
Specific Reading Disability: Differences in Contrast 

Sensitivity as a Function of Spatial Frequency 

Abstract. Contrast thresholds for sine-wave gratings of spatialfrequencies of2, 4, 
12, and 16 cycles per degree were determined for normal and disabled readers at a 
range of stimulus durations. Normal readers demonstrated monotonically decreas- 
ing sensitivity with increasing spatial frequency at exposure durations between 40 
and 100 milliseconds. At exposure durations of 150 to 1000 milliseconds, they showed 
peak sensitivity at 4 cycles per degree. In comparison, disabled readers showed 
monotonically decreasing sensitivity with increasing spatialfrequency at all stimulus 
durations. The difference in sensitivity pattern across spatialfrequencies was great- 
est at stimulus durations approximately equal to fixation durations during reading. 

A long and controversial research his- 
tory concerns possible visual factors in 
specific reading disability (1). While nu. 
merous reports (2) have shown no dif- 
ferences between good and poor readers 
in spatial perception, more recent stud- 
ies have indicated that the two groups 
differ in terms of their spatio-temporal 
processing (3). This conflict may relate 
to methods of assessing visual capacity. 
Specifically, although clinical patients 
with problems in pattern perception and 
reading have normal visual acuity, they 
have more subtle visual deficits that be- 
come evident when vision is assessed by 
determining the contrast sensitivity func- 
tion (4). We have now demonstrated that 
normal and disabled readers differ in the 
pattern of sensitivity across spatial fre- 
quencies and that this difference depends 
on stimulus duration. At short stimulus 
durations, both groups showed a mono- 
tonic decrease in sensitivity with in- 
creased spatial frequency. With longer 
stimulus durations, especially those 
which approximate reading fixation du- 
rations, normal readers were most sensi- 
tive at 4 cycles per degree, whereas dis- 
abled readers continued to show a mono- 
tonic decrease in sensitivity. Com- 
parison of the two groups in terms of 
critical duration as a function of spatial 
frequency reveals no significant dif- 
ferences. This result indicates that the vi- 
sual persistence differences mediated by 
spatial frequency that have been report- 
ed between good and poor readers (5) are 
likely to be cortical and not retinal in ori- 
gin. 

A stimulus property fundamental to 
the processing of spatial information is 
spatial frequency measured in terms of 
the number of cycles of a sine-wave grat- 
ing per degree of visual angle. Recent 
physiological (6) and psychophysical (7) 
research has indicated that different spa- 
tial stimuli may be processed in separate 
channels rather than in a single channel. 
The contrast sensitivity function, a mea- 
sure of visual performance across all 
spatial channels, has useful clinical ap- 
plications (8) in situations in which nor- 
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mal acuity tasks have proved inade- 
quate. Individual channels process only 
a limited range of spatial frequencies and 
differ in temporal properties measured 
by reaction time (9), critical duration 
(10), and visual persistence (11). There 
seem to be two components to visual 
persistence (12), only the second of 
which, influenced by grating orientation 
and contrast, is presumably cortical (13). 
The first component has properties simi- 
lar to temporal integration and may re- 
sult from such integration. Stimuli short- 
er than the critical duration may con- 
sequently measure both components, 
whereas longer stimuli measure only the 
second component. 

The slope of the function relating visu- 
al persistence to spatial frequency is sig- 
nificantly flatter in disabled than in nor- 
mal readers (5). Because persistence was 
measured with stimuli of short duration, 
there was no indication of the per- 
sistence component on which normal 
and disabled readers differed. We there- 
fore compared normal and disabled read- 
ers in terms of the contrast sensitivity 
function at a range of stimulus durations 
In addition to revealing subtle visual 
deficits concealed by standard optical as- 
sessments, this method also provides a 
measure of temporal integration (retinal 
persistence) at each spatial frequency. 

Contrast thresholds for reading-dis- 
abled and control subjects were obtained 
for sinusoidal gratings of 2, 4, 12, and 16 
cycles per degree at stimulus exposure 
durations of 40, 60, 80, 100, 150, 200, 
300, 500, and 1000 msec. Two groups of 
ten 14-year-old boys matched in in- 
telligence (14) and socioeconomic status 
were tested. The disabled readers had 
average intelligence and an average read- 
ing age lag of 5 years on the Neale Analy- 
sis of Reading Ability (15), showed no 
gross behavioral problems, and suffered 
from no organic disorders. Both groups 
had 6/6 Snellen acuity or better. 

