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Abstract

\

The present study examined the performance of Chgnese character recognition in

gl 2

23 skilled and’ 23 less skilled adult Chinese readers via two experiments and a control
task. The relationship W word recognition efficiency and réading comprehension

ability 'is well _established in the research literature of English. The purpose of the

o o

present = investigation was 1o discover whether rapid, automalic recognition of

“context-free Chinese characters also bears an important relationship to comprehension
-

ability in readers of Chinese.
Experiment 1 consisted of a vocalization task. In this experinent, the subjects
were instructed to name a presented character. as quickly and accurately as . possible.

Exbcrimenl 2 consisted of a ‘lexical decision task. The subjects’ were asked to say

”

yes” to a real Chinese character,and "no” to- a pseglo Chinese character as quickly

PN

'/an_d accurdtely as, })ossible. Matching dot patierns servEd as a control task_in this )

-;s‘f'udy.. The s_ubjéc‘ts were told to say "yés" to a ‘métched pair of dot pajterns and

o

"no" to/a nonmatched pair as. rapidly and accurately as possible.

The results of both mments showed that skrlled readers were more -accurate

~9¢; .
‘ ,and,more raprd in rdentlfymg Chmeses;haracters be they rgqurred to say the_ charac-

S

ters aloud or to make lexical Judgements of the characters These results,  together
S

| ‘vwrth thc no drfference fmdmg of matchmg dot patterns between skllled and less skrlled

. _“ readers, suggg:st that less skllled‘ readers may be deficient gr)n codrrrg. processes  specific -
to t'erbal materials ' ';Fhe results of the present study thérefore' u/ére in linev with- thr;se
,revealed 1h the Enghsh language studres mdrcatmg an 1mportant relattonshlp between \‘
4word recognmon effi rcrency and readmg comprehensron ablhty The f indings ~ were

' vdrscussed m terms of thelr practrcal applrcanons and in terms of possrble drmensrons '

for future research ; - L : v :

v ' e
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1. INTRODUCTION

The Chinese writing sysiem (s tmportant and nteresting
for a number of reasons. It appears to be the only full and
pure logography used* in the modern world. I1 s used by a
huge number of people; ‘one billion Chinese speakers, who form
one-quarter of the world population. Chinese characters are used
also in Japan and Korea along with native phonetic scripts. The
Chinese system is the medwm through which a umigue, anctent,

_and influential culture has flourished. It intrigues psychologists,
educators, linguists, and computer scienlists in the west because in
appearance and use il contrasts sharply 1o Roman alphabets.

2 - Taylor & Taylor (1983, p.33)

In an attempt to examine how differences among scripts may affcct reading
processes, research_ into different writing systems is gaining momentum in loda,\".s, ficld
of reading psychology (Kavan_:xgh & Venezky. 1980. Tzeng & Singer, 1981). Much
more work, however, has been done on reading im English than in any other
languages. \;Jhil'e there are controversies and issues ,remaining to be resolved. the bulk
of research on English rcading has revealed some general pallérns on indiyidual
differencés in reading ability (Stanovich, 1982a‘b)% One ’gencral pattern that the vast
maJomy of reading psychologists agree on concerns the relauonshlps between word rec-
ogmuon and rgadmg ability. It has consistently been shown lhat there is a suong
rélationship between ;vord recognition gnd reading comprehension, ablllgy in rcaders of

]

English. In the belief that. the more types of scripts we cxamin,e,.rthe‘ better the

e

. | ) _ K
picture of the reading process we can draw, this study attempts 1o explore the word

. . , ' R
- recognition and rteading ability issue using the Chinese writing system. -It is hoped that

/ . o , ‘
research into such a different script will shed.new light on results from English.

/'\i Many current models of readmg in Enghsh dnscuss readmg ablhty in terms of

the cogmuve processes in reading (e g Laberge & Samuels, 1974; Perfem & Lcsgold
1977; Rumelhart, 1977, SLanovxch 1980) The general account of reading processcy

mcludes components - of lexical access (word recogmuon) and comprehensxon Lex:cal

1
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<>

»”

processes usually refer to those 10wcr-le\?e1‘ oognitive processes that identify words, and

comprehension processes are those higher-level processes that Duild rneaning representa-

tions of the tcrtt. While results from a number of studies (c.g. Brown, Day, &

Jo’cs_ 1983; R{an, 1982) have'shown that higher-level processing skills are sources of
) \

individual differences in reading fluency. there is much- evidence indicating that

cognilive processes operating at the lower-level are also significant contributors to

-

" variapce in reading-ability (Stanovich, 1982a.b).

On ‘both theoretical and empirical grounds there is reason 1o support the
proposition that word recognition is an important componenl of reading. First. nearly
all models ~of thc.ﬂ,reading‘process include a subprocess ~of lexical access. More
. specifically, several models (e.g. Laberge &" Samuels, 1974:. Lesgold & Perfetti, 1977;
Stanovich, 1980) .clearly postulate a diregt relationship between word identification skill
-and reading atbilit‘y. Empirical research findirtgs also give support o the\strong’
.cor‘relation between word recognition skill and reading comprehension proficiency (e.g-.
Biemiller, 1977-78; Curtis, 1980; .Perfetti & Hogaboam, 1975; Stanavich, 1981).

Although this correlational relationship per se does not give power to a causal

inference, the outcome of a longititudinal study (Lesgold & Resnick 1982; Lesgold

Resnick, & Harxinrond; 1985) does suggest a causal relation between word recogmtron‘

efficiency and (eadmg comprehensnon abxhty . - S

°

in summary, Z relauonshrp between word recog{uuon, 5kill’ and readmg ability

r . ey . r o
is well estabilished, and most hkef@md recog_mtronr represents a c_ausal factor in the

. @
°

'development of x’eadtng proficiency. Readmg /beonsts .and researchers in thls area,
‘however have generally confmed their . theones and expenments 10 Enghsh readmg
Could similar- relationships bctween word 1dent1frcatron and readmg ablhty be found in
readmg a logographlc wrltmg system "such as Chmese" |

This study, therefore, is an attempt “to dete mine the role of word recognmon

skill in reading Chinese. Of course .more than WO, d recognition is mvolved in readmg "

. [«



and attempts {o find a single factor on which ail reading ability differences rest are
surely misguided (Carr, 1981). However. if a rclationship bciween word recognition
skill and reading abilitv in Chinese readers can be demonstrawed, some indig

] 4

be obtained as to the cognitive processes involved in reading Chinese. This in {urn

might give insight into the nature of reading as a universal cognitive activity (see

Hung & Tzeng, 1981). _ ®
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- 2. REVIEW OF RELATED LITERATURE

Since the present study deals with the reading behaviours of Chinese readers in

an attempt to deierminc whether similar relationships between word recognition and

»

' &
reading comprehensfon exist in two different orthographies, Chinese agd English, it is

nccessary . Lof outline the ‘relevant literawure in these 1wo -wriling syslems thereby

~

providifg a theoretical framework for the study. The review of related literature will
[} o 7

"
_ bc pchcmcd in three parts. It begins with a revicw of theory and rescarch in the

‘rcadmg of. I:nghsh wuh specrﬁcanon on the relauonshrp between word rdenuﬁcauon

T

and rcading comprchension ability’.  Second, theotftical as well as empirical issues in
‘ k | \ .
the reading of Chimese will be discussed. The thirﬁ section will summarize current and

relevant fesearch oonce5ing the rclalionship between' orthography and reading.

¥ A
> F
- A
!

) ) K-SR . .
2.1 Theory and Research in Reading English

.

¢« - A Al

C L1 Corrcm theories in readmg’ Engiigh . , .

I'Durmg the - past decade :ehdmg psychologrsrs have. anempted o conceptuahze
. .thé rcadmg ;)rocess .from- Ihf perspecuve ‘of mformauon processmg The. basic
.' fram‘ework dT 1h99 mformauon pr’o_ces\smg theory uulxzed m the study of p?mtﬂlolog\
. _accordmg 10 Massaro (1975) - \ - | )

' 3, . . .
. ... a number of memal operanops ‘called - processing stages, ,
occur between sumulus and response. A sumulus has potential -

SC IR _gnformation and .its presentation iriilates a. “séquence “of process-
oL mg stages “in. whrcgr each operate% on the mformauon available
- ;,»'-*j S et (pp19 20)-¢ T e ot
i b PO ‘ Rl ‘a8 ’ i N i '

e

"‘vinumbcr "of models of .the readmg process These models ;gll héVe» in common a view

LN K3

LA . C o
f ~the r;cadmg process as- a sgries of procesyng stages ,thgt occut between wmten

P

s\mbolﬁ and meamng The major dxstmcuon ‘centers arormd 'the quesuon of whethor. '

s
FI B .«

St _~'4 T T e

o L, o ' > . . v

Within the infl ormauon processmg framework readmg psychologrsts have developed a.
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reading is regarded as a lop-down or a-boltom-up processing activ'i’l_\‘. Top-down
models conceive rcading'as mainly a concept-driven process. In contrast, bottom-up
models assume reading as primarily a stimulus-driven process (Downing & l.cong.
1982). Whereas these 1wo types of models have focused on analysis -of component

processes of reading in one direction, intgfactive modcl‘s_@ich allow both bottom-up
4
, .
. 4 ot
and top-down processing.- cmphasize 4 the intgractive nature of the compounents

(Stanovich, 1980). These threc types of—models  will be described as  follows with

'

emphasis on the role of word idemtificatipn in cach of these models.

2.1.1.1 -Top-down modcls : i

According to top-down models, the diréction of .processing is Irom the
cognilion system downward to the stimulus. The reader acts likg a hypothesis
tester, using his/her conceptual and linguistic knowledge to form hypotheses

about what is being read and sampling textual information to confirm or reject

I3 .
>

the hypotheses. Hence, lhé reader's knowledge relevant fovr{l the content of the
‘text opens“lhe door to comprehénsioh .w'hereAS a dciail analysis of:prinl {c.g.
-analysi¢ of ie;ters', léuér‘ clu‘ster§. words and 'so on3 ié not considered nccessary
for .comp‘réhe'né‘ion'. "This ébnceptually d'ri_\lrcn “process of reading has becn

strongly etnphasized by Goodman (1970, 1976) and Smith (1978, 1979).

~

Gbodman \.(1970)" describes' reading as a "psycholingujstic guessing game’

rcquiringv,‘vlhe‘ reader to interrelate . language and thought in an cffort 1o
. s ® \

. ke S ‘ o
reconsiyuct the author's written. message. He regards the readef’s expectation as

. — : ' oo T .
mo$t important and deemphasizes' precise amalysis of letters, words, or phrases

in the process of feading. Goodman (1970) states: .~ 1

Reading is a selective process. 1t involves partial use of availa-
.. ble minimal language cues selected from -perceptual input on the
: ‘basis of the reader’s expectation. As this partial information is ;
! . processed,  tentative decisions are made - to. be confirmed,
- rejected, or refined as reading progresses. - , .

’ Efficient reading does not result ‘from precise” perception .



and identification of all elements, but from skill in selecting the

fewest, most productive cues necessary to produce guesses which

are right the first time (p.260).

Smith (1978, 1979) holds a similar view to that of Goodman in that -
reading is cssentially a process of hypothesis-testing. ~ Whereas Goodman
describes reading as a "psycholinguistic guessing game”, Smith (1979) asserts
that “reading is asking questions of printed text"(p.105). ln. order to get

questions answered, the reader must makce maximum use of his 'nonvisual in-

4
1‘o[malhn' and’reducc the use of ‘visual information’'. Smith (197%) contends:

P

. reading is possible only when the reader can bring suff¥cienl
nonvisual information to bear to reduce the amount of visual
information that must be attended to in thc text, or at least 10
utilize thg visual information as enconomically and cfficiently as
possible (p.178).

‘Nonvisual information', to Smith, is the reader's relevant prior - knowledge for
the content of the text, and 'visual information' is the surface structure of
‘print.  The basic skill of reading. therefore, lies more in the reader’s
conceptual ~ knowledge than in identification of elements of print.  This

"

“conception -of reading . skill has led Smith (‘]9'79) to -argue that ‘“the
apprehension of meaniné can precede the identificalion of ,ind'ividual‘wordls" and
that "normal reading demand§ comprehension, ‘;;rior to and even without the-
identification of words"(p.119)." | 7
| In brief, both Goodman and Smith emphasize the top-down appfoacltx to
reading.. Reading subproceéses at the word and subword level are‘degmphasi‘zed.
To these top-down theorists, word recogniiion is' neither definitive 'nor essential
to teading comprehension.

Many researchers (e.g. Perfetti, 19801 1983, Singef, 1982; StanoVicﬁ,
. 1980, 1984), however, have criticized these tbp-down ‘modeis for their vagueness

_in_ conceptualization and their deficiency in explaining competent reéading.” As-

they “have pointed out, while the contribution of conceptual knowledge 1o



-

~)

succ;séfu] reading is re'cogniz,ed‘ it should not be ‘rcgardcd‘as the sole factor
affecting rcading“achievemem. ln. other words, a skilled rcader’s usc of
higher-level information does not /climinalc the importance (of other sources of
information in fluent reading. This idea has led Singer (1982) to argue that
"iheir (Goodman's and Smith's) attack on the importance of decoding to
competent fecading reflects their _inability to acccpt the heterogencity (ol readmy

disability and the varicty of factors implicated in competent rcading”(p.4h).

’

2.1.1.2 Bottom-up models

For bottom-up theorists, the dircclibn of processing l\ from analysimg
~data up to meaning. The reader is viewed as an analyuc progessor ol print.
-making use of perceptual, phonological and morphblogical analysis 10 - generale
meaning from-lhe text. Accordingly. the reader's recognition at the word and
subword~ level serves as a preliminary processor to facilitate reading, alnd 18

considered prerequisite for comprehension. This stimulus-driven process of rcad-

ing is stressed by Gough' (1972, Gough & Cosky. )977%, and laberge and ‘

Samuels (1974; Samuels, 1977; Samuels and Laberge, 1983). B

| Acco;din‘g to Gough’ (1972).,.rca'ding -‘is‘ a scr_ial’-vs_Lagc process  of
letler:b)f-letief, wordvby-word.v scplen;e-b)'-senlenéc ‘anal_v‘sis" of brim. ‘Holding a
v@ewpc_)im i'r‘i.oppqsilion ‘l(')‘ lop-down theorists on ihé r.cadi,ng proc.éss. Gough

(1972) argues: _ . _ .

'

the reader is not -a guesser. From the outside, he appears
to go from print to meaning as if by magic. But 1 have -
" contended that this is illusion, that he really plods through the
senitence, letter by letter, word by word (p.354). ‘

Gough attempts %o describe what transcribes in one second . of  skilled,
-reading. For him, as' readings begins, the visual information” perceived by the

reader is first formed as a precategorical visual imagc, am icon.. Serial

identification of letters follows, one by ©one from lefl 10 right.” Letters arc



then coded into a string of svstematic phonemes by which the reader searches .
meanings for the words in his mental lexicon. The process of lexical search.
4 !
again. is one word by one word from left 19 right. The reader then stores
the words in primary mcmbry to .await the next process, sentence
. - - I'd .
comprchension. Finally, when enough words have reached the comprehension
device, a senlence emefges complete with itls semantic referents. Thus, the

rcading.- process in Gough's model is strictly bottom up, from lower-level

sensory  analysis to higher-level syntactic-semantic encodings. A similar though

&

more flixible serial-stage model of reading is proposed by l.abefge and Samuels

(1974).
) : L]

The LaBerge and Samuels (1974; Samuels. 1977, 1982; S§u<els and
LaBerge, 1983) model has the general characteristics of a'serial-'s(agé theory.
It describes the reading process in terms .of a series of processing stages, from
visual input, to feature detection, 1o letter coding, to spelling pattern coding, 10
visual word coding, to phonological word coding. 10 semantic word coding and
ullimalély to seatence comprehension.! But unlike the Gough mode}, the

LaBerge and Samuels model is more flexible in tha® ‘it accommodates a variety

of processing Toutes and allows certain stages to-be skipped. ' For example', a

~v;sually presemed word can be éccessed for meaning with _or without

'phonologxcal codmg More lmportam what makes the LaBerge and Sa

R I sh
_in. 1974,

moclel distinct from other senal -stage models is its emphasxs on the role of

L

attention and the notion of avutomaucuy in readmg.

...........

ould be noted that when the LaBerge and Samuels model was first pubhshed
it suggested that the flow of information would be in a2 linear direction

from visual memory to phologlcal memory to. semantic memory without 'feedback
loops to one-and ‘otheér. Nevenheless since 'Rumelhart (1977) has shown that
components’ in a system can interact and share information. with another component,
feedback loops among vjsual memory, phonological memory, ;m%i semantic memory
were added in the model (Samuels, 1977). Recently, in their retrospective analysis. of
the model, Samuels and Labcrge (1983) .concede’ that the lmeamy of the model is
the  aspect they would like to revise.

-
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According to LaBerge and Samuels (1974). there is a lirr;i( to the

s - ’ : oY

amount of altention available for any ume  period. Because of  the
¥ , - ' -

limited-capacity property of attention, one can only attend to onc thing al a

no more than one thing requires atlention. When " a behaviour can  be
. ;

performed without attention, it is considered ‘automatic’. How can this notion
of automaticitly be related to the reading process? For Labgrge and Samucls,

- reading involves many lower-level subskills,” such as letter gnd word recognition,

- / “ X
and higher-level subskills, such “as use of conteyl cues in comprchension. P

it in a simplier way, reading can bc viewed as a_two-step process consisting ol

lower-level task -- decoding., and higher-level task -- comprchension (Samubdls.
.- ‘ 7 '

1977). Since the amount of atiention is limited, “if decoding consumes 100

much attention, there will not be enough atlention available for comprehension.

On the contrary, if the decoding process/ requires very litte attention, the -bulk

of the attentional resources can be used for comprehension. Samucls (1982)

contends:

When ' the decoding task requifes very little attention and the
student can decode and comprghend at the samc time, we say
that the student is automatic at decoding. Although
automaticity in decoding will not guarantee good comprehcension,
. ) it can be considered 10 be a/prerequisite for skilled reading.

: Lack of automatic decoding/is a common problem leading to
reading difficulty ... (p.234). - -

P
,

other words, automaticity in Jofwer -level processing frees the reader's limited

attention capacity to be centered on ‘com‘prehension. The faster and more auto-
matically that the lower-level prpcesses can be performed, the more atiention is

“made ayailable to accomplish - the higher-level ccfmprehcnsion process. The im-

portance| of ‘automaticity in ‘r'eading. thus, represents the characteristic of ‘the

LaBerge and Samuels model.

ume. Nevertheless, one may be able to process many things simultancously. if -

(.

-
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-1 short, bo.lh the Gough model and the LaBerge and Samuels model
(1974, before the I977 anf' 1983 revision) are typically bottom-up processing
oricnted. They view discriminant analysis qu letters, letter groups, and words,
as primary in the reading process. Ascor{dingly, ond idénlificau'onplays a

critical role in reading. It is assumed t0 be at least necessary for efficient

1

reading. 1 [
While emphasizing the primacy of lower-level subskills, bottom-up

theorists have not therefore denied the conttibution of higher-level subskills 1o
)

fluent .reading. As Samuels (1977) has poinied out:

The ability to 'get the meaning of each word in a sentence,
however, is not the same as what is meant by comprehending a
sentenck. ... Whereas one may go from print to the meanings
of individual words automatically, it is the act of integrating,
relating, and combining these meanings in the unique ways
demanded by sentences that is required (p.19).

In this sense, bottom-up models may be considered superior 10 1op-down
models in handling the variety of Tactors irhplicated in fluent reading. But
still, bottom-up models age r;o more adequate than top-down models in
_ conceptualizing the reading process vin that both Lhesé two types of model,
appear 1o offer dict{'otomous descriptions of the v reading process. While
lop-“do“‘m mod;ls necessarily move from the higher to lower ievels of the pro-
cessing sequence and 'negle'cg the contraints of ldwer-an;lyses to higher-level
processes, bouém-up models imperatively begin from the lower 10 vhighe'r levels® .‘?‘
of ihe ﬁrocessiﬁé hierarchy and féi] to ac.:coum» f,of fhe,.impaci of comeaztual
‘pro‘cessing on ldwef—level analyses '(Rumelhar;, 1977; Si_ano_vich, 1980).; In-v,'l%!,v
of t‘he‘de(“iciencies.— of. strictly tq\b'-ddwn and borltom-‘up-mode‘lé. a tl}ird class 6f?

theory emphasizing the interactive nature. of the componen: skills in reading has

- ' ‘ - o ®
. . 7 . . b
emerged. : o . ®
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2.1.1.3 Interactive models

A
T

Injeractive models differ from top-down or botlom-up modcls primarnly
in terms of the executive control of processing. -For interactive theorists, read-
ing is not necessarily a linear process. The executive control of processing.

'Zhirefore. is neither top-down nor boutom-up. Rather. "data-driven., botitom-up

A

processing ‘co»'mbines with  top-down, conccfnually driwn pmccssing 10

N 7~

cooperatively - delcrmme the most likely mlcrprcLa‘hon of the mpm (Runulh.m

-
& McClelland. 1981, p.37). In other words: information from any lc~vc_f' mnay "

interact- with any other higher or lower level as the Jeadet scarches fov

:

meaning. This interactive aspect of reading iy emphasized by Rumethart (1977),

" Lesgold and Perfewi (1978). and Stanovich (1980).

Based on language processin"g by 'compulcr, Rumethart  (1977) has

o,
Ve

oullinéd a reading model which makes use -of formalism allowing parallel. inter-

active processing units. In his model, ‘top-down’ and ‘bottom-up’ refer not so

much- to processes ‘as to sources of , information. He separates six levels of

knowledge source -- feature, letter, letter cluster, lexical, syntactic, and
semantic levels -- each of which is responsive to one dimension of a texi.
o

Although it may be possible to devise a heirachical ordering of these levels of

analysis _ihv_-olved in reading, Ru"melharl‘stressbs that knowledge at all these

N

levels 'is active snmultaneously in spemfymg the input information. l-;ach-’of‘
these levels forms hypomeses from the dala ava;lable and sends hypothcscs 10

a cemral devise (message «cemer)’ where informalion . can be shared for

integration at other levels, In a word, reading is interactive because different

“levels of processing are responsible for providing information and sharing the

information with other levels. Comprehension, as a rcsult.’ is_ the pr0c¢ss_Qj'\

-synlhesxzmg informauon provxded s:muhaneously from all levels Rumcihan has

descnbed his model as a heuristic one, as it snmply outhncs a formalism ‘within
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which more detailed models can be built rather than specifying a‘sel of
proposed processes. |

Consist@t with the assumption that reading is interactive, Perfetti and
Lesgold (1977, 1979; lesgold and Perfetti, 1978; Perfetti, 1985a,b) have devel-
oped a model of read’ir'léi skill emphasizing verbal efficiency.- Like Rumelhart,
lesgold and* Perfetti (1978) agree that "comprehension during read.ing involves
higher-order processing of discourse structure and the  reader’s knowledge 1n
interaction with lower-ievel word coding prdccsscs. 'fhé interaction between
these ‘top-down’ and 'bottom-up’ processes  must be taken into account in
models of comprehension”(p.323). To illustrate the n;ed for an interactive .
view of the reading process, Lesgold and .Perfetti (1978) describe bottom-up

theorists as surgeons and top-down _theorists as internists:

-

The botlom-up view, more surgical, traces the flow of coding

information between connected components. the top-down view, .

more medical, concentrates on the higher-level goals of reading.

Both viewpoints are needed, but both must proceed from a

common general interactive model of the reading process (p.32%).

Despite -the emphasis on ‘the mutually supportive interplay between’
bottom-up and top-down processing; however, an'asymmetry between these two

I

levels of processing is proposed'.' The use 6f 10‘p’-down anq bouom-up data is
not strictly réc;iprocal (Perfetti, 1980). A detail;ad explanation of thisj central
assum,gtion of the model is presented by Perfetti and vRot'h (1981). They poim"
out that ali‘hough higher-levél processes can begin with- very little daial provlided
by lower -level processes, the ’hi‘ghér-level pro;ésses cannot rise above zero, that
is, prior to the beginn.iﬁg_ ;),f erWer—level: proéésses. In this ’;ehse, lower-level .
_‘pr'ocesses (e.g. lexical access) are ra:e_“ limiting for higher-level processes (e.g.
%emamic pafsin.g). lﬁ contrast, inﬂuehces of higher’-l_eVél processes on.

i ‘ ‘ . ) : *
‘Iower}-l»evel processes are. essentially  rate-constant effects. While higher-level

processes can make lower-level processes more " efficient (e.g. words can be

»



-

-

recognized more quickly in context), “they do not affect the dependence of
higher-levei processes on logically prior. lower-level ones™ (Perfetti & Roth.

1981, p.270)}. 1In bfief, a-ccording to the verbal efficiency model proposed by

Perfetti and his associates, reading processcs arc interactive but asymmcmcal

Consequently, “bottom-up processes can carry on reasonably wcllrdg'wiihoul

e

e

top-down processes. but .not vice versa” (Perfewi & Roth. 1981, p.271). 1t w»
not surprising that an interactive model based on such an a‘ssﬁmplion has. some

essential characteristics similar to those ef the laberge and Samuels model,

Whereas guemiqm plays a similarly important role in the verbal
Y . i

efficiency theory as in é/ﬁe Laberge ang:"Saffucls model. Perfetti and Lesgold

(1979) havc further formed a bolllenck hyf)olhesis _stressing  the .limited
capacily of working metnory. The main idea of this hvpolhcsisuis that rcading

comprehens:on process§s S{lar(e workmg memory resources with lower-level word

proceds

A processmg %illeneck 18 crealed when the capacity of working

1S .Areac'hcd.‘ T_o relieve this bottleneck, the resources devoted 1o word
'coc;ing procésse;_ can bc reduced‘by increasing the efficiency of vyord recogni-
tion. In short, the' bottleneck hypothesis assumes that single-wo‘rd -gading'
‘:‘;)peralions are a crucial part of reading and that thc_‘ faster the dccoding

|- processes can be executed, thé more working rﬁemory resources arc available for‘

mtegratmg comprehensxon processes. ’ ) ;

-

Relating this bottleneck hypothesm to reader abmty dlffer.c’nccs Lesgold
and " Perfetti (1978, p.320) suggest that “the interfering cffect of slow,
inefficient word-code aci;ess_ on. ex‘ecutign' of higher-levél components. of the
reéding process;' is a major source of .individuﬁl skill differences in reading

comprehension. In their view, slow coding processes deactivate memories of

recently established contexts and therefore disrupt comprehension.
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In his recent v;n'u'ngs_ Perfetti (1984a.,b; 1985a.b) has given fé%ore
complete account of the verbal efficiency theory .as a framework for under-
standing rgading abililxy-. While maintaining the general proposal of the theory
as described above. Perfeuti (19%5a) provide; some more specific components of
verbal efficiency. ‘He states that there are (wo élasses of hypotheses for
explaini’ng individual differences in verbal efficiency. One possibility is _that

1

ineffective lexical access which affects working memory is responsible for
observed difféf:nces in memory and lexical processes. This hypothesis has been
madc in previous versions of the thecory (e.g. Perfetti & Lesgold, 1977, 1979).
The alternative explaination is that intrinsic working-memory differences are
responsible. Perfetti notes that both are reasonablg elaborations of verbal
efficiency. To accommodate these two hypotheses compatibly, Perfetti (1985b)
further prbposes "a generalized linguistic coding process that affects the speed
and quality of both the lexical acctss and the manipulation of codes in
‘memory"(p.120). According to Perfetti, an inefficient linguistic coding mecha-
n:isfn may inhibit -verbal efficiency by ﬁroviding lexical access inlerl;erence.
low-quality wotd codes and incomplete propositiqna} encoding, and thus -interfer
with comprehénsion.

Jn disc’u'ssing the exact sources of ability 'differenpcs in lexical access,
Perfetti- (1984a, flS;SSa.b) hypothesizes that lingujstice processes concerning
orthographic patterns and Speech: comporiénts may be involved. For example,
\th;\k,n’owlgi:dge a reader has about éermissible ‘letper patterns is a potentially
inipprlant level 6:‘ kﬁowl%dge of orthographic patterns. With regard to- speech
compo‘nent‘sy,v Perfetti -(1985a,b) assumés that s;ieech code?are aulomatic“ally
activated as 'pan of léxical access and play the role of reference securing to aid

memory and comprehension. It is likely that inefficient lexical access would re-

sult in- low-quality phon,ologi‘cal codes that are vulnerable to memory loss by,
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succeeding coding operations. Perfetti 41985a) postulates that spc:cch Processes
may play a significant role in readiné but at the same time recognuizes that the
degrec of phonojogical inyolvement in reading remains an open issuc.

: o - ,

Furthermore, an important point concerning conteat and word recognt-
tion is added in the latér versions of the theory (Perfetu & Rolh_ 1981,
Perfetti. 1984a.b. 1985a.b). By assuming that reading is an interactive act,
Perfetu po_ims out that there are proccdures to be applied 10 compensate ot
ine;ﬁcicncy of lower-level processes. For example, o a @ertain extent incfficient
léxical acgess can be overcome by schema-based processes. '(hcrcforc_ it 18 pos
sible :lhal less-skilled readers. due to ineffictent lexical access skills, will be
more dependent on context for wora recognition than skilled readers.

Finally. Perfetti (1984a. 1985a) argues that the verbal effliciency theory
does not deny the imponaﬁce of higher-level cognitive structures such as
'schemata for comprehension. Néi(hcr does it imply that all comprchension
problerﬁs are tvraceable to word recognition or coding. problems. All in ali, what
the theory offers is the principle of the primacy of verbal coding as an
essential part of a niode] of skilled rqaaiﬁg.

While acknowledging thét Rumelhart ‘(1977)\ provides the best example of
an interactive - model, - Stanovich (1980) further suggests an 'imcractivc-

- _~compensatory model based on -'Rurpelhart’s proposal. . RN
‘ Comparing Rumelhart's interactive model to most 'lop-down and-

.

bottom-up models, Stanovich (1980)° argues that the interactive model is
- superior in that it allows a compensatory hypothesis which can better account
for much research evidence of the reading literature. In top-down models.

lower-level processes depend on higher-level processes‘ and in boltom-up models,

vice versa. Since -no interactions among processes are implied, a compensatory

> »

mechanism is not possible in these two types of model. In contrast, the'

>
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intc;active model developed bv Rumelhart stresses the relative independence of
processes at different levels and therefore suggests a possiblity that a deficit in
any processing level may result ‘in a heavier reliance on any other processing
levels. Combining the compensatory assumption with Rumelhart's interactive

model, Stanovich (1980) proposes “an. interactive-compensatory model of reading.
/

-

staung:
. 8

A compensatory -interactive model of processing hypothesizes that

a pattern is synthesized based on- information provided simulta-

neously from all knowledge sources and that a process at any
~ level can compensate for deficiencies at any other level (p.262).

