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PREFATORY NOTE

' ' e AMericen Foundation for the Blind, as a maiter of couras, peruses . . L

T8 -and evaluates & considerable number of articles, reports and menuseyipts. -
=8 - .<Students occasionally submit their thesis or dissertation for possible - i i
- § . publication. A Foundation staff member often encounters & research ' - . < -
- “report or statistics wnich, in his opinion, merits wider disseminmation. . -

) ;,':V “in’ some cases, the Foundation initiates or contracts for a research
. A_i”"j;:prg;jec’c and is naturally j.nterested in publishing the findings . -

% Of these various papers; & few may be fortunate enough to £ind ’oheirway R
- .#into Journals not widely circulated. Others, because of their subject S
- mtter or leugth, my never be published. o0 DR

w~ - YRR -

e ' “ - For this reason, the Division of Research and Statistics of the Américan . -
2. .- Foundation for the Blind publishes a Research Bulletin, conposed ‘both-of . -
original menuscripts and of previously published articles. The Research "~
3 . . .Bulletin appears £rom & to time and contains sociclogical, psychological -
e . and- technological pe.pers of interest primarily to research perscnnel; and © LT
i - 7 secondsrily, to those interested in the general improvement of services” .1 . .-
' - -to the wvisually hsndicapped. : ol R -

Persomel of the Division of Research ard Statistics, together with other i -

E specialists on the Foundation staff, comstitute an informal editorial . .-

" poard. Papers must be either directly or indizectly relevant to gome - iUl
F _ - -aspeet or probiem of visual impairment, and must meet generally accepted . - < L

; ‘. zresearch criteria. Since these are the only standards for selection,” - N -

& - ' ‘the-articles published nevein do not necessarily reflect the opinion of

2 tne Trustees and Staff of the Americen ¥oundation for the Blind. - R

_ We earnestly soliecit contributions from all selentific £ields and welcome - -

. &2l reaction to published articles. L S LT

- e : ~ Executive Divector .~ .-
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e THE COLLAPSIBLE CANE PROJECT
by

- D.M. Baumann, R. Gerstley, L.A. Neuman,“D,S. Nokes and R.'Ocﬁéhgfv*;

2 EDITOR'S NOTE: ' B R
2 This paper was based on the "Evaluation Report on Work in Progress om - % e
3 Sensory Aids «nd Prosthetics," Report No. 8768-3, Department of Mechanical =i -«
Engineering, Massachusetts Institute of Technology, October 31, 1962. The -
foliowing work was sponsored by the Department of Health, Egucaziqn.gnd“i, -
Welfare, Office of Vocational Rehabilitation (contract SAV-1004-61).
Gracious permi.sion is given the American Foundation for the Blind to
sublish this paper in this issue of the RESEARCH BULLETIN.

- -4 The collapsibie cune project came into being at the Mobility Research Conferesce

held at the Massachusett3 Institute of Technology on October 11-13, 1961, jointly -~

sponsored by the American Foundation for the Blind, Office of Vocational Rehgbiliyagipn, o
Seeing Eye, M.I.T. and the Jeterans Administration. The meeting was attended by .~ .- = 1
. practitioners in the area of mobility training, mobility r~searchers and mobility aid '
: 4 users. . - N - , [ e
During the._course of the conference many techniques now under study_or development- %
were discussed. Throughout these discussions the new techniques were continually - e
compared to.the existing mobility aids, the cane and the dog, The comments pertaining

- --. to the cames revealed that one of the predominant disadvantages of the cane was the
2 fact that the most acceptable canes, based upon length, strength, durability and

\{‘ balance were .not collapsible. After more detailed questioning of the cane-using

" if participants, it was found that in many situations a cane user would prefer to bg"

”é» able to collapse his cane so it could be carried in pocket or purse. Several types -

of collapsing canes are available; however each seems to have some wndesirable.

characteristics in the. extended position, The primary problem seems to be that the

b . joints of the presently available canes become loose after some short lifetime and

~ 1 lose their ability to transmit information to the user, Some of the cames are
gimply an individual leg of a camera tripod that was not designed for impact loading
and very frequent and prolonged use. A VR

At the zud of the conference it was summarily determined that, aside from any

¥ new or exotic ranging device, a very great need exists for a sturdy, long life,

. collapsible carz that is mechanically equivalent to the duraluminum long cane when

E it is extended but which would collapse to less than a foot in length., Furthermore,

the collapsing and .extending operation 8hould not be difficult or time consuming. In

K- the collapsed position the cane should readily fit in a gentleman's inside coat pocket:
N or a lady's handbag. It would be advantageous if the cane could have a variable

3 extended length so it could be fully extended .for travel in relatively clear spaces
and only partially extended in congested areas. .
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It 18 agreed that cost is certainly a factor that should also be pawt of the
B specification of a ccllapsible cane., However, it was decided that rather than to
i restrict the cost at this stage of the project and thus be insensitive to possible
I configurations that may be insignificantly more expensive, the cost of the product
$" glaould be disregarded during the initizl stages of the development. Later, methods
® of reducing the cost should be investigated, In the past there have been strong
. feelings expressed that a cane should cost less than five dollars. Certainly th's is
‘ticue but there is also the factor of useful life of the came to consider. Also,
alahrad -‘nd-ﬂuiﬂnn‘ln An Purt\hnﬂn avna'lnsxnpq at costg in excess Of twentv-flve dOllats
3 aud even the blind are furnished with dogs that cost an order of magnitude more than
. the canes, It was thus determined that the proper procedure was to f£ind out how
| "good" a cane could be developed and then to compromise the cost i£ necessary.

- The collapsible cane project was therefore initiated as a junior project by

p 8. Gerstley, L.A. Neuman, D.S. Nokes and R.. Ochsner, all students in the Department
B of Mecha.ical Enginezering at Massachusetts Institute of J.echnolc:gy. The project was
B divided up into several portions. Each student worked cn a separate portion and
meetings were held weekly to ccordinate the efforts. This first junior project is
B considered to be oaly a first phase of the solution of the collapsible cane project.
®  The next phase yill be to. construct mproved prototypes to .be tested under simulated‘ '

E and actual éonditions. N ‘ - o T e

‘.,1~.‘? -

. - -

,‘,L- . . l,‘ R
‘‘‘‘‘‘

-3 Four different cane configurations were evaluated by each of the four sfudents,, ﬁ
g Excerpts from their reports are given here. S \ , R a

The Friction Joint Canes. (R Gerstley)

A.cane was made of five sectioms of type 304 stainless steel wii'h one sect:.on ‘
_each-of 1/2 9/ 16,.5/8, 11/16 and 3/4 inch diameter tubing. Mr. Gerst,ley found that
k. the 304.was: .the only steel readily available in these tubing sizes but would have

B preoferred type 410 heat treatable steel if more time had been av.&ilable tor its
pruocurement. « SR S

RN

K Each of the tubes were relieved except for a small port:.an at the e=nd and a

§ - ring was sweat soldered to.the end to make a section as is shown in Fig. 12, The )
. extended length ig 51 inches and collapsed length of the five gections was 11 =
: inches, About 10 pounds of force was required to extend or collapse the particular
. cane that was buﬁt. However, the cane also became looser w:.th use because rhe o
.. material was unhardenable. : ~ : :

The problem areas with this type of construction are in the accurate control of :
. tolerances and the desirability of a harder ind thus more wear resistant material. A
¢ spacial order of 410 stainless steel would {mprove this type of canme. ‘The main
§ disadvantages ars related to the forces needed to extend the came as they must of

. ' ///Y///f/////fﬁ
T ' N e
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Fig. 12. Sample Friction Joint.
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necessity be greater than the force to be placed on the cane when extended. Various
methods of locking the joints by bayouet or screw configurations were investigated

but none were tested in the available time. o
T SRR ‘ L T
The Spiral Came (L.A. Newham)- o =, 20 U L St
The spiryl cane is a helically coiled strip of beryllium-copper. The -strip used
was eight feet by three inches by 0.005 inches, wrapped in a spiral to make a wand

50 inches long when extended. The collapsed length is thus three inches plus the.
cane tip for a total length of about four inches. {Shown im Fig. 13} R

L]

. A
o

¢
oA

Fig 13, Spiral Cane Extended

A Description of the Spiral Cane A R N A
There is a fixture soldered: in the:bottom tht is threaded for thgi;;s't_aﬁdéxd"iﬁe;?é“? U
tip. . At.present, the cane is held rigid in the extended position, by locking its ' - '
maximum diameter with a pipe-clemp. It is collapsed intc a metal can'with a screw '

top.~ Total weight %s ten cuncssy. SR e e T e
The 'cane is heat treated with its equilibrium in the extended’ pos

| ikdon.. This.
was done so that the blind person need not do tno much adjusting when he extends it.
A1l he neéeds to do is twist the cane for about one turm to tighten the coils and lock :
it. 1In the locked position, the cane .is almost twice as stiff ‘a8 the ‘long'cane (see G
'Fig. 14). The heat treatment of the cané was found to be best as follows:, = BRI -

I
s

(i) To anmeal - 14509F for one half hour, e B . ‘
(ii) - Form' in-the annealed state: - - e ‘ e

(iii) To temper - 600CF for three hours. This is actually a
precipitation haxdening process.

Heat treatment results in the formation of various oxides on the surface of the cane.
These are taken off as follows: . .. . ... . ‘

3 o« PRAEY

(1) Fifteen minutes immersion in sulfuric acid, 30 per}:ent sclution by
voiume, at 160°F. \




.
)
. . . ) ‘ ‘
N 3 . . . .
.
1 o . i . . RN VAN N
R ' . . .t s - ~ ¢ Lol A s . T
; - . ~ . : C ' T P I R Y
“ R ~r I i SEEE N NS
4 ‘ )
) ' - N M . - - ~ ‘
. | Cane
- LI ! o . .
P — .
. . . \ , . SN B S o .
v - 4
k " Vise a -’ Co ok ' :
" - ’ n . ne - . o - EN N ,
PRI PR . ., ' lﬁ . R = I : .
. ' PR ‘ :
- Deflection.. - - TN
Al W
< . K] . . .
.« S ¢ ' o . . -
L] - £ )
Lol v @14 . B ]
- x= !’.--vlgus M .
T . . ] ) )
e, (8 , . . . . .
. , Symbol I
| « < -1 . .Cane ymbo |
A) B . n » - H . . N A . l: .

f i R o gt | . , N L

A . . . . RS . .
3 : Y Al TR o ‘
. . . ; . +
SR 2. 5} Long:Cane ) o N S
AR . ' I Errgme vy 3 - , B A e I
g . T R P S A & .. e e e ; ) . . O
s - . . RPN S P . C ~ ' * N2
A .. . . . (R SUERR I S TN h . . . . s [N
’ | . v PR R F"«:\'j}'f/’) . 4 < . - soA . - P R L S T O A S W ) ﬁ-v*-uo‘n«v‘lfﬂ,w’“‘
~ . L § L i e bt : ) SN .
F : » ¥ € . . R
-~ A . . Spiral Caue O ‘ ‘
R - . % IS L BRIy b ' , .
g - S SRR . . . L .
L , o= 5o tee ’ N

o R . .. . . ] i ) ‘

« . P . o ““,. . < ’ B - . .J - -~
? [N - v . . oo . . v . B * c ‘

. - .. . . + - “ B
T | | o SR B
T ’ - X . : '

-,:.\ N L2 “ o, R . R » v .
A P . v “‘ -, . ,
I . o o S PN . . o
. . . . ‘ S - L . . - :
<. e ' ' e - s ‘
~ - gy L e , ] ‘ -
- - » . , . ,
- v M , . R .
. : N . ‘ . .
. % N N . « .
[l Lo i . . PR N N
A e N e N YA R o, S, Lo
- ,\. A ,'y‘v"l R R S PR NN . - i "',"‘\ . i
- " - i
* P - i
’ - ‘ > »
- . PR .
s ) LT L
Y /‘ . v "‘z) .
o (e RS S Y - “a Ve < Whe
LT : 22 0N,51 %
. ; p
MERARED . Con .. . Ty .
. N .o A T )
A- »LR:
v R RS N PR '
g o T B e, el
T o o - BN *" >
N T ’ . . . N
ARV e
.
LT - «,' " 0 R N , . e ) R e " . #{
. ; . . LRI N RS S AN
- 0,3 ‘ O e
3 ' ® o <
¥ ' . x=0,29x 10 "F A
S 0 i
3 ’ ' . . 2 . . . PO .
3 .- ’ Yo VAT, ! t
E:
. s 0,1
. . . . .
N C. . 1 i { SR T »

‘ - ey .o
- 0 10 20 50 100 20 T 500
A - Gl © " Weight F, gms |

: k. ‘\ “ ,(,« . - o . . - I . IS ‘; et .o ) * ‘ . P o f ‘ . ‘: ‘: ‘ . | N N N ‘,K ‘ . , L
8 . Fig. 14, Force-Deflection Measurements, :
wlpe ,
r O ’
ERIC_.. - —. . . . o R 7 . ,

T . -




(ii) Rinsc in hot water. - R . PR

(iii) One minute immersion in nitric acid, 20 percent solution'by .. .-
volume, at 110°F, _ o R S N o IR R

(iv) Rinse in hot water. - e e

(v) Final polishing can be done by copper cleaner, Ajax and water,, or

similar metal polish or soap. S C o e
This process results in a cane that is actually ¢ ig spring, The spring is
completely variable in length. A particularly - eature of the spiral is that
it is relatively unbreakable. A force that - . . . -~ than it can take as its
alastic limit will cause some slipping-»~" - = .-nding of. the coils so that the
spiral cane breaks by slipping apart. ar . man.-who is familiar with his cane can
just unwind it and then rewind it back t 374 original form. A slight Ykink" is
left, but the cane is still operative. ) .

A ""nal note of caution must be expressed about the manufacturing technigue., .-
of step _ii) on page 3. In coiling the cane, each coil of su@:ceedingly_;ingre;agin_g”:{
diameter should be further spaced fror the coil before it. This is pecessary - ».
because the collapsed circumference of a coil equals the extended circumference plus
the spacing. A smaller spacing along a line of increasing diameters will cause - :
binding when the cane is collapsed. (See Fig. ‘15) PR N DU

E " R N A
- R . : . * et R oY | E .
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N N > Ter
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[ ‘. T i IR ey
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e

Spacing Decreasing Spacing
E - o Fig. 15. Spiral Cane. ) A
2 Selection of Materials ' ‘ ‘ =
The choice of the material used presented a major problem. Many matérials were
? considered before the final choice was made. The initial cheice of material was brass,

but when it was decided that the cane should have its equilibrium poaition in the -
extended position, brass was rejected as it was found experimentally that the diameter
that brass would have to be rolled to, so that its eladtic spring back -gives the ‘
desired position, is too small to make. Since brass cannot be heat treated, it was

3 rejected in favor of a metal that could be., Table 1 shows a tabulation of all the
E‘ materials considered and their properties which were compared. o C

Beryllium-coppe;: was chosen for the following reasons:
N {1) It can be heat treated. ' S e

i (11) It is non-corrosive.

(iii) It has very good friction properties, i.e., it slides over itself
in the non-lubricated state quite easily, while aluminum and all
steels need considerable lubrication to do as well. This property

-5
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is extremely important, as binding is a problem which is quite
bad in the spring steel model tried, IR EOE E

(iv)  Alloy 25 which was used has a yield strength of 175,000 paifim « -
> which makes it quite strong for its weight. CLoan 8Ty L

) its shear modulus is 2/3 that of stainless steel, and it therefore
takes apprcximately 2/3 the force to collapse a beryllium-copper

o cane that it would tske to collapse a stdinless steel canéi 'The
. approuimation wag made from the snalysis of a helical spring’ with

a rectangular cross-section. That is,

CoyGtRe.setab) o N

A R L ‘ - . -3 - R N A T I N NI
U 5s15D °n B
L where - ‘ ‘

- y is the“change in length, "46 inches : : : R
- G 1 thé shear modulus, .7 x 100 psi - oo LRty asie
t is thé thickness of the materizi, 0,005 inches: ‘ S AR L

g Dy is ‘the mean diameter, 3/4 inch : A L

n is the number of turns in the spring, 38 : :
b 1s the width of the material, 3 inches ’ . ‘ cre T
P theoretical = 1.35 1bs. «

§ It actually takes about five pounds to fully collapse the spiral came. This is

i within an order of magnitude of the estimation. The error is a consequence of the
B fact that the geometry of the spiral is quite differemt from heliz. In fact, it

would be impossible to have a helix with 38 turns of the specified cross-section.

The followiag is a list of the materials considered and their properties:

| -3 Pure Alumni-
B | Spring Stain- alumi- num .
. Steel less num 2024-T4 Alclad Brass Be-Cu
N Heat high high "~ low low low
Treatment | temp temp none temp temp | nrone | temp
Shear » . - o
s Modulus 11,9 . 10,6 3.7 3.9 3.8 6.0 | 7.0
B b os S |
I Max, yield ‘ .
Strength 188 145 21 47 42 80. 175 .
9 "’3 . ‘
x 10 7 psi
Friction
Properties | poor poor poor poor poor | good | good
Corrosion
Resistance | poor good good good | good | good | good

4 Specific ’
¥ Gravity 7.85 7.85 | 2.7 2,77 2.77 { 8.5 8.92

- i ) A o e P A NI
. ;




The fixture on the top of the cane is at present a pipe clamp that is removed
from the cane and clamped onto the can into which the cane is collapsed for storage.
The main problem with this design is the inconvenience becaisé there are loose parts.
to it which the blind person might possibly drop; the clamp,: tke can, the screw top.
Because the cane is changing its diameter as it is changing length, and because the
coils rotate with respect to:the cane axis at the same time, any permanent attachment
to the cane is not simple. Before this approach can be utilized more fully a .
permanently attached clamping device ‘and an integrated retaining mechanium for holding

the cane in the collapsed condition must be developed.

The Triangular Cane (D.S. Nokés)

The triangular cane is the result of a search for a shape that has a large
section modulus aund thus is rigid, but that rests into a small rectangular package
that can fit the pocket or purse. By a unique placement of hinges, the triangular
tube sections can be folded together to make a rectangular package. (See Fig. 16.)

The triangular section used to construct a prototype cane is shown in Fig. 17.
Notice that the material. used ‘in this case was SAE 1010 steel, Actually 410 stainless
steel was again preferred but the time required for a Spegial",drder;exqeeded the -
length of the term precject. It is suggested that 5056-H18 aluminum alloy would also
be a suitable material for the triangular section because it could be formed as an
extruded shape. The aluminum also has an excellent strength to weight ratio and good
corrosion resistance. A 5/8 inch tube of the aluminum would -have a maximum bending
moment of 20 feet-pounds. The hinges, cable and tensioning bar should be made from
410 stainless steel heat treated to a tensile strength of 200,000 psi. This is i
necessary for wear and high strength in these parts. (See Fig. 18.); The total
weight of the aluminum cane with the stainless accessories should be approximately.

six ounces.

Notice that the cable is captured at each joint so that it is q,lways aﬁ the |
apex of the triangle opposite -the hinge. When this cable is tightet}ed by means of:
the toggle on the tensioning bar, the. sections become rigid. : ;

Extrapolation from the results of the SAE 1010 cane and from calculations of the
strength and stiffness relationships of the proposed model, it appears that a triangular
cane can have approximately the same strengths as the present long cane. Other ‘
questions to be answered pertain to the reliability and life of the hinges and cable
under prolonged use. "

The Hydraulic Cane (R. Ochsner) :

During the course of the term project discussions of the various methods of fix-
ing the joints lead to a proposal by D.M., Baumann of a hydraulically pressurized
joint. Mr. Ochsner chose to develop a model based on the initial suggestions.

The hydraulically operated collapsible cane consists of telescoping cylindrical
« 4 sections of steel tubing with an internal hydraulic mechanism as shown in Fig. 19.
. The rubber bulbs shown in the sketch are connected by means of plastic tubing to a
il pump mechanism in the handle of the cane. When the system is pressurized, the rubber
*y bulbs expand, forcing the overlapping sections together and thus locking the joints.

‘g To facilitate the contraction of the hydraulic mechanism to -the collapsed length
of che cane, the plastic tubing was wound into a spiral and annealed so that its final

T shape resembled that of a telephone cord. The steps in this operation are as follows.

s ) A piece of flexible wire is first inserted in the 1/8 inch Tygon tubing. The tubing

5 3 is then wound around a 1/8 inch metal rod and secured in this position. The

assemblage is placed in boiling water for 15 or 20 minutes, and after this heat treat-
ment the tubing will retain a spiral shape without support.

-7-
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: The rubber bulbs were made by coating a form with air curing latex and subsequent
Wremoval of the form. Ten or twelve coats administered at intervals of not less than
ghalf an hour proved to be adequate. The forms were made of Wood's metal and were cast
%in moulds cf plaster of Paris, after which they were machined to their final shape.
BWood's metal melts at 60°C., and originally the forms were removed simply by melting
Bthem out. However, it was found that if the mould was given a good polish, and if
the rubber was allowed to cure for several days pefore. removal of the form, the bulbs
lcould with some difficulty be peeled off the fonm.wi;ﬁout“desfrbying the latter.

3 To bond the rubber bulbs to the plastic tubiﬁg Pliobond éement was used., The

B joint was then coated with Epoxi to provide added strength.

. To test the ideas and materials discussed above, a sample joint was preduced
Rand tested. It conmsisted of two overlapping sectlons about 1/2 ‘inch in diameter

M surrounding a rubber bulb 2 iaches long. The inner of the two s :tions had two sli“s
‘cut in it. At an internal pressure of 30 psi, the joint becam’ yuite firm, #ith no

k apparent slop, and by 40 pzi it was sufficiently strong so th: . <t could not be
e pulied apart by the experimenter. L : .

The results of the above experiment indicate that the hydraulic telescoping

¥.cane is a practical and promising design. A piece of hydraulic apparatus suitable

g for use in a five section cane whose smallest section has an I.D, of 7/16 inch, the
 lergth of each section being about one foot, has been produced and is available for

B further testing. To minimize the internal pressure needed, it is ‘recomnended that

B the overlapping Sectioms be machined to a close tolerance, that interlocking gronves

% be machined in them and that four slits rather than the two used in the experimental

lﬂ joint should be cut in the inner sectionm.

Contingent on the development of a suitable pump mechaniém, it would appear
f that the hydraulic telescoping collapsible cane will be a yaluable mobility aid for

B the blind. !

S

-12-
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VIBRATION ANALYSIS OF THE CANE

by
T.L. DeFazio and T.B. Sheridsn

EDITOR'S NOTE:

this paper was based on the “Evaluation Report on Work 4n Progress om . .- o
Sensory Aids and Prosthetics,"” Report No. 8768-3, Department of Mechaunical .
Engineering, Massachusette Institute of Technology, October 31, 1962. The
following work was spomsored by the Department of Health, Educat:ion and

 Welfare, Office of VYocational Rehabilitation (contract SAV-1004-61).
Gracious permission is given the American Foundation for the Bijnd fo
publish this paper in this issue of the RESEARCH BULLETIN.

The following is a vibrational analysis of a standard aluminum cane provided by °
the American Foundation for the Blind. The analysis is not completed because the
evaluation of the expressions obtained becomes impracticable in the presem. context.
Obviously then application of the numerical data is not possible. The analysis is
presented rather as an example or approach to how one would consider a cane according
to classical vibration theory. B T

L

.

NI
Cc B

The cane consists of a length of aluminum tubing about 50 inches long, with a light
tip and a curved handle of heavier tubing. ‘

L/D is about 100, so that any shear deflections would be smail compared to
flexure defleccions.
' ’ - L ' TR BN S S
Compression waves are possible, but the fundamental natural frequency for
compression waves is about 12,000 per sec., or about 2Keps. (This fundamental is
given by . : :

— ——

L p

v /B, E - Young's modulus, p - mass/volume)

This frequency is presumably above human threshold, so the cane may be cousidered a
rigid body in compression so far as the human operator is concerned, but not
necessarily as far as instrumentation is concerned.

Neglecting other than the flexure modes, the behavior.between.the\ends~of the’
cane is described by: T Y
p 4

sl _ EI 3
3 12

Origin of Coord. System
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E - Young s modulus

2 1 - Area moment of inertia

3 p = mass/length .

7y t - time

’Appropriate right-end conditions are:

1 v = f(t) EY =0
3 By’ )
e

Several sets of left-end conditions may be considered. The first is a result
of considering damping and compliance as a 1epresentation of a hand, thus.

- PEE R .
';A I: )R ‘ - x ) Tf,(t): " " I ,:: o af e

: Rigid s S T
k- b e« L g
. such that y = 0 and EI 82y/ax” + (R 8/0t + 1/c)(b 8y/dx)=0 . ., . .
£ but
Yy = ?..Y_. =0
at ;o
80
El ?X +gt)+c=0 g, ¢, arbitrary L ot
ox ‘ ‘

‘ Natural frequenciea and £ requency response can be evaluated by asauming
2 f(t) = a sinat and

y = T(t) T(x) v
g for X — . — n ,
3 ~ :J:?...., \ =/_§. y B = .EL.[. B
L3 » byl i
g ) * , 0 P
F letting, o

Y(x) = c, sin = +c, sinch X t+c,cos> +c,cosh =
1 N 2 . 3 N 4 N

-y -




We get cy + ¢4 = 0 from the right end, and from the left end we get:

[ 1 d * —— vy ) oy 1
sin ..Ii. sinh L (cos Lo, - cbah',-{"—i - cl “aj “
A A \ ST UL ‘ .-
- sin L sinh L. (coa Loy cosh -"-'-'-) 0] ¢, = ¢ O
A N A AT
2 2 -2p Caq 0 ]
S, X b 7 e

p= 2 EI sin ot; Zz/-a; (lecsd:«&- M)
b c

Inversion is difficult.

The second assumes a fixed .eft end, implying that the cane is held

very tightly:

Z1
3=
'.i‘huu | | Y - o

Solution is given in Engineering Vibrations, Jacobsen and Ayre, p, 496,
The form isagainy = Z T(t) Y (x) with Y(t) = a sin «t and
1

bo 4

T, (x) = Bn(con = . cosh-—-?-:-) +D Gin X - sinh -3‘--)

)‘n )‘n xn , >‘n
L L
“here cos — 4+ cosh T
Bn = Xn )‘n
Dn sin ....I:‘....-» 3inh....1;'_
Xn xn
I..z L . L
is given by c¢os .= cosh -~ ==-1
N 2 N N
n




R n - 2 3 4
K LZ 3,52 . 22,1 61.8 121 o
= 2 1 ' - z-
)‘ﬂ o
;, wy 5 40/sec. or 6,4 cps, by experiments on a specific cane, so for

n=1, 2, 3, 4, T
: n l ] l 2 l 3 l 4
g @, sec.” l 40 ! 266 [ 743 ‘ 1450

.

~ handle may be accounted for by letting

- - » < . " .

y=0 oy 3 oy
, .t Bl pefax
K atx=0
. Thus
/ \ v.= 0, ,,a_____ =0 1
vaz

and the following Jacobsen and Ayre, p. 4‘94.

cos-i-li- +oosh —-E-

. A
Cn = ¢4 n
L L
cogsh—~ = CO8
)‘n )‘n

an@

g fingers, that is, free to pivot, but neglects the mass of the cane handle.

A third set of left-end conditions approximates a cane tightly held bet.ween two

(The ‘cane

J is eff;otive mass moment
of inertia of handle about
origin of coordinates

P

H




Where e ol R ;,_v- a2y
\ 2 given by tan L/\_ = tanh L/\

n ‘ ! n ™
' |

S DL A . ,
2
Lz l 0 i 15.4 50 I 1042

or for the specific cane

S L I A

wn,scc"l' i 0 i 175 ! 568 l"11900i

Considering no support and a weightless handle, (handle weight can be accounted
for by letting, ot ut = 0,

2 3 2 s 3
..a_..! = ..‘.3:. ..8 Y and ...?._X- - E 98y , n = handles mass)
PYCIIED ) QRS at> n ok |

the solution {Jacobsen and Ayre, p. 493) is

cos --Ii-- cosh -—If-

ve )\n Xﬂ
G. =
n
L L
sin N + sinh N
n n

A 1N
n

X X . X
Tn(x) =C. ((cos _X 4+ cosh —--\ + sin —-— + sinh
A n

' n n

where

an are given by cos L ocosh 2 =1
N
n

A
n

n 1 2 s 3 4
LZ

e 0 22,3 61.5 121
2




s o e T - N - . N
N i s e s T e e e == mn e M CRPN e v W A ' A i B

or for tubing of specific cane, N

e 4':‘ n * ' e I l'l * 2

&

» .l
Gl)n. gsec,

- Note that a model such as this implies that no information is transmitted to the user
i of the cane. ' T

k1 bl

It is our opinfon that a set of boundary conditions that accounts. accuratély for

¥ the hand of the user is necessary for any such calculations to be useful. Empirically,
/fL the damping due to the user's hand is "greater" than internal damping in the cane to
};& such an extont that damping in the cane cén likely be neglected if a good set of hand
B/ conditions is available. It is seen, however, that calculations quickly become
difficult even for a linear .model of a hand, as ip our first example:-..
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. THE USEFUL_DIMENSIONS OF SENSITIViTY! -

Tamns T MNMhonn
VANGe W WVewowas

Cornell University -
EDITOR'S' NOTE: .
S F T
This paper was originally published in the AMERTCAN PSYCHOLOGIST,
© Volume 18, No. 1, January 1963, Grdcious permission is given the
. American Foundatiofi for the Blind to publish this ~sper in this
issue of the RESFARCR BULLETIN. - T o

Whst I am going to talk about is the relation cf sensing to perceiving. We hava
all believed that we understood the process of sensation fairly well and that only -
the process of perception gave us difficulties. But I am going to ‘suggest on the = '’
contrary that a straightforward theory of perception is possible snd that it is our’
understanding of sensation which is comfused. - - EEE ' T e

. First let us.make sure that there is really a problem in how to treat sensing
and perceiving. Some psychologists row maintain that there is nd d‘fference between
them in fact. The distinction has broken down; they say it has nbv validity 'and we -
should forget it. I think that what they mean is this. An {hdividual can make "
diseriminations in many ways. We can say either that he’iws sensitive to many variables
of stimulation or that he can cxperience many kinds of diffsrences between things but
what has importance, the argument goes, are only the facts of discrimination, not
whether they are called sensory or perceptual. There is something valid in this
.argument. 1L would call it the experimentalist's position--stick to the facts and cut
the cackle! It is emough to determine just what differences ‘an animal, a c¢hild, or a
man can respond to and what others he camnot. This limited aim of psychology might =
be. called simple psychophysics (not metric psychophysics) and it is good experimental
science, - But it provides no explanation of how the individual keeps in touch with the
environment around him. The problem of perception, then, the problem of contact with
' the environment, still remains. ST e e - S

H . .
R N ,

The variables of sensory discrimination are radically different from the varigbles
of perceptual discrimination. The former are said to be dimensions like quality,
intensity, extensity, and duration, dimensions of hue, brightness, and saturation of
pitch, loudness, and timbre, of pressure, warm, cold, and pain, The latter are
dimensions of the environment, the variables of events and those of surfaces, places,
objects, of other animals, and even of symbols. Perception involves meaning; sensation
does not. To see a patch of color is not to see‘an‘object.‘ To see the éxtensity of
a color.is not to see the size of an ohject, nor is seeing the form of a color the same
as seeing the shape of an object. To see a darker patch is not to see a shadow on a’
surface, To see the magnification of a form in the field is not to ses an approaching
object, and to see the expansion of the whole field is not to obsexve one's own forward
locomotion, To have a salty taste is nat to taste salt, and to have a r2rtain :

olfactory impressionm is not to smell, say, - mint julep. To feel an impression on the

‘1This work wa. supported in part by the Office of Naval Research under Contract
401 (14) with Cornell University.

-19-




DT A e T e g

gkin is not to feel an object, nor is having sensations of strain and pressure to feel
the weight of an object. To feel a local pain is mot to feel the pricking of a needle,
To feel warmth of one's skin, is not to feel the sun on one's skin, and to feel cold

is not to feel the coldness of the weather. To hear sound is not the same thing as to
hear an event, nor is to.hear an increasing loudness to hear the approach of a sounding
object. Finally, let us note that having a difference of sound sensation in the two
ears is by no means the same as to hear the directfon of a sound. "~ The last case is
instruct.ive, for we do not in fact have such binaural .differences in sensory experience
but we do localize sounds.

Having sensations is not perceiving, and this faci cammnot be giossed over. Nevei=
theless, perceiving unquestionably depends on sensing in some mesning of that term.
That is, it depends on sensitivity or the use of the sense organs. To observe, one
must sense.. The question I wish to raise is whether or not it is true that to observe
one must have sensations. : ‘

I realize that any inquiry into the relation of sensing to perceiving raises the
ghosts of formidabie men. It .is disconcerting to feel that Locke, Berkeley, and Hume
are looking over one's shoulder, ox that Kant and two generations of Mills are raising
their eyebrows. A perceptual theorist can get into staggering muddles, and he does
well to be cautious. Nevertheless, I have a set of hypotheses to propose and you may
judge it both for internal contradictions and for conformity with the facts. My first
suggestion, the genmeral thesis, is that the useful dimensions of sensitivity are those
that specify the environment and the observer's relatiom to the envircmment. There
are other dimensions of .semsitivity which. do not specify such facts. and reiations, but
they are not uscful in this way, being only. incidental, to the activity of perception.

A whole set of corrclative hypotheses go. alopg with rhis radical thesis. They
need to be understood before it begins to have plausibility; and the theory should be
considered as a whole. The facts of sensory psychology md sense physiclogy are 8o
varied and voluminous that it is not easy to stand back and take a fresh look at the
wwidence. Morecver, each of us is apt tc have his own private opinicn about tha data
of his senses. But if you will suspend belief in the standard doctrine of sensation
and question your favoxite introspections, 1 hope to comvince you that the explanation
of sense perception is not as difficult and roundabout as it has.always appeared to be.

Consider first the puzzle of perceptual constancy. 1 will not attempt to reviéw
th2 experiments measuring the tendeacy toward constancy which are limited to vision
and which, in any case, are indecisive. Instead I will point to the general evidence
for an invariance of percepticn with varying sensations. This invariance appears not
only in vision but also in- other semnses, notably those excited by mechanical energy,
hearing, and touch., The paradox of conustancy-~the "distal focusing of perception" as
Bgon Brunswik {1956) put it, is more than a matter of color, size., and shape
constancy; it is the heart of the problem of useful sensitivity. e

Figure 1 is a picture of a patchwork o£. vispal gensations.. Note that if is-a
cross segtion of a wide-angle sone of . light rays which might, enter 2 human gye) the.:
left eye in this case. Figuze 2 18, a.longitudinal section, of such a widerrange cone,
It is stationary. and momentcry @s represented in. the picture, but whenever the eye
moves to a new fization point.it:will teke in.a new gonc of rays.. At that, station
point in the room there exlsts. a complete pptigharxay,of,ayﬁ;&able stimulation, the
array belng .ampled and,sxplored by new fixations.. Figure 3 shows that if the man
moves, Lnstead of his eye moving, the,pattern of the entexing array is transformed,
that .is, every patch of color in.the, array, changes form,, and the patchwoxk as a whole
is aitered. . e , o T IS S SO VI

1 b « . P
theay, ! RAEEYE SR LY b

All this'ié‘uimply thé outcome of Eﬁe‘léés of ambient light, or what may'bé'called
optical perspective (Gibson, 1961). The laws of pictorial perspective with which we
are more familiar are a specisl case invoiving the sheaf of rays' at a picture plane

-20.
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S picture,

(Gibson, 1960b). Figure 4 is an illustration of so-called linear perspective on a
The sensations.bf-thggwiéuél field shift with evety mpvémeﬁéfdfftﬁé eye, and

transform with every moyement of the head. But, the perception of the room remeins

constant throughout. . There is invariance of perception with varying sensations.

