 92 (905l 9 903l Il
s b gy ISRL (ol B3 (o lss e Wil LLaS3 slaasli I plojen osbizel 5 13 byl I3l <SG
5 oS Lulyd plee sl Sy b Jloisl md &l alslae 51 g3l 51 65 JalS pgas cadlgice (il Sy i
il J5S S psbas 353 @l oligel 3 s Jolos

s 33 g S dge poe b1y bk Slgy p e ey ol ot Bl o] sl gy D95 e dleitiy
slogyb 1 eslil o9 (o)l sy cd b laabl presd CublB U uiS’ )y clise s glaog)S g oldlie sble
S0l g (5051 0)by> (55598 Aalad Bl o anlosin (6K (slaoygd g Jlabd dumlia (slaog)S  Bolas janass b uiolejl
Gy (grnd s B D95 gy B> ol ob3h il chlisee sladdlie 355 c0 dloiiy (imed djle pal b ddlie
Oioxis 9 At ()8ilg dlg dgue )3 ASD (g pdyllasil g ASS Sl (ol baled (g3 ol Slgy (Tl 4 (g i
Slge 55 B b g GBSy Gl (b co e (Jld dbbls cppu (5)l35pL (s Sl wole oole (gl jiie
byl g clize w90 3 o)l s K03 (B0l sl b S el dumlia 35l o, 1) alslae 51 gla,lS'gjle
pal g} 050> ol dawgi sl ookee (Sl ppame Bl o0 55 SIS Loyl b (il e (gl ljgel Sl s o oo ]

WY

Yy



Yy

o5 /P05 I i B8 A8 T35 S5 8, LR AR § s A

wllae S35 ulS e o9y Ghjgel 0 bl 0y9d lebre 3950 ety imghy slaadl 4 a2

obe LUl 63185 5 onl 15 (o 3lg oy SIS18 oty (b Jlb (2l 41 ]) el Sl & 53,8 ) ) el Jlad
o 9 03,5 o3lil (£S5 53l 5 ofly il oS slacullad Sl ey o ST )3 il e lalas IS o 5 el
39550 dpog A Sl Sledbl oy b3l 2loijl 5 st sloaSd bl (unlie sy cler calo 4 1) ljeel il
53 5 €8 JUS 55 (2l o pr BBl olyor gy e Mol cuo b g (Vo ol potiune )58 5L b laclld oyl <l
o sloialy Sl b lales Cotd e (Bjgal sladaliyy 3 1) Sl Jgol s e izmed 29 Co gl o
lisel ity (B paus b it g 2 )5 & pu0y Ghg ol Sl edliol )8 3l (il dlgus b Laipo 190l (glmait a5 g
il 2213 (B5lg 2 e Sgel b llas Lais (5 lassil S pe3 (gl & g ST ST 5 b (550 Lo slor) & Wl e

dile Joas IS lje) clled jl plate (odsu 4 ]y GRS 3 )8 5 (a3lejle

D)0 05 g 28lio dla) AgSzud «pols ddlllas plosl p

2233)5 ol Slasy A5 (B dan g (oolos Allie (ol () 5
DS . laa

sl 0233,5 Caley (IS Jool 5 (njlge (olod Simoiy ol plosil )3
o >

ol 3l Jlo ols gt oyl

P
1. Smith R, Snow P, Serry T, Hammond L. The role of background knowledge in reading comprehension: A critical
review. Reading Psychology. 2021;42(3):214-40. doi: 10.1080/02702711.2021.1888348.
2. Pashaei MR. Paratext and its effect on reading literacy in the fourth-grade Persian textbook. Research in Educational

Systems. 2025;19(71):31-44. doi: 10.22034/jiera.2026.564234.3417.



A2n) 8 ooy 35 (G838 ety

3. Sadeghnia A, Ebrahimi Ghavam S, Pourhossein M. The use of cognitive metaphors in teaching and their effect on
students' comprehension: A systematic review. Research in Educational Systems. 2025;19(68):37-53. doi:
10.22034/jiera.2025.529205.3335.

4. Schneider WJ, McGrew KS. CHC theory revised: A visual-graphic summary of Schneider and McGrew’s 2018 CHC
update. MindHub, 2018.

5. Caemmerer JM, Keith TZ, Reynolds MR. Beyond individual intelligence tests: Application of Cattell-Horn-Carroll
theory. Intelligence. 2020;79:101433. doi: 10.1016/j.intell.2020.101433.

6. Zaboski BA, Kranzler JH, Gage NA. Meta-analysis of the relationship between academic achievement and broad
abilities of the Cattell-horn-Carroll theory. Journal of School Psychology. 2018;71:42-56. doi: 10.1016/j.jsp.2018.10.001.

