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EFFECTS OF HIGH FREQUENCY FILTERING ON VISUAL SEARCH 

IN READING DISABLED CHILDREN 

Recent experimental evidence has described the ex1stence of two 

parallel visual s ub systems which operate from 
I 

the ~-- .. 2 t J.n -::1 tD th('2 

VJ.S UC:\1 COI·'te:-:, system and the transient system. 

The primary function of 

detai lt--?d ,;:,_bout v1sual stimu lus . It ·func:tiorls 

pred~minantly as a pattern 

system is most sensitive to stationary stimuli. It :i.~::; c\ hic_ih 

acuity, high spatial t r::~mp o ~'<=•.1 frequency system. It 

responds throughout the st1mu lus presentation and continues 1ts 

activity after removal of thr-2 ·sti inulus, producing a s1gnificant 

persistence effect, the name sustained fh·~-: 

sustained system 1s most important 
.;L 

in \/ i SU.B.l acuity and color 

v ision. The sustained system seems to be best desigNed for the 

' identification of patterns, resolut1on of .:::<.nd th~:-? 

3,4, !>, , 

perception of color . 

The transient system transmits general information about stimulus 

It is primarily a fl1cker or motion detect1on system and 

is most sensitive to low spatial and high temporal frequenc1es. 

The transient system is thought to be involved in the perception 

of motion 21ncl c:lt::!ptJ--1, brightness discriminationl 

eye movemen ts and the localizat1on of targets 1n 

to ·function to accomplish a qu1ck g l obal a n alys1s of a v isual 



scene. 

is b e l :i. t?::\/f2CI 

th<3. t the transient system has temporal precedence. 

preattentively and functions as w ,~'ll""' n :i. n q <:-:;ystE-?m. It 

performs a globlal analysis of the incoming stimulus, parsing the 

field into units and regions and coding t he position and movement 

of oGjects 1n space. The trans1ent system may function to direct 

the sustained system to particularly salient areas where it might 

btE! mo·:s t efficacious to perform a more detailed analysis oi the 

shape and c:olclt' o"i' CltJ j f:?C t <;:;. T'h(e funct:i.uninq 

system, then, would depend to a degree on the prior output of the 

7 
transient sys tem. 

The two systems can also mutually inhibit edCh 

on in h i b i t i or .. , i ·:::; rnol"'f:? comrnon. ·r t'' .,,,~, n ~::; i e:.· n t 

system response from eye movements would inhibit the continu1ng 

sustained system response, reduc1ng the duration of the stimulus 

visible persistence. fl·--, is t E· t''fii :i. nat :i. or·, the sust a ined r e sponse 

allows the visual system the information extracted 

·fr'om successive ·t' :i :-:at ion ·:s. the t 1·'2\ns; i t:::n t 

system after each saccadic eye movement exerts inhibition of the 

p e t":; i s t i n g s y:-::;tem acti v:i.t y· dl.lt' i l'";g the 

preceding fixation. The resultant response 1s a stable, distinct 
318 

flow of visual input. The transient system h a s a ma jor function 



F'a.,~e ~:. 

i r·, 1·'ee:1d i n1~ Transient channels, 

stimulated by eye movements, dim1n1sh the trail1ng 

visible pers1stence of the 

fi:-( at1on. 

L.oveg r·ove ,::~s;soc :i. ,:;, t e: ·:::; 

sustai ned channels from the prev1ous 

''''· t 1··· .:::\1''\ s; 1 €'2 n t s; y ~:; t t:::· m 
9-17 

deficit in subjects with specif1c 

have ' shown V i ':S Uc\J. 

disabled readers to be 

is i n'v'O 1 ved, but "fc:\iJ. 

c:ond it i IJn·:;. 