Discussing individual differences in reading fluency in view of current
theorctical ~ models,  Stanovich  argues that his model leads 10 a
reconceptualization of the nature of individual differences in reading. In both
top-down and bottom-up models. higher-level processes are usually less
implicated in the performance of poor readers. Nevertheless, Stanovich

invalidates this conception by pointing out that it is important to distinguish at

least two types of ' contextual processing. While context can be used to aid

comprehension of text, it can also be used to facilitate word' recognition during

reading. It is thig latter ;ybe ‘of context effect on which poor readers may
show greater feliance than do good reI:aders..usually a result of  poor .readcrs'
“ineff icient decoding skills. Hence, according to the ' interactive-compensatory
model, tﬁe reader extracts meaning from text based on information provided si-
mul_lanedusly | from several. knowledge sources. When word. identification is
inefﬁcieht. the reader may draw from higher~leve'1> kpo%vlcdge sources to aid
! 4
recognition. ‘Ho'wever, while this kind of compensatory use of contextual infor-

~mation may fa_cilitate performance at the word -level, itv‘will deplete the

cognitive resources available to integrative fext:level processes, and therefore

.

e S g
’ RN . - A
4

eventually the cpmpreh?m of the reader may suffer.

-
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Stanovich —-admits that his interactive-compensatory model 15 closely
r{cl;lcd to the automaucity model developed by lLaBerge and Samucls (1974).
® ) :
and the verbal efficiency model proposed by Perfetti and Lesgold (1977) Al
of these three theories propose that cfficient lower-level processes can  frec
capacity for comprehension processes. Thus, these three models are in
agrecment that fast and automatic word recognition ts an important delerminant
of rcading ability. Nevertheless, the major difference among the  thier,
according to Stanovich, is that only the interactive-compensatory model contains
a mechanism for inicractive-compensatory processing at the level of  word
identification.* By presenting a thorough review of the resecarch lhiterature on,_

4
individual  diffcrences in  reading. Stanovich- (1980) argues  that  th¢ .
i ~
interactive -compensatorv model best accounts for much rescarch cvidence
- ! /’ .
disclosing a pattern of poor word recognition skills, use of context g I'acflilatc

word recognition, and poor comprehension on the part of ihe less skilled

reader.

2.1.1.4 Summary of reading models

Current theoretical models of the reading process differ in the extent 1o

4

which they view the flow of information processing. Top-down models stress

s

the‘“ importance of higher-level processes in directing lower-level. processes,
A _

Bottom-up models assume that the direction of processing is from data analysis
up to  higher-level contextual »encodings; Interactive models permit both
top-down and bottom-up processing.

Despite t‘he' differences 'amdng these- models,. the speed of processing is

commonly r_ccognizcd as being crucial to reading. T6p~do'wn models argue that -

in the earlier versions of the verbal efficiency model, does appear in the later
~versions (Perfetti & Roth, 1981; Perfetti, 1985b). Also, Perfett (1984a.p.54) claims
that ‘Stanovich's interactivé-compensatory model is fully compatible with the verbal
efficiency theory. . oo

T —
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individual Ysword

identification should bé deemphasized (i.c
be sampjed, fgom teat) in ordes

rapid processing speed at
lcv( Boutom-up arfd interactive models, however con&d that pr
‘

the text

ocessing speed
at th¢ word lewfel is an 1mporlam determinant of reading proficiency.

While
stricily » top - d;w.n or boftom -up models have been cnucrzed as rnadequate in
0 . ,
Loncemualizing .the reading Oproq:ss,’-mosr
£} . N ‘
. favour’ a direct

¢
rheoreti.cal

)

argumenls just reviewed

relationship between effie;ien“lgwor'd *r‘ecognili‘on and readuing'u

eomprchen’sion’ abiiil\ "It appears that on .theoreticdl bases there is’ sﬁffrcrenl .

o 'ground to hwypolhelsr;ze that word recognition skili i1y an important delerminant
of flucncy i ‘

]
in reading compréhension
|

Still, we need 1o -1urnl from, theory to ~
rescarch to examine .the empirical relationshins Betweer; word recognition skill
and readiné ability |
1.2 Empirical research in reading English ':‘” . ' <
D'.uring rhc' past 'decade, <

interest in the psvchologv of reading has spawned a
large number of studies that ‘pave attempted to de;ermme the importance of word rec-

.-

ogmuon as a componenl of reading. Presemed beldw are some basic research of eye:

¢
, MOVEments on lexrcal access in ‘reading, and major studies concermng the relauonshrps
- <
between word recogniuon and readmg abrhly in 'regards to “word  recognition
" aulomaucny word recogmuon speed and word recognmon in. conlext
’ 2, 1 2 1 Eye movement researcn

The nouon that word recognmon is an 1mportant part of the readmg
(3% nrOCess

as assumed in most of the ‘reading ‘'models prevrous]y drscussed has

gamed support from studres of eye movements - by Just and Carpenter « 1980

In ‘an . attempt

Carpemer & Just, 1981) and by Rayner (1975, 1978, 1983)

[

to develop a process model

of readmg ] ust and
Carpenler (1980) exammed the gaze durauons of college students whrle readmg

OB

words should only
o have i

18
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S

The data presented in their study showed that during ordinarv reading. contran

*p

10 the general impression thal readers skip words, most words an the tewt arce

directly fixated. In their later report, Carpenier and Just (1981) noted that

s

ovel 80% of the content words and manv function words in the text are

addny

fixated. Moreover, the duration o%ﬂixalion is afccted by word length and

frequencv. Whereas long words are fixaled longer than short words, low

. 4
frequency wotds are fixaled longer than high frequency words.

Why are frequent fixations needed during normal rcading? This mav be
2 '2, ' g

due to the narrownesss of the perceptual span. Using a visual display which

could be changed on any given location 1o detect the char'mgcs of a subject’s
eye fixation, Rayner (1975. 1978) reported that when. letter alterpation  was

bevond three character Spaces to the right, it had little. effect on the reader’s

eve fixation. Also, it was found that, although information about word shape *

and length can be obtained. out to about fificen spaces from the fixation,
readers generally cannot determine the meaning of a word that is in the visnals
periphery (Ra.ynclr, 1983). gRayner's studies indicated that Ihe pereeptual span
for specific w’:)'rd recognition is only a fgw letters and that recaders do not get
mich info;mation beyond the "cemer of .fix"ation.‘ : |

. ‘Ir; sum, eve movement rescarch shows that the perceptual span in read-
iﬁg is quite narrow and that most words are fixated dufing no'rma’l= rc.{ding.‘
The studies described above demonstfale the central importance of lexical ‘aéccss

.

in reading; reading cannot occur without reading words.

L d

2.1.2.2 Stﬁdies of v?or’d recpgmftion autoFlaticiiy

‘ Empirical tests -of | the automaticity model of. ‘reading' devefoped by
Laberge“and Samuels have been undertaken‘s,ince“itds'ﬁrescmalioé in 1974. Many
ihvestig&;Ors .hav_e employed Stroop-like task; to study the de;'elopmqnl of auto-
matic 'proc'es'sing.‘ As pointed4c‘)m by Stanovich.‘ .Cunninghz-mi,' and ‘\.Vest (1981),
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the rationale 1s: ' ‘

In the Stroop task subjects are asked to name the color of the¢

- ink in which a string of stimuli is printed. When the string is

a scrics of lctters that spell the namc of a “conflicting word
(c.g. the word "red” written in blue ink). color-naming is
much slower than in a control situation where the string con-
~sists of nonverbal stimuli. This™ color-word interference effect is
usually explained in terms of the compelition between ~vocal
esponses 1o the printed word and the ink color. Since the
subjects engaged in a Stroop task are attempting to attend only °
1o the color of the ink, color-word interference is presumably
the result of the word that has been read automatically.

.. If. as suggested by automaticity theory. skilled
readers process words more automatically than less skilled
_readers, a larger Stroop effect might be expected for the more
skilled _readers (p.58).

Several studies using the Stroop-lype paradigms have provided some
indiéaliqn that less-skilled readers tend 1o process words less” automatically than
skilled teaders. Using a picture-word interference task which is a variant of the
Stroop paradigms, Ehri (1976) fodnd that, except for a group of below-average
sccond—gradc. readers, interference was  evident in averdge sl:cond érade-rs.v fifth
graders, and adults. Also using a picture-word interference task, Pace and
Golinkoff (1976) ;eportea that skilled third-grade readers took a longer time-to
respond than did less-skilled readers of the same grade on. processing- difficult

Ty

inlcrferencé words, .though they failed to find a similar relalions‘hip‘in fifth

graders. 'Employing the same research paradigm, ‘Gut‘temag and Haith (1978)

'fou'n_d‘ that poor third-érade readers decoded unfamilar letter strings much 'leés'
aulomalic:lly‘ than good third-grade rcade;s. Using adults as 'subjécts. Martin
(1978) reported that fast readers. showed larger interference effects than did
slow ‘readers 6n a Stroop color-word task. , | A,

While the studies reviewed above have provided some éupport o the

predictions of the. auloinaticit_y theory' regarding individual differences, results
» [ '

| f‘rom‘. many developmental studies also using the Strodp-t.yp.e ‘p'aradigms- -Rave

shown that word recognition process seems to .become automatized much ealier
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than would be ‘expcucd from xhc‘ I aBerge and Samucls modsl’,‘ In the West
and Stapovich (1979) studv and the study by Schadler and Thissen (1981),
kindergarieners  had  fullv  automatized the rccognitioh  of letters.  Marked
increases in automaticity during the first grade were reporied  m o both
cross-scectional  studies (Guttentag & Haith, 1978, 1979: Schadler & Thissen,
1981: West '& Stanovich, 1979) and longitudinal  studies  (c.g. Stanovich,
Cunningham, & West. 1981). Investigating a wide agce range.  Rosmshy,
Golinkoff . and Kl;kish (1975) observed the same amount of - Stroop C”L‘kll 12
second graders as in adults. Using a picture classification task. Guttentag and
Haith (1979) found that all threc subject groups (second graders, third graders,
and adults) automatically processed the ifrelevant prinlcd words. All of these
studies have provided converging cvidencé- that automatic word' processing
emerges as carly as the first or second grade‘lmuch carlict in  rcading
acquisition than a‘ssumcd ‘in the automaticity model.

Fur(hermore: an important cl;araclcrislic of the developmental trend of
word recognition automaticity in most of the above mentioned "sludics is the
developmental decrease in iﬁle.rference. Ehri (1976) found dccreases in Stroop
~effect between skilled second-grade readers and f-i'ﬂh graders. as well as between
fifth gradcré and adult teaders. Guttentag ‘and Haith (1979) ré'poncd‘an nvcrall‘
ége-relaied -decrease ir; interference effect when comparing sccond graders, third
graders. énd, adults. Less interference fof 1hird-graders‘ihan for "first graders
was also'observgd.in the . West and Stano;/ich (>1979) experiment. Sch;dlcr and
Th"issenv (1981) did report ihcreases of . interference from vlhc"é"gccond- to fourth-
grade‘ reading levels, -but the whole study demonstrated a dcveloprﬁ'cntal se-
quence. of interference effect -- ‘“interference with color naming_  begins 1o
emerge‘ early in the process of learning to bread. in_éreases. and then

subsequently decreases”(p.132) -- ~which s similar to that found in other



studics.

Although the developmental decrease of interference  was evident in a
number of studies, there have been few attempts to explore its nature. khri
and Wilce (1979) may be among :_lhc first researchers who have attempted to
tackic the issuc. They proposce that three subsequent phases comprise the devel-
opment of word rccognition skill: accuracy, ~aulomalicily_ and speed. However,
rescarchers studying the development of word recognition ski}l_ argued Ehri and
Wiylcc. have often failed to separatc the attainment of automaticity from the
attainment of speed. In their study, Ehri and Wilce allémplcd to distinguish
between lhcse‘two phases of word lecarning. At the outset of lhecxpcrimcm;
they gave first and sécond graders a test on a picture-word interference task.
Following the test. they gave the subjects word recognition training with the set
of “inlcrfering words. On a separate dﬁ\ the subjects werc again tested with
the picture-word interference task. Ehri and*Wilce found that word training
increased the amount of interference for subjects who werc less familiar with
the interfering words and learned to recognize them during lréining. but
dc_creased interference fbr those who were already familiar with the interfering
words prior to training. Ehri and W'iICe hypothesized that training enableq‘
children_ in the first group 1o begin to .process the words automatically and
therefore increased the amouﬁt of iﬂterference ‘on the picture-word task,
whereas 'précticé‘ enabled children in the latter group to recognize the word [hey.
already knew more rapidly and thus reduced the dela)} in processing created by
the interfeﬁng words “in the piclﬁre-word l;sk. These , finﬁings, according’ to~
Ehri Qnd Wilce, have .revealed the distinction ‘b'etwee'n the attainment of word
recognition automaticity and the attainment of word recognition speed.

Stanovich, Cunningham, and West (1981) aléo argue for the distinction
o - , OB

between -sbeed. and automalicity to be made by reading theorists. In their
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lbngiludinal study. first  graders performed a  Stroop  task  three  tnmes
(September. Feburary, and April) during the school vear. The rCSC;erhCh found
that there was a salient increase in interference in mid-way during the [first
grade but’ there was little change by the end oi‘ the ycar. These results, argucd
Stanovich, Cunningham, and West, indicate that the autématicily function ha(i
began 10 level off by the end of the first grade. Morcover, while there was a
tendency for the skilled rcaders to show more interference and to exhibit
interference earjier i.n the year. the corrclaligns between the interference ratios
and reading ability measures wete- small in size and generally nonsignificant. In
contrast, word naming speed was highly correlated willi'x the same rcading ability
measures. Hence. although~the pattern of results was modestly consistent with
the automalicity lheory‘_ the irends appeared 10 be rather ‘weak. The rescarchers
hypothesized that by the end of the first gradc'lhc skilted rcadcr.s.in their
rescarch had fully automatized the recognition of words used in the experiments
“and their ‘further progress in reading .was morc dependent oﬁ the development
'of speed rather than automaticity. As pointed out by Stanovich ct al. (1981),
;me important implicaliqn of ' their study was that "word recognition speed
com-inues_.to increasé even aftér recognition has become aixlomatil.cd"(p.725)'.‘
This may reasonably explain the developmental decrease of inlcrf erence. ébscrécd
in the previous studies. It is vpossible that interference decrca‘sg:s“ because the
recognition tim;: with which ' the interfering words are proccs@ conlinues 1o
decrease after the child has‘learne;l to automatically process the w'o‘rds. -
In surﬁrﬁar&. | some studies - reviewed: above have vindi_cated that skilled
" readers show a greater tendency to process words automatically. I;I'everthclcss. a
number of developmental studies have failed to find an increase in aulomatic
‘word prdcessihg after 'the second- or thir&-grade'reading level has been reached.

Moreover, the studies of Ehri and Wilce (1979) and Stanovich, Cunningham,/
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and West (1981) have all po‘imed to the importance of making the distinction
between aulomaucily‘and speed in word recogntion. In light of the findirggs
from the research reviewed above, it appears that bevond the initial levels of
- reading skill development, it is word recognition speed rather than automaticily
that is the more significant factor accounting for reading ability. As pointed
~out by Haines and l.eong (1983). while the automaticity Tmodcl Temains a
powerful model in explaining individual differences in réading fluency. the focus
Vof current  research in  this a‘rca is more on verbal knowledge than on
automaticity in terms of overcoming compeling alpention. It is, therefore,
reasonablc to review the studies focused on word recognition speed and reading

1

ability . ' 3

2.1:2.3 Studies of word recognition speed

The ability to identify words accuraicly and rapidly is highly correlated
with rcadin.g proficienéy. as revealed in a wide variety of studies invesligéling
children as well- as adult readers.

Examining oral reading errors of secohq, third, and fourth graders,
Shankwegler and Liberman (1972) found a moderate-to-high relationship
“(correlations ranging from .53 to .77) between word reading accﬂracy and read-

~ ‘
ing proficje,ncy as measured by the Gray Oral Reading Test, The investigators

. further obtained word ‘recog'niﬁon' lateney measures for one group of third

graders va'nd_ found that latency measures and error “coun;s .showed an equal
degree or ncga'tive correlation with Gray reading performance. From these re-

sults, Shankweiler and Liberman (1972) suggested thét thé slow. rate of reading

Jindividual'words,,may contribute as much as inaccuracy to poor paragraph read- -

ing performance.
In a ‘longitudinal study -of the early prediction of ‘reading and

arithemetic achievement during the first three grades in elementary school,

> . . r
. . N
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Stevenson. Park. Wilkmsbn_ Hegion, and Fish (1976) also reported  high
correlations between word Ycading' tests and comprehension tests. Thev found
that the ability 1o rcad words on the Wide Range Achicvement Test was highly
related to comprehension of paragraphs on the Gray Test for second graders
and 1o comprehension on the Stanford Achicvc;ncm Test for third graders  The
correlations were approximately .78 for second graders and 50 for  thud
graders.

In agreement with the findings of the above wo studics, Grofl (197%)
obscr;/ed high correlations ranging from .71 to .96 between word rcading and
sentence/paragraph reading scores for sg\'eral other elementary grade standardized
reading tests such as Achievement Tests in Silent Reading. Silent Reading
Diagnostic tests, Slossen Oral reading Test, and Woodcock Rcading Mastery
Tests, etc.. It should be noted that the correlation aé high as ;)(» is question-
able. Nevertheless, Groff's findin‘gs were consistent with other studies showing
a substantial relationship between word recognition and comprchension ability.

An extensive study reporied by Biemiller (]97;/-78) demonstrated  that
letter and word perception is an important part of reading. Bfe;nillef (1977-78)
examined oral reading', speeds for letters, ‘'words in isolation, ari'd words in
context for‘ good a;d poorv readefs. Using groups of rcadcrs from gradc ;wo
through 'ad.ult and malerials ranéng from a primer to collgge texts, large li,inc
.]agS’ were found for poor readers, especially when they. were required to read
words ‘in isolati‘bﬁ. More specifically, Biemiller (1977-78) found that 80 to 90%
of text xeé&ing.mime v'ariance‘ was acc{)unted,‘ for by letter and word read‘ing-
iimes in grade three .to five, with an avcrége of 68% of the variance accounted
for by letter and word":‘i'eading times in second Lh;ough Sixth g_rade.\,fj‘rom h:fs
findings Biemiller h‘ypothesized‘ that som"e ‘minimal fevel of basic idcntificélion

. 4
speed may be. crucial for success in reading.
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Using  sccond  graders  as  subjects, McCormick and  Samuels  (1979)

reported that word recognition accuracy and lalency were cach significantly
correfated  with comprchensionﬁ ability as measured bv Gray Oral Reading Tests
and Science Research Associales Achievement series. The correlations between
word recognition accuracy and comprehension ranged from 49 to .70 whereas
the correlations between , word recognition latency and comprehension ranged
from -.54 1o -.56.‘

A more recent study by Deno, Mirkin, and Chiang (1982) also revealed
a high correlation between word recognition accuracy and readiﬁg proficiency.
The researchers conducted ‘Lhree concurrent validity studies to determine the
relationship be(wecﬁ performances on formative measures of reading and stand-
ard;zed reading tests. Five formative measures -- words in isolation, 'words in
context, oral reading, close comprehension, and word meaning -- wcre
constructed. Also, three slandardize.d reading - comprehension subtests from the
Standford Diagnostic Regqing Test, Woodcock "Reading Mastery Tests, and
Peabody Iridividual Aomivemcm Test were selected. The performance of regular
and Tesource pro§ram students in grade one through grade six on these
measures was then inéstigated. The researchers found that three reading aloud
measures  -- words' in isolation, words in context, -and oral reading -- al!
relateq closeiy 10 pérformance on s}andar’di‘zed reading tests. THe co;relatiohs
ranged from .73v to .91. ‘
In short, in the aforementioned studies, where correlational arlalyscs

cL e , » - '

- were used to explore the relationships among ,word recognition accuracy and
latenﬁy and -comprehension ability, results' showed ‘that the absolute values of
the corrélétions ‘have been in the range of. approxima'tely. .50 to, .80. These

findings indicate that - high accuracy and speed of word recognition are

associated with high comprehension.
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In a different kind of resecarch  paradigm, where  vocalizaunon  tashs
and/or lexical decision tasks were cmpioved. results also pointed to the cvidence
that fast accurate word recognition ts a skill which consistenthy  differentiates
good from poor ;eadcrs.. Good exan‘]plcs‘ of this type of rescarch arc those
carried out by Perfetti and his colleagues (Hog;boam & Perfetnr, 197X, Perletu,
H-nger_ & Hogaboam, 1978: Perfetu &“Ho/gaboam. 1975). Curtis  (19580),
Stanovich (1981), and Haines and l.cong (192:3), among others. .

Perfetu and his colleagues at Pittsburgh have conducl.cd d series of
studies on children from grade two through six. In one of the studies, Perlett
and Hogaboam (1975) placed third and f[ifth graders into skilled and less skilled
reader groups using the rcading subtest of the Mcuopolitan Achicvement Test.
The researchers then measured vocalization latencies for high and low frequenay
words ‘apd pseudowords. They found that in all cases skilled readers had
shorter vocalization latencies than less skilled readers at both grade levels -
Moreover, while skilled a‘nd less skilled readers % owcdm-.s—mallcr vocaliwli()r'g;"i““""
latency differences (approximately 200 msec) for high frequency words, skilled
readers were far more superipr (approximately 1 sec faster) in vocahy_iné low
freQuéncy words and Qseudowords. These .resulls.ﬁa-céorfjing o bl-‘crfcni and 7,
Hogaboam (1975), suggesle‘d the importance of word dccoding skills in reading
comprehensiori. at leastlin the middle grades tested in the study.

The Perfetti and Hogaboam (1975) study was replicated by Marr and
>Kamil (1981)." They examined third. and fifth graders' decoding of words which
varied iﬁ bofh length (4-5-6 letters) and word frequency (high-medium:low). .,
The study replicated thé basic findings of Perfetti .and Hogaboam (1975), that
skilled readers are faster irll' decoding ‘words. Also, the _fesults in this study
revealed the signific;nt effects of word length and .word‘ frequency upon

* decoding for both reader groups. In,brief, ‘Marr and Kamil's replication has
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served 1o venfyv the rclauonship between single word decoding and reading |
comprehension ability repéried by Perfetti and Hogaboam (1975).

In an;)lhcr series  of  experiments, Hogaboam and Perfetu  (1978)
cxamined the effects of subwordv upits and word experiences on recaders’ word
decoding speeds. Using third- and fourth- graders as subjects, the researchers
obscrved that the vocalization latencies of less skilled readers were more
affected by the number of svilables in a word than those of skilled readers.
The average difference between one- and two- syllablc words ranged from 240
to 330 msec for skillcd_rcadcrs, and it was ;aboul 780 msec o 1 second for
less skilled readers. These results indicated that subword decoding processes are
a sourcc of decoding differences between skilled and less-skilled readers.
Nevertheless, the differences between skiilled and less skilled readers méy bc due
to differential word experiences. ,TO evaluate this pos;ibih’ly the researchers
conducted a second experiment in Whiclh'x skilled gnd tes€ skilled fourth-grade
;caders were  provided with equal amounts of aural, visual, and semantic
experiences with pseudowords. The effects of these experiences on decodingv
latencies were then observed. Hogaboam and Perfetti found that aural and

visual experiences with pseudoworas‘ led to shorter vocalization latencies for both

skilled and less-skilled readers, but meaning experience added nothing. While the

.qualitative patterns were similar, there were some quantitative differences in the

effect of these experiences on skilled and less skflled readers. Equal experiences

did not lead to equal reaction times. Skilled readers were always faster in

decoding words even when both quantity and quality of previous word

4ex’periencé$ ‘were equated. The results suggested that decoding differences be-

tween ‘ski,lled and less skilled readers are not wholly attributable to differential

word experiences. In their third “experiment, Hogaboam and Perfetti further

) PAT AR
. investigated the effect of varying the quantity of *word experiences. Skilled "and

] o
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‘lcss skilled ’lhxrd-gradc readers received  aural and  visual cypenences  with
pseudowords a predetermined number of umes. varying from zcro 1o aghteen
spread ;vcr three days. In the decoding tests that followed, shilled readers were
faster for all values of the frequency. vanable, More important, sk.illcd rcaders
benefited greatly from minimal (threc) aural exposures. whercas a  greates
frequency was needed for less skilled readers to show anv gains i decoding
speed.  From  thesc rcsulls.Hog;boam and Perfettn argued for  phonological
coding components being involved jn determining reading abilities.

In order to further examine sources of vocalization latency  differences
between skilled and less skilled rcadc(rs, Perfetti, Finger. and Hogaboam ("1‘)73‘)
tested “skilled and less skilled third-grade readers on therr ability to name words,
colours. digits, ana pictures. They found that only in tasks invol(wfhém%md.\‘
were there significant differences between skilled and less skilled rcaders. Bess
skilled readers named colours, digits, and pictures in a similar rate as did
skilled readers. Nevertheless, théy were much” slower than skilled readers in
naming words, specially when multisyllable words were presented. Since
differences between  skilled and less skilled readers in vocalization latencies
occurred only for ‘aiphabelic stimuli but not for nonalphabetic materials. the
investigators sugges’led that il is not general processing-speed capabilitics that
differentiate skilled from less skilled readers. Ratber, less skilled rcaders arc
aeficient in coding processes specific 1o al;mabetic inputs,

Stanovich (1981) conducted an analogous study to that of Pe‘rfcui et al.
(1978). Instead of using third gradé children‘w’n() were well beyond the begin-
ning stages of reading vacquisition. Stanovich utilized first-grade readers tlo see
whether or not similar.results would be observed for children in the acquisilign

stage. Furthermore, a letter condition was added to the conditions employed by

Perfetti et al. (1978), in an attempt to determine whether the ability to



. 30

discnminate the elements of words 1n isolation or the ability 1o decode the
sttucture of words 1s the crucial factor disunguishing skilled from less skilled
rcaders. Results of the Stanovich (1981) slud)b were highly canvergent with the
findings obtained by Perfetti .et al. (1978). No significant differences in digit,
colour. picture, or letter naming were fo~und between the two reader groups.
Words were the Qnly stuimulus type that skilled readers named much faster than
less skilled readers. For Stanovich, the marked word naming specd difference in
conjunction with the lack of a Jeuer naming difference between the Iw\o~ reader
groups indicated that phonological analysis skill may be more critical than visual
pfocessing abilities in determining earlv reading success.

The data of the Ehri and Wilce (1983) study, however, were not com-
pletely  consistent  with the paucrr; of. resuils of the just/menu‘oncd three
studies. Ehri and Wilce investigated the developmem" of word recognition speed
in children of different grades. They comendgd that, as discussed.earlier in
their 1979 study, word identification skill can be divided into three stages:
acquisition, automaticity, énd speed. Moreover, when components (i.e.. graphic,
phonological, semantic) of the identificatfon process are integrated in memory
for -banicu'lar words, the unitized speed (i.e., maximum speed) in identifying
these particular words is said to be attained. The researchers asked skilled and
less skilled readers in first, secoﬁd. and fourth grades to name digits, pictures,
familiar words, and consonant vowel-consonant (CVC) nonwords. The
attainment of unitized speeds to words was inferred if subjects recognized words
as rapidly as digits.’ They found that unitized speed with familiar words were
displayed by skilled readers in all grades but by less skillcd readers only in
fourth grade. In additioﬁ, unitized speed with CVCs was found in skilled
readers of. second and fburth grades, but not in less skilled readers at any

F

-grad'e. These findings were consistent with previous studies indicating that rapid



word recognition distinguishes  skilled  from  less skidled  readers Nevertheless,
whereas Perfettt et al. (1978) and Stanovich (1981) obscrved no differences 1n
digit ‘énd bxclurc naming speed between skilled and less skilled readers, Bhrisand
Wilce uncovered differences. Skilled readers named both pictures and digits sig-
nificantly faster than did less skilled readers.

Picture naming difference between skilled and Jess skilled rcaders  has
also been found by de Soto and de Soto (1983)  These mvesugators tested
“verbal processing  abilities in  grade four achieving and nonachicving rcndcr\—
through various lasks such as memory span. associale lcarping.  scmantic
association, automatic word processing, and naming spécds of pictures, words,

v

and pseudowords. It was found that achieving readers performed better on all
C®

tasks except automatic word processing. The investigators suggested that the
interfering words in the automauc word processing task were familiar cnough 1o
be automatically processcd by both achieving and nonachieving rcaders since
they were beyond the initial stages of reading acquisition. This [inding was in
agfeemem with previous research on automatic word processing, as reviewed be-
fore. Another major finding of this study was that rapid verbal coding of
visual stimuli is an important componegt differentiating achieving‘ from
nbnchieving readers. Moreover, of ali the verbal coding measures, the ability 1o
read pseudowords is a strong predictor of readmg abllm a result consistent
with the findings of the Pmsburgh research. However like Ehri and lecc
(1983), de Sqio and de Soto found differences between achieving and
nonchieving readers ‘in picture‘na‘ming. |

7}1 should be noted that in the four studies just Sremioned, Perfetti - et
al.'s skilled readers were at the 78th percemxle of readmg skill and Stanovich's

' sk:lled readers . were formed on the basxs of a..median sph[ of a classroom,

wheras Ehri and Wilce's skilled readers wejfe at 90th percentile and de Soto's
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less skilled readers were about two years below reading vgradel level. Besides,
both the Perfetti et al. and Slanor/ich studies emploved a discrete-trial
_procedure but De Soto used a continuous-list procedurc. The lack of agreement
among these four studies. therefore, rnay be due to subject differences and/or
differcnces of experimental procedure. Regardless of the different findings on
processing nonalphabellc stimuli, :;ll fouf studies demonstrated that rapid word.
3 idenliﬁcalion is one skill most clearly distinguishing skilled from less skilled
readers. ; ) |

In a comprehensive, multitask study, Curtis (1980) investigated

petformances of - second, third. and fifth graders on various tasks inctuding

-

naming leters, words, and pseudowords, matching dols, letters, :words, and
ps;;do}ﬁrds, short-term memory recall. lislening comprehension, and reading
comprchension. Curtis found that lrsrenmg comprehension con[;fbuﬁ’d unique
veriance to the reading comprehension measure. AlSO naming words and
, psuedowords - were best discriminators of skilled and less skilled readers. The re-
sults indicated that oral Al}a‘nguafée processing and . decoding - l’actors are importa/m
 ability determinants throughoul the period berw_een second 'av.nd fifth grade.

