
, --- 

San Francisco 

of asymmetry were found for the two groups in silent vs. oral reading at arbka;llparal 
placements. A marked asymmetry (R > L) was found at the midtemporal mgbi 
for both v p s .  

EEG AND ERP STUDIES OF DYSLENA 
A number of investigations have employed EEG or event-related potential 

e dyslexic from control children tW) techniques in attempts to d i m  
and to identify brain mechanisms underlying specific rwding disability. 
However, there is as yet no consensus on whether 
ERP features characteristic of dyslexia (see reviews 
Hughes, 1977; John, 1977; Preston, 1979; Shipley, 1 
contribute to the lack of consistent findings: variations in criteria of 
abject selection and in strategies for EEG and ERP recording and d y s i s .  

First, most studies have used heterogeneous samples of reading disabled 
This work was supported in part by the California Association for Neurologically Hand- 

kippd-Children; NICHD Contract N01-HD-2824; office of Naval Research Contract 
SWO14-75C-0398; and Langley Porter Institute BRSG Grant 2-507-RRO5755. We thank Dr. 
M. E. Kiersch, Dr. S.Sie1,  K. Woodruff, K. Nemire, M. Moms, and D. Kunis for their 
klp in data collection and processing, and Dr. Jane Rowe for performing the neurological 
cl;rminations. Send requests for reprints to Dr. Jack Johnstone, New Hope Pain Center, 
100 S. Raymond Ave, Alhambra. CA 91801. Dr. M. Marcus is currently at Brentwood 
V.A. Hospital, Los Angeks, CA. 
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1 children, without adequate control over confounding demographic, sensov. 
neurological, or psychometric variables. Handedness and sex have varied 
both within and between studies without being evaluated as controllrd 
variables. Samples have included children with impaired sensory acuitj. 
hyperactivity, emotional or psychiatric disorder, assorted gross neurolo$crrl 
signs, or below-average IQ. The studies with better characterized subjects 
have used relatively small sample sizes. 

Second, many different approaches to EEG and ERP recording and 
analysis have been used. Initially, EEG studies of dyslexia relied on 
clinical interpretation of the EEG tracings recorded from passive subject5 
While effective for evaluation of neurological abnormalities such as epiJrp5) 

has progressed both with advances in quantitative analysis of the EEG 

studies can evaluate both “state” and “trait” models of dyslexic hmin 
dysfunction. Recordings during passive conditions can reveal possible 
“trait” EEG parameters characteristic of dyslexia. Recordings during 
active language behaviors can uncover brain dysfunction which is only 
manifested when specific task demands are made upon the individual. 
We have recorded both during passive conditions and a variety of active 
conditions, including several types of reading. We suggest brain dyk  
functions manifested during reading processes are more likely to be 
unique to dyslexic populations and hence offer the greatest diagnostx 
promise. 

Reading is a complex of many subprocesses. Some studies have examined 
natural reading whereas others have only looked at certain componentr 
of this complex. Natural reading (extracting meaning from connected 
prose) requires, in addition to the decoding of individual words or syllahIr5, 
the integration of serial fixations, targeted eye movements, decoding d 
transition probabilities between words, and the understanding of syntax 
Several ERP studies have used tasks with linguistic elements such as 
letter or word recognition (Ahn, 1977; John, 1977; Preston, Guthrie, k 
Childs, 1974; Preston, Guthrie, Kirsh, Gertman, & Childs, 1977; Shelburne. 
1978; Symann-Lovett, Gascon, Matsumiya, & Lombroso, 1977) and re- 
ported differences between dyslexic and control groups. Those studies 
which have used well-characterized dyslexic samples have suffered fro* 
small sample size (n < 10). John et al. (1977) studied a much 1ar.M 
sample of “learning disabled” children, which included many children 
with disabilities other than dyslexia. The major group differences repofld 
are apparently not specific to dyslexia (Ahn, 1977; John et al., 1977) and 
not specific to linguistic stimuli (Ahn, 1977; John et al., 1977; l’rt%m 
et al., 1974, 1977). 

There are several studies which have employed spectral analysis ~4 

I 

L 

I 

or tumors, the clinical EEG has failed in attempts to uniquely characterize 
dyslexic brain function. Electrophysiological investigation of dyslexia 

and ERP and with the use of active task challenges. EEG and ERP L 
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le EEG during silent reading in dyslexic and non 
knkla, Bartels, Sandini, & Keissling, 1980; Leisman 
Mar, Hanley, & Simmons, 1972, 1973). All of thes 
dent but not oral reading and did not control or 
5fficulty for the individual subject. Sklar et al. (1972, 
roup differences (dyslexic: n = 12; control: n = 13 
wwer during reading (dyslexics showing greater pow 
*ere less discriminating than differences found dul 
primarily higher relative alpha in controls). Leisn 
1980) report no difference between groups (dyslexi 
t = 20) in EEG spectra during reading, but signific: 
lipha power in controls during rest. Duffy et al. (1980) 
Siding: higher absolute alpha power for dyslexics 
goup differences during reading than rest. The stl 
1980) used very few subjects, and did not control for ha 

rl = 8, 2 ambidextrous, 2 left-handed; controls: n = 
: left-handed). Further, the large number of statisti 
Jn this small sample makes conclusions based on st 
:enuous. There are also conflicts between the rep 
1972, 1973) and Leisman and Ashkenazi (1980) w 
ifierences in EEG coherence during rest and read 
hfficult to draw any firm conclusions from these stud 
Jifferences between dyslexics and controls specific 
ace the same reading material was usually used fc 
control subjects, task difficulty was an uncytrolled 

To evaluate whether there are group difference 
rtivity during reading which are not secondary to I 
have recorded during both easy and difficult readir 
addition, we have examined oral vs. silent reading 
iQO types of reading require different information prc 
\Kat reading allows for better performance monitori 
h a y  screened subject population, and the relative1 
rechnique described below, which combines eleme 
ERP paradigms and lends itself readily to quantitat 

This report presents data collected as part of ar 
the neuropsychology of reading disabilities. The ev 
94 day psychometric battery, vestibular and eye mo 
khavioral laterality measures, and 2 full days of 
*cording, including conventional task-relevant ERI 
EEG. Results from each of these areas and relations 
ken presented (Galin, et al., 1981; Brown, Haegerstl 

d., 1983; Brown, Haegerstrom-Portnoy, Yinglinl 
h n ,  Haegerstrom-Portnoy, Yingling, Herron et i 
;%3; Galin et al., 1982; Yingling, Galin, Fein, Pc 
i983). Further analysis will be presented in future 
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K EEG during silent reading in dyslexic and normal readers (Duffy, 
xnkla, Bartels, Sandhi, & Keissling, 1980; Leisman & Ashkenazi, 1980; 
;&r, Hanley, & Simmons, 1972, 1973). All of these studies examined 
dsnt but not oral reading and did not control or manipulate level of 
:ficulty for the individual subject. Sklar et al. (1972, 1973) reported that 
poup differences (dyslexic: n = 12; control: n = 13) in banded relative 
gu’er during reading (dyslexics showing greater power in low beta band) 
bere less discriminating than differences found during rest conditions 
+manly higher relative alpha in controls). Leisman and Ashkenazi 
/NJ) report no difference between groups (dyslexic: n = 20; control: 

G = 20) in EEG spectra during reading, but significantly higher relative 
&ha power in controls during rest. Duffy et al. (1980) reported a different 
&ling: higher absolute alpha power for dyslexics overall and greater 
goup differences during reading than rest. The study by Duffy et al. 
$!Nit used very few subjects, and did not control for handedness (dyslexics: 

= 8, 2 ambidextrous, 2 left-handed; controls: n = 10, 1 ambidextrous, 
: !eft-handed). Further, the large number of statistical tests performed 
,UI this small sample makes conclusions based on statistical significance 
ICIIUOUS. There are also conflicts between the reports by Sklar et al. 
1972, 1973) and Leisman and Ashkenazi (1980) with regard to group 

difierences in EEG coherence during rest and reading conditions. It is 
$ficult to draw any firm conclusions from these studies concerning EEG 
hfirences between dyslexics and controls specific to reading. Further, 
since the same reading material was usually used for both dyslexic and 
control subjects, task difficulty was an uncontrolled confounding factor. 

To evaluate whether there are group differences in brain electrical 
sdivity during reading which are not secondary to difficulty effects, we 
have recorded during both easy and difficult reading in each group. In 
addition, we have examined oral vs. silent reading both because these 
!UO types of reading require different information processing and because 
oral reading allows for better performance monitoring. We have used a 
highly screened subject population, and the relatively new “probe-ERP” 
kcchnique described below, which combines elements of the EEG and 
ERP paradigms and lends itself readily to quantitative analysis. 