There are two kinds of seeing, I argue, one resulting in theiggpénience of a
visual field and the other in the experience of a visual world (Gibson, 1950). The.
field is bounded; the world is unbounded. The field is unstable; ‘the world is stable.
The field is composed of adjaceni areas, ot figures; the world ig comnased of surfaces.
edges, and depths, or solid objects and interspaces. The field is f£luid in size and
shape; the world is rigid in size and shape.” "As pure cases, they are distinct,
although in many.experimental situations the observer get3 a compromise experience
betwsen the two extremes. However, these experimental situations are seldom ones in
which the observer is free to explore a complete optic array with his eyes, and are
never ones in which he is allowed. tc move about so as to obtain & series or family of
perspectives. " IR

The visual field ahead of the observer duriag-locomotion expands in a sort of
centrifugal £low governed by the laws of motion perspective. The visual world during
locomotion is phenomenally quite rigid. Sensation varies but perception is invariant.
To be sure, the observer sees his locomotion. The expansion of the field shead
specifies locomotion. This suggests a strange and radical hypothesis--that the visual
sensation in this case is a symptom of kinesthesis, having reference to the self
instead of the werld, and that it has nothing ti0 do with the visual perception of the

world (Gibson, 1958).,

Another case is that of the perception arcused by the perspective transformation
of a silhouette in an otherwise empty field of view. As an experiment, this does not
require a panoramic motion picture screem, and it can be carried out in a laboratory. -
There results a perception named stereokinesis, or the kinetic depth effect, or simply
rigid motion in depth (Gibson & Gibson, 1957). Behind the translucent screen in such
experiments, at an indefinite distance, there appears a virtual objent moving in
space. The form of the silhouctte changes; the form of the phenomenzl object remains
invariant. The observer can see- a change of form if e attends to the flat screen,
but what he spontaneously reports is a rigid object. Ordinarily the transformation is
seen as motion of the object, not as a semsation. - "

Another example is the familiar ome that' the color of the surfaces of the
environme.t, including the white to black series, do not change 1s the illumination
goes from brillant to dim. The corresponding sensations, however, the film colors
ocbtained by seeing a surface through an aperture, vary widely with illumination. The
perception of whiteness is quite a different matter from the sensation of brightness.
With the available stimulus of a complete optic array, the ambient light reflected
from a whole layout of surfaces, one can .detect the actual physical reflectance oi each
surface. The absolute luminous intensity of a color patch determines the sensation of
brightness, but only if it is taken in isolation. S "

Finally, I remind you of the difference between the binocular sensations of
objects in.depth and the binocular perception of the depth of objects., When one
attends to his visual sensations one.can mnotice the doubling or .diplopia of images in
the field of yiew; crossed dipiopia from here to the fixated object,wand uncrossed
diplopia beyond thac point. This doubling changes with every change' in convergence, -
especially as we look to or away from what our hands are doing. = We ought to see
nothing as single except what lies on the momentary horopter. But of course we see
everything as single, that is, we perceive it so. There is a phenomenal unity of-each’
object despite an ever-varying doubleness of its sensation. R
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Auditory perception, we say, is based on a different mode or department of sen§e
from visual perception. But the paradox of invariant perception’ with varying sensa-"
tions holds nevertheless. Consider those very peculiar and special sounds, the -
phonemes of speech. They are acoustically analysable, it is trué, im terms of
intensity, frequency, and the frequency spectrum, but their distinctive nature
consists of higher-order variables which ace now beginning to be specified. TPhonemes
are the same ar quite different levels of pitch and loudness, and hence are phendme- ~
nally constant for the voices of men, or women, ‘or children. Speech cannot only be
voiced; it can also be murmured, shouted. whispered, or sung. It can be ‘emitted in
falsetto, or even by a sort of whistling, without completely destroying the distinctive
features which define the phonemic units of speech. They are invariant with changes "~
of auditory sensationm. . - o I LA

Consider also the hypothetical semsations that a hearer would get during’ '~ 7' °
auditory localization--the different sense impressions or sense data from the two ears.’
“he main stimulus differences are ones of intensity and time of cmset. As we kmow -
from the experiments of Wallach (1940) and others, the hearer turns and tilts' his head
frrom side to side, as if exploring, when he hears an unseen event. For a repeating
sound, this means that the relative loudnesses and onsets of sensation are continually”
changing during the head turning, But tle perception is that of a fixed or constant

direction of the sound in space. As a maiter of fact there is no evidénce to show

.thac any man or animal ever heard the charges of binaural sensations vher turnirg Wis™ "

head. There is no awareness of such 2 flux. Binaural dispdrity never bécomes ‘conscious
as binocular disparity can (Rosenzweig, 1961). I prefer to believe that the Binaural

mechanism is an active system which responds to disparity ana tends to react by hulli-
fying it, that is, by pointing .the head toward the source of sound. The 'system R
responds to the sound field in the air, and we’are misled when we consider only the =
wave train éntering each ear separately. s S ‘ o Celom

'So much for hearing. It is the sense of touch, so-called, that provides the

clearest examples of the invariance of perception with varying sensations. " In the

last two or three years I have been running a series of experimernts to test the limits
of what an observer can do by touching or feeling without vision, that is, tg discover
what he can detect or discrimipate about sutfacés, edges, interspaces, cbjects, and
motions in the neighborhood of his body. . In these expériments we can compzre the
classical results obtained with passive punctate’ stimulation of the skin (intensity,
locus, duality, and motion of a cutaneous impression or a pattern of such’ impressions)
and the results obtained with the self-produced’ stimulation of touching, ° In"general,
an observer can perceive the properties of. an gbject by active touch with quite
surprising success. So also, of course, can a blipd pérson. . The following results
come from a long series of oBservatioﬁs’(GibS@ﬁ;'IQGZ); N RSN

Rigidity. For example, when pressing on a rigid object with a finger, or
squeezing it with the hand, there is an increase of sensation and then & de¢rease, or
usually a flow of changing intensities.  The perception, however, is of ‘4 comstant
rigidity of the surface, One simply feels the object. The impression ont the skin as
such is hard to détect. When one is touched by thé same object inmstead of touching it,
however, the variation of intensity is easy to detect. ‘An obsetver zan distingulsh
correctly between two protuberant surfaces, one rigid and the other yielding, when he
presses them, but not when théy are pressed on his passive skin,” = =~ L

Unity. When feeling one object between two fingers, only one object is felt,
although two separated cutaneous sensations ocecur,. is is a surprising faet when you
consider it. The different local signs of these.impressions have séeningly ‘dropped out
of the experience. The result is the same whéther the object is held with two, three,
four, or five fingers; the multiplicity of impressions on the skin has no éffect on
the perception of spatial unity of the object. It can be held by two hands and still
be one object. It can be felt by many combinail:sns of all 10 fingers, in rapidly

changing combinations, and the perception of the obj.ct is all the_ better for it.
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Stability. Active touch is exploratory and the observer tends to slide his

B finger over a corner or protuberance of a hidden object. The impression is then dis-

 placed over the skin and a feeling of tactile motion would be e2xpected to occur.
B But the object is perceived to be stationary in space, and the tactile motion is not
$ noticed. The perception is stable although the sensation is moving.

Weight. When one holds or lifts an object, the judgmeat of its weight is easier
than when it is allowed simply to press downward against the skin of the supported
' resting hand. 1In active lifting, a whole set of additionzl inputs is involved.
 Besides the end organs of the skin and the deeper tissue, the receptors of the finger
¥ joints, wrist joints, and arm joints are excited, and the whole neuromuscular feedback
- gystem of the aim 15 activated., The £lux and arrav of pressure sensations and
articular sensations from a dozen or so joints ought to be of bewildering complexity.
It probably would be if introspection could detect all that goes on in hefting a
. weight, But what the observer perceives is the mass of the object, unchanging despite
. the changing sensations. A weight comes to be as well or better perceived, in fact,
. when the object is shifted back and forth from one hand to the other. S-mething

3 invariant emerges from this seeming mishmash of excitation. The perception is eqﬁivalgnt

¥ to that which accompanies the controlled and isolated sensory impressions of the

'{ standardized weight-lifting experiwent.

Shape. A method of investigating the perception of unfamiliar shape by active
_ touch is illustrated. Figure 5 shows an object behintd a curtain with another .

. identical (or different} cbject visible on a turntable. Figure 6 shows ar observer

feeling the object with both hands and judging whether the visible one is the same or
different. Altermatively he might be requirad to match it with one of 10 visible

/?i objects, as shown in Figure 7, The degree to which these sculptured free forms differ

among themselves is illustrated in Figure 8, where two are identical and the third
different, and also in Figure 9, a view from the side. All these objects have six
protuberances in front, and a rounded back. The ordimarvy observar, after very little
practice, can distinguish among the tangible objects and match them to their visible
replicas with little error (Cavinees & .Gibson, 1962).
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The haptic system of the exploring hand is semsitive to the variables of solid
geometry, not those of plane gecmetry. It gets nothing of a flat picture, but it gets
a great deal of the shape of a solid object. The hand can detect all of the following
properties: the slant of a surface, the convexity ox concavity of a’'surface;’ the edge
or corner at the junction of two or more surfaces, and the separation of two edges, as
our experiments demonstrate, Now it has always been assumed that the skin must be )
analogous to the retina--that it is .. sensory mosaic which registers the form or .
pattern of the receptors excited. The skin and the retina can, in fact, do so when
they are passively stimulated, and this has been taken to be their basic or sensory

function,

if the cutaneous form sense is the basis for the feeling of objective shaps, '
however, an impossible paradox arises. The series of cutaneous pressure patterns with
a pair of exploring hands is something like that of a kaleidoscope; it seemingly has
no rationale, and no single pattern is ever like the shape of the object. Nevertheless, .
from the inputs of the skin and the joints together, from the sensory system if mot i
from the sensations, a remarkably clear perception of shape arises. The phenomenal
shape of the object is invariant although the phenomenal patterns of sense data

fluctuate and vary from moment to moment.

Conclusion. From all these facts of vision, hearing, and touch we ought to .
conclude that sensations are not the cause of perceptions. This is a strange Statement. -
But I am willing to draw this conclusion. Consciou:z sensory impressions and sense
data in general are incidental to perception, not essential to it, They ate;pc¢asion-
ally symptomatic of perception. But they are not even necessary symptoms inasﬁqgh as
perception may be "sensationless" (as for example in auditory localization}. Having

a perception does not entail the having of semsatioss.

, The difficulty in accepting this conclueicn is how to expiain sénseﬁgercebtion
unless by way of sensations. But there is a way out of this difficulty, and that is
to distinguish .two meanings of the woxd "sense.”’ Sensitivity is one thing, sensation
is quite another. ‘ T

The first meaning refers to the effects of stimulation in gemeral. The second
refers to conscious impressions induced by certain selected variables of stimulation,
We can now assert that in the first meaning sensory inputs are prerequisite to
perception, but that in tle second mesuing sensory impressions are not prerequisite
to perception. In other words the senses are necessary for perception but sensations
are not. In order to avoid confusion it might be better to call the senses by a new
term such as esthesic system. We can thengdistinguish between sensory perception and
sensory experience, between perception as a result of stimulation and sensation as a
result of stimulation. The variables of stimulation that cause the first must be
different from those that cause the second. Likewise the dimensions of sensitivity

to informative stimuli must be different from those to uninformativg stimuli._

How is the invariance of perception with varying sensationms to be explained?. By
higher-order variables of stimulation which are themselves invariant, and by the
sensitivity of esthesic systems to such invariant information. This kind of sensitivity
is useful to animals. It may be innate, or acquired, or a little of both~-that is a
question for experiment. We can study it dixectly. We do not have to solve the
puzzle of how there can be invariance of perception despite varying sensatior We
do not have to inquire how sensations might be converted into perceptions, ox :orrected,
or compensated for, or how one set of sensatiens might reciprocally interact with another
set. If the sensations are disposed of, the paradox of perceptual constancy evaporates.
Clearly the hypothesis of stimulus invariants is crucial for this explanation, and I
will have to return to it later. Note that with this approack, a seemingly useful tool
of experimenters, the index of constancy, loses its meaning. It ceases to be a ‘
measure of perceptual achievement. The supposed baseline of this ratic, the "retinal"
size, shape, or brightness, cannot be used in a computation of the achievement if it
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j"_‘A not the basis of the perception. It falls in a different realm of discouxse, and
B {t simply is not commensurable with perceptual size, shape, or brightness.

. what are sensations? We might well pause at this stage to consider what is being
@ discarded. Just what are these experiences that the perceptual theorist should no

B 10nger appeal to? I suggested at the beginming that our understanding of sensations
g has always been obscure, The reason for this, I think, is that the term sensation has
¥ teen applied to quite different things. Let us examine the various meanings of the

B word to be found in philosophy, psychology, and physiology.

1. The theoretical concept. Theorics of perception, as already noted, have
palways assumed {nat semsations wers the mnecesesary occasions of perception: that they
B¥ vere entajled in.perceiving. This is precisely the assumption that is being challenged
P by my distinction between sensation and sensitivity., Its plausibility comes only from
BE the evidence that stimuli are the necessary occasions of perception, I shall argue
\th&lt‘. none of the kinds of experiemce which have been called sensory requires this’
pi theoretical assumption. ‘ '

2. The experimentalist's concept. In psychophysical experimencs the variables
B of sensation have been taken to be correlates of the variables of physical energy which
e the experimenter could apply to his observer. in the past, the latter have tended to
B be those which were fundamental for physics proper, and which were controllable by
S borrowing the instruments of optics, acoustics, and mechanics. The favorite physical’
B variables were intensity and frequenmcy for wave energy, along with simple location or
BB cxtension, and time or duration. But these dimensions of stimulation have little to
® Jo with the enviromment. They are fundamental for physics but not necessarily so -
for sense organs. The dimensions of available stimulation in a natural physical
W cnvironment are of higher order than these, being variables of pattern and change. We
. are beginning to be able to control these natural stimulus variables. Note also that
j the stimuld of classical psychophysics are applied to a passive observer by an experi-
. menter whereas the stimuli in perceptual psychophysics are gbtained by an active
' obsexver (although the opportunities for obtairable stimulation are provided by the
experimenter). The experiences resulting from these two situations are apt to be
B! different, as the experiments on active touch demonstrate.

3. The physiological concept. The early physiologists discovered the receptor
g elements of the sense organms and assumed that these cells (rods, cones, hair cells,
. etc,) were the units of a receptor mosaic. Hence a sensation was taken to be a
g correlate of a single receptor, that is, the end organ of a nerve fiber. But we are
* now fairly sure, after recording from single fibers with microelectrodes, that the
B functional units of a sense organ are not the anatomical cells, but grougings of cells.
' It was also assumed, after Johannes Muller, that a specific mode or quality of
gsensation corresponded to any given merve or fiber. But.this generalization too can
no longer be supported since, for ome thing, the same fiber can participate in
} different groupings and have thereby different receptive functions. When Muller
% insisted that the mind had no direct contact with the environment but only with the
. "qualities of the sensory nerves," he was coniusing sensitivity with sensation. He
assumed that the function of the senses was tc provide sensations. He was right,
gurely, to maintain that perception depends on stimulation but wrong to maintain that
it depends on the conscious qualities of semse. A sease organ has to be defined as a
hierarchy of functional groupings of cells, and they are not always adjacent anatomi~
cally.

4., Tv= analycic concept. The attempt to reduce consciousness to its lowest terms
by introspection culminated in Titchener. A sensation was taken to be an irreducible
experience not analysable into components--a simple datum. It is fair to say that the
attempt failed. Sensations as combining elements are no longer advocated, although

. the elegance and force of the structuralist program was such that traces of it are
still influential iun psychology. Couwscious perceptiors cannot always be reduced tc




conscious sensations, as the Gestalt theorists have shown. It is clear that seﬁs?tiop
in this meaning of the term is not prerequisite to perception. '

5. The empivicist's concept. According to Locke and all the thinkers influenced
by him, sense impressions are the original beginnings of perceptual experience prior -
to learning. They are innate, and pure sensations are had only by the new-born
infant. They are without meaning and probably without reference to external objects,
They are data for thought (or inference, or interpretation, or association, ox other
kinds of léarning either automatic or rational). What they are like has been the
subject of endiess inquiry, and ihis ekpiains oSur strong curicsity asbout the firet
vioual experiences of the congenitally blind after the operation for cataract. The
theory that original experience was composed of sensations has always appealed to
psychologists because the available alternatives, nativism and rationalism, implied
either a faculty of perception or a f£aculty of reason. But we can reject sensation
as the original beginning of perception and accept useful sensitivity as something
present from the start of life without being driven into the arms of faculty o
psychology. We can also avoid the nagging difficulty that infants and young animals
(and the cataract patients, in my opinion) do not, on the evidence, s.em to have the
bare and meaningless sensations that classical empiricism says_they should have. v

6. The concept of an experience with subjective reference. There is still =~
another possible meaning of the term sensation. It is the meaning used in saying that
a stomach-ache is sensory rather than perceptual. The same could be said of an after~
image as compared with an object, for it seems to -efer more to the observer than it
does to the outer world. In cases of passive tactual experience, the observer can
feel either the impression on the skin as such or the object as such, depending on how
he directs his attention. It is as if the pheromenal experience had both a subject ive
pole and an objective pole. Pain is ordinarily subjective (although there may be some
objective reference, e.g., a pin) and vision is ordinarily objective (although there

can be a subjective aspect, e.g., dazzle), but all senses, in this view cf the matter,
carry both subjective and objective information. The observer's body, as well ‘as his
environment, can always be noted, together with the relation between them. The body
and the world are different sources of stimulation; there is propriosensitivity as
well as exterosensitivity. Sherrington was wrong only in suv~posing that there are
separate proprioceptors and exterocepters. All organs of sensitivity, I suggest, have
this dual function.

Note that sensation considered as the subjective pole of experience is quite
different from the other meanings of sensation. This is not the provider of data for
perception or of messages or elements, nor is it the innate beginning of perception.
This is a legitimate and useful meaning, but not the classical one--the busis of the
experience of the external world. | ‘

Conclusion. Having examined the varicus kinds of experience that have been called
sensory, I conclude that no one of them is required as the necessary occasion of
perception. Several of them do undoubtedl; occur in a man who introspects, or who
serves as subject in an experiment, but the explanation of perception can dispense with
all of them.

RECONSTRUCTION OF A THEORY OF PERCEPTION

If sensitivity is distinguished from sensation, and if perception depends on the
former but not the latter, we will have to make a fresh start on the explanation of
perception. We will have to discard many cherished doctrines and formulas (like
separate and distinct modalities of sense), to clarify and find words for new things
(like stimulus patterns and transformations), and to devise new experimental methods
‘such as how to control stimulus information instead of traditional stimuli). What
are the requirements of a theory of perception not mediated by sense data?
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Obviously it will have to show that sensitivity, with or without accompanying
sensations, is adequate for all the manifold properties of perception (Gibson, 1959).
It will have to show that the afferent inputs to the nervous system of a child or a
man are rich enocugh to explain the degree to which he is aware of the world (but the

" inputs are taken to be those of active systems, not passive receptors or even sense

organs). It will have to show that there is information in avéilable stimulation
(but the potential stimuli are taken to be limitless in variables of higher order).
It will have to show that there are constants in the flow of available stimulation in

" order to explain constancy. It will have to show tnat these invarients in the ambient

light, sound, and mechanical contact, do in fact specify the objects which are their
sources--that something in the proximal stimulus is specific to the distai stimuius
(Gibcon, 1960a). It will have to suggest how these invariants can be discovered by
the activity of selective attention (but there are hints of such a mechanism in what
we already know about sense-organ adjustments, so-called, and about the selective
filtering of higher nerve centers). It will have to explain proprissensitivity
(self-perception) along with exteroseasitivity (object perception), but without
appealing to the oversimplified doctrine of a special sense of kinesthesis. °

) More6Ver, the theory will have to explain all the observatious and expefimehts~
of past generations which seem to make it perfectly evident that the observer

contributes meaning to his experience, that he supplements the data, and that

significance accrues to sensation. I have assumed limitless information in available
stimulation from the natural eanvironment. Therefore, the explanation must be that

the experimenter has limitec the available iaformation in all such experiments, or
else that in a natural situation, the available stimulus information is impoverished,
as by darkness or a disadvantageous point of view. Psychologists are accustomed to
use Stimu.us situations with impoverished, ambigucus, or conflicting information.
These have been devised in the hope of revealing the constructive process taken to
characterize all perception. In these special situations there must indeed occur a -
special process. It could appropriately be called guessing., But I would distinguish
perceiving from guessing, and suggest that we investigate the first and try to under-
stand the second by means of corollaries about deficient information. o

The theory will have to provide an explanation of illusions, mot only the optical
ones but those of all the other chamnels of sensitivity. The postulates of stimulus
information and stimulus ecology, however, suggest ways in which the, various illusions
can be, for tle first time, classified into types and subtypes of misperception, with
the reasons therefore. A proper description of the information in an optic array wilil
necessarily include a description of the information in a picture, and the ambiguous,
conflicting, equivocal, or misleading information that can be incorporated in a
picture. Note that illusious will be treated as special cases of perception, not as
pienomena which wight reveal the laws of the subjective process of perception.

Finally, the theory will have to be consistent with the known facts about social
perception and all the information that has accumulated about the perception ard
learning of symbols and words. Here, you may think, a sensitivity theory of perception
must surely fail. Even allowing that physiognomic and expressive character may have
some basis in complex stimulation, words can have no meaning except that supplied by
the perceiver, But this objection, cogent as it may sound, entirely misses the point.
Once it is granted that stimuli may carry information, os have meaning, the whole
theory of meaning is revolutionized, and we have to make a new start on it. Once it
iz granted that a child or a man can develop sensitivity *o the invariants of the
ecologlcal stimulus environment it is no great =lep to admit that he can also learm
to respond vo the invariants of the social and the symbolic environments, The laws )
by which stimuii specify events and objects are not, of course, the rules or conventions
by which chosen events or otjects stand for others, but both are lawful. If animals
and children can register perceptual meanings it is not surprising that children and
adults can go on to register verbal meanings. However, just as the child does not
first have a repertory of sensations and then attach meanings, so also he does not
first hear a vocabulary of words and then attach meanings.
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Role of Attention in Perception

An entirely different picture of the senses has emerged. For this to happen, we °
had to suppose that their sole function was mot to yield sensatioms. Instead of mere
receptors, that is receivers and transducers of energy, they appear to be systems for
exploring, searching, and selecting ambient energy. The serse organs are ail capable
of wotor adjustment. Figure 10 is a di.zram which supplements and alters the usual
stimulus-response diagram, It shows on the left the modification of stimulation by
reactions of the extexoceptive system, and on the right the modification of resctilons
by stimulation of the proprioceptive system. The latter is familiar nowadays under the
name of feedbact, that is, the neural loops ~ssential for the contrel of hehavior, But
the loops on the left are just as essential as thos. on the right. The organism has’
two kinds of feedback, not ome. There are two kinds of actiom, in fact, one being
exploratory action and the other performatory action. Muscles can enhance perception
as well as do work and some, like the eye muscles, have this function ekclusively.

The hands, mouth and nose, ears, and eyes are ali in their own way active Systemé,‘aé‘
the body is. The primary reaction to pressure on the skin is exploration with the
fivgers. Chemicals at the nose and mouth first eiicit sniffing and savoring. Sound
at the ears causes head turning. Light at the eyes brings about focusing, fixating,
converging, and exploring of the light. Note that the outcome of all these adjustments
is to obtain stimulation or, rather, to obtain the maximum information from the ‘

available stimulation.

This new picture of the senses includes attention as part of sensitivity, not as
an act of the mind upon the deliverances of the senses. Every esthesic system is an
attentional system. Attention is not an intervening process, therefore, but one that
starts at the periphery. It also continues to select and filter the already selected
inputs at nerve centess, as we know both from introspection and from the evidence '
obtained by microelectrode recording.

the modification of stimulation by reactions the modification of .reactipns by stimulation
of the exteroceptive sense organs of the proprioceptive system

exploration with fingers intramuscular stimulation

tendon and joint

savoring and sniffing stimulation

with mouth and nose

stimulation motor

at the |2 4] raactions of |—sqctite stimulation \

; exterocapiive |~ limbs ond X
cocking head or f ’_ sense 0rgans / body —-—-| N
inner ear stiraulation

pricking up ears

focusing, fizcting,
converging and —
pursuing it eyes

Fig. 10. The feedback loops for exploring stimulation and those for controlling
behavior. (The angular lines represen. physical action; the curved lines

represent neural action.)

visual stimulation

Pattern and Change of Stimulation

%

Consider the sense organms in t! »ld way, each as a population of receptive units.
We have thought of the retina, tF _.in, the tongue, and perhaps the olfactory epi-
thelium as examples of a sensory suriace, a mosaic. Even the Organ of Corti and the
lining of the statocysts may be conceived in tkis way. But note, parcnthetically,
that the flat surface analogy does not hold at all for the articular sense, that is,
the set of receptors for all ihe joints of the skeleton. The point is that any
population of receptive units is capable of delivering a simultaneous array of neural
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picture, as we do for the retina and are rempted to do for the skin), Apart Ivom this
middle, every =ense, then, is a patfern 2cuse, fiqually, they are all capable of
delivering a sequence or stream of neural inputs or changes in the simultaneous pattern.,
Every sense is therefore a transformation sense as well as a pattern sense.
Consider mext the stimulation for these senses, the proximal stimulation. In
every cagse it aleo is a simultaneous array and a successive flux. There are two kinds
of order in stimulation, as I once put it, adjacent order and sequential order (Gibson,
1950) . Pattern and change are characteristic of stimuiation in gemeral, ualess it has~
been sterilized by an experimenter, and here is where the information lies. For
example, pattern and change occur at the retina and the skin--even moxe at the dual
retina and the two-handed skin, as the experiments reported have shown, They occur
at the basilar membrane of the cochlea as, respectively, the momentary sound spectrum’.
and the transients of sound; moreover the binaural disparity patterns change with head’
novement. The simultaneous pattern of input from all joints of the skeleton taken
together is a highly intricate and interlocked configuration, yet its slightest trams=
fornation seems to be registered when the individual moves. Pattern and change occur
at the gustatory and-olfactory surfaces, and even for the statocysts and the semi-
circular canals, Pattern and change are universal. ’ ’

Now sensory physiologists have always recognized the importance of patterns of’
stimalation and tried to relate them to the sensoxy projection areas of the brain.
What they have not understood is transformations of pattern. They have tried to
imagine 2 cortical correlate of form, which is difficuit enough (as witness Hebb's -
recent attempt to explain visual form perception, 1949), but not the changes of form
ahick I have described. A tabulation may help to clarify the prcblem (Tabie 1).

TABLE 1

A CLASSIFICATION OF STIMULUS VARIABLES FOR PERCEPTION

1. The unchanging stimulus array. Unvarying voriables
Dimensions of pattern, form, and structure as such

I1. The changing stimulus array. Vorying variables
A. Self-produced transformation—specifies motion of self
1. With sense-organ exploration—control of atiention (e.g, eye movement)
2., With gross motor reactions—control of performance (6g. locomotion)
B. Other-produced transformation—specifies motion of object

IIL. The invariants in a changing stimulus asmay. Invariant variables
Usnchanging dimensions under transformation—specify rigid surfaces and objects

The motionless frozen observer with his eyes fixed on a motionless frozen world
gets a pattern of stimulation from each of his senses (Type 1 stimulation) but the
situation is hardly typical. The array at the eyes is comparable to a panoramic still
picture, I1f he moves, or if something moves, the arrays change (at the eyes, the skin,
and the joints, for instance) in gpecific ways or dimensions (Type II stimulationm).” 1
have worked out the dimensions of transformation for the eyes, "and it ought to be
possible to do this for the other systems, Subjective movement and objective motion
(A and B) normally yield different stimuli even at the eyes., The obsexver can see
himself moving, as one does in automobile driving, and even see his own-‘eye movements,
as in observing the shifting of an afterimage, but these are perceptions with subjective
reference. They are “sroprioceptive." We might say that the stimuli are proprio-
specific, since they carry information about the self.

The third type of stimulus variable is crucial since it is taken to explain the ‘
invariance of object perception. Change of an array usually involves nonchange. Some
order is preserved in every transformation. Neither at the eye nor the skin nor at
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any other organ does the energy scincillate, as it were, like the randém’ flashiug o€ -
the fireflies in a fieid. There are always invariant variables alongside the varying
variables. They are specific to (but not copies of) the permapent - properties  of - "
external th.ngs. It is not a paradox that perception should’ correspond to the digtal =+
object, although it depends on the proximal stimulus, if the object is in fact
specified in the stimulus. The Ames demonstrations purporting to -show that -optical
stimulation can never specify objects depend on a frozen array from which the in= -
variants cannot emerge. ' : . e BE

Consider the difference between upvarying and imvariant variables of stimuiation
(Type I and Type III). 1In the formey case the stimuli that would be invariant do not-
get separated off from those that would vary if the array undervent transformation, - ~
The frozen arvay, the case of continuous nontransformation, carries less information.
The case is one that - mever occutrs in life. A prolonged freezing of the pattern of
stimulation on the retina or the skim, in fact, yields an input which soon ‘fades away -
to nothing. - o : S R R LR S
The normai world is sufficiently full of motions and events to make-a stream of<il-
stimulation. But even without external motion. a flow is produced. The normal activity
of perception is to explore the world. We thus alter its perspectives, if svents do =
not alter them for us. What exploration does is to isolate the invariants. The

sensory system can separate the permanence from the change only if there is change.

In vision, we strive to get new perspectives on an object in order to percéive
it properly.’ I believe that scomething analogous to this is what happens in the active ”
ezploratory touching of an cbject. The momentary visual perspectives, of course,” are
pictures or forms in the geometrical semse of that term whereas the momentary tactual
perspectives are not, . Wevertheless they are‘similar"sincé,~for‘anﬁbbject”bf«a given
solid shape, any change of cutanecus pattern 1ike any change of retinal patrerais
reversible. The impression of the object on the skin, like its impression oa the -
retina, can recur by a reversal of the act that transformed it. The successive patterns
thus fall into a £amily of patterns which is specific to the object. . I submit to-Hebb
the suggestion that the first problem in perceptual physiology is not how‘th§~brainf” .
respends to form as such, unvarying form, but instead how it responds to the invariant
variables of changing form, I think we should attempt a direct physiological theory .
of object perception without waiting for a successful theory of picture percéptiom.

Invariant Properties of a Changing Stimuluas Array

The crux of the theory of stimulation here proposed is the existence of ‘certainm -~
types of permamence underlying change. These invariants are not, I think, produced by~
the acquiring of invariant respomses to varying stimuli--they are im the stimull at
least potentially. They are facts of stimulus ecqlogy,,independent“oﬁ_the“bbserver'>“5
although dependent upon his exploratory isolation of them. ‘This kind of order in" -
stimulation is not created by the observer, either out of his past experience or by
innate prek: wledge. Just as the invariant properties of the physical world of
objects are not comstructed by the perceiver, so the invariant properties in available
stimulation are not constructed by him. They are discoverable by the attentive
adjustments of his semse organs and by the education of his attention.

Some of these stimulus invariants are extremely subtle. The ultimate subtleties
of the information in stimulation may well be unlimited. But other invaviants are
quite simple and easily detected. The optical texture that specifies a physical
surface (in contrast with the textureless patch that specifies an empty space) is
invariant with il lumination and under all transformations of perspective.  Intro-
spectively we say that one yields a surface color and the other a film coloxr, but the -
spatial meaning is what counts, not the introspection. The textures of earth, air,
and water are different, and the differences are constant. So are the differences that
specify to the young of any species the fur, feathers, or face of the mother, The -
intensity and wave length of the light are irrelevant. The infant seems to be
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sensitive from the beginning, more or less, to such external stimuli as these. The
tablet of his consciousness may be mearly blank at birth, as Locke believed, but the
impressions ihiat do appear are vague perceptions, not bare sensations. The earliest
dimensions of sensitivity are useful ones.

Classical sense impressions, I think, are something of which only a human adult
is aware, They tend to arise when he introspects, or when he tries to describe the
content of experience, or the punctate momertery elements of perception, or when '
simple variables of physical energy are experimentally isolated for him by a
psychelogist, or when stimuli are applied to his receptors instead of his being
allowed fo obetain them for himeelf. Far from being original expariences, they are
sophisticated ones; they depend on having had a great deal of past experience.

This is not to deny that perception alters with learning ox dupends upon learning.
Instead it pointe to a different kind of learning from that we have previously
conceived., Unquestionably the infant has to learn to perceive. That is why he )
explores with eyes, hands, mouth, and all of his organs, extending and refining his
dizmensions of sensitivity. He has to separate what comes from the world and what comes
from himself. But he does not, I think, have to learn to convert sensaticns into
perceptions.
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U52 o2 AM ORSTACLE COURSE IN EVALUATING MOBILITY OF THE BLIND

by
J. Mickunas, Jr. and T.B. Sheridan

EDITOR'S NOTE:

. - & ) JEF ., - .
This paper was based on the ngvaluation Report on Work in Progress on
-Sensory Aids and Prosthetics," Report No. 8768-3, Department, of Mechanical
Zngineering, Massachusetts Institute of Téchnolo%y, October 31, 1962. The
following work was sponsored by the Department of Health, Educatiom and -
Welfare, Office of Vocational ‘Rehabilitation (contract SAV-1004-51). -
Gracious permission is given the American Foundation for the Blind to
publish this paper -in. this issue of the RESEARCH BULLETIN.

General - . .

The problem in this study was to design a :epresentative.obstasle_coursevior the
blind and to develop techniques to :valuate their behavior im traversing such an .
experimental obstacle course. Efforte were made to embody in the obatacle course the
most salient features of the enviroament with respect to which the blind traveller
interacts. In constructing such a course the following characteristics of the environ~
ment were considered: bounded and open spaces, type and distribution of .the obstacle
objects in the traveller's path, step-ups and step-downs, and auditory cues, The. ...
techniques of evaluation vere obiective and simple so that inexperienced observers
could adminieter the necessary tests. ~ e :

One group of five blind subjects traversed the obstacle course, umder three
environmental. conditions, using Hocver's “long cane" technique. A second group of .
four naive, sighted-blindfolded subjects did the same. A third group of four naive,
sighted-blindfolded subjects used two long canes. A fourch group of two naive, .
sighted-blindfolded subjects used a modified came of "' shape.

Zach group traversed the course under three conditions of auditory cue availability
starting with a quiet room, progressing to a background noise produced by veatilation
fans, and going finally to a condition of complete auditory masking. Experimental.
neasures were aumber of taps, total traverse time, and number of "harm events" -
observed in several categories. .

Results of analysis of variance for taps and time suggest that both travel -
experience and cane configuration affect number of tape (and time, which is proportional
to taps under all conditions). Moderate ambient noise does not increase taps required,

but complete auditory masking does. Experienced blind travellers had. fewcr harm events
as a group than the normally sighted, but differed considerably from ove another. .

The fessibility of an expeérimental course composed of arcificihl objécta is deﬁoh-f
strated. An objective "success of travel” scale based on "harm events" is proposed.

Obstacle Course . . h . , -
.ﬂ—‘ A

The entire course was set up in a large, otherwise empty room, thus providing
control over weather, interruptions by curious pedestrians, etc. The obstacle course
modelled such characteristics of the enviromment as bounded paths, open stréets, solid
objects at ground level, objects protruding from above ground levei, step-ups and’
step~downs, automobliles, sound reflectors, and stairways. Most of the cbstacles and




iy

® covironmental features were of wooden constzuction. Their arrangement and purpose was
B to sample some characteristic features of the real environment, The diagram in Fig. 23
B indicates positions of the obstacles in the course. The distance from the starting

® point to the finishing point was 170 feet. Figure 24 shows several views of the

B obstacle course.

*

- - P N P L RV TIN

Procedure

P The subject reported to a room on the first floor. The experimenter put a blind-
& fold over the subject's eyes and then led him to the third floor, where the obstacle
"$ course was set up., To reduce the subject's tension wnd give Win-some practice with
%% the cane, he was instructed to walk a section of the room which was free of obstacles.
B The total distance of this free course consisted of two segments of 170 feei, ithe same

% total distance as the obhstacle course. The time spent traversing this course was T
i measured with a stop watch. The number of taps made by the subject with the cane was
P recorzed on a portable ‘tape recorder which the experimenter carried walking just behind
B8 and to the side of the subject. After traversing thé free course, ‘the-§ubjelt was led

‘to the starting point of the obstacIe cobESE;.:Tbe'fofléwing instructions wére given '

image of the course: . . . .l el

‘to the subject to provide some mental

- T

"his is the starting point '6f the obstacle course. . To your right.there = - -

is a brick wall. You have to walk straight until you reach a brick wall
3 opposite you, Then, turn ieft and follow a confined path. To your right: —~:*:
- Eﬁere~w111’beéa*ﬁrick'wallvand te-your left,.two by fours placed on the -
. cement- £loor. You have to stay within the confined pathk until you reach a . . . .
T § woodén‘platform-«we call it a sidewalk.. You have to step wp on to the . .,. - . .,
8 sidewalk and walk to the end of it. At the end of the sidewalk you have  .: y
E: ‘to 'step down on to-the street--it is the concrete-floor. Keeping a- . . -~ ... .
straight line, you have-to cross the street and find a second _sidewalk--a. . .
wooden- platfosm. -You -have to step-on ‘it and walk to the end--even though . - . .
- it turns sherply to the-left at one point. Once you have reached the end. .
o . of the second sidewalk, you have to step down on to a concrete flogr.. The. . .
. path you have to follow is bounded by sheets of acoustic tile placed on
> § the floor. ' Walking along this path, you will come to a stairway.. :Youwr. ... . ‘
- task’ {8 to.go up-and go down the stairway.' Whén you arve.on the concrete

floor again, follow:the bounded.path until I ask you to stop.. Any -: .
questioms?"’ - i - . o 0T N ERCTPCIe g

1f the subject asked questions, they were aﬁswered b& the expefimenﬁeé. MThéﬁ

?ﬁ the following resume was given to the.subject:

:“gz "As?ycujhévefgathered; the. course is roughly circular,.ih a sensg,tﬁg;v ) "
n the finishing. and:starting points almost coincide.’ Whean you, come up:

K to an object, you will have to decide how to navigate further." -.

s When the experimenter completed recording the date, subject's name, and the
¢ condition under which the:course was to be traversed, he started the , subject walking
_ the course, For recording purposes the course was divided into eight segments, As
B¢ the subject -approached the end of a given segument, the experimenter identified it by
B¢ recording on tape a coded number as well as the cumolative time up to that point.
¥ Likewise, an index of harm inflicted by the subject either upon himself or upon the
- 4 enviromment was devised, These harm' events were recorded as they ogcurred along: the
§ course. - ‘Three types of harm events were identified: bumping into an object, tripping
B upon an object, or getting the cane stuck, Bumping intc an object was predicted upon
i} significant body cemtact, Tripping was based upon the subject's momentarily losing:
- his balance due .to an unexpected collisien of his feet with the environment. Through

. the entire experiment no subject was injured in any way as a consequence of tripping.

" Getting the cane stuck, typically resultéd whenever it got lodged betweén two objects -
or in the "cracks" of the sidewalks. o © ‘ IS

.
w'; f . » . + . . N ¢ 8
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g The subjects traversed four times the course which was a quiet room free of
- obstacles. The length of a single segment of this course was 170 feet. The obstacle
Y course was also 170 feet long. All subjects traversed the obstacle course three times
¥ under each of three different comditions. The first condition was a quiet room.

3 Under the second condition two exhaust fans were turned on, providing background
. noise of about 60 db sound pressure level. For the last condition subjects wore’
i Willson Sound Barrier earpheanes which damped external sound energy and provided &0~
’ 100 db white noise (from a modified transistor radio) which effectively masked out
-« all residual auditory cues from the environment. The sighted subjects were not per-

' mitted to see the course uniil they had traverssd it umder all regular conditiong,

At the end the blindfolds were removed and the sighted subjects were asked to |

‘ traverse the course still using the canes. Everything was tape recorded exactly in =~
. the same manner as under the previous conditionms. ' o

, Three variations of canes and techniques were used to traverse the obstacle
© 3 course. The first, used for most of the tests, was an ordinary aluminum "1ong cane"
” used in conjunction with the Hoover technique. The second variation consisted of
two such aluminum canes--the second cane held in the normally free hand and manipulated
in a mirror image of the first--resulting in a sort of crisscross pattern. The third
variation consisted of a modified single cane, on which a 12~inch aluminum bar was
attached perpendiculariy on the tip of the aluminum cane, thu" providing double
contact points with the environment on the ends of the "I'" bar. The subjécts were
instructed to use the latter with the Hoover techmique also. ’ \

Subjects ~ \
3 Five blind subjects were from St. Paul's Rehabilitation Center in Newton, Mass.
4 All were in their sixteenth week (their last) of training ir the use of the canme. The

* ] sighted subjects were M.I.T. studeuts. Because of retraining problems, each group of
~ sighted subjects was used with only one cane condition. Four sighted subjects
. participated in the one cane condition, four in the two cane condition, and two in the
A "[" cane condition, ' T ‘

Results

3 Tape recorded data consist of came taps, cumulative time (in seconds) and harm
‘ events while traversing both the firee and obstacle courses. Table 5 shows the

o . arithmet ic means of cane taps, time (in seconds), and harm events for four groups of
subjects under all investigated conditions and considering 170 feet segments, of the
free and obstacle courses. Tables 6, 7, 8, and 9 in the Appendix show the number of
taps, time (in seconds), and frequency of harm. events for each traversing of the

courses, 1able 10 in the Appendix shows frequencies of three kinds of harm events~-- -

: bumping into cbstacles, cane getting stuck, and tripping over obstacles for individual

A subjects. , . oo S | . -

Plotting a number cf camne taps as a function of trial time; a reasonably straight
egression line was obtained. Figures 25, 26, 27, and 28 show the regreasion iines -
for each group of subjects. Figure 29 shows the frequency of harm events for three '
conditions--quiet room, fans turned on, and white noise, In the free walk condition
no harm events occurred. Likewise, when sighted subjects walked the ‘ohstacle course
without blindfolds, no harm events occurred.
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BB Table 5.