, “decrsron task‘-lo examine the relative advantages of visual 4iid phonologrcal pro-

“

Hames and Leong (1983) employed a. vocalrzanon task and a lexical

, cessing in readers “of fourth, sixth, and eighth grades.' The two tasks produced
similar results. ‘reflecting * the .superior performance in hightr “grades and in
‘skilled readérs in terms of both‘speed ‘and aCc_urecy. In addition, the analysis .

of the performance on predlctable un;'sred’ictable. and pséudowords indicated_,

a"‘fﬂ

-,

lhal both drrect vrsual access and phonologrcal codmg were used, but less

B

A

!
' skrlled readers tended 1o make greater use and had more. drffrculty wrth the’

phonologncal codrng route. Ha\lr\les and Leong concluded that therr fmdmgs were
L "in lme wnh those of the Prttsburgh research showmg that less skrlled readers

e

[
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are less efficient in decoding. especially in using a phonological - rategy 1o
°

process words.,

The recent work. of Manis (1985) also leads to a similar conclusion. He

examined the acquisition of word recognition skill in normal and disabled fifth-
)

and sixth-grade readers. The normal readers were those at or above rcading

grade level whereas disabled readers were two or more_vears below prade level”

They were required to learn the meaning and pronunciation of unfamliar ~words
before performing a pronunciation task and a delayed pronunciation l;}lsk, M
found lhat. evenﬂ after three sessions of practice, disabled rcaders were slower
than pormal readers in pronounlcqing unfamiliar words. Besides, performance b
both groups on the delayed pronounciation task revealed that the differences em
vocalization speed werc due 10 decoding rather than response  cxcecution
précesses. Summarizihg the results, Manis -concluded that the deficient word

naming performances of disabled " readers in all conditions pointed. to

~

< . -
phonological coding and retrieval dcficits as major sources of rcading

difficulties. ‘

The relationship bc;meen " word identification skill and reading ability s
not only evident in elementary schooln readérs but also h(;lds for adolescents as
well as 'adh,lts‘. Frederiksgn (19‘78, 1981),"Mason (1978). Stanovich and Baucr
(1978). ABuller and Hains ‘(_1_9]9). Jackson and McClelland (1979). and
Hammond (1984), ar‘e some researchers who -investigated the issuc using high

\

\
school or college students as subjects > "

Research _on hngh school readers has been done by Frederiksen (1978
" 1981). The sUbjects for his studies were high shool students dmded‘ into four
-levels on the basis of the .scores on the Nelson;Denny 'reading test. Tasks were

-

designed ‘to tap perceptual, decodmg, and lexncal componems of rcadmg It was

'observed that high ablhty readers were superior in 1dennfymg letters {4n strmgs .
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and faster at naming words and pscudowords. The results reflected that letter
activation and decoding are two major ability factors among high school
readers. .

Using college su‘rdems as subjects, Mason (1978) found that, except for
high frequency words, less skilled readers made more errors and were slower
than skilied rcaders in decoding 1egular and eaception words. Morcover, less
skiiled readers were most disadvantaged in dccoding nonwords, a task which
rcquirea phonological coding. From the results Mason argued that even in‘
adults with a great deal of reading practice, reading comprehcdsion cannol be
scparated from rapid and accurate word recognition.

Using correlational analyses, Slarrovich and Bauer (1978) [found lhar
silen! reading time as a measur& of reading‘ ability was correlated with speed
measures from a naming task for a group of college stydents. A significant
correlalvion was oblained be(ween‘ silent reading time and the naming lime of
irregular words (r= .44, p<.05). Also, silent reading time Wwas highly correlalcd.
with the difference score between narning irregular and regular words (r=.53,
_ \p<r02g.- lheee correlational resulls‘,-r‘,suggested."\ihal better readers are faster at
naming ir?é'g(ular words and appear to rely more on direct .visual access.
i ‘Slan‘ovich and Bauer, vhowever ‘noted that silent reading time is just a crude
measuré of - readmg ability and conclusrons based on thrs measure must be
tentative.

Employmg vocabulary as a measure of readmg ability, Buller and Hams
(1979) observed that’ college srudents of hrgh vocabulary had faster decoding
'speeds than did low vocabulary studems This study also »provrded a tentative
suggesuon that adult readmg ability is related to word decoding

' The study of Jackson" and McClelland (1979) is also noteworthy for un-

| derstandmg adult readmg ablﬂty They defmed reading ability by a measure of



effective rcading speed which takes -both accuracy and speced mto account. In
their Slud.)', college subjects werc required 1o perform  a  number  of
reaction-dime tasks and a listening comprchension task. Jackson and Mc('lg‘:mdA
found that listening comprehension and letter ‘malching were the two best
predictors of reading effectiveness. Thus, in tcrms of  word  r1ccogmtion
subprocesses, it appears that access of letter codes is an important factor
adult recading ability. ‘ |

Using both children (aged 10 to 12) and college students as subjects,
Bnigés and Underwoods (1%2) examined phonological coding :in good and p(mrl
recaders. The rescarchers emploved a piclur_c-wdrcl interference  task  and 2
vocalization lask.\.‘u\ Whilc the pattern of results from both childrcr:}:md 'adﬁhs
failed to show differences in phonological coding ability belwcén good and poor
readers, the study demon§lratcd that poor readers, both children and adults,
were significantly sk;wer to name words and nonwords than go()d‘ rcaders. a
finding which is consié;em with most other stu“dtiil'es. :

- Whereas .decodir;\g factors ap'pcai 10 :be ’.‘lcss important in‘Jackson and
McC]ellanQ's (1979) st\{&‘dy; recent research by Hammond (1984, cited in
Perfetti, 1985, pp.16.4-165)\ provided further clarifications on this point. In ad-
dition to perform a leli\‘:r h matéhing'lask like that: in the -»Jack.son and

McClelland *study, Hammond's college subjectsv also performed .word: .and

»
-

" pseudoword naming “tasks. Hammond observed ‘that vocalization speed signifi-
cantly differentiated high-abili[\v readers‘ from ‘low-ébili{y readers. Furthermore,

~ the correlation between’ naming Jlatency and reading ability remained significant

1Y
|

even after controlling for correlation between letter THalching and reading

\
\

. ability. Therefore, it seems that when more demanding access tasks are used,
" _there is a decoding factor impdrtam'\ in adult reading ability.
B

i
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While the afbrementioned studies of children as well as adults
demonstrated the imporiant relationship between word recognition ability and
reading fluency, whether word recognition skill is a cause of a consequence of
fluent reading cannot. at least not directly, bc.delcrmin’cd. A longitudinal study
by l.esgold and Rcsnick (1982; Lesgold. Resnick, & Hammond, 1985). however,
has served to -untangle the relationship. The invesl.igalors studied multiple read-
ing” skills of scveral cohorts of children in different instructional programs
through the first threc vears of .the primary grades. ‘The sample Qf childfen

was divided into three ability groups (high, medium, and low reading ‘skill) on

.
v

the basis of seccond and third grade reading comprehension scores. At each test
point scveral tasks including word vocalization, semantic judgment, and oral

reading speed were given to ‘each child. Through path analysis Lesgold and

Resnick found that there were strong causal paths betwéen each speed vanable:

and a subseguent comprehension variable, but no paths of any weight from
comprehension 10 .a subseqﬁenl speed measure. These results confirmed the
findings iof previ.ous studies ' that rapi‘d ;vord processing is a crucial- component
of reading comprehension. More important, Leégold and Resnick suggested that

»

rapid word recognition is a cause of more adequate reading skill, and not vice

versa. Mor¢ up-dated data of this study was recently presented in a paper by
Lesgold, Resnick, and Hammond (1985). Even when d‘iff¢renl approaches of

analysis. were employed, the patterns of results remained the same showing that

_word Tecognition is a cause rat_her' than a result of reading proficiency:

Taken as a whole, the studies reviewed in this section™ have all pointed

to ‘the repeated-finding that skilled readers' are more accurateg and much faster

-

at identifying~ context-free printed words than are less skilled readers at
elefnentary_stagés as well as at later stages. In particular, differences between

reader ability groups in word processing efficiency increase as a function of
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word frequency and word length. While skilled rcaders” advantage in accuracy
’ .
may be restnicted to low frequency words, their superiority in decoding speed s

general and increases for Jow frequency words. pscudowords, and for longer

" words. Moreover, the longitudinal study by lesgold and Resmick (1982: l.espold.

Resnick, & Hammond, 1985) has provided evidence of a causal link between
word identification speed and comprchension abilitv. 1t can be concluded thi
the relationship between word recognition  skill “and reading  abihty s wgl!
documented. A related issuc concerning readers’ ability 1o usc conteat in word

recognition will be discussed in the following section.
g2

2.1.2.4 Studies of word recognition in context

@ 1t has consistently been shown. that less skilled rcz;dcrs are deficient in
identifying words in isolation. The question that remains is whether or not less
skilled readers are also deficient in idenlifyiﬁg words in cé)mexl. Two major
sesearch teams, the Pitisburgh group. and Stanovich and his associates. among
others, have deait with this issuc.

Perfetti, Goldman, and Hogaboam (1979) of the Piusburgh tcam
compared word récognilion latencies in" discourse contexl and in isolation for’
groups of skilled and’ less skiﬂed fifth-grade readers. Across the three
experiments, discourse context, présem_ed é;lher aurally or visually, reduced
vocalization latencies for'less skilféd as .well as sl;ille&‘ readers. The size bf lhc5
context effect was -over 200 milliseconds for less skilleq readérs but less- that
100 milliseconds. for skilled 'reader,s,.‘ The resulfs .dc‘monslraled the - ability of’ Icss

skilled' readers and’ skilled readers to make use of story context in -identifying

words. Indeed, less skilled readers tended to take more advantage of ~relevant

“context than did skilled readers. The three experiments led to-the samie - evidence

-

that less skilled readers benefited from discourse context as much as, if not

more “than, skilled * readers 'in identifying words. The - researchers therefore
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concluded that the use of context in identifying words may not be a major
source of reading diff,'icull)u

Perfetti and Roth ¢1981) reporied several experiments related to the
issuc. In one experiment third- and fourth-grade skilled and less skilled readers
were required to idcmify words in three types of senlence'coﬁlegl -- predict-

able., unpredictable, and a or the fourth graders, while both ability

groups identified words faster ictablc contexts. only less skilled readers

were slower in anomalous contexts or lhird-gréde recaders, however, ahomalous
contexts displayed a simiiar inhibition cffecl.on both ability groups. The results
were ‘imcrpre-led as indicating that at icasl older skilled readers processed words
with litle context effect and less skilled readers were more dep¢nd‘cm on
context. In two other expefiments with degradcd inputs.’ subjects were asked 0
read a story and iden\lify‘{'tvords in different levcl's of degrédalion. Perfetti and
Roth found that skilled readers were less dependent on _context and less
affected by degrading. Nevertheless, skilled readers acted more likg lc;ss skilled
readers when the level of degradation increased. For example, at 2%
degrading, skilled readers performed the same as less skilled readers without
degrading. Summari.zin-g the results, Perfetti and Roth suggestéd that less skilled
readers, allthe 1;5vel of word recognition, are adequate ﬁsers of contexts. They
conjectured that less skille%{readers are mo\r‘e .affected !)y context because of ‘
their slower basic word-idemificatiqn rate. Anélogously, ‘skilled readers can‘ be
just in’ﬂuenéed‘-'iiby conte).u in identifying degrading words, a simatidn when their
basic word-ideqtf}‘ication rate are slowed down. . |
Stano'v.‘ic“t;r and his associates have Wogked extensively with’ p_éradi'gms
sirr‘u'ia.r to those of the Pittgburgh grdup‘and produced highly convergent results.
Using ‘a sén‘tg:nce priming paradigm, West and fSI.aHO\-IiCh (1978) examined tl}é
performance, 'pancrns’ of | founh-gradé‘, sixth-grade, ahd adult subjects. on three

Ny

L —
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‘conlexlual conditions - - congruous, neutral, and incongruous. Theyv observed
that older readers displayed less context effects than younger readers and that
there was a significant negative cotrelation between the degree ‘of context
facilitation and the scores on the reading subtest of the Wide Range
Achievement Test. The resulss indicated that vounger and poorcer readers make
greater use of context in word recognition.

. In a lJongitudinal study of second-grade children, Stanovich, West, and
Feeman (1981) reported similar findings to those found in the West and
Stanovich (1978) study. Employing the same paradigm, the rescarchers obwrvgd
that comcxtuﬂ( effects decreased with dcvclopnkm during the school yca?
Moreover, the results conccrmng‘skillcd and less skilled readers of the same age
resembled the developmental trends. Tﬁc correlations bctwecn overall conteat cf -
fect and three measures. of rez:ding at.)silil)' (the reading subtest of the Wide
Range Achievement Test, the reading subtest of the Standford Achicvement
Test, and paragraph reading time) were in the direction indicating that greatcr
\comexl effects were correlated with poorer reading abiliiy.

Using a different paradigm in which responses‘ to text alternation were
observed, Schwarlz and Stanovich (1981) also found simila.r patterns of context
effect. Third- and four‘th-‘gradé ‘-good and poor readers read storics containing
altered words which were anomalous to the iext. They were instructed to read
wfor'undersmndin.g or for accuracy. The investigators found that both reader
groups were able to conform 1o tas.k demand for contextually appropriate read-
ing responses. Nevertheless. poor readers were less able to suspend ‘context in-
formation 'when‘ accurate reading was ‘r"équircd. The results showed that poor
readers were at least as sensitive as good readers to contextual inférmation.

More recently, Stanovich, Cunningham, and Feeman (1984) reported a

longitudirial study of first-grade children. In the fall and spring of the' school -



vear, the invesugators assessed the speed ~and accruacy with which the children
read words in and out of context by hvavmg them fcad coherent  story
parapraphs and lists of random words. They found that both skilled and less
skilled readers identified words more efficiently in coherent paragraphs than in
random lists. In addition. both reader groups displayed a developmental
decrease of context effect. More imporiant, by comparing the random word
recogninion efficiency of the two groups, the researchers found that less skilled
and skilied readers received similar con[cil facililau’gn from coherent paragraphs
* when they were atfsimilar levels of context-free word recognition skill. From
the results, Stanovich et al. argued that when context is of their reading level,
less skilled readers do make use of context. Their poorer performance on
relatively difficull materials is due 1o poor decoding skill rather than to failure
1o use contextual information.

In a recent paper Stanovich (1984) reviewed some of the highlights of
their research program. Relating the overall findings 10 his
interactive-compensatory model of reading, Stanovich concluded that less skilled

b .-é-r(eaders do not seem less likely 1o use context to facilitate word recognition
provided that reading materials are within their capability. ln~his view, it is
not  cohtextual failures ay the word recognition level but diﬂ’icul{y ~with
graphic-phonerﬁic analysis\ of words that characterizes the poor reader.
E Nevertheless, Stanovich emphasized that it is important 0 make.the: critical.'dis-
tinction betw?:n contextual facilitation of word identification and ‘comextu‘al
facilitation of "compre'her.xsion. ‘While less skilled readers méke use of context to
facilitate word identification, contended Stanovich, their cognitive resources

available to text-level processing are depleted and this: eventually leads to poorer

comprehension.

K.



Results of other studies have also pomnted to the evidence that less

&

skilled readers are more influenced by context in identifyving words. For caam

~

ple. Samuels. Begy, and Chen (1975-76). emploving a tachistoscopic recognition

lask, reported data showing that poor fourth-grade readers cahibited preater a
single word context effect than good readers of the same grade.

Using a sentence conteat paradigm. Jucl (1980) also oberved u gicarcr

context  effect for less skilled rcaders. The researcher tested  sceond  and

A

third-grade readers to rcad words under conditions of isolation. poor scntence

context, and moderate sentence conteat.  Results indicated that low abibny

rcaders benefited considerably from context for all word types, whercas high

ability readers demonstrated lite benefit from context except on low lrequency .

hard decodable words.

-

Using both single-word and scnience priming  procedures,  Merrill,
Sperber, and McCauley (1980) found that the magnitude of context c¢ffects on
word processing was almost identical for good and poor i‘if[h»éradc readers. |

Recently, Simpson, Lorsbach, and Whilchouse (1983) cxamined the
performance of lhird‘a/nd sixth graders on a singjg word priming task. lihe
other studies, data showed that poor readers d1:splayed greater  benefit  from
context than good readers. The Qaulhors suggested that the results  were
cons_istem with Stanovich's interactive-compensatory model indicating  that
come‘xtuél factors may compensate for/slow _word decoding* in poor readers.
| Taken together, evidence supporting the notion thal less skilled rtcaders
afe not less able than skilled" re_aders to make use of c’onvLexts in identifying
words comes from studies .using different research paradigms. As rcvicwcd‘ in
this section, the resul‘ts of studies of single-word priming (Merrill, 'perber, &
McCauléy, 1980; Samuels, Begy, & Chen, 1975-76; Simpson, Lorhach, &

Whitehouse, 1980), sentence pﬁﬁl‘i"ﬂ’g\ (Juel, 1980; Meirill, Sperber, & McCaulcy,
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19%0: Perfcm/ & Roth, 1981: Stanovich, West, & Feeman. 1981. West &

Stanovich, 1978). paragraph priming (Perfeti, Goldman, & Hogaboam. 1979:
Stanovich, Cunmngham. & lecman, 1984). an‘d'['.iicsponscs to text allernations
(Schwartz & Stanovich, 1981) have all pointed to the conclusion that usc of

context in identifying words appears not to be a key factor differentating
, d

skilled from less skilled readers. .

, %
2.1.2.5 Summaf

Findings ‘of eye movement resecarch have demonstrated the central impor-

e%{? etnpincal research
W s

Lancr ol lexical acceds in .lhc reading process. Studies concerning word recogni-
tion automaticity_ and, word recognition speed have all pointed 1o the repeated
finding that accurate, aulomalic'_ and rapid word recogsition is a crucial factor
distinguishing skilled from less skilled readers ;11 early and even later stages of

rcadmg skill development. Specifically, several studies have indicated that word
\

recognition inefficiency may be a result of the deficignt phonological coding

processes of the less skilled reader. On the other hard, studies of word recog-

nition in context have failed 10 show that les; skill ders are deficient in
usiné context to facilitate word recognition. While further research is surely
needed for determining the exact sources. of ability differences in word recogpi-
" uon, from the available literature lil seems clear that the skilled rcader‘i‘s the
one who idemi’fies words automatically an.d rapidly whether by direct visual
access or by phoﬁological recoding. In short, the bulk of relevant research

\ . .
reviewed previously appears to support the pdsition that context-free word rec-

ognition is an.importam. dgterminant of reading fluency.
| “While the relationship —.betw?en word recognition "and reading 'ability is
well - documented in the reading literature  of Eng.li’sh, it is 4an vis’sue rarely
explored. with Chinese teaders. fhe following.parl will review relevant lite'r‘ature
of the Chinese language and reading research.

‘. o N \ .



2.2 Theoretical and Empirical lssues in Reading Chinese

2.2.1 Theoretical issues in reading Chinese

In order to examinc the relattonstup between word  recognmtion  and  rcading
ability in Chinese readers. charactenistics of the Chinese language and orthography will
first be described. Specific task demands 1n reading Chinese will also be sdentihed
With these analvses 1n vicw, important contrasts as well as similantes between Chinese

and English as writing systems will then be discussed.

2.2.1.1A Characteristics of the Chinese system

The Chinese system is said to be both ‘complen’ -and “simple’ (Wang,

5
1973). Such descriptions are nol'paradoxxcal_ On the onc hand. the v v
tem of Chinese, which involves thousands of wunique characlers, ’u‘m be
described  as complex. On the other hand, the laﬁguagc \ha.s virturally  no
inflections for its verbs and nouns ana is therefore structually simple.

According to leong (‘1973_ 1978). Chinesc as a logographic orthography
is best characterized as monosyllabic, isolating, and analytic. kirst, Chinese
characters essentially map onto speech ‘at the level.of m‘or.phcmcs‘ Fach charac-
ter represents a morpheme and eaéh morpheme is ;n fact a s_vllablc.. Hence,
each Chinese character is a one-syllable morpheme. This monosyHabism
represents one distinctive feature of the éhinese orlhography.i Sccond, 1n
contrast to infleciional languages, ‘Chinese is isolating in nature in that the
Chinese character remains a constant shape in’ spite of synlac.lical changes.

Third, Chinese is analytic because there are few bound forms inMnguagc.

‘In this sense, Chinese is different from syhthetical languages such as Latin

- e

where bound fonns are freqixently used.’
On analysing the sounds of the language, it is noted that every Chinese

character has a -distinguishing pitch pattern which is called the ‘tone’ of the
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character. In Mandarin there are four basic tones whereas there is a total of
mine tones in Cantonese. In Enghsh, variauon in tone does not change the

meaming of the word bemng spoken but conveys different moods. In Chinese,

however, changing tone has much the same effect on meaning of character as

changing a vowel or a consonant. Wang (1973) used cxamples in Mandarin to

illustrate the point: 1/ ma (4®) wiL_h a level tone means ‘mcther’. 2/ mé
. \~ : . . . .

(ﬁ) with a nsing tone mecans ‘hemp; 3/ md "(%) with a dipping tonc

means ‘horse': and 4/ -mé& (%) with a falling tone means ‘to scold’. When

the vowel 1s changed from a to /¢ with a falling tone, we get mi ( E‘)f ‘which

means ‘honey’. Also. when the consonant is changed fror;“l‘ m o p we get p2

(t8) which means ‘fear’. It can be seen that i}}\ Chinese ‘changing the tone

\
%

alters the meaning as much as changing a vowéJ or a consonant. The

\
differential usc of tones thus constitutes another main ‘feature. of the Chinese
language.
!

Spcaking in terms of character formations, Chinése characters arc

.structurally composed in a symmetrical and balanced way. According 10 Leong

(1973). Chinese characters usually take either one of the five major forms: 1/

0

characters occupying the full 'square;é%séin g ‘sun’; 2/ characters’balanced
vertically as in £9 ‘door’; 3/ charac"{lc;r'sr bin a tripartite vertical shape a’AS\‘ in JFk
watering'; 4/ characters balanced horizqmally as in B ‘early’; and 5/ gha'racql
ters balanced three-ways as in & 'forest’. More specif}'calfy, strokes—in each
character can be groupéd into four broad groups according to the directionality

of the stroke. Also, the sequence of strokes in a character is always fixed:

from top to bottom and from left to right. These analyses have led Leong to

_arguc' against the American linguist Halle's description of Chinese characterg :as

.arbitrary symbols. In Leong's (1973) view, such a des'cn'ption' "loses sight of

o

the ‘degree of orderliness and progression” (p)gin Chinese ‘characters.



Chinese characters are by no means arbitrary svmbols, furlhcrmorn:_
because there are rules (o classify characters nto groups. Generally spcaking,
there are two principles of‘catcgoming characters (Wang. 1981). One prnnaple
Is 10 group characters according to the way the character 1 1or;ncd. By this
way. Chinese characters can be grouped into six categories (lLeong. 197 . Tavlor
and Tavlor, 1983; Wang. 1981). First. picltographs (5?; ;3 ) arc characters
which have icom'-c relattions to the objects they rcpr‘cscnl. For caample, &4
'sun’ is an icon of (O. and B 'moon’ an ’icon of » . Second. simple -
ideographs (3B F§ '5) express 1deas which the char;clcrs are  dJesigned o
convey. FExamples are k£ ‘'up’ and F ‘down'. ‘lhird. compound 1dc0graphs.
(%fi";) contain two or more pictographs or ideographs to suggest an idca.
For instance, lge combination of (wo pictographs £ ‘sun’ and B 'mo(;n'
means 8A ‘bright’. Fourth, loan characters (fE31% 5 ) are thosc characters
borrowed for new characters based on the identity of sound. For exampic, lhc‘
ancient character R ‘wheat' was borrowed for the character '.comc"
because the (wo were homophones in .Archaic Chinese. Fifth. phonctic
compounds (% @'}") are .mad“e up' of two or more componeins,' usuglly a
meahing-cujng signific or radical, and a .sourﬁg)-‘cuing phonetic. For cxamplv;. tHe
character Y& ‘'lamp’ consists of the "radical X ‘fire’ and the phonctic H .
Finally, analogous characters (ﬁg‘;i 3) are new characters derived from old
ones \'avhere they are similar in meaning but do‘ not have the same sound. This
category, ‘according to Tayior and ?aylor (1983), is not clearly defined and
_appfies to only a small number.. of  characters. Altogether, the - category of
phonetic com;;ounds turns out to be the most numerous  and 'irﬁportam
éategory. Acmaily, Leong (1973). estimates 80% of characters falling withiro; ther
. phonclic compound category while Wang' (”1981) eétimalés»_ that almost 9% of

.

characters fall into this category.

-
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Another principle of grouping characters is to classify characters in

terms of radicals.’ Radicals are used to cue meanings of charactérs. For
“instance. the ‘water’ radical 4 (written in the form of : or A< as a radical

in a character) Telerring to something jJiquid or " watery, and the ‘heart’ radical
/:\ (wrilkcn_in the forms of 't or /O as a radical-in a character) denoting
emotions  or thoughts. Whereas English words are .arranged according to
_alphantical orders in dictionaries. Chinesc characters are arranged according‘lo
.~ their radicals gnd Jnder each' radical acco}ding to the number of strol(es.
Putting together the two principles of character classification, some
';haraclcrislics of Chinese cllar-aclqrs src manifested - -Firsl_ mé radicals which
c1;c the meaningsv of characlers ‘arc um'q'ue propertics of the Chinese
w'orlhograph) Second given lPal the great: majomy of Chinesc characters are
.. phonetic, compounds, the phonetics which cuc the sounds of characters are also
" distinctive constituents of the Chinese writing \system. In this sense, Chinese
_iorlhography is not a pure logographlc wrumg sys;f:m lndesd, most Chinese
characlers have a composue funcuon and may- ‘best be described  as
morpho- syllablc (Wang & Tzeng, ]983)
Whue a character is lhesls«ﬁallest morphemlc unit in Ch{nése,' most
modern Cllirlesé words are composed-of the combination of wo or more char-
: ':aclcrs. ::Av_‘.h‘nguistié or syln.actic- word—is "the smallest immediate c‘or;xsti_tuem unit
ol .s‘egrhgn‘tal'semehcés (Leong, 1978 p. 162) For mstance 'scllool" in Chinese

is made upi‘ of twb characters- R} whxch luerally means learning- bulldmg .

-and is read as two dxstmct syllables Also a word like ‘-hbrgrl\( has . three
-,characters in- Chinese wrmen as lﬂ ?’E’E literally picturé-book'—hall. and is

- _rcad as - three ;;hi syllables Accordmgly,_ the gfapheme?so'und mapping in

‘,‘ . . . . .

.--'.-,.-g; ........

U3 radmonally. there are 214 radlcals Now in* Mamland China, character o
" simplification “is “part of the writing' reform. The set of radicals has been reduced to
187 accordmg to Wang (1981) or 189, accordmg ;o ’I‘aylor and Taylor (1983)



~ giving meaning to the sentence.
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Chinese words is perceptually discrete.

Regarding sentence formation, the basic sentence in Chinese. as in
English, has a clear word order of subjeclv—vcrb-objccl. Because of the anal,\tlic
and isolating nature of the Chinese language. Chinesc writing has essentially no

-, .
morphologicél inflections and Chinese characters remain the same 1w spite of
syntactical changes. For example, sentences of 1 love vou' and ‘you love me’
in Chinese are written as ~ % % U8 " and " 1 ¥ X ° respecuveh  The
same cha{acler s used to denote 'I' as well as 'me’. Thatv 15, the charac-
ter % remains the same po matler it is functioned as a subject Q.x an object
in a semgnce (5. F. Liu, 1978). Besides, many - grammatical marking clements

are omitted in Chinese writing (Tzeng & Hung, 1981). An knghsh sentence

such as 'She goes to school'. written in Chinese 4t & -F rg ° literally
means 'She go school'. Furthermore, Chinese characiers are capable of

acquiring different kinds of grammatical functions according to the characters

V.

‘used in conjunction with them and the positions they occupy in the sentence

(Leong, 1973; S. F Liu. 1978). A character used as a noun may also be
;xsed as a:verb, aﬁ adjective, and even asan adverb. For cxamplc,‘ the sa’;nc
character :f8 may _func,lion as a noun ‘'river' as in 6 FL . as a vcrl; '1()$f-
flow’ as in X {Ké ., and as an adjective 'popular’ as in & 17 (1.cong.
1978). The gre;r;nmalica] flexibility of- Chinese characters” thus allows for a high
degree'df possibilities for cdmbiﬁat_ions -of unit word forrﬁs m the language. .In
short, the basic ‘_Chir‘lese gramma‘r depends o;x word order; it ‘is ihc, relative " po-
sifion of the characters in the Sentqnce .Qelerniining .their roles and thereby

e

To sum up, the Chinese writing system haé_vscvefal characteristics

distinct from other languages and orlho"graphies.‘ Fir.slv, the Chfnese laniguages is

mohosyllabic';, isolating. analytic, and tonal. in nature.y The structure of the
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smallest functional unit -- character -- secms to be complex in appearance, bﬁt
most of the characters arc formed in a symmelrical and balanced way reflecting
orderliness and progression. In addition, over 80% .of the characters are
composed of a radical and a phonetic which may prov.ide some information on
their meanings and pronunciations.  With respect to word formation, most
Chinese words.‘ are made up of two or more characters and the grapheme-sound
mapping in Chinese words is perceptually discrete.  Chinese characters arc
virtually non-inflective; word gsder is the basic grammatical rule for formulating
sentences.

These are the major features of the Chinese language and orthography.
How do these characlcrislics consu’tuieI specific linguistic 1ask demands in read-

r

ing Chinese?

2.2.1.2 Task demands in learning to read Chinese

. On analysing the 1lask of !earning to read in different languages,
Downing and lLeong (198‘2)' have pointed " out that the initial task in all
languages is to learn how writlen symbols represent spokenh language. As
Chinese charac-lers essentially map onto the- language at the morphemic level,
the learner's Las;‘(xs ;ri_marily 1o associate ‘the characters" Qf the Ch_ineéé
ortﬁogfaphy .w"ith the morphem‘es of the Chi'nese language. In addition, b¢céuse
each morpheme  is iﬁ fact” a syllable, learning to read in Chinese also means
learning to 'relate each spoken -syllable u‘) a particular character of a designated'
meaning. Furthermore, Chinese characters are virtualiy non-,inflect;ive. -Chinese
chifdrgn are able to le:;m characters independent of syntactical structure.. Thé
- one  character - one monphert)e‘ - oné‘ syllable characteristic ,9f “the Chinese éys‘-
tem and the non-inyfvlective naturé of Chinese. characters thus provides ; cjuifé\\

‘conctete learning situation for beginning readers.