This report presents data collected as part of an extensive study of 
the neuropsychology of reading disabilities. The evaluations included a 
full day psychometric battery, vestibular and eye movement assessments, 
behavioral laterality measures, and 2 full days of electrophysiological 
recording, including conventional task-relevant ERPs, probe ERPs, and 
EEG. Results from each of these areas and relations between areas have 
been presented (Galin, et al., 1981 ; Brown, Haegerstrom-Portnoy, Adams 
et al., 1983; Brown, Haegerstrom-Portnoy, Yingling, Galin et al., 1983; 
Brown, Haegerstrom-Portnoy, Yingling, Herron et al., 1983; Fein et al., 
983;  Galin et al., 1982; Yingling, Galin, Fein, Peltzman, & Marcus, 
1983). Further analysis will be presented in future reports. 
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THE PROBE-ERP METHOD 
The spontaneous EEG and event-related potential methods each hasc 

advantages in the study of brain mechanisms related to cognitive procesxp 
The EEG can be recorded while people are actually engaged in a ~ j c f c  
variety of cognitive activities, carried out in a fairly naturalistic way. 
can also be used to study entirely self-generated covert mental actib it)  

(cf. Ehrlichman & Weiner, 1980). ERPs usually require repetitive, tranacnt 
stimuli with sharp onset times, restricting the activities which can DZ 
studied with this method. For example, ERPs are used in studies d 
single letter or word recognition. The EEG method, in contrast, is suit&k 
in the study of complex behaviors such as reading in which many \uC 
processes participate and which must be carried out over periods of time 
longer than the several hundred-millisecond samples used to make UF 

the ERP averages. 
However, the ERP averaging technique eliminates artifacts not time 

locked to the stimulus, which contaminate the EEG (random eye and 
head movements, EMG). Such artifacts are particularly troublesome for 
recording during complex behavioral tasks in which subjects mu\t v! 

erect, or speak, or manipulate objects. In addition to the ERPs advmt,igr 
of artifact rejection, an extensive body of literature demonstrates [ha1 
at least some measurable ERP components reflect different levels of 
stimulus and task processing (Le., sensory, attentive, cognitive), and are 
generated from specific cortical and subcortical loci (see Callaway, Tuetiq 
& Koslow, 1978). 

Galin and Ellis (1975) developed the probe-ERP paradigm, combining 
the major advantages of the EEG and ERP methods. They prestxid 
task-irrelevant visual stimuli at 3-sec intervals, while subjects performed 
writing and block design tasks. They noted that probe-ERP asyrnrneti) 
like EEG alpha, was task dependent. Since then, a number of studies 
have used the probe-ERP procedure and generally confirmed that the 
probe-ERP waveform changes as a function of task: Hink and Hillgad 
(1976); Papanicolaou (1980); Rasmussen, Men, and Tarte (1977); Shucard. 
Cummins, Thomas, and Shucard (1981); Shucard, Shucard, and Thorn 
(1977). The conclusions of these studies all rely on the assumption bf 
a brain region is less responsive to the probe stimulus when that regw 
is engaged by the concurrent task. We have in fact shown that tk 
amplitude of modality-specific components, e.g., auditory NlOO and v i d  
PIOO, is most attenuated by a task in the same modality (JohnslW 
1982). Although most of these investigators have used probe ERPs tc 
study aspects of language processing, none have compared dyslexic a d  
normal readers. We applied the probe-ERP method to the study of dysleu 
and normal readers. While subjects performed complex verbal and Wd 
tasks, flashes and tone pips irrelevant to their task were presented 
ternatively at 1-sec intervals as “probes” of brain responsiveness. 

I 

, 
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be probe method we have routinely been able to 
lata in cases where the frequency domain is conta 
e.g., temporal lead recordings during speaking). W 
9th visual and auditory probes to examine the int 
:nd ongoing task modality. The results for the visu 
?resented in this report. 

METHOD 
wbjects 
Reading disabled subjects were recruited by contacting public and  

-vgrams throughout the San Francisco Bay area. Control subject 
k schools and by newspaper advertisements soliciting particip 
:.dving brainwave recording. All subjects were paid $20/da~ 
Zccordings were made from 34 control and 32 dyslexic, caucash 
.Lass, IO- to 12-year-old males. An extensive history was taken 
xpancy and perinatal complications, medical, social, and acad 
4 hstories of emotional problems, hyperactivity, or birth stress we 
Lnening was carried out based on the method of Touwen and 
mial  nerves, muscle strength and symmetry, deep tendon refle 
i c  Categories of motor functioning (balance, tremor, associate 

mements. sequencing), and perceptual-motor performance incQ 
ach, two point localization on fingers, graphesthesia, and imitatic 
9tcria were moderate disabilities in three or more motor categorie 
llsability in the sensory-perceptual area. No child Pith major 
~j dearly impaired motor coordination, seizures, etc., was include 
v7J vtsual acuity examinations were performed. Exclusion criteria, ex 
.kd below, were as follows: for vision, acuity poorer than 20/3 
 ismu us; horizontal heterophoria greater than 6; vertical hete 
3active error greater than 1.5 diopters for myopia, hyperopia, 
>dation amplitude less than I O  diopters (near point = 10 crn 
- -~ ra l  eye health, e.g., history of eye surgery, etc. Pure tone audi 
*>greater than 20 db below 0 (HL) at any frequency between 500 a 
a Merence greater than IO db between ears at more than one 
kcause of the great difficulty we had in finding subjects (includ 

the extensive list of exclusion criteria we reviewed the screc 
C*cral subjects whose problems were clinically insignificant but 
% limits. In audition, two dyslexics had one 25-db threshold 
t%c. In vision, two controls were myopic without near vision 
-a! an accommodative amplitude of 15 cm, and two dyslexics k 
‘bia or tropia. 

subjects were required to have WISC-R full-scale IQ ab( 
verbal and performance scales less than 30 points. See Table 

‘1Q and reading profiles in the two groups. Groups were defined * !Wdebust formula (Myklebust, 1968): 

(2 x reading age / chronological age + mental i 

ages were based on the Gates-MacGinitie (silent readin 
‘ k a l  ages were based on WISC-R full-scale IQ. All dyslexics 
M, mntrols B.93. Oral reading was tested with the Gray Oral Re 

‘U h u e b u s t  scores below .75 for oral reading; controls scorec 
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of brain mechanisms related to cognitive p m u  
rded while people are actually engaged in a W ,  
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;k dependent. Since then, a number of studrc 
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probe method we have routinely been able to collect useful ERP 
&a in cases where the frequency domain is contaminated by artifact, 
:IC., temporal lead recordings during speaking). We recorded ERPs to 
>s:h visual and auditory probes to examine the interaction of stimulus 
-4 ongoing task modality. The results for the visual probe stimuli are 
qented in this report. 

METHOD 

Rcz$ing disabled subjects were recruited by contacting public and private special education 
r.Cams throughout the San Francisco Bay area. Control subjects were recruited through 

s;hools and by newspaper advertisements soliciting participants in a research study 
si,+.ing brainwave recording. All subjects were paid $20/day for their participation. 
psordings were made from 34 control and 32 dyslexic, Caucasian, right-handed, middle- 
.h.,, 10- to 12-year-old males. An extensive history was taken from parents, including 
*cy and perinatal complications, medical, social, and academic problems. Children 
, :h !&tones of emotional problems, hyperactivity, or birth stress were excluded. Neurological 
,reenins was canied out based on the method of Touwen and Prechtl (1970). including 
;&id nerves, muscle strength and symmetry, deep tendon reflexes, superficial reflexes, 
:,c categories of motor functioning (balance, tremor, associated movements, abnormal 
nnements, sequencing), and perceptual-motor performance including double simultaneous 
,w.;h. two point localization on fingers, graphesthesia, and imitation of gestures. Exclusion 

ria were moderate disabilities in three or more motor categories, or a consistent pattern 
-ability in the sensory-perceptual area. No child with major neurological signs, such 

,a Jedrly impaired motor coordination, seizures, etc., was included. Pure-tone audiometry 
nr’ :isual acuity examinations were performed. Exclusion criteria, except for minor exceptions 
.!td below, were as follows: for vision, acuity poorer than 20/30 in each eye corrected; 
:rahismus; horizontal heterophoria greater than 6; vertical heterophoria greater than 1 ; 
:ixtive error greater than 1.5 diopters for myopia, hyperopia, or astigmatism; accom- 
i d t i o n  amplitude less than 10 diopters (near point = 10 cm); any abnormalities in 
zwrdl eye health, e.g., history of eye surgery, etc. Pure tone audiometric thresholds were 
II greater than 20 db below 0 (HL) at any frequency between 500 and 6OOO Hz; in addition, 

d:fference greater than 10 db between ears at more than one frequency in this range. 
kmse of the great difficulty we had in finding subjects (including controls) who could 
xei the extensive list of exclusion criteria we reviewed the screening data and accepted 
wid subjects whose problems were clinically insignificant but who fell slightly outside 
ku limits. In audition, two dyslexics had one 25-db threshold in the 500- to 6000-HZ 
ange. In vision, two controls were myopic without near vision problems, one dyslexic 
d an accommodative amplitude of 15 cm, and two dyslexics had asymptomatic slight 
IEoria or tropia. 
,411 subjects were required to have WISC-R full-scale IQ above 88 and differences 

ewen verbal and performance scales less than 30 points. See Table I for further specification 
!Q and reading profiles in the two groups. Groups were defined using a modification of 

IC Myklebust formula (Myklebust. 1968): 

(2 x reading age / chronological age + mental age). 

ages were based on the Gates-MacGinitie (silent reading comprehension) test. 
k n t d  ages were based on WISC-R full-scale IQ. All dyslexics had Myklebust scores 
..M, controls >.93. Oral reading was tested with the Gray Oral Reading test. AI dyslexics 
ad Myklebust scores below .75 for oral reading; controls scored no lower than 1 year 

t 
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TABLE 1 
PARTIAL PSYCHOMETRIC PROFILE OF GROUPS 

Chronological Gates-MacGinitie Gray &d 
age at screening Full-scale Verbal Performance reading age Rcadir3 3pF 

(months IQ IQ IQ (months) (month 

Control 
Mean 137 113 111 113 165 la6 
SD 10.3 11.2 10.4 12.1 25.1 tt 8 
Range 121-154 88-134 91-139 87-136 120-213 IIo-.W 

Mean 133 104 98 110 99 87 

Range 118-154 90-132 78-123 86-133 82- 124 & I #  

Dyslexic 

SD 9.2 8.2 8.2 10.8 11.2 6 3  

__ 
Nore. Data is given for full sample: controls, n = 35; dyslexics, n = 34; Note that 4. 

34 controls and 32 dyslexics had complete probe-ERP data due to loss of data for tcshnhd 
reasons. 

below grade level. The two groups thus obtained, although having equivalent performasrs 
IQs, were widely divergent in reading ability. ERP differences between these grc.cp\ 
be strongly inferred to be related to dyslexia per se rather than to other neurologw 
abnormalities present in less rigorously screened learning disabled populations. 