Means of Cane Taps, Time (in sec.) spent Traversing the Course,
and Harm Events for Four Groups of Subjects
@ Free Obstacle Course, 170 Teat' T
5 4 | Groups walking Eazrphone
e 9 of course Quiet White No
§ f Subjects | 170 feet | Room Fans | Noise Blindfoid
5 blind 104 268 193 z43 -
1 cane
g 4 gighted 117 228 222 227 85
L“; : _1 cane
“5 @ 4 sighted 104 280 238 237 65
8 S | 2 canes ‘ '
% 2 sighted 93 361 284 | 265 107
"I cane 418 1137 937 972 257
.5 blind 63 258 179 223 --
1 cane
o 4 sighted .76 205 209 205 56
g .§ 1 cane
£ 8 | 4 sighted 71 262. | 201 182 54
o
e @ | 2 canes
3 8 | 2 sighted 115 344 | 245 | 210 . 68
- "T cane |
5 blind - 7 7 19 “m
1 cane
gy ’4 Asighted -- 21 ‘ 21 23 o
:?: o 1 cane
w“ § 4 gighted 18 15 15 -
a ‘.3 2 canes )
§ 2 sighted 121 121 17 -
WT" canes

+ Means based on four walks of 170 feet segments for every subject,
++ Means based on three replications of each condition for every subject,




Table 6. Blind Subjecis Using One Cane. Results for Each Triai‘,of‘(‘;ahew-
Taps, Time {in sec,) and Frequency of Harm Events ‘ s

3

Free
walk —
340 feet Quiet room Fans White neige

Obstacle Course

Subjects

v

150 1153 - 147. 139.[ 139 ‘119 T256 1303 265
124 , 102 109 | 169 98 263 (249 215 |
. ' ST BT O

266 ‘243 ‘347 256
z41 245 2 336 -280

5

5 X ‘ T3

-232
212
5 -

* Fenmale Suﬁjects
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Table 10, Frequency of Harm Events for Individual Subjects

| Subjects

Bumping
into
Obstacles

Cane
getting stuck

Trigﬁping
. over
Obstacles

Blind
(one cans)

FrY
MA+
Lt
JH

EwW

Sightea
(one cane)

ID
EN'
MM
ST

Sighted
(two canes)

RC )
JH
BK
JC

Sighted
(T cane)
MC

JH

+Female Sub ject
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Analysis and Discussion of Results

An analysis of variance for taps, groups of subjects and conditions revealed
significant differences among groups of subjects and conditions, both at the 35 per-
cent confidence level, Figure 30 shows the arrangement for the analysis of variance,

. Tadle 11 shows results of the analysis of variance for cane taps of four groups
e of subjects under three different conditions,

In a second, analysis of variance for total traverse tixe, only conditioﬁs;réyéégéd
significant differences at the 95 percent cofidence level, The arrangement for = -

avalysis of variance for time is similar to that in Figure .J. ‘Table 12 shows the °
vesults of this analysis of variance.

-
e o ox LS

: R N A

The .significance of the "“group." effect is a rough indication at best, for it
can be seen from the experimental design that the differences between blind and ~¢
¥ sighted, and between _.re treatments within the gishted category were confounded., (
Looking toc Table 5 with respect both to taps and time, the differences betwtén plind™
and sighted appear about as large as the diiférence between cane treatments within At
the sighted category. . ' \

v 5 - ow . . T
" LT, M Vo BT
R m:"'.\:‘ Jo el ¥ wE

. The same is true for the "conditions" effect which was significant with respect
B - to taps. : The "conditions" effect per se was confounded with order, From Table 5.-it™
is seen that both taps and time tended to decrease from "quiet room" to "fans," which
RS suggests ‘e¢ither an experience improvement which was not cffset by -a performance - - -+
decrement due to lost auditory cuves, or that a small amount of ambient niolse was -
actually useful and fewer taps were needed. Both taps and time’ ifcrédsed again for-
white noise indicating a tendency to more taps and slower pace, in spite of any
experience on other order effect.

oo

»

L Fe

- B Table 5 appears somewhat more revealing. Comparing for the course free of

- 8 obstacies, the pumber of cane ;aps‘and‘thg,timg,witb,the”gprrgspondipg measure for
8 the obstacle course, large (not unespected) differénces’appear.’ AXi1 subjects shus at

. B least doulling in both the average number of taps and average time €or 170 feet of

g travel. This change in behavicr may indicate two differemnt uses of the cane. In the

‘ course which is free of obstacles the cane was probably used to confirm 12 strong
expectat:ion that the future envirorment was like that just encountered. In the
obstacle course, the cane was p.obably used as a probe to find an open passagéway.
Because the, prior erivironment. was diffefent. from the future ejvironment, smali, 1"
independent segments of environment had to be excmined in detail before one decided

to move forward. .To explore the environment in greater detail, mpxe time and taps: . .
were neaded. t ' t ‘ . )

»
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Tabie 5 also indicates interesting behavioral differences between %réups of
" subjests. The blird group seemed to be more sensitive’ to the environmental changes
<4 than the sighted-blindfolded group using one cant. But this "sensitivity™ to
conditions may have been due either to the acouskic masking conditions thkemselves or
to the ordering of conditions, which was the same for eyery group. Only the group of
iy sighted-hlindfolded subjects who used the W oane indiéate a consistent improvement’
' 4 through gil conditions. The sighced-blindfolded group using ore cane yvemained at a
S stable rate of tapping tkroughout all conditions. - ant DTS
; Thus the tap end time measures leave us with no one dominsnt conclusion ercept™
N perhape chat time and number of taps correlate thro.ugh s1l treatments, ¥igares 25, 26,
3 27, and 28. " . o S N ST e sl

Kl
t

Ny

3 Table 5 reveals that the "harm events' measure differentiates thé éigﬁ%éayffdm;the
- blind groups. A chli square tesi for harm events zmong the four groups of subjects was
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Securce of

Variation Sum of Squares vy Mean Square F
Groups of avhiscta le) | 27,203 3 9,068 291
Conditions (R) 18, 060 2 9,030 3.89%
(Cells) (56,898) | (11) | -- .-
Interaction N
R x ) 11,585 6 | 1,931 0.83
Within Cells 76, 545 23 2,320 -
Total | 133, 393 44 . -

Table 11, Analysis of Variance for Total Cane Taps

+Significana£ at P 0,05

Table 12, Analysis of Variance for Time (in seconds)

Jf
I

Source of | A o , ‘
Variation Sum of Squares y  Mean Square.
Groups of subjects (c) | 15,317 3 | 5,106 1. 12
Conditions (R) 27, 850 2 13, 925 3, 06%
Int‘er‘action‘
Rxe} (20,985) | 6 3,498 0, 77
Within Cells 150, 183 33 | 4,551 “-
Total 214, 335 44 | - -
Ysignificant at P § 0,05
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significant, (F = 0.05 x2 = 8.76 with 3 d£). The differences of harm events within
the sighted group of subjects suggest that the cane provided to the user diffarent
informatisc sbout the environment. .

Obze vations during the experimestal sessions and questioning of subject: revealed
that the »lind group and the sighted group used different criteria to detect #w.d avoid
obstacle . f%he blind group used "facial vision" to detect hanging obstaclzz. For
example, the hanging platform was detected by most of the blind subjects ai the end
of six trials. When they received white noise through earphones, the blind subjects
could rot avoid bumping into the suspended platform. The sighted-blindfolded subjects
rarely used, or knuw the existeace of the so-caiied "facial vision" cues. They
apparent iy preferred to estimate the distance from prior objects to the suspended
platfcrm.

The group of subjects using two canes showed an entirely different pattern of
cane use. One of the canes (usually in the nondominant hand) was reserved for main-
taining continuous contact with the enviromment and was dragged a'ong the floor, while
the second cane was tapped in the corventional way.

A second chi square snalysis of harm evaents was performed on the individual
subjects within the blind group, and was significant (x2 = 9.32 4df),

Suggestions

Even with a very limited variety of characteristics by which to model the . 'mplex
environment of the blind, the factors of experience and availability of cues in
mobility may be studied profitably.

Wright (1961, p.4) suggested a 15 point mobilj“— scale, to be used by the
experienced observere to judge the behavior of tke .lind person. The successful
observation of cane tapping, sensitivity :o envivomment, and harm ev:ints in this study
indicate that Wright's mobility scale could be expanded Dy including present measures=-«
in particular, the "harm type" measurements. A scale of objective "success of travel"
could be used to augment the subjective mobility rating scale. The present study has
not provided enough data to work out a "success of travel” scale nor indices which
would provide a sufficient mcasure of the cane user's ability to travel. Further
experiments are suggested in order to vefine the categorization and recording of "harm
events.," '
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There are several research approaches that characterize the study of adjustment.
Mozt commonly such studies assume a2 similar analytical model: the multiple regression
equation. A number of predictors are often assembled, including measures derived from
personality inventories, judgments of therapists or counselors' ratings; sometimes
demographic and social data may be included. Many classes of variables are associated
with adjustment, and a number of techniques are available to determine the relative
contribution of zn assortment of predictors to the criterion variable, i.e.,, adjustmen:.
Several variables are related tuv the criterion and the relative power of each variable
to predict adjustment is thereby isolated. The combination of variables that accounZs
fer the largest proportion of the variance is then retaired to predict adjustment. The
relative contribution cf each of the predictors provide ; a2 method for asses31ng the
significance of each predictor. ~

This same model may in fa:t be used without recourse ::0 formal statistical tech-
niques. Instead of using factor analytic techniques or multiple correlation methods
to determine the weights to be assigned to variables, simple zero-order correlations
are used (where each predictor is correlated with the criteriorn variable independently
of the other predictors), zlthough this always leavcs open the question of redundancy
between variables, e.g., education aad intelligence quotient may be measuring about the
same thing, and one thereby is in danger of attributing too much importance to one orxr
the other variable.

This model when properly used can lead to very effective prediction. If the
problem is to assess iccurately who might be cuccessful candidates for parole or therapy
or sales positions, a fairly good prediction can be obtained when you have hit upon good
predictor variables and you are certain your criterion varisble is a good one.l But
this model does not lead to the understaanding of the causes of adjustment or to the
unraveling of the nature of the contribution of each variable to the measure of adjuste~’
ment. One reason for the resistance of this model to interpretation is the disparate

1A good summary of the assumptions and utility of this model can be found in Paul
Horst, The Prediction of Personal Adjustment (New York: Social Science Research Council,
Bulletin No. 48, 1941).
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'_g;gature of the predictors that effectively relate to the criterion, so that no simple
P oxplanatory scheme can account for all the correlations. Ad hoc interpretations, many
M8 quite plausible, can be made once the size of each variable's contributiom to the
LI prediction of adjustment is assessed; iowever, these are only preliminary steps in the
B scientific progcession toward inde.staading and explanation.
S An adaptation of the regression model attempts to compress the predictors into a
P more limited set of factors that account for the tendency of the predictors to correlate
i With the criterion. A factor or factors shared by the predictors is isolated by factor
§ analytic techniques. These methods serve to reduce the number of predictors necessary,
‘although it is in reality difficult to construct "factor pure" measures, so that in
¥ practice most of the initial tests and ratings have to be retained.
- 3 An alternate model, one demonstrated here, hypothecates a variable that "inter-
M ones" between the predictors of adjustment and the achievemert of different levels
P of adjustment. The intervening variable is e that camn statistically account for the
@ relationships between predictors and the criter on (adjustment in this instance). This
. intervening variable is one that may be derived from theoretical assumptions and, ouce
B measured, introduced into the analysis. Or, in some instances, it is & purely
[ tbeoretical nc* .on that is hypothecated in order to organize disparate observations.?2

Lﬁ:§~ An intervening variavle, as used here, is distinguished by the fact that the initial
B2 celationship of the predictors to adjustment is eliminated by the introduction of the
4  intervening variable; e.g., intelligence may significantly correlate with adjustment

% until the intervening variable is introduced. Partialing out the original correlation
4%by use of an interveuing variable, if it in fact intervenes, will cause the original
~.§‘relation to decline (ideally, to disappear).3 In effect, the intervening variable

f- explains the initial association in that both the predictor and the dependent variable
¢ 2F (adjustment) sz« related becuase of their mutual relation to the intervening wvariable.
B If a number of such correlates can be related to the same intervening variable, you can
‘1; explain a larger number of prozositions with a much more limited set of propositions, a

B goal of all theoretic inquiry.

. The research reported here utilizes as an intervening variable the expectations of
£. the 'role-set"; i.e., the standards of conduct various persons direct toward blind
persone when they are part of the network of primary group relationships. The hypothesis,
B describec more fully later, is that a variety of the usual predictors of adjustment are
. able to predict fairly well because they serve as indicators of the kinds of expecta-
IS tions likely to be directed at the respondents, blind persons with different levels of
i adaptation to their handicap. :

Azgég‘Kenneth McCorquodale and P.E. Meehl, "On a Distinction Between Hypothetical
g Constructs and Intervening Variables," Psychological Review, Vol. 55 (1948), pp. 95-110.
% "Theoretical" notions that are not directly reduced to operations are distinguished
from intervening variables that have some directly accessible link to measurement by
the authors, who suggest the term "hypothetical constructs" for the former, reserving
the term "intervening variables" for measurable entities serving an "explanat ory"
function. -
3Most persons are familiar with the correlation between storks and birth rate,
which is "explained" by the "intervening" variable “rural-urbanness." When rural~urban-
ness is controlled the relation of the number of storks to birth rate disappears.
4A more detailed statemsnt of the nature of intervening variables is contained in
P.F. Lazarsfeld, "The Interpretation of Statistical Relations as a Research Operation,"
in The Language of Social Research, P.F. Lazarsfeld and M. Rosenberg, eds. (Glencoe,
111.: The Free Press, 1955).
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The Analysis

The major hypothesis that guides this analysis attempts to wrast some uniformity i
from the multiple factors ordinarily associated with adjustment cf blind persoms.
Obviously, an assortment of factors are associated with such adjustument: residual
vigion, intelligence, social class origins, ethnicity, age, pergqm&lity'traits, and so. -
on. But this implication of multiple influences, though apparent from other invesZi- o
gations,s and from the findings to be presented shortly, fails to grapple with a number
of problems of theoretical and practical significance. First, some way must be found
that can oxganize these findings into a more compact series of generalizatioms, if it
is at all possible. Second, most of the influences on adjustment are simply incapable
of alteration or change, if their roie is basic, for effective rehabilitation offorta.
“teither inteiligence, social class origin-, nor, for the most part, the provision fox
some residual vision can be tinkered with by vocatioral counselors or social workers
who counsel the blind. :

The viewpoint presented here is that various predictors or factors associated with -
adjustmeat sci e as_proximate indicators of the er rironmen_.al_press that surrounds the
bilind person; in turn, the enviromnmental pressure. induce various degrees of adjustment.
To illustrate: a partially seeing persor may not have to face up tv the protectiveness
and solicitousness that.a totally blind person is likely to encounter in his interaction
with family and frieuds; a person whose social origins are middle class may find, '
generally, less paternzlism and stronger expectations that he be independent, for
example, than someone whose origins are lower class. Similar comsiderations apply to
each of the factors ordinarily associated with adjustment.6 Insofar as they predict .
different outcom.:s, they do so because of am intervening set of conditioms: the attitude
milieu that surrounds the blind person. Between social class, or age of omnset, or
residual wision, oxr the other factors that are associated with blindness; it should be
possible; acrording to this hypothesis, to identify an attitude network that- helps to
explain the association between these factors and adjustment, If this hypothesis is
satisfactory it will enable us to predict not only those instances where these’ pre-
dictors are correlated with adjustment; it will also enable us to explain those ot
instancec that depart from the usual predictions, whether it is the blind person-with

207200 visual acuity who is poorly adjusted, or the person with a college education
who does not appear able to perform as well as most of his peers.

Source of Data

The information used in this analysis was derived from a sample survey of 500 .
legaily blind persons in New York State./ The sample was limited to persons between 15
and 54 for two reasons: (1) to avoid an excessively aged sample, and {2) to provide a
sample that deals with the problems of persons in the active years of life when the
rehabilitation goals are more or less similar. With the co-operation of the New York
State Commission for the Blind, it was possible to select a sample that was representa-
tive of the blind population in the entire state. With compulsory registration in
force for fifteen years at the time of this survey, the vast majority of blind persoms
were in this register; only a negligible number of persons. refused co-operation (22, or

5See War Blind Veterans in a Post-War Setting (Washington, D.C.: U.S. Government
Printing Office, 1958); and Mary K. Baumar, Adjustment to Blindnegs (Harrisburg, Pa.:
State Council for the Blind, 1954). , » _ o

6A summary of extrac.s sapporting this siew may be found in Alan Gowman, The War
Blind in American Social. Structure (New York: American TYoundation for the Blind, 1957),
Chapter 1; and Jacob Twersky, Blindness in Literature: Examples of Depictions and
Attitudes (New York: American Foundation for the Blind, February 1955). . S

7A more detailed description of the gsample can be found in S. Finestone, 1rving F. .
Lukoff, and Martin Whiteman, The Dem=nd for Dog Guides and the Travel Adjustment of:
Blind Persong (New York: Columbia University Press, 1960) , Appendix A, pp. 104-112.
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" 4 percent, of the sample). The completed sample, when contrasted with the total
register, showed 2z close correspondence in sex, age, and duration of blindness, so that
B the sample could be 2ssumed representative of New York State legally blind persons

' within the designated age span.

% Some Procblems of Measurewent

To present this analyesis we have to discuss three classes of information. First,
it is necessary to know how adjustment i3 being measured;8 second, how the attitude
network surrounding the blind person is indexed; and third, what classer of predictore
associated with b..ndness are used to test the hypothesis.

A, Adjustment. Adjustment is ¢ complex concept that shares sluost as mony meanings
as there are persons attempting to cope with adjustment. Althoug™ various gubjective
elements czn enter into the concepr, such as feelings of perscnral satisfaction and
well-being, the index proposed here focuses, instead, on th: t-havior of “»lind persons.
This focus is justified on several grounds. First, where relevant, it can be related
to personal evaluations of well-being or psychological health. Secondly, the focus of
rehabilitation centers and cthers ceucerned with adjustment is on the performence of
blind persons as workers and as normal members of families and neighborhoods. In )
addition, by dealing with actual performance, the difficult problems associated with a
more psychologically bassd concept are circumvented. Problems of reliability and mean~
ing are less likely to be questioned. And it is fundamentally the outcome sought in
all rehabilitatiop efforts, and the “pay-off" even for psychological concepts of
adjuetment. :

The typology of adjustment is derived from four behavioral samples: (1) employuent,
(2) travel independence, (3) independence in eating, ard (4) independence in shopping.
These four components were selected since they iavolve behavior in significant contexts,
and characterize the individual in even mcre extemsive ranges of behaviers. Each
component was selected on the assumption it reflects, in some measure  a variation in
behavior along a dimension of independence-dependence. T.c:y also involve the person in
a fairly wide range of significant activities which can then be reasonably assumed to
characterize the persons under study. .

1. Employment. Strictly speaking, this component, the most heavily weighted,

is not an employment index per se, since students and housewives were included. A
series of questions were asked 2bout employment at the time of the interview. The
responses were classified to distinguish persons engaged in independent profession< and
competitive industry on the one hand, from those in sheltered workshops and traditional
cr :fts associated with the blind on the other., The heaviest weight was given the first
group, followed by the "other employed." The unemployed were given no weight fer this
component.

Married women were classified by their score on an index based on an inventory of
household skills, while students attending school full time (mostly college), were
arbitrarily assigned into the top group, on the grounds their current pexformance
reflected an active, independent orientation comparable to the independent professionals
and those engaged in competitive industry.

Agggg the typologies developed by Thomas D. Cutsforth, The Blind in School and
Society (New York: American Foundation for the Blind, 1951); and Irving F. Lukoff,
WA Socioiogical Appraisal of Blindness," in Social Casework and Blindness, S. Finestone,
ed. (New York: American Foundation for the Blind, 1960). One "type" of adaptation is o
studied by Alan Gowman, op. cit., where he interviews independently oriented blind war
veterans. The index of adjustment can be comsidered an index of social role, i.e., it
characterizes the role performance of a blind person in a variety of fundamental social
- relations. Role also serves to direct attention to various useful hypotheses derived
from role theory. In this paper, however, it will be identiffed as adjustment in order
to confiue the issues to a single hypenthesis. .
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2. Travel Efficiency. This index was derived from three separate scul::83
independence of travel, extensiveness of travel, and frequency of travel. JYhe top
third on this combined index was weighted most heavily, while the bottom group received
no veight. ‘ CLL

3, Independence in Shopping. Three items concerned with shopping were assembled
to an index. These include: dces respondent shon for himself; does he go shopping
alone; does he handie money. The scores were weighted in the same way as the travel
efficiency index. 2 - o

4. Iadcpendence in Eating. Seven items uvere cumalated -into a score, including
questions of whether respondent eats alone in restaurants; if he asks waiter for help;
whether he prefers to locate dishes for himself; does he preier to identify the food by
himself; if he wants someone to tell him where the food is ou the plate; whether he cuta
the meat himseif; and if he prefers to pour water, coffee, and the iike for himsglf.gk

The four components used in constructing the typology are all positively associated
with each other to a statistically signifi~ant extent, although the correlations are,
in some cases, modest. One factor to take intc account is the tendency for females, -

who were mainly classified by the nhousehold competence index, to dampen the correlations.

Employment is a much more rigorous criterion of independence than the ability to iroxn,
or cook, or to sew. ' Thus, travel efficiency correlates with the index of housekold

competence with a modest C-coefficient of .13, while employment classification correlates

39 with travel efficiency.

‘The scores for each person were assembled intc four groups: I, the Independent
Blind; II, the Moderately Independent; IILI, the Moderately Dependent; and IV, the
pendent Blind.

B. Primary Group Attitudes. If attitudes are significant for the blind person
they must first be perceived by him. Thus, the information on attitudes is assembled
from reports the respondent made on attitudes held by various persons he knows. The -
obvious danger is that this may simply reflect his own values, and thus we are only -
measuring the projected standards of our respondents. A series of internal checks
renders tLis hypothesis untenable. In fact, there is a great deal of variability in the
attitudes respondents report in different sectors, such as travel cr employment; and
the different groups (family, friends--both sighted and blind--and employers) differ
from each other quite markedly. The projective hypothesis would only be consistent with
a great deal of similarily in individual reports of the standards of different groups
and in various bshavior sectors. Then, the analysis (not reported here) was replicated,
controlling for eack person's own preferences, and the findings remain substantially
unaltered.10 : ' : ‘ = poie

A series of questions were asked about the attitudes (or expectations) that the
respondent perceived in four areas: travel, employment, having sighted friends, and
taking care of ome's needs. They were then asked how their families felt about this, -~
their sighted friends, their blind friends, and employers. Thus, an individual could
repoxt there were four groups, three, two, one, Or no groups that favored independence.
Some ‘axperimentation with different combinations showed that no predictive efficiency
was obtained by combining all responses, &0 that only the responses to one item Were
used in this analysis: whether each group felt the respondent could meet all his needs
while making a trip.

3

9For a more detailed description of each of the scales described see S, Finéstone
et al., op. cit., Appendix B. S « : - L

10A meparate roport will be made on a person's own attitudes and the rziation to
primary group attitudes and adjustment. ' s :
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In effect, we have an index of role-set, i.e., whether the persons with whom the
" respondent is in constant interaction are sgreeable in favoring independence, whether
B variable, or whether they tend to denigrate tue respondent's ability to take care of
3 his needs.ll . : S S . :

N .. . C. The Predictor Variables, A sample of variables was selected that are ordinarily

& associated with. adjuscment, not oanly for blindness, but for other handicapped groups

28 (yith the exception of residual vision). Each variable, with one exception to be noted,

correlated with the adjustment typology. Sound Yeasons can be advanced for the

¥ correliations in-.ach case; however, for this analysis they will not be pursued in datail,
@ 2lthough earh-correlation obviously plays a significant role on its own, The variables

S were selected because- they can ve assumed to reflect a wide range of experience. These

§. variables are of two types:. (1) -these reflecting background experiences significant for

BB socialization or social group membership; and (2) those that are more c¢learly personal
B attributes of the blind person.l2 . . . S

3 The background variables include: education, age of onset of biinduess, ethnic
$ group,. and father's occupation (as an indicator of social class origins).13 The per-
: sonal attributes used in the subsequent .analysis are vision, age, sex, and intelligence.

:jf Findings

T Ea§h~of these variébles is associated with the index of adjustment. ¥or Bfeﬁity,
only the general pattern will be reported, mostly quite predictable from other studies

. of adjustment: . S - : - L.

’? - 1.‘Those witﬁ higher edﬁcational achievement were mére fraquently found'ih Type 1
(Independent) than those with less educationm. .

... : 2. The earlief the onset of blindmess, the greater was the likelihood of an
independent pattern of adjustment. SR

'f: o 3. Blind fersons whS'are white and of native=boxn pareﬁtage were more‘likely to be
» indepeudent than whites of foreign-born parentage; Negroes, in turn, had the poorest
S adjustment.

4. 1If pareﬁts held white-collar jobs, tﬁere,was a greater,tendencﬁ for independent
adjustment .than for the offspring of skilled workers; unskilled parentage was associated,
generally, with modest or poor adjustment. . g

1 - B

- . SmwBliﬁﬂ pérsoﬂé'with'residual vision were more independent than those who have
- 3 only light perception, or who are totally blind. : -

. -

: 11A separate analysis, to be reported elsevhere, is made of the different groups
- and their reiative significance to the respondent's adjustment.

. 12This distinction is, in part, arbitrary,. since some varisbles, such as age or
ethnic membership, may index both current "attributes" and background experiences. The
classification is .simply heuristic, and only a detailed analysis of each variable can
settle the question of the appropriate classification, ‘ - : , A

13?3#&%?’5 cccupation is used in lieu of social class to avoid redundancy with the
adjustment typology, which contains the respondent's employment, an ingredient for a
social class index. 60




6. Younger persons fared better than older biind peirsons.

7. As intelligence increased the propertion who are independent xose markediy.

8. Sex, because of the indexing procedure used in developing the typelogy, shoussd
no relation to adjustment. It is included because it is a significant variable that
plays an obvious role in the kinds of standards society is likely te establish, <ad is
important in subsequent phases ¢© the analysis of the data from this stuay.

Tegt of the Hypothesis

The hypothesis states that each of the above variabies predicts adjusiment because
each is a rough indicator of the attitude milieu faced by blind persons. We will
examine first the relation of this attitude milieu, as evidenced by tho pumber of groups
that favor independence, to the adjustment typology; this will be followed by an exam~
ination of the relation of the number of groups favoring independence, and the adjust-
ment typology, when the predictor variables are statistically contxzce.led. I1f the
hypothesis iz supported, the relation of attitudes and adjustmeat will hold up, despite
the elimination of the influence of these predicior variables. If these variables
were the significant predictors, the relationships suggested here would not appe-ir.
Thus, if younger persons report that the persons with whom they interact do not expect
independence, they should be poorly adjusted, despite the generally better adjustment
pattern of younger persons; similarly, older persons who report group standards favoring
independence will in fact be independent more often, despite the tendency for older
persons generally to be in the poorer adjustment categories. :

As can be seen in Table 2, there is a strong relationship between the number of
greups that favor inrdependent behavior and the distribucion into the adjustment typology-
Where the respondents report no groups favoring independence, 16 percent are in the
indeperdent group; however. where 3-4 groups are reported favoring independence, 52
percent are in the most independent group. At the other end, those with no groups to
report are more often in the most dependent group. :

Tastz 2. ReiaTIONsrr Berwezn NUMBER OF

Grourt FAVORING INDEPENDENT BEHAVIOR
ANI: ADJUSTMENT ?

Number of Groups Favoring Indepﬂ\dént Behavior
e —

Adjuztment None -2 34
dep. I 16% 83% 52%
(odep) g a9 NG 2%
‘ -~ Y 8307, 21% 1%
(Depend) IV %% %% 8%
Total 1009, 1009  100%
(?49) (135) (120)

3 p<.001 a3 testec by chi-square

The relationmship in Table -2 is suggestive of the thesis that perceived attitudes
in the environment, as reflected by the aumber of primary groups that favor independence,
are significant for the achievement of independent. adjustrent by blind persons. As the
number of such groups increases, there is a steady increase in the achievement of
independent adjustment. '

However, as noted in the list of various predictors associated with adjustment, a
variety of such correlates can be located. The problem is to f£ind whether primary group
attitudes are significant in their cwn right for predicting adjustment. For example,’
what happens to a person who is at the unfavorabie end of one of the predictor variables
when the attitudes in his primary group are favorabie?

One. sequence, the relation between education 'and adjustment, is presented in . _
Table 3. A strong relaticnship is seen to exist between educational attainment and -
adjustment. Thexe are over 2% times the proportion in the most independent“groub who
have some college, as compared to those who never went beyond grade school. At the
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Tasre 3. DISTRIBUTION INTO ApjusmzcetT Ty  ¥OR DIFFERENT EOUSATIONAL LEvrcs®

Sducaticeal Zevel ., - C e e
e, o e I b ST S ST s s e e ——
Some College
e S Completed Grace . . SomeHS,and |, through
- Adjugiment . . Schiool oy Less . . HS, Craduates . . PostGrd
(indep) 1 18%. . L7 - 8% .o . 80%
I 17% , R/ . . 52%
m 889, ‘ 249, - 189
Oepend) IV 2% u% 8%
Totel 1009, 1009, I, S

1184) (218) S

T en 0l as tested by chi-equaic:

other extfema¥ there are more thar 5 iimes Lha‘éropoition,inAthe'mpsE’égpendent giopp_
@ vho did »ot. .o beyond grade schooi, as compared to those with at least some ccllege.
B Those vwho attended high school fall between the grade schoocl and college group.

It is appavent, then, that both education and priméry group attitﬁges are st;@pgly'
r.lated to adjustment. The problem still remains to identify the extent attitudes are
able effectively to predict adjustment, whatever the status of respondents' education.

) 4

* TARte 4. PROPOXTION REPORTING TWwo on Mo GRours FAVORING INDEPYNDERICE
o - AND ADJUSTMENT; CONTROLLIKG FOB ENUCATION * .

i Adjustment .
T A T T W R
Independent Dependent
" (Proportion Reporting at Least Two Groxps’ P D
Education . . Favoricg Independence) . .o . Teotal
Completed Grade Co ’ : Co :
Schooloriess - ‘ oo b8% - 85% : 16% . .t
. C : .. (34) (31), R (1) .(184)
Some High School and : R L S
H.S. Graduates ) 54% 349, 1%,
I Y . B ) @18)
Some College through
Post-Graduate Work . 56%, . . .. 83% . . 2%
T (46). @) - . (©3)

All three types of information are tabulated simultaneously in Table 4. This per-
aits an assessment of the relation of adjustment and “attitude milieu' when education
is controlied. 1In Table 4, the proportion who report two of more groups favoring
independence is indicated for each educationdl group and for the several role types.
Note that approximately the same percentage in Type I report two or more groups favoring
independence for each education category. The range is from 53 percent for those with
grade- school .or less to 56 percent for those with at least some college. As the degree
! . of independence declines, the proportion reporting two or more groups favoring independ-
ence drops sharply.. Thus, there is no important difference between each of the _
education groups. However, the reason for. the original correlation between education
and adjustment can be observed by looking at th: frequencies (in parentheses): those
with 1little education are likely to report fewer persons expecting independence than
college graduates (with the high school category in between). There are three times as
many persons in Type IIL/IV amoag those with less education than in Type I; these
ratios axre almost reversed with the college group.. S

Table 4 indicates that the relationship between attitude milieu and adjustment is
sizdlarly patterned for the three educational groups. Persons with low education
achievement who manifest a good adjustment are about as likely to report a favorable
attitude climate as those with higher educational achievement. Conversely, even those
with high educational achievement who report few environmental supports for independent
adjustment are likely to bé found in the more dependent categories.




Although the pattern is less than perfect, there is a clear and. observable tendency
for attitudes to play a considerable role in the adjustment achicved by this sample of
blind persons. It can be seen that the independently adjusted, irrespective of their
education, tend te derive from primary group metworks that favor independence; the less
well adjusted, on the other hand, tend to report few or mo such group reinforcements
for independent behavior. . U,

Thus, the correlation of education with adjustment, despite its strength, cannot
eliminate the influence of the attitude milieu. If education played a causal role,
then the less educated would.be in the poorly adjusted group irrespective of the number
of groups favoring independence, Instead, all three educational groups show a similiar
pattern, as can be obsexwed in Table 4. If education opefated independentiy of the
attitude milieu there would be & tendency for each of the educational groups to have a
constant proportion favoring independence, irrespective of the actial adjustment of the
respondents., However,  this is clearly not the case. .. . . . . . '

. In order to examine the same set of relationships for the other predictor variables,
an alternate device is presented in the cause of brevity, On exdmination of’ Toble 4,

it can be seen that if plotted on a graph, all three educstional groups would piesent
very similar curves, All three educational groups would have a downward sloping curve
if the vertical or Y-axis contains the proportion who report two or more groups favoring

Yo Wy

independence and on the horizontal or X-axis are plotted the adjustment categories. If

the pattern is similar to the one we observe with education, the curves will all slope
in a similar way. 1In the upper left hand cormer of the first set of graphs, the data
in Table 4 are presented in graphic form. The similarity of “the slopes of all three
curves indicates that the relationship between attitude milieu and adjustment is ‘
operative, although the influence of education is controlled. Thus, attitudes operate

- independently of education.’
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Each of the predicted variables discussed ‘earlier is plotted in the same way. If
' we examine each of the graphs it 1s seen that they are all more oxr less similarly pat-
M  iermed. 1In each case, with inevitable aberratioms, there is a trend for each' of the
M curves to slope downward and to be roughly similar when controlling a wide rangé of

. predictor variables. Despite the crudity of the index used to reflect the attitude

R milieu it is apparent that. it stands in ‘a fairly constant relationship to adjustments
. as adjustment declires, . the attitude milieu also tends to be léss supportive of

SIM' independent adjustment.  When each of these predictor variables is controlled, a visible

W relationship is retained between attitudes and adjustment. This occurs for: variables

as disparate as education, residuval vision, age of onset, age, sex, ethmic’ group,

father's occupation, and intelligence. This set of observations ‘indicates that these

¥ predictors correlate with adjustment, at least in part, because they reflect the group

: <

standards the blind person encounters in his day-to-day interactions. -

Several explanations are possible to account for this, and later studies will be
mede to . tt out some of them at least. Obviously, referemce group theory suggests
some direction for further analysis and, as well, the contribution a blind person's
own behavior may make to the formationm of attitudes among persons with whom he engages
in social relationc. Still, this is an impressive rarge of variables to behave in such
B 2 markedly uniform way, including such &tandbys as education, intelligeuce, and class

-~ origins, L . : ,

The data are consistent with the original hypothesis that the asédciétic;h of each
of the predictor variables in relation to adjustment can be partly accounted for by
virtue of their indexing environmental supports for independent adjustment. A series of

-
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relationships can now be encompassed by a single hypothesis, and some understanding of
the way these variables function in relation to adjustment is clarified. Needless to
say, rot all of the relationships are completely accounted for, but a significant
advance in understanding has been made that lends itself to systematic inquiry. The
utilization of an intervening variable that can plausibly connect a wide array of
predictor variables has clear advantagee ovar alternate models in that it contributes
to he summarization of a number of relationships, although it may be weaker with
respect to the ability to predict empirically different levels of adjustmeut.14 The
further use of this framework for the study of adjustment appears warranted by the
findings in this investigation, with alternate population groups and measurement
techniques, and using other hypotheses, in order to increase systematic understanding.

T4The analysis here could be replicated using correlation techniques; however,
the typology and scales are such that only dubious increases in accuracy would he
obtained.
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fore the Sensory Research Discussion Group, Massa-

This paper was preserted be 3
Cambridge, Massachusetts, December 19, 196%2.

chusetts Institute of Technology,

As a statistician it may be perhaps presumptuous of the author to attempt to point
glhut ways in which sensory devices may prove to be more useful to the blind, the
omsumers for whom they are designed. He is not an expert either in the development oX
M -nufacture of such devices. However, he is intriguad by the tremendous ingenuity and
BB xd work that has gone into the development of these devices. The only reasom for

PN his paper is to help in some small way to assure that these devices will succeed in
heir ultimate objective and be of usefulness to a majority of the blind that can

Lt ilize them effectively.
\ The author's first contact in more than a passing way with this area was when ue
B tended, upon invitation, the International Congress on Technology and Blindness
lfi&ponsorad by the American Foundation for the Blind and other agencies, voluntary and
Blcovernment, held in New York City in June 1962. This Congress consisted of a number
Bof panels devoted to broad aspects of the technology of device instrumentation. The
Mg.vo panels to which he devoted most of his attention were one on 'Man-Machine Systems,"
:haired by Dr. Samuel J. Mason of Massachusetts Institute of Technology and anotner on
“Living Systems," chaired by Dr. W. Grey Walter of The Burden Neurological Institute,
jristol. England. Oue of the major objectives of the Congress was to facilitate the
sxchange of information on devices designed to aid in the mobility and communication of
the blind and severeiy visually nandicapped by utilizing cies from remaining sensory
B odalities. In this objective, the Congress succeeded admirably! It brought together
Bin one place specialists from many lands and many disciplines., For the first time
individuals working in the various specialties concerned with such devices £nr the
pLind met and ccrpared notes in the form of jinformative and well-prepared papers.
R ihere vas evident he tremendous amount of work, effort, time and money that had gone
\ finto and will cor cinue to go into the development of these devices. Ome could not help
g but admire the instrumentation discussed at this meeting and especially the great and
W continuing efforts that are being made to find ways of using the remaining semsory
. M odalities, particularly hearing and touch, to provide sdditional adaptability for the
B 5ight less.