¥
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Nonetheless, the one-to-one grapheme-morpheme  relauonship between
Chinese orthography and language inevitably requires morce than thousands ol

distinctive characters 1o represent all imaginable linguistic morphemes.  As leong

[t d

(1973) has noied, the authoritative Kangshi dictionary (ﬁ? G 3 - ) of the
cighteenth century contains abou{ 42.000 to 48,()00 characters. depending on the
edition, with 6.000 1o 7.000 characters in acuve usc. leong (1973) eshmated
that the minimum number of characiers 10 be acquired as adequate for dul
use is about 3.-5()0. It must be rémcmbc%cd that  Chinese words are
multisyllabic in nature and are usually made up of two or more characiers.
Hence. the size of the fwmdamental vocabulary in terms of Chinese words must
be many more than the minimum number of characters. For caample,
according lo a study donc in Taiwan,. the number of commonly used characters
is about 4.500, but the nurr;bcr of commonly used words is about 16,000 (Liu,
Chuang, & Wang, 1975). -

Not only is the number of characle;rs needed for literacy huge. but the
complexity of characters is also regarded as overloading the task of
membrizalion in learning 10 read in Cﬁincse. The complciily of a character
can be‘wmeasured by the number of strokes. A snrlokc is a dot or a linc “that
is compleled. every iime the pen lecaves the paper” (Wang, 1973, p.53). The

¥ .
number of strokes in a character can arrange from 1 to qver 30 strokes.

The large number and the cc?mp]ex' appearance of characters. hgvc led
many’ foréign and even Chinese scholars (e.g. ‘Hallc‘,' 1968, quoted in lLecong,
‘ 19‘743;/ Tzeng & Huﬁg, 1980) to émphasi;e the role of visual disc-riminalion ’and
rote memory in' learning to read Chineéé; ~While .it is commonly agreed that
visual dféérimination is an’ importaﬁt task in learning Chinese éharacte[s. f{xrthcr

analysis indicates that. the much-mentiohed reliance on rote memory may have

been overstated:

.~

(o] ' a . . e
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Although éach character has to be learned. there arc rules and strategies
‘

in'cr\xcoding the "symbols (leong, 1973). First, Chinese characler. as have been
noted before, are usually compa(cd in forms which show symmetry and
balance. Strokés in each character can also be broken down in16 groups
according to their directionality. Besides, the numbér and order of strokes in a
character is 'fixcd. Being aware of thesc characteristics of a character, namely
the  iplernal structure,‘ the nature and directionality of the slrokc‘s, may help
lcarning Chinese characters. ° fi I

Second, the complexity of ‘Chincsc characters does not necessarily impose
morc lask demands on learning the characters. According to Leong's (1973)
analysis, the average nurr,lber of strokes of most commonly used characters is

’

around 11 to 12 wilil a standard deviation of about 4. He contended that this
mean stroke  humber "is proﬁably the limen for optimal visual cues in the
perception of Chinese characters™(p.389). It follows that extremely simple
chafaclers may provide less visual cues and may thereby lead to -some cognitive
confusiops. Actually, Leong's (1972) study of the ’.wrmen vocabulary of Hong

‘ o . -
Kong children indicated that it is not definktely easier - to learn and use appar-

ently simple characters. Taylor and Téylor (1983) also argued for the impor-

tance of the Gestalt pattern, rather than the number of strokes, in learning

Chinese characters.
Third, and perhaps the most important point is that understanding of
intra-character semamic-phéne_tjc components may greatly help learning Chinese

characters. - Every Chinese éha;aaer contains a radical which cues the meaning

of the character.- Although there are 214 traditional radicals, Leong (1973)

cited Herdan's (1962) findings that 17 commonly used radicals (8% of the 214

~ radicals) account for over 50% of the 8,711 characters in Mathew's Sjcgionary. :

These high frequency radicalsﬂare themselves pictographs or simple ideographs

-5 o A ’
b o ] |
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denoting something related to nature’ (e.g. AN ‘water’, X ‘earth’). [flora (c.g.
? ‘grass’, & ‘wood’). fauna (c.g. £ ‘inscct’). or human (c.g. F hend’.
A ‘human')i. Thus, knowing the meanings of the commonly used radicals
enables lhe’ reader ro generale  meanings  of many compound characlern.
Moreover, given that the great majority of Chinese characters are phoncii
!
compounds, the reader can also obtain phonetic clues of a character
analysing_ it phonetic component.  The high ratio of phonctic compounds in
Chinesc characters has led Wang (1981) to argue against the statement that the
Chinese script is nonphonetic. 1t should be noted that the phoncucs "are not

always accurate clues 10 pronunciation due to language cvolution over ume and

in that tonal patterns are not included. None(heléss, bemng aware ol the

XY
i

” {

phonetics at least provides some hints of the phonelie aspecl df Chinese char
acters. All in all, the semantic-phonetic elements conslilnle the basie units in
the Chinese language that are critical to learning to read\. ‘Wang (1981) cven
suggested that such a method upon' which mos‘l" Chinese chgracters are based
that of presenling clues simultancously to coth the sound and the meaning of
the word - may turn out. to be_ilhq' most Tational foundation . for optimal
orthography. |

Along this line of analysis, it can be seen that "edunting the number of

2

~strokes in 4 character .is one of the many ways of defini'ng the eomplexiry» of

LI .

a character - ther aspects such " as the structure, " the imageability, and the

semanue phonelrc componems of a characler may also need to be taken into

account when defmmg the com_plexrty of a characler
In short ‘the pnmary task in learmng to read Chinese is to relate

Chmese characters to the cmorphemes of “the language. As a huge number of

S

characters representmg dnfferent morphemes have to be learned Tt is gene'rally

“assumed that hteracy in Chinese may requxre,,tremendous task demands on both '

|

s



52

visual discrimination and memorization. However, since there are rules and
strategics in encoding Chinese characters that may help reduce the burden of'
memorization, the often-mentioned reliance on role memory appears 1o be
ovErstated. Being aware ol the internal structure, the nawre and directionality
of the strokes in each character, and understanding the intra-character
semantic-phonetic components are the major stralegies rrrat may help lecarning
to read in Chinese. In view of the chzrracrcrislics ‘of the Chinese language and
the task demands imposed by the orthographic structure of the Chinese script
L &

on reading. it is now possible to compare and contrast Chinese and English ds

{wo wriling systems.

2.2.1.3 Chinese and English as 'wr'iu‘ng systems
In appcarance, Chinese and English arc (wo disparating wriling systems
“Jin that they represent two different orlhographie rules for mapping script onto
'\ speech. Chi?rese characters are logographic or ideographic symbolSr mapping
\onlo speech at lhc morphermc level. Each eharacler is a morpheme and also a
sylla\tgle. In cqntrast, English is an alphabetic system in which the embedded
‘grapherrre‘-spee’ch ‘relationship is best characterized as ‘a morphophonemre reﬁre-
semetion (Tzeng, & Hung, 1981). | 1t means that in English, the written
symbols _map"omo speecAh at the level 401"‘ phonemes where the le.){ical root of
each word is‘simulrane‘ously taken into consideration. Speaking in terms  of
. syllabrcauon ‘because of the monosyllabrc nature of Chinese characters, spacmg
in Chmese script is dlscreted syllable by syllable and therefore has a one-to-ong
correspondence with the syllabic boundaries of the speech. 01 the comrary,
* spaces in Enghsh scnpt are. largely determmed on the basis of words where
grapheme-sound relalionship is ‘cOntin_uous. Still another important contrast be-

tween AChi,rlese ‘and English is that English words have different forms reflecting

. syntactical structures, but Chinese characters remain the same regardless of
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syrilaclical changes. Wi.lhin this framework, Tzeng and Hung (19%1) contended
that the script-speech relationship is more abstract in  knglish than that n
Chinese. As a result, the initial task in learning to rcad g/ppcars 10 bt less
complex in  Chinese than in  English. }-'urlhAcr examination, howcever,
dcmon.sualcs that there are linguistic similarities between Chinese and Fnglish.

Attempts h;:vc been made by Wang (1973) and l,cohg (1973, 1978) 1o
show the isomorphy of Chinese with Lrgiish.

[eong (1978) argued that individual Chinese characters are counteiparts
1o syllables in E;lglish. Being the smallest functional units, Chinese charactens
are the basis of forming multisyllabic words. A character’ thus corresponds 1o
a syllable in English. Morcover. leong (1978) cited Wang {1973) 1o ilustate
that the information content of the strokes in a character is comparable (o
that of 1he letters in an Fnglish word. There are approximately 20 strokc
types, according to Wang (1973), or 18, according to lcong (19‘73)A The
distinct stroke types are parallels to the 26 letters of the English alphabet.

More important, while, studies in Engliéh have shown that there is - an
invariant spelling-to-sourlld relationship embedded in ihc EngliSh‘ orthography,
Leong ‘(1973) found that there is also ori'ﬁ};iéaphic invariance inhecrent in the
basic structure of Chinese characters. The phoneticlx and thec radical, which
constitute the critical components in learning to read in Crhincsc. represent  the

i

invariant spelling-to-morpheme and even to sound units within cach character.

Particularly, as noted before.'.-8% of the 214 radicals account for over 50% of

the - Chinese characters. The high frequency of such a small number of

- radicals, argued Leoné (1973), "must necessarily relate to morphological and
, " X _ -

“gpelling constraints that are analogous to English"(p.392). As Leong (1973)

mentioned in his article, such a view is supported by empirical evidence offered

by Herdan (1962) showing that there “exist. notable similar _measures. of



54

A \

redundancy in the binary coding of English letters and the syslemﬁ{ coding by

\\ stroke number in Chinese. It is this linguistic correpsondence that underlies the

isomorphy of the two apparently disparating writing systems. With these
analyses in view, leong (1973) suggested that "as with English, " the child

learning Chinese should be encouraged and guided to develop reading habits

ifc clements in the characters. This ability to recogniz¢ and 10

iscriminate ‘graphic shapes before decoding them and to find a phonemic
rrespondence is a prerequisite in reading” (pp.394-395). In other words, it is
, important to raise the linguistic awareness of Cthe child to meet the lask

demands imposed by the orthographic structure of the script on reading. it

2.2.1.4 Summary of theoretical issues

The Chinese language is ‘best characterized as tonal, monosyllabic.
isolating, and analylic‘. Each Chinese character is a morpheme as well as a
syllz;ble with non-inflective nature. Most Chinesc characters are compos:ed of a
radical and a phonetic which may provide some information on their meaning
and pronunciation. Modern Chinese words are multisyllabic .in nature and word
order is the basic grammatical rule for formulaﬁng sentences. All these charac-

" teristics constitute specific task demands in reaaljng Chinese.

Comparatively speaking, owing to the nature of Chinese characters, the
initfal task in learning to read in Chinese seems less compiex than that in
English. There is, "however, linguistic correspondence between the two writing
systems that some qf the psychological principles may be relevant across
ortlib’graphic bouhdaries. Similar invariant orthogral.),hic structures are inherent

S/ in- the two systems. Specifically, ihe dis’tinctive 'char'ac‘teristics of Iihe radicals
and the phonetics are comparable to letter groupings in the English.

morphophonemics. The linguistic awareness of the child - a knowledge of the
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nature of the language and an understanding of the reading task - therefore

constitutes an 1mportant par“l i Jearning to read. whether i Chinese  or

English.

These theorctical analyses lead us 1o suggest that there mught be simular

psychological processes underlving reading in knglish and Chinesc. As there s

linguistic correspondence between the two linguisiic ¢odes. 1t 1s dogically  possible

that word recogniion may plav a similar role in reading Chinese to that m

English.  Now we should search for “an empirical support foi  such *

postulation.
2.2.2 Empirical issues in reading Chim;sc

The iﬁvestigalion of the Chinesc language as a [icld of study has a history o
over thousand vears. However. the study in tradition was often confined 1o the
viewpoints of linguistic and cultural development. It was not untl this century that
researchers began to study the language from a psychological perspettive. In scarch of
an empirical support for the importance of word recognition in reading Chinese. a
brief historical review of the psychological research on the Chinese language will first
be presented. Reading disability resea‘rch in Chinese children, lhouéh rarcly been
carried out, will then be reported. Finally, current related rescarch issues in rcading

Chinese will be discussed.

2221 A brief historical review
Historical reviews of the psychological"studies. of the Chinesc language
have been gi':ven by I. Ddf.\l‘ig,(l\978) and: Kao (1982). Some major poims“'
that are derived from these revi%;re provided here.
'.In‘ his thorough revview,‘\Kao (1982) pointed out that the .hisfory of
psychological research on the Chinese language can roughly be divided into two

stages. The first stage from 1920s to 1950 was a period of tesearch mainly
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,
concerming education and apphlicauon issues. It was in the second stage from

1950s to 1980 that research paradigms of expernimental psychology thave evolved.

’

Fntering the 80s. cognitive psychology plays an important role in directing the
research. !

An carly psychological studv of the Chinese language was carried oul by
Tin-fung 1iu in 1921 at Columbia University. Based on the results -of his
experniments of learning and memorizing Chinese characlérs‘ I'iu found that the
cffect of character shape or; 1ts meaning’ acquisition is much greater than char-
acter sound. Liu's study demonstrated the imporlance of graphic information
in learning an idcogr‘aphic script such as Chinese.

Among researchers of the first period, Wei .Ai’s work has been regardeﬂd
as most cxtensive and influential. Ai started his investigaton of the Chinesc
Janguage in 1923 and carried on research work for more than 20 years. His
findings were summarized in his two books, The psychology of reading: The‘
question of the national language (1948), and The ﬁsycholog) of reading: The
question of Chinese characters (1949). Ai conducted studies investigating char-
acter learning, examining interest factors in children's reading, comparing or-aI
and silenr reading, assessing children’'s ability in silent readiné, analysing
composition errors, etc. From his results, Ai made suggestions for preparing
elemenla;y' textbooks ahd for further studi’es.

Other major areas of research during this peridd included studies of

daily vocabulary, comparing horizontal versus vertical arrangements of Chinese

characters on speed of reading, and studies of calligraphic writing and so forth.

.1n brief, duriné the first three decades, psychological studies of the
Chinese language focused on three major themes / learning, visual perceptiegk
and performance. Research methods included obs/drvations. surveys, assessmcﬂts.

and experiments. Mokt of the studies were aigled at educational and practical

"



. N7

purposes. Consequently . few studies were directed 1o theor butlding and modcl
construction.

The major charactennsuc  of  the seccond  stage  of  rescarch
thedevelopment  of  expenmental  psvchology 1n studving Chinesce, Whiic
cducational and pr;cncal purposes have not been neglected, attempts have been

2
made to theory building and model construction.  Some main arcas of rescarch
that have been devcioped d‘u‘rtﬁg this stage arc as follows.

Vocabulary study is still one main arca of the ongomng rescarch  barst,
studies on frequency of occurrence of Chinese characters and words have been
active 1n Taiwan. Resecarch on frequencies of Chinese char‘uucr.\ used
elementary schools by Taiwan National Compilation Committec (1967) represents
the first most extensive and syslematic study in this area. In this study, 4504
different Chinese characters and their frequency counts were oblai‘n.cd from a
body of elementary natural-language text. !

Another study by Liu. Chuang, and Wang (1975) focused on f‘rcqucncy

-
counts of linguistic words instead of single characters. 40.032 different Chincese

linguistic words and their frequency counts were collected from a sampic of

daily reading materials.

i More recently, Cheng (1982a) presented a frequency analysis of 4583

Chinese characters. The Cheng study was accomplished by transforming the
frequency counts of llgngbuisu'c words in Liu et al's (1979) studyjmo those of
Chinese characters.

In addition to studies\of frequency, research on meaningfulness and
imageability ‘values of Chinese characl-ers and words has also been carried out.
For example, Liu and Chu.ang (1970) developed an index of \ associative
meaningfulness for 1,200 Chif;ese characters. Chuang (1975) established norms

-

of scaled imageability values for 200 Chinese words. ‘A study by Huang and
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lLiu (1978) set up normative frequency counts, meaningfuiness and imageability
values for 239~Chmcx words.  All of these studié» have produced a better data
basc for educational and psychological research.

Another arca of research 1s concerned with perception of Chinese char-
acters.  Yeh and Liu (1972) found that recognition thresholds were related (o
meaningfulness and number of  strokes of the characters. but not so much
rclated to character shape and character formation.

Cheng (1982b) Asludied character- and word-superiority effects 1n
perceiving Chinese characters.  He found that a Chinese character was better
perceived  tachistoscopically  when embedded in a word context than in a
non-word  contex]. Also, there were advantages of character over
pscudocharacter. psdudocharacter over noncharacter in perceiving a conslitucr_n of
a Chinese character. These results werg¢f/ in line with those of the Enghshwlan-

eng argued that, unlike English;synibols, the

guage studies. However
advantage of pseudocharacter over noncharacter cannot be attributed to phonetic
encoding  or séquemial redundancy among consliluenjls in favour of
) pseudocharacter.  Rather, the advantange may be attri‘buted to positional
redundancy among cpnstituems in favour of pseudocharacters. Moreover, while

'\

the accuracy rate -of ,characler and word recognition were, significantly related to
the complexity u{ not to the frequency of presented characters, both
character- and wordk  superiority effécls were not - sensitjve to- these two varia-
bles. From the results, Cheng suggested that "analysis of constituems might be

necessary for reading a Chinese character.
Huang (1984) tested the perceptual separability = of ‘characters in
conditions of no context, word context, and sentence gontext, and in conditions

of degradation 'and without degradation. He found that perceptual separability

of characters. and reading time were significantly higher in conditions of no

{
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context and degradation. Huang suggested that the results were consistent with
McClelland and Rumelhart’'s interactive model of reading in knghsh 1n that
there were interactions of th€ bottom-up and the mp-dowr’x ProCesses  even in
reading Chinese.

- A few studies examined parred-associate learning (PAL) of (‘l‘hincﬁc
words. A study by Cheng and Chen (1976) assessed the cffccts ol nol;n
concreteness and pfcsemation rale on paired-associate recall.  The results showed
* that concrete nouns were better recalled than abstract nouns. and that tccall
difference between concrele and abstract nouns decreased as presenlation tate
decreased.  Huang and  Liu  (1978) -investigated the effects of  frequency,
meaningfulness, and .imageability value on PAL of Chinese words. They found
that there were significant imagery effect on all three sources of variation:
stimulus units, responsc units, and intcraction vof the two unils. Also. there
were significant - frequency effects on the latter lwo sources of variauon but not
on stimulus units. Huang and Liu concluded that while the overall results were
in line with those oF current English language studies. the idiosyncratic
properties of Chinese words should further be studied.

!

In regard to C:hinese reading comprehension, Lin and Chcng'(1976;
found that comprehension efficiency was gfeater when essays were with relevant
headings versus without headings or with irrelevant headings. Also, Chen and
Cheng (1976)4 reported that speed training, lhou‘gh‘resulting in I‘aslcr,regding,
did tnOL lead to better comprehension. By separating comprehension from the
verification proéess, Liu (1984) observed that affirmative sentences were
comprehended faster than negative seﬁtences and that 2-proposition -sentences
weré comprehended faster than compound sentences. From thé results, ;Liu ,,dc~

veloped a model of Chinese sentence comprehension to expléin and faredic't the -

comprehension of various types of sentences.
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"While ‘the above s(‘udies“are of value in understanding the psychological
properties of the Chinese larlguage, recerr( research using an informalion pro-
cessing approach has more profound impact on future research of the Chinese
language. These r)ecenl developments will be discussed in detail in a latter sec-

tion.

Up to this poinl;’_history of psyochological “studies of the Chinese
language during the past 60"‘years has been reviewed. From a developmental
perspective, there are several significant changes during the two stages of devel-

- ~>

©

Opmenl.- First, it bas shifted from its first 30 years on teaehing' and
a;jplicaliid lO. become in-depth. research on experimental psychology. Second. it
has gradually changed from the study of -classical learning 1heories to the study
‘g{,perception_ memory, information processing and the current rescarch on
cognitive psycholog_v. Moreover, research methods like survey, observatron and
gross measures have been replaced by precise experimental design, the _most
updated “Slalisli::al approach, and the use of modern inslrumeﬁfs. Fin’dliy,iulhe
_scope of re,sear‘ch: has been oroddened from “the‘ ez&aminalibn; of the unique
psycholinguistic properties of the Chirlese language lto comparau’ve srudies among
dilffcrenr ‘languages,.‘reﬂe'c,lvin'g' international interest .and E'rlde_ay,oors. In sum, the
" tesearch during the past 60 years :has‘deYelovpe‘d from the ir.lves‘t,igalion of rth'e.
_ Chinese language in partieula-r 1o the _expioration of human language behaviour
‘ as a unive:rssl,l coagnirii}e 'activity. » /
2222 Readmg dlsabrhty research in Chmese chrldren
Whlle readmg dlSablll[y has become a problem of copce?n in most
W.este-rn? 'countnes lt has* hardly drawn specral attennon in Chmese socreues
(1 2. The People [ Republrc of Chma Ta:wan}___and Hong Kong) It was - not
‘. unul the last decade thal psycholog:&s) and educators developed their study of

readmg drsabrhty in Chmese chrldren (Klme & Lee 1972 Kuo 11981, ‘Stevenson
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X
et al, 1982). Moreover, Chinesc ch-ildrc'n with reading digg)ilil_\' hava bécn
deemed very low in number (e.g. 2.91% in Kuo's studv). 1t is proposed that
the low prevalence of rcading disability in Chinesc children ma:\' be related 1o
the structure. of the Chinese orthography. While such an hypothesis is
interesting, its validity remains to be established. 1n this section. the studies of
reading disability in Chinese children wilt Dbe cxamincd,? wi(h.rclalcd stud?ic.x
aiscus;cd. As there is no explicit definition of ‘rcading di.‘sabil.il,\" available
from the reading lilc.ralure of Chinese, here the term is used in a broad scnse
referring to the broad group of children. of average or above average
intelligence, experienciné varying degrees of reading difficultics.

'lmcrestin}; énouéh. the idea that Chines¢ readers méy be immunce to the

probTem of reading disabilitv has its origin in studies with non-Chinesce children.

A survey done by the Japanese child psychiatrist Makita (1968)r\rcponed (39

.“tremely low incidence (0.98%) of reading’ disability in Japan amongst Japanesc

children. Since the Japanese orthography has. two types of scripts - kana and
kanji, (kanji literally méans Chinese character), lhé rarity of reading disability
;nay be aitribulz;ble either 10 the rel\alive ease of learning the syllabic kana
scripttlor.’ the Cﬁ‘in_ese kanji s;-ri‘pt,, or both. - Although. Makita poinied out l‘hal
‘Japane"s_e‘ ‘chiljdren tend to experience mbre_ diffié:gltic’s with “kanji scrip(, the
pr&ﬁ’lem rariiy ‘of reading disabilily‘in Japan has led 1hcA psychiatrist * to

hypothesize that "the specificity of the used language is the most polent

. 3 N\ ‘ e L
.contribution .i-n"the\ formation of reading disability” (Makita, 1968, p.6l3).

Another. muéh‘mentiqnea study is the one carried.out by. Rozin, Portskyv;‘apd
Sotsky (1971). In their\study, 8 Phifadelphia disabled readers of second grade

were taught 1o recognize 30 Chinese characters, ‘to relate them to the English

. ~— -

- spoken” words, and to arrange the characters ‘into meaningful sentences. With

. \ .

725 10 5.5/ hours of Chinese tutoring, the swbjécts were successful in fearning

o
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o0 read English represented by Chinese characters. In contrast, with the

relatively same amount of English lulorihg, little progress was made in reading
English rcpresented by English alphabets.  Rozin ct al. argued that the success
of Lh‘c program‘was partly due to the novelty of the Chinese orthography but
largelv due 1o the fact that Chinese characters map directly onto meaning
whereas in English orthography the relation of symbols 10 meaning is mediated
through the sound system.
In a similar way, }jlarfigan (1976) conducledva project with 7 Mainc‘
first graders who wére having reading difTiculties. Thcosubjccls were taught 1o
Aréadv”ﬁnglish represented by 8 to 15 Chinese characters. The. resu'lls were quitc
in agreement with those of Rozin et al.. Harrigan reported that the subjects
showed no inabflil_v 10 learn sign to sound when English words werc represcnted
by Chinese charavclers." However, ther® was no comparable gain iﬁ the ability
10 rcad English orlhdérapﬁyv. Hai’rigan contended that Chinese L:Hara“clers‘are
cogm‘livcﬁy processed differently ‘from English words and constitute a less
difficult task for learr;ing to read. |
| While the results ‘of the above studiés were highiy imeresu‘ng.,’ it should
be pointed out that’ the_yA have " been ‘crilicized as -having a nﬁmber of ¥

shortcomings (Leoné. 1978; Tzeng & Hung, 1981). First, for Makita's study,

it has been commented. that cultural factors such as different educational

1

philosophies and pf{ictices. academic competitibn‘s. and parental attitudes should
be tal;exi into accoLm Whel;l ‘inle'rpreting the. resu’lls.A More fi'mpo‘rta‘m, in a. :‘
céuntry like J.apan where bubl_ic/ixﬁage is ‘highl);’emphasizcd,' the reliability of
_thé survey mélhod. in w hich teaéherﬁ’ replies were tﬁé sole souirc¢ of informa- |
tion; is 'due.stionablé.;‘ Regarding the gtudies by Rozin et -al and Harrigon,, it
'should. be'«.‘ngted that the number ‘pf subjects wére 8 and  7 .respeclively,. Q'{':I)'-he

small number of subjects casts doubt on the generalization ability of the



studies. !n addition, the Chinese characters taught to the Amenfan children
were not well selected, not xo‘ mention the small number of characters included
Remember (hat the minimum number of characters required for a reader of
Chinese is about 3.500. In view of these shortcomngs, the vahdiy of the
findings of thesc studies ‘is highly questionable.

Despite the above. mentioned weaknesses, the  notion that recading
disability rarelv exists in readers of Chincse originated from these studies has
incidentally gained suppo‘n from ’studies ;\'ilh Chinese  children. The rescarch
conducted by Kline and l.ee (1972) mdy _bc the first study nvesugating the
problem of reading di's;milily in Chinese children. ‘In lhc'lc()lin'c and i,cc study
277 Canadian Chinese jhildrcn in Vancouyer, who- were simullapuﬁxsiy»Icarmng
10 read both Chinese and English. were given tht lota Rcadir;g Test in forms
of English and of * Chinesc. I).isabilil‘_v in reading Chinese \lrva.\ determined by
scores on the Chinese ;ola Test l_Ogc';her with judgements "h_\' the Chinese lan-
guége teachers. Thac results of this stud:v demogslraiéd that there was evidence ,,"
for reading disability in Chinese (19 %Y. How’cyer, the incidence of difficulty.
in Chinese dropped significantly at ihe‘ end of grade three (6 %). The low
incider;cc of .reading disability among Chinese childrenn after grade three was
atlt'ributcd‘ (0} lhe-‘mullisensor‘y training ¥thel_ children_ teceived in Chinesc-language
~ schools. On the whole, the findings of this study suggested  that lhc_problcm
‘of reading disability i;ib Chinese children is not so serious as that in~rcaders of
English. ~Ho}v‘ever', melhodoloéical problems -such as“u‘lev equivalency ‘and

reliability of the English and Chin}:sé versions of the lota Reading Test cast -~

_ doubt-on the validity of this study.

-

In Taiwan, Kuo (1981), carried out a large scale survey of reading

disability in Chincse children. = A questionnaire was distributed o' primary
schao] teachers in the Taipei city area as welk ‘as 'to those in rural school
N

.



districts. The results of the survey shov\(ed that only 2.91 percent of the target
population were referred by their teachers as supsccied reading disabled children.
It was also found that the incidence decreased inversely with grade-level. The
results were therefore in accord with the findings of Kline and Lee (1972)
sﬁowing that the problem of reading disability among Chinese children may be
rarc. However. like Makita's study. cultural factors should be taken into con-
sideration when interpreting the results, Moreover, this study was a crude
survey just like the one done by Makita and its reliability was therefore ques-
tionablc,

i %: With respect to studies carried .out in Mainland China, although no
‘;‘)ublished research of reading disability is available from the People’s Republic
of China. a recent study by Zeng (l983a, 1983b) demonstrated the relative easc
of learning and-using Chinese characters.

In the ’People’s Republic of China, the pinyin system -- an alphabelic
form of writing using Roman phonetization with consistent grapheme-phoneme
correspondence -- is used to assist in learning the pronunciations of Chinese
éhafaclers. Children entering f)rimary\ school are first taught, written Chinese
using~ pin’yin. After the initial instruction of pinyin, characters are introduced.
Conseq‘u;cmly,, a étudenl in China lea}ﬁs written Chinesé in two ways. Using
'pinyiﬁ. -he lqarns the pronunciations of Chinese characters. Usving' iradiu’onal
form of' Writir;g‘ Ehdracters. he learns their meanings (S‘. F. Liu 1978). |

ln Zené's (1983a, 19835) study, a listening dictation test was given to
first 'gradérs in ‘three primary ‘séhools in. Shanghai. ‘Th¢ students were asked to
write 30 Chihesé c»h‘aractefs and their corresponding forms in pinyin from
dictation. The results sdeéd that 'thewstudems made fnore errors in writing

_ pinyin than m writing characters. “Zeng theret;ofé argued that it .is easier to -

°

learn .Chinese in characters than to “learn * Chinese in ‘an alphabetic 'pin)"'in :
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sysiem.