Stimulus Presentation 
Subjects sat upright at a specially designed table, 78 x 124 cm, which inclined ma' 

them at an angle of 18". The central panel (54 x 58 cm) formed an opaque work r u r f ~ c  
the remaining 33 cm on each side was a checkerboard (4-cm square checks) panel *ha$ 
could be illuminated from below by two 12-in. flash tubes (Iconix Model 61%3. rk 
checkerboard pattern in the illuminated area provides edges and contrast, which p r d w  
larger ERP amplitudes than plain flashes (Jeffreys, 1%9). Flashes of 37 cd/in.', a p a a  1 
background of 25 cdlin.' ambient luminance, 12-msec duration, were presented rcguia.49 
every other second as visual probes. 

Most visual-ERP paradigms require the subject to keep eye position constant. Houew 
in our experiment some tasks, Le., reading, involve fixating different areas on the *& 
surface. One might be concerned that for visual ERPs even small eye movements mrpthl 
be significant. For example, it is conceivable that differences in the pattern of smdl  C M  

movements elicited by tasks such as reading and block design might contribute to tart 
dependent asymmetries in the ERPs, because the average direction of gaze relatne !O 'h 
flash source would be different. We believe we have obviated this potential p r d h  h 
delivering flashes in the peripheral field (between 40" and 90" from the fovea on each 
and diffused over a large area rather than from a point source. Several studm 
examined effects of variations in retinat locus of stimuli on the asymmetry, amplitb -% 

latency of the ERP (see especially Andreassi, Okamura, & Stem, 1975). The mqor e f l ~ ! 5  
are seen with small stimuli moved from foveal to juxtafoveal loci. With larger stimuli 
greater distances from the fovea the effects diminish. In addition, broad peripheral stun&- 
is minimally intrusive while subjects are performing tasks. 

A small loudspeaker centered at the top of the work area presented 66 db (SPL). * 
Hz, 30-msec tone pips every other second for auditory probes, alternating with the fa* 
Only the responses to the visual probe stimuli are reported here. 
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Bp Averaging 
LEG was recorded from central (C3,C4), parietal (P3,P4), midtemp 
.T4 and T6), and linked-ears (AlA2) leads, referred to vertex (Cz: 
m Beckman miniature electrodes placed obliquely across the left eye. 
6 kss than 10 kohm. A separate montage referenced to linked ear! 
tubtracting the AlA2-Cz channel from the other IePds and rev1 
I reference channel. Only the results from the linked-ears monta 
'c. The advantages of the different references for revealing specif 
6 making inferences about the location of the ERP signal soul 
miely. Signals were obtained via Grass gold cup electrodes and o 
.del 7 polygraph, with Model 7P5 preamplifiers set to half ampliti 
II. The EEG was digitized by a NOVA minicomputer at 256 poi 
d Fourier Transforms, and linear interpolation allowed sampling a 
rERPs. Digitized data were stored on IBM compatible magtape..' 
- d e r  channel containing stimulus and response data were also 
w e d  for 650 msec following stimuli. The amplitude values we 
pals  for a total of 130 data points per ERP. The average of the first 
a used to set the baseline of the entire epoch. Epochs containinl 
x automatically rejected prior to averaging. In addition, EOG was a 
$5 ERP waveforms to be sure any residual EOG remaining after 
tamtribute to the effects appearing on the ERP channels. Ap 
.mii in each modality were averaged for each task. The averages 
Y tiies mrhich were later written onto magtape for transfer to an I1 
mssing. The Statistical Analysis System was used exclusively (He 
Y digitized data were edited for artifact on a second by second 1 
w Fourier Transform (FFT). The FFT data will be re&rted sepi 

%cedure 
%e stimuli were presented from the time subjects were firs 

'..<%?ions, as well as during and between tasks (except briefly d 
a w l  and eyes open conditions). Subjects were instructed that the 
*vant to their various tasks and were to be ignored. They gene 
-*&hsive at post-testing interviews. 
WS to both visual and auditory probe stimuli were averaged durir 
e& designed to engage the subject in a variety of cognitive proci 
'-ussing and several aspects of language. During each task, su 
'3 a dosed circuit TV system; an intercom provided two-way c 
rracater entered the room to explain the instructions before eacl 
IP1 putstions. After each task, the experimenter scored performai 

tasks were administered in the following order: passive eyes 
he i r eac t ion  time performed with each hand, mirror drawing 

a mirror) with each hand, Kohs block design, silent reading . 
Urp recorded story, and speaking spontaneously about a favoi 

il k s h  were repeated in counterbalanced order except for the I 
of reading used easy material and the second repetition 

%e tasks reported in this paper include only reading silently i 
r.eh of difficulty. For each child, reading materials were assigned 
'e below and above his tested reading levels. For the better 

early phases of the study, recordings were made on a1 * transferred to magtape for subsequent processing. 
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TABLE 1 
~OMETMC PROFILE OF GROUPS 

Gates-MacGinitie Gray 
>al Performance readingage Readingw 
1 IQ (months) (monthst 

I 113 165 166 
4 12.1 25.1 28.8 
39 87-136 120-213 110-208 

3 110 99 87 
2 10.8 11.2 6.3 
23 86-133 82-124 80-109 

controls, n = 35; dyslexics, n = 34; Note that odt 
dete probe-ERP data due to loss of data for technim' 

-_ - 

IS obtained, although having equivalent performanct 
: ability. ERP differences between these groups cac 
dyslexia per se rather than to other neurologic& 

ly screened learning disabled populations. 

lesigned table, 78 X 124 cm, which inclined towaud 
lane1 (54 x 58 cm) formed an opaque work surface 
i a checkerboard (4-cm square checks) panel which 
two 12-in. flash tubes (Iconix Model 6196-2). 'h 
d area provides edges and contrast, which pmJuci. 
ies (Jeffreys, 1%9). Flashes of 37 cd/in.'. again\! a 
inance, 12-msec duration, were presented regularl! 

the subject to keep eye position constant. Howew. 
:ading, involve fixating different areas on the ucd  
for visual ERPs even small eye movements might 
eivable that differences in the pattern of small e ) t  
reading and block design might contribute to t a d .  
jecause the average direction of gaze relative to t h  
ielieve we have obviated this potential problem b 
i (between 40" and 90" from the fovea on each side' 
r than from a point source. Several studies ha\c 
it locus of stimuli on the asymmetry, amplitude. act 
Ireassi, Okamura, & Stern, 1975). The major efki:. 
n foveal to juxtafoveal loci. With larger stimuli as$ 
cts diminish. In addition, broad peripheral stirnulard 
.re performing tasks. 
I top of the work area presented 66 db (SPL). 6orL 
md for auditory probes, alternating with the flasher 
t stimuli are reported here. 
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EEG was recordeL -. xn central (C3,C4), parietal (P3,P4), midtemporal (between T3 and 
7:. T4 and T6), and linked-ears (AlA2) leads, referred to vertex (Cz). EOG was recorded 
.& Beckman miniature electrodes placed obliquely across the left eye. Electrode impedance 
M less than 10 kohm. A separate montage referenced to linked ears was derived off-line 
4 wbtracting the AIA2-Cz channel from the other leads and reversing the polarity of 
.* reference channel. Only the results from the linked-ears montage will be presented 
krz The advantages of the different references for revealing specific aspects of the data 
& making inferences about the location of the ERP signal sources will be reported 
gwte ly .  Signals were obtained via Grass gold cup electrodes and amplified with a Grass 
&del 7 polygraph, with Model 7P5 preamplifiers set to half amplitude cutoffs of 0.3 and 
<( Hz. The EEG was digitized by a NOVA minicomputer at 256 pointskec for computing 
FL5t Fourier Transforms, and linear interpolation allowed sampling at 5-msec intervals for 

ERPs. Digitized data were stored on IBM compatible magtape.' An EOG channel and 
a marker channel containing stimulus and response data were also recorded. ERPs were 
I+rraged for 650 msec following stimuli. The amplitude values were sampled at 5-msec 
~ e n a l s  for a total of 130 data points per ERP. The average of the first 30 msec poststimulus 
~ 5 s  used to set the baseline of the entire epoch. Epochs containing EOG contamination 
r f r e  automatically rejected prior to averaging. In addition, EOG was averaged and compared 
m?h ERP waveforms to be sure any residual EOG remaining after automatic editing did 
w! contribute to the effects appearing on the ERP channels. Approximately 80 probe 
e m u i i  in each modality were averaged for each task. The averages were stored as floppy 
w c  files which were later written onto magtape for transfer to an IBM 4341 for statistical 
vwessing. The Statistical Analysis System was used exclusively (Helwig & Council, 1979). 
i'h digitized data were edited for artifact on a second by second basis and subjected to 
p i t i  Fourier Transform (FFT). The FFT data will be reported separately. 