than nor·rn,::~l 

mot'€o:> sens:iti\le to 

d i. sab led t'eadf.:?t''S 

d i ffet·ent of 

f t'eCjUen c: il E~S, but the~:;e 

not'ma.l a.nd ,,_, 
activity t'ed u. c eel • 

to SU. t ' i' c:'1C F~· 

transient system processing 

under sustained processing 

frequencies, but equally or 
l/1 t'l1 t B 

':SIJ~'-tla.i. f t'\'2CI uen c: 1 1::? ·::.:;. 

sensitivity and a 

'1:; (7? iTI p 0 (·-· ·::"!. 1 ·:;pa. t i ·.3.1 

temporal processing differences between 

These findings 1nd1cate that clisa.bled 

h.:::~.ve a. cl~?f ic i1:-:nt tr•ansit:?nt t1 €·? a.·:; u t' r2 ·:::; of 

sustained channel 

disabled readers, 
9 1 :J.0 

intact. 

In the p t'eser1c e 

pt'OC::f:?ss:;inc~l did not d if fi'!:'J·' 

th.:::..t thi01 

of t t-·c:\n '::; i. en t 

masking effects would be evident, rendering 

between normal and 

i ·::; 

c:IE> ·fic it, s iqni.fic.:-:~nt 

the reading process 
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:in e ·f i' i. c i f=n t ,:':\ncl c: on -1' 1 • ..1. <:'; j, 1'"1 Cj • 

generated dur1ng each :L n t (:;~ ,.-. v .,;: .. 1 a fixation-saccade 

sequence in D11r::> to the J.or·1q respon s e pers1s t ence of 

su·;:;tained ch.:::..nne l s, this su.sta.1ned a. c:: t 1. ·.,, it ::/ c:ou. l d 

interfere, via forward maskinq by integration, with the susta1ned 

activity generated d 1...1 ,- :i. n q t h r::..~ 

that disabled 

suggests that this ma:5l:: i r·1g mc:<. y bF> mor·-·E~ 

3
1 

e, :J./ 1 .,'1.~ 

disabled readers than in normal readers. 

vJhen the two systems are operating 

·r h E' 'f i n cl 1 n c.l 

se \/el·"'" e 11"1 t: h ~ .. ? 

global precedence of the transient system information allows the 

subject 

sus; tai nd 

to p E~t·'ce i ve et. 

input 
q-(1 

ca.n be 

·f t'Oin wh :i. c: h 

properly seJ.ec:tecl, 

!.::Ji \'en !-'Jh.::tt i<::; the perceptu~l ' functions 

tlv,;~. t c:h i l d r·'0?rl with a reading disablilty stemming from transient 

malfunction would shc:Jw de'f :icits in g .t Db,::;,]., 

pr·'oc:essing on finE·? tempor'c: ... l 
7 

t'E~t:;;o J. uti on. 

A transient system de-ficit should have ]. mp E•.c:: t on 

t<!:l.sks requ1re eye movements. l.~l :i ll1 <"':\rn ·::;; and 

leCluyse have demc:Jnstrated the differential i. ii'lpEtC:: t D ·f 

movements in thE2 r·'ea.d :i. n<;:~ compt'ehen ·::;; ion C:.\ f disabled readers. 



Reading comprehension was reduced when passages of text were 

displayed line by line, as opposed to s1ngle word presentation. 

that the demand for eye movements 1n the reading 

task has a detr1mental o:Jn in 

7 
disabled readers. They found that normal readers performed the 

same when reading without eye movements, with free eye movements 

and with guided eye movements. 

F'et'fot··manc:e ~·~·=-•.·:::; also measured under blurred c:c:>nd:ltior··;::; 

evaluate the contribution 1-f i C)h spatial frequency / sustained 

system infc:>rmatic:>n. In normal readers, blurred 1mage performance 

deteriorated as eye mc:>vement became more difficult. 