L I
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_ The author was greatly impressed, on the one hand, by descriptions of electroric

hanes, magnetic compasses, ambient light obstacle detectors, and reading machines, to

B nention just a few, and on the other hand, by mathematical modeis of simulated living

B oy stems dealing with vision, asdition, and speech. These represented great effort and
g acbievement by physicists, psychologists, engineers, mathematicians, physiologists, and
other professions. But curiously emough, very little was said during the Congress

K about the size and characteristics of the consumer population such devices are designed
fto serve, or ahout actual or anticipated problems in the use of devices by such a

’population’.
: -66-




1f the developers of devices are viewed 2s manufacturers or producers and the
blind population, for whom these devices are being degigned and developed, 25 consumexs, -
it might be possible to get a clearer picture of the needs of the-blind in this area.
Perhsps the title of this presentation should have been "The Need for Sensory Devices
Consumer Research.” The author is not ouly interested in concumer characteristics but
also in consumer reactions and attitudes over time. In his opinion, the kinds of data
aceded are, in reality, the kinds of data that the manufacturer of a new product or of
a modification of an old product would seak to determine about the potential users of
the product. These fall roughly into three groups: - . ' '

1. Factual data are needed regarding the size and demographic characteristics of
the consumer popuiation, in this case, the blind and those with severe visual handicaps. ’
Since the population -is not static but is continually changing its character, such ‘
information should be obtained periodically to secure changes ‘in size and distribution -
by age, sex, and race. It appears that the blind populstion is ircreasing almost
twice as fast as the general pepulation, Estimates quoted by Dr. Eric Josephson ¢f the
American Foundation for the Blind at the 1962 annual meeting of the American Assoc¢iation’
of Workers for the Blind indicated that since 1940 the blind population has increased -
67 percent while the general population has increased only 36 percent. From the few
statistics -available on limited samples of the blind, as well as on other data, it is-
known that the blind do not constitute a representative sample of the general population.
For instance, it was also brought out by Dr. Josephson that almost half- of the blind
are 65 years and over. This should be compared co the 9 percent aged 65 years and - -
older in the United States' general populatior in 1960. The percentage of Negroes in
the blind population -exceeds considerably the percentage of Negroes in the general
population, - The difference then between the blind and the sighted population is not ‘
solely one based on vision. ; . SR LR

‘ -
s

ine way in which data on the demographic status of the blind population on an

annual basis may be secured is inherent in the recent establishment in this country of
the Model Reporiing Areaz for Blindness Statistics,l consisting at' present of 10 states;
under the sponsorship of the National Institute of Neurological Diseases and Blindness.
Thie Area hag the cooperation and support of the American Foundation for the Blind,

the National Society for the Prevention of Blinduess, and the Pubiic Heaith Sexvice.

1t is a voluntary assoc.ation of states, maintaining registers of the blind, that-

have agreed to observe certain standards, including the adoptiomn of a common definition -
of blindness. This will ultimately make possible the production of comparable and
poolable statistics on visval acuity and causes of biindness in these states and in
others that join the Area. The Model Reporting Area, frrthermore, has the potential, °
with the ccoperation of member scates, of furnishing by age, sex, race, etc., on a
regular or cyclical basis, information on services provided, such as meobiiity training,
talking book machines, and so forth, as well as information on the presence of diseases"
and handicapping conditions, including defects of other sensory channels. :

2, Ianformation is necessary on the minimum sensitivity required for effective use
of devices utilizing the specific modalities. “Senaitivity" is used loosely here to
refer to acuity, discriminatory power, localization, etc. It is well to remember that
not all blind persons need or can use devices. Some of them havé enough vision left .
to enahle them to travel, or to read with the help of low vision aids. Others are home- ' -
bound or bedridden. .In addition, there are some non-blind that can very effectively
make use of devices. -

A modality often used to substitute for vision is hearirg. In this connection, :
information must be secured as to the extent that aging per se jeopardizes the ability -
of the blind to discriminate and localize sound. The same should be determined for '
other’sensory modalities, However, good information is very difficult to secure.

Data available from the New York State Commission for the Blind indicate that there

has been a steady increase in the percentage of clients 65 years and over who are on
their register for the blind. For instance, in 1956 the percentage was 45,2 in 1960 °

it was 48 percent,3 and steadily increasing. That this trend 15 likely to continue
appears to be evident from register incidence data available for New York. In 1959,
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kS percent< of all new additionms to the register were 65 years and over. In }969g_‘5

ke year later, this figure had risen to 50 percent,3 .. .. .. 0L
_Obviouely, the percent of the popuiation 65’yeérs'and over, as weIiiéa ;ﬁg ;jl.
ate of increase, varies by state. For instance, in 1961 Kansas, a rural state compared
ko New York, showed that 58 percent4 of clients on the blindness register wexe 65 years

d ovey. : :

.

, According to Rev. Carroll,5 audiograms made of groups of blind and sighted .=
subjects showed that the former are subject to the same areéa of hearing loss as the

M iter. Morsover, & certain few causes of blindness a_so affect the hearing to such

i extent that the subject who is blind may also be hard of hearing,. if not deaf. 1In
BMM-his category are certain of the meningial diseases, and apparently some of the ‘
b:amilial forms of retinitis pigmentosa. .In this connection, there may be quoted 2 =
study by Landau and Feinmesser,6 of a group of 22 patients with retinitis pigmentosa,
aged. 11 to 56 years of age. Fourteen of these 22 patients showed impairment of hearing
vhen tested audiometrically; 9 had nerve deafness bilateral, 2 mixed deafness bilateral,
B conduction deafness bilateral and one was totally deaf. The authors indicate that
Xjeafness is one of the most frequent degenmerative processes associated with retinitis

g igmentosa, the frequency being variously reported as between 2 and 43 percent of thosé
Jtosted. The differences in these percentages are explained as being due perhaps to
Bdiversity of. methods employed to measure hearing or to different criteria in evaluating

R ‘;he degree of. impairment.

R A study of war-blinded veterans in a post-war setting,/ published in 1958 by, )

Ml che Veterans Administration, showed that, based on interviews by social workers of 1949

blind veterans, 577 or 30 percent, had hearing difficulties. Of the 1949 blind '

% veterans, 855 or 44 percent, had no useful sight, while 1094 or 56 percent, had partial

sgight. Interestingly enough, of. those without useful sight. 33 perceat had hearing

Bdifficulties compared to 26 percent of . those with partial sight, Aprarently where the
vision loss.is more serious, there is apt to be an associated hearing loss, However,

B it should be remembered. that veterans constitute a selected group. " :

e ,;Rev,.Carroll5 indicates that even a slight hearing loss may be serious. to a

B blind person in, view of the fact that so much dependence is placed on this senmse. A

l nearing loss. in such a person may interfere with spoken communication, A slight loss

B8 i one or both ears may even more seriously affect.the ability to orient oneself and

2 one's mobility, by interfering with the power to localize sounds. Certainly any hearing

Bl 10ss cuts down on the total amount of sound received and thus limits the occasions on.

B which it is possible to use the power of localization. A bhearing loss in one ear may

PR be as serious as in both; any inequality in hearing power between the two ears can

§ distort judgment of direction.of sound, and so interfere with orientation. Rev, Carroll

B indicates that similar hearing losses are much more disabling to the blind person than

=% to the sighted. Even a loss that is less than disabling can be quite important.

]
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o _.There ure many limitations with respect to the help.that a hearing aid can

.. provide to a blind person.5 No hearing aid reproduces the whole normal range of sound,
S8 A sound that may be useful for social purposes may prove to be quite inadequate for

% travel purposes and vice versa, A hearing aid may help in one type of sound perception
¥ but be of very little help in other types. The very reception of auditory cues is

M diminished by the mere insertion of an ipstrument in the ear. This may be very .

@i} important for the blind person. Directional cues may be distorted by a hearing aid.

B In short, hearing aids do_not ‘provide the answer to the difficulties of blind persons

with even. slight hearing losses.

8 The congenitally blind may suffer from additiqnéi congenital deféé;é; including
S <cZects of the other sensory systems, some of which may not be detected for a number of
g years after birth.  According to. Warkany,8 the separation of prematal and postnatal

| factors responsible for deafness is admittedly difficult, Trauma or infection may be

«

§ superimposed on developmental defects of the ear and be considéred the cause of the
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hearing defect. As deafness due to infections becomes rarer, congenital anomalies of
the ear assume increased importance.

Since blindness in the aged often results from, or is associated with, cegtain
chronic diseases, such as diabetes, this fact alone would surely pose some problems for
the blind. It has been fcund that diabetes often causes sensory loss, including that
of finer cutaneous discrimination. . Much blindness results from diabetic‘retinopathy.
In many such people certain tactual areas are made insensitive by the progress of the
siabetes itself. As a result, the blind diabetic may have a poorer sense of touch
than many of the general pepulatiom in his oun age group. This would surely pase
problems in the learning of braille and in the use of certain mobility aids, ‘

,Since‘individuals use each of their senses to add to the iniogmatiﬂn'b;qqght
by the others. and to test and validate that information, it becomes cbvious that the
mere fact of being blind must surely add to the handicaps of other modalities.

As pointed out before, the risk of havipg an associated impairment in‘heating ;
or touch may be increased in the blind for certain causes of blindness, in congeaital
blindness, and in those 65 years and over. Furthermore, due to the aging process and
ites effect on perception and other central nervous system functions, the ability to
utilize devices effectively may be impaired in those 65 years or over. _If there is
accepted as fact the probabilities of such increased risk, is-it possible to come up
with some idea of the magnitude of the known blind population that might have
difficulties with devices for the reasons mentioned above?

To -approach this . magnitude even crudely one must depend on statistical data
available from registers of some of the states, It must be kept .in mind, however,
that data from state to state, or even data in the same state from time -to time, may
not._be comparable. This.may be due to variations in the definitions of blindness,
either from state to state or service to service. There may be variations in the. .
classification of causes of blindness used, and finally the matter of chance variations
from year to year. If one has recourse to prevalence data from a register, it must be
continually borne in mind that the question of updating the register either cont inuously
or on.a periodic basis is very important since clients die or move out of state or
show improvement in their vision sufficiently great so that they are no longer considered
legally blind. Sometimes kncwledge of such changes are not easily secured or, if
‘secured, ‘the registers may not reflect such changes promptly. C e

With respect to incidence data, it is certain that there must be a considerable
number of undiagnosed cases of blindness in any state. Also where cases are diagnosed,
they.may not be reported promptly or at all. Furthermore, the onset of the condition
may be. years prior to registration or even to diagnosis. : e -

LA |

With all these limitations in mind one may observe that at the end of 1961
Kansas register® prevalence data show that 58 percent of persons registered were
individuals 65 years and over, 2 perceat were individuals with retinitis pigmentosa
and -under age 65 yea=s, 1 percent were individuals with diabetic retinopathy and under
65 y2ars of age, and 6 percent were blind as a result of prenatal conditions and under
65 years of age. Thus, if one adds together all such individuals who might conceivably
present problems in the use of devices, according to the present state of knowledge,
one comes up with the imposing total of 67 percent of the total register. When
attention is turned to register incidence and recourse is had to the New York State
registerd for the year 1960, individuais aged 65 years and over constituted 50 percent
of new cases, individuals with retinitis pigmentosa under age 65, 2 percent, with
diabatic retinopathy ander 65 years, 10 percent, and with blindness due to prenatal
conditions under €5 years, 14 percent. Thus, the total of these several conditions

as possible sources of difficulty in the use of sensory devices among new cases comes
to 76 percent. ' . ‘ ‘ ~




In addition to information on the mininum sensitivity required for effective
use of devices u-ing the specific modalities, cdata are needed from samples of congeni-
% tal and adventltious blind, stratified by age and sex, giving sensory data by modality
- and changes in sensitivity over time.

. More must be known about the léarning capacities by age of the blind with
and without other sensory handicaps. According to Dr. Kleemaier,9 there is a loss of
% reaction speed in the senium, whether the individual be 'sighted or blind. The older
? individual s performance is considerably less consistent, more erratic than that of
~ younger adults. In part, this may be due to urcontrollable lapses in attention as
. well as to progressive perceptual deficits. The loss of speed is a phenomenon basic
to mental events and one intimately involved in aging of the nervous system. Little
or no work in this conmnection has been done with ‘aged blind individuals. The ability
of such individuals to perceive and integrate sounds into letters and letters into-
words must be studied. In similar fashion, their ability to perceive and integrate
S tactile stimuli of different intensities, positions and durations must be investigated.
g€ = One must distinguish sensory acuity from sensory efficieacy. This has been well
B publicized in the field of visicm by Hoover.10 1In the hearing and touch modalities,
. ¥ such differentiation has not ‘been ‘as well moted. o L E e
it is knownt that the sexes differ in surviVorship What is not known is
Al whether this difference also reflects a difference in "survivorship" by sex of the
/ remaining sensoty channels among the b11nd : : LT

The Office of Vocational Rehabilltation is working toward the adoption by
states of a routine, uniform test of hearing for all blind individuals applying for
vocational rehabilitation services. This would be of great value, at least in this"

. one segment of the blind population, in supplying informatiomn so badly needed for
_ efficient planning of rehabilitation progrdms and of sensory device development. *he
possibilities of studies of individual differences in sensitivity, as related to other
characteristics, would be very inviting with such data. D
3 Finally, there are needed data derived £from controlled studies of the use of .
~ selected devices by a panel of the blind studied longitudinally. This panel should
.. consist of blind persons satisfying sensitivity requirements for the effective use of
" the devices tested. There may be practical prollems in setting up or in obsérving. such
a panel over time, but these problems need solution with the same resolve and urgency
that are given to probiems on the drawing board or in the laboratory.

PR S « N ¥

. ouch a study would allow the determination of problems in adjustment te, and .
continued use of, sensory devices. It would reveal difficulties in training the blind
and in their operation of tlie devices. Tests would need to be devised to measure
proficiency in using the devices. Additionally, questionnaires with respect to
attitudes and mOtivation toward use of devices would have to be developed.

, . :

A longitudinal study would permit the determination of those specific demographic,
physical, . personality and other psychological characteristics that make for successful
use of the devices under consideration. It may well be that successful cane travellers
B are also successful travellers with ultrasonic guidance aids or other devices, If so,

M such a fact will be well worth establishing. The development from such a study of
valid selection techniques to allow early screening is greatly to be desired.

: Another great advancage that would accrue to a well-planned longitudinal study
of a panel of blind individuals might be derived from the fact that heretofore unavail-
able information on incidence uf disease and impairments over time in such a popuiation
would become available. This would entail, of course, periodic medical examinations,
The facts relating to association of diszases and impairments and their vaiue with
respect to rehabilitation and other programs cannot be overestimated.

-70-




St et g T T W W AT R SRR e S

e evtori s T s e o A TS WA

The lahoratory is not the outside world. A mobility or communication system
must be useful cutside of the laboratory as well as in it. The laboratory should be
able to provide approximations to real life situations in the preliminaxy evaluations
of the devices. The devices must, however, be tested in 1ife situations by the blind
who will be living with the devices and with the situations., While it is essential
that a device be first looked into from the viewpoint of engineering ease and feas-
ability, the ultimate consumer will make the firal decision.

The blind or blindfoided coilege studsni hardly represents the typical bling
individual. Differences in age, perceptual ability, learning speed, and motivation
are quite apparemt. The motivation exhibited by a young student cannot be compared
with that of an aged blird person whc may fear danger of the unknown more than the
jsolation imposed upon him by his sight1l2ssness.

It is no doubt ‘true.that much thought has been given by others p1e§ibuél§ to
some of the considerations that have been mentioned. Such cpnsiderations'may make it
possibie to avoid ending up with devices in search of consumers. Such an ending would

serve neither the blind nor the ingenious scientists ard engineers whose devices are
either a reality or still a dream on the drawing board. " '
i ¢

{
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| COMPARLSON OF THREE INFORWATION-GATHERING SIRATEGIES = % 07"
iF A POPULATION STUDY OF SOCTO-MEDTCAL VARIABLES RN

bY' ) 't o T
Joseph R. Hochstim

.Califoruia State Depaftinexftt‘of ‘Public Health PR B e

S EDITOR'S NOTE: : B R I

This paper was presented at the Annual Meeting of the American Statisgical
Asgociation, Minneapolis, Minnescta, September 8, 1962, and was published in
the .1962 PROCEEDINGS OF THE SOCIAL STATISTICS SECTION, American Statistical -
AAssociatidn. Gracious permission is given the Americaﬁ.Eoundation.fot'the-'
Blind to publish this paper in this issue of the'RFSEARCH BULLETIN, .

¥

The Human Population Laboratory is an epidemiologic study whose primary interest
BB i: in learning the distribution of disease in a community and examining the velation-~

W chips between disease and those social, psychological, and environmental factors which -
E we loosely call "way-of-life." A v RN

Since the development of disease, particularly chronic disease, is a long<tefm

. process, a longitudinal study design, where repeated interviews are taken with the

S same individuals over time, appears to be appropriate for the Huma‘n'Zl"op,11lau_:‘:t':qn‘*'~ I
B Laboratory. I ‘ : oL it

: Obviously, it is costly to conduct personal interviews with a reasonably ‘large "’

" sample of the popuiation repeatedly, parcicularly if one follows all or a sample of

the migrants-wheréver they go. This led us to look into less costly methods of infor~ -

' mation-gathering, primarily telephone interviews and mail questionnaires, or to some

combination of methods which might lower qoéts-withouf reducing quality. -

-

Our first step was to comb the iiterature to discover what stulies had been made -
on the comparative merits of personal interviews, telephome interviews, and mail
- questionnaires. - We went through. the major publications in survey research, applied

¥ psychology, sociology, statistics, and ma keting. In many of the journals we made a " -

complete search back to 1948,

In general, much has been written about the various methods of data collection,
F'%  but attempts to compare different data collection methods have been very few, Also,
B hot limited {-formation is available does not fit our particular situation--developing
a longitudinal study, in a compact geographic area, and in a position to exercilse’
rigorous controls over the quality of any method chosen. -

3

o

We therefore found it neccssary to conduct our own study. This report represents
the results of this study. Our objective was to compare three strategies of infor-
mation-gathering--mail, telephone, and personal interviewing used in certain combina-
tiong--in terms of rate of return, the completeness of the returns, and cost., In
addition, we aimed to investigate comparability cf the results obtained by the three

b Ml s ed A
[- I %% ah‘;&&co.




The site selected for the Human Population Laboratory is Alameda County, in the
San Francisco sy area. The county has a population of more than 900,000~-mainly
ucban and suburban, like most of California. The population is-heterogeneous with
respect to occupation, sccio-ecomomic class, race and othar factors posaibly related
to disease occurrence. The area is small enough to allow data collection with a
ninimum of travel expense, watile its proximity to the State Department of Public Health
pernits a maximum of supervision., == : T T

A short deacription of the sample design is necassary here because this: design
affected the snaiysis of the study. « - '

An area probebility sample of Alameda County, California, was drawn based on 1960
Census data. A multistage design was used. . The only 1960 Census statistics available
at the time of sampling were Census enumeration distr’cts; so we decided to use these
as our primary sampling units. The county wa3 stratified by geography ind:-the enumera-
tion districts were selected with probability proportionate to size. Each enumeration
district in the sample was subdivided into sr.aondary units-~blocks or, in rural areas,
quasi blocks. Two blocks were chosen from each sample enumeration district, again "
with probability proportionate to size. Within each block, & cluster of six house¢holds
was drawn from a random start. Altogether, 175 enumeration districts,’ including 350
blocks and sbout 2,100 househcids, were thus selected, This sample, supplemented by
a sample of new construction, conversions, end demalitions undertaken since the 1960
Census, yielded a total of 2,148 housing units. ' ’ o '

Tha 2,148 sample households were then enumerated, ' Enumerstion involved a listing
of all household members by sex, age, and relatiom to head, ‘as weli as certain housing
and other information. As you see in Table 1, the enumeration wae succersfully ~
completeé in 92 percent of the selected households; or in 97 percent of the occupied-
houging units. o . o ¢ T PRI “, L

Altogether 1,973 housing units were enumerated in groups of six housing units -
per block. These housing units were nsxt subdivided into two ‘samples. All those.
units which fell on zhe even numbered lines of the block listirg sheets bacame Sacple
A, the subject of our present discussion. The remaining households were rceerved for

a replication of the study design, but using a diff ‘rent suquct""ﬁggﬁe:.

, The sample for the present study was divided -into. three subsamples, each.a-
representative sample of the total county., Out of the total of 350 blocks, 50 were
selected systematically for personal interviews, three households per block. - In the
other 300 blocks, three households per block also weré j:ékens-one*a‘”’s%igxigd at random
to the telephone strategy, the other two assigned to the mail strategy. Obviously, .
cost factors determined the disproportionate numbers assigned to the three strategias, -
For sil three strategies we did everything possible to achieve a high rats of i
return. We used all the prestige of the Department and the fact that we are promoting =
public health, Each household received an advance notice of its ‘salection for the .
study, in the form of a letter from the chief of the Hunat Population Laborstory ' -
printed on Department of Public Bealth stazionery, personalized as far as possible, .’
and handsigned. Extreme care was exercised at every stage of the study to induce a
gense of paxticipation in the respondent. . : ‘ ‘ :

__.In all three strategles every membex of the liousehold 17 years and ‘qvar was
eligible for the study. Identical questions were used throughout, the topics being
demographic; familial, behavioral, and madical, U

Let me describe each of the three strategies. In the mail strategy, each meiber” -
of the household 17 years of age and over was sent a separate questionnaire, with an
accompanying letter. A second maiiing, Sgais uish an accompanving latter, was sant to
those who dil not return the first questicnnaire; and, if necessary, & third--this by
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" 'RATE OF RETURN OF HOUSEHOLD ENUMERATION. = -
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HOUSING DNITS

SAMPLE STATUS OF HOUSING UNITS ober | Bercent
Total Housing Units 2,148 100
‘.. Enumeration completed ' 1,073 | - 92
... Enumeration not completed . . s | &
e Reason not completed . : ( , e
Refusal - | s | 2
" Not ‘at home : 20 o
Other biasing reasonst .10, 'y
+ - Vacant B . 90 4
" Other nonbiising recsons 22 ¢ 1
Total Effective Sample 2,036 |
+ {Excluding " Vacant" and | .
7 "Other nonbiasing” )
" Humber and parcent of effective
.. . sample completed 1,973 | 97 |
| a:1"1neludes householdS'conﬁainiﬁg pé}soﬁérwho:"

“were.ioo 111 to be interviewed or who-were '

senile, ' ’ ' D ‘
:,1'3 Includes persors ruled out of the. sample by .

" ‘definition.e.g., students living on campus -
‘.. and militapy personnel on military bases.
8 “lLess than .5 percent.-

£

certified mail with the request that the addressee sign a return receipt. The post-
office also was asgked to report a mew &ddress in case the person had moved, ‘

Those who éi@,nﬁt’teaponﬁ'to"che three mailings were then called u i, either by
telephore or in person. Callbacks were made to obtain as high a return rate as
possible within the limits of the budget. So much, at p:ebent,‘for the mail strategy.

In the secoad strategy, the primary aim was to conduct the intérview by telephona,
However, some people do not have a telephone, In order to keep the three samples
comparable, the telephore aample imcluded its proper share of nontelephohe subscribers;
otherwise it would have represented a higher socic-economic group. Those households
drawn for the telephone strategy which did not have a telephonc were handled like the

mail,sqmple,

~ 'The third strategy employed personal interviews, with callbacks where nacessary.

-Tla




The overall rate of return from all three strategies combined was 90 percént
(Table 2). Nonre.urns were made up of 7 percent refusals and 3 percent not~-at~home.

and unable to locate.

Table 2 L
RATE OF RETURN OF DATA COLLECTION . -, .

SAMPLE STATUS OF PERSONS -PERDONS _~ ™
Number . | Percent, .
Total Adulfos1 in Housing Units | 1,984 100 e
Interviews or queationnaires obtained 1,779 90
Not. obtained ‘ B 205 10
Reasons not obtained | N DR
Refused | ‘ 135 7
Not at home 15 | -1 5
Unable to locate (moved and left no - o
forwarding address) , 33 BRI SN
Other reasons 22 -1

1 persons 17 years old and over.

Looking at the three strategies separately (Table 3), we find that a completed
questionuaire or interview was obtained from 88 percent of the mail strategy sample;
91 percent of the telephone strategy sample was completed, as was 93 percent of the
personal interview strategy. Thus, as far as rate of return is concerned, all three

strategies proved satisfactory.

In each of the three strategies the great bulk of the assigmnment wes completed by
the method originally selected, For example, the 88 perceat obtained ia:the mail
strategy was made up of 81 percent returned by mail, the other 7 percent divided about
evenly into telephone and persoanal interviews, The 91 percent retuin from the telephone
strategy included 72 percent completed by telephone, 14 percent by mail, and 5 percent

in person. . :

Our next concern was the completeness of the questionnaires. Even though the mail
strategy yielded a satisfactory rate of return, the questionnaires themselves might
have a disproportionately high rate of unanswered questions, Over the telephone as
well as in the persomnal interview, the interviewer can encourage responses; this sort
of prodding is not possible in the mail questionnaire. Therefore, it was expected that
the proportion of unanswered questions in the mail strategy might be higher than in the
other two strategies. As it turned out, this expectation was justified, but the non-
response to individual questions was 8o low--seldom going over 5 percent even in the

mail strategy--that it did not present a problem.

I should comment here that the figurcs on rate of completeness for the mail
strategy include a few edited questionnaires. 1If a questionnaire was returned waich
had, say, a whole page left blank, it was assigned to an intezviewsr who telephoned
the respondent to obtain the answers to the unanswerad questions. Thus, the rate of
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completion of mail questionnaires is the ratec of respondents' answers plus some
subsequent prodding in the few cases where there were grogs omissions... S

Coming now to the question of costs: There are -a great many expenditures that
enter into the conduct of a survey--administration, planning, sampling, questionnaire
construction, testing, etc. We are concerned here only with the cost of interviewing,’
on the assumption that most other expenses will not vary greatly with the strategy
employed. However, there are questions of just what chaxges to include in interviewing,
and what fractions of certain costs to assign to each strategy.

You will remember that we conducted a household enumeration before doing the
actual interviewing.. This was necessary in order to get names and addresses for the
telephone and mail strategies. One could take the position that enumexation and - |
interviewing might have been conducted simultaneously in the personal strategy and
therefore none of this enumeration. cost should be assigned to this strategy. . However,
this view is not quite realistic because all members of the houschold 17 years and -
over were to be interviewed, .and even where a respondent was available on the enumera-.
tion trip, additional visits were often necessary to interview the other-eligible
household membeérs. 1In fact, in many cases the enumerator found no one at home and y
simply took name and address for subsequent telephone calls to-complete the enumeration
for those households. Consequently, it is not unreasonable to charge at least a ‘
fraction of the enumeration to the personal strategy. e

]

Another-expense involves selection, training, and supervision of interviewers..
Such tosts are quite substantial in the personal interview strategy, a little.less so
in ‘the-telephone strategy, and minor in the mail strategy. How much of this interviewer
supervision should be charged to each strategy? .- - : ..

We computed per interview costs on a number of bases,. ranging from charging .. .
personal strategy with none of the enumeration to charging various fractions, and £rom
dividing interviewer training and supervision costs equally among the three strategies
to assigning them heavily to personal and telephone strategies. Depending on what
assumptions we made on these issues, we came up with the following comparisons:
Telephone strategy interviews cost from 10 percent to 20 percent more than the mail
strategy returns and perscnal stratagy interviews cost from two to two-and-a-half -.
times as much as mail. - : , : I

1 want to draw & broad band of caution around these comparisons. These figures
apply only to this particular study, and even here we are not sure how good our cost
accounting was: With a different rate paid to interviewers, or with a different
lenszth of questionnaire, or with any difference in procedure--for example, mo -
cartified letter in the mail strategy--cost ratios would change,’ perhaps considerably.
A1l we can say is that, not unexpectedly, the personal interview strategy cost -
substantially more than either of the other two. ) B

So far we have shown that in terms of return and in terms. of completeness, the
three strategies were guite comparable and that in terms of cost, the mail and
telephcne strategies were more officient than the personal interview strategy.

The next item to investigate is a comparison of the findings from the three.
strategies.. Let us look first at those data for which comparisons with outside souries
are available, i.e., Census. Does any one of the threc strategies appear to have.a
marked advantage over the othex?

Not all statisticians agree on the usefulness of comparisons betwesen sample data .
and population data. While some are unimpressed, others think that such coxparisons
are a realistic way of assessing the representativeness of a sanple, Without taking
sides on this issue, I will report the comparisons we made on a series of items

obtained in the Human Population Laboratoxy which were also reported in the 1960 Census.

77~
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When the returns from the individual’ strategies are compared with one amother
and with Census data, we' 'find (Table 5)t ~+ . .7 /2 Fez .. o 700 ST e Y
1. In most cases-results from the three .strategizs are in good agrzement -
‘ with each other and with Ceasis, and '~ . - " - P, L e
7 2. Nome of-the three strdategies. is consistently'closest-tO'thﬁACenéu& } i
* omall items compared. - --- - . . ' I N B v SRS

> . . b N RS . . .
P e L. .- E N . ; T, e

Interestingly, the mail and the telephone strategies show just as close relatiom=
ships to Census -as does the personal strategy. In faet, the largest .difference-- ..’
though not ‘statistically significant-~appeared.in the personal strategy. The importast -
point, however; ‘is that all :three strategies are close to Census and td one-another, . -

4 ‘e L]
T I S

“-Qur next effort imvolves a.comparison of the substantive findings obtained by :
the three strategies.  I'wor't go here.into the details of computation-of the standard
errors except -to' say that I have been using a technigue pretty much like the one-- .
Leslie Kish presented in his article on “Confidence Intervals.for:Clusteredeampleﬁ:"
in the April’ 1957 issue of the American Sociological Review. This technique is-not
unlike ‘the -one Jerome Cornfield described im the study on "Health' and Medical Care in :
New York City." "In essence, these techniques take cognizance of the fact that we are:
dealing with a cluster sample instead of a -simple random sample., - . Do e e

.

Generally speaking, -the three stratcgics drew similar respenses. In the great
majotity of -findings, the -differerices observed are not. large enough to be statistically:
sipnificant., -There are, however, a humber of questions.and a number of items on which
statistically significant differences did appear. By chance alone, we would expect

that in 5 percent of the comparisons, a statistically sigrificant difference would
occur. In fact, we observed such differences on 6 percent of the items. : :

— S
4 »

[

-+ 1f we look'at the questions where significant differences -are found, and if we:
make some-attempt 'to arrange them systematically and classify them in order to seek a - .
rationale for what may have happened; certain patterns emerge.. e
First, we'find that about one-third of all the differences appear-in one series of
six questions. This was our first attempt to develop an index of physical activity and
1 am afraid we were not successful.

b
¢

Second, some of the interstrategy differences’ secem to arise from the need for - - ..
special instructions or explanations. .For example, in recording occupation of the - .

respondent, interviewers can be given detailed. instruction as to how occupation will
be -coded: and should be recorded. The fact that im the mail strategy 7 perceat of the °
answers were uncodable, while only 2 percent each for the telephonme and persomal - -~
strategies were uncodable, documents this speculation. .The same point holds for
recording "industry" and for some other items too. =~ ' Ceee

H

Third, there are situations where ideas about acceptable vesponses give the .
advantage td one stirategy over another. Herb Hyman and our. chairmam, here, in their
standard work on ‘'Interviewing in. Social Research,". have dwelt on the importance of
interviewer expectations in survey research. Respondents, too, have ideas of what is
expected or' is' acceptable.’ If somebody asks me, or any one of you,. ''How do you feel?"
We alimost automatically answer, "Fine," even if we don't feel very well, Similarly, -
vhen our -interviewers asked respondents how they would generally rate theix health~=-
excellent, good, fair, or poor--the autcmatic response tended to be "excellent,"
However, asked to put down a check mark on a questionnaire, the response tended to be
less off<the-cuff -than in the more social situation.

Comparing findings on heal:h rating for the three strategies, you.will observe
in Table 6 that the proportion saying "excellent" is much higher in the personal
strategy, -and the proportion saying Mfair™ is -higher in the mail strategy. I would

-78~
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Table 6 T
RESPONDENTS' HEALTH RATING BY STRATEGY ~ . 0 0

[ .
vy e e

- -,

SR | Lo SURATEGY 2T T il

Mail Telephone Personal- =" . -

Total Pergons:” f 9774~ = 518" - SR L
) —

. - - -

Eydellent“"'
Good -

51

o1

Total Percent 100 | 1C0 1000 T
HealthiRatings L S

3

N

- » .9 »

- PRI RN 4
- -

. N

. -3
AR : CoE

A . H I

Pogr ;-

ot

i ;‘/
. P P 1
17 = 1 : ‘e “»

- - -

. i *< ; N

< . H . it N
- M - e ~ Fas >
- - e % > . fom
., . .-

- -

-

hypothesize that in thig case, .the mail stratégy may come closer to reflecting the
respondents' trug state, What is operating here is probably not sa much a desire’ to’
deceive as the impulsive facesto-face response compared to the -more considered reply to
a printed questién, ' - o, L LT i A T

B . ~t
e 8w T P N . s - - B

Another ezamplé: -In.dur’ culture, drinking ‘alcoholic bevetrages, particularly by *
women, 1s mot quite acceptable middle class behavior. If we look st the findingsion™
drinking wine, beer, and hard liquor (Table 7) we notice that some 8 percent to 11 per-

cent more women tell the interviewer that .they never drink than make ‘this résponse on'

- Table 7 SR U N
FREQUENCY OF DRINKING ALCOHOLIC BEVERAGES

R e T

" WOMEN RESPONDENTS BY ‘STRATEGY. == il % o
- CSTRATEGY L ol
:2 7 777 | Mail | Telephone | Personal Oi” -

507 282 157 i

Percent

Total Womén:

-

Total Pércent 100 100 100 ‘
" Women Baying they ; 7

Never <drink wine - | 46 44 » 55

Nevep:drink beer . .- 51 9 59
Never. drink whiskeyf.. .1 -~ "o} o7 =
or liquor 138} 3% C47
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the impersonal mail questionnaire, This appears to be a case where respondents
conceivably may answer more honestly if they are not facing an individual who may be
critical of their behavior. z : Co

So much for the pattern of differences. Looking now at the magnitude of the
differences, we f£ind them not very large. Aside from the physical activity items, the
mean of the statistically significant differences between any two strategies is 7
percentage points, and the range is from 4 to 14 points.* Introducing this element of
the size of the observed differences brings up the question of statistical in relation
to practical significance. Often a difference, even though statistically gignificant,

has little substantive importance.

To sum up: We all know that in any interview study, however conducted, some
respondents are easier to find than others, and that the hard-to-get respondents are -
very costly. Because we have been aware that cert=in types of people do not respond
to mail questionnaires or are not available by telephone, we tend to conduct entire
studies by pérsonal interview, even when the information may be obtainable by other
techniques., = - : - )

What I have reported here is a study of thres strategles of information gathering.
In two, we made an effort to obtain the easy-to-get interviews in the less costly
ways, at the same time identifying the hard-to-get respondents for follow-up by the
more expensive techniques. The third strategy was based on the personal interview in
order to gain ccmparative data,

As I reported:

First--Rate of return was satisfactory for all three strategies=-

" RATE OF RETURN BY STRATEGY

Mail strategy 88%
Telerhone strategy 91%.
Personal interview 93%

Second~~We did get the bulk of our interviews by the'method originally assigned=--
RATE OF PETURN o e

- Strategy by Method of Completion

METHOD OF . - . STRATEGY o : se
'COMPLETION Mail | Telephone | Personai
o Percent |
Tctal 100 100 100
- Mail 92 - 15 : 3
Telephone 4 80 | 'A-
Personal 4 | b5 97

*On the physical activity items, the corresponding figures are 11 percentage points
for the mean and 5 to 19 points for the range. '




S = P - o %y ey

Third-<Rate of questionnaire completeness also was satisfdctory for all three
strategiesg-- ' N o T

AVERAGE PERCENT "NO ANSWER"
PIR QUESTIONHATRE ITEM. .

Hail sirategy . 1.0 |
Telephone strategy 0,9 e

Personal interview strategy|l1l.C

_Fourth--Interviewing .costs were about two to two-and-a-half times as tigh for
the mail strategy. Im our case, differemces in cost betwe 1 mail and
telaphone strategies were small, 10 percent to 20 percent.

COST RATIOS OF DATA COLLECTION
FOR ‘THE THREE STRATEGIES

Per Questionnaire Cost of Mail Strategy

Equals 100
RATIO TO
STRATEGY MALL STRATEGY
Telephone strategy _ 110-120
Personal interview strategy 190-240

Finally--So far as substantive findings go, there were some interstrategy
differences. On a couple of items, interviewer instructions were
important and on these the persomnal and telephone strategies were
probably superior. And in a few cases answers to an interviewer
appeared less considered than responses to the mail questionnaire.
On balance, however, the returns from the three strategies were
quite comparable and it appesrs that om most items the strategies
could have been used interchangeably.

Before I begin to sound as though I am advocating the use of the mail or telephone

- strategy, 1 should say that I am aware of certain limiting factors. One I have touched
on: A public health department, seeking information which presumably would benefit

many people, may have an aura that induced an unusual rate of mail and telephone

" cooperation., Obviously, a lower return would have changed cost comparisons considerably.*

g *0f course, some may take issue with my favorable interpretation of the auspices
¥ of a public health department. Arnold Simmel, in an article in the August 1962 issue
. of the Journal of Public Health, speculates on a possible unfavorable image of public
. health as contributing to the defeat of a number of referenda on fluoridation. So,

[- take your choice.




Another limiting factor is that certain kinds of inquiries simply cannot be made
bv mail or telephone--because they are too complicated, because they involve tests of
knowledge, because question sequence is important, because of the semsitivity of the
subject, and so forth.

What we are searching for, of course, is a way that can be used in certain
situations to save costs, particularly where follow-ups in a lorgitudinal study are
involved, and where the groblem of respondent mobility looms la.se.

There is much analvsis still to be done on these data. Additional investigations
are also being made. You may remember that in discussing the sample design, I mentioned
that we put aside half of the households enumerated, those listed on the odd-numbered
lines of the enumeration sheets. We have jusi compizted in these househelds a survey
which replicates the methodological study I have discussed, but with a diffevent
subject matter. A good many questions, however, are identical in the two studies.
Therefore, with a sample using households on the very same blocks, we hsve a two~.
pronged effort here: a complete replication on some issues and alsc new information
on a very sensitive.subject matter.