Pwcedure 
Robe stimuli were presented from the time subjects were first seated and received 

wlaucrions, as well as during and between tasks (except briefly during the passive eyes 
.kwd and eyes open conditions). Subjects were instructed that the flashes and tones were 
m:!evant to their various tasks and were to be ignored. They generally reported them as 
mbrrusive at post-testing interviews. 
UPS to both visual and auditory probe stimuli were averaged during a series of behavioral 

1 4 ~  designed to engage the subject in a variety of cognitive processes, including spatial 
rwessing and several aspects of language. During each task, subjects were monitored 
*ah a closed circuit TV system; an intercom provided two-way communication. An ex- 
ximnter entered the room to explain the instructions before each condition and answer 
& +  questions. After each task, the experimenter scored performance. 

Thc tasks were administered in the following order: passive eyes closed and eyes open, 
..dance:reaction time performed with each hand, mirror drawing (tracking a path seen 
d: in a mirror) with each hand, Kohs block design, silent reading, oral reading, listening 

a tdpe recorded story, and speaking spontaneously about a favorite movie or TV show. 
''1 talks were repeated in counterbalanced order except for the listening task. The first 
'Wition of reading used easy material and the second repetition used difficult material. 

The tasks reported in this paper include only reading silently and aloud, each at two 
ti& of difficulty. For each child, reading materials were assigned which were two grade 
d s  below and above his tested reading levels. For the better normal readers we had 

' In the early phases of the study, recordings were made on analog tape (Ampex SP- 
b@ and transferred to magtape for subsequent processing. 

1 
R 
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to present thematically unfamiliar passages to achieve a sufficient level of difficulty. W, 
explained to each subject that he would be given reading passages that we judged to b 
quite difficult and quite easy for him. We asked that they try their best. We explainer 
that we were interested in what the brain does when it was working hard and that thi 
task should not be treated like a test in school. We encountered no reluctance to participat, 
from any subject. To motivate subjects to do their best, they were instructed that the: 
would be questioned on each passage. In addition to motivation, these questions provider 
a rough index of comprehension. Comprehension questions were asked after each readin! 
selection; if performance did not meet the preestablished criterion, new materials w a  
presented and the task was repeated. Reading speed (wordslmin) were also scored fc 
each reading condition. Oral reading was recorded on audio tape for future detailed analysis 

Data Analytic Strategy 
The data set presented here consists of 28 ERPs for each subject (four tasks x sew 

electrode locations), for the visual probes, recorded with linked ears reference. Principr 
components factor analysis (PCA) was used to reduce the complex ERP waveform io 
smaller set of factors which account for the preponderance of variance in the data. Facto 
analysis was computed on a scaled covariance matrix computed over 65 data points (ever 
10 msec) of the ERP. These factors indicate high intercorrelation among the amplituh 
values over specific time segments of the ERP and may correspond to the activitk ti 

specific neuronal aggregates (Donchin, Ritter, & McCallum, 1978, pg. 353). They do RC 

necessarily correspond to peaks or troughs in the raw waveforms: certain peaks may h 
built up of several overlapping factors which are functionally distinct. Varimax rotaticr 
reorients the axes of the factors to maximize discrete factor loading. This type of rotaiicr 
also forces factors to be orthogonal so that subsequent statistical analysis on factor scow 
derived from each factor can be carried out without the need for multivariate statistic? 
tests. 

PCA is based on the assumption that latencies of the underlying factors are conJtitci 
over experimental conditions (group, leads, tasks) and that the variance across experimenu 
conditions is due to changing amplitude of the underlying factors. PCA is blind to latex. 
variability of the underlying factors. It is therefore necessary to evaluate the extent 3 
latency shifting in interpreting the results of PCA. If a “F‘200” component has differa 
latencies for two groups and these groups were combined in one PCA, either a factor sic! 
a broader time distribution than that in either single group, or two separate factors W C J  

result. In PCA applied to ERP studies, within and between subject source of variance * 
combined in the factor analysis. The sampling model for such analyses has not been worke. 
out and techniques for comparing factor structure between groups are unavailable at tb 
time. 

Our approach was to first include all electrode placements and both groups into C% 

analysis, making possible direct comparison of effects between groups and across !dL 
We also performed separate analyses for each subject group by homologous lead W 
When visual inspection of the separate analyses suggested gross latency differences betwlr: 
groups, we tested the statistical significance of such latency differences by going b a d  :: 
the individual ERP waveforms, using peaks and troughs where available, to measure Ialepn 
of the underlying component in each ERP. 

Since there was generally no obvious shoulder on the distribution of eigenvalues. ‘’we 
tests” (Le., Cattell, 19%) to determine the number of factors were considered inappropraf 
To determine the number of stable factors in the data, first the number of varimax r@W- 
factors (n) which accounted for 85% of the overall variance in the covariance matrix wr 
extracted. The procedure was then repeated to extract n - I and n + I facton- B: 
decided on the appropriate number of factors to use by visually inspecting plots of kti‘ 
loadings over the entire 650-msec epoch. An additional factor was used only if it C b W  
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:k shape or latency of at most one previous factor. Factors sc 
‘or each ERP and scores were submitted to repeated measurc 
jesign employed was GROUP (controls vs. dyslexics) x SIDE (n 
gacements) x LEAD PAIR (midtemporal vs. central vs. parieta 
dent vs. aloud) x DIFFICULTY LEVEL (easy vs. difficult). TI 
m y  given factor varied as a function of our experimental manipul 

computed for the unpaired vertex lead; since the results v 
iithout the additional information related to laterality, we will n 
wher. 

RESULTS 
Reading Performance Assessment 

The mean and standard deviation for reading spc 
nch group and reading condition are as follows 
mtrols: x = 193.0, SD = 61.0, dyslexics: x = 
-eading silent hard-controls: x = 145.2, SD = 4 
‘3.7, SD = 32.0; read oral easy-controls: x = 
dyslexics: x = 75.2, SD = 29.7; and read oral h 
ioO.1, SD = 20.8, dyslexics: x = 62.1, SD = 19.2. 
cash group and task condition were normally distril 

These data were subjected to repeated measures 
DIFFICULTY LEVEL x TYPE OF READING 

rain effects of GROUP, DIFFICULTY, and TYPE ( 
ihined. Further, there were interactions of GROU 
ad GROUP x TYPE OF READING. Examination ( 
*as carried out using two-sample and matched-pair 1 

.ornparisons indicated that the controls read each t 
itScantly faster than the dyslexics (all p < .OOOI). T 
L significantly larger decrement from easy to hard I 
!4exics (GROUP x DIFFICULTY LEVEL: F = 
:tan control decrease = 47 words/min, dyslexics 9.. 
k n t  and oral reading yielded significant decreases in 
= 7.50, p < .OOO1; oral: t = 11.11, p < .OOOI); 

bowed a significant decrease in the dyslexics ( t  = 3. 
mtrols also showed a larger decrease from silent tc 
5d dyslexics (GROUP x TYPE OF READING: F = 

control decrease = 45.8 worddmin, dyslexic = 
&h easy and hard reading showed significant type 
7 controls (easy: t = 5.38, p < .OOO1; hard: t = 7.26 
t!? difficult reading showed an effect for dyslexics ( t  
The comprehension score was percentage correct o 

[questions asked. It should be recalled that individu 
$4 the same material; passages were assigned on the 
Ming levels. For the comprehension data, the con 
&’e decreases from easy to difficult material for be 
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,sages to achieve a sufficient level of dficulty. We 
uld be given reading passages that we judged to hc 
. We asked that they try their best. We explained 
brain does when it was working hard and that thth 
school. We encountered no reluctance to pahclpate 

:ts to do their best, they were instructed that the! 
In addition to motivation, these questions pro\ idrd 

iprehension questions were asked after each reading 
et the preestablished criterion, new materials were 
I. Reading speed (worddmin) were also scored fa 
as recorded on audio tape for future detailed analysis. 

ts of 28 ERPs for each subject (four tasks x seven 
obes, recorded with linked ears reference. Principii 
as used to reduce the complex ERP waveform 10 r 
or the preponderance of variance in the data. Factor 
‘variance matrix computed over 65 data points (ever) 
indicate high intercorrelation among the amplitude 

of the ERP and may correspond to the activity d 
1, Ritter, & McCallum, 1978, pg. 353). They do no! 
roughs in .$he raw waveforms: certain peaks may he 
rs which are functionally distinct. Varimax rotatim 
aximize discrete factor loading. This type of rotation 
D that subsequent statistical analysis on factor scorck 
tied out without the need for multivariate statistid 

that latencies of the underlying factors are conston’ 
ieads, tasks) and that the variance across experimenal 
ide of the underlying factors. PCA is blind to larenc? 

