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to be few large scale innovative educational
or mental health programs for slow learners.

Var ious  in t r ins ic  o r  env i ronmenta l
factors may contribute to a child’s failure to
learn.  I t  is  well  known that  genetic factors
play a  pr imary role  in  in te l lec tual  def ic i ts
(4 ,  5 ) .  In  add i t ion  i t  i s  known tha t  o ther
fac tors  l ike  prematur i ty ,  low bi r th  weight ,
b i r th  asphyxia ,  chron ic  malnu t r i t ion ,  low
socio economic status play a contributory role
in adversely affecting the intellectual ability
of children (6, 7).

Hence  i t  may  be  a  symptom ref lec t ing
a larger  underlying problem in chi ldren.  I t

INTRODUCTION

Slow learners (borderline intelligence) is
a  t e rm used  for  ind iv idua ls  wi th  low
achievement and comparably low IQ scores
(70–85)  (1 ) .  These  ind iv idua ls  make  up
approximately 14% of the population, larger
than  the  g roup  of  ch i ld ren  wi th  l ea rn ing
disab i l i ty  (LD) ,  menta l  re ta rda t ion  and
aut i sm combined .  They  d i spropor t iona te ly
account  fo r  near ly  every  major  p rob lem
wi th in  educa t ion  & soc ie ty  l ike  school
dropouts, illicit drug users, violent offenders,
alcohol abusers, gang & hate group members
etc (2, 3). For this large and vitally important
populat ion,  research is  scarce.  There seems
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absenteeism from school, one had visual field
defect  and 8 had ADHD, dyslexia or  other
psychologica l  problems and were  excluded
from the study. Hence 17 slow learners,  10
males  and  7  females  wi th  mean  age  of
10 .59±1.87  yrs  par t ic ipa ted  in  the  presen t
study. Fifteen age and sex matched controls
(9males  and  6  females )  wi th  mean  age  of
10 .87±2.94  yrs  who had  good  school
per formance ,  were  recru i ted  f rom an
e lementa ry  school  in  the  v ic in i ty  o f  our
ins t i tu t ion.  The c learance f rom the  Ethical
Committee of the insti tution was taken and
an informed written consent was taken from
the  paren ts ,  a f te r  the  record ing  procedure
was expla ined to  them.  The recording was
done  in  the  presence  of  e i ther  one  of  the
paren ts  o r  t eacher .

A thorough optometr ic  examinat ion was
conducted  to  ru le  out  any  non cor rec table
visual deficits. A detailed history of clinical,
academic ,  phys ica l ,  psycholog ica l  and
neuro log ica l  examina t ions  was  no ted .  The
paren ts  were  in te rv iewed  to  ge t  spec i f ic
in format ion  about  the i r  ch i ld ’s  b i r th
h is to ry ,  deve lopmenta l  h i s to ry  and  o ther
re levant  behaviora l  p roblems.  The  c l in ica l
psychologist  conducted the standard IQ test
MISIC (Malin’s Intelligence Scale for Indian
Children) an Indian adaptat ion of Wechsler
intelligence scale for children (WISIC). The
counselor  interviewed the parent  (s)  to  get
spec i f ic  in format ion  about  any  behavior
problems in the child.

Recording  o f  v i sua l  evoked  potent ia l

The recording was done in a sound proof
room and  the  sub jec t s  were  g iven  a  t r i a l
sess ion  a  day  before  the  record ing  to
fami l ia r ize  them wi th  the  record ing
procedure .  The  PRVEP (Pa t te rn  reversa l

i s  essen t ia l  tha t  th i s  symptom be
sc ien t i f i ca l ly  ana lyzed  to  d i scover  the
under ly ing  cause  i f  any .  S ince  sensory
impairment  can be one of  the  contr ibutory
fac tors  o f  the i r  per formance ,  a  thorough
sensory  examinat ion is  mandatory  in  these
chi ldren.  Visual  evoked potent ia l  (VEP) is
one of the non invasive tool which can assess
the functional integrity of the visual pathway
f rom the  re t ina  to  the  v i sua l  cor tex .  The
VEP is  pr imar i ly  a  ref lec t ion  of  cent ra l  3
degree  to  6  degree  o f  the  v i sua l  f i e ld
projecting onto surface of the occipital lobe.
As VEP is mostly of foveal origin reflecting
cone activity, any abnormality of fovea, cones
or i ts  projection to occipital  lobe could be
assessed  by  i t  (8 ) .  To  the  bes t  o f  our
knowledge the complete processing of visual
pa thway  have  no t  been  s tud ied  ea r l i e r  in
slow learner group with unassociated specific
learning disability or psychological problems.
Hence the present study aims to investigate
the possibi l i ty  of  defici ts  in  central  neural
processing of visual pathway in slow learners.