Since these data are in the processing stage, no compairsons can be made at this
point in time. It is hoped that by replications of studies of this type, it will be
possible to build up a body of knowledge giving us information as to if, and under N
what conditions and with what safeguards, mail and/or telephoue interviews, supplemented
by personal- follow~ups for the hard-to-get cases, are practicable. - .
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REVIEQ AND SUMMARY OF ‘READING MACHINES
by = : L ,.azx:;;-

Franklin S. Cooper
"+ Haskins Laboratories, Inc. : - el
* ' New York, New York

l‘ . N
MEDITOR' S'NOTE: -

-

. In these three sessions on' reading machires for the blind, we have heard about a
‘?very diverse set’ of topics. They have ranged from extremely sophisticated engineering
% o0 equally sophisticated psychology; they have dealt with a wide time-span in .the
' development of devices--all the way from rigorous testing of devices-in-being to
I speculations about how the improved devices of the future may some- day be designed.

= L erhaps you’haqe'yout’bwnlcheck list of speakers and topics. This is mine: Four
‘papers dealt primarily with applications and devices, ranging from the very specific
B devicés-discussed by Coffey and Beddoes to the applicatiomns of pneumatic logic and
tactile displays described by Bliss, and the use of "spelled speech" demonstrated by
Metfessel. Four more papers were concerned with the general principles of reading
machines and how their outputs could be matched to the receiving capabilities of the
. user. Clowes and Mauch talked mostly about machines that operate at the letter-by-
[ letter level, while Selfridge stressed the differences between vision and audition in
' processing patterned information, and Kennedy specialized the general case to 2
_requirement for natural speech in the cutput of » high~-performance reading machine.
B8 Then there were three papers on optical characte. recognition. Rabinow and Kazmierczak
B summarized developments and prospects in the United States and in Europe; Scharff urged
l 2 coordinated design philosophy in any developments undertaken in this field.

This paper was read at the International Congress on‘Technblogy and

v

Blindnéss, 1962, and will bejreprihted in the Proceedings of that Congress,

oL AL
o . o

‘ -

Such a diversity of topics defies a straightforward summary, I shall not attempt
| the impossible, nor shall I impose on you an inadequate review of topics that our
 speakers have just presented, clearly and at length. I shall try, imstead, to relate
¥ these contributions to the broad problem of devising reading machines for the blind

. and to possible approaches to a solution.

The Reading Machine Prsblem in General T=xms.

et me start, even though it may seem unnecessary, by restating the major require-

 ments for a reading machine for the blind. Briefly, the tlind man wishes to read a
wide range of the same books, magazines, and typewritten materials that his sighted

' friends are reading; he would like to have a personal device, reasonably portable and

inexpensive, for use whenever he wants it, as well as access tg v~ erials in libraries;

§ finally, he would like the device to talk to him, for he has no mr re time than anyone

B& clse for the drudgery of learning a machine language and listenin;, to a letter-by-

. letter rendition of . printed page.

There are some inherent contradictions in these objectives: a machine that can
read rapidly in plain English is unlikely to be portable and cheap enough for personal
use; indeed, designs based on reasonable extrapolations of present technology are Sure
to be large and expensive, even for use in libraries. Similarly, it is unlikely that
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the performance of Optophone-like devices can be improved by an order of magnitude
through the discovery of some ingenious, non-speech gcde. We may, -at least for the
near future, be faced with inescapable compromises batween the performance of the |
machine and its complexity; however, we dars not ccmpromise with its capability to
read ordinary printed matecials. These points may appear obvious, and I would not
have stressed them, except that onme still emcounters--as, indeed, we have at these
sessions~-~recurring proposals for machines that require specially prepared i~put
materials, and for research prcgrams to reexplore coding poasibilities that nave been
examined almost every decade since Fournier d'Albe invented the Optophone half a
century ago. .

So much for the problem; what kinds of reading machines can we envision? Three
main lines of development are indicated in Figure 1. They all start with some means
for scanning the printed page and converting its black-and-white letter shapes into
electrically coded siguals. The diagram deals rathexr casually with this process,
though, in fact, it is a rather complex operation anc ome that will be expensive to
autcmate; however, the development of suitable document handling and scanning deviceﬁ
should be fairly straightforward, so perhaps I may be excused for devoting most of the
diagram to those areas of signal processing where research as well as development are |
still required.

Direct Translator Types of Reading Machines.

0f the various types of reading machines, the direct translator (top line of
Figure 1) has received by far the most attention. The opersting principle common to
a large variety of such devices as the Optophone, Battelle Aural Reading Device, and
Argyle is that the ghape of the letter on the printed page is converted into an :
acoustic shape, or pattern, for presentation to the listener. The acoustic code that
results from this coversion will necessarily be ap arbitrary one, but it should be
possible for a listener to learn the rather limited number of sounds that correspond
to letters and punctuation marks.

Such devices are appealing in their simplicity~--and appalling in their performance.
One might not object to learning an arbitrary code if he could reasonably expect to
become proficient in its use. This has not proved possible with any of the existing
schemes and there are, in fact, good reasons for supposing that inherent limitations
(in human perception rather than in the devices) will continue to frustrate inventors
of this class of reading machine.

This seems a rather grim prospect; if one contemplates reading his favorite -
magazine at something between, say, 10 and 30 words per minute, it is grim indeed. But
for some tasks, such as reading personal correspondencz, locating and identifying
documents, finding telephone numbers, and the like, the rate of reading is very much
less important than the ability to read at all. We owe a debt of graticude, 1 believe,
to Dr. Eugene Murphy for clearly realizing the importance of this simple virtue of
Optophone-like devices, and for having persevered in the effort to develop ome that
would be small enough and cheap enough to be readily available to the individual when
he needs it. It is in this light that we should assess the very considerable success
reported here in the development and testing of the Battelle device.

Reading Machines That Talk.

Why not require the re -ding machine to speak plain English~-or whatever language
the user himself speaks? Thexre would be no problem then of learning an alien and
cumbersome acoustic code, or of being unable to read rapidly. This would be an
obvious and elegant solution--but also a complex and expensive one. It may, neverthe-
less, be the answer we should seek. ‘
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T Character recognition is one of the necessary steps in mzking the printed page
’“:““ talk, as I have indicated in the bottom line of Figure 1. We have heard several papers
. on optical chavacter recognizers at this Congress; hence, I need to say very 1ittle
% about the box labelied "Character Recognizer," except to note that I have introduced
B8 2 gomewhat arbitrary sub-division of its internmal operations because I wished to have

B two different kinds of outputs available for the later discussion of the center linme

B ~of the figure, involving sound generators. In a logical sense, at least, character
B2 recognition proceeds by the successive steps of isolating certain properties (features)
B of the letter shapes and of identifying the particular letter, by looking for

- combinations of these properties. The two steps may not always be distinct, as when
character recognition is carried out by direct optical superposition. For our present
purpose, however, we are concerned only with the final output of the recognizer {(i.8.,
the input to the speech generator), which is a string of discrete electrical signals
that represent letter ideatities. . :

The most important of all the things we have been told about character recognizers
is, I think, Rabinow's statement that we could have, by today's techniques, an optical
character recognizer that would meet the blind person's need--and have it for about
2% $5,000-10,000. To be sure, Rabinow may be a little optimistic as te price and

i delivery, but the point remains that it is realistic even today to plan for reading
}' machines that include character recognizers. : T

e The kind of recognizer that Rebinow referred to was not the standard,’ high-speed

M typ. designed for business applications, but a much simpler machine based on the sdme
technology. He implied that the time is ripe for those working on aids for the blind

s to proceed forthwith to the development of simplified optical character recognizers.

M It is a tempting prospect, especially for some of us who are gadgeteers at heart, but

" 1 wonder whether this is the best place to put our effort. I think not, and for

g8 several reasons: first, the technology is still being developed very rapidly for

LA business purposes and witl. business fiunds; second, we are not ready to use a

% character recognizer and it will be several years before we have workable answers to

#F those parts of the problem that are unique to reading machirez; £inally, there is at
least a reasonable question about the economics of simple, cheap recognizers for read-
ing machines versus large, expensive ones that can work very much faster. We often
assume, as both Rabinow and Mauch seem to have done, that a library-type reading
machine (including its optical character recognizer) will serve the blind reader
directly, i.e., ‘that the machine will be obliged to work in real time, and 50 coul!
not use (and need not have) the high-speed capabilities of business-type machiaes.
In fact, it may be cheaper to use the fast, expensive machine to prepare tape

| recordings that will be used off-line by the blind reader. This would of course

B8 obviate the need for any special development of the type that Rabinow suggested. It

B night be possible, nevertheless, to find a simple recognition scheme that would be

inherently suited to real-time operation and that would deserve development primarily

for application in reading machines. I take it that this is what Mauch has in mind.

I havé not counselled against devoting effort to optical character recogn®zers
¥ because they seem uninteresting or unnecessary--far from it--but because other

@ problems are at least as important and are not likely to be solved with other pzople's
money.. . I ‘

S Speech generation from input information about the letters on the printed page is
B such a problem; indeed, it may well be the key problem in research on readirg machines.

There are a variety of ways in which speech might be produced, as is suggested by the

j diagram (Figure 1) inside the box labelled "Speech Generator." The details of this

@  block are shown in Figure 2, though even here the entries are merely i1llustrative, not

i  exhaustive. You will notice that ¢ 2re are two essentially different kinds of output

Ty signal, either synthetic speech, or speech compiled from recordings of hits and pieces

. of actual utterances. Both types of output were discussed and demonstrated in Kennedy's

f?}é paper. His synthetic speech came from a system represented by the twn boxes at the

i
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right of the upper line of Figure 2, i.e., those labelled "Rules; phonemes =¥ control
signala" and “Synthesizer." The compiled speech was £rom & dictiomary of recorded
words, and so corresponds to the fourth (bottom) level of the diagram.

It is rather interesting to compare the trade-off between instrumental complexity
and design sophistication that is implied by each of the different patks through this
diagram; some of the paths (shown dotted) represent methods that are possible but not,

perhaps, very useful., In general, the top line implies the least machinery but the
scst yasearch: the bottom line, the reverse., The middle levels substitute increasingly

T ASOWIAwiay

extensive dictionaries for the logical operations implied by "Rules."

\%é
g
|
3
El
Ik

The differences among paths are not only those of design sophistication versus
hardware, however, for there are inherent differences also in the acceptability of
synthetic and compiled speech. There will not, I think, be any question of ‘
intelligibility even at rather high reading rates, but rather one of naturalness and
listening effort. Synthetic speech can almost certainly flow more smoothly than
compiled speech and, if it 1s synthesized by ruies (top level), there will be no need
to interrupt the continuous flow of speech in order to spell out words that do not
appear in the dictionary unit. But there are disadvantages too: 8peech synthesized
by rules will have some odd pronunciations reflecting the vagaries of English spelling
and the minor inadequacies ¢f converting linguistit units into control signals for a
synthesizer; it will, in short, be machine speech. Compiled speech will sound quite
human and each word will be pronounced pleasantly and accurately, though the pronuncia-
tion may not quite fit the context and there may be some rather odd intonationms. The
major difficulty, however, will be the frequent interruptions for spelling. This is a
point to which I shall xeturp in a moment. The intermediate procedures, involving
dictionary searches for word-to-phoneme or word-to-control-signal entries, may in fact ]
be the lines along which an optimum solution is to be found. It has been demonstrated,¥®
for example, that stored control signals can produce synthetic speech so similar to
natural speech as to be almost indistinguishable from it. Thus, by a suitable choice of
intermediate procedures, we may attain the advantages of synthetic speech with tF 2 .
naturalness of compiled speech, though at a price that combines the most expensive
features of both procedures, i.e., much research and a large memory.

How large must these memories be and how serious.is the spelling problem? Clearly
these are related questions, since spelling should become more and more infrequent as
the dictionary becomes larger and larger. Some rough estimates may interest you:
assuming ordinary magazine text and a recorded vocabulary of about 6000 words, one will"
expect to spell about 1 word in 20 (5 percent); for a vocabulary of 15-20,000 words, .
the spelling rate should be down to about 1 percent; the vocabulary required to .
duplicate a desk-size collegiate dictionary is about 60,000 words, or to match Webster's
Unabridged, about 600,000. The difficulty, of course, is that word frequencies. lie on
a very long-tailed distribution. The practical problem has the further complication
that one does not know how much spalling the user will tolerate, and there is no way
to find out without running extensive tests with substantial amounts of compiled speech

and with sizeable groups of blind users.

.

There are some things one might do to alleviate the situation, though they
complicate the machinery. For example, a great many words occur in pairs that differ
only in an added s or es to form the plural. It seems a waste of memory space to store
both forms, so one might devise some way to look for the plural suffix, then use the
recording for the singular form and add a brief buzmy sound. Another useful procedure
may be to use specialized vocabularies to supplement the general vocabulary, Thus, in
reading an article on music, for example, the specialized vocabulary would contain the
names of musical instruments and other terms which would almost certain”y not occur in
the first ten or twenty thousand words of a general-purpose vocabulary. '

*Such a demonstration was given by Dr. Gunnar Fant at the Sixty-first Meeting of
the Acoustical Society of America, Philadelphia, May 1961.
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Let us suppose that the use of these special methods will make it possible to hold

, the spelling rate to acceptable levels with a general vocabulary of only .10-20,000

¥ ords; How much machinery does this imply? FProbably we should consider digital storage.
b not because it is necessarily best suited to speecii but because all the large random-
access memories developed for business purposes are digital devices. We can use the
spelling of the word as its address and, for practical purposes, ignore the storage

i space that this requires. If we use pulse code modulation to record the speech--the

L obvious, direct-way--we shall require several hundred million bits of storage for a

: 10,000 word vocabulary. This implies a rather big.device; some of the newer, laxrge~

¥ scale disc memories would just suffice.

The speech information could be coded more compactly, perhaps by a factbr‘of'Sb

® to 50, if the storage were in the form of czontrol signals to operate a synthesizer

(next line to the bottom in Figure 2). Somewhat less storage would be needed, and we

\E might be able to generate really excellent speech, if the control signals were to
\§ operate a synthesizer that is an analog of the humar vocal tract. Such.a synthesizer

would have the "physiological" constraints built into it, so that fewer external ° .
F controls would be needed. The difficulty is that nobody yet knows quite how to generate

A\ these control signals, though this problem is being worked on at both the Massachusetts

Institute of Technology and the Bell Telephone Laboratories.

It might even be possible, in line with Kennedy's comments about the articulatory

; basis for speech perception, eventually to obtain still simpler control signals in

terms of "motor commands" that drive the "musculature” of a vocal tract analog. But f
this is 10 to 20 years away, since we have neither the knowledge of how to generate
the control signals nor of how to build the syuathesizer.

Perhaps we should reexamine the possibility of storing the speech or control
signals in analog form, rather than digital. 1f storage area (magnetic or optical) is
taken as a criterion, then indeed analog storage has definite advantages. For example,
about the. same area of magnetic recording surface would be needed to store aspoken *
vocabulary by ordinary (direct) magnetic recording as would be needed for the same
vocabulary :in the highly processed form of digital control signals such as we have been
discussing. It is témpting to conclude that this would justify a program for the E
development of a random-access memory especially suited to speech storage--a challenging
problem but not, I.think, our proper business at this time, since we can zet by with
the digital equipment that is already in being. “ “ s

Intermediate Solutions to the Reading Machine Problém.

e have now considered rhe two extremes; let us turn to possible devices that are '
neither so limited in performance as the direct pranslators nor so complex and expensive
as the generators of synthetic or compiled speech. We shall find an odd mixture of
quick compromises, long~term. possibilities, and beckoning mirages. The intermediate
types of device indicated on the center line of Figure 1 have the distinguishing
properties (1) that the output is not quite speech and (2) that the input, although it
may require something less than full recognition of the printed letters, is nevertheless
categorical, and so implies that some kind of decision or recognition process has been
applied to the non-categorical information supplied by the scanner. The hope, of
course, is that comparatively simple operations can be made to yield an adequately
useful output. '

Mauéh“has described briefly a device that used letter features to generate sound
units of word length rather than letter length., Clearly, this was a step in the right
direction, since one of the difficulties with the acoustic code from direct translators
is that the signals do not blend and flow as they do in the words of speech. Might
it not be possible to merge the jnformation about successive letters to obtain syllable-
1ike or word-like acoustic outputs, and do it without losing the distinctions between
different printed words or incurring the cumvlexities of generating natural speech?
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Some of the features of letter shapes (projection above or below the line, curvature,
diagonal stroke, and the like) should be comparatively easy to identify by machine and
so could provide a distinctive code for the word. It would then remain only to generate
distinctive "word sounds.” Perhape arbi-rary acoustic codes of this kind can be found
that will be easily learned and also be identifiable at rapid reading rates, as Clowes
and others have suggested. There has been very little work on this possibility and one
can only guess at the answer. .

Avnthar nacoihildt
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perception, is to start with the same jnformation about letter features but to generate
acoustic codes that will be speech-like in the sense that they are readily pronounceable,
i,e., they couid be mimicked. There is good theory and good evidence for supposing that
such a speech-like code would prove to be quite efficient and vould not be very
difficult to learn. Indeed, it should be less difficult than to master a foreign
language, since the code would at least retain familiar meanings and grammar. The only .
difficulty with this otherwise attractive possibility is that no one has yet : 2en -how

to instrument it by means that are markedly simpler (either in extracting the necessary
latter properties or in generating the gpeech-like sounds) then would be required to go
all the way to letter identification and the generation of natural speech. -

Still another intermediate possibility was described for us by Metfessel. HNe has
used a very rapid form of spelling as the acoustic output, This should be easier to
implement than any of the speech generators we have discussed thus far and, in fact,
Mauch hae developed a mechanical unit that is ideally suited to the purpose. However,

a "spelled speech" device would have two severe disadvantages: it would require the
full services of an optical character reccgnizer to provide its input, and its output,
though simply instrumented, would be only marginally acceptable. For these reasons, the
method seems likely to find application only as an interim stage in the development of
speech generating systems, and also, pernaps, as an inexpensive way to generate an

audible output from punched paper tapes that are already available as a by-product from
the printing industry. ‘ Co

it might seem from the discussion thus far that all the possibilities shown on the
center line of Figure 1 are, for one reason or another, not very promising. This is
not quite correct, because it is only here that we can hope to find the ultimate device
which will give good performance and yet remain within the size and cost limits for a
personal resding machine. It does not follow, however, that this is the area in which
current research should be centered. It is quite likely, indeed, that the design
gophistication needed to develop a good intermediate device will be far beyond that
required for a library-type machine that talks plain English. Consider, as a parallel,
today's portable transistor radic. It seems much simpler thau the super-heterodyne
receiver of the 1920's with its many vacuum tubes and separate tuning controls. The
apparent simplicity is deceptive, for it really reflects far more sophistication in
components and design than anything imagined in the twenties, Similarly, an intermediate
device may someday be built, using cheap and apparently simple hardware to make a
feature analysis and produce speech-like sounds, all in a very compact little machine.
But we will not know how to design this kind of machine for some years yet,

In Conclusion.

Perhaps I can summarize these remarks, and some of the points made in the earlier
papers, under a pair of topics: the requirements that a reading machine should meet,
and practical objectives for current research. ‘

As to requirements, we can say flatly that a reading machine must read ordinary
type. Ideally, it should also be cheap and portable, permit fast reading, and talk
plain English or something that is very easy to learn.
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In a practical sense, not all these objectives can be met, and we must be prepared

"to accept compromigse solutions for quite some time. One of these compromise solutions

| will be a personal-type device (such as the Battelle Aural Reuding Device) that leaves

Ik much to be desired in performance, but is nevertheless usable where redding speed is

- not a major consideration. Ancther will be that of a reading machineé for ‘use in
libraries or centers where tapes are recorded for distribution., This will ivevitably

8 be a complex and expensive machine, but it should produce natural speech of quite

B  acceptable quality. in addition, there may be intermediate devices of ohe kind or'

u,j another that will fill special needs, though they are not likely to be both simple

B enough for personal use and effective enough for general use; however, the reading

. machine of the future may well be an intermediate-type device, but one that attains 1its

[} simplicity of hardware by a combination of sophisticated design and the use of a speech-

a8 like output. B "o

R 2? Clearly, there is much research to be done--so much that it behooves us to sift

M. out the real problems from the pseudo-problems and, even then, to give careful attention
}yi to priorities= ‘ « ~ . ’ _
js”§ Among the real problems is the practical one of getting 2 good direct translator
Qa: into use. This means choosing one specific device, building a aumber of models for

field trials, and working out training methods. The Battelle Aural Readin: Device is

- » vhe ‘1ogical choice, for it is good enough in an absolute sense and far clouser to
gggg practical realization than any other competitive device, o
ég: Another research area, important for the development of 2 high-performance library-

R type device, is the output problem, i.e., how to generate acceptable speech.” We do
B not, I think, need to be much concerned just now with the development of optical
&;ﬁ\ character recognizerz and lzrge random-zccess mewories, though they are essential
&Y components. It seems fair to assume that by the time the output problem is solved--that
- is, in another two or three years--such devices will be available, having been developed
f© primarily for business applications of electronic data processing. The marriage of
L8 these devices with a speech generator to provide a high-performance, library-type read-
“  ing machine should be a fairly simple ceremony.

¥ A third area on which research ought now to be proceeding is the development of -
M tactile devices or methods for generating tactile text. This aspect of the reading
machine problem--inescapable for text that contains diagrams, maps, or formulae~~has had
less attention here than it deserves, - o

- Finally, there will be a gap in the development schedule between the Batitelle«typ?
3.  device and the high~performance reading machine for library use. Anything that can be
- done to' provide intermediate devices for the interim period should be carefully
.. considered.

Are there areas of low priority? I realize that this is a delicate question, but
when resources are so limited it is all the more important to avoid unprofitable enter- -
prises. One of these would seem to be the effort to evolve a better output for direct

-, translation devices. I would even label this a pseudo-problem, on two counts: first,
y there is a great deal of evidence that improvements, if any, will be marginal; second,
W8 if a device such as the Battelle machine is carried to the point that people can and

do use it, then it makes very little sense to duplicate the development costs just to
produce a different device of about the same capabilities. '

S Another problem to which I would assign a rather low priority is the engineering
- development of optical character recognizers ox large random-access memories. These
are not unimportant prcblems, but they will be solved by cther people for other purposes
by the time we need the devices for reading machine applications. '
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1 should like to end these remarks with a brief reminiscence and a gratuitous
prediction. In the mid-1940's, the Committee on Sensory Devices spongored some
research on reading machines for the blind. It did a careful survey of the prior art
and listened attentively to suggestions for new developments. Near the end of its
active life, the Committee considered a project for the construction of a device to
recognize type-written characters and gemerate the corresponding letter sounda. This
idea, even though proposed by a world-famous scientist high in one of our largest
electronics companies, seemed almost too visionary to warrant exploration. Today, th
ides seems amusingly archaic.

Ags a predicticn, let me say that we will have, within five years or so, at least
one major library center in which a reading machine is being uséd to prepars tape
recordings for blind users; further, that the machine will be largely automatic, will
provide quite acceptable speech at normal-to-rapid reading rates, and will be so fast
that the cost per tape will be quite modest. I hope none of you will accuse me of
betting on a sure thing, even though I probably am,
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 APPARATUS FOR THE BLIND %0 BE USED IN READING .. ., . . v . -
““ORDINARY TYPOGRAPHIC TEXIS .. . .  w. -« v . >
T(FOLYPHEONIC AND TACTILE). . . .. .., .

- N L c
. . M. M. Germanov ‘ . .
‘Laboratory of Typhlo-technelogy o

.. Scientific Rusearch Institute of Defectology
., Academy of'Pédagogical Sciences of the R.S.F.S.R. .

We are indebted to the Battelle Memorial Institute, Columbus, Ohio, for the
translation of this article.

The most perfected and spread braille system for the blind, which uses tangible

.. dots for writing and reading purposes, does not fully meet the reading requirements of

its ugers, so that the wealth of world literature is far from being rendered in this

:1 relief printing system.

Pecause of their constantly growing intellectual needs, the blind should acquire
the capacity of using the usual literature published for those who are not blind.

For this purpose, the black letter-signs of typography must be trausformed by
means of a special apparatus into corresponding signs discernible by the analyzing

sense organs of the blind.

The idea of creating a photoelectrical apparatus to enabie the blind to read the
usual print belongs tc the + alented Russian physician and inventor V.A, Tiurim, who
first spoke c£ it on April 22, 1894, at a meeting of the Russian Technical Society.

Medzis of V.A. Tiurin's apparatus were displayed at the exhibition of the first all-

T’

Russian electrical eungineering convention,

The process of transforming letter-signs into signals accessible to the blind is
divided into three stages connected together and dependent upon one another:
a. The transformation of black letter-signs into electrical signals possessing

characteristic marks for each letter
b. The amplification and formation of electrical signals within the ranges

necessary to enable the blind to perceive them
c. The excitation of a signal characteristic for each letter and percer**ble

by the analyzing sense organs active in the blind.

The success of the method depends of course upon whether the signaliag process can
be based on a psychophysiological factor.

The history of the devices used for reading shows that V.A, Tiurin as well as his
successors had foreseen in them the presence of a signaler, acting in a complex or
divisible way on auditory, tactile or motor analyzing sense organs of the blind reader.

The special physiological features of the olfaction and taste receptors preclude
the possibility of using them in deciphering the signals of devices used in reading.

94~
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The analytico-synthetic capacities of the auditory analyzing organ enabling man,
especially, to discern vocal signaling, that is speech--entirely different by its
acoustic structure and complexity--reveal wide possibilities for the blind of using
special devices in reading usual texts familiar to the non-blind. Thesge devices are
based on the transformation of each sig® into a phonic signal.

Phonic signaling in reading devices can be of twec types:
a. Signaling the letter to be read, by a sigral corresponding to the sounding

of this letter in human speech a ‘ ‘
b. Signaling by means of a conventicnal sound signal whose structure and component

are characteristic for each letter of the alphabet.

In an effort to free the blind from the help of a mon-blind reader, replacing the
latter by an automatic device and dispensing the blind with the necessity to learn any
conventional code, some authors conceived the idea of creating "speaking machines."
The high complexity of such devices, however, requiring qualified maintenance, has so

far failed to guarantee the transformation of a text into a cohexent human speech with N
. the intonation emission of accentuated voweis and signs of punctuation. :i
Conventional phonic signaling can have diverse forms. Monotonous sound signaling

is possible. To each letter corresponds a rythmically differeat signal, or a single~ %
voiced signaling in which a signal with variable frequency chavacterizes the letter. ¥

Investigations of the laboratory of typhlo~technology of the Scientific Research
Institute of Defectology of the Academy of Pedagogical Sciences of the R.S.F.S.R. showed A
that when conventional sound signaling is chosen, preference must be given to polyphonic 7
signaling in which each sign is a complex signal that can be formed from a series of
different audible tones. '

The tactile sense organ has very much importance in the life of the blind. 1In a
number of cases the sense of touch replaces for him the lost sense of sight; it permits
him, especially to make use of the printed word (relief-dot printing). This explains
the effort of a number of authors to transform typographic signs into signals perceptible R
by the sense of touch. This signaling method proves irreplaceable in the case of the E |
blind-deat.

Theve are three types of tactile signaling: ‘

a. Signaling the letter to be read by its enlarged representation in the foxm
of velief dots '

b. Signaling by transforming the letters into relief-dot signs corresponding to
the letters read by the braille alphabet

c. Signaling by means of a conventionali tactile signal whogse structure and
components is characteristic for each letter of the alphabet.

The {iret two methods require a cumplex apparatus and nct one of the designs
proposed permits a rational solution of the problem involved.

Conventional tactile signaling proved more simple and practically efficient.

Essentially the transformation of typographic signs into signals perceptible by
the bHlind can be explained as follows.

An enlarged representation of the letter is projected on a group of photoelectric
cells, optically distributed perpendicularly to a line, This is schemastically
{llustrated in Figure 1.

In the example used there are five photoelectric cells. The images of the letters
move relatively to the photoelectric cells uniformly from right to left.




Figure..l. . Darkening of the photoelectric .cells . R N
by images of the letters.

g hrl ot e . . M .o . ‘ . , - R Cee

. During the time when the 'intervals between the letters are oriented to all the
photoelectric. cells, the light rays reflected fron these intervals, acting on the
shotoelectric cells, produce in their circuits dots of & determined size. There is a
certain amount: of combination in the representation of a letter with the photoelectric
cellsy according ta this amount,. the photoelectric cells, partly or encirely, are
darkened. During this process,  in the different phases of metion of the combination,
the darkenings of:the ‘photoelectric cells will change according to, the configuration
of the letter. The dots in the circuits of the photecelectric cells will changz according

to the iliumination and darkening of these celis.

v

* The, corresponding amflificatton and the formatioﬁ of photcelectric currents )
guarantee the. appearing of ‘sound signals depending on the order of darkening of the.

-photoelectric cells by the image of the letter, that is depending on the configuration

of the letter.. - . ‘

Pursuing the idea of V.A. Tiurin, we propose that during the darkening of the first
{upper) photoelectric cell the souné "La" appears, during the darkening .of the second
photoelectric cell the sound "S01," of the third the sound "Mi. " of the fourth the .
sound "Re," of the fifth the sound "Do." Then when the letter "P" ig being .read, at
first the choxrd Do-Re-Mi-Sol-La appears, then.one sound "La" and again the clhiord Do-Re-
Mi-Sol-La. For the other letters the combinations of the tones developed will be

different. S

Transforming typograﬁhic signs into convertional tactile signals requires a

combination with an electron signaling outfit. containing, .in our examples, five
electromechanical systems capable of raising above the surface of the signaling outfit

and of lowering five small pins.

Havihg reserﬁed for the pins‘the same numeration tﬁan in the photoeléctric cells,
when the letter "P" is being read we obtain-first the raise of the types 1, 2, 3, &, 5,
then the types 2, 3, 4, 5 go down and 1 remains in a raised position, then the five

pins rise again.

With the help of the finger laid on the ends of the.mobile pins, accorﬂing to the
contact combinations, depending upon the contours of the letters it will be possible
to differentiate one letter from the other,

H

-
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PAFullToxt Provided by ERIC

A small serias of polyphonic devices enabling the blind to read usual typographic
texts is devaloped and will in dua time be produced by the typhlo-technical laboratorxy.

In addition to this, the final gtructural design of an equally manufactured ',3'!13!1 series
of tactile devices reproducing the 1.A. Sokolianskii reading method has been obtained,

Figurss Z and 3 &ze photographs 2€ thage instruments.
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POKYPHONIC APPARATUS

-

The polyphonic apparatus (see Figure 2) consrsts of two contiguous blocke: an_ .,

L

The opti co-mechanical biock is founded v a massive 430 x 380 mm plate, The‘

<‘corners of the plate rest on foux feet of variable height ensuring the stability of the
S block.

@

Two vertical supports are fasténed on the plate; chey are connected together by
guides along which a mobile part--the carriage--moves. The optical system--the so-

8’ Called "reading organ" and illuminator--is rigidly connected with the carriage.

- B2

A box, where a book 210 x 130 mw ip size and 10-15 mm in . sﬂrckness ;6an be placed,

\ﬂ moves toward and away from the reader. (ot ‘sebia i na’sebia), alqng-the étéel guides of
8 the plate thus enabling any line of the book to. be brought undet’ the optidal system,

To hold the book the box is, ‘fioved to the:. support ‘the clamps of the eﬁ@ér {glass are
rotated and liberate the yiass This glasg. is raised ‘a little! and” undet“lt the bock
is placed on a spring.baakiné. .After thAS, the glass is lowered andtfastened with the
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The destgn provides the-p6331biricy to move the box not onl} perpeﬂdxcularly to
the cylindridalrguide, but at any angle with them, ~ This is necessaty”iﬁﬁbrder to
obtain g panéyketrline and to direct the motion of the carriage.a\ éfg-k

'x,ﬂ“v, ,,» PRSP TRT o L
motiaéh f the carriage, causing the "réading organ” to travel along the line
from 1ef§_ta rigiﬁ»dn*rng»the tesding of the'text, is obtained by means of a synchronic
motor mohitted in*fhgﬁ‘g#niage.L“ cop wheel mounted on the outgoing arbor of the motor
redueerﬁgﬁy rollihg-on:a toothed ‘rack moves the entire carriage, the speed of motion
being: detg%mine by the diameter of the guiding cog wheel. The motor is switched on or

of £ by #Babon stiitch at the right of the carriage.

0
.5

vl
'-

To return the carriage to its left position the hand releases the guiding cog
wheel and the toothed rack. This is obtzained by lowering the .ack on its pinious.

From the carriage of the optico-mechanical block a flexible multiple core cable
can be engaged into the electron block by means of a multiple contact plug-type
connector.

THE. READING ORGAN
The optical system of the “reading organ" is shown in Figure 4,

Theﬁlight rays df a source (1) are concentrated by a condenser (2) aad through a
cover glass {3) are: directfﬂ.on portions of the text. (4) By means of«théﬁbbjective
(5) and tne.prism (6) two lefter images completing each other are fbrmed..gﬁv

K' A ” ls.

Through a slot in, the prism, part of the raVS'PaSS to a group oﬁ yhoﬁﬁslectric
cells, more enéatl photoresistors (I) another. part of the rays is projectea on a
semitransparent“ sereen (8) on‘which the image of Lhe letter,. necessaty‘£or,¢ontrol is
formed, the. inwfsibLe part of ‘the letter. corresponding to its part projectedmat a given

moment, en*the Broup of ﬁhotoresﬂstors.
» %,'

In the "reading organ" t£he polyphonic inst rument possesses eight minlature lead
sulfuric photoresistors developed by B.T. Kolomiits.

The photoresistors are distributed in such a way that 3, 4, 5, 6, and 7 photo~

resistors are covered by the image of letters "of a normal height“ (such as e, i, m,
n, etc.). The photoregistors 1 and 2 are covered by the elements ofathe letters over




Figure 4.
the lines (b, e, i, £), 8 by the elements under the lines (p, y, £, 8).

Thus the signs-lecters are distributed in 8 2zones, parallel to the line,
Obviously the alternation and combination of darkening relatively to the photoresistoxs
will characterize each letter of the alphabet.

The "reading organ" is designed in the form of a cylindrical tubulure inside which
are distributed the lenses of the objective, the system to modigy the enlargement, the
prism, the diaphragm and the photoresistor compartment. Owing to the system modifying
the enlargement it is possible, by rotating amn annular rack,' to pass £rom a type of
one height to a type of another height within the limits of the poin.s 8, 10, 12 and
16. During this process che distribution of the images of the letter elements on the
photoresistors is maintained unchanged.

The light system is connected with the tubulure of the “reading organ® at an
angle of 450, The light source is an automobile bulb.

The Electron Unit

This block is schematically shown in Figure 5.
The electron unit contains 8 autonomous channels werking on the point of entry
of the power ampiifier. ‘ : .

The voltage amplifiers and relay cascades of all the channels are identical.

The frequencies of the sound generators are different and, corresponding with the
numeration of the block diagram, they are: ‘ . '
'generator 25-3795

" 26-2810

" 27-2100

" - 28-1580

" 29-1185 "

" 30-890
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generator 31-670
" 32-500
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Figure 5. Unit diagram of the electron part of
X g © k.

the pelyphonic apparatus. : - el i
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Crit oo o 1e8, Photo:esistbrs.dis;ributed in the reading. oxgan,

. ' : 9-16.. Voltage amplifiers. 17-24. Relay cascades. B
, 1 2y . 25-32..Sound frequency generators. 33, Power amplifier.
+ @ 4 :34.:Sound radiator (signaling element).. '

The operation of each channel can be explained By the foilowing{' See Figufe 6.
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. Figure 6. Diagram showing the principle of ' ’
i operation of a channel of the poly~-
O phonic apparatus.

: Tube 6N9 is cut off by a constant poteptial on account of the voltage droup on the
S resistance R. As a result, the signal from the sound generator supplied to the grid
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of the tube through the condensor C' cannot pass into the anodic circuit of the tube.
There is no sound signal. .

During the passage of the ''reading organ” from the white field of the paper to the
biack part of the letter, the illumination of .the photoresistor, on which the part of
the letter is projected, decreases and songequently, its ohmic resistance increases.
The voltage at the point A falls, a negative voltage pulse appears, which, after
amplifying tube 6Zh8 creates a positive pulse at the point B, unblocking tube 6N9. At
this moment the signal from the sound generator can pass into the anodic circuit and
through the cordensor G reach the giid of twbe 6P6, which is a power amnlififer of ail
the channels. A sound signal of a frequemcy equal to that of the sound generator
appears. : :

At the subsequent moment, during the passage from the black field to thé’white, a
positive impulse appears at the point A and consequently, tuba 6M9 is cut off again,
and the passage of the signal from the sound generator is interrupted again.

During the change of the illumination of some photoreéisfors the processes in the
channels conjugated with them will occur as shown above, and at the exit a polytonic
sound signal will appear. : : S ‘ ‘

The electron unit, including a rectifying device for the feeding of the radio
tube and of the illumination tube, and an electrodynamic sound emitter, is mounted in
a housing 260 ‘x 270 'x 450. The sound emitter is arranged on the front panel., Under
the emitter there is the volume control of the signal. On the right there is the pawer-
switch, on the left~jacks for the switching on of the hand receiver and ¢he loudspeaker
switch. ‘ e , o

On the rear part of the housing there are the sockets of the plug-tybé connector, .
the power voltage swit.. and the fuse. coLL L SRR

r

The supply of the apparatus is obtained from a DC circuit of 110, 127, 220 V.

The Signal of the Apparatus |
As follows from what has been said previousiy, the structure and the components of
the sound signals will be determined by the configuration of the sign over which the
"yreadir. organ" passes at a given moment. B .

A line, perpendicular to the reading line, and overlapping with its image the
entire group of photcresistors, will be transformed by the apparatus into a sound chord
consisting of 8 frequencies corresponding to all the scanning zones.

When the line is less high and, consequently, when its image does not overlap all
the photor 2sistors, but part of them only, a chord also appears, but consisting cf
fewer tones.

All other condéitions equal, the signals of the letters will depend only on the
configuration of the letters. ~

The heights of the vertical elem ..s of the letters determine the spectral
composition of the chord, and thei +mber determines the number of times of the signal
("P"=2 times, shch=3 times). T  ovoligue and irregularly shaped elements of the lettezs
influence the alternation of appearing oi the individual signals and of their length.

The diversity of the conventional phonic signals made by the apparatus is determiuved
by the variety of heights, widths, -and configurations of the signs of the typographic
text,
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: Rnowing the prirnciple of formation of a signal, one may realisze that the letter X
_ wyr'®, by means of its vertical lines, creates two chords of 2100, 1580, 1185, 890,

-and 670 cycles, connected together by a tone of about 2100 cycle: correspunding to the
§ zone where the horizontal strcke of the letter extends. ' h '

The signal of the letter u wili=differ from the préceding one'by ﬁhg‘piéségce

B not of two but of three chords of the same tones connected with a 670 cycle tonme _ .
By corresponding to the sevenih zone passing through the horizontal component of the.