It is therefore necessary to evaluate the extent ~f 

:sults of PCA. If a “P200” component has differen: 
D U ~ S  were combined in one PCA, either a factor uit?. 
in either single group, or two separate factors wwlC 
:s, within and between subject source of variance a n  
iampling model for such analyses has not been workd 
ctor structure between groups are unavailable at I t i c  

’ all electrode placements and both groups into 01% 

iparison of effects between groups and across lead. 
:s for each subject group by homologous lead pair 
2 analyses suggested gross latency differences betxee- 
ificance of such latency differences by going back Ir. 
peaks and troughs where available, to measure latrns? 
I ERP. 
us shoulder on the distribution of eigenvalues, “Scree 
:the number of factors were considered inapprophlc 
ictors in the data, first the number of varimax rolatt: 
of the overall variance in the covariance matrix WCE 

repeated to extract n - 1 and n + 1 factors. lk 
I factors to use by visually inspecting plots Of faCW 
och. An additional factor was used only if it c b n W  

PROBE ERPs IN DYSLEXIA 24 1 

c shape or latency of at most one previous factor. Factors scores were then computed 
each ERP and scores were submitted to repeated measures ANOVA. The ANOVA 

employed was GROUP (controls vs. dyslexics) x SIDE (right- vs. left-sided electrode 
$cements) x LEAD PAIR (midtemporal vs. central vs. parietal) x TYPE OF READING 

VS. aloud) x DIFFICULTY LEVEL (easy vs. difficult). Thus we determined whether 
given factor varied as a function of our experimental manipulations. Separate ANOVAs 

rgx computed for the unpaired vertex lead; since the results were parallel to C3 and C4 
.%bout the additional information related to laterality, we will not discuss these ANOVAs 
m e r .  

RESULTS 
Reading Performance Assessment 

The mean and standard deviation for reading speeds (words/min) for 
each group and reading condition are as follows: read silent easy- 
controls: = 79.5, SD = 30.2; 
reading silent hard-controls: x = 145.2, SD = 47.1, dyslexics: x = 
‘3.7, SD = 32.0; read oral easy-controls: x = 146.4, SD = 26.2, 
djslexics: x = 75.2, SD = 29.7; and read oral hard-controls: x = 
10.1. SD = 20.8, dyslexics: x = 62.1, SD = 19.2. Reading speeds for 
tach group and task condition were normally distributed. 

These data were subjected to repeated measures ANOVA: GROUP 
I DIFFICULTY LEVEL x TYPE OF READING. As expected, large 

main effects of GROUP, DIFFICULTY, and TYPE OF READING were 
obtained. Further, there were interactions of GROUP x DIFFICULTY 
Lnd GROUP x TYPE OF READING. Examination of these interactions 
w s  carried out using two-sample and matched-pair t tests. Direct group 
mnparisons indicated that the controls read each type of passage sig- 
zificantly faster than the dyslexics (all p < .OOOl). The controls showed 
a significantly larger decrement from easy to hard reading than do the 
!\slexics (GROUP x DIFFICULTY LEVEL: F = 39.72, p < .OOO1; 
man control decrease = 47 words/min, dyslexics 9.4 worddrnin). Both 
dent and oral reading yielded significant decreases in the controls (silent: 
: = 7.50, p < .OOO1; oral: t = 1 1 . 1 1 ,  p < .0001); only oral reading 
thowed a significant decrease in the dyslexics ( r  = 3.21, p = .003). The 
mrols  also showed a larger decrease from silent to oral reading than 

dyslexics (GROUP x TYPE OF READING: F = 23.37, p < .OOQ1; 
>can control decrease = 45.8 wordshin, dyslexic = 7.95 words/min). 
h!h easy and hard reading showed significant type of reading effects 
1: controls (easy: t = 5.38, p < .OOO1; hard: t = 7.26, p < .0001) where 
d! difficult reading showed an effect for dyslexics ( t  = 2.62, p = .01). 

The comprehension score was percentage correct of the total number 
{questions asked. It should be recalled that individual subjects did not 
-:.id the same material; passages were assigned on the basis of pretested 
.rading levels. For the comprehension data, the controls also showed 
%e decreases from easy to difficult material for both silent and oral 

= 193.0, SD = 61.0, dyslexics: 
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reading (silent: t = 7.36, p < .0001; oral: t = 5.87, p < .OOOl). 3 
dyslexics show a significant decrease for comprehension for silent read 
(t = 2.24, p = .03) but not oral reading. Direct group comparisc 
indicate no differences in comprehension for easy material, but a signific, 
advantage for dyslexics on the difficult materials, both in silent and o 
reading (silent: f = 3.25, p = .003; oral: t = 3.36, p = .001). 

Group Averaged Waveforms, Qualitative Description 
Plots of the averaged ERPs for dyslexics and controls for each le 

pair and reading condition are presented in Figs. 1-4. 
Simple inspection of the plotted waveforms reveals clear peaks a 

troughs for approximately the first 350 msec with both latency and amplitu 
differences apparent among groups, tasks, and leads. After 350 ms 
there are longer duration undulations without clear peaks and trougl 
although quantitative analysis reveals significant effects of group, sic 
and task in this time range as well. 

The midtemporal leads show a simple positive (120-msec) negati 
(175-msec) positive (280-msec) complex in which the two groups shi 
primarily amplitude differences and not latency differences. The left ai 
right leads are strikingly asymmetrical; the deflections on the right a 
two to three times the amplitude on the left. Furthermore, for all fa 
reading tasks, the right midtemporal ERP is larger than any other IC 
(including the vertex, Fig. 4), and the left midtemporal ERP is small 
than at any other lead.' 

At the central leads, the waveforms are much more symmetrical. If 
groups differ in amplitude and latency of homologous peaks. In :t 
central region (C3, Cz, C4) a negativity begins as early as 50 r n ~  
leading into a negative (125-msec) positive (175-msec) complex w hi 

corresponds (inverted) to the midtemporal P125-Nl75 complex. At C 
the correspondence is not as clear; the positivity is at approximately 
msec. All three leads show a broad positivity between 200 and 300 n;r 
which seems to be made up of two components, better separated in ti 
dyslexics. The later component tends to be symmetrical whereas :! 
earlier of the two components, clearest in the dyslexics, is later x 
smaller on the right side than the left. 

At parietal leads, the right side response is only slightly larger t h i  
the left. The main features are a negative (85-msec) positive (1 IO-msc; 
negative (140- to 160-msec) complex for both groups, followed by a sing. 

We note that there is some dc component at the right midtemporal lead khich Z*r~ 
in greater positivity in the control group over the entire epoch, particularly for the r- 
silent easy condition. We are confident that this is not the result of instrumentation dllts 
because the auditory probe ERPs, which alternate each second, show no dc effect 
It is possible that the visual-probe dc effect represents a true group difference uhss * 
cannot as yet explain, or is a random artifact of our baselining procedure. des@ 
remove residual dc components, as discussed above under Methods. 

I 
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FIG. 1 .  Group averaged ERPs at midtemporal leads for fa 
e solid line, dyslexics are dashed line. 

road positivity (265 msec) for the controls and tw, 
vities (200, 280 msec) for the dyslexics. 

Ictor Analyses 
Eleven factors, accounting for 91% of total var 
)m the PCA for both groups and all sever) leads. 11: 

LEFT 

4. 2. Group averaged ERPs at central leads for four reading ta: 
*, dyslexics are dashed line. 



JOHNSTONE ET AL. 

5, p < .OOO1; oral: t = 5.87, p < .OOOl). T 
mt decrease for comprehension for silent readi 
it not oral reading. Direct group compariso 
comprehension for easy material, but a significa 
on the difficult materials, both in silent and 01 
i, p = .003; oral: t = 3.36, p = .001). 

vms ,  Qualitative Description 
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on are presented in Figs. 1-4. 
the plotted waveforms reveals clear peaks ar 
I the first 350 msec with both latency and amplitw 
long groups, tasks, and leads. After 350 msc 
in undulations without clear peaks and trough 
ialysis reveals significant effects of group, sid 
nge as well. 
ds show a simple positive (120-msec) negatii 
3-msec) ,complex in which the two groups sho 
erences and not latency differences. The left ai 
y asymmetrical; the deflections on the right a 
amplitude on the left. Furthermore, for all fo 
midtemporal ERP is larger than any other lea 

3g. 4), and the left midtemporal ERP is small1 
2 

the waveforms are much more symmetrical. 'I? 
:ude and latency of homologous peaks. In tt 
., C4) a negativity begins as early as 50 mu 
I (125-msec) positive (175-msec) complex whic 
to the midtemporal P125-Nl75 complex. At Ca 
lot as clear; the positivity is at approximately 2 
how a broad positivity between 200 and 300 mst 
le up of two components, better separated in tt 
omponent tends to be symmetrical whereas It 
nponents, clearest in the dyslexics, is later a 
3e than the left. 
le right side response is only slightly larger the 
.ures are a negative (85-msec) positive (1 10-msel 
isec) complex for both groups, followed by a sin& 

)me dc component at the right midtemporal lead which nsuf 
control group over the entire epoch, particularly for the Rh 
e confident that this is not the result of instrumentation a n h  
:RPs, which alternate each second, show no dc effect whatsoetc 
I-probe dc effect represents a true group difference which * 
s a random artifact of our baselining procedure, designed 
ients. as discussed above under Methods. 
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LEFT 

eraged ERPs at midtemporal leads for four reading tasks. Controls 
R solid line, dyslexics are dashed line. 

road positivity (265 msec) for the controls and two poorly defined pos- 
.ivities (200, 280 msec) for the dyslexics. 
wtor Analyses 1 

Eleven factors, accounting for 91% of total variance, were derived 
m the PCA for both groups and all seven leads. In the analyses below, 

.. 