MATERIALS AND METHODS

The  s tudy  was  conduc ted  in  the
Electrophysiology Laboratory, Department of
Physio logy,  Univers i ty  Col lege  of  Medica l
Sciences,  Delhi.  The subjects were selected
from a school for special children of Delhi.
These subjects  were referred for  c lassroom
behaviora l  or  academic  problems and  they
were  t es ted  by  a  psycholog ica l  eva lua t ion
team. All those students not in the category
of  spec i f ic  psycholog ica l  d i sorders  l ike
lea rn ing  d i sab i l i ty  (LD) ,  a t t en t ion  def ic i t
hyperac t iv i ty  d i sorder  (ADHD),  menta l
retardation etc were selected for the study.
Out of 31 children diagnosed as slow learners
5 could not part icipate in the study due to
lack of  consent  f rom parents  or  prolonged
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RESULTS

The  mean  IQ of  s low learners  was
81.26±4.23 which was significantly lower as
compared  to  tha t  o f  cont ro ls  having  mean
IQ of  99 .73±8.63 .  The  age ,  gender  and
anthropomet r ic  measurements  a re  g iven  in
Table I. There was no significant difference
in these parameters between the two groups.
I t  was observed that  76.5% of the subjects
have delayed milestone/development history,
29.4% did not  cry immediately af ter  bir th ,
29.4% had history of convulsions, 23.5% had
premature bir th  17.6% had delayed speech,
17.6% of the subjects were kept in incubator
after  bir th,  11.8% had history of post  term
del ivery ,  5 .9% had  h i s to ry  of  noc turna l
bedwet t ing ,  5 .9% had h is tory  of  caesarean
delivery, 5.9% had history of forceps delivery
(Table II).

v i sua l  evoked  poten t ia l s )  was  recorded  on
Nihon  Kohden  Neuropack  μ  MEB –9100 ,
Japan  us ing  s i lve r -  s i lve r  ch lor ide  d i sk
electrode placed at  standard scalp locations
according to the 10–20 International System.
Subjects were told about the procedure before
the test .  The electrodes were placed at  O

1
,

O
2
 (Active electrodes), A1 and A2 (reference

e lec t rode) ,  Fpz  (g round  e lec t rode)  a f te r
cleaning the scalp or skin  site  with alcohol
followed by SkinpureTM Skin preparation gel
and EEG paste ElefixTM. The skin electrode
contact  impedance was kept  a t  less  than 5
KΩ .  The subject  was seated comfortably in
a quite darkened room, 1 meter  away from
the screen of a television and instructed to
fixate on a small dot at its centre with one
eye while the other eye was covered with a
patch. The screen size measured 275 by 350
mm. The black and white checks (16x16 mm
size) subtending an angle of 32 minutes of
an arc were generated on the monitor by an
elec t ronic  pa t te rn  genera tor .  Luminance  of
dark checks was 6.31 ft-L and of the l ight
checks was 31.6 ft-L giving contrast between
black and white checks of 67%. The checks
were made to reverse at a rate of 1 Hz and
200 responses  were  recorded and averaged
by  the  computer  o f  the  evoked  po ten t ia l
recorder with low and high frequency filters
1-200 Hz. Two trials of 200 responses were
averaged  for  each  eye .  The  abso lu te
latencies of positive and negative waves were
recorded .

Stat i s t i ca l  ana lys i s

The  da ta  ob ta ined  was  ana lyzed  us ing
SPSS software (Version 13.0) .  The average
of left and right eye was taken and analyzed.
Unpai red  ‘ t ’  t e s t  was  used  to  compare
be tween  the  con t ro l s  and  the  sub jec t s .
Resul ts  were  expressed as  mean±SD.

TABLE I : Age, gender and anthropometric parameters
o f  con t ro l s  and  s low lea rne r s .

C o n t r o l S low learners
(n=15) (n=17)

A g e 10 .87± 2 . 9 4 10 .59± 1 . 8 7
G e n d e r : M a l e s 9 1 0

F e m a l e s 6 7
Heigh t  ( cms) 1 4 8± 9 . 8 6 1 4 5± 12 .30
Weigh t  (kg) 4 5± 10 .23 4 2± 12 .56
BMI (kg/m 2) 2 0 . 5± 2 . 7 4 19 .86± 2 . 9 8

TABLE I I : C l in ica l  His to ry  and  f ind ings  o f  S low
Learners  (n=17) .

Cl in ica l  h i s tory
Number  o f

Subjec t s  (%)

Delayed  deve lopmenta l  h i s to ry 13 (76.5%)
Hosp i t a l  de l ive ry 7 (41.2%)
Home de l ive ry 6 (35.3%)
His to ry  o f  convu l s ions 5 (29.4%)
Did  no t  c ry  a f t e r  b i r th 5 (29.4%)
Born  p remature ly 4 (23.5%)
Delayed  speech 3 (17.6%)
Kept  in  incuba to r  a f t e r  b i r th 3 (17.6%)
Pos t  t e rm de l ive ry 2 (11.8%)
Noc tu rna l  enures i s 1 (5.9%)
Caesa rean  de l ive ry 1 (5.9%)
Forceps  de l ive ry 1 (5.9%)
Delayed  wa lk ing 1 (5.9%)
H y d r o c e p h a l u s 1 (5.9%)
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comparable to the values obtained earlier in
our laboratory (10).