D i S<0:1.b 1 ed 

conditions, performance imprc:>ved in free eve movement condition, 

demonstrat1ng a benef1cial effect D f i iTi a. 9 e b l u , ... t·' 1 n g . ' B 1. u ,.-. v~ as 

' also found to increase the reading rate and decrease the span of 

a.ppt'ehens ion <number· of characters processed 1n each f i xat iDn ) 

of disabled readers. found i r·1 

p t'esen ta. t ion ·f 1...1.r··, c: t: i. C)n is not 
8 

significant factor under these cond1tions. The dramatic effect 

:i.mai~e blu.r·t-·in<;~ visual search and read1ng performance of 

disabled t'i'::) a ci f?.t·' s i :-::; bel ir:::.>-../eci t D b f-2 cl1 ... \ E' . t Cl 

dimini.s;hing of tho:':? con t t'dS t of h1gh spat1al freque nc1es a nd the 

resultant decrease 1n the <.<.mp.l.ituc:IE'!! of the susta1nec:l components 

of a visual response~ and as a result, re-establish the normal 
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tempot'al in t~:.;·l·'dc: t :i. on '"; y· ·:::; t E·' m 
"1 

p CiU I·' .i. '/ 

functioning transient sy~tem 1n d1sabled readers. 

the prevalence of reading disabl1lt y in school-age 

Lovegrove and assoc. f OU. n cj 0 \!f:::: t ' 

t; h f?. <.s peci f:i.cr.:\lly reading-disabled studied manifested a 

transient system def1cit. research has defined the 

differences between 1.; h t!:~ ·;:::.J.J.·==:; ti':•.J. nt0d 

described the results of a trans1en t ·~.:, Y' :.;; t "'' 1T1 ci E·' ·i' 1 c :L t , 

need for a practical 

v-.~ith a system defic1enc y . ·rhe Developmental Eye 

· t•tovt:::>men t (DEl"!) test will be used as a possible way a 1dentifying 

transient system deficiency. This test assesses the ·func:t::ton u·i' 

the oculomotor system in an envirionment that simulates readi ng~ 

but in the absence of signif:tcant cognit1ve load1ng. ~ It includes 

a comp<::~t' i s:;c:>n 

horizontal eye movements. to d 

s<::~mple of twent y- three ch1ldren, grades two and three, defined as 

reading disabled by tl'iE' i I" ·:sehoul The DEM will be 

and a second time under filtered A high frequency 

i'iltt-~t· ~'lill order to avoid the effect of improved 

performance with learning, it will be alternated which 

ad rn i n i s t; r·· c.~ t i u n ~'I i l 1 f :i. t'·:::; t. A comparison between OEM 

scores with and w1thout the filter will be made to determine the 
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h :i. cdh 

s1gnificantly 1mpro ved score under filtered condit1ons would be 

indicative of a transient system deficit. 

RESULTS 

Hot~i:::::ontal Time 

The horizontal t1me record ed when adm1nstering the Deve lopme n ta l 

read the horizontal 

arrangement of numbers adjusbed for the errors made. 

horizontal time on the OEM without the filter was 76 .12 seconds. 

The range was from 4 2 to 109.2 seconds with a standard de via tion 

The mean t 1me with the filter was 73.94 seconds. 

range was from 47 to 113.8 seconds with cif::~v 1 i:O\ t 1 on u f 

Tl . r;_; S~?concls . The Sign test of difference s between means sh owe d 

to be sign1ficantl y 

without the filte r . 

Ratio 

The ratio score that is recorded when administering the DEM l S 

the ratio between the adjusted horizontal time a nd the sum of the 

time t'equ i t''ec:i to read both vertical sub-tests. Tl'"i1S i·:::; u -:::;r:::,>cl to 

directly compare h D t' 1 ;: on t -:':'•. 1 

(automaticity plus oculomotor control) test performance levels. 

Ratio scores significantly greater than the expected values 



a greater difficult y 1n 

horizontal eye movements are requ:tred. 

OC: Ll J. OIY\Cl t 0 r' 

.l3 

The mer.:1n ratio sco re without t he filter 1n place was 1.64. 

range was from 1 to 2.5 w1th a standard de v 1at1on 

mean ratio with the i' .L .l t f.0 t' 1 fl 1. ~=su. 

a standard dev1at1on 

rh r.0 

Thi2 

lrl wa s not significant according to the 

Sign test. 