FIG. 2. Group averaged ERPs at central leads for four reading tasks. Controls are solid 
,:W dyslexics are dashed line. 



244 JOHNSTONE ET AL. 

LEFT RIGHT 

FIG. 3. Group averaged ERPs at parietal leads for four reading tasks. Controls 
solid line, dyslexics are dashed line. 

the factors will be named by their peak latency, but it must be kept 
mind that each factor loads over a range of time points. We have arbitrar 
used a factor loading of .3 as a cutoff for describing the time range 
each factor. One very early factor (20 msec) was not analyzed furth 
since only one time point had a loading above .3. All other factors we 
essentially unimodal. Figure 5 displays these 10 factors as positive-goir 

FIG. 4. Group averaged ERPs at vertex lead for four reading tasks. Controls are 
line, dyslexics are dashed line. 
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msecs 

FIG. 5. Factor loadings over 650-msec analysis epoch for 11 
:A on all subjects, tasks, and leads. 

nes. Some factors are associated exclusively with ne 
d really represent negative-going waves in the data. \ 
:re computed separately for each group and homo1 
idtemporal lead factors were very similar in latenc 
o groups whereas some of the central and parieta 

idyses of Variance 
Group differences consistent across reading condil 
:tor (380-570 msec), corresponding to a broad nc 
ixirnal at central leads is primarily present in the d 
= .05). For central leads alone, the group differe 
ures is significant. (F = 4.37, p = .04). The 255-111 
iec) is consistently smaller in the dysleqics at a1 
= .024). 
For the 150-msec factor (120-180 msec) correspont 
!re is a significant group by side effect (F = 5.77 
dexics only, this component is markedly reduced o 
is factor also shows a GROUP x LEAD PAIR int 
C .02) due to controls showing more negativity at 
ds and less at the midtemporals than the dyslexics. 
tor also shows a GROUP x SIDE interaction (F 
c to more positive factor scores on the right sic 
rtrols and more negative scores on the right than tl 
b y  vs. dificult reading material. There were tw 
h l t y .  One effect was lateralized but present acro 
i-msec factor (330-420 msec) corresponding to a 
%the midtemporal leads, was enhanced on the left 
ding (F = 10.0, p = .0017). The second effect reflec 
ween groups in their evoked responses during diff 
Wcated by latency differences. The 320-msec fac 
a positivity, exhibited large GROUP x DIFFIC 
ural (F = 8.97, p = .004) and parietal (F = 11.47, p : 
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Ps at pariyal leads for four reading tasks. Controls arc 
line. ' 

by their peak latency, but it must be kept in 
a over a range of time points. We have arbitraril! 
.3 as a cutoff for describing the time range o! 
rly factor (20 msec) was not analyzed further 
had a loading above .3. All other factors wsrc 
ire 5 displays these 10 factors as positive-going 
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1.0, 
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t 

FIG. 5. Factor loadings over 650-msec analysis epoch for 10 factors extracted from 
ICA on all subjects, tasks, and leads. 

h m S .  Some factors are associated exclusively with negative factor scores, 
!xi really represent negative-going waves in the data. When factor analyses 
w e  computed separately for each group and homologous lead pair, the 
aidtemporal lead factors were very similar in latency and shape for the 
U O  groups whereas some of the central and parietal factors were not. 

I 

I 

Inalyses of Variance 
Group differences consistent across reading conditions. The 450-msec 

dctor (380-570 msec), corresponding to a broad negative-going wave, 
naximal at central leads is primarily present in the dyslexics (F = 3.93, 

= .05). For central leads alone, the group difference in mean factor 
cores is significant. (F = 4.37, p = .04). The 255-msec factor (210-310 
I;W) is consistently smaller in the dyslexics at all leads (F = 5.35, 

= .024). 
For the 150-msec factor (120-180 msec) corresponding to a negativity, 

hers is a significant group by side effect (F = 5.77, p < .02). For the 
i:+Jexics only, this component is markedly reduced only on the left side. 
*hi$ factor also shows a GROUP x LEAD PAIR interaction (F = 4.05, 
I i .02) due to controls showing more negativity at central and parietal 
LJA and less at the midtemporals than the dyslexics. The early 35-msec 
.aor also shows a GROUP x SIDE interaction (F = 6.43, p = .014) 
'le to more positive factor scores on the right side than the left in 
mrols and more negative scores on the right than the left in dyslexics. 
Easy vs. difficult reading material. There were two major effects of 

' !hculty. One effect was lateralized but present across both groups: the 
-5-msec factor (330-420 msec) corresponding to a negativity maximal 
wr the midtemporal leads, was enhanced on the left side during difficult 
:ding (F = 10.0, p = .0017). The second effect reflects large differences 
ctween groups in their evoked responses during difficult reading and is 
Jmplicated by latency differences. The 320-msec factor, corresponding 
I a positivity, exhibited large GROUP x DIFFICULTY effects, at 
antral (F = 8.97, p = 404) and parietal (F = 11.47, p = .001) placements, 
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and little at the midtemporal (F = 3.48, p = .066). At all three placement 
dyslexics show a large reduction in this factor when they go from readir 
easy to difficult material while controls show no difference. 

Inspection of the group average waveforms suggested latency differencc 
between groups in the range of this factor. We further investigated the5 

possible latency differences by directly measuring peak latencies fc 
individual subjects ERPs within the time range of this factor. We foun 
significant differences between groups in peak latency for some tasks , 
some leads. Therefore, to be able to interpret the above PCA group b 
difficulty effect, separate analyses were done for each group and le2 
pair. For central and parietal leads the latency of factors appearing I 

the 250- to 350-msec range were different for the two groups (centra 
dyslexic = 290 msec, control = 265 msec; parietal: dyslexic = 3E 
msec, control = 265 msec.). For midtemporal leads, there was no differex 
in factor latency between groups. The midtemporal factor at 285 m.x 
was not related to difficulty in either group. For both central and pariet< 
leads, the dyslexics show a significant difference between easy and har 
reading (central leads-290-msec factor: F = 5.48, p = .03; 370-ms 
factor: F = 4.26, p = .05; parietal leads-305-msec factor: F = 12.4. 

Silent vs. oral reading. Significant differences were found betwce 
silent and oral reading for six factors. The factor peaking at 150 nix 
shows a main effect with no interactions, due to more negative facti 
scores in silent then oral reading overall (p = .015). Significant interactior 
between type of reading and electrode placement were found for f a  
of the six factors. The factor peaking at 190 msec shows a strong R P I  
OF READING X LEAD PAIR interaction (p = .0008). This is due ' 
larger factor scores in silent than oral reading, more negative at midtemp 
leads and more positive at central and parietal leads. The factor at Y 
msec also shows a lead pair effect, although of much smaller magnitd 
(I, = .017), with more negative factor scores in oral than silent read: 
at midtemporal and parietal placements with central placements shou 
the opposite effect. Significant interactions between type of reading 
side were found for two factors. For the 320-msec factor, the left lead. 
show more positive scores in oral than silent, the right leads show rnm 
positive scores in silent than oral reading. For the 450-msec factor, sile" 
vs. oral differences are significant only on the right leads, silent reade, 
showing more negative scores than oral reading. 

For the 255-msec factor, a complex interaction involving GROUP 
found (GROUP x LEAD PAIR x SIDE x TYPE OF READISL 
F = 5.33, p < .006). This is due to greater asymmetry (R > LJ I( 
midtemporal leads for silent than oral reading in controls with the O W L  
finding for dyslexics. These differences were not significant at C ~ N A  
and parietal leads. 

p = .001). 
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{symmetry 
Asymmetries have been noted above in the qualit 

the group averaged waveforms. Five factors coverin 
t9 360 msec and a later factor peaking at 530 msec 
$SIDE or LEAD PAIR x SIDE interactions. All bu 
,how larger factor scores on the right side. LEAD 
:tractions (all p < .OOO4) result from largzr asyinmet 
!<ads than the other two lead pairs for factors at 19( 
nsec. Only the central leads are asymmetrical on the 
Parietal leads show substantial asymmetry on only t 

DISCUSSION 
These results show differences between dyslexic a 

in regional brain activity during reading and demons 
3 r d  broad applicability of the probe-ERP technique. 
:he ERPs were affected by our experimental variables: 
oral vs. silent reading, difficulty level, and recordi 
ktween hemispheres). We were able to obtain adequs 
sncontaminated by EMG or EOG artifact, even at 
during oral reading. The numerous differences between 
And latency which are apparent in the averaged waj 
vatively examined both with peak picking and factor ; 

The factor analytic procedure was successful in ext 
ubch were not visibly obvious in the ER6 wavefc 
mec component) as well as in decomposing broad 
amponents (e.g., at central leads between 200 and 30 
Peak picking was necessary to allow us to determin 
results were due to latency or amplitude changes. On1 
was that the dyslexics show a significant amplitude ( 
io 350-msec range while reading difficult material and 
show no such effect. This constitutes a first step 1 
*bether there are ERP features specific to well-screc 
dyslexics and specific to the reading process. We 
ikntify ERP components which were sensitive to thc 
of Oral and silent reading. 