Theories relat ing visual  dysfunction and
visua l  process ing  problems to  poor  school
per formance  have  been  d i scussed  in  the
l i terature earl ier  (11) .  Four general  c lasses
of visual abnormality have been proposed to
account  for  learning problems.

1 . Blur red  or  double  v i s ion  assoc ia ted
wi th  uncor rec ted  re f rac t ive  e r ror ,
abnormal  b inocula r  v i s ion  or  abnormal
accommodat ion .

2 . Poor  eye  movement  or  f ixa t ion  cont ro l
dur ing  reading .

3 . Abnormal  cen t ra l  neura l  p rocess ing ,
recen t  theor ies  o f  which  sugges t
def ic ienc ies  in  magnoce l lu la r  pa thway
(12–14).

4 . Problems  in  mechanisms  of  percep tua l
or  visual  information processing.

Prior to recording the VEP our subjects
had  undergone  a  comple te  op tomet r ic
examina t ion  hence  the  f i r s t  two  v i sua l
defec t s  were  absen t  in  them.  Def ic ienc ies
in  cen t ra l  neura l  p rocess ing  of  v i sua l
information can be one of  the contr ibut ing
factors  in  the  performance of  our  subjec ts
which  has  never  been  repor ted  ea r l i e r  in
slow learner  group.   Studies with t ransient
s t imul i  have  found  reduced  sens i t iv i ty
a t t r ibu tab le  to  magnoce l lu la r  def ic i t s  in
individuals with learning disabili ty (12–14).
Di f fe rences  have  been  repor ted  be tween
ind iv idua ls  wi th  and  wi thout  dys lex ia  in
contras t  sensi t iv i ty  (15) ,  f l icker  thresholds
(16) ,  VEP (12 ,  17)  and  ana tomy in
magnocellular layers of cadaver brains (16).
These  resu l t s  have  g iven  suppor t  to  the
theory  tha t  weak  saccad ic  suppress ion
lead ing  to  p rob lemat ic  v i sua l  pers i s tence
during reading might be a causal element in

learning or  reading disorders .

I t  was  observed  tha t  the  response  of
magnocel lu lar  v isual  pa thway is  s lowed in
reading disabled children,  who do not have
a general  s lowing visual  response (18).  An
abnormal i ty  of  magnocel lu lar  pa thway was
confirmed anatomically by the demonstration
tha t  ce l l s  in  magnoce l lu la r  l ayers  o f  the
dorsa l  l a te ra l  gen icu la te  nuc leus  o f  the
bra ins  o f  read ing  d i sab led  persons  were
smaller  than those in  normal  readers  (19) .

Our findings of a significantly prolonged
la tency  of  N75 component  o f  VEP i s
consistent with delay in visual performance
at  very  ear ly  s tage  of  process ing ,  such  as
tha t  accompl i shed  by  M ce l l s .  VEP’s  to
pat tern  reversa l  s t imulat ion as  used in  the
present study are evoked predominantly from
the central 10 degree of the visual field and
therefore reflect the function of the macular
area and related pathways (4,  20,  21).  The
visua l  sys tem processes  in format ion  a long
mul t ip le  para l le l  channe ls  (22) .  The
separa t ion  of  v i sua l  in format ion  s ta r t s  a t
the  neurona l  c i rcu i t ry  o f  re t ina .  The
magnocel lular  system is  involved pr imari ly
wi th  mot ion  ana lys i s .  The  parvoce l lu la r
system is  associated with colour selectivity
and  shows  a  p re fe rence  fo r  h igh  spa t ia l
frequency st imuli  (22).  The f indings in the
presen t  s tudy  i s  sugges t ive  o f  some
abnormal i ty  in  the  gen icu la te  a f fe ren ts  to
V1 which  i s  cons i s ten t  wi th  a  defec t  in
the  magnoce l lu la r  pa thway a t  the  leve l  o f
Visual Area 1 or earlier indicating a loss of
v i sua l  per formance  a t  a  very  ea r ly  s tages
of  v i sua l  p rocess ing  in  the  s low lea rners
which  may be  one  of  the  con t r ibu t ing
fac tors  o f  the  ch i ld ’s  fa i lu re  to  per form.
Elec t rophys io log ica l  methods  may  revea l
under ly ing  immatur i ty  o r  abnormal
brainstem timing and may serve as rel iable
tool in individuals with learning difficulties.
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Other  areas  of  informat ion process ing l ike
auditory and central  processing needs to be
explored in  th is  group to  ident i fy  them at
the  ear l i es t  so  tha t  p roper  ad jus tment  can
be made for  them.
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