A 2? (diameter) sine-wave grating dis- 
play (space-averaged luminance of 2.2 
cd/m2) was presented on a cathode-ray 
tube (B.W.D. model 539D, 31P phos- 

phor). Either a target (grating) or catch 
(blank) trial was initiated when the sub- 
ject pressed a button. Subjects were re- 
quired to report the presence or absence 
of the grating on each trial. 

Contrast thresholds were determined 
according to the blockwise tracking pro- 
cedure (16). Each block consisted of 12 
trials-six target trials and six catch tri- 
als. In succeeding blocks, contrast was 
either increased or decreased from the 
starting contrast, previously determined 
by preliminary testing to be close to 
threshold. Testing continued until sub- 
jects achieved 75 percent accuracy in 
any one block or bracketed 75 percent 
accuracy between any two successive 
blocks. The presentation order for spa- 
tial frequency and duration was counter- 
balanced. Each subject was tested in at 
least two sessions. Viewing was binocu- 
lar throughout. 

The control data are consistent with 
data previously reported for adults (10), 
showing a monotonic decrease in sensi- 
tivity with increase in spatial frequency 
(from 2 to 16 cycles per degree) at short 
durations (40 to 100 msec) (Fig. 1). With 
longer durations, control subjects began 
to show peak sensitivity at 4 cycles per 
degree. 

Only at the longest duration used (1000 
msec) did disabled readers begin to show 
a sensitivity peak at 4 cycles per degree. 
Analysis of variance revealed that a sig- 
nificant (P < .05) or near significant (P 
< .10) groups-by-frequency interaction 
for the quadratic trend (17) occurred 
for all stimulus durations from 150 
to 500 msec. Thus, the sensitivity pat- 
tern differences (Fig. 1) are signifi- 
cant. The pattern in the two groups did 
not differ with the 1000-msec stimulus 
duration. These analyses consequently 
show that, for stimulus durations similar 
to fixation durations in reading, normal 
and disabled readers have considerable 
differences in the shapes of their contrast 
sensitivity functions. 

The relative miss and false-alarm rates 
for the two groups were compared by 
Mann-Whitney U tests, which revealed 
no differences between the groups. It is 
unlikely, then, that these results are pro- 
duced by differences in criterion setting 
between the two groups. 

Critical durations for each subject (18) 
under each condition were obtained by 
standard procedures (13). Because of the 
correlation between the means and vari- 
ances for each condition, a logarithmic 
transformation was applied to the raw 
data before analysis. There were no sig- 
nificant differences between the two 
groups [F(1, 18) = 2.5, P > .05]. The 
significant effect of spatial frequency 
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[F(3, 54) = 7.0, P < .01] showed that 
critical duration increased with spatial 
frequency in 14-year-olds as well as in 
adults (10). There was not a significant 
interaction between reading ability and 
spatial frequency [F(3, 54) = 1.4, P > 
.05]. 

In terms of the two-component theory 
of visual persistence (13), it can be con- 
cluded that the frequency-mediated dif- 
ferences in visual persistence between 
normal and disabled readers at ages 8 (5) 
and 14 (19) years do not result from dif- 
ferences in the retinal component. Pre- 
sumably the difference arises at the cor- 
tical level. There are two further sources 
of evidence for this conclusion. Con- 
trast, which influences cortical but not 
retinal persistence (13), influences per- 
sistence differently in disabled and nor- 
mal readers (19). In addition, the pattern 
of persistence in normal and disabled 
readers across spatial frequencies differs 
most when stimuli of long duration (19) 
are used to measure the cortical com- 
ponent. How differences in visual per- 
sistence mediated by spatial frequency 
may influence reading has been dis- 
cussed elsewhere (11, 19). 

The different patterns of contrast sen- 
sitivity between the two groups may be 
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compared with those reported by Bodis- 
Wollner (4). He reported that adult clini- 
cal patients with altered sensitivity to 
limited spatial frequency ranges experi- 
enced difficulty in pattern perception and 
reading. Recovery of normal sensitivit, 
after treatment was accompanied by the 
return of normal pattern recognition and 
reading ability. The selective losses in 
spatial frequency sensitivity in some of 
his subjects resembles that reported here 
for disabled readers at intermediate stim- 
ulus durations. 