The group differences in latencies are difficult t 
$lustration of the complexity of the interpretation o 
WfxXion of the averaged waveforms in Fig. 2, reac 
central, suggests that the dyslexics have a shorter laten 
between 50 and 150 msec, and longer latency for tl 
10 350 msec. Thus, one must account not only for 
kt also component specificity of latency difference! 

The ERP literature reports a number of possibl 
kctcncy shifts. Drug effects (John, 1977 pp. 68-70; Sht 
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poral (F = 3.48, p = .066). At all three 
reduction in this factor when they go from re 
ial while controls show no difference. 
up average waveforms suggested latenc 
range of this factor. We further inves 
rences by directly measuring peak 
:Ps within the time range of this fact 
between groups in peak latency for 
:, to be able to interpret the above 
a te  analyses were done for each 
parietal leads the latency of factors appearing 
range were different for the two groups (centra 
, control = 265 msec; parietal: 
sec.). For midtemporal leads, there 
reen groups. The midtemporal fa 
iculty in either group. For both ce 
LOW a significant difference betwe 
-290-msec factor: F = 5.48, p 

.05; parietal leads-305-msec 

fing. Significant differences w 
g for six factors. The factor p 
with no interactions 
al reading overall (p = .015). Significant int 
ing and electrode placement were found 
! factor peaking at 190 msec shows a strong 
IAD PAIR interaction 
,dent than oral reading, mo 
ve at central and parietal lea 
id pair effect, although of much smaller 
2 negative factor scores in oral than sile 
irietal placements with cent 
ignificant interactions betw 
NO factors. For the 320-msec factor, t 
:ores in oral than silen 
it  than ora1 reading. 
.e significant only on the right leads, silent 
re scores than oral reading. 
actor, a complex interacti 
,EAD PAIR x SIDE x TYPE OF RE 
). This is due to greater asymmetry (R 
silent than oral reading in 
These differences were not significant at c 

Asymmetries have been noted above in the qualitative description of 
group averaged waveforms. Five factors covering the range from 50 

c and a later factor peaking at 530 msec show main effects 
LEAD PAIR x SIDE interactions. All but the 90-msec factor 

factor scores on the right side. LEAD PAIR X SIDE in- 
p < .OOO4) result from larger asymmetries at midtemporal 
other two lead pairs for factors at 190, 255, 320, and 530 
central leads are asymmetrical on the factor at 150 msec. 
how substantial asymmetry on only the 190-msec factor. 

DISCUSSION 
show differences between dyslexic and control children 
activity during reading and demonstrate the sensitivity 
ability of the probe-ERP technique. Specific features of 

cted by our experimental variables: group membership, 
ing, difficulty level, and recording site (within and 
s). We were able to obtain adequate ERP waveforms, 
EMG or EOG artifact, even at midtemporal leads 

umerous differences between groups in amplitude 
re apparent in the averaged waveforms were quan- 
0th with peak picking and factor analytic techniques. 

The factor analytic procedure was successful in extracting components 
Hhich were not visibly obvious in the ERP waveforms (e.g., the 450- 
mec component) as well as in decomposing broad peaks into several 
csmponents (e.g., at central leads between 200 and 300 msec in controls). 
Peak picking was necessary to allow us to determine whether the PCA 
results were due to latency or amplitude changes. One striking difference 

s show a significant amplitude decrease in the 250- 
to 350-msec range while reading difficult material and the normal readers 
$how no such effect. This constitutes a first step toward determining 
Hhether there are ERP features specific to well-screened populations of 
dSslexics and specific to the reading process. We were also able to 
identify ERP components which were sensitive to the different demands 
of oral and silent reading. 

The group differences in latencies are difficult to interpret. As an 
illustration of the complexity of the interpretation of latency shifts, in- 
wction of the averaged waveforms in Fig. 2, read silent easy, right 

he dyslexics have a shorter latency for the negativity 
sec, and longer latency for the positivity at 250 

10 350 msec. Thus, one must account not only for regional specificity 
cificity of latency differences between groups. 
eports a number of possible determinants for 

htency shifts. Drug effects (John, 1977 pp. 68-70; Shagass & Staumanis, 
I 

! 
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1978) can be ruled out unequivocally in the present study since no child 
was taking any medication. Differences in stimulus intensity (or subject, 
visual acuity) can similarly be ruled out. 

Dustman, Schenkenberg, Lewis, and Beck (1977) provide data on age 
as a determinant of evoked potential latency. The authors state “the 

different ages. One EP component could easily be confused with another 
as one compares subjects of different age . . .” (pg. 374). Although there 
was no significant difference in age between our two groups (mean or 
median), there may well be differences in regional brain maturation 
(Yakovlev & LeCours, 1%7), or maturation of specific neuronal subsystems 
within a region. 

In addition to maturation, group differences may be due in part to the 
way in which the subjects perform the reading tasks. It is likely tha: 
dyslexics either carry out subprocesses of reading at different rates or 
carry out qualitatively different subprocesses. Such differences in cognitive 
processing may account for the changes we observe in specific components 
of the probe ERP during reading. 

The reading speed and comprehension data suggest that different cog- 
nitive strategies were employed by the two groups. The controls showed 
the expected pattern: difficult reading materials decreased reading speed 
and comprehension for both silent and oral reading. We speculate thai 
controls show a decrease in both speed and comprehension because to 
achieve sufficient difficulty for this group we used thematically unfamiliar 
materials and harder words. These subjects can, however, decode graphem 
to phoneme without fully understanding the material, much the same 
way one can read a foreign language aloud without comprehension. This 
impression is confirmed by their high performance on the Gates-McKiJJop 
Nonsense Words subtest (Gates & McKillop, 1962) administered as part 
of the large psychometric battery. The dyslexics showed no significaru 
decrease in speed for easy vs. difficult silent reading. However, com- 
prehension suffered, as might be expected if dyslexics were “glossing“ 
over the more difficult materials. Conversely, in oral reading, where each 
word must be pronounced, precluding glossing over words, speed did 
decrease with no accompanying decrease in comprehension. In this case 
it appears that the dyslexics could slow down and maintain comprehension. 
It is important to point out that controls and dyslexics were both strongl! 
affected by difficulty level and that this difficulty may be both quantitatively 
and qualitatively different for the two groups. 

There were apparently two relatively independent difficulty effects (?D 

the ERPs. First, both groups show significantly greater negativity on the 
375-msec factor with difficult material, particularly at the left midternpod 
lead. Second, the dyslexics show large bilateral changes in the facton 
between 250 and 350 msec at central and parietal leads. It is probabk 

t 

, latency of some late components may differ by 50 msec or more ai 
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hat with the increase in lower-frequency words in thc 
hat there is more reliance on phonological decoding 
s a common observation that even among skilled 
ilfficulty is related to increased subvocalization (Hard 
,970). Since left temporal lobe mechanisms are knoj 
n phonetic analysis and the ability to read aloud (sc 
i35, 548), we speculate that the effect for both groups 
eads may be related to this dimension of difficulty. 

The effect of difficulty in dyslexics on the positive 
YO- to 350-msec range at central and parietal leads 
3 “P300”-type effect, involving attention mechanis 
11983) have shown in standard ERP experiments with ta 
!hat there are early (approx 325 msec.) and late ( 
”target sensitive” components in these same children. 
yuggests that components in this time range represent a 
processes. Earlier “P300” components, or P3A (Co 
& Galambos, 1975); Snyder & Hillyard, 1976; Squire: 
may vary independently of later “P300” components. 
,nay be associated with scanning or template-match 
whereas later components may be associated with ‘ 
or response selection. Although the stimuli in the prc 
constitute “targets” requiring a response, it may be 
to probe stimuli in this latency range reflect monito 
ikse background events, perhaps largely a functic 
birual system” (Trevarthen, 1968). We can then intc 
effect as resulting from decreased resources allocatec 
m the peripheral field in dyslexics. Controls do no 
effect perhaps because they read more “economica 
Levin, 1978, pp. 474-480) and thus have more res 
ailocate to the peripheral input. 

Two effects of oral vs. silent reading were especia 
first effect was evident in both groups: the factor F 
*owed the largest difference between silent and oral 
i& shows a clear polarity inversion across the Syh 
m y  represent peri-Sylvian processing. Responses 
Oral  vs. silent reading, suggesting that processes invc 
compete for the mechanism which generates this co r  
effect of oral vs. silent reading involves group me 
mSec factor shows different asymmetries at the midt 
for the two groups as a function of silent vs. oral 
h w e d  greater asymmetry during oral than silent read 
showed the reverse effect. Further manipulation of 
aands, Le., the extent of phonetic encoding, and COI 
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aivocally in the present study since no ChjM 
Differences in stimulus intensity (or subject5 
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&t with the increase in lower-frequency words in the difficult passages, 
that there is more reliance on phonological decoding for both groups. It 
is a common observation that even among skilled readers, increased 
dificulty is related to increased subvocalization (Hardyck & Petrinovich, 
i970). Since left temporal lobe mechanisms are known to be important 

phonetic analysis and the ability to read aloud (see Luria, 1980, pp. 
!35,548), we speculate that the effect for both groups at the midtemporal 
b d s  may be related to this dimension of difficulty. 