. All the studies mentiongd above advocated that reading disability s
related to orthographic facl()?s_ ari‘d that lcarning to,rcad in Chincse logographic ‘
script is easier than learnin\é‘% read in English alphabetic s‘cripl. Howecver,
most of these studies were confounded by various methodological problems.
Interpretation of their results, therefore. must be madc with catreme Vcaulion.
Moreover, the ‘resul’ls of a cross-cultural rescarch carried out bg; Stevenson ¢l
al. (1982) demonstrated evidence against the findings of lhcst; {;\131 menuoned
studies. '

ln‘ Stevenson elA_al.'s (1982) study. a reading test was constructed in
_ English, Jépanese. and Chinese to assess reading abilitly of children in cach
country. Children included in the study were fifth graders from three cities:
Minneapolis (the United States), Sendai (Japan), and Taipei (Taiwan). The
reading test was constructed 1o inclﬁde seven levels (kindergarien, grades onc¢ 1o
five, and a grade six to adult level), 'with three parts (voéabulary, reading of
text, and ,comprehension) a1 each level. Using the criterion that the rcading
disabled child is one who is reading at least two gr:_ade,levcls below his own.
grade, the dzila showed that apprdximately 3% of the AAmeri.can chiidr;n, 8% of
the Japanese children, and 2% _’of Chinese children were classificd as reading -
disabled. Using another criterion that ;eading d»isal.)ility~is lo‘v} readin‘g ability
together 'with average ofr nea;-aw)era‘;gc 1Q, the percentage of reading disabled
child_ren in vtile‘ three countries ‘Vwas‘ 6.3% in _\the United" S’latgs. 5.4%‘“ in.‘J",apan, ’
"and 7.5% in Taiwan. . | | |
" Hence, StevensQn ét -al. A cla‘imed that reading disébilily exist amoﬁg
Chinese, "and iap_anese. as well} as 'a"mong American c’fhiidre'n. In other words, .-
the study demonétrated ‘evide;lce against the hypothesis that 6rth0graphy is the

'-:éihajor _fa¢tor determining the incidence of reading disability across cultures.
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Taken together, it can be scen that only a paucity of research has been

carricd out on the topic of reading disability in readers of Chinese. and most
: f .

of the studies were not well designed. While more: rescarch is needed befoge

any conclusion can be rcached, some current research issues, though not strictly

directed to the problem of reading d,isability_ has revcaled interesting results That

may shed light on the problem.
/

2.2.2.3 Current rescarch issues in reading‘ Chinese

Two- current research approaches have atiempted to reve:il, from an in-
formation processing perspective, the fundamental properties of reading Chi_nesc.
One is concerned with the problem of cercbral lateralization effects 'and" the
other with the problem of coding p;ocesscs.

As Tzeng. Hung, and Garro (1978) noted, “the term ‘lateralization’
refers to the specialization of the left or right hemisphere of lﬁc brain for
’difﬁcull functions”(p.288). It is generally held that the lcfl hemisphere is
specialized fdr analytic and squemial functioning and the right hemisphere is
superior in irﬁagic and -holis_[ic functioning (Leong, 1982). ~ As language (spoken
as well as written) requires sequential and‘ analytic’ préce_ssing, it has been
- observed that verbal material is usua?l-ly prbcessed by the left hemisphere,
whereas visual-spaliﬁl\materia} is pr;;esscd- by the ri‘ghl hemisphere.

" One major research' paradiém use;i to study the cerebral laterizétion
ftinclio_ns ',for processing linguistic materials is the vi.sual halif - field experirhemal
parardigm, in which verbal stimuli are ta'chis;lbscopically' presented to éither right
6r .left visual-half fi_eld and recognition accuracy and‘laténcy are ‘measure&. As

pointed out by Tzeng et al. (1978), 'the rationale behind the visual half -field

experiment is: : S . .

1 . ¢

When a subject looks at a fixation point in -the centre of a
lighted square within a tachistoscope, each visual -half-field

0y



projects onto the contra-lateral hemisphcrc..hr I  language 15

indeed processed in the left hemisphere, then wverbal stimub

presented to the mnght visual field should ta less ume to

respond than when the same materials are presented 1o the lefi

visual” ficld. The delay in reaction time is atlibuted to the time

it takes 10 transfer information from one hemisphere 1o another

(pp. 292-293).

Most studies investigating the visual lateralizaton cffects of languagce
_p(ocessing have employed English a‘lphabclical matcrials  as Sl‘IAmUIi and the
findings have often pointed 1o the right visual-hall-ficld (hercaficr  VHE)
superiority effect (Tzeng. Hung. & Garro. 1978). It is postulated that bnghsh
words enjoy an r;ghl VHF advantage because lh’e phonetic coding required for
processing alphabetic materials is carried out in the left bhemisphecre.  As reading
Chinese characters is considered much more like a pattern recognition task
which is presumablily carried out in the rnght herﬁisphcrc. Chincse characters
‘ma)" enjov a left VHF advanlaéc ralher‘ihan' a right VHF as do Fnglish
words.

In one of his earlier sludigsﬁ Hatta (1977) invesugated recognition
accuracy of high and low familiarity kar’lj‘i in normal Japanese subjects. l.eft
VHF (right hemisphere) advantage was observed for both types of kanji char-
acters | | |

Following Hatta's (197%) study, Tzeng, Hung, and Garro (1978)
conducted an expgriment with Ch‘inese subjects in which left VHE supcribrity
was also found for both ‘pictographic ,and' phonetfc Chinese characters. These
two early studies demonstrated the s‘uperiOrity pcrfqrmancg of ‘lhe right
. hemisphérg in recbgnition of logographic characterz.

Later developments, - .hov‘vever, _have coﬁlplica{ted the scemihgly clear
conclusion. Tzeng, Hung,,'Cotton. and Wang (1979) reported three experiments

with Chinese subjects on visual lateralization effects in ‘(grocessing Chinese char-

acters. The first experiment was the one reported earlier in Tzeng, Hung, and
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Garro (1978) and_the results basically replicated those of Hatta (1977) showing
a left VHE adva;Lage for processing single characters. The data of the second
experiment, in which the stimuli were two-character words, however, showed a
right  VHF supeniority. . The results, thercfore, suggested a left hemisphere
dominance which was a complele reversal from that of the first experimenl.
In order 1o further clarify the .issue_ the researchers carried oul a. third:
experiment m which the subjects were requcéled 10 make a semantic decision
on multiple-character Lcrn‘dls. The results of this cxpcn‘%cnl. like those of the
second onc, showed a right VHF advantage. Tzeng et al. interpreted the
seemingly conflicting results as reflecting the function-specific property of the
two, hcmispheres. As the experimental task )in lhé first experiment cmphasizcd-
a holistic recognition of single characters and this task is better haryled by the
‘righl hemisphere, it was gasonable to have results showing a r\ighl hemisphere
~ dominance. In contrast, since fhe experimental tasks in the second and third
experiments required sequential and a_nalytic processing for semantic judgement
and‘ these tasks are better handled by the left hemisphere, it was not surprising
that the dale; suggested a’ lefl. hemisphere superiority. In consequence, Tzeng et
.al. concluded - that the r;esulls of the three experiments altogether were
comba’lible vs;ith the differential functional views of cerebral lateralization. -

’ Similarly, in his later study Hatta (1981) reported results convergent to
those of "'I‘zeng, Hung, (;otton, and Wang (1979). Using Japanese college
students a$ subjects, Hatta carried out three expérimems in which }he subjects
/were instructed to perforth tasks of pat’tem matching, 'lexical d;acisiorfs and
semantlc compars:on of kanjis. - The results showed a left VHF advamagc in
pattem matchmg no left/right VHF d:fference in lexical decision, and a right

VHF supenomy in semantic comparsmn From the results Hatta contended

that there are'differem stages of processing kanji. Processing demands are

4
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different from the stronger contnibuuon of the right hemisphere in pereeptual
matching, to a balanced contribution of both hemuspheres i lexical judgement,
o
to the morc left hemisphere dominance In scmantic comparsion.
More recently, lLeong. Wong, Wong, and Hiscock (1985) exanuned visual
laterality effects in different levels of processing smglc'(fhmcsc characters.,
Chinese university studenls were asked 1o perform  tasks of lL.‘xl(nl deasion,

4

phonological identification. and semantic judgement. It was found that there
was no left/right VHF difference in lhcr lexical decision task but nght VHE
advantages in recognition accuracy in the later (wo tasks which  required
phonological or semantic processing.  The rescarchers  thercfore argued  that
visual laterization effects for Chinese characters vary with task demands  of
orthographic, phonolog;c.al_ and scmantic processing.

Based on llje results of these studies, it secn}s clear  that  visual
lalcrali;.ation effcclsq for Chinese characters appear to be task-specific rather
than orthography-specific. In other words, while initial perceptual processing of
Chinese“chara;lers is mofe like a pattern recognition task and the involvement
of tﬁe right hemisphere , is ‘lhercfore gréater, further linguistic analysis of
Chineée . characters whi.ch involves phonqlogical and/or scmariu'c components
réquirés seq_uemial..and ’analytic'proQing and the comribulionv of the left

' ‘ . .
hemisphere is consequently stronger. Recently, after an extensive review  of
L] N

research in this area, Tzeng and H.ung (1984b¥ concluded tha#Chin®e charac-
'»Ler‘sv are in general ocessed in the léft hemisphere afid occa;ibnally a riéht
‘Themisphere a&vamage may be obtained < but the effect is hon-linguistic in
nature. In short, when linguist" g rocessing is required, laieralizat.ion effects

for processing verbal materials often poiht to left isphere dominance, no

‘'matjer whether the materials are in English or Chinese.



70

Another problcm. that has received much attention 1s concerned with
coding pathwavs and processes in reading Chinese.  Two specific questions “have
been raised.  Ome question asks if there s preater visual nvolvemeni—ag pro-
cessing  Chinese  characters.  Another qucsliéh centers  on the necessity  of
phonctic recoding in reading Chinesc.

As Chinese characters arce essentially logographic symbols, 1t 15 assumed
that greater  pereptual éemands may be involved in reading Chinese. The
Stroop task. the research paradigm, for investigaling aulomatic word processing
in English, ha§ been employed by scveratli&[h%sggrchcrs to explore the nature of
processing demands in reading Chinese ché.r’?clcrs." Biederman and Tsao (1979)
‘ N s |
reported a comparative study in which Chinese® subjects were asked to perform
a Chinese-version Stroop cologr»nammg task, and American subjects, an English
version. A greater interference effect for Chinese subjects than for American

$
subjects was observed.  The investigators atlributed the difference to the

.

possibility that there may be greater perceptual demands involved in reading
'D

P

Chinese than in English.
Foli(;wing Biederman and Tsao's (1979) procedures, Fang, Tzeng, and
Alva (1981) carried out a study invgstigating intra-language and interflanguage
effects in bilingu'él subjects. Tk;e researchers found 'lhal for Chinese:English
bilingual subjects intei-language colour naming produced less imerferénce effect
than did invt‘ra-la.nguagé' colour naming. They supgested that as Chinese and
English feprésem two different orthographies, - switching from one to ;he other
_ may . enable the bilingual su"bjects to employ different processing strategiels ahd
‘as .a “result cause them to bé, released from the Stroop interference. In short,
“it appéts that m processing Chinése. the configurat‘ion of a character plays én
important fole and greater perceptual_"demands are required. - ,

»
-
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Along this hinc of analvsis. one mght argue that more visual memory
may also be involved in the processing of Chinese characters. Chen and Juola
(1982) cxamined the effects of graphemic. phonemic, and semantic information
on lexical coding and memory for Chinese logographs and bnghsh word.\/' They
conducted an expenment using a recogmtion memory  tash for Chinese  and
Enghsh words with scparate >ub)cct.‘gr0ups of nauve speakers of  the two
languages.  Subjects were nstructed 10 choose one of a pair of test words that
were graphemically. pheonemically. or semantically similar to a word on a
previously studied list. fThcy observed that the Chinese subjects responded most
rapidly and accurately in the graplhcmic recognition task, ‘whilc no significant
performance difference was found in the three tasks for Enghsh subjects.  The

- K] .

. ¥
results  therefore dcmons@‘afed different lexical coding and memory mechanisms
.3

4 '

for Chinese and Englishgw’ords. The researchers concluded lhat@ne@charac-

£id

”

ters produce significantly more visual information un memory. whereas English
i

words ~activate a mordy, inicgrated code involvirlg visual, phonological, and
W

semantic -infowmn. .
by Q ~

Recently, Fang and Tzeng (1984) compared the memor)’vpcrformancc of
native English speakers afxd native’ Chinée speakers. A series of nin;* items
were presented auditorily or visually to the subjects in their native languages,
The investigators found',lh:il both subjecl groups recalled last items better in -
~auditory presentation. Nqné‘theless, whereas Chinese subjects recalled earlier
items better in \;isﬁal prcserﬁation than in auditory. presentation, there was no
difference between au'ditory énd visual presentation for English readers.
Moteover, Chinese subjects consistently pe‘rformed better in visual pre_scnui’tion
no matter whether they asked to recall the items in oral or written forms. In

brief, the findihgs indicated that the processing of Chinese symbols involves

more visual memory than‘does the processing of English scripl’.'



The greater involvement of visual memory in processing Chinese charac-
)

lers has also been demonstrated in the VHE expeniments. As mentioned earher,

greater involvement of the right hemisphere has been observed in  processing
k]

single log(;graphs_ indicating that visual coding is more critical in lhc‘ initial
task’ of processing Chinese characters. However. it has also been pointed out
thai 1n the deepc;r linguistic levels of analysis. both Chinese and English reading
require the left hemusphere to handle sequential and analviic processing. In
other words. the initial perceptual pathways may be different in reading Chinese
and knglish scripts., but later stages of frocessing may require similar linguistic
techniques.  One question arising from this argument relates 1o the relative
roles of visual and phonological coding in reading Chinese.

As Chinese characters directly map onto meaning, it is commonly as-
sumed that the access code .during reading - is predominanlly‘ visuai and direct.
The results of short-term-memorv studies of Chinese characters, 'however, iﬁdi-
cated that phonological coding is needed in processing Chinese characters. In
Chu-Chang apg Loritz's (1977) study, Chinese high school students were asked
to idemify' weviously shown Chinese characters amc.mg phonetic distraclc;rs_
visual disiraztom, and semantic distractors. It was found that the largest nur-n-‘
ber of errors in recogﬁition Was_ phonetic in hature, next visual, and [he;l
semantic. - The researchers thus argued thatﬁi short-term merhory representation

of written “Chi-nes‘e characters is predominantly phonological. In a study

‘conducted by Yik (1978), Siqgaporean Chinese performed a short-term memory

task' of 'Chinese words m which visual and acoustic similarity of words'nwere
mahipulal&. The r¢sult§ shov)ed a strong acoustic similarity effect, suggesting
that aéoﬁstic encoding was a basic 'pr_(‘x:ess in ‘shon-igrm ‘recall of Chinese
verbal stimuli. Nevertheless, a significant visual similarity effect was also ob-

tained and the visual effect was particularly pronounced in the' absence of

’ 24
~ oy W v,



acoustic similarity between /lhc characters. In other words., when %tharacters

sounded stimilar. the effect of visual sipilanty was reduced, but when character
\5/) ’

sounded dissimilar, the effect of “visual similarity was evident.
Tzeng, Hung, and Wang (1977) conducted two cxperé&wm.x 10 examine

whether phonemic similarity affects the visual processing of Chinese characiers,
In the first expcriment. Chinese subjects were visually presented wnhg'a Iist of
four character, followed immediately by an oral nterference task, and  were

t

then asked to recall the previously presented ch&racters in order.

In the sccond
. ? .

-
senience was A
»

normal or an anomalous sentence. The data of both cxperiments showed that

cxperiment. subjects were required to judge whether a . i

the introduction of phonemic similarity into t% test items ‘not only affccied the

short-term recall of unrelated characicrs—-but also—affeeted—the—readtnpy—ot
- ~
meaningful sentences. From the results Tzeng *§ al. argued for phoncuc
recoding in reading Chinese materials. ‘ :
—~ oyl :

Tzeng an Hung (1980) repdﬁcd three other cz_;peri‘mcms related to the
issue. In two of the exp;rﬂiimcms they asked Chinese subjccts to -make
graphémi'c, ‘phonetic. semanvlic deci;;on or senlence judgcmepls aboﬁl steings of
.characters with or wilho’ul a concurrent shadowing iask. The shadowing 'lask,
presumed‘ to disrupt ‘pl;onetic recoding, r.equired subjects 1o repeat digits in

Chinese delivered through a headphone. The results indicated thaj only the

phonetic decision and the semantic judgement were tremendausly affecied by the™ .
- . 4 f . B ) .

" shadowing LaSk,;f/suggeSLing that phonetic | decision requires_ recoding and that
~ phonetic recoding octurs during 'sentence’ processing. The third experiment _was~ -

a detection task in which Chinese subjects were instructed.to read a section of
_prose and simultaneously circle all ~characters .containing certain graphéme

. ‘ v ‘»
components., It was observed that subjects detected cHaracters most often when
. A ' VRia _

the desigﬁ}itcd ‘grapheme component was embedded. as a phonetic in the

»

a



characless. ‘ o ' \ ! m
.o \,\

Taken algpgether. the studies by Tzeng and Hung and their associates .-

investigated the folc of phonelic receding in reading ‘Chinese under a variety of

conditions: umrelated character strings, sentences, as well as paragraphs. The

results of; all the *ex‘periments demonstrated that phonetic recoding -does play an/ -

important role even. in- reading. a logographic orthography.  The rescarchers -

contcnded-'/thal even if lexical access can occur directly from 'visual input in
. “

rcadmg mhmdual Chinese characters phoneue recodmg is. still necessary at the

a, .
)

o4

workmg memaory stage of text comprelfcpsron

”

Whrle not denying phoneuc recodmg 10 be a processmg strategy of

-

Chinese readers Treiman Baron and Luk* (1981) hypothesrzed that speech
4 L] ) @,
' recodmg would be less used by readers of* Chmese ~In their ° study they-

4 t

: A &

N compared the performance of Chmese readers and of Enghsh readers on two
#

i -
FIRRE

of false ‘sentences'-: those contamed a homophone word ;Such ghat the - -

__ifentence 'w‘oul_d: sound)tru,e‘r'u“ . Tead ’a'loud (homophon‘e sentences) and those "that -

did ‘not' (control' se.ntenc'es) lt was observed that Chmese readers were signifi-.

|
eantly Iess rmparred by homophone sentences relatrve to control sentences than-

o . . . / ,
; "-cre Englrsh readers Trerman et al thus suggested that speech recodmg is less

I3
. . . [

used by reader§ of - Chmese 'D_ o
- lncjeed

reeodmg m readmg Chmese such evrdence does not necessanly pree{ude the use'“f
# P

._,‘u e e L

a; of vrsual codmg m processmg' Chmese iogographs As menuoned earher Yrk

(1978) m her studyr pomted out that [whrle acoustrc encodmg is a }basrc char-":«

wr,

'hrle most studres demonstrated“ the occurrence of phonetrc"' L

:tacteristxc of short term rega}l processes ﬂn readmg Chmese visual encodtng m

short ~term memory is also 'needed as the srtuatron demancls Sumlar results




.(1984a),. how«aver showed that is the less skllled readcr who

o comrast skxlled rea vhth; 'a large dmowledge base of onhographrc. and

@ R P L ; ('é‘);l é
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characters in short-terfn memory, visual coding of the chnracier form is neces-

f
sary for discriminatling homophones.
Jo.

Surnming up ‘of evidence, we can conclude that bQth visual coding and
phonological' coding are used in processing reading malerials’ in ‘Chincsc. Singe
Chinese is a mog&h_e_rprcal-based orthography. lexical access- can occur dirccll_\‘
from visual input without phonetic mediation. -Phorsodogical coding, however, is
usually needed 'al_ the ‘working memory stage of text comprchension especially
when difficult material is ‘processed. Visual coding., in turn, is necessary for
dis\criminaling homophones. As 'pointed out by Haines and Leong (1983), 9
phonological and visual coding should not be rc;;ard ‘ as opposiles.  Rather,
both pro&essing'_roultes are  put toge’lh“cr ~to  accomplish the rcading task.  The
'éq'u'ésti.on ‘that rern_ains is whether and how lrbese procZSing rnc_chamsm’
. . ) . : ' .
distinguish readers of different reading abililies. + = . e

/ .

ERTEE

Theoretically v speaking, the grapherne—s'ofmd, relalionsh/ip. in  Chinese

onhography is opaque (Tzeng & Hung 1984a). Moreo\rcf sludies discussed

.

earher demonstraled empmcal evrdence for relatwely more vrsual mvolvcmcnl in - Sg
.processmg -'Chmese ‘characters. Hence -there is  a higher probabrIn) o( rcadmg

Chmese via a vrsual Toute and it 1s possrbre yhat -is the 'wsual coding. ..

'strategy drstmgurshmg skrlled frorn Jess skrlled Chmese readers " That is u}. sa‘yv'{%*"
lhe ékrlled reader of Chmese mrght be the one who is more oﬁcn usmg 1he...._ e
vrsuaI route - to - access wcrds. \and m:ght be more sensmvc to lhc visual:(
: drstomcms of' Chrnese characters A cross language study by Tzeng and Hungj;;?.‘.,
s more '

) 'Y B \,,: o ‘
vulnerable to vrsual drstomon of Chmese words Tzeng and Hung proposed e

d gl i3 due 10_ the ;_ack of language knOw)eﬂge and aWareness ',
_e- _efrcrent in phonolog@«*qodmg whrch ns /essenu to comprehensron By,j_._"

RN . o K\mm
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phonemic structure "of the language, are more flexible in adopting cither route
or both roules in processing texts. While the :esults of the Tzenge and Hung
study are of interest, some methodological weaknesses should be mentioned.

The rescarchers used a measure of oral reading ume to differentiate skilled

- .

l’romb less skilled readers. The validity of such a Irude measure of reading
ability,.is in doubt. Moreover, Tzeng and H‘ungﬂ did not specify which ‘klnd of
dialect was used in measuring' oral reading time.” As the.subjects were of vari-
ous dialectical backgrounds. any one of the dialects would favour a certain
proportion of the subject group. It was.mosl probably that Mandarin had

been used as the medium since all subjects from Taiwan were classified —as
. l}) n a . 4 “ »
skilled readers whereas subjects from Hong Kong. Sin'gapore, or Macau were

*less skllled readers The authors called attenuon to the need of specifying the

demographlc data of the Chinese sub_]ects in future studtes It is argued here

'o‘ .

that it is more i’mportqnt- 10 seléct subJects of the same "“demographic '

background‘ m order to demonstrate rehable results especlally w\hen oral tasks

e

“be mvolved Desprte the above flaws the resuhs of the Tzeng and Hung
' “-.vstud) are in lme wrth most studres in Enghsh showmg support for the impor-
. ) ) IR

'tance of word processmg in readmg

Frnally. ' wrth regard to sentence comprehensmn processes Just and,

Carpenter (1975) used a prcture sentence Venfrcatron paradrgm o mvestrgate'

W

- ’sentence processmg ,ll'l Chrnese Engllsh and Norwegran The results showed L

"_con;derable umversahty in the underlymg mental operattons across vthese'

-

_ _,:languages Partrcul‘arly, they fi ound a remarlgble srrmlanty ‘oetween sentence .

: _’,i“:venf rcatron processes m Chmese and Englrsh The researchers therefore\ :

.

‘" fcontended that even though Chmese and Englrsh wrmng systems represent therr }
(A ’ .

~‘~reSpectwe spoken langua‘gw at very dffferent levels processmg rates and modesj,. -

4’nf | processmg are srmrlar in- these two languages i r{ ’-_' e



2.2.2.4 Summary of empirical issues . : -
A review of the development of psvchological rescarch on the Chinese

language has revealed certain important changes during the past 60 vears of

.

history. Employing research paradigms of cxpérimcmal psychology, using precise

E—

experimental designs., modern nstruments and a statistical approach, and a great

interest in cognitive psychology with emphasis on information processing. arc

some characterisitics of 1oda)':s ficld of reading psychology in Chinese.

.

In regard to recading disability research, there have not -beeir many
1. ~ .

sludies'(on the issuc and the fihdmg> were conlfovcrsial. Althepgh prease
statements are diffi'cult 10 make, it appears that the notion that readers of
Chinesé are imhune. to rcadinf disability is hz;rdl_v sup@ncd." l*urlhcr.rc.scarcé)
" is needed in order to have more well-founded conclusions. . g

Withih  the information processing paradigm. studics of - visual

lateralization .havc’ shown thal beyond the mmal perceptual . slagc there is simi-

$.

lar left hemlsphcre dommancc m processing Enghsh as well as ‘Chincsc. .Whilc‘ :

relauvcly more v:sual mvolvemeru has - been found dn the" proccssmg of Chmcsc

‘characters speech recodmg, also occurs in readmg Chmese Pun,hcrmorc th.crc

——

-
.

1s ewdence suggesung thal there are < sxmxlar word recogmuon and xcmcncc v

comprehen51on processes in Chmese and Enghsh C secms 1ha1v in rcading

Chmese and Englxsh the mnial processmg may bc dlfferem but latcr proccssf

mg may €6nverge on 5‘1mxlar llngutstlc analyses We'.are Lhus lcd to furthc;rv

.dnscussmn of " the relatxonshxp between orthogr‘&phy and readmg as" proposed by

) ;b‘Hung and Tzeng (1981) R P ';,..

o

»



o

,:5. 'workmg memory for readmg comprehensxon may}

'\dependent_»of orthogr;gphy The authors next exammed studxes of word recognmon .

78

2.3"Orthography and Rcading: An Overview . -
In their discussion of cognitive processes in different writing systems, Hung and

Tzeng  (1981) first identified three distinctive types of orthography: l'.ogograph_v_

-

syllabary. and alphabet, on the basis of how written symbols are mapped onto speech.
They lhe& attempted to examine the relationship between orthography and reading

through an extensive and critical review of a variety of studies.
On analysing - the three major writing systems, Hung and Tzeng pointed out
that each of the three writing systems assumes a different type of script-speech
. N T »

relation. l,ogograohy, such as Chinese characters, represents speech at the morphemic

“

. level. Syllabary, such as Japanese kana script, represents speech at the ‘level of the
syllable. Finally,";an alphabetic system, such as English, repres*s speech at the
morphophonemi'c level. The various graphemc-meaning relations may "imply that there

arc different cognitive. processes entailed in reading different ‘scripts. = With such a

y a ' K " ) B - '
,sp%ulation' in mind, the authors began to examin¢ the empirical data revéaled in vari- = ..
ous studies. . -

-«

"A.ss-ur‘ning an‘informalion processing appl\)ach,lrl'ung‘ and Tzeng. fi'rst; looked at-
_ studies comparmg bouom -up processmg m readmg drfferem writing svstems They“ -

found that drfferem orthographlc symbols were processed_ differently m terms of vnsual

- .
? scanmng patterns cerebral lateralization funcuons perceptual demands and codmg '

S

) thways.' The wmers thus suggested thal at. the ‘lower levels human vxsual mforma- q
PR .° :

' lon processmg is- affected by orthographrc variation. They then further looked ‘at

data Hung and Tzeng found that phonetm recodmg occu‘rred m readmg drfferent ‘

.lg;;‘r;' a'- umversal phenomenon L L

e

< " i
and, found that WOrd recognmon processes were vhry much srmrlar in readmg ndrfferem
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: '
orthographies. Finally, based on the data of both sentgnce verification and sentence

integration cxperiments, the authors reported that no processing difference due 10

orthographic variation was observed in senlence processing.
‘ _ »
Taking all the data togelher, Hung and‘ Tzeng concluded that proqcssing

.

differences for drfferem orlhographres seem 10 occur at the microlevel such™ as visual
scanning and perceptual aemands bur not at the macrolevel such as word reé"ogmlron

and sentencc comprehension. ‘These findings. according—to Hyng and - Treng  (1981).
. - ‘ -

suggest that: ' ™ . 4

Reading is a umiversal property, a culture-free cognitive aai\}ir}g
once people in diffcrent language systems have acQuired, the
A . ability to deupher the written symbols (p.406). -

-
o

it is of rmeresl to- note that Hung and Tzengs observauon is in line, wnh the
A}

c&"-rrerr(‘g’stale of art as descrrbed‘ by Gibson and Levin (1975). Accordmg to (erson

.a.nd Levm (1975), the process of readmg may- be mﬁuencc by the “nature of drffcrcm

-

wrmng‘ systems, but the outcomes are alike. They comend
Celia ' : -

It seems reasonable that different writing systems' which relate
to language at different levels- will - involve attention to and
_ abstraction of different aspects of the orthographrc .Systen.
- Readers of a syllabary yiust .search for invariances at’ one level, §
- readers of an alphabetic system, at another, level. . But. the
R skilled readers of one system are able to - r‘éad as effrcrenUy as’
- skilled readers of another (p. 165)

[

Su)nmmg up the fmdmgs of . the sLudres revrcwed rn thrs chapter, rl appcars'

o

" that m processmg Chm;se and Englrsh there may be processmg drfferences in lhc )

'jrmtral stage bu1 srmrlar lmgursuc tecb"ques are rmplrcated in ,;he later slage i rs_

[ T P \ v

‘therefore reasonable to hypothesrze that word recogmtron may bear a srmrlar rmportam -

- L L5
% .

relatronshrp to readmg comprehensron in Chmese as ite- does to readmg comprehensron',

©in, Enghsh Thrs is the basrs upon whrch the ratronale of ﬂns study is. burlt

.
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3. RATIONALE, -DEFINITIONS. AND HYPOTHESES

3.1 Rationale

.'3.l.l'-ijll”ationale of the study
- lx”has been shown in Chapter”2 lhar automatic and rapid word recognition as
a determinant of reading co‘mprehenslon ability is well documented ln the reading
literature of English. The present study atlempts lok investigate whet‘ner Chinese char-

acter fecognition also plays ‘a role in .distinguishing readers of different abilities similar
)

to that revealed in the English research literature.

Comparing Chinese and English frorn-_ a th orelipal_ perspective, since the two
wriling syrslems relate 1o languaée at different levels, they may impose different fask
demands.v on their readers. This postifation is supported by‘ the empirical evidence

discussed in Clrapter 2 that 'relalively more - visual access and ' visual memory are
: i ' ) .

invol\red in /reading Chinese. Further’ analysis, n‘onetheless“ re'veals the"isoniorphy of .

Chmese wrlh Engl;sh "The. mvarram graphrc to- morpheme’ and even - graphic-10- sound

S -~

relatronshrp wnh’m each Chmese character resembles the invariant spellmg ro -sound

relauonshrp embedded in the Engllsh orthography Such an analogy is; supponecf by

P

.o the vrsual lateralrzauon experrments at deeper levels of . processmg and phoneuc recodmg
. .. (:" Lo ?,.!
. expenmems eMoreover Lhe comparauve study on semence comprehensron by 3 ust and

13

.