N let ter . t i )

E - The pclyphonic apparatus, whose working principie nas been sxplained above, was
- used in tke typhlo~-technical laboratory in teaching & group of blind to read an
- ordinary typographic text. The results of the experiment showed that, on the basis
' of necessary methods ¢f procedure, the signals cf the apparatus and iis autonomous
¢ operation are accersible to each blind persom.in possession of a normal hearing organ.

THE TACTILE APPARATUS

The tectile apparatus shown iﬁlFigure 3 consists of three connected gni;é: an
optico-mechanical unit, an electron unit and an electromechanical unit {the signaling
device). S

The optico-méchénical uhit of the técéile appasatu# édiffers fram‘thé_cp%;co; .
mechanical unit of the polyphonic apparatus only by the fact that the number of zomnes
according to which the signs of the taxts are decomposed is equal to five..

1

The photoresistors ia the "readirg organ" of the tactile apparatus are distriputed
jn such a vay that 2, 3, and &4 photor. istors are overlapped by the image of letters '
of "normal keighkt.® Photoresistor 1 I3 cverlapped by the letter elememts over the
lines, and photoresistor 5 by tne letter elements under the lines. '

The Electron Unit

A diagrem of tne electron unit of the tactile apparatus is exhibited im Figure 7.

Figure 7. 1-5 Photoresistors distributed in the ‘
"reading orgen," 6-10 Voltage amplifiers,
. - . 11-15 Relay cascades, 16-2C Electromechanical
systems of the signaling device. : -

Thus the electron unit contains 5 identical autonomous channels.
. The operation.of =2ach cﬁannel is expléined as follows (see Figure‘B). l

The tube 6Zh& is cut off by a constant potential on account of an iﬁdtvidual‘é
.yectifier; the plate current of the tube is equal to 0;, there is no current in the

magnet winding, its relay armature is not pulled up.
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igure 8, Diagram shewing the prinéiple of one
charmel of the tactile apparatus.

{ .

During the passage of the "reading organ" from the white field to the black part
of a letter, the illumination of the photoresistor decreases and its ohmic resistance
increages. The voltage at the point "A" falls--a negative voltage pulse appears,
which after smplifying tube 6N9 creates a positive pulse at the point B, unlocking
tuba 6Zh&. At this moment in the anode plate of the tube and, consequently, im the
magnet winding which is a load, a curremt appears. The armature of the electromagnet
is pulled up and raises above the surface of the signaling device a mobile pin
corresponding to a given charmnel.

During the passage from the black field to the white field a positive pulse
appears at point A and, consequently, the.tube 62Zh4 is cut off again, the current im ~
the electromagnet wiring is interrupted, the armature is dropped and in consequence
the mobile pin.is lowered alsc. : y S L

During the change of illumination of scme photoresistors the prcceéses in ﬁhé
channele conjugated with these photoresistors will occur as shown previously, and over
the surface of the aignaling device the corresponding pins are raised and are lowered.,

The electron uait together with power rectifiers ofithg radio tubes aﬁd oﬁ_tye‘ ;
{1iumination tube is placed in a 150 x 200 x 380 mm housing. L -

fhé bowei switch ané the.pildf lampe of the channeis are distribute§”§n-th§;fpépé
panel. (The tube behind ¥o. 6 is used only when changing a six-point signaling device.) -

On the rear part of the chassis there are the sockets of two pldé-fyﬁe connecters
for conjugation. purposes with the electron unit of the optico-mechanical unit and of
the signalfug device, the power voltage switch and the fuse. : S

The éupply of fhe apparatus is obtained from a DC circuit of 110, 127,.and 220‘V;
The Signal of the Apparatus

As in the polyphonic apparatus, the structure of the signal depends on the outlirne
of the letter. Pins are distributed on the signaling device such as 1, 2, 3, 4 dots of
the braille six-point system. To the first photoresistor corresponds the pin placed at
the place of the fourth dot, to the gecond~~of the first dot, to the.third--of the
second, to the fourth--of the third, and to the fifth--of the sixth.

The pims, correspunding to the fouich and sizth dots, are supposed to show the
letter elements over and below the iine. The others are for the elements that do not
exceed the normal height of the letters.
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% Thus, when reading the letter "i," pins 1, 2, and 3 rise fiist, then 1 and 3
prgare lowered; only 2 remains raiged, and again the 3 pins rise.

2 The usability of the signél@pg system explained ébove was verified and demonstrated
P by fellow-workers of the typhlopedagogical section of the institute of defectology.

The devices described in this brochure to enable the blind to read usual typo-
g zraphic texts are the first commercial specimens of similar apparatus, and of course,
' gk will be subiected to further improving.

The system of distribution, as used in the apparatus, of the signs of a text on
the elements necessary for the reception of electrical signs characteristic for each
AN letter is not the only one possible.

73 Considering the fact that perfecting devices enabling the blind to read is a
B f£airly difficult matter, we would appreciate any who would communicate his proposals
@ <oncerning the problem examined by us.. Correspondence in this case must be addressed
. Lo: . , :
Typhlotechnical Laboratory of the Institute o” Defectology
. of the .Academy of Pedagogical Sciences of. the RSFSR-
. Kirogradskaia Ulitsg 23-6 . :
Sverdlovsk (District) 12.
Soviet Unicn
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VISUAL PATTERN RECOGNITION: THE PROBLEMS AND PROMISE
by

Oliver G. Selfridge
Lincola Laboiatory

Massachusetts Institute of Technology

EDITOR'S NOTE:

This paper was read at the International Congress on Technology and
Blindness, 1962, and wiil be rinted in the Proceedings of that Congress.

Lincoln Laboratory is operated with support from the U.5. Army, Navy
and Air Force. '

1 shall make remarks here of a fairly general nature. I think on the whole I
feel very optimistic in the very long run of the abilities of our technology to aid
the blind in pattern recognition; ané, agreeing with Herr Kazmiexczak, not very

optimistic about the immediate prospects.

The astonishing uniqueness of man in general 1 think depends to an enormous
extent on his perception and integration through his assorted senses of the world
around him. I can see that it is the job of scientists, among others, to find out how
they work and the job of technology to improve them prudently and appropriately. The
powar of our eyes, of course, is not in responding to light, but in seeing and recog~
pizing patterns, The blind man does not necessarily need eyes alone; there is a horse~
shos crab common on our East shore coasts called limulus, which has eyes which seem to
work very well neurologically, except that nobody uas ever been able to find out whether
they influence his behavior at all. it is not mere photosensitivity, either; as we,
this time of year, dutifully trudge to the beaches where we find horseshoe crabs, we
~ealize anew that we are all covered with a spendidly photosensitive layer. The time
constant is a little loag for some purposes. ‘ -

Nor is it sufficient to change the light signals, scanned in some way, merely to '
something else like sound, Eyes and ears have great powers, but they are very different
in the ways they work, and in the kind of patterns they respond to. It is a chief '
thesis here that perhaps the people working on reading machines, myself included of
course, have been insufficiently sensitive to the nature of the patterns which have to
ke detected and the nature of the patterns to which the other senses are most sensitive.

What the blind need is a sensible level of decisions sbout the light patterns that the
- sighted see. ‘ '

This is not tke same as saying that they need merely photosensitivity. The
decisions about the visual patterns ought to previde a balznce of what is most useful
and whkat is most feasible. Pattern recogniticn in general, of course, is not only
concerned with visual patterns, but also with the abstractions we make from the data
derived from all our senses., What matters to us in hearing speech is the patterns of
the words rather than the individual sounds. In gereral we prefer to go higher rather
than lower in levels of decisions when we can, Sometimes it is easy to specify an
appropriate set of patterns which we are going to consider--a vocabulary, as it were;
or an alphabet-~or at least to narrow the choice. For reading machines, we may guess
that we ought to present decisions about the letters or, more probably, about the words.
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,;“or other kinds of problems, as in navigation or guidance for the blind, there has been
Bknuch: too little exploration of the kinds of decisicns about the environment which the

¥biind man really needs, the kinds of patterns which he really should respund te. Toi
B that matter, we don't know what sighted peopie really respond to in looking at the
¥ snvironment. It clearly is not particular bits, that is, particular elements in

particular places in his field of view. I shall come back to this later.

One of the things that makes recognition of braille very easy for a computer (and
$I suspect far from ideal for people) is that it is not a case of pattern recognition
‘at ali, insofar as I am using the term. There are just six bits, which corresgoad to
26 or &4 chofces. Bach bit is 2 very distinect bit (I am using "bit" in the technical
sense, that is, a single binary choice). But the usual case of visual pattern
b recognition involves thousands or millions of bits. It is mot just a case then of
detection of a few fixed elements, but the recognition of complex variable patterns of
thousands or millions of elements. In the patterns of many of them, some can be
B altered without changing the pattern, while tc change one of *he elements irn a braille
character is to change the character absolutely and unequivocably. It is only natural
‘For us to be concerned chiefly with reading machines at the most direct and most
¥ obvious application of technology, this is certainly the one we have spent the most
B¥'time discussing in these papers. For one thing, the context of a useful reading
M machine for the blind is one that cannot be considered well-specified yet, and is at
BB lcast substantially more restricted than other more general kinds of visual aids.
- I have said that the decisions ought to represent a bzlance of what is useful and
g what is feasible. Now, many things are not feasible at all today; feasibility does
Fimpart a limit, It would be pleasant and couvenient cculd our reading machines read
e Liandwriting, for exumpie, but they cannot and they won't be able to for some time.
Even with print we have had all too little experience to say with assurance what is the
¥ ‘most useful level of display of reading machines. It is possible (znd by "possible" I
f-mean without any great research and development program) to build today a machine that
SRS will read text in some given font of type and transform it into spoken words. That is,
IR there is an absolute feasibility to do this, and I daresay that experimentally some
-part of this has already been done in fact, that som¢ wiritten text car be translated
.into spoken words albeit without any intonation or inflection. The machire will a
B contain in its memory different recorded spoken sounds of a thousand or several
thousand different words and would merely string them together and ship them out through
- a loudspeaker.

; We don't know, of course, nor have we any idea in fact of how useful this would be.
l'We can say some things about it. For one thing, the reading speed would be on the order
.of slowly spoken speech; I would suppos. 120 to 150 words a minute. The words would

I not be strung together; however, I am convinced it would not be an impossible job for
MR Haskins Laboratories, for example, to provide within a few years some kind of continuity
¥ of speech-réq run a Vocoder, as it were, from the decisions about particuniar words that
[. have been seen by the character reading machine. '

: " I'm not necessarily advocating that approach, but it is the kind of thing we can
B o today at a level of absolute feasibility. It ought to be made very clear that thie
| technique would involve a large digital computer. I think Herr Kazmierczak's estimates
B of cost are excessively low for this: $100,000 won't find much of a digital computer
. in this country~--and I think you need a large one, and a lot of extra equipment too, to
" read at real-time speed. It would be of no use for a blind man who wanted to read the
MR advertisements in a subway, or even to read a newspaper. It would require a fixzed font;
B nc digital computer is as yet very portable at all; and of course the kinds of type
¥ fonts and even the vocabulary, in advertisements as well as in the rest of the text, are
. not yet susceptible to pattern amalysis. We know how, but we haven't in fact done so--
and it is a long step, as I will say agair and again, from knowing the general '
¥ principles of approach to 2 problem like pattern recognition and knowing how to do it
- technologically.
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There are two obvious questions that I can raise here: What can our teciinology do
now or soon? and, What do we want it to do? We shall discuss them one at a time. . -
There are several basic techniques in pattern recognition by machine. Again, I repeat,
we are here concerned with the recognition of complex patterns of many elements rather
than the detection of a féw.fixed elements; and of course I atill use the gemeral

example of reading machines as a kind of local conceptual eniironmsn;.

The most primitive technique I call "template matching." Here, ‘the visual signals
are converted wholesale into some string of bits, pome string of choices, which as a.
whole are matched against stored replicas of the 26 letters. Herr qumierciak'gavg a
summary of assdrted ways of doing this; most of his techniques were essentially témpigte
matching. Sample letters have of course to be correctly positioned and oriented, and |
they have to be of the same type font, of the right ‘size, and not too darK and not too
light; and the background has to be more or less stxictly controlled. It is easy to -
describe how to build a mackine like this; building it well is another matter--but it
is easy to describe how one should build it, and there may be many of you who are in
fact associated with efforts of this kind. With typewritten material (that is, material
written on a typewritter) there are in fact working systems available right now that
use template matching.  One can avoid some of the messier problems of positioning by
clever scanning techniques, The IBM character reading machine novw reads only numerals
of the kind of font that they use in one of their printing machines (but I am told they
will extend it to a full range alphanumeric characters). It us2s a scanning technique
i21 which t moves the image to be recognized through all or nearly all possible ‘
positions and waits for the best check. This is a perfectly sensible procedure. Very
clearly, however, the kinds of extrapolation one can make from this technique are very
limited. It does require the right font, it does require the right orientation, it ‘
does require the right size, it does require fairly careful control of roise. Unfortu-
nately, handwritten or hsndprinted letters, spoken words, and even much printed text
typically show very wide variations from any set of templates which can be prepared in
advance, S ‘ .

We can do a little better by providing a metric to measure the degree of fit of
the unknown image with every template and then pick the best fit. We can also supply.
transformations which normalize the unknown image, put it ia the center of the field
of view, and use some other kinds of judgments about the orientation which we have.
These measures unfortunately dc not, in practice, seem to rescue the situation, The
greater the variability the less successful template matching becomes, and By our
standards very little variability can reduce the performance of the system, as far as
we have been able to finmd out, to unacceptable levels. ‘ S

I have to conclude that for the general kinds of requirements as I sge'thep, T
template matching in its pure form, modified by matching and normalizatiorm, is adequate
only for princting and typewriting. I £ear that an all-font print reader cannot be

handled with template matchiag. , ) S fA o

I have been told with some bitterness by store clerks and bank tellers that my
signature is illegible--and so it is. But it is very easily recognized, none the less;’
even so it ie never the same twice, Well, how is it "easily recognized"? (I can
assure you it is easily recognized!) The answer is that it is recognized by having
certain features or properties (one of which of course if i1llegibility--there are
others). All of you who have legible signatures will not have your signature confused
with mine by any bank teller. But there are many other kinds of properties too. Theece
properties are typically not functions of any particular piece of the signature; the
interesting properties are global properties, that is, functions of the signature as a
whole. .When Herr Kazmierczak spoke of the "particular parts of the image wkich have to
be recognized," I envy him for being able to talk about this and to talk about the '
"particularly important parts of the char~~ter," because I think that many of the
interesting and necessary features for recognition are those properties which cannot
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"_ specified or localized to a small part of the field of view, but are in fact
Bunctions of the whole field of view.

Characterizing shapes by their distin~tive features or prcperties can ease the
Ry roblen of variability. It is easy to specify features or properties which are
P {nvariant over a far wider range of letters than can be encountered by a like number
RO F templates. What kind of features am I talking about here? There are many kinds of
Bfeatures, Connectivity is a global feature: is the letter singly connected or not?
Muien ... it contein 2 gtraight line segment? Is it wider at the top than at the bottom?

¢

and so on; these are all global features. There are some interesting features which
| -" r.ot global; a serif, for example, which turns out apparently to increase the
JElegibility of a printed letter~-that is not global. All too few of these features have
B bocn programmed or built into machines and we cercainly do not have much operational
e xperience with them. '

. We may also hope that a lisc of the properties of known samples can provide a_
B b asis for classifying unki.wn sawmples; and can even help us generate new features which
R vi1l be even more useful. This property list--that is, describing the image by a set
WS of properties-~does not eliminate the problem of variability, but merely transfers it
B to another level. Yet, as far as we can tell, property or fezture extraction is a ctep
B in the right direction aud has proved to be much less fallible than a grand tyansforma-
Ation which is intended to reduce all inputs to one of a finite sized set of templates.
M Lf the property list is appropriately designed the recognition does not necessarily
% Lean strongly on any one feature, and may incorporate correlated or dependent
gproperties for correcting errors in feature extraction. It will probably work well
enough to be useful in situations where template matching is just completely inadequate.
BiWe have found, as I said, that we have discovered no easy way to build machinee that
IO use feature extraction; it seems to require a substantially greater complexity than
‘template matching. But there are features and features. Onme kind of feature that I
mentioned was the presence or absence of a serif, or worrying about connectivity. But

R thore is another broad kind of feature.

. Suppose our machine sees the word, T A _ _. 'Suppose the machine can also tell
SO that the two blanks are both the same letter. That is clearly another kind of feature
- and a very useful one in this case, because it immediately restricts the possibilities
B £1om many scores of words to just one word, the word T A°L L. This is a feature that
“interrelates the different parts of the word, and here it is a feature not of any single
'Letter but a feature of the word. This general kind of feature I include in the term
% 1 ohe effect of context." Context in pattern recognition suggests the interrelation of
B decisions at different levels in the semnse that the recognition of a letter iz a
% different level of decision from the recogni.ion of a word. Context in one form or
B another is an accompaniment of nearly all pattern recognition schemes if they are to
84 bc effective. Often this effect of context is implicit. Heéir Kammiercsak mentioned
8 that for human usa it is not nearly so important to get every word right because we
B can rely upon the human to supply the effect of context and recognize the word rather
S han the individual letters. But to use context effectively will demand even more

J £ron the technology.

s T A _ _, waere the blanks represent the same letter, can be recognized only by
i a technique that has an acquaintanceship with a very large number of words of English.
8 At a guess, Basic English (which is probably inadequate I would reckon) has a thousand
“words, each word containing on tue order of 30 bits or so. It must also in the case
T just spoke of be able to run rapidly through all of the four-letter words beginning
BB with T, A. This kind of processing is not always a speedy one., If the worrfs are
¢ stored alphabetically, running through all of the four-letter words beginr.ng with T, A
% may be easy enough; but if we have _ _ L S, we then have to run through all the four-
§ letter words that end in , §. This is much harder unless we happen to have a rhyming
U Qictionary in the machine. '




Let us suppose, then, that the demands for using context will be chiiefly or
easily met,

There are other kinds of problems of pattern recognition which 1 shan't go into
in detail; but I can pose the questions of learning, that is, whether the machines
themselves should take a major responsibility in learning or adapting to the exact ~
nature of the pattérns chat they must recognize, There is no doubt of the power of
this in gemeral; after we have learned the habits of speech of a £riend it is much
ansiar to understand him over a noisy telephone. This learning can take several forms
in the machine, even as it does with us. Not the leasc impoitant of the foyme of o
learning is the selection of suitable features for recognition or for incorporation
into our pattern recognizers. All that I will say at this point 1is that mény of us
working in the field believe that the complex goals that we are aiming for will need
the help of the machine for & large part of the learning job. We have had all too
little experience in this. - ‘

1

When we try to get machinee to illustrate their own abilities (and a large number
of people are very concerned with the "glamour" of this), we tend to underestimate the ’
truly amazing abilities people exhibit.in recognizing patterns. ' Sodetimes it 1s in,
merely carrying a particular techmique to its extreme; more often it is in the conbinae
tion of different kinds of techniques, different kinds of abilities, and integrating
them together. I think this integration of many different techniques is probably the
most impressive facility we have, In vision there are vexry @ény examples.” We can
recognize faces (by "recognize" I don't necessarily mean to recal. the names; 1 find"
myself unable to do that most of the time), but we can récognize faces at a distance
by ciues that have not really beer found. We do not really know anything about how
we recognize a face, I'm afraid, in the sense of being abie to build a machine to do
the same thing., There is probab.y something to be learned from the cartoonists. who
can captuse (without verbalizing about it) the recognizable features of a face a~d
present . it to us. We don't know how they do it, and neither do they, but they do it
Whether this is something that we can find out how to build into machines or not, I
don't know; we haven't looked into it in any case, The ability to recognize music on
the elightest of cues, apparently, I think is absolutely incredible; half a second of
hearing a Caruso record and you know that it is Caruso, even if you haven't heard a
Caruso record f.r many years. It is very hard, looking at the waveform, to see what it
is that you're recognizing, but I am sure that most of you have had this experience.

A couple of bars of the Brahms Requiem, and you know that it is the Brahms Requiem; all
of you have had many experiences of this type. L ' ‘ e

When we talk about pattern recognition we generally like to specify ahead of time,
and we say, "Well, we ought to know the kind of vocabulary that we are recoghiziag."
What is the "field of view," as it were; vhat are the choices? To, me, the most
amazing thing that people do is to recognize without any restriction of choices (that
is, with the restriction of choices as broad as the whole of our experiences) and with °
very little difficulty, that record of Caruso. To take arother example: when I &ay, a
"The cow jumped,.." all of you can finish the sentence. It is very hard to specify ’
to a computer what kind of range of choices this represents without including all of the
education of a person. Another example, at a higher grade level is, “How do I love
theel"--and you can all finish the phrase, I regaxd this as a very surprising kind of
ability. The estimates of capacity of a computer which would be ‘able to handle this C
task would not I think be merely in tne thousands or hundreds of thousands of words.

Let me summarize now what our technology can do, having just presented some of the
examples of what it can clearly not do, and what it shows no great promise of being
able to do for quite some time. We can recognize patterns with machines if we can =~
specify them well enough. Today, “well enough" means letters, but not faces; it means
words, printed words, but not words in handwriting; it means printed letters, but not
handwritten letters or script letters. Ve have oniy slight learning ability in our
machines. In the learning process people are going to be an jintegrel part of the
learning process of the machines for quite some time to come, 1 say this very sadiy,
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S ccause a large part of my ovn effort is devoted to attempting to get the machines to
o more of the learning. Ve can only do pattern recognition in fairly restricted and
MSell-specified contexts. The effects of context in general are very ill-known, It is
lear that they are important; the context of single words we can imagine building in,
Bbut we don't really know how to design or to optimize them. The advantages of course
sre clear; we can illustrate the advantages again and again in the ways people work,
Ui we don't know how to apply these ways to machines as yet. We know that features
. re important; we can guess that features are crucial. But we don't know how to
B implement them cheaply or easily. We don’t know what they ought to be.

. larger point, and one which 1 think comceins this audience even more, ig that
e contexts of use are not well known. They have, in fact, not been very well studied
SRar all, Technology, as I see it, depends upon the orderly interaction of capabilities
; R and experience, In the context of reading machines for the blind, most of the
N+ echniques and most of the capabilities have not been explored at all. We do not have
@an orderly feedback from operational experience. We depend upon experience to ask -

questions and to pose requirements on the technology. The technology has also been
g rather worse than unimaginative in responding to the requirements which have not been
put in the form of requirements at ail; it is not enough for technology to say, "We
want to be able to read." The requirements have to be better specified than this. We
Ymust not demand that the.blind be given guidance; that is not specifying. We are
—i_>£alling here into the same kind of difficulties that beset computer designers come

[

g years ago, upon the realization that computers could in principle do anything, tut in
% principle the method has to be specified. To say that a machine can "think" is a kind
BB of truism so long as we can in fact specify what "thinking" is in the.right kind of

Bt erms,

-

-y One can make some further statements about the technology, too. The real kind
B of advances will come in making choices about techmnology, and I say tnat at present
B we have all too few genuine choices to make. When I say that we should have operational
BB cxperience, I mean that the only value of operatiomal experience to a technologist is
aay in helping him make =z sensible choice of courses of action. If not very many different
¥ courses of action can be posed the information he gets about this success will not be
B very great. '

: In conclusion, I think there are many layers of processing of visual signals to
¥ semantic content, and the reading device must present information at am appropriate
¥ level of pattern recognitiom., It is just not feasible to present information right
o now at the semantic level. We don't really know anything about the capabilities of
PR people in accepting patteras at the different intermediate levels. We are beginning
///g;to find out a little bi: about the effectiveness of spelled speech, but we don't really
B#: know about the ability of people, or their operztional requirements, to handle these
%1patterns at this level. We know the scientific principles of pattern recognition, and/
B’ or the generating principles. We have had almost mno experience in putting them togéther
. in complex machines, and it is surely clear thai in pattern recognition, the levels of
. decisions are going to be complex ones to be useful for guidance and navigation devices.
P .
< § The demands must be set primarily from the abilities of the user to perform the
. integration that will be up to him, and we need not underestimate the kinds of
[ integration that he can do. This information must be presented in terms appropriate to
¥ the particular nonvisual semnse and appropriate to the ar yet unexplored operational
B> environment. We are not, it seems to me, very far along in knowing how to do this.
Rk Thus, while I am very optimistic about tie long-range usefulness of technology, I am
N§. not very hopeful of substantial successes soon. .
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IMPLICATIONS OF ALTERING THE DEFINITION OF BLINDNESS

by

Irvin P. Schloss
Legislative Analyst
American Foundation for the Blind

EL_TOR'S NOTE:

Mr. Schloss was requesteé to prepare this article on Zmplications of
altering the definition of blindness with special referenmce to research,
legislation, fundwraising and servi:es, etc. The article in this way
may be considered an introduction to the following articles or various
aspects of definition of blindness. ‘ o

"More people are blinded 8y definition than by any other cause," wrote i.loyd H, -
Greenwood in 1949 in a column called "Shots in the Dark," which appeared in the FVA
Bulietin, the publication of the Blinded Veterams Asscclation. : SRR

This :renchan observcotion by an indivi.dual who had been votally dlinded just five
years befure it was made serves admirzbly o focus attention on a major anomaly of
work for the blind--the definicion of blindaess gererally used by public and voluntary
agencies as the criterion of eligibility for special benefits and services. T

As a patient in army hospitals, Greemwood lived with, trained with, and ‘observed
at close range other World War II eye casualties. .Among them were, totally blind =
individuals like himself; those who could tell visually whether the light in & room was
on or off; thosa who could make good use of some residual sight to see where they were
walking but could not use it to read; those who cculd read a word or two at a time with
strong lenses but could not read for more than a few minutes at a time; those who could
read newspapers but who could not see too far ahead of them; and others who had
virtually perfect sight limited to a severely restricted visual field. [In othexr words,
his fellow-patients were individuals with many different kinds and degrees of visual
impairment resulting from injuries to the eyes, the optic nerves, or the brain, or-
resulting from infections or other diseases. Only some of his fellow-patients were
what he and tkey had always thought of as being blind. . . e :

Late in 1945, Greenwood became the first Execative Director of the new'v organized
Blinded Veteranc Association; and througl. extensive reading, conferences wit’ leaders
in work for the blind, and personal obserwation of various types of program .nd
activities for blind people, he discovered that nearly ail of the men with whom he had
been hospitalized were considered and called "blind" by national and local, public and
voluntary agencies which administered benefits or operated service programs for blind
people. Even though many of the people eligible fox service had varying degrzesn of
usefui sight, and even though many of them performed as sighted persons in variouc ,
aspects of daily living, they were all, nevertheless, classified as "Hlin? - 0 o o

The ~stermining factor was whether their distance vision measurement or visual
field cams within the measurements for these two factors specificd in the so-called
legai definitiox of blindnessj viz., central visual acuity of 20/200 or less in the
better sye with correcting lenses, or contraction of the visual field to 20 degrees or
less if centrel visual acuity is greater than 20/200. This definition of blindness has
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ivﬁecome a rigid criterion of eligibility for benefits and services, even though the two
IR -ision measurement factors it utilizes make~ some people who do no: need certain
il specific services eligitle for them and excludes others who would cleariy benefit from

% these same services.

Before I discues the shortcomings of the present definition of blindness and the.

4mplications of altering it, it would be useful to recount some of its history and

B background. At the request of the Department of Public Welfare of the State of 1llinois,
3 a committee of the Section on Ophthalmology of the American Medical Associaticn was

K appointed to develop “...a definition of blindness in scientific terms, that might be

‘made sttutory...” The resuit was several definitions of blindness which were

B incorporated in 2. resolution of the Section on Ophthalmolcgy adopted by the House of

jl} Delegates at the 85th Convention of the AMA, held in Cleveland in June 1934,

The definitions of blindness in the AMA resolution are as follows:

- "Potal blindness is inability to perceive light; lack of light

3 perception. The person who is totally blird caunot tell whether strong
light £alls on his eyes or whether they are in total darkness. Light
perception is vision such as one has when the eyelids are closed..

"goonomic b’indress is absence of ability to do any kind of work,
industrial. or otbh.rwise, for which sight is essential., In general, visnal
acwlty of less than one teanth has bean classed. as economic blindness,
meaning that objects can be recognized only when brought within one tanth
of the distance at which they can be recognized with standard vision. Such
vision in the better eye when corrected with the best possible glass wouid -
me recorded as less than 0.1 or 6/60) or 20/200, or as an equally disabling

lose of the visual field.

“Wocational blindness is impairment of the vieion that makes it
impossible for a person to do work at which he had previously earned a
living. - He mav still have vision enough to do some other kind of work
that may yield him an adequate gupport. Such vision in tne better eye
with the best possible correcting glass may vary from one tenth.to omne
Rird; that is, from 0.1 or 6/60 rv 20/200 to 0.3 or 5/18 or 20/60,
-depending on the vision required for the occupation previously followed.

. "Educational blindness is such loss of sight as makes it difficult,
dangerous or -impossible to learn by the metheds that are commonly used
in schools. This necessitates two types of schoolirg for such individuals;
namely, sight saving classes and schools for the blind. The requirement
for admission to sight saving classes is vis.on in the better eye with the
best possible correcting glass of less tian 20/70 ad more than 20/200.

"Fhe requirement for admission to the school for the bliné is vision
in the bettetr eye with the best pessible correcting glass of 0.1 or 6/60

or 20/200 or ic s."

Followxng the enactment of the Social Security Act in 1935, the Socigl Security
Board modified the AMA definition of economic blindness tu include visual acuity of
20/200 and speélled out the visual field defect of 20 degrees or less On September 15,
1836, the Board recommended chis modified definition of economic blindness to the state. .
for their vse in administering the aid to the blind program under Titie X of the Social

Security Act, B

Ovet,the‘yearé,«this game ﬁodified definition of economic blindross came t6 be uéed
as an administrative criterion of eligibility for most services and bevefits for blind
persons, including those provided by Federal statutes enacted before and after
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enactment of the Social Security Act. However, it is worth noting that this definition
actually appears in only two statutes--the law g.anting an additional income tak
exemption for b'indness and the law providing ...omobiles for amputee and blinded
veterans, witi. the definition called impairment of vislon rather than blindness in

the latter.

One other Federal law, Section 216 of the Social Securiiy Act, which provides for
“freezing" wage credits for disability insurance purnoses, defines blindness as 5/200
or less in the better eye with correcting lenses, or contraction of the visual field
ts five degrees or less. , the Veterang Adminictration strinte on digability
compensacion lists visual acuity of 5/200 or less in the bettrr eye with cosrection,
blindness of both eyes having only light perception, and anatomical loss of both eyes
as criteris for progressively higher compensation awards. In all other Federal laws
and in paris of those mentionec¢ above, blindness Ls defined in adminlstrative regula-~’

tions~~not in the,laws themsehves.

"adoubtedly, the ncn-medical concepts incorporated in the 1934 AMA resolution to
describe economic, vowa,ional, and edusational blindnes: had a congiderable influence
in minimizing the ability of people with tlhe degrecs of visual impairment listed and
contributed tu the acueptanc2 of the 20/200 definition of blindness, with the qualify-
iug adjective "econori:" om’tted. The resjolution emphasized the individual's disability
and minimized his viiual ani genmeral ability, despite che fact that many individuals
with the varying degiees of cesidual vision ercompassed by these definitions can and
do make excillent use of cheir sight in their jobs and other activities.

It is probable that :wo factors, one of thea completely unrelated to visual
performance ability, had a significant influence on the AMA committee, First, the
definition was proposed «nd adopted at a time when the country was at the height of the -
depression of the '30s, shen millions of unimpaired persons vere unemployed. Second,
ophxnalmologists still considered it h rmful for zn individual to use his residual
vision for fear of losiag it altogether. Thus, program administrators and workers for
the blin& understandab]y accepted these individuals as eligible for sexvices and
benefits because, acco:ding to the experts, they were bl;nd for all 1r‘1'z1¢:tica1 purpases.

Needless to say, the implications of so broad a defimition of blindness encompaasing
87 many widely differing degrees of visual 1mpalrment have been considerable."

The rigid commonly used definition of blindness has been detrimental to the best
interests of the totally blind, the partially seeing, thz agencies which serve them,
aad the public which supports a11 programs through taxes or philanthropy. The follow=
ing are among the factors which should be considered- ‘ ’

1. The definitxon presently excludes people who need some services. For example,
the Books for the Blind program of the Library of Congress excludes’ people who have
better than 20/200 visual acuity but who nevertheless canpot xead print. (The
definition does not take into account near visicn, which is ‘2 better criterion of read-
ing ability ‘than the distance vision measurement it uses.) Large type books produced
with Federal furds through the program of the American Printing House for the Blind are
available to children within the definition who can read print but not to children with
slightly bettex visual acuity who srill need 1arge type books.

2. The definition dilutes the effectiveness of certain programs. For example, the
Fedecally~-financed part of the program of the American Printing House for the Blind,
initiated in 1879 by the Congress of the Uaited States as "an Act to proiwote the
education of the blind," has included thke large type inkprint books mentioned above in
recent years, thus reducing the amount of braille matexial, tactual educational aids,
and tangible apparatus available for blind children who camnot use their sight in their
education., Yet the needs of totally blind children for books and special edueaticnal
aids are nof: being adequately met .,
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ﬁ Although a valid case can certainly be made for Federal assistance in the production
B nd distribution of large type books and other special visual aids for all cliiidren with
¥ 2 serious visual impairment, whether or mot they meet the criteria of the defirition of

B blindness, the validity of iuncluding such a program within the scope of one designed for
B che blind may be subject to question. ‘ ' :
b g - 3. The definition of blindness 2xcludes many people who come within its criteria
S £rom valuable services and bemefits because they do not comsider themselves hlind or do
B not wish to be cons..dered blind. '

J

o 4. The definltion vends to retard the development of adequate services for both

REER ¢+ he totally bl ind and the partislly seeing ir. programs whers they are considered together
;‘ g without regerc to the special problems and specialized needs of the several different.

Oui sroups they include. -

anE 5. The definition complicates research in all aspects of work for the plind, sivce
:‘ §@ the label "blind" is applied to a group with so many diverse visual performance

198 characteristics which could significantly inflvence other types of performance. Unless

j. the subject group in a research ‘project involving the "ylind" is clearly and specifically

cfe
4
-

[/ ' defincd, I find it necessary to question the results ¢4 conclusions insofar as v.t.sugl' .

B characteristics and performance may be factors influencing them.
L 6. The definition further compiicatez an already complex problem of public mis-
B ucderstanding and misconceptions about blind a2ad wisually impaired perszons and is
hod detrinental to the best interests of both tha totally blind and the partially seeing,
I8 Organized public education activities which describe the atccomplishments of "h1ind"
people vwhen the curreatly sccepted definition is used adds to the confusion of the
. oy, lic. ’ ' '

g An individual not actively engag:d in work for the blind generally uses the term

kS *'bling" ror persons who are totally blind and applies terms Like Walmost blind," “mearly.

S blind," ‘virtually biind," "partially blind," “partially sighted," "partially seeing,"

W “extremely near si ghted," "near sighted," or no label at all to persons they observe to
k' have a greater ox lesser degree of visual impairment.

. Even professional workers have difficulty at times when it comes tg. the use of the
term "blind" for people within the current definition of Dlindness who still have
S considerable useful yision and the term "partially seeing' for people with vispal acuity
M- between 20/70 and 20/200. . : ' ,

7 The currenf definition prdvide_s useable li,uiits for ‘st‘atisi;ical'. purposeé s but o
the question of what the statistics truly show ipevitably must arise. '

In recent years, increasing attention has been given to the question of the =
adequacy of the current definition of blindness; and two groups financed by agencies of
the Federal Government have been examining it. The group whose activity is most = - .
pertinent to the present discussion is the Workshop on the Definition of Blindness, which

is being conducted under the auspices of the National Institute of Neurolqgi,cél Diseases
and ‘Blindness. . .

The Workshop is under the chairmanskip of Dr. A.E. Braley, Professor and Head of the
Depertment of Ophthalmology at the State University of Iowa, and consists of representa~-
tives of natiomal public and voluniary agencies, &s well as several ophthalmologists.

At its meeting on October 12, 1962, the Workship unanimously adopted the following:

. "I move t:"rlt‘;f.'s committee g:o“on record 28 recognizing two maj&:; Eypexs"j of
visual disability: 1 P ‘ - L

P

. 1"(1;)' Blindness includes individuals with no 1ight Razcéﬁﬁi@h g‘{g’gﬁosg - ’
with wo light projection; " S
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w(2) Visual impairment of an advanced degree.

"Visual impairwents may be influehcmd b& & veriety of motor, sénsory,
and psychologic factors which govern 1zhe performance of wisual tasks and
.consequently msy lead to visual disabil.ty. ‘

"Yigual iwpairments arise from int.erferen:e with one or more of the
wvignual functions."

Although this initial statement will undoubtedly be: refin:d and amplified ae a
result of furthey action by the Workshop and specific etudies recomendcd by it, It
represente g major first step of great significance., The terrinology it recommmends .
would rastrict the application:-of the terms "blindness’ and "blin % to individuals who
are in fact. totally blind or who have. light perceptior. without: light projection. The
term "visusl impairment of an advenced degree" would he. used t:o apply to individuals
with vision problems who still bave varying degrees cf useful vision. .

It is .obvious that this second categoxy of people--by far the iarger gxéup--wi%l
need to have the nature and extent of their vision problems specifically delineated. .
Using the present definition of blindness as the criterion of eligibility for needed -
services -and benefits for the 'visually impaired" would prove to be just as inadequate
and misleading as it has been as a way of delimiting those individuals in our society .
vho are "blind." For the distance visiorn measurement or the visual field measurement
are -only two of. many factors which, whem taken togecher, provide a much more adequate
indication. of what an individual sees. S R : : :

Wi thout doubt, a scale or index of viseal eﬁficiency_will ultimately be évqlvedfas -
a more accurate and adequate . indicator of services an individual may require. . In
another article in this publication, Dr. Richard E., Hoover described the many visual
performance characteristics which combine to imdicate an individual's visual efficiency.