Our analysis indicates that disabled 
readers should experience a general vi- 
sual deficit on many integration tasks. 
Difficulties in reading should be only one 
manifestation of the problem. Because 
the differences in sensitivity patterns be- 
tween the two groups are greatest with 
stimulus durations approximately equal 
to reading fixation durations, the prob- 
lems may be maximized in reading. That 
disabled readers do have a more general 
spatio-temporal problem is shown in a 
recent cstudv (20) renuirina subhiecrt to 
identify pictorial 
moved behind a s 
abled readers ha( 
control subjects w 
li, a result indicat 
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Fig. 1. Contrast sensitivity functions as a function of stimulus duratio 
(A) and the control (0) groups. 

440 

spatio-temporal integration. It is possible 
that the differences reported here under- 
lie such difficulties. 

The contrast sensitivity differences be- 
tween the groups reported here dif- 
ferentiated the individuals in each group 
almost without exception (22). Con- 
sequently, this measure may provide an 
easy means of screening young children 
for potential reading problems before 
they begin to read. Furthermore, the re- 
sults merit consideration in terms of con- 
stant claims that normal and disabled 
readers do not differ visually (2) and, 
consequently, that remediation ap- 
proaches should concentrate on "intact 
visual abilities" (23). 

W. J. LOVEGROVE 
A. BOWLING 
D. BADCOCK 

M. BLACKWOOD 
Department of Psychology, 
University of Tasmania, 
Hobart 7001, Australia 

n, verbl 
^ 

ma Jtrl . References and Notes 
and verbal material 

1. S. Orton, Reading, Writing and Speech Prob- 
tationary slit (21). Dis- lems in Children (Norton, New York, 1937); A. 

d more difficulty than Benton, in Reading Disability: Progress and Re- 
search Needs in Dyslexia, J. Money, Ed. (Johns 

'ith both sorts of stimu- Hopkins Univ. Press, Baltimore, 1962), p. 81. 

ing a general deficit in 2. F. Vellutino, B. Steger, S. Moyer, C. Harding, 
J. Niles, J. Learn. Disabil. 10, 375 (1977). 

3. G. Stanley, in Short-Term Memory, D. Deutsch 
and J. A. Deutsch, Eds. (Academic Press, New 
York, 1975), p. 182. 

4. I. Bodis-Wollner, Science 178, 769 (1972). 

80 msec 5. W.J. Lovegrove, M. Heddle, W. Slaghuis, Neu- 
ropsychologica 18, 111 (1980). 

6. C. Enroth-Cugell and J. Robson, J. Physiol. 
o.. (London) 187, 517 (1966); F. W. Campbell, G. F. ' 

"'^~--^ ~ Cooper, C. Enroth-Cugell, ibid. 203, 223 (1969). - 
^~^-^ ~7. F. W. Campbell, in The Neurosciences: Third 

_"^K ~Study Program, F. O. Schmitt and F. Worden, 
Eds. (MIT Press, Cambridge, Mass., 1973), p. 
95. 

8. I. Bodis-Wollner, C. Hendley, A. Atkin, in Vi- 
sual Potentials in Man: New Developments, J. 
Desmedt, Ed. (Oxford Univ. Press, Oxford, 
1977). ' ' ' 9. B. Breitmeyer, Vision Res. 15, 1411 (1975). 

10. and L. Ganz, ibid. 17, 861 (1977); G. 
Legge, ibid. 18, 69 (1978). 

200 msec 11. G. E. Meyer and W. M. Maguire, Science 198, 
524 (1977); A. Bowling, W. J. Lovegrove, B. 

__.... ~ Mapperson, Perception 8, 529 (1979). 
^^-.... ^ 12. A. Bowling and W. J. Lovegrove, Percept. Psy- 

."?^\ ~chophys. 27, 574 (1980). 
' 13. _ , in preparation. 

14. J. C. Raven, Standard Progressive Matrices and 
Its Derivatives (Australian Council for Educa- 
tional Research, Hawthorn, 1968). 

15. M. D. Neale, Neale Analysis of Reading Ability 
(Macmillan, New York, 1966). 

16. K. Houlihan and R. Sekuler, J. Exp. Psychol. 
, 77, 281 (1968). 

17. B. Winer, Statistical Principles in Experimental 
Design (McGraw-Hill, New York, 1962). 

1000 msec 18. For six of the 80 points, it was not possible to 
obtain a critical duration as the data were best 

' 
- .... . Q fitted by only one straight line. Since half of 

_""^ t these were in each reading group and since they 
were distributed across spatial frequencies, it is 
unlikely that their exclusion would significantly 
influence the results. 