Carpenter (1975) mdrcated snmlar fundamemal operauons gnphcated m processmg
' Clunese and Enghsh All these pomts are - further substantiated by cross language

. . & -

expenments revrewed b%' Hung and Tzeng (1981) - - T '4 ', -t

R As there are snmilar processmg meclramsms m readmg Chmese and Enghsh I
; ST ' . - 1 : )
‘ seems reasonable to hypothesrze that automanc and' raprd word recognmon is also one., -

K4

B

determmant of skrlled readmg m Chmese It is- most probably that the ski]led reader..'v'

of Chmese Just hke tpe skllled reader of Englls'h is. ghe one who 1dentifres words'f:'

R ,‘ . . . . Kt
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. . ! ,
automatically and rapidly whether by visual access or phonological recoding. Such a

hypothesis. however, has rarely been tested. The Tzeng and Hung (1984a) study did
demonstrate evidence supporting the position. Nevertheless, mcthodological weaknesses
in terms of subject selection and reading ability measurement have reduced the vahdity
of the resilts of the siudy. The major purposes of the present study are thercfore:
.- / . .
a. " To examine whether there are diﬂ"ercnccs‘ in recognition of Chingse,

» . ,~ o~

characters in skilled and less skilled Chinese readers via a vocalizauon

N 14
task and a lexical decision task.

b. To examine the effects of character frcqucncy.‘chatactcr com,plc.\u_\. and

. character type on Chinesc’ readers’ character recogniti®®  perforMance,

and the manner in which character frequency, chdracter complexity. and

\ .

character type interact with levels of rcader skill.

i

_3.1.2 Rationale of the experimenta'l tasks

» Ifxperlment 5\ employs a voc,‘pzauon

: evrdence from readmg research in Enghsh

- . - -

Two _experimenis are designed in the preseqt study 1o investigate the

) v o .
performance of, character rccogm' ion in -skilled and less 'skilled- Chinese rcadcrs..
) T
and Expenmem 2 utilizes a lexical d'

4 »n
'ta The rauonale for empioymg thpse “two rasks is based -on a largc body of '

¢

L p ———

..

accuracy and speed of saymg a word aloud, has proven to be most uscf‘ )

“

laboratory studxes of ‘word reqognmon skrll Studres camed out by Butlcr and Hai

(1979). nC.'rtrs (1980) Fredenksen (1978) Hames and Leong (1983) Hammond»
(1984) Mams (1985) Mason (1978) Perfem and hrs assocrates (e g Hogaboam

N

; Perfem 1978 Perfetn Fmger & Hogaboam. 1978 Perl‘clu & Hogaboam 1975) and

Stanovrch (1981); have all pormed to evrdeﬁce that vocahzauon accuracy and labency 1s

A ‘u,

: a measure of word recognmon that reveals markcd dxfferences belween skﬁlcd and less

& .

The vocahzauon task, in which word ref:ogmuon performancc is measured by_‘ .

s,



skilled readers.

~

Saying a word aloud, however, is not the only mcasure of lexical access.

Word recognili’on performance can also be assessed by asking subjects*iq make a

lexical decision on presemied items, judging whether they are words or nonwords. It

has been pointed out by Haines and Leong (1983) that "(the vocalization 'task) might

e . .
bias ' readers towards phornological coding and that this bias is likely magnified with

AN

good readers”(p.79). In this regard, the lexical decision- task is of advantage in that
in this task lexical access is necessary for mak‘ing a correct dccision but subjects are
only rcqui'ré 1o give a _ves/no reponse and therefore might not be biased towards.
phonological coding. Studies (e.g. Frederiksen, l97'8;. Haines and Leong, -1983; Perfetti.
1985b, p.95) employing the lexical deciSion task have also, demonstrated ‘word recogni-

" tion ability dif ferences between skilled and less skilled readers.

P

On the basis of the research evidence in English reading sttidies, this study
employs a- vocalrzatton task and a lexical decrsron task convergmg on lexical access of

Chinese charmers in Chinese readers 10 exgmme whether similar results would be ob-
»
tained. . : \
" Additionally, this study alse ,<in_cludes a task .of matclting- dot .pat}ternns." ~The
puspose of this"task ts to examine whether there is a ‘perf‘ormance"diflference between
. skilled- and less 'skilled readers m‘processmg no\n vergal‘ materials such as d‘ot‘ patterns

o

Hence, the task serves-as a control task to buttress the clarm that “erences if any,
"2

“found in the vocaltza‘tton task and thc lexrcal' -dec‘tsron task are specific -to Chinese

characters and not ~to non verbal vrsual symbols. - T .

for choosmg srngle characters as strmulus units and
-‘.v .

ln parttcular the ratt

3

N types of vanables mcluded m the expenmental tasks 1s as. follows

’ H

3121Stﬂnulus untt ; i ".a 3 e

Jt is. acknowledged that modem €h1nese Words are most often nfade up
. 2 -,
of two characters and tb.at smgle Chmese characters are not smctly equrval

a

-

K

\

L]

-
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to single Enghsh words. However, it 15 also nolcd. that Chinese characters as
the morphemic umits in Chinese possess invanant semanuc-phoncuc properiies
comparable to the s‘pclling-sour)d patterns inherent in Enghsh words. lx_ 1s.
therefore, argueé here l‘l"xal processing ’;inglc Chinesc characters muhs;l invalve

“processes (e.g. activiation of the .internal lexicon ctc.) similar 10 -those in
.
. . I3 . *
identifying English words. .
e
. A * Y
Morc . important, it has 'been observed in  studies of  pérception  of

¥ A

Chinese characters that Chinese two-character words produce a kind of conteat

-

. R :
effect similar to the word priming effect in English. For example, ay discassed

earlier, Cheng’ {1982b) 'reporled that a -Chinese character was better pereeived

when embedded in a word context. Huang (1984) also teported word-content
effects in his investigation ‘of  perceptual ;eparability of Chinesc (characters.
-Since in English studies it is - context-ffec word rccognilion‘, not word ‘recogni-
tion in context, that best distinguishes skilled " from less “skilled rcaders, the
ﬂresem stu‘dy utilizes singic Cl;imese characters as the stimulus units.

3.1.2.2 Independent® variablés . . I S

% ¢ ..

It Has been shbwn in-studies with- English readers lhat the relatienship ..

N~

&

between word recognition efﬁcnency and reading comprehcnsxon ability is no(
‘only evxdem in elementary school chxldren but also holds for aduit rcadcrs (c.g.

- Briggs & .Unﬁéﬁvoods, 1982; Butler and Hains, 1979 Mason, 1978; ,Hamm'ond.
I o ! s
<. 1984; Stanoi"ich" & Bauer, --1978)“ It is reasonable to * propose - that character

recognmon ‘skill .as a determinant’ of readmg- abxhty in Chmcse will also pers:St
- to adulthood wnh skilled and less slulled college readers Consequemly, Chmesc

,college students are chosen as sub]ects fovr ’mvesugat:on in the presem study

o’.
¥4 -

_In Expenmem 1 a vOcahzatnon task is used. Whereas the adult readcr ~

group 15 ‘the betweeﬂ subject mdependem vanable charictcr frcquency and “ :

2

~character complexxty are chosen as wnhm*sub;ecl mdependem vanables for L I
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Ly

investigation. Aé/oted before, English skilled readers are often more accurate
and faster at identifying printed words than are less skilled readers. Moreover,
the magnitude of the difference between skilled and less skilled readers i word

decoding depends on word frequency and word length. © The differences bctween

ability ggoups are greatcr for low frequency words dnd for longer words

(Haines & lcong, 1983: Hogaboam & Perfeiti. 1978; Marr & Kamil, 1981

Perfetti & 4ogaboam, 1975). In Chinese studies. although f'requech has been
observed 10 be one of the most petent va‘r!‘iatiles’af.fecting character or word
’ - . v '

recoghition, oniy a few studies havc_ investigated ther c\ffecr‘ of werd frequency
on word recognition and reading /ahility. For '~:cxample_ Tzeng an.d‘ Hung
(192é4‘a) ‘observed a word ’frequcncy effect in-a lexical decision task with- skilled
and l€ss skilled Chinese, readers. The results were in line with th;)se English
studies -snggesting that less skilled readers are much more sensitive 1o the
frequency effect.

With regard to wOrd'mlength since all Chrnese ‘characters are in squared
shape, there is no variation. among characters in lerms of length Nevertheless,.
character complexity in terms of number of srrokes rs comparable o word: .

length iannglish. Te this writer's knowledge no s.y@emalic study h'as directly
t
4

investigated the- effect of character comp]exrty on character recogmtron and rts, v

—relauonshrp-‘ 10: readmg abrhty‘ r Some sudres (eg Yeh & Liu, 1972 Cheng .

. & . .

1982b) drd report a relauonshtp Between character complexrty and recognmon ’

threshold-. and recognmon accuraéy. Stril other . researchers '(e g. Leong, 1972;

: Taylor & Tay or 1983) argued for the rmmrtance of “the analysrs of character .

. ~constrtuents rather than the number of strokes in larnmg and’ 1dentrfymg

E

'Ghrnese characters In. v:ew of the scar.erty- of mformatron concernmg the:v

;effects." ’of character frequency and complexrty on character recogmtron and

L8

reading abrhty it is of mteresr to examme ‘how these two vanables mftuence

.._‘
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.

character recognition and the manner n which they nteract wih  reading

4 bryive
- - .
) In Experiment 2. a lexical deasion task is “emploved. * While character

-

complexity is refained as one within-subject independent  vanable  for
investigation. character f{requency 1s replaced by character type with real and

pseudo-characters as its levels. The reason, is that pseudo-characicrs cannot be

classified according 40 f.rcquencr_\ usage but still can be classified as simple and

.cornp1ex in terms of number of sirokes. Results of Enghsh studies (c.g. Briggs

& Underwoods_"'l982; De Soto & De Soto. 198). Haines & lcong. 1983

Hogaboam & Perfetti. 1978." Mason, 1978) have indicated marked difference be- .

» -

-tween Killed and jéss skilled readers in na‘ming pseudowords and in making a
Pty I
lexical decision about pseudowords. Since Chinese pseudo-characters are  nol

decodable, its ‘effect on performance of skilled and less skilled readers cannot

be investigated via a vocalizalion task. 1t is. however. still possxblc for Chinesc
. F ‘

readers to make lgxical decision about real and ,pseudo-characlers. As a rcsujt
k]

in lhe lexical q,ecrsron Lask character 1vpe and character complexny are chosen

as 1ndcpcndem varrables for mvesngauon

lb‘u P . -

3.1 7 3 Dependenl varrables " S . ' §

~

'r»t\

’ .ln the lwo experimems as well a$ in the conlrol task, two separate de-

X~ _
)"penden'(-Varia’bles are accuracy rate and reacrion time.

| . ® 4 R
As revrewcd in Chapler 2, both accuracy and reaction time  ar¢
g

1mportam measures of word recogmuon Accuracy rate is one of the mosl ’

often used measurés of word rccognmon skxll and has been l’ound 10 be hrghly

’

! RN

orre]ated~ wrth reading abilrty. Reacnon ume has becn rmplrcated as "an

o,

mdlcator of . speed of word recognmon and feader abrhty drfferences wighin th:s

o context have also been observed Whtlc both accuracy and reacuon ume are'

strdng predrclors of rmdmg abrhty of Enghsh readers a shghtiy dnfferem‘_"

— i



86

pattern of results has becn reported (see Perfetti, 1985b). Skilled readers are
B L]
faster in. decoding speed 1n all cases and their supenority increases for low

~ - N - -

frequency words and psecudowords, whereas their advantage 1n  accuracy is

9"‘

evident for low .frequency words and Spseudowords but not_for high frequency
words. Moreover, recemt studies (e.g. lLeong et al.. 1985) have indicated that

accuracy and reaction "ijc do not necessarily measure” the Bame perceptual

processes. Therefore, the present study emplovs both measures to allow for
4 .
separale analyses and comparisons of the analvses on the performance of skilled

and less skilled readers(.

3.2 Definitions

For the purposc of this study, thc major terms are defined as folloWs: -

3.2.1 Cha‘ractc_r recognition

The term character recognition refers to the process of extracting information

Y

frorrr primed charactcrs. activating a location, in the mental lexicom, and resulting in
semantic .information available 1o, consciou&ness (ad_apréd from S,tanéyi"ch, 1982a, p.486).

The ;term in this study “is used interchangeably with character decoding referring 10
. P . PR

. ) , - ;
processés essential to le&ical access and does not imdicate whether the lexicon is. Ac-

N

cessed 'via a vrsual or a phonologrcal path Operauonally, character recogmuon in lhrs

_study s defmed as: 1/ the accuracy and speed of nammg a pnmed character and bs -

".the acouracy and. speed gf rnakrng a lexical decision on a printed character. ' . ,;

L)
. . B
- : ]

3.22 Reading abiliy .- e e A

The terrn refers to readxng comprehensron abrlrty as rneasured by . a

comprehensron\teSt adapted from pa% HKCEE - (Hong Kong Certrf icate of Educauon

Exammauon) Chm&se Readmg Comprehensron papers <



{

323 Svk'illed readers

The term refers a group of“Chmcsc readers  who scored at the top range

o -
#abovc %4%) of the comprehension test. ’ —
-

.

3.2.4 Less skilled readers

-

This term refers to a group of Chines¢ readers who stored al the® bottom

range (below 64%) of the comy&h’ension test. - .
- : < ) ~ . ) ‘-&‘g&‘
3.3 Hypotheses % _ I

. : . : B L e .
,On  the basis of the previous djscussion, the following  hypotheses  afe

formufated: . : ot

-,

3.3.1 Control .task: Matching dot patterns .

Hypothesis - 1.

It is hypothcsnzed that there will be no sigrificant actuyracy rate diff

‘ twcen skrlled and less skuled readers in matchmg dot’ pauerns

#

Hypothesis 2 e (‘\L
- '
It s hypothesrzed ‘that lhere wrll be no si nifi ralency drffercncc between

,skrned and less skrl}e;i readers in marchmg dotsp‘atter‘ns e

/

R - e S ; ¥

33 2 Experunent-l‘ Vocahzatron Task ' R N
‘ . o -",{_& ,\ .' R " E /}(/ L
wathesrs 3. _' N : s L e

Ir' 1s hypothesrzed that skrlled rreaders wil‘i 'Hiépi;‘i‘y a ,signiﬁca/mly- 'h‘igher’:

-

vocallzatron accuracy rate than less skrlled readers-.-'n nammg Chinese cha%u -

Hypothesrs ‘3 can “be broken mto L _ : -

3.1 The vocalxzauon accuracy drfferencq between skrlléd and less skrﬂed readers

wrll be greater for. lov\ frequency characters zhan for hrgh frequency characters

Y PR . L . P

+ - U

P .

-y



3]

3.2 The_vocalization accuracy difference ‘between skilled and less skilled readers

- will be greater for complex characters than for simple charatters.

Hv‘gothesis 4
It is hypothesized that skilled readers will ‘show significantly shorter vocalization

latencies Ihén lcss‘ skilled readers.

’

" Hypothesis 4 can be broken into:
4.1 The vocalization latency ' difference between skilied and less skilled  readers

will be greater for low frequency characters than for high frequency ‘Eiwmclgr.;».

o

472 The vocalization ‘latenc_v difference between skilled and less skilled readers

l
‘e

will be greater fo’;r complex characters lhan‘ for simple characters.
! . | : | -
3.3.3 Experiment 2: Lexical Decision Task

Hypothesis. 5

.Il is hypothesized‘ that skilled readers will display a significaml)': highcr» lexical
* decision acc'"acyl\', rate than less' skilled readers. |
Hyporhesis 5 can be broken into:
5. The lexical decwon accuracy difference between skilled readers and less
skilled readers will be greater for pseudo characters lharr for rcal characters

. 5.2 The lexical decisiqn accuracy dxfference betwcen ‘skilled and and lcss skilled -

readers will be greater for complex than l’or srmple characrers

Hyp_othesrs 6 : f . .' ‘ - ST | !

’It is hypothesrzed thal skrlled readers wrll drsplay a srgmfxcamly shorrcr lexlcal-
..rdecnsnon latencies than less skilled rezrder.'.. o
Hypothesis 6 can be ‘broken 1n§):""' ‘
6.1 v"l"he Ierricél decic'fﬂn‘ _ ialency‘, c'lifference between | skjllcd readers and less . .

skilled readers’ will be greater for 'pseudo-hcharactere than for real characters
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6.2 The lexical decision latency difference between skilled and less skilled

readers . will be greatér for complex than for simple characters.

-



4. METHOD

’

A comprehension test, a control task and twg experiments were included in this

\swdy. The method in general for the study will first be "presented. Expesimental

desigh and procedure specific 1o each experiment’ will then be described.

N

\ : : -
4.1 General Method : .

41.1 Subjects
A pool of potential subjects was developed by administering a Chinesc reading
' comprehension test to 166 Chinese students who were either studying ar the University
of Alberta or at Alberta College. All potential subjects participated von a vollunlccr
ogsis'. ‘The mean of the comprehension lest for the potential sobjecl poolﬁ»ras 73 (full
scalelrange of 100‘) with a standard deviation of 10.25.‘ Based on the comprchension
resul;t: mo§ who"scored at ‘th‘e top range or at the botiom range wercer‘hen invited to
parLieipele in the experimental session of the srud,\". Some students were "dropped' f rom
i th.e sample because of time corflict or because of unwrl]mgness to ‘continue. Finally
~£- .
23 skliled readers from- the top range (84 92) and 23 less - skllled readers f rom the
bottom- Tange (48-64) were retamed and completed lhe expenmenls. Both the skilled
B and less skilled reader groups comamed 11 males and 12 ‘females. The 'rrle’an v‘read‘ing
'comprehensnom~ sr:ores were 86.78 (S.D. _215) for s@led. readcrsl and 5.7.30
(SD 477) for . less skilled readers Therefore subjects of thxs study were not sclect- ,
‘ed from extreme - groups of the normal distribution of reading abxln.y r{alher the less
’skrlledw readers of this study were of average readmg comprehens:on skms They were

.

‘.'classrfred as less sk:lled readers as cornparmg to. the supenor comprehension

.'\

performance o{ rthe sk:lled readers Ail sub,‘ects were natxve speakers of Chmese with -

Camonese as therr ,most fluent d;alect.w'l'hej grew up and were. educated- through high

' ’" . o
- _‘ o NP - R
- . X .. .

90
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A

e

* school in Hong Kong. All but two of the subjects passed (grade E or above) the
Chinese l.anguage subject in the Hong Kong Certificate of Education Examination (a
public graduation examination for high school students). The average grade was C for
the skilled reader‘ group and it was between I¥ and E for the iess skilled reader

a

group. o

4.1.2 Comprehension Materials. : | .

Comprehension ability was assessed with a comprehension test adapted fromt
past }{KCEE (Hong Kong Certificate of Education Examination) Chinese Reading
'Comprerfrtsion papers (1975 - 1979) which were o"rign’ially designed to test the reading
profrci‘ency-‘of Hong .Korlg high  school graduates.d Of the 12- selected rea_ding
paragraphs. 5 were writlen in modern Chirrese and 7. in classical Chinese: (see Appendix
A . for sample paragraphs and Appendu B for Enghsh versions of the samples). The
selected paragraphs were of various styles (narratrve descnptwe or analyuc) that each
consrsted of a set of 410 5 muitnple -choice-type questions requmng recall of passage

main 1deas. details, or rnferentral analysis. There were S0 }uesuons mn total. All

questions were selected with-“a relative pomt btserral correlatron coef’ flcrent above 0.3,

whrch indicated that these rtems had a moderate correlatxon wrth the comprehensron

"y e .

2 .0' .

scores of the examinees who partrctpated in . the past ‘examinations. With 2 marks fo_r )

cach question, the full scale range of thé comprehensron test was 100,

v
~

<
413 Apparatus = _

-

e The apparatus descnbed below was used for the two exper:ments as well as for

the control task

. A sony mrcmphone and a Lafayette voice- operated relay,,mdrcator (vodel'
,6602A) wrth sensmvny set at the maxrmum poss:ble were' used in conjunctron with

' "Kodak Carousel sllde pmJector (model AF -2) equrpped w1th a tachrstoscoptc shutter a

v

! .
" ) ‘
N4
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projection screen, and.a Lafavette program timer (model 52020) connected with a-
Lafayette digital. clock counter (model 54417-A). The program timer started when .the
project’s shutter opened to display aslide and >stopped at the shbjecl’s inual. v:)c;l
Tesponse via the voice-operated relay. The apparatus thus allowed the 'mcasure‘me\"h&,‘ of
the response latencies of matching dot patterns. vocalization, or lexical decision, d.efin:cd
as the el:{psed time from the onsel' .of the visual stimulys’ to the 'Em;-m .of‘lhc

subject’'s vocal response. . 10 .

T
gy

4.1.4 Generai. Procedure ' , 5 !
Subjecfs were tested in two sessions.‘TheA‘ﬁrsl session censismd of coll;cling
“reading. comprehension scores for all hoi‘chlial subjects. In “the secb‘nd section," two
experimenls and a control task were c'ondfxcled‘ with the selected subjects.
| First, the Chinese reading comprehension test was administered 10 166 Chinec
students as described before, 6 10 8 persons at a time, from February to Mar/c}h.
1985. The subjects were instructed.to read the passages carefull'y"z“md choose the best
answer foréch question followmg the passages They were also told to finish the lc%l
‘wuhm 1 hour and. 15 mmutes iiased on the comprehens:on scores 23 skilled and 23
less skilled readers were selected to participate in the experlmemal .Sessmn of the' _Stu?y._
‘Aboui a- month - after the‘Chin.e‘se ceading comprc}xcnsibn test was :adminisvlcr‘c\:d.-
the sclected 's_ubj_ects were asked te particiﬁat’e in_ the experimemal session inclyding two:
experfrﬁems and a control task. For 4ll 'expeiiments the selected subjects were tested
md1v1dually in a qulet room. Each subject sat at a table approxlmatel) 12 m. for the
vne-wlmg screen, in a . position that was. comfo‘r‘table for him/her ;c‘ -clearly” view the
stirhuh' and .respond The projected stimulus | was, of 30 cm'.. sduare c;n the ‘-scre_cn‘.
,Experimehtal stimhh were elwa;fs ﬁreceded by several practice ilems Subjects were

mstructed to respond to presemed snmuh as qulckly and as accurately a«s posslble The

“whole expenmental session requlred about 40 mmutes for each s\’bﬁec(

. .
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4.2 Control Task: Matching Dot Patterns” ‘ ‘ o

a

4.2.1 Design = _ h

The task of matc'hin\g\dqr patierns served as a rconlrol‘ task in this srudy.
Reader group was the independent variable with skilled readers an’d less - skilled readers
as' its lcve;s. Two ‘separate ‘dependent variables were 'accuracy and reaction time of’
marching dot patterns. This, task allowed two separate "t-tests, one for the -means
reaction difference and o-ne for the mean accuracy rate d'ifference between skilled and

less skilled readers. v

A Stimuli E : .

The sumuh ;n lhe task of matching dot pauefﬁs were taken from Cums
e - .
(1980) They were parrs of doL patterns generaled by randomly filling in five dots in
a X X 3 matrix (see Appendrx C). There were 20 test 1terns along with 5 practise

items. The ifferent pairs were formed by moving one dot in a given row one column

U

over relative to the original pattern. The stimuli were photographed for slides. *.
B P ’ B . .

. Y T
. e . . s ,

‘-4.2.3 Procedure

«

For. 1he control task, the subjecls were told that parrs of dot patterns would

‘bﬁ presented one parr -al a time on the screen and thal their task was 10 say "yes™ if _

_ both items in the pair wére the same and to say "no” rf they were drfferent ~ They
‘were also mstlrucred 10 repond as quickly and ‘as accurately as poss;ble Each subject —
was famrlramred wrth the’ mrcrophone and given ‘5 items- for prac,;rce If the subjects

- drd not respond approprrately durmg the warn- -Up s]rdes the mstructrons were repeated

‘Followmg the pracnce mals thc 20 test - shdes arranged in a random order were

_presented Re§'bonse latencnes and accuracy were . recorded after each tﬁal If no

—_—

response occurred af ter § seconds had elapsed the shutter were . closed 1he absence of

- i ! ’_‘
[ . .
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response was recorded and scored as an error and lhe pro;cctor advanccd ro lhe next’
R ¥
slide. It took about 7 minutes for each subjecl 10 ﬂmsh the conlrol ‘lash

AN, . .
4.3- Experiment 1: Vocalization Task

a v N .. R .

4.3.1 Design o B

~ \.' - - . . .
In expenmem 1, a vocalization task was used lo investigatc the performance of
. | .
character recognition of Chmese readers. The vocalization task emploved a 2a2x2
Ity ;

" factorial design. Reader group was the first faclor. consisting of skilled readers and

]

) -
I 4 -
¥ N -

less skilled Treaders as .its levels: Character complexity was the second factor, with

. simple . characters and complex characters as its levels. - .Character frcquency was the

@
v

) . .
. third factor, with 'high’ frequency characters and low frequency characters as its levels.

* Heénce, - the independent variables of the vocalization, task were reader group, characier

comolexiry. fnd characler frequén'cy.' The two scparaie dependenr var'iables 'w'er‘c
accuracy and latency ol’ vocalrzauon The vocalization Lask was desrgned to pcrmn “two

scparale 2(read'er group) X 2(character complcxuy) be 2(characler lrequcncy) analyses of -
) ,

-o

‘variance with repeated measuyres on. rl_re last two facrors.'-;:-‘- .

~— . . ] B

Y ‘ ' * *\.,

-

'4.3.2 Stlmuh oy SR

The sumuh in - Expenmenb 1 for- the vocahzauon rask were 80 cxperrmcmal-

BERN 4 <,

;characters along wuh 8 pracuce 1tems (see Appendwc D).: Al charactcrs were formcdf
by two or more consmuems and _taken from Current Vocabulary Used in anary

‘Schobl ﬁ’eveloped by Currrculum" Developmem Sectron Hong‘ Kong Educauon

J Department ( 1975) Hence all characlers were of grade 6 or. of lowcr grade levels and

R

‘ should ‘be known by all sub]ects in the study Moreover all characrcrs were selected “

5

m terms of freQuency (high, low) and complexny~v(§1mple complex) Character'

—~ P v

-frequency counts were based on a frequency analysrs of a corpus ol 1,177 984
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occurrences of 4,583 Chinese characters developed by éheng (1982a). High frequency B

»n

characters had grcaler than 900 occurrence counts per million with a Q frequency

of 2169, whereas low frequency characters had less than ?U occurrenct counts with a

mean frequency of 16. Character complexity. was measured in terms of the number of -
strokes 'in each character. Simple characters had 5 10 9 strokes with an average of 7.4
strokes, whereas complex character had 12 to 16 strokes with an average of 13.7

strokes. Accordiggly, all characters used in the vocalization task\ were classified- into 4 -

v

classes.
Class' 1 consisted of 20 high frequency, simple charac[ers’. Character frequency

. ranged from 925 0 5548 with a mean frequency of 2070. Number of strokes in each

character rarfged from § rq 9 and the average number of strokes was 7.40.

Class 2 contained 20 low frequency. simple characters. -Character frcquenc_\'
‘ranged from 4 10’30' with a mean frequency of 16. Numbe.r‘of strokes in each -‘lchakr-'
acter ranged from 5.to 9 and the 'average humber of ‘strokes was 7.35.

> Class 3 included 20 high frequency, complex characters. Character frequency

ranged from o 5640 with a mean‘frequencgy of 7268. Number of strokes in each
.“T,l ' . O . ) o N N i *‘

character’ ranged-frdm 12 to 16 and the average number of strokes was 13.65.

Class 4 comprised of 20 low frequency complex characters. Character

frequency ranged from 3. to 30 with 2 mean frequency of 15 ‘Number of srrokes in

5

cach cha*racter ranged from 12 to 16 and the average number of stques waS‘13 75.
-at .

All characters were written in regular sryle (fE?) of 15 cm. square on white

v

”'cards and photographed for slrdes - ' L o KRN

L

4 33 Procedure

<~F . ] ' . v ‘ ) - '
_ For,. each subj”ect i-mmediately' after the a inisrrau’on' of the comrol - task,
' Expenmem 1 was conducted Each subject was 4old that Chmese characters WOuld be

presented one ‘at a ume on the screen and that their task was to name each character

-~
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- . . : _‘ . \t .
“as fast and as accurately as possible. Following 8 practice trials, the 80 test' trials

aranged in a random .order were presented. Presgnjation procedure was just the same

\_\as that in the control task. It took about 15 minutes for each subject to [inish

Experiment 1.

4.4 Experiment 2. Lexical Decision Task

- T : \
4.4.1 Design .

In Experimem 2. the character recognition performance of Chinese readers was

“investigated by usmg a lexical dectsron task. The destgn oT the lexical deuslon task

was similar 10, thal_ of the vocalization task, except that the third factor Wwds replaced .
by character type with “real and pseudo-characters as its levels. Accuracy and latency

~

L . ” R - ) s o
© . were againx the lwo separate dependent variables used in this experimeni. As a rc‘ﬁult,

the lexncal decision task allowed two separate 2(reader group) % 2(character complexu))'

s

- X 2(character type) analvses Qf varrance with the last two» measurcs repcatcd

4,4:.2.sﬁinﬁu R o f ; L

The sttmuh in the lexical decrsron task were also 80 expenmcntal characters
along W1th 8 practrce items (see Appendtx E) All characters were classnﬁcd in. terms '
of character type (real, pseudo) and character complexity (simple 'COmplex); Real
characters were- selected from the same source as descrrbed for the vocahzatron task,
w:th a mean frequency per mrlhon of 1197. Pseu&o characters were thosc acceptable
orthographrc patterns denved from ‘tﬁhe expenmental characters.-‘ Thc rule for._
‘ constructmg pseudo characters was erther replacmg one similar constttuent in “the ongr- \‘

nal character or transposmg ‘the constrtuents of the orrgmal character wrthout violating

'the usual orthographrc patterns in Chmese characters (Cheng 1982b) "The ru_le " for

'classifying cha'ra'cters i_n'to. simple and complex ‘was just the same as” described for the .

N 3
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vocalization task. Conséquently, there were 4 classes of characters used in the lexical

decision task. .
A)

Class ! ;onsisled of 20 smple real chaf‘act_crs. Character frequency ranged from
2 0 272 wilh‘ a mﬂean frequency of 1378. N%:mber of s_lr_olces in each character
ranged from 5 to 9 and the avérag'e number of strokes was 7.25.

Class 2 contained 20 simple pseudo-characters derived from Class 1. Number. of

strokes in each character was the same as in class 1 characters.

-

Class 3 included 20 comiplex real characters. Character frequency ranged from 3
to 3380 with a mean frequency ,of 1016. Number of strokes in eaCh character ranged

from 12 to 16 and the average number of strokes was 13.55.
Class 4 were 20 complex pseudo-characiers derived from class 3. Number of

. . . [ . <
strokes in each pseudo-character was the same as in #lass 3 characters. \

The stimuli were prepared in the same manner“as described for the vocalization
v .. - 2 - \
- Aask. : ' . )

. .- K

- 3

4.4.3 Procedure N r‘\_( )

For each subject, Experiment 2 was carried out ‘immediately after Experiment

-

1. The. experimental procedure for Experiment 2 was similar to that of experiment 1

but “the subjehs were told that they ;wé\re going " 10 -see ‘Chinese characters or pseudo

characters one at a time on the screen and that their ‘task was 10 say "yes" lo a "™
character and ."no" to a pseudo character as quickly amd_accurately as possible.