.- What ;are :the impLications of the Workshop statement anid the further deééldﬁmén;.qf;,
visual efficiency as the critervion for services? Without question, the results of
general acceptance of these concepts will be bemeficial and positive, focusing truly
specialized sexvices according to the needs of the truly bliné and the different groups
who have visual impairment of an advanced degree. ‘

More visually impaired individvals with conditions which can be helped by visual
aids wiil certainly come forward for this service without the psychological barrier of
being cz led "blind." Ideally, vocational rehabilitation specialists for the blind would
be indiv_duals trained and experienced in working with the truly blind, while other
specialists would be assigned to the visuaily impaired. The Booke for the Blind program
would serve everyone with a visual impairment severe enough to prevert him from reading
inkprint comfortably over a pericd of time, fo -

From the standpoint. of xesearch, thers weuld no longer be any question about ﬁhe
nature cf the visual characteristics of the subjectd in a stuldy involving the blind.
Research studiss of the visually impaired would logically be expected to.include aa
accurate description of the visual characteristics of the subjects i these were factors
which could influencz the results. ' ' ‘

For :the first time, statistics on the 'biird could be compiled with accuracy; and
assuming -the .development of -useable visual efficiency criteria, adcgrgte:stagiggicé on .
theadifferent~grou§s{with visual impairments.of an advanced degres could - also be
compiledei - - o . Ca Co G . :1;25;:,'.":,

Altering the definition of blindness as indicated above would simplify present
problems: of public understanding, gince separation of ihe truly blind from the visualty
impai: 2d comfoxms to existing public coneeptions. Public'gduéationapngg%gms which,
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;~\::present1y call both groups "blind," have served to confuse rather than promote better
‘SN understanding. The task of public education would be simplified.

v B Agency fears about fund-raising ability with tha altered definition are basically

3B ;roundless. The problems of people with visual impairments of an advanced degree are

'SNE as genuine as the problems of blind people, even though they may differ. FPublic appeals
W - funds o assist the visually impaized to solve theair problems would be as effective
% as avy appeal on behalf of the blind if a stralghtforserd, Lonest approach were used.

I8 Apreals to foundat.ons or governmeat ajenicies for grants to specific projects would not

B be affucted by the changeo.

‘ cae of the roncerns about altering the presen: definition of blindness in the

" effect thais actiom might hive on the numerous special benefits provided for the blind

. by Federal law. As I indicated earlier in this article, mcst of tha Federal laws do

‘ not define blindness, leaving the criteria of eligibility #or the benefits to administra~
itive regulations, Therefore, it wouid be desirablie &o alter the enabling legislation in
. situations where visually impaired persens should also be entitled to specific berefits,

‘ For example, in Titles X and XVI of the Social Security Act, which provide public

" assistance payments us weil as gsocial and rehabilitative services under the heading

i "aid to the blind," it would be necessary to amend the law to read "aid to the blind and
R > visually impaired,” still leaving to administrative regulations the determination of the
‘mwm degree of visual impairment required for eligibility.

1 I believe that this kind of amendment to existing laws would be easy to realize and
R would not create confusion, as some people fear. In my experience, congressmen, :
B senators, and Congressional committee staffs are intelligent people who can be expected
BB to understand the significance of and need for such changes as long as the people

+ requiring the services and benefits provided by law are adequately served.

. . From every standpoint, altering the preseat definition of blindness to more accurate
R« terminology utilizing visual efficiency as the principal criterion for service needs
\ wié will serve to sharpen and improve services to the truly blind and the visually impaired.

VISUAL EFFICIENCY AS A CRITERION OF SERVICE NEEDS

by
Richard E. Hoover, M.D.

£ EDITOR‘S NOTE:

 This artisle ig from the FROCEEDINGS of the Thirty-sixta Convention c¢f the
American Associztion of Workers for the Blind, Imc., 1962. Gracious
permission is given the American Foundation for the Blind to publish this
pape” in this issue of the RESEARCE BULLITIN. .

"pgychologists are agreed that each person possesses the same human characteristics.
They are also agreed that differences found between individuals are not due to one -
possessing one set of traits and another a different set. The differences fcund are due

_ to these various individuals heving unequal amounts of thesz traits, which produce
assorted patterns of performance."l

IKuhn, A., Stump, N.F., Tolman, C.P. and Kutscher, C.F., “Industrial Ophthclmology."
Reprint, Americesn Academy of Ophthalmology and Otolarvngology, July-August 1946, ° -
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it is the adequate classification .of visual efficiency which particularly interests
us here. : '

Let me begin with my definition of visual efficiency. Visual efficiency is a
complex of measurable visuvsl characteristics which, when combined with other semsoxry
and physical characteristics, provide an opportunity to utilize sight=--opportunity
implies motivaticw or incentive.

Sensorv ani physical characteristics are meant to include the pgycholbéiéal,
intellectual and all other sensory modalities in additlon to sight, as well as the notor
skills ard anatcmical variations. -

Today, I shall discuss the importance of visual efficiency and try to show you how
v_cual acuity, especially for distance, plays only a part in the determination of visual
efficiency. I shail also discuss the other visval, sensory and physical characteristics
irvolved in visual efficiency and how these should be measured when possible. Finally
I shall try to impress you with the need to measure, predict, preserve, restore and
improve visual efficiency when at all possible. ' )

The universe is bathed with light and sight, and as long as this is so, while
perhaps not absolutely essential, visual efficiency will always remain important.

The most obvious examples of demands for gond visual efficiency are in requirements
for pilots,. astronauts, crane operators, game hunters, proofreaders, qccouqtantgg'gtﬁ.
One of these requirements is usually good visual acuity for distance, but it is not the
only one, nor is it always the most important. Sometimes, even though visual acuity =~~~
may diminish, visual efficiency can be preserved at its previous level. Our. everyday
environment is geared to certain visual efficiency levels so that at some point of
diminished visual acuity other visual, sensory and phys’cal characteristics must
compensate if we are to meet the necessary visual efficiency requirements.

This complex of visual characteristics will be discussed under_th?gébﬁgiﬁ hééﬂiﬁgé;;;

(1) Visual Acuity . o L
(2} Visual Versatility : o * oo
(3) ,Visual Capacity
Visual acuity is the one characteristic most often talked about, most often and -

most easily measured. It is also quite unfortunately and quite erroneously often o
confused with visual efficiency. :

Visual acuity is the measurement of the resolving power of the retina in angular
terms of minutes. The common expression 20/20 represents the ability of the retina to
resolve a.visual angle of ome minute of arc; 2)/200 represents the ability of tiie retina
tc resolve a -visual angle of 10 minutes of arc, It is fortunate that we hévqﬁthis very . .
logical and precise way of measuring retinal function, for this makes it possible to
measure visual acuity at any distance from infinity to the anterior surface of the eye=
ball, It is essential that it be measured at certain standard distamess, vsually at
least -two--scmetines more, if it is to represent its constant and ef” tve power in
any visual efficiency equatdonm. ' T ’

Y St

Because it is not always poseitle to project an optically distinpct jmage of the
same angular size of the retina for both distarce and near, there will often be - )
paradoxes between the two. Distant vigion can be excellent and near vision poor, ox-
near vision excellent, and distant vision poor. This will depend upon optical,
anatomical or patholcgical conditions of the eye. The point to emphasize again is our.
ar.lity to measure it at any discance with extreme and consistent accuracy under any

given set of standard conditions. This is the visual measvrement to whicn you are most
often exposed. ‘
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iscuss the measurement of the

Let us leave visual acuity at this point and d
“yisual versatility."

gl haracteristics 1 have placed under the heading of

/ uptical power--the emmetrope has more efficiency for both distance and near thaa
Wioes either the astigmat, the hyperope or the myope, but with our retinoscope we can
etermine the refractive state with extreme accuracy in most instances.

Lecomydat:ion-~this can be measured very accurstely with owzenienily common

methols for any distance within infinity. In the normal eye it can ever be quite

¥ acrarstely pradicted at any given &ge.

. Convergence ani divergence ablli;y--the ability of the two eyes to turn toward and
R away from each other. We have methods and instruments to accurately measure these’

| important ocular alilities. The same is true for the following functioms:

Ductions and *‘conjugate movement ability
Light and dark adaptation
Color perception
Field of vision--(size, form and color)
‘ Aligning ability
-~~~ . Binocularity

ite accurately measured in either the normal state ot

‘A1l of the above can be qu
stics in the normal intact eyes which

(‘; pathological state, and they are the characteri
¥ give us visual versatility. '

Mow, let us examine the characteristics I have grouped under the heading of "visual

B capacity.”

uration under certain standard cr other conditions. You -
o accurately measure all the cheracteristics listed

* under visual versatility. Now, let us ask if we can measure the iength of time,
}. amplitude and under what conditions we might maintaim our present refractive error, our
. accommodation, our convergence, divergence, conjugats gaze, light sensitivity, light

1: and dark adaptive power, colox perception, field, aligning ability or binocularity. We
B . can measure all of these and we can either predict or measure our ability to maintain
B these functions undex different conditione cf health, fatigue, stress or isolation and

B8 media.

.-; Capacity infers load and d
¥ have heard that it is possible t

1ltered by the other seusory ard physical

Visual efficiency can be influenced and a
Let us examine the possibility of measuring

$F characteristics I mention in the definition.
g some of these. ‘

height and weight. We can also measure muscular power and
We can measure intelligence. We can
touch, taste and smell. s

‘We ce~tainly c¢an measure
X® cndurance. - We can also measure most motor skills.

measure certain aptitudes. We can measure hearing,

Now, since the importancé of visual efficiency is so apparent, would it not be

advantageous for us to measure it, if we can? I have suggested how it is possible to

g measuze the individual ingredients which make up visual eificiency, so there is no
N logical reason why we cannot meesure visual efficiency to an accuracy never before
tried--especially among those whe have more than the usual degree of visual impairment.

We could, in certain instances, learn to pacztially predict it from diagnostic
. pathology alone, €.g., albinism, retinitis pigmentosa, macular degeneration, and so
F® forth. ALl have vather constant visual charactevistics and vary mostly in the sensory

and physical characteristics of their possessor.
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If individuals with visual impairments had all of these chara:teristics measured
and recordad we would then begin a foundation of useful knowledge which ‘would help us
to determine which individual with vhich amounta of these cha.3ct .risi’zs could, under
certain condit for.s, consistuntly perform so mary of tha comason tasks which tequire some.

degree of sight, e, g What is the pattern of characteristics which allows one to
recognize people at 17 feet, 5 feet, etc.? Vhat is the pattern for those who can
suzcessfully operate bicycles, wheeibarrows, lawnmowers, motorcycles, tractors, trucks,
avtcaobiles, etc.? (Mnat is the pattern for those who can detect steps up or ‘down at. a
f.xed distance whick. are necessary to level an elevetcx? Yhat is the pattern for ‘those
vho can distinguish hetween a teaspoon and a tableapoon, a fork and a knife, a selt

and penper shaker, hatwaen 2 celery atallk and an orchid? Tf wa wonld alea ann‘lvun the
visual requiremeqts c¢f thesge tasas, soon we could adapt visual efficiency patterus for
certain visual tasks requiring these patterns with a greater degree of accuracy. Th:a,
the mystery of the individual with a recorded visual acuity {the only characteristics
recorded) of 5/200 doing some apparently miraculous visual feats would be solved

Now, how can we preserve or restore visual efficiency? Cezrtainly the contributions
of medicine, surgery, genetics, the social sciences and the physical sciances all play
their part. Sometimes these ccntributions would be more frequent and fruitful if those?
most interested would work together in seeking these contributiong. it can bz done
with attention. not to one, but to all the important characteristics.

1 consider myself a special worker for the blind and so do most ophthalmalogists.
However, most of our interests are directed to the prevention of loss of visual acuity
and the restoration of any loss through medicine, surgery, training and optics. I
think I can speak for the profession and say we would in general lend our support and
talents to a program of measuring visual and other characteristics on s more consistent,; _
comprehensive and accurate basis if such data were to be used ir the same accurate and
constructive manner. We would certainly continue our interest and support in the
improvement of visual efficiency. This we would do witk continued effort in the clinic_‘i
and the laboratory, as well as in our search for better optical’ devices, more knowle&ge )
in the use of color, etc. We shall also vontinue our support to aducacion and training
programs in the use of special methods, instruments and prosthetics. This is an area

capat.le of rapid and productive expansion, e. g., in the training of the use of certain L
optical aids. SRR

What I have said infers that visual efficiency is a comp]ex of measurable . "
characteristics, one of which is visual acuity, and that visuil efficiency is extremely .
important and a far bette. guide to performance than visnal a:uity. I have also tried -
to impress you that these characteristics can be weasurzd and how visual' efficiency
might become a practical guide to service and performance.

THE PROBLEM OF DEFINITION OF BLINDNESS
by
A.E. Braley, M.D.
EDITOR'S NOTE: :’ o L

This article is from the PROCEEDINGS of the Thirty-sixth Conveution of the
American Association of Workers for the Blind, Inc., 1962. Gracious permission
is given the American Foundation for the Blind to publish this paper in this
*ssue of the RESEARCH BULLETIN. \ .

There are numerouvs problems regarding the visually handicapped that require study.
In order to be as helpful as possible, the National Institute of Neurological Diseases
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S8 3 1.indress Council saw fit to give a small gremt for a workshop on the "Definiticn of

Mindness." The first meeting was held on Jasuary 28, 19641, in Washington, D.C. Ax

i ;fort wes made to bring together pzople from several Federal ageacies, from private

Bicencies, and’ ophthalmologist:s, to study the problems, RKach of the peopln represeuted -
vecial interests in the field of wisually handicapped persons. * '
L Each of the states has definitions for blindness which are based pximerily on
‘ghabi.litation and welfare services, Nearly all the states use aculty of 20/200 or less
Mla¥; the better eve as & raquirement for rehabilitation. Very few states define the
R sual field. I would like to quote a few examples of the state requirements.

?

Sk Colorado: “The criteria of visual disability established to d=lineate the’ _
% sponsibility of this Agency: Central visual acuity not exceeding 20/200 in the better
e with corrections; or, visual field defect in which the peripherdl field is' contracted
%0 such an angle of no greater than 20 degrees. | . " S

Ry

R “persons whose vision is greater than defined above wiil be referred to the’
MpGeneral Rehabilitation Division, except vhere the prognosis indicates that the individ-
RRual's loss of vision will eventually place him within the definition of blindness stated
Bd:bove.” B ‘ S | '

Here the field of vision is included as a requirement and also tke pregnosis of
She future vision. The ophthalmologist must report to the General Rehabilitation
s Lvision. ' R ' ' -

.

» ,' Connecticut and Delaware are similar to Colorado. In Connecticut the State Board
- jof Vocational Education cooperates with the blind agency to serve the clients. '
é Hawaii is so interes:ing I think it would also be interesting to quote: - "Visual
M@ handicapped, defined. Any person who has'a visual defect -hich for him, in reference

M8to his native abilities, training and education, comstitutes an employment or work handi- -

r N

g ar shall be deemed visually handicapped within the meaning of this part. Blind,
‘f jdefined. The word blind as used in sections 109-6 to 109-12, whether so used as
- ’g&jective or as noun, means blind or visually handicapped.” S '

Massachusetts says, "Central visual acuity not exceeding 20/200 in the better eye
¥ after correction or the peripheral field of his vision to be contracted to the 1C
R degrees radiuc or less as measured with a six ma (6) white test object regardless of
B visual acuity.” This is the best defimition >f the size of the field and the test
5 iobje.ct. ‘ ‘ '

< Minnesota, on the other hand, has none. The service for the blind is based on the
R following definitionm. "persons having a visual acuity of 20/60 or less in the bette
g eye, or having a corresponding defect in the visual field are considered blind under the
‘Mimesota law. 1f the disgnosis of the eye condition shows ‘a progressive disease which
@ mzy lead to blindness, such as glaucoma, retinitis pigmentosa, etc., such cases must be
Bl referred for rehabilitation services to the service for the blind of the department of
M Public Welfare."

L Pennsylvania is different from most, in that visual loss is based on percentage of
B visual function. " ..., is defined by State statute as constituting a thirty percent
B (30) or greater loss of visual functioning. Cases nct involving 30 pexcent or greatex
¥ 1oss of visual functioning may be eligible for vocational rehabilitation serwices from
the State Board of Vocational Education through its Bureau of Rehebilitation."

N I was unable to find the formula they used to arrive at the percent of visual loss,
W but I assume it is based on the AMA committee report of 1934.




tionda, in The New Qutlook for May.1961, suggests that "...blindness may be defined
a8 follows: " - ..

"1) Vision of 2C/200 or less in the better eye, or in both eyes:- - -
with bast co:rective glasses,

2) Vision better than 20/200 in the better eye with best cexrective
' glisses and with & visual field constricted to 20 degrees or
less in the widest diaueter, using a 3 mm white test object at .
330 mm ‘or- an equivalent isopter.’ '
He further beliwves that for rehabilitation purposes the person must be classified
as follows: - T ; g ‘. . o Tt s e
ol . : o , o e
“%Grovp-I . . = --Light perceptian to 1/200,
Group I1 . ==2/200 to 4/200.- -
Group IIX -=5/200 to 29/300.
o v Group IV: - ~=20/250 to 20/70." . - e soLt

.'“The'purpase of this classification is to establish an étbicrary ,
+ gtandard ‘for the greatest use-of residual vision." : : LIS

He further proposes.'that individuals in Group I.should be taught braille,.vhenever
possible; Group II cases should be encouraged to read with aids"; but, he says "often
(he has) difficulty in deciding what to advise for specific individuals in this group,™
"Groups III and ). should be taught to use their eyes."
These definitions are primarily intended for rehabilitation and public welfare.
The importance of education of partially seeing canmot be under emphasized. ’

Jones of the Office of . Education of the Department of Health, Education.and Welfare
says: "Education of visually hancicapped children entered a new era when it wa. . :
recognized that ase cf vision seldom if ever results in damage even by children with
serious.impairments."” This is based on statements made by many well-kuown ophthalmclo=
gists. . He further states that "the realizatica began to grow that some children with
limited vision not only could be, but should be, put back into regular classrooms for
all or part of their educaticr " This is certainly true of the children, but how about
the greater number of people who become handicapped after the age of 40?7 Accosding to
the "Census of the Blind in New York State, December 31, 1959," pubiished by the -
Commission for the Blind of the New York State Department of Social Welfare, 76 percent
of New York: State's blind population were over 40 years of age and 47 percent were over
65 years of age. The statistical department of the National Soclety for the Prevention
of Biindness has estimated on a national basis that 80.4 percent of the blind population
of the United Statés is over 40 years of age and 51.8 percent is 65 years of age or
over. There is no doubt that many of these people have cataracts, but many have heredi-
tary defects. Fonda stated that, in 449 consecutiv2 subnormal vision cases, hereditary
defects were the largest single cause of subnormal vision. - R

Meny of these people with 20/200.or less find it almost impossible to read sven
with reading aids. They should be tried, .however. This group of older people represent
a portion of the visually handicapped that are poorly handled by our national rehabilie
tation commiszions,

sfver considerable discussion, Dr. Masland summarized that he felt "five different
definitions couvlid be given: ‘

1) definition of blindness for the reading public
2) as it relates to need for prosthesis
3) relates to public assistance, social security, income tax exempiion
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" 4) needs for, and specific kinds of soc.ial rehabilitetiocn ,
5) statistical projection of incidence of blindness in the couwntry
and the needs of these various services
6) workman’s compensation payments."

. ;J Several avenues of approach to a definitioa of blindness then were apparent. Our
B orkshop could dogmatically write a definition that might be acceptable to all the states
B nd services. The Workshop, however, £¢1t that a more sensible approach would be to
[ cather as much data from the field as possible. There was not thought indicated or
M implied that we were investigating the various agencics, We wanted o find from each
fagency what they did and what their rules vwere. A comprehensive questionnaire was
developed by Dr. Graham and Miss Hatfield and the f£otm was p In the pretest.
11t was discovered that many problems were brought out by the form itself and many
B ag:cncies could not answer the questions without explaining the answer. Since then
Dr. Goldstein has revised the fora, and anotier pruotest is being yndertaken. Many of
BN vou have veceived letters from me asking your cooperation in this pretest.
g} -
g Since many of the definitions are based om visual acuity and visual f£ield, another
BN subcommittee of the Workshop was named to carry out another survey among the ophthal-
S mologists. Dr. Leinfelder, Drx. Hoover, Mr. Rledsoe and Dr. Goldstein were on this
¥ committee. The letter was sent to a selected group of ophthalmologists drawn at random
S by or. Goldstein so that a large sample of practicirg ophthalmologists would be
",wgrepresented. The response to say the least was very poor: 291 forms were sent out,
B 33 returned and only 4 of these were complete. whe form is now being pretested in low
¥ vision clinics.

’ A definition of blindness is complex and requires multiple subdivision. The
- definition of Hawaii is good but so complex that it would he most difficult for an
JRY agency to administer. S

SH While our Workship will continue to gather data, perhaps we could make some

8 1)-‘Viéﬁal deficiencies from any cause should be made "a compulsory reportable
{’qj,disor&ar." The border line should be all cases that are based on driver's licensure
)< cut-off{ point, ‘ :

< -9) -Ophthaimology societies sheuld appoint a committee of all 1nterested“peop1e
';%,to review the present definitioms in light of present knowledge. ' .

dé%/: -3) Educators should begin a longitudinal study of the children in schools for
T the visually haadicapped.

; 4) All rehabilitation agencies for the blind should name a central group "o work -

' with the Department of Health, Bducation and Welfare and National Institutes oi Health
to gather data and settle misunderstandings. This could be a reactivation of the
Committee on Central Statistics oi the Blind. o

5) Education of the practicing ophthalmologists by state agencies and naticnal
groups to give the best service for their patients, ,
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See also:

The Statistical Design of the Healtl Household~Interview Survey.
Health Statistics. Series A-2, Public Health Service Publication No. 584-A2.
Washington, D.C., Public Health Service, July 1958.

Concepts and Definitions in the Health Household-ILiicerview Survey.
Health Statistics. Series A-3, Public Health Service Publication No. 584-A3.
Washington, D.C., Public Health Service, September 1958.

Linder, Forrest E., "Organization of the National Health Survey.'
Statistician, Vol. 13, No. 3, June 1959, p. 7.

Hurlin, Ralph J., Estimated Prevalence of Blindness in the United States. New York,
American Foundation for the Blind, 1953. 15 pp.

The introduction of 'comprehensive medicine"” and recommendations ot the Bayne-Jones
report indicate the trend: The Advancement of Medical Research and Education
through The Department of Health, Education and Welfare. Washington, D.C., U.S.
Government Printing Office, June 27, 1958.

The Blind Population of the United States, 1920; A Statistical Analysis of the Data
Ob:ained at the 1l4th Decennial Census. Washington, D.C., Government Printing Office,
1928. 191 pp.

"Estimates of Blindness in the United States." Social Security Bulletin, March 1945,
pp. 17-18.

Particularly in Blind Population 1920: Sanders, Hurlin (1937) and McKay (1931).

See also:
Britten, Rollo H. "Blindness as Racorded in the National Health Survey..."
Public Health Report, Vol. 56, No. 46, 1941, p. 17.
(a) Berens, Conrad, "srandardization of Statistics on Causes of Blindness." Paper
ot ad +n Pan American Medical Association, March 24, 1933.
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FROBLEMS IN DEKINING AND CLASSIFYING BLINDNESS
by

John Walker Jones

EDITOR'S NOTE:

This article was originally publisted in THE NEW OUTLOOK FOR THE BLIND,
April 1962. Gracious permission is given the _merican Foundation for the
Blind to publish this article in this issue of the RESEARCH BULLETIN.

Mr. Jones is a specialist in the education of the visually nandicapped in
the Office of Education, Department of Health, Education and Welfare,
Wastington, D.C.

Much confusion stems from terminology presently used to describe visually handicapped
children. This confusion tends to make it difficult for teachers and administrators tco
plan, evaluate and justify special programs. It also complicates the collection of basic
statistics and estimations of incidence and prevalence in this area of special education.
The growing concern of educators about problems related to defining and classifying blind
and partially seeing children is summarized in this article. A brief review also is
made of some program adjustments and of attempts by educators to refine the process of
pupil selection and dismissal.

Little more than a decade ago, it was commonly believed that children with limited
vision would damage their eyes if they used them to full extent for school work.
Special educators encountered relatively minor problems in selecting pupils believed to
be in need of placement in special programs. These educators found that their practices
tended to support the application to school programs of the accepted definition of
20/200.* Many applied this definition to education even though it had been developed
primarily for use with adults in determining their eligibility for public assistance or
for vocational rehabilitation. Similar experience was found with the visual acuity of
20/70 to 20/200 for children placed in special education programs for the partially see-
ing. As long as use of residual vision was believed to be associated with ocular damage,
£~y educators or parents wece concerned about the fact that many children selected
primarily on the basis of their visual acuity and taught to read by means of braille,
had enough vision to read print. Very few were concerned that many children placed in
special programs for partially seeing students demonstrated the ability to read ordinary
print with reasonable efficiency and appeared able to progress well in regular school
programs.

Seeking New Guidelines

Education of visually impaired children entered a new era when it was recognized
that use of vision seldom if ever results in damage, even where serious impairments are
present. With this new era came a renewed interest in exact refractions and in °ae use
of low vision optical aids., With this new era also came a questioning of educational
practices by educators, eye specialists, and parents of children with visual limitations.
Empirical evidence began to indicate that under proper conditions many of these children

*Most state and federal laws pertaining to blind persons define blindness for-
various official purposes as a visual acuity in the better eye with best correction
which does not exceed 20/200 or a defect in the visual field so that che widest
diameter of vision subtends an angle no greater than twenty degrees. The person with
20/ 200 visual acuity is able to recognize from a distance of twenty feet objects which
those with average vision see at a distance of 200 feet.
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learn to make good use of even slight amounts of residual vision. The realization began
W to grow that some children with limited visicn not opnly could be, but should be, put

and types of special education programs began to evolve. Educators became dissatisfied
with the visual acuity cut-off poiats on which many had relied so extensively in the
past. They began to seek new criteria for defining, classifying and placing children.

The search for new guidelines to aid in classifying and defining visually handi-

¥ capped children has gathered momentum in recent years. This is reflected in the follow-
:}ig‘ing excerpts takeu from the literature. Participants in a national conference on the
_education of blind persons in 1953 stated:

The generally accepted definition of blindness places 20/200 as the
dividing line between individuals considered legally biind and individuals
considered sighted. However, this arbitrary definition does not seem
realistic as applied to the educational nzeds of all children whose visual
acuity falls below 20/200. Some. ..below this dividing line have unusual
visual efficiency and, on che basis of recommendations of their ophtnalmolo-
gists and the observations of their teachers, may be better off-~physically,
.psychologically, and socially-~through using their vision in their
education.’

3 Educators of partially seein; children reinforced this statement in one of their
W  publications in 1959 as follows:

: 1? Experience has shown that many children with visual acuity of less
= than 70/200 can see well enough to make use of the equipment and special

3 education media provided for the partiaily seeing and should, therefore,
be identified as partially seeing rather than blind.>

- The overlap between the definitions of blind and partislly seeing children has had
. many ramifications. Participants in a conference on te .her preparation programs
g suggested:

The large number of children who seem to fall within both categeries
b - can be separated and constructively served only if we are able to view
o these children according to a functional definition which describes the
i 3 child, with all of his potentialities and needs after medical, psychologi-
- cal, and sociclogical information has been considered in terms of the best
i;ff possible educational placement. This makes it necessary and very impor-
- tant for teachers of blind children to have the related knowledge ccncerning
= the education of children with varying degrees of visual problems.

An eminent ophthalmologist stated recently:

|

|

. Classification of blindness is necessary because definition of blind-
i 3 ness includes vision ranging from no light perception to 20/120. Only the
E t>tally biind need no definition. For all practical purposes, therefore,

F 3 classification of residual vision 1s necessary to aid in the placement of

2 partially seeing persons.

e Ee recommends that persons with vision of 1/200 or less be taught to read by means

BE of brzille but that those whose residual vision exceeds 2/200 be encouraged to the highest

T degree possible to read by means of print.

-3 A small study of c.nference specialists in the education of visually handicapped
B  children was called by the Section on Exceptional Children and Youth of the U.S. Office
of EBducation during the summer of 1960 to study the definition and placement of these
children.l Several tentative recommendations were made including:
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A) Educators should seek to develop {unctional educational definitions
of blind and partially seeing ~hildren rather than rely on definiticus used
by medicine, rehabilitation, and welfare.*

B) The current definition of legal blindness is of little use to
educators either as a definition or as a criterion for placement. Immediate
proposals to change existing state and federal laws, however, probably would

be premature until further study has been given this important problen.

The following were among suggestions submitted by this group for further study and
research exploration:

1) The educacional classification of blindness should be reserved for
children who have no measurable vision or vision which is so limited as to be
of little if any practical use as a channel of learning. Such children use
braille as their primary mode of reading and as an important source of
learning.

2) Partially seeing children sculd be those whose visual limitation
interferes with their learning efficiency to such an extent that they
require special teaching services and aids if they are to attain performance
standards appropriate for normally sighted students of comparable ability
but who rely on vision as a chief channel of learning and use of print as
the primary mode of reading

3) Recognizing that some children with limited vision caanot be
classified readily as either blind or partially seeing, a third or border-
line group was suggested to include those partially seeing children abls
to use vision as an important channel of iearning, some of whor may read
by means of both print and braille.

Further evidence of reed to resolve some of the issues pertaining to defining and
claisifying blind and partially seeing children and of the possible magnitude of the

problem were revealed by a study conducted in the Office of Education. This study was
based on information provided with the registration of children with the American
Printing House for the Blind in January of 1960. Analysis and comparison of data on more
than 14,000 "legally'" blind children enrolled in school at that time showed: 24 percent
were reported as totally blind; 16 percent as perceiving light only and approximately

60 percent as able to perceive more than light.

Proijection of these percentages to current enrollment:s reveals the probability that
there are now more than 10,000 "blind" children in school who have sufficient vision
(more than light perception) to be considered as potential readers of either print or of
both print and braille. Selecting the most appropriate reading medium and educational
placement for these students is difficult but of great importance to each child, 1In
communities where separate facilities are maintained for blind and for partially seeing
children this aecision may determine whether the child will be educated essentially as
a blind or as a seeing person. Some of the 10,000 or more children currently classified
as legally blind who have more than light perceptior. are able to function satisfactorily
in the regular school program without special instruction. Many in this group, however,
require educational aids and instruction by specially prepared teachers if they are to

*Definition and classification problems in the field of vocational rehabilitation,
as they apply to visualiy nandicapped persons, currently are under study by the
Subconmittee on Impairments of Visual Function of the Rehabilitation Codes being
conducted by the Association for the Aid of Crippled Children under the direction of
Dr. Maya Riviere. The National Institute of Neurological Diseases and Blindness is
studying broad aspects of the probiem and the Biometrics Branch of this institute is
giving special attention to epidemiological studies of incidence, prevalence, and etiology
of blindness and other severe visual defects as is the National Society for the Prevention
of Blindness.
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progress at a race in accord with their ability. Some within this latter group will need
to be educated primarily as blind children and others primarily as partially seeing
children if placemeuts are made in keeping with their most essential needs.

Mode of Reading

Educators have recognized for <ome time the necessity of using functional character=
istics of visually handicapped cnildren as criteria for classification and placement.
Basic among important characteristics distingui:zhi-; blind from partially seeing children
is the mode of reading best suited to each child. Increasingly, educational reference
to a child as blind has come to mean that he reads and writes primarily by means of
brailt=. Those "legally" blind children who, in the opinion of education specialists,
demonstrate an ability to use print as their basic reading medium are generally
classified as partially seeing.

But there is evidence to suggest that, among pregrams for visually handicapped
children, widely diverse practices may exist in regard to the mode of reading children
with limited vision are encouraged to a2dopt. Zomparisons of the modes of reading of
legally blind children whose residual vision .xceeds light perception as reported by
local and residential schools to the American Pr.ating House for the Blind in 1960
disclose some revealing differences.

Among the Lproximately 5,259 local school registrants with this much vision, about
82 percent were risted as reading primarily by means of print; 14 percent by means of
braille; and 4 percent by means of both print and braille.

Among the more than 3,000 residen*ial school registrants within this same range of
vision, 29 percent were listed as reading primarily by means of print; 61 percent by
means of braille; ani i0 percent by means of both print and braille.

While several factors may contribute to the extensive differences found between
local and residential school students in this respect, these differences are of such
maguitude as to suggest the likelihood that conflicting opinions and practices are
involved. Differences exist not only between local and residential school pupils within
this runge of vision, but also among different schools or programs within each of these
groupc. It is evident, for instance, that a few residential schools teach braille to
all students, even though many are registercd as having 20/200 visual acuity. Data from
most residential schools, however, suggest that practices are more selective. Somewhat
similar differences ave found among local school systems, even at times within the same
state or region.

Because of this diversity of opinion and the wide differences in practice, it would
appear that reliance cannot be placed upon the mode of reading as a criterion for
educational definition and program placement. The visual characteristics and educational
needs of children with limited vision who read by means of either braille or print vary
greatly. Therefore, use of the mode of reading to define and classify these children
seems merely to move the problem from the visual acuity horn of the dilemma to another
equallv impractical one. It would seem that many children readirg by means of braille
have as much visual acuity as many others who use print as their primary mode of reading.

Visual Acuity

It is widely recognized that visual acuity alone is mot a reliable criterion for
defining or placing visually handicapped children. Reliance upon it as the mcst impor-
tant single factor also is being challenged. 1In addition, many questions raised in
connection with the use of present visual acuity designations center upon the fact that
they do not correspond to the way children function in school. Yet, in many iustances,
administrators have used the visual acuity limits as the determining factor for placement
rather than as a guideline. It frequently has been contended that wide variations are

-126-




found in the needs of these childrzn, particularly among those in the upper ranges of
vision. Some educators maintain that continued use of these upper acuity designations
is not in the best interest of chile en and is confusing to the public and to educators
as well, Children falling within given visual acuity designaticus can be identified.
But, if these visual acuity designations actually identify only children with visual
limitations and not those for whom the limitations constitute ed~ational handicaps,
they are of very limited value in determining or predicting speciai program needs.

An example is the upper visual acuity limit of 20/70 which has been suggcsted as a
guide for definition and placement of partially seeing children. It is now being
contended that reiatively few childrem with this much vieual acuity require special
consideration in their school program beyond that which can be easily arranged within the
regular classroom. Repeated estimates have been made over the yeavs that about one
child in every 500 of the general school population may be expect.” to have corrected
-risual acuity in the better eye of 20/70 ~r less. However, a considerable number of
specially prepared supervisors and consuliants of visually handicapped children in charge
of large state or local programs report that according to their experience as many as
two-thirds or more of these children with 20/70 and less visual acuity are progressing
well in regular classrooms without special instruction. They urge the retention of those
visually limit-d children who make good progress * 1 the ge.eral school program, but
stress that rovtine checks should be made on thei. progre-~s. On the other hand, evidence
is beginning to accumulate that a few children with certain types of eye conditions whose
visual acuity is better than 20/70 in the better after correctiorn, tend to develcp
problems in school which may be related to difficulty in using their eyes effectively.3
In general, however, it would appear that at this visual acuity level the exc:ptions may
exceed the rule, resulting in some perplexing administrative problems. A ticrough study
of how appropriate the 20/70 visual acuity designation is and the developmunt of
additional crite:ia would seem essential to progress in this field.

Recent experience in teaching children with impaired vision is beginning to indicate
that many, perhaps most, of those whose corrected acuity is found to approximate 20/ 200

(the upper limit of legal blindness) are able to become reasonably effective readers of
print. Comparisons of data on degree of vision and modes of reading provided with the
1960 registration of children with the American Printing House for the Blind appear to
raise further questions about the 20/200 visual acuity cuvt-off point.6 The analysis
conducted in the Office of Education included 4,400 children who were reported to have
approximately 20/200 visual acuity. Almost 82 percent of these were registered as
reading print, about 12 percent braille, and 6 percent both print and braille.

Included in this same analysis were data on 600 students reported to the American
Printing House for the Blind as having approximately 15/200 visual acuity. Among this
group it was found that about 67 percent were listed as reader: of print, 27 percent
braille, and 6 percent both. Study of data on 1,250 students wiose visual acuity
approximated 10/200 showed that 59 percent were registered as readers of print, 32 per-
cent braille, and 9 percent both. The validity of these findings may be subject to
question since there was no way to verify how precisely the eye information about the
children was reported to the American Printing House for the Blind or how recently the
eye examinations on which these reports were based had been conducted. However, since
fairly large numbers of children were involved, it may be assumed that they are somewhat
indicative of the true situation. They are grossly comparable to the findings on the
visual nature and mode of reading of children ir the study, Services to Blind Children
in New York State, 2

Refining Selection and Dismissal Processes

Educators are attempting to cope with problems associated with defining and classify-
ing visually handicapped children in a variety of ways.

Local and regional advisory committees or councils of educators are being formed to
guide special teachers and local directors in the selection, placement, re-appraisal,
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¢ and dismissal of visually handicapped children. The needs of individual children are
¥ reviewed in the light of local, regional, and state facilities available to meet these
: Group recommendations are made, thus relieving any one person of taking full
M responsibility for placement of a child in a special program or for withdrawing a child

;& from such a program.

= Eye report forms used by the schools are being revised to contain requests for
% specific and detailed information from eye specialists who examine chiidren who are
I considered for placement in special programs. Forms which indicate the exact type of
®¥  information needed usually save considerable time for both the school and the eye
I specialists. Information on diagnosis, prognosis, and measurements of near as well as
BB far vision is usually included ‘n these requests. Interest is growing, also, in request-
i ing measurements of .isual fields. Apnual eye examinations are being required for child-
# ren enrolled in some special programs to assure the availability of current information
and to help prevent unnecessary loss of vision among those whose vision is already
limited.

The functional characteristics of children with limited vision are being studied in
f an effort to select those whose visual limitations actually constitute educational
@ handicaps. Information about intellectual ability is being reviewed and compared with
that on scholastic progress. Childrer with visual limitations who are making appropriate
; ® school progress without the aid of special teachers are encouraged to remain in regular
JB classrooms. Their progress is reviewed pericdically by regular and special teachers
| or supervisors. When a discrepancy is found between the ability and the progress of
E,Jq a child with limited vision, a more thorough analysis is made of the nature of his
;1 problem. Special consideration is given thcse children with visual limitations whose
Eu_{ eye conditions appear to be making it difficult or impossible for them to complete long
E”ﬂu reading assignments or other school tasks involving close eye work; to copy accurately
W material from texts, workbooks, or chalkboards; to those whose listening comprehension
substantially exceeds that of their own silent reading; to those who tend to skip
letters and words which look somewhat alike when blurred or distorted; and to those
who may understand the basic principles involved in certain concepts such as those used
E- in arithmetic but who make errors in the more routine computations, particularly when
working with long columns of numbers. Thus, the child's visual acuity, which formerly
constituted a major criterion for special placement, is coming to be considered as one
among many faccors.