19. D. Badcock and W. J. Lovegrove, J. Exp. Psy- 
chol., in press. 

20. P. Roseware, thesis, Monash University 
(1980). 

21. T. Parks, Am. J. Psychol. 78, 145 (1965). 
22. This was also the case in a subsequent study of 

2' 
' ' ' 11-year-old disabled and normal readers, which 

2 4 12 16 confirmed the contrast sensitivity differences re- 

*ee) ported here and again showed no critical dura- 
tion differences between the groups. 

n for the reading-disabled 23. A. Jorm, Cognition 7, 19 (1979). 
18 June 1980 

SCIENCE, VOL. 210 


	Article Contents
	p.439
	p.440

	Issue Table of Contents
	Science, Vol. 210, No. 4468, Oct. 24, 1980
	Front Matter [pp.367-384F]
	Letters
	Science and the Courts [p.376]
	Antibiotics in Animal Feeds [pp.376-378]
	Coca, Not Cocoa [p.378]
	Kidney Transplants [pp.378-379]

	Erratum: A Major Meteorite Impact on the Earth 65 Million Years Ago: Evidence from the Cretaceous-Tertiary Boundary Clay [p.379]
	Erratum: Sulfide Deposits from the East Pacific Rise near 21 degrees N [p.379]
	Drift and Danger in U.S.--Soviet Relations [p.383]
	Trace Chemistries of Fire: A Source of Chlorinated Dioxins [pp.385-390]
	Multidimensional Scaling, Tree-Fitting, and Clustering [pp.390-398]
	Saline Culture of Crops: A Genetic Approach [pp.399-404]
	News and Comment
	Frank Press to be Nominated for NAS [pp.405-406]
	Frank Press's Numbers Game [p.406]
	Human Gene Treatment Stirs New Debate [p.407]
	Hayes Makes Sunshine at SERI [pp.408-409]
	Philosophers at the Pentagon [pp.409-412]

	Briefing
	Progressive Case Fallout has a Long Half-Life [pp.410-411]
	A Century after, a Huxley Back at Royal Society Helm [p.411]
	North Carolina's School for Science, Math All-Stars [p.411]
	Palm for Prescience to Wolf Foundation [p.411]

	Research News
	Hua Lo-Keng Shapes Chinese Math [pp.413-414]
	Energy Sweepstakes: Fusion Gets a Chance [pp.415-416]

	Book Reviews
	A Historic Dispute [pp.417-418]
	Toxicology [pp.418-419]
	Licensing Controversy [pp.419-420]
	Structures of Proteins [p.420]

	Reports
	Geoidal Change and Shore-Level Tilt along Holocene Estuaries: Sénégal River Area, West Africa [pp.421-423]
	Upper Wisconsinan till Recovered on the Continental Shelf Southeast of New England [pp.423-425]
	War Gases as Olfactory Probes [pp.425-426]
	Site-Specific X-Chromosome Rearrangements from Hybrid Dysgenesis in Drosophila melanogaster [pp.427-429]
	Tumor Promoter TPA Mimics Irradiation Effects on the Cell Cycle of HeLa Cells [pp.429-431]
	Chemical Mimicry as an Integrating Mechanism: Cuticular Hydrocarbons of a Termitophile and Its Host [pp.431-433]
	Metabolism of Propachlor by the Germfree Rat [pp.433-435]
	Acetylcholine Synthesis by Displaced Amacrine Cells [pp.435-437]
	Pollen Tube Growth Rates in Zea mays: Implications for Genetic Improvement of Crops [pp.437-438]
	Specific Reading Disability: Differences in Contrast Sensitivity as a Function of Spatial Frequency [pp.439-440]
	Catecholamine-Induced Alteration in Sedimentation Behavior of Membrane Bound β-Adrenergic Receptors [pp.441-443]
	Flight Activity Initiated Via Giant Interneurons of the Cockroach: Evidence for Bifunctional Trigger Interneurons [pp.443-445]
	Thermoregulation in Doves (Columbidae): A Novel Esophageal Heat Exchanger [pp.445-447]
	Bladder Cancer and Artificial Sweeteners: A Methodological Issue [pp.447-448]
	N-Acetylglucosamine-6-Sulfate Sulfatase Deficiency Reconsidered [p.448]

	Meeting
	Gordon Research Conferences: 1981 Winter Schedule [pp.449-452]

	Back Matter [pp.420-474]