~— —~

L ' N ' . . Y o ! L
Following & practice trials with characters and pseudo characters, 80 text items

. ’ ’ : . - - 7 ] .
arranged in a random order we presented. It took about .15 minutes for each subjéct
. _ R A

v

to"finish Experiment 2.



5. RESULTS AND DISCUSSION

The resulfs and discussion of vl‘he‘ present study will bé_prcscntcd in four
‘seclions. First, the results of the control task will be summarized and discx.xsscd. The
second section will deal with the results and discussion of Experiment 1. The results
and discussion of Experiment 2 will be given in the third scction. Finally. a general

discussion integrating the results of the overall study will be presented. ’
/
5.1 Control Task: Matching Dot Patterns
The task of maiching. dot patterns served as a coatrol task in this study to
examine the ‘possibili.ly that 'generaly processing speed of performance might differentiate

skilled and skilled readers. Two separate t-tests, one for the accuracy data’ and on¢

for the response latency data, comprised ‘the main results of the control 1ask.

5.1.1 Matching dot pattern acch}acy

The accuracy rtate of matching dot patlerns was caculated ;f or each lsubjc.cL The
means - and standard vdevia’tidns of the accuracy rate values for the su'bjccls by -rcadiﬂé
ability are “given in Table ]. A t-test was »pérformed té provide“dire"cl comparjsion of
thé wo 'reader‘ groups on .accuracy of 'malch"mg dot batterns The rcsull showpd lhal
there was no significant dlfference belween the two reader groups in how accuralcly
they  matched dot pa/nerns [t(4{1v)1--.78, p>.05]. This _finding thercforc supported
Hypothesis 1 which predicted that there v;/ox‘xld be” hdwsignificant difference of accuracy
rate “between skilled and less. skilled readers in matchmg dot patterns. Indeed, | a§
shown in * Table. 1, skxlled teaders. (Mean 96.30%) and less skilled readers'

. (Mean=95. 22%) were both highly accurate in maichmg dot patierns. The difference

between the two groups was only 108%

.
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Table 1

Means and Standard, Deviations
for Accuracy Rates of Matching Dot Patterns

Reader ability Mean S.D.
Skilled : 96.30 2 5.9 %
Less Skilled 95.22 % 3.1 2

99
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5.1.2 Matching dot pattern latency

For th‘e latency data of matching dot paticrns. latencies for whi¢ch the responsc
© was incorrect were not included. Tnals on which the subject did not respond were
.scorcd as err(')ré and dropped from the analygis. Also, trials on which the resporr®
was correct buf did not sl’op the tmer were also climinated. Across all subjects. the
lotal/number of-correcl responses that did not stop the tifner was 7 out .of a total of
920 respense (0776%).. In othey words, such cases were rare “and would bﬁox constitute
f';'f)roble/m affecting the results of analys;s:

The mean response lat-cncy of - matching dot pau"e'rn\'s was qc;rppulcd for cach
subject.” Table 2 shows the means and standard dévialioﬁ/s of responsc latencies for l.’hc
two comprehension groups. As witl, the accuracy data, a ;.I-.&cs_li.»;/as cafried” out 1o
compare the r.csponse latencies of, the two groups_“. Pt,gain’,v the result showed that there
was no sigm’ﬁcarﬁ difference bc't.ween the two comprehen‘sion groups {1(44)=1.40,
p>.05]. This finding thbs gave Qpport to Hypothesis 2 whicb-suiled that there would
be no significant. response latency difference betwaén skilleﬁ :;md less skilled readers in -
matching dot patierns. As shown in' Table 2, sk,i"lled' readers were a bit faster (66

msec) than Ieséfékilled readers in matching dot patterns, but this difference was not
- ) A - AVZe

significant. o

In short, both the results of accuracy ahd/ﬁte'n;y,.éf matching dot patterns
showed that skilled and less skilled readers were nét different in accuracy and speed of
" processing non-verbal materials. such as matching dot patterns. Therefore, it is argued

that differences, if any, found in Experiment 1 and Experiment 2 between skilled and

less skilled Teaders are specific to verbal. symbpls and not to non-verbal visual symbols.
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[ , Table 2
) @ . N
\ Means and ’St.an-(lnrd Deviations -
for Response lLatepcics of Matching Dot Patterns (Msec) .
: . \ _ ) -
\'\
‘ €
Reader ability Mean  ° ' S.D
Skilled Q o995 169
. Less Skilled« 1061 152
LIS - [ "<"h
* Latency values are .{ounded ‘to the nearest .
millisecond. o
o~ < ‘.’ “. .
# Y ”
3 v \
S >



5.2 Experiment 1:t Vocalization Task
The results .of I:xperrmem 1

measured ANOVA'S, one for the

later

s

vocalization latency data. In

analyses were performed bascd on the vocalization latency data.

e
i

5.2.1 Vocalization accuracy

102

were first analysed ™ with 1w repeated
vocalization accuracy daita hand one for the
analyses, correlational and multiple regression
/1"‘
. s
AN

-

The accuracy rate data of vocalizalion performance \yerc subjected _to a2 .

(reader ability) x 2 (character

variance with the last

calculated for each of the four conditions

frequency complex characters,

plex_ characters.

values for the subjects by reader ability,

two factors repeated.

Table 3 shows the means and ,standard deviations of the accuracy

!
frequency) x 2 (character complexity) , analvsis  of
For cach- subject, accuracy ratc was
high "frequency . simple characters, high
]

low frequency simple characters, and low frequency coni-

“,“C

‘character freq’uency. and character complexity.

N ¢

Tr}e medns of accuracy Tate for.the two groups.are illustrated graphically in Figure 1.

Table 4 presents the reéuhs of. the ANOVA. e

K3

A hrghly srgruficam marn effecl for reader ability  was obscrved [l~(1 44)=135. 1()-

.

p< 0001] The fnain, éffect for reader ability mdlcared that skllled readcrs were srgmf:

.

camly more acturate’ than ‘léss skilled readers in naming Chinese characters. “The mean-

accuracy rates for skilled and less skilled readers were 94.13% and §7. 88% rcépcclivélv— ‘

B

" In other words,«g\

readers in’ namifg Chmese characters
tained for cRaracier complexity [F(1,44)=0.57, p> .05,
frequency ‘was sighificant [F(1,44)£'263.57, p<.0001].

frei;uency showed that high frequency characters had a -greater vocalizatibn;,

rate than low frequency cHaracters.
_ , _ .

c

overall skrlled ‘readers were 625% more accurate than less skilled

Whereas a nonsrgmﬁcanl ‘main cffect was ob-

1hc main effect for character
"The main cffect for . characier
accuracy

The mean accuracy rate was 99.67% for  high

frequenicy. characters and 82.33% for low frequency characters. T

L
!
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Table 3
’ ’ Lo . 4
Means and Standard Deviations

tor Vocalization Accuracy Rates

“"Characten
frequency high o low

ability character
‘ Ccomplexity simple complex simple complex

. A '
Skilled ,99.7347% 100.007%  89.34% 87.83%

(1.737)  (0%)  (6.27%2) (7.35%)

. ,h

Less 99.57%  99.78% 74.78% - 77.39%
Skilled (1.467%) (1.067% (7.90%) (10.96%)

- '

a Standard Deviations are presented in parentheses.

103



VOCALIZATION : C .
ACCURACY RATE(R)

] OO - ="
95 .
N - -
90" \\.\ o ‘( -
T~ e skllled readers
854

less skilled

neaders
’ ¥
70 »
" 654, -
60,
| r
‘ S e ‘
T B T l
high freq. . gy freq. AGw freq. low freq
- simple T «complex - simple, complex
~-character character . character " character.

”

Figure | Means of Vocalization accuracy rate for skilled and less
' skilled readers as a function of character- frequency and
character complexvty collapsed over Ievels ‘



Table 4

ANOVA for Vocalization
Invplving / (Reader abarlrty) x 7
-

Accuracy

Data

105

(Charactdér_frequency)

1796.
51.

13826.
1796 .

2 (Character complexity)

88

10

22
88

- — X A
(N = 46)
Source DF
Between
Bl (Reader abilaty) 1
Frror [&A
Within -
Wl (Character frequency) 1
Wl x Bl o 1
44

Error

Wl (Character complexity) 1

W2 x Bl : - 1
Error < 44
Wl x W2 . 1
"Wl x W2 x BI 1
Error . L&

52.

11.
39.
19.

59.
18.

46

01
27
45

.14

92
10

263.
34 .

> _1()****

- \ ’
§7 REE %

25****

.02

.01
.31

_ #%¥%.p ¢ 0001
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Of the interaction ecffects. only the reader ability by character frequency
/

interaction was gignificant [F(1.44)=3425. ‘p<.0001]./apd is_illustrated graphically in

[

¥ = * :
Figure 2. QMultiple comparisons using thc Tukey (a)-.method (Winer, 1971) were

utilized 1o determine specific differences between the two reader groups. Results indi-

cated that the difference bectween the two groups was significant (p<.05) fof' low
frequency chara&lers but not for high frequency characters. It appeajed that both
groups had experienced a ceiling effect for high '(‘requen;y characferd as  thry both

scored at 99.67% correct for high frcqut/ncy characters. Jn contrast, skfllcd readers

kY

were 12.5% more accurate than less skilled readers in naming low frequency characters.

L]
All other interactions, reader ability by character compiexily, character frequency byt
. . 7 ‘
character complexity., and reader ability by character frequency by character complexity.

were not significant.

Integrating the results, the nai

effect for reader ability of the ‘abovc analys_-i.s
gave some support to Hypothesis 3 w'ich predicted that skilled'. readers would show a
- significantly higher vocalization. accuragy ratc than less skilled reeiders. Nevcrlhclcss, this
main leffe‘cx must be qualified some ‘hat with reference 10 lh‘c signiﬁcz‘xm iﬁnlcracylion

between reader ability and character frequency. As revealed in mulliple comparisons of

-

the means . involved in this .interaction, the advantage of skilled reders in “vocalization

accuracy was restricted to low frequency characters. Hypothesis 3 therefore received -
. % .
| - L,

y __\/-paru'al support.

Hypothesis 3.1, which St/ated,thal ihe vocalization accuracy difference between

skilled and® léss skilled readers /would be greater for low frequency characters than for

.

high frequency characters, was ‘supported.‘ Skilled . fea‘dcgs and less skilled rcaders

showed great 'diffcrerice in wocalization ,accuracy for low frequency characters but no
difference for high frequency characters.

Since there was no significant interaction - between reader skill and character

complexity, Hypothesis 3.2 was not sﬁpported.._ Similae accuracy differences between

3 T



VOCALIZATION
ACCURACY RATE (%)

)

] ()(_) o

I\

-85
80 -
..755 4
70 -

65-:

_ sk1lled readers

less gknlled readers

‘ |
| \ ) ‘ - high frequency
character

[

low frequency
character

CHARACTER FREQUENCY

Figure 2. Means of Vocalization accuracy rate as a function
' of character fréguency and reader ability.
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©-.5.2.2 Vocalization latency ' 18
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skillf!d and less kil}d readers were obse\rved for simple’ characters (7.18%) and for

complex characters (5.32%).
In sum, the results of vocalization accuracy revealed “that skilled readers weére
N /

more accurateyfhan less skilled readers in naming Chinesc characters. The superority “of
skilled readers, however, was restricted to low frequency chatacters. Ctggraclcr complen -

¢ i R “

ity as defined in this -study appeared not to an important factor affecting the -

. ) : ) L
vocalization accuracy performance of both skilled and less skilled leaders. :

~ 7

'

3

As in the dot matching latency analysis, only the latencies of correct responses

} »

were included in the vocalization latency analyses. Correct .gesponses which did not
stop the timer were also eliminated. Across all 'subjec'rs_ the total nurmiber of correct,
response which did not stop the timer was 12 out of a total of 3680 responses

(0.33‘@). The incidence was low and therefore would not constitute a problem affecting

the refulis of the anaysis. ) _ .

For each subject mean vocalization latencies were calculated for the four- .
L -
classes%of characters Analyses were performed on subject “rheans. In order to provide

i

more stringent results, parallel analyses were also carried out on log-transformed data
. A .

ofﬁ'these meéans. Since the analyses for “both mean scores and log-transformed scores

‘prOVided essentially identical patierns of results, -the ‘mean score analyses arc the basic

r-4

data reportedn for ease of imerpretz;tion. For - the . ANOVA results of the

-log transformed data of vocalrzauon lalency means see Appendrx F.

A 2 (readmg abrlrty) x 2 (character frequency) X 2 (characlcr complexrty)

..

analysrs of variance with the last two factors repeated was performed on the meah

vocallzatron latency data. Table 5 presems the means and standard devnauons of the

N

vocahzanon latency values for lhe subjecls by reader abrhty character . frequency, and

character complexity._The meafns ‘are graphically illustrated in Figure 3, Tabl'c 6-shows' ‘

Ay

i ) ’ : * ~~ .~

s
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Table 5
Means and Standard [)(‘\‘id.l loh.\‘t -
tor Vocalizat xon‘il.ut encies"(Msed)
R
?
: ”””"‘('I_h}{r}{g}}fx“"""'””'“'”—“ i T
Keader trequency . high ________low ___
abilivy character e
_complexity _simple complex simple complex
\
Skilled ) 684 690 981 1011
(99) (113) (172) (176)
/o '.
l.ess /85 786 1236 1337,
Skilled (1338) (128) £278) (2579
o Standard Deviations are presented in parentheses.
r Latency values are rounded to the nearest
millisecond. ' . % , .
. - . &
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VOCALIZATION

LATENCY (MSECQ)

15001

1 4001

13001

2

e
St
g

s less skilled
readers

~e skilled readers
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~ and character cornplexity, collapsed over levels



the results of the ANOVA for the data.

There was a highiyv significant main effect for reader ability [F(1,44)=17.79.
p<.0001]. fhc main effect for -teader ability revealed xﬁat skilled® readers were signifi-
cantly faster than less skilled readers in pronouncing Chinese characters. The mean
vocalization latency was 841 msec for skilled readers. and 1036 msec for less skilled
readers. Overall, skilled téaders were 195 msec [aster than -less readers in naming
Chinese  characters, The main effect for character frequency was also significant
[F(1.44)=308.20, p<.0001], éhowing that vocalization latencies decreased with increasing
character frequency for both ‘com.prehension groups. The mean vocalization latencies for
high frequency characters and for low frequency characters were 736 msec and 1141
msce respectively. A significant main effect for character complexity was also obtained
[F(1,44)=13.23, p<.001). The main effect for ,characfier complexity indicated that
vocalization latencies increased withy incr.casing chara;:ler complexity. The mean
’vocali‘zalion latency for simple characters was 922 msec and it was 955 msec for com-
plex charac\ie_rs. . ' e

While all the main effects were highly significant, these results should .be inter-
'pretcd in view of the iwo significant in‘teractions between the vaﬁableg». _Whéreas the
imcraciion' between readerv skill and cha.racter complexity was not significant
- [F(1,44)=3.01, p>f0§].,a signifiéam reader skill by character frequency igteraciidn' was
obsirved [F(l,44)=1-7.24:‘ p<.001]7 and is depicted graphically in Figure 4 The signifi-
cant ir-neraclion bet veen reader .a‘bilily, and character frequency .a‘ppeared. to be due to
the greater incre'ase in vocalizaiion latency>on low frequency characters for less skilled
réader‘s relative to skilled .readers. To further determine specific di.fferences. multiple.
comparisons using the Tukey (a) procedure were made bietw'een the vocalization latency
means of the two’ 'réader groups. Results vshvowed that the i/ocalizatioh laténcy

differences between the two groups were significant (p<.05) for bbth high frequency

and low frequency characters.: Whereas skilled and less skilled readers showed smaller
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| character frequency and reader apbility.
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difference (9?) msec) on mean vocalization latency for high frequency characters. a
marked difference (290 msec) was found between the two groups for low [requency
characters.

The character frequency by character complexily interaction was also significant
[F(1.44)=9.71. p<.01]. Multiple comparisons of the mecans involved in this inleraction
showed that, except for the ﬂk:ans bctweef; high frequency simple and high {requency
complex characters, all comparisions were significamt (p<<.05)

The three-way interaction -- reader skill by character frequency by characier
complexity -- was of margiﬁal significance [F(1.44)=3.85. p=0.56] and 1 illustrated
graphically in Figure 5. Since a trend was still evident, mulliplg compén.xon.s using the
Tukev (a) method were carried out. Significant differences (p<.05) were found over
all comparisons belwéen'skillcd and less skilled readers showing that skilled rcaders
responded more rapidly than less skilled readers in all conditions. Within the skilled
reader group, response latencies did not differentiate the two levels of complexity for
both high and low frequency .characters, whercas for l;ss skilled readers, response
latencies did not differemi'ate the two levels of complexity for only high freqﬁcncy
characters.

When log-transformed’ subject means  were used, except .for the last mentioned
margihally significant three-way interaction w{hi—ch ‘t_)ecame nonsignificant (p=.079), the
pattern of signicance of the ANCVA with mean séores. however, was rcplicallcd. ‘

The above vocalization latency analysis. supported Hypothesis 4 which  predicted
that skilled readers would display overa_lf éhprter latencies than less skilled readers in
naming Chines¢ characters. The main -effect for reader ability provided c‘vidcnéc that
- skilled ;eaders were fasteT in naming, Chinese characters as compared 1o less skilled
readers. HypothesisA was supportgd evexi in the presence of the interaction effects.
As multiple comparjsons of the means involved in these interactions revealed that

skilled readers in all® cases were significanilly more rapid at pronouncing Chinesc
. \IA ) . i i .

N
AN
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. " As predicted in Hypothesis 4.1, the two comprchcnsidn groups displaved greatg

116

>

charaetets than less skilled readers. Hypothesis 4 was, clearly supported.

- ”

vocalization latency difference for low frequency characters than for high frequepct

characters.! The differences between thes two groups were signiflicant for both two char-

°

acter frequency levels. The magnitude of difference for low frequency. characters,

- .

however, was almost three times the difference for high frequgney characters.

A§ in the vocalization accuracy anal;'sis_ no significant interaction between
reader skill and character complexity was obtained. There was lhuséﬁ(} support lor
.Hypolhesis‘ 4.2. The two reader groups demonstrated large differcnces for both simpic
-(179 msec) and for complex (211 msec) chéraclcrs,

X t
Comparing the results of vocalization accuracy and thosc of vocalization latency,
N

r ot o
the latency of vocalization appears 1o be clearly the more sensitive measure in
differentiating the vocalization performance between skilled and less skilled readers. lor

the vocalization accuracy measire, the advantage of skilled rcaders was restricted 10

low frequency "characters, but for, the vocaljzation latency measure, skilled readers were

faster thaﬁ\ less skilled readers".in all- conditions. Moreover, multiple comparsions of the

.

”

‘means -in  thg la[enc‘_:y a\ne;lysisv suégested the possibility that the differcnce - between
-skilled an‘d‘ }gss skilled ,rc'ader_s might be especially greater for low frequency comblcx
charaC}eré flan for other classes’ of characters. In order to confirm this possiblity,
coxjrelationél and  multiple regressibﬁ analyses were »carried_. out on the ,lv‘écalizalion'
latency means. These ‘analyses were “also performed on the log-transformed data of -

vocalization means and convergent Tesults were obtained (see Appendices G and H). -
. - v .
For ease of interpretation, results reported below -are based ‘on the mean score

analyses. e
o i ‘ i C . .

‘ Pearson * product-moment . correlations “were calculated to compare inter-
relationships among vocalization latencies of the four classes of character and readin
. . N . ‘ ",

comprehension score. These correlations, as  shown in Table 7, indicated that
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-correlation with eading comprehension ability (r=-.61. p<.0001)

117

7

vi calization latencies of low frequency complex characters resulied in  the highest

To dctermine the _vgn’ablc that wouldl  together best  account for reading
comprehension, a  slepwise  multiple  regression  analvsis  was pcrf‘ormed utilizing
voc'ariLa(iop latencies of the four classes of character as predictors - and reading
comprchension scorg as the criterion variable. At each step in the analysis. the variable
that accounted for the most residual variance in feading comprehen‘sion was entered
into the regression cquation. Stepwise inclusion continued until the improvement in the

, A !
regression sum of squares_al a given step became nonsignificant (p>.05). The results
. N

are presented in Table 8.

:

"Low frequpncy complex characters was the first varjable entered into the equa-

tion. accounting for 38% of the variance in reading comprehension ability

[F(l.@):26.44, p<.0001]. After this first step, none of lﬁc’ remaining variables made
a significant improvemerﬁ in  prediction. lnlegrprelatibn of this result, however, must be
made w‘ith' con.siderable caution. ' Given the high correlations among variables shown in
Table 7, the claim that vocalization speed of low frequency complex characters was the-

single best predictor of reading a.bifily must be somewhat - qualified ‘(Kerlionger. 1979).

The results of the correlational and multiple regression analyses: however, were in line
/ \

1

with those of the anélysis of variance, showing ;hqﬁhe differ_eﬁc'g. between skilled arid

less skilled readers was most evident in naming low frequency complex Chinese charac-
. b / ’
ters.

5.3 Experiment 2: Lexical Decision Task , . LA .

"As with Experiment 1, the results of JExpetiment 2 were first analysed in tw-o

s

i

separate repeated measured ANOVA'S, one for the lexjcal decision accuracy data -and

one for the lexical decision latency data. Correlational and rhultiple regression analyses '

were later carried out on the latency data.
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Tatle 8
Multiple Regression Analysas on Feoding Comptehiens lon
Htitlizing Character Vocalilzation Latencires
(Mean Scores) as Prédictors

(N = 46)
Step Beta Multiple Increase
entered Variable weight® R R in R
\ Low frequency
complex character -.91 .61 . .38 L3gEE*
. .
2 High frequency
L‘somplex character .26
3 LLow frequency
simple character .29
4 High "equench' : .
sin,1e character -.19
¢l + 2 4+ 3+ 04 .63 .40 02 Y \
**% p ¢ .00l
* . . /
a This column reflects beta-weights after all
variables were entered. . ' -~ .



5.3.1 Lexical decision accuracy

For‘ cach subject. accuracy rate of lexical decision was caculated for cach of
the four classes of charaélcr, simple real characters, complex real characiers, simple
pscudo-characters, and complex pseudo-characters. A 2 (reader ability) » 2 (character
type) » 2 (character complexity) analysis of variance ’wilh the last two factors repeat-
e.d was performed on the ;ccurac.\ data. The means and sl/andard deviations of the
accuracy rate values for the subjects by reader ability, gharacl'cr tvpe, and character
complexity are given in Table 9. Also, the means of accuracy rate for the two rcader
groups are graphically presented in Figure 6. Table 10 shows the results of the
ANOVA . -

A signiﬁcanl‘ main é;ff"ccl for reader ability was obtained [F(1.44)=430,
p<.05]. The main effect for reader abilitv reflected the higher accuracy rate of skill.cd
readers than less skilled readers in making lexical decisions Afor Chinese characters. The
mean accﬁfacy rates for skilled readers and less skilled readers werc 92.50% and 89.62%
respectively. Overall, skilled readers were 2.88% more accurate than less skilled readers.
The accuracy -difference between the two groups in lexical decision was modcrate but
‘slill significant. .There was a -highly significant main effect for character type
[F(1,44)=32.07, p<.0001], showing that accuracy rate was higher for real characiers
than for pseudo-characiers. Whereas the mean accuracy rate for real charac$¢f§‘ was
95.60%. it was 86.52% for pseudo-.charactefs. The main effegt for éharaclcr‘@mplcéily
was also significant [F(1,44)=63.14, p<.0001], reflecting the fewer 'numbcr df eTTorS
for simple characters than for complex charactefs_. For simple characters, the accuracy
fate was 94.51%, but for complex characters, it was 87.61%. J

Of the interactions, :)nly ‘the character type by-charactér complexity interaction
was significant ['F(l,'44)=9.47,.«pT;.OI]'. Multiple comparisons of the means involved ‘in
this interaction indicated that, except for the means between simple pseudo and com:-

plex real characters, all comparisons were significant (p<.05).
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& Standard Deviations are presented in parentheses.
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Toble 10

ANOVA tor Lexical Dec ysr1on Accuracy Data
Jovolving 2 (Keader ability) x4 (Character type?
x 2 (Character complexity)

(N = 46)
Soudrce DE MS ;
Between
Bl (Reader ability) 1 381.66 4.30%*
Frror ’ 44 87.62
Within _ .
W1 (Character type) 1 3789.27 32.07*x%xx%
W1 x Bl ’ 1 130.57 . 1.11
Error 44 118.16
W2 (Character complexity) |1 2191.44 . 63, 14F%xx*
W2 x Bl , . 1 0.14 0.001
Error ’ - b4 34.71
Wl ox W2 ; - 381.66 ALY
Wl x W2 x Bl 1 39.27 0.97
Error 44 40,29

\ o

*xxx p ¢ 0001
** p ¢ .01 ' . {
* P ¢ .05 . ‘ )
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The above findings of lexical decision  accuracy  supporied H)pmhésn 5
predicting that skilied reader would show a significantly higher accuracy rate of levical
decision than less skilled readers. As shown in Figure 6. skilled readers were more
accurate in making lexical decisions for Chinese characters than less skilled readers in
all casces.

Since the interaction between rg:adcr skill and character tyvpe was not signfljcant,
Hypothesis 5.1, which stated that the lexical decision  accuracy  difference between
skilled and less skilled readers would be greatei for pscudo-characters than for rcal
characters, was nol supported.

Similarly, because of the nonsignificant interaction between reader ability and
character complegfily, Hypothesis 5.2 predicting the greater lexical  decision  accuracy
diffe'renc‘e for. complex characters than for simple characters between the two  reader
groups was also not suppérlcd.

In short, the findings of lexical decision accuracy demonstratcd that skilled
readers were more _accurate than less skilled readers in making lexical decisions of
Chinese characters. Character type and character complexity appearcd not to bc crucial
factors affecting the lexical decision accuracy perfogmance of both skilled and less:

skiiled readers.

5.3.2 Lexical decision latency

As with the vocalization latency data, in the analyses of lexical decision latency
3 ,

performance, only the latencies of correct responses were inc¢luded. Incorrect’ responses
;is well as ‘correct responses that did not s[dp the timer were climinated. Acfoss all
subjects, the total number of correél rCSporises that did mot stop the ‘timer \Qas 8 out
of a total of 3680 responses (0.21%).. Fhe low incidence 6!‘;_. such cases ‘wc‘)uld not’

constitute a problem affecting the results of the analyses.

- ¢
~4
/ ’
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Mcan leacal decision lalencies were caculated for the four classes of character
for each subject. As with the vocalizauon latency data. analyses were performed on

subject means as well as on log-transformed data of thesec means. Again. the rgbplis

of both analyses provided essentially- identical- patierns  of results.  For easé\ of

n

interpretation, the mean score -analyses are the basic data reported below. For the
ANOVA results of the log-transformed data of lexicai decision latency means
Appendin .

As with Ekxperiment 1. the latency data of lexical decision were submitted 10 a
2 (rcader ability) x 2 (character type) x 2 (character, complexity) analvsis of variance
with the last two factors repeated. Table 11 shows the means énd standard deviations
of the lexical decision latency vajues of the subjects by reader ability, character type.
and character complexity. In Figure 7. the means aré graphically presented. The results

-

of the ANOVA for the data are presented in Table 12.

A signiﬁcam ma;n effect ‘was obtained for rcz;dcr ability [F(1,44=11.3],
'p<:Ol].- The main effect -for reader ability reflecied the shorter lexical decision
latencies fo; skilled. rcade"r; than fc;r 1e§s skilled readers. While the average lexical
decision speed for the skilled reader group was 994 msec, it was 1190 msec for ihe
le:%s skilled " reader group. C)\/erfxll, skilled 'readers were 196 msec faster than less skilled
readers in making lexical .decision of~Chinese :character. It is interesting to -note that
"{hc magmtude of dnffcrence in latency between: the Iwo groups, m this experiment was
very close to that of the First experiment. There was also a significant main effect for
character type {F(144) -88.10, p<.0001]; suggesti.ng‘ the  shorter lexicab  decision
latencies for real characlcr (Méan=973 msec) than for pseudo:characters‘ (Mean=1210
msec). The rﬁairi 'éffcct for characler 'corhplexit)' was also highly significant
[F(1,44)=58. 20 p< 0001] indicating thal simple characters h%d shorter lexncal dec1sxon

la_lencn_es as compared to‘complex‘ characters. The mean lexical decision latencies were

. o S v
1045 ‘msec “for simple characters and 1139 msec for complex characters.
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‘Of the interactions, the reader skill by character type interaction was significant

1F(1,44)=7.25, p<.01]. and is graphically presented in Figure §. Using the Tukey (a)

procedure, muitiple comparisons *of the means involved in this interaction were
performed. Results revealed that- differences between skilled readers and less skilled
readers was significant (p<.05) for both real and pscudo-characters. Nevertheless, a

smaller ‘idtffercnce (128 mseci was observed between the two groubs for real characters,

R\

whercas a grcater difference (264 msec) was obtained between the two groups for

. pseudo characters.

3
4

The character type by characler complexity interaction was alsor significant

[F(1.44)=4.73. p<.05). Multr‘ple. comparisons of the means involved in this interaction

indicated that all comparisons between these means .were significant (p<.0_5).

The reader " skill by “character complexity interaction and the three-way

o | P b

- When log-transformed subjects means were used, all the main éffects remained

interact{on were not signiﬁcamy(p>.05).

significant. The . two prevrously srgnrfrcant mteractrons however, became nonsignificant

O ( 73
(See Appendix 1). As a trend was strll evident in the reader abrhty by character type

vinteraction‘ _(p#0.068), multiple comparisons  were further performed on the

. log- transform@ means involved m tnis interaction usrng the Tukey’ (a) .method. The

f‘-r

pattern of srgmﬁcance of the multrple comparrsons remarned the same as that in the

I ]

" mean score analysrs In both analyses skilled readers -and less skrlled readers showed a

: - »

greater drfference for pseudo character than for real characters.