The effect of dficulty in dyslexics on the positive components in the 
350- to 350-msec range at central and parietal leads bilaterally may be 
a “P300”-type effect, involving attention mechanisms. Yingling et al. 
1983) have shown in standard ERP experiments with task-relevant stimuli, 

that there are early (approx 325 msec.) and late (approx 450 msec.) 
“target sensitive” components in these same children. The P300 literature 
urggests that components in this time range represent a number of different 
processes. Earlier “P300” components, or P3A (Courchesne, Hillyard, 
& Galambos, 1975); Snyder & Hillyard, 1976; Squires, & Hillyard, 1975) 
may vary independently of later “P300” components. Earlier components 
may be associated with scanning or template-matching-type processes, 
H hereas later components may be associated with “context updating” 
or response selection. Although the stimuli in the probe paradigm never 
constitute “targets” requiring a response, it may be possible that ERPs 
to probe stimuli in this latency range reflect monitoring or scanning of 
these‘ background events, perhaps largely a function of a “peripheral 
visual system” (Trevarthen, 1968). We can then interpret this difficulty 
effect as resulting from decreased resources allocated to scanning events 
in the peripheral field in dyslexics. Controls do not show this type of 
effect perhaps because they read more “economically” (see Gibson & 
Levin, 1978, pp. 474-480) and thus have more resources available to 
allocate to the peripheral input. 

Two effects of oral vs. silent reading were especially noteworthy. The 
first effect was evident in both groups: the factor peaking at 190 msec 
shoNed the largest difference between silent and oral reading. This factor 
also shows a clear polarity inversion across the Sylvian fissure and thus 
may represent peri-Sylvian processing. Responses were attenuated in 
oral vs. silent reading, suggesting that processes involved in oral reading 
compete for the mechanism which generates this component. The second 
effect of oral vs. silent reading involves group membership. The 255- 
msec factor shows different asymmetries at the midtemporal placements 
fix the two groups as a function of silent vs. oral reading. Dyslexics 
showed greater asymmetry during oral than silent reading whereas controls 
showed the reverse effect. Further manipulation of specific reading de- 
mands, Le., the extent of phonetic encoding, and comparison with probe 
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ERPs recorded during speech, should elucidate the finding of differentia 
hemispheric utilization for the two groups. 

We were surprised by the response at the midtemporal leads whic! 
showed (I)  more asymmetry than the other lead pairs, and (2) greatel 
amplitude (right midtemporal) than at the parietal leads or at the vertex 
Simple visual inspection of the probe ERPs during the other cognitibt 
tasks (including nonlanguage tasks) reveals this same phenomena. WC 
have carried out a preliminary analysis on the power spectrum of the 
EEG at the midtemporal leads (linked-ears reference) during the reading 
tasks and found no comparable asymmetry in either the theta (4-7 Hzi 
or alpha (8-13 Hz) bands. We have found no other comparable resuli 
reported in the literature. 

While the response to visual stimuli is usually larger in the right hemi- 
sphere leads than in the left (Davis & Wada, 19741, we have not seen 
reports of asymmetries of this magnitude or emphasis on this location. 
Indeed, Harmony, et al. (1973) considered marked asymmetries to bilateral 
central field stimuli to be pathological. We suspect this asymmetry has 
not been observed due to the unusual nature of our stimulus (broad 
peripheral checkerboard), the unusual location of electrodes, or the task- 
irrelevant nature of the stimulus. Most investigations of visual ERPs use 
central field stimuli and if they do use stimuli restricted to the peripherj 
they are presented unilaterally (e.g., Eason & White, 1967; Shagass. 
Amadeo, & Roemer, 1976). Most investigations of visual responses focus 
on the occipital, parietal, or vertex leads, and if they do include temporal 
leads, it is most likely T3 or TS, not midtemporal. In the task-relevant 
ERP experiments run on these children on a separate day (Yingling et 
al., 1983) unpatterned flashes and checkerboards covering the central 
fields out to 6" were used. No marked asymmetry was seen at: F3, F4; 
T3, T4; C3, C4; P3, P4; or 01, 02. 

This prominent right midtemporal response is important in that it may 
provide a clue to the special functions of the right hemisphere, and a0 
electrophysiological tool for studying it. There have been observations 
in the clinical literature (Heilman, 1979; Weinstein & Friedland, 19781. 
suggesting that the right hemisphere is relatively more responsible for 
scanning broad attention to the peripheral fields bilaterally, whereas the 
left is concerned with focal, central field attention, and in particular, the 
contralateral field. This model might provide the explanation for frequent 
reports of right hemisphere superiority in cognitive tasks involving gestaits. 
integrating multiple inputs, and responding to overall configurations ratha 
than focusing on individual parts. 

This study also raises data analytic issues. As mentioned above, there 
are problems with the application of PCA to E m s .  The basic assurnptioo 
that the underlying factors are fixed depends upon invariant latency 
ERP components. In our data, dyslexic and control groups differ io 
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latency of the 280- to 360-msec positive compon 
component was evident upon visual inspection o 
enabling us to measure its peak latency, and to 
increase in latency in dyslexics as compared to c 
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ERPs, then statistical determination of latency diffe 
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matrix of intervariable relations (Le., the correlation 
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There are no statistical tests within the PCA met1 
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can only be determined by careful examination of 1 
d group mean ERP waveforms and within group 5 
latency effects reported above. The implication of 
Blind application of the PCA technique to ERPs 
latency effects will not be revealed, and may be tran 
nonexistent) amplitude effects. Because of the wit 
En ERP studies, further statistical development of 
urgently needed. 

We conclude that the probe-ERP method is effecti 
brain processes during reading tasks in well-screene 
and control children. Dyslexics differ from contrc 
and latency of specific ERP features when presentec 
task demands. It remains to be tested whether th' 
observed during reading are more specific indica 
cNferences observed in the frequency spectrum durii 
EEG, differences in probe ERPs during other cogr 

block design or speech, or differences in ERPs to 
We now intend to study the patterns of group diffe 
Lnd in the auditory modality in these same childrer 
ra ing  results with subject groups selected with differ 
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Ziency of the 280- to 360-msec positive component. Fortunately, this 
.,mponent was evident upon visual inspection of the ERP waveforms 
:&ling us to measure its peak latency, and to establish a significant 
rrease in latency in dyslexics as compared to controls. 

Ifa factor is not clearly evident nor easily measurable in the individual 
g P s ,  then statistical determination of latency differences between groups 
somes much more complex. PCA of ERPs combines within and between 
,&Ject sources of variance indiscriminately in the computation of the 
wtrix of intervariable relations (Le., the correlation or covariance matrix), 
Fatly increasing the number of observations without increasing the 
:Jmber of subjects studied. Extraction of principal components proceeds 
8s though only a single source of variance (between subject) was sampled. 
5nce no sampling model of combined within and between subject variance 
!s available, it is impossible to statistically compare factor structures 
xtween groups. Thus there is no objective test of this basic assumption 
d the PCA model. We are left with the following situation: (1) PCA is 
$find to latency effects-often disguising them as amplitude effects. (2) 
There are no statistical tests within the PCA method which enable one 
to establish whether latency effects are in fact present. (3) Latency effects 
can only be determined by careful examination of the data. Examination 
d group mean ERP waveforms and within group structure led us to the 
btency effects reported above. The implication of this situation is clear: 
Blind application of the PCA technique to ERPs is dangerous in that 
Ittency effects will not be revealed, and may be transformed into (possibly 
nonexistent) amplitude effects. Because of the widespread use of PCA 
in ERP studies, further statistical development of the PCA technique is 
urgently needed. 

We conclude that the probe-ERP method is effective in studying regional 
brain processes during reading tasks in well-screened samples of dyslexic 
and control children. Dyslexics differ from controls in both amplitude 
and latency of specific ERP features when presented with specific reading 
task demands. It remains to be tested whether these group differences 
observed during reading are more specific indicators of dyslexia than 
differences observed in the frequency spectrum during passive eyes closed 
EEG, differences in probe ERPs during other cognitive challenges such 
as block design or speech, or differences in ERPs to task-relevant stimuli. 
We now intend to study the patterns of group differences on other tasks 
dnd in the auditory modality in these same children, and to replicate the 
reading results with subject groups selected with different exclusion criteria. 

I 

1 

I 
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The Boston Naming Test: Norm Data and 
Sample of Normal 6- and 7-Year-C 

DANIEL KINDLON AND WILLIAM G1 

Harvard Medical School 

The object-naming abilities of 83 normal children wc 
Boston Naming Test developed by E. Kaplan, H. Goodl 
(1976, The Bosron Naming Test (experhentat edition), un 
Hospital, Boston, Massachusetts). There is currently a 
for this instrument, especially for populations of younger 8 

in this sample is explored and attention is focused upon po 
in naming performance and cue strategies. Seven summi 
the test are presented in this report. Results indicate tl 
Test can discriminate within a normal population sampb 
provides a relatively normal distribution for six of seve 
were found to have a significantly greater number of itei 
no gender differences in cue utilization were evident. A 
children in this sample of 6- and 7-year-olds used ph' 
exclusively, rather than semantic cues also provided. C 
to age or spontaneously given responses, and none of tl 
to be highly proficient at using both types of,cues. 

INTRODUCTION 

The Boston Naming Test (BNT) is an instrumel 
the object-naming or word-finding component of f 
requiring the test taker to orally provide the names 
(Kaplan, Goodglass, & Weintraub, 1976), The cli 
is limited due to a lack of noms for various sample 
within populations of young children. This repor 
distributions of BNT scores for a group of normi 

The 85-item test yields seven basic scores. In 
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