7. Nida I, Sulastri A, Utami CT. Mapping cognitive profiles in dyslexia and mathematical disabilities: A narrative review

of the Cattell-Horn-Carroll (CHC) model (2015-2025). IJIP : Indonesian Journal of Islamic Psychology. 2026;8(1):174-201.
doi: 10.18326/ijip.v8il1.6475.

8. Radtke BM, Lada-Masko AB, Jurek P, Olech M, Sajewicz-Radtke U. Beyond Reading and Spelling: Exploring
Intelligence Profiles in Individuals with Dyslexia through a Cattell-Horn-Carroll Theory Lens. Health Psychology Report.
2025. doi: 10.5114/hpr/205989.

9. Sigmund JL, Mehlhase H, Schulte-Kérne G, Moll K. Early cognitive predictors of spelling and reading in German-
speaking children. Frontiers in Education. 2024. doi: 10.3389/feduc.2024.1378313.
10. Forthmann B, Jendryczko D, Scharfen J, Kleinkorres R, Benedek M, Holling H. Creative ideation, broad retrieval

ability, and processing speed: A confirmatory study of nested cognitive abilities. Intelligence. 2019;75:59-72. doi:
10.1016/j.intell.2019.04.006.
11. Weiss S, Goecke B, Wilhelm O. How much retrieval ability is in Originality? 2024,

12. Danker JF, Anderson JR. The ghosts of brain states past: Remembering reactivates the brain regions engaged during
encoding. Psychological Bulletin. 2010;136(1):87-102. doi: 10.1037/a0017937.

13. Frankland PW, Josselyn SA, Kdhler S. The neurobiological foundation of memory retrieval. Nature Neuroscience.
2019;22(10):1576-85. doi: 10.1038/s41593-019-0493-1.

14, Karpicke JD. Metacognitive control and strategy selection: Deciding to practice retrieval during learning. Journal of
Experimental Psychology: General. 2009;138(4):469-86. doi: 10.1037/a0017341.

15. Stone SM, Storm BC. Search fluency as a misleading measure of memory. Journal of Experimental Psychology:
Learning, Memory, and Cognition. 2019. doi: 10.1037/xIm0000806.

16. Koponen T, Eklund K, Heikkila R, Salminen J, Fuchs L, Fuchs D, et al. Cognitive correlates of the covariance in

reading and arithmetic fluency: Importance of serial retrieval fluency. Child Development. 2020;91(4):1063-80. doi:
10.1111/cdev.13287.

17. McWeeny S, Choi S, Choe J, LaTourrette A, Roberts MY, Norton ES. Rapid automatized naming (RAN) as a
kindergarten predictor of future reading in English: A systematic review and meta-analysis. Reading Research Quarterly.
2022;57(4):1187-211. doi: 10.1002/rrq.467.

18. Cadime I, Freitas T, Martin-Aragoneses MT, Ribeiro |. Does reading fluency mediate the relationship between
cognitive-linguistic skills and reading comprehension? A study in european portuguese. Cognitive Development.
2024;71:101490. doi: 10.1016/j.cogdev.2024.101490.

19. Bessie YR, Rahayu G. The impact of Reading fluency on college performance. International Research-Based
Education Journal. 2023;5(2):287. doi: 10.17977/um043v5i2p287-292.
20. Masrai A. Can L2 Phonological Vocabulary Knowledge and Listening Comprehension be Developed Through

Extensive Movie Viewing? the Case of Arab EFL Learners. International Journal of Listening. 2019;34(1):54-69. doi:
10.1080/10904018.2019.1582346.

21. Lyu C, Deng S. Effectiveness of embodied learning on learning performance: A meta-analysis based on the cognitive
load theory perspective. Learning and Individual Differences. 2024;116:102564. doi: 10.1016/j.lindif.2024.102564.

22. Yonkaitis CF. Lesson plan basics: Teaching in the classroom with confidence. NASN School Nurse.
2020;35(3):1942602X89303. doi: 10.1177/1942602x19893038.

23. Zhang S. Use of postmethod pedagogy in a lesson plan of college English writing course. The Frontiers of Society,
Science and Technology. 2020;2(13):103-10. doi: 10.25236/FSST.2020.021314.

24. Mestre JM. How to transversely develop emational intelligence ability through school subjects? A theoretical

proposal. Psihologijske Teme. 2020;29(1):17-41. doi: 10.31820/pt.29.1.2.
25. Hulley SB, Cummings SR, Browner WS, Grady DG, Newman TB. Designing Clinical Research. 4th ed: Lippincott
Williams & Wilkins; 2013.

YY