.- The above lexrcal decrsron latency analysrs supported Hypothesrs 6 statrng that

. 3

,-.»-

, skrlled readersw would show overall shorter latencies than less skrlled readers in making

< »,that skill_ed readers . were faster in making 'lexical decr'si(')ns‘.of - Chinese characters as

¥t

b _.1‘-;’& .

lexrcal decrsroﬁs for Chtnese characters The main effect for Teader ability mdrcated,,“;.‘ a

. -

compared to less skilled readers Although reader abllrty rnteracted with character type,

multrple comparrsons of tﬁe means in thrs interaction demonstrated that skrlled readers -

PO
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wcfc still'signiﬁcanlly faster than less skilled readers in making léxical decisions for
both real and pseudo characters. Hypothesis 6 was therefore clearly supporied.

Hypothesis 6.1 also received support from present results. The wo reader
groups showed a greater lexical deci‘sion la(epcy d%fference for pseudo-charaglers than
for rcal characters.  As reported carlier, the differences between the two comprehension
groups were significant for b;)lh, levels. of character type. The magnitude of difference
for pscudo characlcrs_'however_ was morc than twice the difference for real characters.
Hypothesis 6.1 was thus supportied.

There was ﬁo significant interaction between reader skill and character complex-
ity. Thus no support was obtained for Hypothesis 6.2. The two comprehension groups
displayed large differences in making lexical degigions for both simple (186 msec) and
for comp.lf'\ (205 mscc) characters. . |

The results of Experiment 2 stl;owed that reaction time was agz‘n’n the mere
sensilive ‘'measure in distinguishing the performance of skilled readers from that of less
skilled readers. Skilled rcaders and less skilled readers displayed a moderate difference
in lexical dcciéion. accuracy but a distinct difference in lexical decision latency,
éspecially for pseudo characters. Consequently, 2? in Experimehi 1, correlatiopal a_md
multiple regression ‘analyses were carried out to further clarify the meaning of the
ANOVA results of the lexical decision latency data. As wilﬁ the vocalization latency
data pa\r’all.cl anlayses wefe also carried out on log-lransf’ofmed mean s-cores and similar
results were obtained (see Appcndic‘:cs J and K). For ease of imerp;etétion. results
reported bewa are based on the mean score analySes. - -

-Fearson p;od‘ucf-moment'correlvationsi‘ were caculated to Compare imerrelationshipsv
‘among the lutencies of the féur_ ¢classes of | character and reading comprehension score.
As pr;'sented ivn‘ Tablet». 13, ilhesq éorre a\tions _ipdicated that lexical decision latencies of
comple.x pseudo  chWracters "lresulted' \*in‘, the highest correlation with reading

. \ .

\

comprehension ability (::-.49, p<.0001). : ‘ '~
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\\
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In order.1q@ determinc the variables that would together best account for read-
“ing comprehension, a stepwisc mulliple regression analysis was carried out using lexical
deciston latencies of the four «classes of character as predictors and reading

|
. ! ! . . . . .
comprehension score as th¢ criterion variable. The results are given in Table 14,

(,‘omplcx'pseudo' character was the first and only variable entered into the regression

cquation, accounting for 24% of the variance in reading comprehension ability

.,

“[F(1.44)=13.71, p<.00l]. Again, as in cxperiment 1, im(‘éﬁ:rexanon of this result must

be cautious in view of the high corrfations among variables as shown in Table 13.

-

Nevertheless, the results of the correlational and multiple “regression analyses further
confirmed the findings of the analysis of variance showing that the difference between
skilled and less skilled readers was most evident in making lexical degisons of complex

o
pscudo Chinese characters.

5.4 General Discussion

Elxpcrimem 1 and Experiment 2 provided highly convergent results showing that
skilled readers ﬁad better performance in identifying Chinese characters, be thev re-
qu1red o say the characters aldud or to make lexnca] judgements of the characters‘

The superior performance of skn\ed readers .in both accuracy and latency measures

'

reflected” the fact, - that, a§; comxring o less skilled readers' -performance; a
- - g h N . B
‘speed - a'(:curacy tradeoff did not occur\m skilled readers performance.. Moreover; the

results of the comrol pask dt:monstraged evxdence againSt“;the possibility that the
- difference between vskil}ed and less skilled readers might be due to a geperal
_processing-speed capability. L;ss skilled readers did not éppeaf to be chafaciéﬁzed by a
general .inefficiency in processing-speed. Rather, they appeared to be less éfficicnt in-
coding processés specific to verbal materials: Hence, the..findings‘ of the present study
were in liﬁe with " the ;esearch' e‘\ridcnc‘e revealed in the reading literature of English.
" Word recognition ‘is an 'irfxponant»component' of ,'skilled 'read‘ing‘ even in the reading of

¢

‘
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Table 14

Multiple Regression Analysis on Reading

Comprehension Utilizyng lexical Decrsion Latencres

(Mean scores) of Characters g Predictors

(N = L) .
U 2 Ut
Step Beta Multiple Increase
entered VQ)riabIe- welght R . R in R
1 Complex pseudo

character : .47 .49 .24 L24L% %%
2 Simple real .
character -.35
3 Complex real
character .36
4 Simple pseudo
character -.05
1 + 2+ 3+ 6 .51 .26 .02
*x*% P ¢ ,001
. This column reflects beta weights after all -

variables were entered.
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a logographic script such as -Chiese. It was demonstraled in this study that even in
the Chinese language, for adults with® 4" relatively high degree of reading proficiency,
reading comprehension cannot not be separated from accurate and rapid character rec-
ognition . . |

Conccpl‘ually sr;caking, the observed differences between skilled and less skilled
Chinese readers in this study can be expléined by the automaticity model put forward
by l,ch;ge and Samucls (1974, Samuels & laBerge, 1983} and be cxamined in terms
of the verbal cf[‘icicr;C)’_ theory proposed by Pér‘f'eui and Lesgold (197‘7; Perfetti,
1985a.b). As reviewed in Chapter 2, the automaticity model, based on the premise of

the limited capacity. of attention, proposes that lower-level word recognition must be

processed automatically and rapidly to nmake attention available to accomplish
he

[

higher-level comprehension processes. Similarly, the verbal efficiency Lhéor_v' stressing
the limited capacity of working memory, suggests that efficient decoding frocesses can
frec working memory capacity for comprehension processes. ‘/‘Knalysing the findings Qf
-the present study in view of these models, it appears that less skilled readers, due to
their iricfl'iciem‘characler recognition skill, weré unable to make’ their attention and
working memory' resources more available for comprehension processes aInd therefore
displayed poorer comprehension performance. In other words, the skiﬂed reader of
Chinese, just like the skilled reader of Epglish, is the one ‘w;vho identifies words auto:
matically ‘and ra,_pidl_v and thus has ‘more_ cognitive resources to accomplish better
’comprehension pérforrhance. o ~
Compa}ing the results of ihe accuracy data and of the latency data in both
‘experimehls_' while the ‘'major patterns of findings remained t[he san;e._ slight differenc.es
were alsof .obtained‘ in the iwo measures (see Figuré 9 for comparisons of the rc‘sults‘
,of the two experiments). It aﬁpe’a'rs that accuracy had only partial success in

.dxfferemmtmg skilled rea4gr7s, from less skilled readers .As lllustrated in anure 9.

skilled and less skllled readers showed little difference for high frequency characters

L]
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&

and for real characters in terms of accuracy. By contrast. the di’f'f’ercnce_s beiween
skilled and less skilled readers were evident in all cases when the lalency measure was
used. In other words. 1n both exyperiments latency was the more sensilive measure in
distinguishing  skilled from less skilled reatters. How can the discrecpancy between the

accuracy and latency results be explained?

. ® :
First. as pointed out by lLeong and his associates (1985). 1t is possible that

accuracy and lalency may not measure the same perceptual processes.- leong. el al

* (1985) brought forward the theorctical analysis offered by Smith and Spochr (1974)

3

and stated: - .

-
\

Under "data-limited” tachistoscopic viewing conditions with brief
exposure times, responsc accuracy seems (o reflect early
perceptual interference between target and noise and the limited
time for extraction of input information, whereas reaction time
might be more sensitive 1o later decision processes involved in
response mlerprelauon (p.141). ‘

Accordingly, the/discrepancy between’ the accuracy and 1atenc)' results obtained in this

-study may point to the possibility that different percepmal processes of character. rec-

ognition are ‘involved. Further research, -however, is needed 10 determine specific

similarities and differences as reflected in thése two measures.. '3
. . : ) . . ‘ . : R '4 .
Still another’ explanation can be drawn from the work of Ehri -and . Wi}ce

(1979-'--1983) The researchers have developed a model concermng the development of

-

word :‘recognmon skill based on the LaBerge and Samuals automauenv model.” The
atlamment o( word recognition skill is analysed. into three subsequent -phases: atcurac.y,
autonraticit.y', and speed. Applying this model to ‘the results of"Lhe present study, sorn’e

‘ mteresung hypmheses can be generated It is possible that botn skilled and less skilled
’ ‘.“readers had reached the accuracy stage of word recognmon for hxgh frequency charac-
ters in. Expenmem 1 and for real characters in Experlment 2. Consequemly‘ little
performance dxfferences in these areas were obeserved However, whereas skilled readers

" had attained automatic and'rapnd word recogmtxon skill beyond ,the accuracy phase," less
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skilled readers had not gone bevond the accuracy stag€  As a result, dif ferenees be-
o

tween the two comprehension groups were distinet in ;ll condinions ustng mZ- latenoy

mcasur(; While such speculations are reasonable, verification :)f thair vahdny s beyond

the . scope of the present study. Further studies may be conducted to eaplore the issuce

Integrating the results of the overall study, 1 scems that it is low {requency
characters and pseudo characters that besl‘ discniminate  the  performance of - shalled
recaders from that of less skilled readers. HOw can onc account for such c('lcu‘\"
Following the work of Perfettt and his associates (¢.g. Hogaboam & Pertewn 1975
Perfetti & Hogaboam, 1975). Stanovich (i%l). and Haines and lcong (19%3) 11
proposed that such effects can be attributed lQ the extent of verbal knowledpe  that
skilled and less “skilled readers possess. For skilled rcaders, because of ther abundant .
verbal knowledge, there is a Jot of redundant informglion inherent in a printed charau-.
ter and this redundant information méakes them less vulnerable to the (z'Hccl,s of
frequency; type, and complexity of the printed character. On the contrary, {or less
skilled feaders, the lack of verbal knowledge prevents them from the efficient use of
available information to make lexical access. The role of linguistic awarcﬁess :nggcs(cd.
by; Lcong ,(1978," Leong & Sheh, 1982) and Tzeng and Hung (1981) therefore may

. play an important tole in the development of reading fluency even in the reading of .
. : »
the logographic script.

Finglly, comparjng .the effects of character frqqueﬁcl)', character type and char-
acter complexity, characg(evr\\c\mr‘lplexity -appears 10 be‘the less potent variable affecting
the performance of both skilled and less skilled readers. One explanation of this rcsdll
is that in this study the cl.assification of simple and complex characters in terms of.
number of strokes was not extreme enough to demonstrate a strong ef fcﬁl' on character
recbgnition. As noted befote, ‘the average num.ber of strokes of complex characters iﬁ ,

-this study was 13.5 and characters of more than 16 strokes were not selected. It is

possible than when more complex characters (say characters of more than 20 strokes)
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. :

4re nduded, a “stronger cffect of character complexity may ‘ ()blglncd, Still, another
alternauive  cxplanation should be considered U 1s possible that the .complexity of a
character doéx not r¢]y solcly on the number of strokes. As lLeong (1977) has pointed
out. other than the number of Slrokcy, factors such as the internal structure and
balancc of the char.actcr. A-lbc’conf"mabilily of graphemes with similar configurations .
“{(;_’:. ,“:. )

and the acouStic gonfe;a@ﬁf\@j‘ homophones should be taken into consideration when
d'ch.nmg the C()mplC‘,\ll_\t of ‘sz:';‘c.‘\h'a{ac;cr.

{ What xmbhclalions and suggcslions_ then, can be derived from the findings of

this study? In the following hapter, a review of the overall studv will be preécntcd_

) L . , . .
with 1implicatons and suggestions for future research and reading practice discussed.



6. CONCLUSIONS

6.1 Review of the Study

The purpose of the present study was 1o attempt to answer the question Whar
s the relavonship between rapid. automauc recogmuion of context-free Chinese charac
ter recognition  and  reading  comprehension  ability o Chinese  adult  readens” By
prescnuing  an  exiensive  review ol the reading  hicrature in ln\gh.\h_ i owas
deomonstrated * that mdst  theoretical models of reading postulate a  difect relationstup
between  efficient word  recognition and  rcading  comprehension abn'ln_\ Such  a
postulation has gained support 1rom\a varicty  of  studies  using  Jifferent rescarch
paradigms. Studies of eve movement patterns, studics of word recognitton automatiaiy.
studies of word recognition speed. and studies of word recognition in conteat have all’
pointed 1o the repeated finding that accurai‘c‘ automatic. and rapid context-free word
recognition is a key factor disinguishing skilled and less skilled readers from beginming
years up tlo adulthood. In contrast, a scarch inte the reading research of Chinese
reveals that the relationship betwccln word rccognli;)n and reading abilitv f?as rarcly
‘been explored. Although it is reasonable to assume that different wgiling sysxéms may

~ .

efuail different relationships between word reocgnition and rcading compfchension
fluency, careful analysis of Chinese and English as writing systems discloses the
isomorphy of Chinese with English. Empirical evidence has also shown that similar
fuﬁdamemal operations are implicated in processing Chinese :;nd English. Alo&g_/lh/is
line of reasoning, it logically follows that there might also be a strong relationshiff be-
tween word récognilion and reading corﬁarchension .ability. in Chinese readers. | .

On the basis of the above analyses, this study attempted to answer the ques-
tion by conducting two experiments and a control task. Experiment 1 employeq 'a

vocalization task whereas in Experiment 2 -a lexical decision task ~was used. Matching

of dot patterns was utilized as a control task. The usefulngss of these tasks is well

140 -
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documented in reading rescarch of Pnglish. The results from these experiments were in
hine with those of knglsh reading studies. As in the casc of reading knglish, it was

demonstrated 1n this study that decoding and leaical access speed of Chinese characlers

disunguish skilled and less skilled Chinese readers.." Moreover. low frequency characters

~ \ '\ .
and pscudo charactes turn out 1o be ‘the more potent variables differentiating the

performance of skilled and less skilled readers.,

Hence. in general. the aim of this study. in terms of furthering our kn0wlcd'§€"

"~

ab(gll the rclauonship between  word recognition and reading abili\‘fy through an
. . ‘ ‘ y\ ‘~
investigation of the performance of Chinese readers, has scemingl)f‘ been met.

6.1 Implications for Future Research and Reading Instruction ,\\\\

&

Several implications and suggestions can be derived from the - results of the
*
’ A

present study,

First. since this study only dealt with Chinese adult readers, il'would be \‘of
interest to extend the present invesligatioh 10 younger reader in an attempt 10 gain
further insights into the nature of individual differ%eﬁs in reading in Chinese childrin.

Sécond, speaking in terms of stimulus séiéétion, it was shown in this st};dy
that 'low freduency characters and pseudo characters are the two more pbte’m variables
diﬁ"ercmiating the performance of skilled aﬁd less skilled readers. As’ a result, it is
sﬁggested that th'ese' two variables be further investigated in future research. On the
other hand, du_e 10 only partial success with the .manipulation of the variable character

complexity in' this study, future researchers who are interested in examining the effect

of character complexity on character recognition .are advised to take other factors such

as the structure and balance as well as the semantic-phonetic components of the char-

: Y
acter into consideration. ' \

3 . . . . * k. -
Third, the demonstration of  the strong relationship between word recognition

and reading ability in this study is confined to visual recognition of sihgle characters

>
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and 1ts relationship to reading comprehension ability. Since most Chinese wor~ds ar¢
two-character ’words: future rescarch should further cxplore the issue by cxtending the
research paradigm 10 (wo-character words. It would also be interesuing to invesugate
how various contexts affect cha.racter and word recognition 1in Chinese readers.
Although more rescarch is needed before any specific implicatiun; for reading
instructton  in Chinese should be made, one gena;al implication can be dernived {rom
present results is  that, since word recognition 1s  highly  related 10 rc;ld'l;lg

comprehension, children should be taught to master word pecognition skill. Speahically

as the results of this study have shown, accuracy of ’(v,»ord recognition 18 moderateh
related to reading ability while speed of word recognition is highly related 1o reading
ability. It is thus suggested thal automatic and rapid word recognition 1s a usclul
instructional goal beyona .accuracy .‘

It should be noted that, however. the above suggestion doces not im'pl,\'- that
merely spccded practice of ’w0{d recognition nalumlly leads to better reading
comprehension. Reseé;rch evidence {(e.g.. Fleisher, Jenkins, & Pany, 1979) has shown
that merely training a student (o0 say words qﬁickly does"nol necessarily .result in

better comprehension. Moreover, as pointed out earlier, it is likely that the deficient

\

word reéognilion performance of less skilled readers might be due to their lack of

TN .
verbal knowledge. Linguistic awareness, therefore, plays an important role in the devel:
— 4

opment of reading skill. In this context, Perfetti’ (1985b) niccly = describes the

interrelationship beiween verbal knowledge and  reading practice:

.

. ... lexical access is a fairly comp]ex business and that children,
who are not good at it typically have insufficient knowledge
concerning orthography or related components of lexical
knowledge. This leads to a different perspective: Children need
to acquire a rich word representation system, including the
decoding principles. Practice wili increase efficiency given
adequate knowledge, but speed of word processing itself is a
by-product of the acquisition of Jexical knowledge and of prac-
tice at using this knowledge. Thus speed of processing reflects
knowledge and practice, and .lack of speed reflects lack of

. ‘ knowledge or lack of practice (p.235). ‘

.
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Foliowing Perfetti’s ana'lysjs, it is suggeéled lvhal both speed and know‘ledge of decoding
principles arc objéclives of reading Tnstruction. Again, this suggestion does not imply
thal,omcr comprehension instructions arc not usecful. Indeed. the interactive nature of
the reading process clearly .assumes the imerdepcndence: bf word recognition and reaaing
comprehension. All in all‘ what s sugéested here is that efficient word recognition in-
cluding the lcafning of deco‘di‘ng princip’les should be objectives of reading instruction.
This does not "deny the possible cgrft{iQuliO_rg;\ of other rgading inslr.ucn'ons.

In conclusion, by invésligaling the rclau’ofxship between word recognition and
fecading abiljilly “through the performance of a group of Chinese adult readers; the
present study pro.vided sdmc insights into the nature of reading as a universal linguistic
acitvity. Given the wide-sprcad use and lhé_ unique cha.raclerislics of the Chinese lan-
guage, it is” an ‘cx"lremely fertile area far the study of hum‘érl) linguistic information

AR . .
processing.” Further siu'dies of reading in Chinese will definitely - provide some more

. . .
. S . . . ' L .
fruitful results contributing to our understanding of the process of reading.

KN
N £
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Comprehension Sample 1

When Tao Hon retired and live in Canton, he transported 100 bricks out of
his study room every morning, and transported them back there again in the evening.
Pecople wondered and asked him. He said, "The government is undertaking the task of
reccovering its territory. If our life is too comfortable I doubt if the goal will be
achieved. Therefore, 1 want myself be laborious.”

Later, Tao was named commander of the west expedition, in charge of the
military affairs of four great districts. Officials and ordinary citizens of these districts
were just happy to learn that. .

Tao was clever and hard working; he was always at his desk. He oversaw even
cvery minor business of his army and had little free time. He always said. "kmpe or
Yu was a saga, but he dared not waste a minute; we are ordinary people, therefor,
we should not waste a second. We should not indulge ourselves in playing and
drinking. If a person does not do somelhing for his society, he will not be
remembered when he dies. It is a disgrace.” :

Whenevgr® Tao found his subordinates in a party, he ordered to throw all the
drinking and ..g%me equipment into the river, and had the subordinatles severly beaten.
He said, "Games arc for lowly people. Taoism (philosophy of lao Tze) is noi a
saga's leaching but empty talk. It does not lead to a good life. As gentlemen, vou
must lead a serious life” Therefore, you must not be unrestrained in your own
manner.”

Whenever somebody presented him a gift,. Tao must ask where it was from. If
it was made by that person, Tao would be happy and accept it. In return he would
give the person a gift of three times the worth. If the person could not give a
satisificd rcason ;xplammg how the gift was from, Tao would reprimand him and not
accept it. *

One day. Tao was on a tour around the county. He saw a person holding a
bundle of green rice plant. Tao asked him, "What is it for?" The person said, " 1
found it on my way. So 1 took it for play.". Tao was furious and said, "You are
not a farmer, but 'you waste other people's rice plant.” Tao beat that person with it.
Gonsequently, people under his government worked hard <in argicultural production.
Everbody was well fed.

Answer the followmg questions :
13. Why did Tao Hon transported the bncks day and night?
(1) He wanted to strengthen his body.
(2) He did everything ,Jnmself
(3) He wanted to use up his leisure time, but he did
‘not_have other . things to do.
(4) He wanted 'to strengthen his mind.
(5) He collected materials for the. coumry 's development.
Only (1) (3)
Only (1)"(4)
Only (2) (3)
. Only (1) (2) (5)
Only (2) (4 (5)

S moom»

14. In the followmg what were the things Tao Hén forbid hxs subordmates to do?
(1) Discuss opera. . .
(2) Gamble. :
(3) Party. with herdsmen.
(4) Party and drink wine..
(5 stcuss ‘works of Lao Tze and Chuang Tze (Taoxsm)
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Only (2) (4)

Only (1) (2) (3)
Only (2) (3) (5)

- Only (1) (3) (4) (5)
Only (2) (3) (4) (5)

ToOowE»

15."Why did Tao punish the person who was holding a bundle ofgreen rice plant in

his hand?
(1)
(2)

(3)

(4)
(5)

16. What

mooE

-

Because that person thought it was fun o pull out rice plant 4
from the field. v

Because the rice plant that person pulled out was nol grown vet. H
Because that person was unwilling to do farm work.
Because that perosn damaged the producc of others.

A. Only (1)

B. Only (1) (4)

C. Only, (2) (3)

D. Only (2) (5)

E. Only (3) (5)

Because that person stole it, -

was Tao Hon's attitude towards people who presented him a gift”

Whenever " he was presented a gift, hc returned that person a gift
thfee times the value. .

Tao would only accept small gifts.

Tao would only accept gifts presented by laborers.

. Tao would not_accept any gift. Instead he would reprimand the scnder,

It depended on il the gift- waS~madé by the person himself.
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_Comprehension Sample 2
[ 4

On the third day of May, like am ever-galloping horse which arrived at a
stablc, or a tired bitd which flew 1o a brameb! finally settled down at a quiet place.
Now, 1 am far far away from lown. | came here with empty hands. without a pen,
a book, nor a printed page thathas anything associated with the present. I am clear
of any responsiblity in this world. just like a new born baby which is 10 be baptized
in front of God and to be presented 10 nature. . :

I am not .escaping from life. There are shelters of the hot sun and the storm,
but there is no refuge of life. I am not worricd about the struggles in my life,
neither am | twrning mysell away from society. To live is-like to grow a plant,
rcality 1s the soil. No plants will grow if they are not grown in the soil:

No matter how unfascinating and suffocating reality is, I still can stand it, not

for emotional rcasons. Althqugh in younger days, | was as aggressive as a torrent,
now 1 am as calm as the unrunning water. All my feelings reside deep down in my
mind, and are nol agitated. 1 retreat to this quiet place because I am ill. in need of
some rest. . -
Being ill? Yes, but not physically. I have struggled with iliness in my whole
life. 1 have never backed down. Now, it is my mind that is ill. It is (0o tired that _
it does not regard a thing inspirational. idealistic, imaginative, or hopeful. It is like a
coal-oil light that, being suffocated by it own deposit, gives out not light and heat.

A clever doctor rescues lives. Is there a clever doctor who can cure an
" unaffective mind?

- Wonderful. medicines cure hopeless iliness. s there a medicine for a withering

mind? ' , ‘ -
No. I have-not heard of it. Suddenly, a poet came 1o my bewildered mind.
He said ... if* you understand nature, you will not feel lonely when the world is
unactive. You will .pot feel bored when it is void. You will have consolation when you
are fustrated, words of encouragement when you experience setbacks, support when you
arc tired, and guidance when you are at a loss. : ‘

Thus, I give up everything, quietly come to this place.

Answer the following questions: | X s T S .
37. The writér wants a Q.Y_liey place because -
: His mind is ex 3ﬂs1ed.\
He is cynical. oo
He wants to b/ a hermit.
. He is emotiefial.
He is physically sick.

mUOw>

38. The writer's opinion of reality is that
: Reality inspires ambition.

One should escape from reality.

.. Reality is cruel and merciless.:

.~ Reality is ugly and boring. o

Reality smoothes a person's ambition. ~

MmO

39. When the writer is mentally exhausted, he is
. A. Absolutely quiet. ' :
Extremely bored.

Passionate '

.” Contradictory.

Happy.

MmoQw»
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40. He belicves the best cure for himsell 1s
A. Being calm and rational.
B. Being brave to accept any challenge,
C. To see a good doctor.
D. To frequently reflect what he did.
E. To be detached from society, and to return 1o nature,
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&
Tablé .ot ANOVA for Vocalization *
Latency Data (l.og-transformed Mean Scores)
Involvhng 2 (Reader abjliyy) x 2 (Character frequency)
.x 2 (Character®complexity)
\ ,
(N = 46) g
- .
Source - DF MS F
o ) o t
Between ' -8 . ’
Bl (Reader ablllty) s 1 1.69 16.69*** o e
Error ..‘ ) Y 0.10. : ’
‘Within - - o o ‘ Ll
.. Wl (Character frequency) -1 ' 8.37 .502,97**x* . B
(;wl.x B - 1 0.16_ 9.50%*
“Error L 46~ 0.02 s
W2 (Characrer complex1ty) 1 0.04 15, 70%%*x
W2 x. Bl , 1 .64605D-2 ~ 2.38 7
»Error . Y +.27099D+2 .
WL x w2 1 0.03  10.39%%- <
W1l x W2 x Bl- . 1 .96241D~ 2v' S 3,210 .
CError . - % A 15 .‘299400 2. s
¥hkk P ¢ '0001 : . o . .,':ﬂ_i._ Lo S '<1 #
k% P ¢ 001 e Do - IR o
**-’Pd< _AOD»I_{“.‘. L .



173

k‘) “ ’ -
= .
| - EEE R
Appendix G . . c T



174

Table ot ANOVA for Lexical
Decision Latency Data (Log-transformed Mean Scores)

Involving 2 (Reader ability) x 2 (Character type)
g x 2 (Character complexity)

(N = 46)
/\ 1
Source DF MS I3 ,
Betﬂeen . 4
Bl (Reader ability) - 1 1,41 11.46%%
Error "4 A D.12
Within T
Wl (Character t:pe) X 2.01 106 . 88****
Wl x Bl | ~ 1 p.07 3.51
Error , - 44 - 0.02 S
w2 (Char”agter complex1ty) 1 :j 1 0.31 ‘66.8'1***.
W2 x Bl ) , 1" .55722D-2 0.12
Error - ‘ N . 44 :A6085D -2 . :
Wi ox W2 - ° = -0 1 .36124D22 - 1.4
‘Wl x W2 x BI - .1 .36189D-2 ~ 0.l4
Error =~ o . ) . .s A& .2560D-2
Caxxx P ¢ L0001
*% P ¢ .01
. o - ‘—_" LK
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1) <
(( Table ot Intercornld(i()ns among
Reading (omprehenslon and Vocallzetlon,latcncics N
(Log-transformed Mean Scores) of
Four Classes of fhdrd(terﬂ a {-1.%

6

(N = 46)
Variable RC HS HC 1's 1.C ’
Reading;comprehension :
abili{y‘(RC) - 1.00 g
High frequency , ‘
_simple-character (HS) -.41 1.00 i . ’
‘High frequency , ' , .
complex charactgﬂ'(HC)— 38 .97 1.00. ' T :
. Low frequency ' . E : .

s:xgle charactér (LS) -.49 .78 .76 .1.00_

Low frequency

~complex chéracter (LC)— 61 74 .72 .91 1.00
N . .
. ,
“ . | ) — . .
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Table ot Multiple Reéxession Analysis ,
on Reading Comprehension Utilizing Charactel
Vocaliration lLatencies (lLog-transformed Mean Scores)

) as Predictors
- : TnE g6y B
a - . .
Step R Beta “ Multiple Increase
entered Varnigble weight R R in R
1 Low frequency :
complex character ~-.94 .61 .37 37
2 High frequency - '
complex character .20
. o .
TLow fro 'quency:, : .
sy simy fharaé%e; .34 ;
AL iy 5
. ' R ’ v .
v4 High freqdency . - 3
A51mple character -~ 16
1 sg2 434 6 . .63 .40 .03 7 ’
, - . -
l" v ’ ‘-. . ’ s . )
*%k* P ¢ 001 R ‘: : T

o Thls column reflects beta we1ghts after all

‘varlables were entered

Ve R R . o B

&}
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~

Table of Intercorrelagions among’ .
Reading Comprehension and lLexical Decision
lLLotencies {(Log-transtformed can Scares)

of Four Classes of Characters

, .~
(N = 46) - .
, Variable RC aSR CR sp P
Reading comprehension . ‘ 3
ability (RC) 1.00 : : : e
Simple real , . .
character (SQ) -.40- 1.00 : ' .
Complex real \ oo ‘
character (CR) -.37  .92., 1.00
"Simple ‘pse.. .0 T o ‘ - : . "
character (SP) -.47 .75 .78 1.00

Complex pseudo . o . : )
character (CP) - ™ ~.49 .71 .78 .93 1.00
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Table of ﬂnl.tlple Regression Analysis "’.\‘ Reading
(:()mi)??h('nﬁlor[ Utilizaing ,LexicalrDecisaron Latenciasw

"‘;_."A’ ('l.og»txanstormed Mean scores)
, N ofs Characters as Predictors
(N = 40) b
I4
> . -
r__"l"-:“‘_"-"'—‘“"-‘—"_k-‘_‘_""'—'"‘“-“‘_*—‘_‘“'.'_M"”‘_ ,
Sgep , Beta. Multiple Increase
“entered Variable weight' R R in R
1 Complex pseudo ' rl .
character -.50 49 .24 L2L%xx*
- ]
- q
T ‘
2 Simple real. (
character 7:39 .
ic Y “‘1"" . ‘
@ o g »
3 Simple pseudo .
character ~ - -.03. ,
~ .
4 Complex™-real . .
i character 40 - :
1+ 2 +:3 4+ 4 - 9% .26 .02
‘ ) ) " ) ,
- o 1 . . ‘
*** P ¢ 001 . g

Qi'ThisAcqlumn.veflécts’beta'heights after all

variables were entered.

~