There were no errors made on the vertical 

Mean errors made on the hor1zontal component w1thout the use of 

the filter was 9.35. The range was from 0 to 29 with ~ standard 

l 
devi,;=..t icln o·f The mean errors with the filter in place was 

The range was 0 to 2 1 with a standard de v 1ation 

The difference between two means was not 

significant according to the Sig n test. 

DISCUSSION 

Although the difference between use of 

in mean horizontal the only difference found to be 

significant according to the Sign test, there 1s more to be 



gained from this study. thf2 23 students tested 

made fewer errors with th e filter than without. Twelve of the 23 

students tested scored lower ratios with the filter than without. 

Thirteen of the 23 students tested requ1red less t1me to complete 

the horizontal portion of the DEM w1th the filter than w1thout. 

Twelve studen ts showed improvements 1n hor1zontal t1me, ratio and 

errors with the use of the filter. 

It would appear as if 1" :i l t F21"' J. n ':;.i ou. t 

impt'oved the performance of the students test e d. 

This suggests that these are the students with a transient system 

deficit. Previous studies have found as man y a s 7 5 % of reading-

disabled students to have a transient system def1c1enc y . 

the criteria of improvement in hor1zontal time, ratio and errors, 

fifty-two percent of the students tested 

transient system. 

Compa.t'ison of the mean hor:tzontal time of the trans:tent system 

deficient students shows a 1.<7' . 6 second :tn tfl(·? "i::i1T1E? 

t'equ i t'ecl when the filter was used. Mean without the filter was 

80.59 seconds, with the filter was 60.99 seconds. t"' -~0::•. 'f:; l CJ () ·f 

the transient system deficient students was also reduced w1th the 

use of t h e filter. the fi l ter was 1.84 with 

the filter was 1.54. Finall y , mean errors were greatl y r e duced 

with the use of the f :i. l t r::r··· 1n th(0: ·:; y ·:::;t(':::!!TI cit0fl.C:1(·;~nt 



Mean errors w1thout the filter was 1 2 .42 and w1th the 

i' i l t e t' ~"a. s b • 4 2 • These stat1st1cs are beltev ed t C:J mu.c h rno l·'t::.' 

va lua ble 0 i' 

{4n£~. 1y;;ls u ·f system def1c1ent students' 

sc ore s indi cates OEM comb1ned with the u~e of a filter 

i s an effect1ve wa y to detect trans1ent system def1c1ency. 

' 

CONCLUSIONS 

1. The Developmenta l. Eye Movement test may be a good test to u se 

cl1nic::<::dly t o d E~ t f? t' m 1 n E:' the presence of a. 

c: h :i. J. cl t"' iO:'fl" a high frequency 

f i l tet' and c:omp .3. t··· 1 ~;on of the scores with a n d w1thout the filter 

may be one way 1n whtch to do 1t. 

rat1o and error~ ~here were 

I 
J. a!'"'(~ €0 d i f i' f21'""·E~I"" ·I C: ('2'3 ~--1 :i. t h ,:\1"""1 c:i f{-1 :i. 1:; h DU. "1:.: 1.; h (·:·~ U •:;;E! 0::) 'f' .::;; f j_ J. t; E• 1· ' . 

Specifi c cr1ter 1a would have to be de t ermined wh1c:h WCJU.l c:i b f:~ 

without th e use ot a filter are cl1nically ·::. 1 q n :i. t i. c:: .:;u·1 t . F CJ t' 

instance, are tmprovements requ1red in horizontal t:i.me, rat1o and 

errors or is any one score more SlQnlficant than the others? 

Future studies shou ld address this question. 

~::. .Finall y , i -f thE' DEt•l cou.ld be US!:?cl 
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deficits, what would be the indicated therapy for childr·en w1th 

transient system deflcits? 
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