General recognition is being given the fact that proper selection of the most useful
reading medium (braille, print, or both) is very important to the child, requires
special knowledge and skills on th. part of the teacher, and is a choice confronting a
sizeable number of children with limited vision. Teachers entering this field are boing
encouraged ard even required in a growing number of places to study the needs and methods
applicable to both blind and partially seeing children. The practicality of employing
teachers properly prepared tc serve both groups is being realized. This practice is
helpful in many rural areas and in small and medium sized school districts where the
k' number of visually handicappad children tends to be too small to justify special programs
M for each child. In such programs the needs of children with borderline vision can be
f. gstudied intensively, over rather long periods of time, if necessary, by teachers
| prepared to teach reading by means of either braille or primt. It is suggested that these
teachers are less inclined to favor one or the other mode of reading. The need for
making an early placement of children in either a special program for blind or for
partially seeing children is removed.

K <

New Knowledge

Educators in this field as in other areas of special education are faced with the
necessity of developing a new body of scientific knowledge if realisitc definitions and
guidelines to educational classificaticn are to evolve. Teachers and supervisors in
this special area have proved to be receptive to new ideas and the application of these
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to educational practices has enabled chem to set patterns for others to follow. Their
present concern for developing and refining definitions and placement practices once
again reflects the thinking of forward looking people.

Search for agreement among experts in this field should continne, Local and
regional surveys based on precise information of known validity about tie primary
diaguosis and the c¢ffect of the visual disabilities on both near and far point visual

-uity of children in special programs are needed. Such surveys, replicated in various
.aces by state and local educators, would be particularly helpful 1f visual acuity
uesignations were to be sharpened and their use for purposes of educational definitions
retained. The seemingly wide differences in modes of reading among students with
y o similar degrees of vision appear to be so proncunced that reasons for them should be
flée explored. Controlled studies seeking answers to many related questions should be under-
" raken. What factors other rhan visual acuity tested beyond the reading distance are
o important in determining the mode of reading performance of children with very low
o vision? Does the average child whose visual loss is associatad with a particular condi-
a4 tion such as nystagmus tend to be a more likely candidate for special education than
< one with a different condition but a similar degree of visual acuity? 1Is he more likely
b to succeed in reading bv means of braille or by means of print? How extensively is
: large print matcrial used by children with visu-? limitations? Which among them must
i rely upon it for their independeat reading? Does the introduction of braille as the
R first trial reading medium result in a loss of the oppertunity for young children to
e develop print reading skills and use of residual vision at an age when the chance for
,‘;; this development is optimum? Or does the introduction cf print as the first trial
reading medium to children with inadequate vision result in a loss of the opportunity
for them to develop adequate skill in reading by means of braille? What constitutes a
o good trial climate and an adequate trial period for most of these children?

¥’
L

More children with impaired visjon are enrolled in the nation's schools than ever

& i “‘ore. Predictions of future enrollments are being adjusted upward as it now appears

G tnat larger numbers of visually handicapped children resulting from thc general popula-
5 tion increase may be following the "wave'" of those whose limited visicn or blindness was
L caused by retrolental fibroplasia. The opportunity and need to study and improve methods
2 and practices pertaining to the educatioual derinition and classification of these

e’ children is at hand.
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TOWARD A FUNCTIONAL DEFINITION OF BLINDNESS

by

Mi.lton D. Graham, Ph.D.

-

This article is reprinced from THE NEW OUTLOOK FOR THE BLIND, October 1959.

Or. Graham is Direc.or of the Division of Research and Statistics of the
Aunerican Foundation for the Blind.

A recent announcement by the federal governmenc makes it necessary to evaluate
critically two definitions of blindness. On June 12, 1959, the Department of Health,
Education and Welfare released to the press an announcement that said i% part:

Not counting military personnel cr civilians in mental or other long~
term institurions, the American people had, all told, asbout 24,000,000
impairments during the twelve months July 1957 through June 1958.... This
was the finding in the latest of a series of published statistical reports
isrued by the U.S. National Health Survey of the Public Health Service....
Blindness--defined in this report as the inability to read ordinary news=
print even with help of glasses--was reported for an estimated 960,000
people, a rate of 5.7 per 1,000 persons. In addition, 2,06%,000 people
were reported to have vigual impairments less severe than blindness, the
rate being 12.3 per 1,0)0.... The figures are derived from the continu-
ing nationwide household interviewing conducted for the Public Health
Service by the U.S. Bureau of the Census with a representative sample of
the population, The information recorded about individuals is confidential
and only statistical totals are published.

The new report is Impairments, by Type, Sex and Age, United States,
July 1957--June 1958, Public Health Service Publication No. 584-B9. Copies
are for sale by the Superintendent of Documents, Goverrment Printing Office,
Washington 25, D.C., at twenty-five cents a copy.

This report of the U.S. National Health Survey,1 which will undoubtedly receive wide
circulation, on the face of it seems to contradict the definition of blindness recognized
in Title X (Grants to States for Aid to the Blind) of the Social Security Act, a
definition that was recommended by the Section of Ophthalmology of the American Medical
Association. Using this definition, and a detailed method of calculation, Hur 1in?
arrived at an estimated rate of prevalence of blindness for the total United States in
1952 of 1.98 per 1,000 population. Applying this rate to the estimated population of
continental United States in 1959 gives an estimate of about 350,000 blind personms.

This seemingly wide discrepancy is in fact not contradictory when the different
purposes of the two definitions are examined. The definition recommended by the Bureau
of Public Assistance is an economic definition of blindness. The National Health Survey
definition implies a functional definition of blindness. One is concerned with the
economic condition of blind persons; it is deeply rooted in the depression of the 1930s
and the social security philosophy of meeting need. The other is concerned with public
health criteria and .»~ 2ry rece:r emphasis on the total performance of an impaired
individual.3

Before pointing out the very important implications of these two approaches, it
needs to be said that there has never been a scientifically conducted survey of the blind
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population, Hurlin said in 1938: "The enumeration of blind persons in connection witih
pcpulation census was not satisfactory and could not be relied upon as producing depend-
able statistics of cthe blind."7V, P.74 The estimates of the blind population and their
characteristics from 1830 to 1930 were provided by the ten-year census of the country.
Of the eleven such censuses, the census of 188G is acknowledged as probably the most
thorough and accurate with respect to the blind Population.a’ P-13 1t established ihe
rate of one per 1,000 generally used until 1938.-

Dei The reasons for the gross iraccuracies of past 2stimates have been frequently set
] forth.® Among them is the fact that certain segments of the blind population have
. generally been underestimated: the very young, the females under thirty, the institution-
alized, those economically independent, and those wholly dependent on relatives or
- 8 riends. These underestimations were generally due to faulty techniques of data-
] collection, which was oftea done by corraspondence with persons whose names were

< provided by agencies. In the early 1930s, when there was a great deal of concern about

J standardizing the economic definition of blindness,7 reconmendations were made abcat the
¢ varying degrees of blindness "to indicate differences which have a real significance in
S determining the tasks which an individual can perform."8

. Inevitably, with attention being directed toward purely meuicai findings, there
T began to be questions about the efficiency with which the partially sighted person used
s what vision he had left. This concern with visual efficiency became more pronocunced

T during World War II when many disabled persons were hired in war plants; their excellent
T performance gave impetus to rehabilitacion services and optical aids programs. The
t A enactment of the Barden-La Follette Act of 1943 (Public Law 113, Seventy-eighth Congress)
) established many new services in rehabilitation and training and encouraged the revealing
of hitherto undisclosed portions of the blind population.9 Also, Sanders' study of
) 194310 estimzted that two-thirds to three-fourths of all blindness was preventable; he
- spoke, £oo, of the positive gains to be realized through vocational guidance and train-
.3 ing, as well as the occupational and social readjustuent of the traumatically blind. He
» was one of the first to plead that prevention and rehabilitation "will net valuable

] social returns.'

L Stadies by ophthaimologists on the effectiveness of optical aids in_bringing up low
= vision to usable visual efficiency began appearing in the '750s. Fonda, Esbin,lz‘and
< ] others told of the great technical advances made in low-vision aids. The most recent

' study (at this writing awaiting publication in the American Journal of Ophthalmology)

has been made by Dr. Richard Hoover of Baltimore, Maryland.!? He reported on the 841
patients in seven low-vision clinics, with data on type of patient, eye pathology, visual
acuity, visual need, and success of increasirg acuity with visual aids. All patients

3 had sought the clinic; median length of blindness was eight to twenty jears; the group

was predominantly male. Most were able to travel without a companion and listed reading

3 as their primary visual need. One group with certain eye conditions seemed to be more

>7 4 amenable to improvement of acuity, witu an average of 52 percent of the cases improved.

- 3 The other group average was 36 percent. For both groups the rate of onset of poor
= vision was over ten years. This suggests that earlier treatment might have yielded much

. greater returns.

I
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. Two characteristics of the population of the Hoover report need to be emphasized:
E 1) the patients sought help themselves, an¢ 2) their ratz of onset (more thzan ten years)
; probably meant that they had made some psychosocial adjustments to their blindness. This
latter factor has had to be seriously contended with by others: "The patient's motivation
has been found to be one of the determining factors in his successful use of optical
aids," Esbin said in 1957.12, P-4 "Motivation and iantelligence are the paramount factors
. for a successful correction,' Fonda said in 1956.11s P-3 The Veterans Administration

‘ Program Guide on Blind Rehabilitationl4 says:

;” It is of very great importance in the case of the partially seeing
patient to determine exactly what he sees and under what conditionms.
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This cannot be truly portrayed by ophthalmological measurement alone,
Actual experience is also necessary with the patient in action, Since
all visual difficuities are highly traumatic, a great deal of tact and
time are required in doing this, and t! individual approach to the
individual patient is of very great importance.

In the Pine Brook Report, published by the Americzn Foundation for the Elind in

;§,1952, the term "psycho-visual efficiency' was used for the first time to describe

AP mctivational factors as well as medical factors that make for efficient use of residual
, vision.

All of these developments were within the limits set by the economic definition of

“3 plindness, i.e., a condiiion correctible to 20/200 or less. The National Health

Survey's functional definition of blindness has no such restrictions: if a person

B functions as a person without normal sight (i.e. ability to read newsprint), he is from
¢ Chis viewpoint blind, whether or not he considers himseif a blind person. Hurlin, in

his 1953 study, recongized that many persons within the margin of economic blindness as
defined would not be enumerated as such:

Many persons who have such marginal defects do not consider them-
selves as blind and therefore do not come to t“e attention of the enumer-
ator or case finder in any practicable procedure of enumeration or regis~
tration of blind persons. Thus the reservation should be made that the
present estimates are presumed to represent persons who are blind within
the definition of economic blindness and who recognize an effective handi=~
cap, or those who are effectively visually handicapped to this extent.Z, P.7

The U.S. National Health Survey has undoubtedly included in its estimated figure a
very large number of persons who do not recognize as blindness the handicap that prevent.
them from reading newspaper print even with glasses. For example, there is reason to
beiieve that the large number of housewives (326,000) called blind by the National Healt
Survey probably need only proper optical aids. It is also likely that many of them coul
have their visual acuity improved sufficiently to read newspr’it if their reluctance to
wear glasses were overcome. This can be fairly called a national health problem.

What now needs to be done is to explore the implications that the functional
definition cf blindness has for work in the field of services for blind persons. Resear
should be urdertaken to relate the two definitions to each other in a completely meaning
ful way. 1f persons designated as blind in the functional sense could be located and
questioned further, in lay language, as to the mature of their handicap and their
appreciation of it, much useful insight might be gained, Such persons might well at fix
resist an ophthalmic examination with its implications of impairment. The immediate tas
appears to be to devise in lay language a reasonably accurate approximation of the medic
terms used in defining economic blindness. As a beginning, the work of the Committee o1
Central Statistics of the Blind of the 1930512 needs to be subjected to experimental
testing. The experience of ophthalmologists with low~vision patients who have successf:
ly increased their visual efficiency needs to be drawn on for guidance, especially the
data collected by Hoover which needs to be carefully studied.

One thing is certain: the definition of blindness which has been used in the Natio:
Health Survey must be dealt wich. It is best to get on with the work that will explain
it and relate it to our national health needs in the field of blindness.
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ACTIVE ENERGY RADIATING SYSTEMS: THE BAT AND ULTRASONIC PRINCIPLES II
ACOUSTICAL CONTROL OF AIREORNE INTERCEPTIONS BY BATS

by

Trederic A. Webster
Research Consultant
Cambridge. Massachusetts

EDITOR'S NOTE:

This paper was read at the internat ional Congress on Technology and
Blindness, 1962, and will be reprinted in the Proceeding3s of that Congress.

Thic work was performed in part under a subcontract with MIT Lincoln
Leboratory, which is operated with support from the U.S. Arav, Navy and
Air Force.

Why should a paper on airborne interceptions by bats form pert of a symposium on
Man-Machine systems and Mobility Devices for blind persons? Why bats? Why interceptions?
The broad reason why so many symposia on blind guidance include discussions of the
general techniques of bats is perhaps fairly obvious: bats are acoustically guided
creatures~-and very successfuily so. They must, therefore, be capable of extremely
proficient acoustical orientation. Man might learn a lot about effective acoustical
guidance by a study of their methods. But why the focus on interceptions of airborne
targets? The reason again is very straightforward. Airborne interceptions constitute
the focal point around which a major portion of the bat's techniques have developed:
insectivorous bats, after all, survive in large measure by the capture of flying insects.
In seeking a truly comprehensive grasp of the bat's methods and the rationale behind
them, the central components in their evolution cannot be by-passed.

he present was thus dictated by the following major

The structure of t

considerations.

1) Using auditory reference alone (or virtually so), bats execute almost
preposterously quick and accurate maneuvers, often under severe constraints
imposed by complex physical surroundings. ‘they do this with equipment that
is, perhaps, thousands of times smaller than the corresponding equipment of the
human auditory system; vastly smaller still than any effective artificial
system. Their methods and their mechanisms must, therefore, warrant thorough
study by those seeking oriented guidance of human beings or of artificial
systems by nonvisual means.

2) Tests have shown, however, that direct conversion of the more obvious
features of a bat's signal system to the frequency range of human hearing does
not in itself provide an adequate basis either for interpretation by the
human auditory system or for evaluation of the environmental features essential
in human applications. More must be known about how the human auditory system
deals with problems akin to those of the bat; about how the auditory systen of
the bat deals with the information it receives, and about the interrelations
among emitted signal, physical problem, auditory analysis, and motcr control
in the bat's situation.




3) There are many aveL.ues of approach to the bat's system: histological,
neurophysiological, ecological, psychophysical, and behavioral, among others.
Behavioral analysis of the bat's performance on central problems of its
survival is certainly a vital one. The present discussion undertakes an
int roductory survey of the bat's performance and tachniques in the capture of
its prey. As is to be expected, however, such analysis leads to a regress:

R the receding succession of questions that deal with how the bat's system came
b to be evolved in its present form. In the evaluations of its quickness,

“1 precision, and reliability we learn much about its remarkable performance and
i how this is achieved; but in its flaws, its errors, and its inadequacies we
] gain additional insights into the forces that make it what it is. The

;7 present paper attempts to put the bat's methods and accomplishments in this
o perspective.

.~ INTRODUCT ION

= Insectivorous bats equipped with a computational system little larger than the tip
. of a pencil, use acoustically triggered mechanisms tc guide their interceptions of

v insect targets. They do so with a quickness, precision, and infallibility that often
B leaves our largest and fastest electronic equipment far behind. Sometimes all the
insects to be caught are edible, readily detected, and flying slowly in an unobstructed
area. Such pursuits are easy. At other times, however, the interception situation is
vastly more complex and difficult. The insects may be as small as one-fifth milligram
S (e.g., gnats) or as elusive as the deftly evading noctuid moths; some may be distasteful
or dangerous; and often the areas in which the insects must be caught are intricately
laced with foliage, or lined with destructive projections such as thorns and twigs. How
can a bat, under such precarious conditions, engage in a thousand pursuits a night,
perhaps with over 90 percent success--even achieve interception rates that reach two per
second--and yet survive unharmed for 20 years?

History reveals a strange lack of imagination and initiative in dealing with this
intriguing problem.3s 8 The outstanding early work was done by Lassaro Spallanzani and
. several contemporaries, starting about 1793. Spallanzani, for example, discovered that
4 bats which had been blinded found their way back to thcir roosts as well as did non-
E blinded bats, and that they appeared to catch just as many insects. Moreover, Rees'
i Cyclopaedia of 1819, referring to experiments done in the late 1790's, says that
, according to ‘"Professor Jjurin of Geneva...neither the touch, nor ear, mor smell, nor
4 taste is...sufficient tc supply the want of sight; but from some anatomical investigations
of these animals, he concluded that a very large proportion of nerves is expanded on the
,_ﬁ upper jaw, the muzzle, and the organ of hearing; and these appeared to him, in a great
degree, to account for the extraordinary faculty..."2 Before 1800, in other words, the
ears and mouth were jointly implicated in the mechanisms of orientation and pursuit.
Moreover, the relevant observations were publicly available. Yet for almost a century
and a half, in an era of great scientific curiosity and growth, no further progress of
account was made.

| Long-delayed recognition of the fact of sensory detection beyond the range of human
-3 sensitivity, together with instrumentation for the relevant measurements, finally
reopened the door to the bat's orientation secrets. But it took an imaginative under-

N ¢
. graduate at Harvard College to initiate the crucial tests. Shortly before the Second
< World War, Donald R. Griffin, with the collaboration of Robert Galambos, began a
E . systematic study of the bat's ultrasonic signals.* These investigators did not, however,

*Griffin notes with respect that the Dutch zoologist, Sven Dijgraaf, determined
independently of the unrk being done by himself and Galambos~-and with his unaided ears
alone--that the faint audible compenent of the bat's orientation signals was directly
related to obstacle-avoidance. By testing the effects of ear-plugging, mouth-blocking,
and sensory denervation of the wings, Dijgraaf established that zcholocation was the bat's
means of orientation--and did soO with no significant inst rumentation beyond that which

. had existed for centuries.® P-7
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study pursuit behavior at that cime. Rather, they studied another major area: the

k. avoidance of obstacles.%> 10 Such behavior was more easily brought into the laboratory
and much more readily adapted to quantitative evaluation. Their work amply demonstrated

that ultrasonic mechanisms alone accounted adequately for all the measured obstacle
avoidance.

Actually, the avoidance of specific obstacles is part of a somewhat branched
cont inuum of oriented behavior. At one end of this continuum are the general surrounding
configurations which shape the bat's over-all flight path. Here, for exampie, are the
leaves and small branches of trees which constitute specific obstacles by themselves,
but under many conditions reach a density and extent which a bat evaluates as a total
grouping. Here it is the total configuraticn rather than the specific obstacle that
constrains the bat's direction of flight. At the other end of the continuum are small,
discrete, moving objects--namely flying insects--which are to be pursued and caught.
What about a falling leaf? Such an object is well down the continuum from & tree, oY
even from the end of one its branches. Yet a leaf is ordinarily not as small as an
insect, nor does it have the same attributes of motion. Is it to be avoided or pursued?
As will become evident below, categorical answers to such questions are not possible,
for the zone of transition between obstacles and food targets is large, and many factors
may influence a bat's decision.

If we assume for the moment that evolutionary forces have committed the bats under
discussion to survival by acoustically guided captures of flying insects, we must next
look for the elements that may have shaped the bat's methods and techniques. In other
words, we must gain a frame of reference defined by the basic nature of the bat and by
the tasks it has to perform. First of all, we must inquire into the nature of the bat
itself: its physical structure, its operating limits in terms of flight-speed, reaction
time, maneuverability, and so on. We must also explore the nature of its signals, echo-
reception devices, and processing mecharisms. Second, we must discover how it actually
goes about the maneuvers by which it survives, how it decides wkat to catch and what to
avoid, and how it governs the interception procedures it uses. Third, we must learn
something about the targets themselves: their size, their reflective changes as a
result of wing action and relative orientation, their flight velocities and flight
patterns; also, special attributes that may modify the bat's problems of identification,
selection, and pursuit. Firally, we must note effects of the surrounding situation:

how, for example, the bat deals with the intricate spatial relations that often constrain

the coursc of interceptison., 211 such questions obviously breask down into innumerable
subquestions. Although answers to some of these subquestions are pretty well known and
will be illustrated below, many are virtually unexplored; and certainly all must be
answered within the broad frame of reference given by the bat's basic nature and by the
total nature of its task.

GENERAL NATURE OF BATS, THEIR SIGNALS, AND THEIR INTERCEPTION PROBLEMS
DOMINANT CHARACTERISTICS OF BATS

Physical Characteristics and Their Tmplicationc

Physically. the insectivorcus bat of the temperate regions is small (body length
roughly 5 to 8 centimeters), light (roughly 5 to 15 grams), and flexible (see illustra-
tions below). Such properties obviously adapt it well to its particular mode of life.
They permit it to maneuver fast and respond quickly. The low inertia of the bat's
physical compouents permits high acceleration of structures such as the wings; and its
lightness is such that the air readily provides the resistance required for rapid aerial
maneuvers. Moreover, neural condiction takes less time over short pathways. Such
properties, however, also dictate in large measure the maximum admissible size of the
anaiytical, evaluating, and integrating systems. Were a bac's brain to become larger,
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its total weight would increase and its possible maneuverability and speed of response
would go down. The bat would thus be forced to rely on interceptions predicted further
in advance. But the complexities of lorny range prediction tend to multiply enormously.
In the bat's situation, they would call for disproportionate increases in the powers of
analysis and evaluation. Varied, but simple, tactics of evasion and deceit by the
various members of the insect world might produce a virtually insurmountable array of
problems in selection and prediction. To make matters worse, the increasing cize of the
bat would enhance its nutritional needs and once more aggravate the problem. Some bats
appear to have found a way out of this dilemma by adapting to new foods: fruit, nectar,
and fich, for example. 1In the present discussion, however, we are concerned with bats
that have remained insect eaters. It is clear that such bats use their matural
attributes to excellent advantage; they have not only survived long in the course of
evolution,* but they also live long as individuals.

Scme Other Attributes of Bats

Questions about speed, maneuverability, and reaction time will be partially answered
in the illustrations presented later. By way of preliminary comment, it can be said that
flight speeds vary from 0 ft/sec for hovering bats 1ike Plecotus (as, for example, during
the exploration of some detail of its surroundings, see Figure 1), to perhaps 35 or more
ft/sec for the red bat, Lasiurus borealis, during pursuit. In the laboratory, flight
speeds normally range from about 8 to 20 ft/sec (roughly 2 to 6 meters/sec). Maneuver-
ability is astonishing. Figure 2, for example, shows a wild red bat which in roughly
one-third of a second of pursuit rolled onto its back, dove, rolled upright, and
captured a moth that was spiraling toward the ground. Response times have not been
systemat ically measured, but high speed films suggest that observable reactions to
unexpected events may sometimes take place in as little as one-thirtieth of a second.

The remarkable and violent maneuvering of many insects demands quick appreciation of
trajectory and a rapid response to sudden shifts of the target's path.

1

General Nature of Bats' Signals

From what has already been said, it is clear that the echolocation system of bats
has extremely severe demands upon its capacities. For example, it must allow a very
rapid rate of data input; it must permit excellent resolution of detail, and it must
facilitate extraordinarily quick handling of rapidly shifting spatial relations. For a
bat's interceptions to be successful, in other words, the evaluations made by the bat
must not only be very quick but they must often be extremely nrecise. Clearly the bat's
signals must provide for efficient sorting of :nput data at high data rates, excellent
resolutions of detail, and remarkable resistance to confusion in complex situations.

Interestingly emcugh, different bats have evolved rather different signal structures
Indeed the only features common to all are: (1) pulsed form, (2) high average frequency
(mostly 20 to 120 ke/sec), (3) variable duratica, (4) variable repetition rate (duty
cycle varies from roughly 2 percent to 90 perceat in different bats and different
situations), and (5) sinusoidal or harmonic structure of thie carrier (as opposed to a
click or noise structure). Most outstanding amung these features. perhaps, are: (1) the
high frequencies of the carrier and (2) the variability of the different functiocnal
units that make up the signal.

Among the more important differences the following are conspicuous. Certain bats,
notably the Old World Horseshoe bats, emit very long pulses (up to 50 miiliseconds or
more) which are extremely constant in frequency over most of their duratior. Other
bats, by contrast, emit pulses which seldom exceed 3 milliseconds in duration. From
these figures it is immediately apparent that certain bats must be guided chiefly by
echoes which are received while the pulses are being emitted, while others must be guided
primarily by echoes received during the quiet intervals between pulses. Moreover, since

*Bats appear to have remained basically unchanged for about 50 willion years
(sew, for example, 8, p. 6) .
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Figure 1. Plecotus townsendii hovering. Plecotus
bats are noted chiefly for their very large ears and
associated low-intensity signals. Another striking
feature is their capacity to hover, somewhat after

the fashion of the hummingbird. While hovering a
half-dozen inches from a surface, these bats can
apparently make certain detailed evaluations of
configurations on the surface. They detect station-
ary insects and commonly are able to make precise
localization of mealworms held in the fingers. They
have also been observed to initiate pursuit of insects
flying very close to a surface., Pulse durations while
hovering are of the order of one millisecond.

the long pulses often have a very gradual beginning and ending, as well as almost no
modulation, they contain virtually no intrimsic time reference, whereas the short pulses
normally incorporate either a very rapid frequency sweep, from high to low, or they
include a variable harmonic structure. Either of these can provide an effective time
reference. Enormous variations ia signal intensity are also seen among the different
bats.8,13,20 A microphone placed 1 foot in front of the point of signal emission may
show intensities as high as 105 db (re 0.0002 dynes/cmz) for the larger Horseshoe bat
and as low as 60 db for Plecotus, or less than 55 db for the whispering bat Carollia.
Frequency range, as already suggested, also differs greatly from bat to bat; moreover,
it may shift markedly during the course of maneuvers by a given bat, though such shifts
also vary from bat to bat. Despite these and other variations, all insectivorous bats
seem capable of very remarkable speed and precision in the use of their signal indica-
tions,

To understand how a bat uses its signals to guide its interceptions of insects, we
must first know how a bat goes about intercepting and capturing its targets. But we
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Figure 2. Capture of Downward Spiraling Moth by the
Red Bat Lasiurus borealis. Approaching at a speed of
about 20 feet (6 meters) per second, the bat rolled
onto its back, dove, righted itself, and captured the
moth~-ali in about a third of a second. Significant
also is the fact that this interception was so close
to the ground (about three feet) that the form of the
interception had to be shaped to the configuration of
surface obstacles. (This figure is traced from a
multiflash sequence with a flash rate of about 10/
second. Except where noted, subsequent multiflash
pictures were made at this rate, plus or minus about
1/2. Corresponding pictures of bat and target are
normally numbered, with the larger number represent-
ing the bat, and the smaller number the target.)

This picture was made in collaboration with A.E. Treat.

sti1l have to go back another step. The reason why a bat catches as it does derives
from the nature of the targets it has to catch and from the characteristics of their
flight paths. Before investigating the details of the bat's techniques, therefore, some-
thing should be known about the nature of the targets and their actions.




SOME PROPERTIES OF THE BAT'S TARGEIS

Target Size

13‘ While the varying signals of the diiferent bats might logically be described in
s of requirements for the pursuit of different kinds of insects, no such clear-cut
ecategories have been established. At the same time, observational evidence suggests
J§that many slower flying bats may select insect targets of a large variety of sizes, from
B -millimeter gnats (of roughly 1/5-milligram weight) to moths of about 50-millimeter
. ing span (roughly 200 milligrams in weight) or more. Faster flying bats, on the other
Whond, appear to select mostly larger insects. This latter is certainly to be expected.
N very small insect would not produce an echo that could be detected at any distance.
Ffhus, by the time a fast flying bat could detect the insect, there would be no chance
R for a maneuver quick enough to permit successful interception. The long pulse length of
fsome of the faster bats would also tend to preclude close-range detection. An echo
jreturning from a 10-millisecond pulse, for example, begins to overlap the outgoing pulse
fuhen the object distance decreases to about 5 ft. It seems likely that an insect too
Bsmall to give usable echoes at 6 or 7 ft (about 2 meters) will go undetected, or certainly
r<suneva1uated. On the other hand, with a search pulse of only 2 milliseconds duration, the
QR situation is quite different. Here an unimpeded echo comes back from an object as close
R 2s 1 ft away (one-third of a meter). Moreover, an enormous difference in echo strength
JMexists. As compared with a target at 6 ft, a like target at 1 ft (for equivalent signal
A frequency) produces an acoustical oower in the echo roughly 64 or 1300 times greater per
B ni11isecond, about 250 times greater in the total pulse. As indicated above, the slower
Ef1ying bat could wmaneuver much more quickly to a target detected at such close range.
B Fven for those bats which use pulse overlap, small targets can presumably be detected
B only close at hand. Thus, target size, range of detection, and flight speed must be
W% closely related; and, for most bats, pulse duration may also influence the size of

i targets selected. .

.........,_,.._...‘.V
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Target Trajectories and Other Factors

,ﬁ? Size, however, is not the only important attribute of a bat's targets, Flight

¥ speed, acceleration, and pattern of maneuver are equally relevant. Though the flight
g speeds of night flying insects tend to be considerably less than the flight speeds of
o bats, many insects are capable of rapidly accelerated dartings and dives; some execute
® ab.oupt and unpredictable changes in flight direction, while others carry out complex

. and varied evasive tactics.
3

i Presumably a sigpificant relation exists between insect size and violence of
| maneuver. Fruit flies, for example, would not be expected to reach the speeds, nor to
B cxhibit the complexities of maneuver, noted in many of the larger insects such as moths.
® This situation may well provide a convenient exchange relation. The bat, in other words,
% may be free to choose between simple catches frequently repeated or difficult catches
}4achieved at greater intervals and with greater effort. With small targets, a bat can
* normally expect lower velocities and a smaller chance of rapid maneuver. This presum-
g'ably simplifies the interception procedure and the technique of catch. To avoid
"8 unnecessary effort on such small insects, a bat might use techniques producing rapid
' captures but not certainty of catch. The bat's objective here would be to achieve the
g most rapid possible succession of likely catches without wasting excessive time or effort
- on any one. With larger targets, the situation is different. In terms of fuel and other ’
B cssentials gained, the value of such a catch may be 100 or more times greater. Much more
effort and time per catch are thus warranted. Since larger insects also may eXecute more !
baffling maneuvers, much greater effort may be needed to achieve reasonable prcbability
BB of catch., It is also likely that some insects are harmful or obnoxious. Since this is
much more likely to hold for the large insects, careful selection and evaluation of
individual larger targets may become essential. Just how a bat plays its hand so as to
achieve the highest probability of gaining essential nutrition with the least effort and
. minimum risk is a problem that may turn out to be very complex. Certain elements in the
picture will become evident in the illustrations below, but many facets of this intrigu-

ing problem remain to be discovered.

N
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THE BAT-MOTH BATTLE

Evolutionary Natuce of the Bat~Moth Battle

Possibly the most significant and arresting of all the bat's interception problems
are those which relate to the so-called "hat-moth battle." Their significance derives
in considerable measure from the long evolutionary history which must have produced the
intricate tactics and countertactics now in evidence. That certain moths, notably the
noctuids and geometrids, respond to the sounds of approaching bats was susgected long
before actual measurements of the moths' tympanic responses were made.29’ 4, 37 The
extent to which the techniques and tactics on the two sides inieract, however, has only
recently come to light. Certain gencral features of the situation are worth noting.

The insects have many more individuals and these individuals are produced at much more
rapid rates. Moreover, there are many more kinds of insects than bats and each kind of
insect may have developed different properties which serve to complicate and confuse
the bat's evaluations. Being smaller and lighter than bats, yet large enough to attain
significant speed, many of them can maneuver with remarkable quickness and acceleration.
As individuals, however, the insects possess little adaptive capacity. Whereas an
individual bat may live to outwit a particular insect, the jndividual insect can make
little progress in adapting to the pursuit tactics of the bat.

¥ut the bats have their problems too. For example, if the bat is to survive for
its normal life expectancy, which is often 10 to 15 years or more, it cannot take serious
risks. For instance, were it to pursue its target into the twigs of a tree it would be
very likely to tear its wings and not survive for long. Bats, moreover, must contend
with a great deal of variety among the different members of the insect world and with
corresponding diversities in their behavior. The bat, must, therefore, gain its
advantage through individual skill and through precise and rapid evaluation of specific
situations. At the same time, the very small size of the bat's brain must severely limit
the extent and complexity of its learming. Learning and adaptation of individual bats
is probably well tailored to the more critical aspects of the echolocation problems it
faces. It is thus not surprising that, in the face of relatively simple-seeming
artificial problems, bats often appear astonishingly stupid; yet, in the solution of
complex natural problems, they commonly seem incredibly capable and adept.

The Moth's Detection of Sounds from Bats

In recent years much has been discovered about the moth's mechanisms of hear-
ing.27'32: 34-37 oQutstanding features of the moth's acoustic system are: (1) its great
sensitivity, (2) its simplicity, and (3) its rough matching to the wide band of
frequencies emitted by bats. The moth's sensitivity to bat sounds iz such that signals
from a bat 100 or more feet away can readily be picked up from the moth's tympanic nerve
and made audible to human listeners.3l But the tympanic nerve on each side is remarkably
simple: it normally contaius only two sensory fibers (designated A fibers)--one that is
highly sensitive and one that is about 20 db less so. The frequency range of a moth's
hearing is also remarkable. Responses are obtainable from sounds ranging from 3C00 to
over 150,000 cycles/second. Other importan: features have also been noted.

But how does a moth use its bat-detection system? A few specific observations have
been made by Roeder29 and others, but, for the most part, existing evaluations are still
largely guesswork. Some of the more obvious things a moth might determine are: distance
of the bat (but probably only the nearest bat if several were present), direction (again
probably only of a single bat), phase of interception (perhaps by judgment of intensity
or pulse repetition rate), and conceivably proximity to protective objects (as, for
example, grass or leaves where the moth can hide). That a moth can often judge the
direction of an approaching bat has been demonstrated experimentally by Roeder.
Indications are that a moth tends to turn So that its axis is parallel to the bat's and
thus produces minimum echoes from the bat's signals. This action occurs, however,
chiefly when the bat is at some distance. At close range, the moth seems capable of
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Figure 3. Streak Pictures of Bat-Moth
Encounters., For these pictures, free-flying
moths were attracted to the area with the
use of ultraviolet lights. When approaching
bats were detected, the lems of the camera
was opened and a Sylvania Sun-Gun was
activated. The pictures were made with the
collaboration of A.E. Treat, using the
technique suggested by K.D. Roeder, The
middle and lower portions of the Figure will
appear in a publication by Roeder.2% Due to
the absence of a time marker, the time rela-
tions cannot be specified accurately. The
top third of the figure illustrates the
capture of a moth immediately after the
moth'_ initiation of a dive or diving spiral,
The middle third shows a remarkably precise
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Figure 3 (continued).

predictive evaluation of the moth's hori-
zontal spiral. The bottom third of the
Figure demonstrates successful evasion by
the moth with the use of a sudden secondary
loop-back. Apparently expecting the down-
ward dive to be sustained, the bat continued
its high speed course without deflection
when the loop-back occurred.

little directional evaluation. Whether or not a moth can judge the bat's phase of inter-
ception is not yet established; but moths often initiate evasive tactics, or make

sudden changes in them, roughly as the bat begins its fina‘ phase of attack (see Figure
3). Likewise, whether or not a moth can judge its distance to the ground or to nearby
shrubbery is at present unknown. One might be tempted to guess that by use of the time
intervals between a bat's direct signal and the corresponding echoes from the ground or
other objects, a moth might make some estimate of the location of such objects. Evalua~-
tion of this possibility, however, awaits test.

What does a moth do upon the detection of a bat? What a moth does, upon detecting
a bat is not easy to state concisely. The maneuvers executed by moths seem both diverse
in their nature and erratic in their timing. Roeder states, "The difficulty experienced
in classifying thess nondirectional evasive movements is perfectly significant in the
biological situation, since it may be expected to tax the prediction powers of the
predatory bats as well as those of the experimenter."27: P- 27 Some of the more typical
responses of evading moths are shown in Figures 3 and 4. Others are presented by
Roeder and Treat.30, P. 145 guydden dives, often with sharp loops back, occur frequently
with a bat's close pursuit. Variously oriented spirals of constant or varying radius
are also seen in the presence of bats. But loops, sudden shifts of direction, spurts of.
speed, and ahrupt cessations of flignt--often with unpredictable-seeming time relations--
occur in so many combinations that the bat's prediction problem, certainly as we see it,
must often be extremely difficult.

Yet if long evolutionary development has shaped the evaluating mechanisms of the bat,
the bat's analytical system may incorporate some VEIY effective probability indicators
that permit it to judge, better than we as outside observers, the zones where an evading
moth is likely to go. Certain observations by Roeder and by Treat are suggestive;
namely, that the reaction times of moths (particularly with reference to these so-called
"hondireccional" maneuvers) ranged from one~-fifth of a second to one second. In this
amount of time, the bat accomplishes a large proportion of its interception. If the
moth's maneuvers are triggered by particular changes in the bat's signals, then the bat
has a significant interval during which the moth is likely to continue the evasive
tactics already initiated.

That evasion works, however, has been quantitativelgzdemonstrated by the compila-

tions of Treat. Using Treat's figures, Roeder and Treat?4 demonstrated an enormous
advantage in terms of likelihood of escape for moths which evaded, as against those
which did not, approzimately half of the observed attempts on nonreacting moths resulted
in catches, whereas only about 1/14 or 7 percent of the observed attempts on reacting
moths were successful, Little systematic observation of evading moths has been made
with bats other than Lasiurus and Myotis; moreover the observed results--as clearly
pointed out by the authors--cannot be taken as the total picture of evasive advantage.
In the laboratory, a few Galeria moths were flown in the presence of Myotis lucifugus
and of Plecotus townsendii. The moths would quickly land, or not fly at all, when
Myotis were active. They were coumonly quite willing to fly, however, when Plecotus
were flying. Indeed, Plecotus bats sometimes seemed able to come up behind the moths
without producing evasive tactics, or producing them only at the very last instant.
Possibly the very low signal level of Pi:cotus, or tih¢ low level combined with a lower
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Figure 4. Continuing Evasive Tactics by Moths. The tracks of two moths are
shown in this streak picture (made in conjunction with A.E, Treat). Arvow
points to the sudden initiation of looping evasive tactics by one of the
moths. Note the apparent randomness of the direction but not of radius.

Ix Other pictures kave shown sudden variations in turn radius and in other

-~ g e
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ibutes ¢of the avacive pattern.

frequency rangel? causes the signals to fall below threshold for the excitation of

evasive tactics.* At the other extreme, the high flight speed of the red bat may be

°] partly designed to get it to the intercept point before the moth has a chance to change

‘ its tactics significantly. Here the predictive powers of the bat, and its techniques of
capture, tend tc outwit the evasive skills of the moth. At the present time, observa-
cions are few and speculations many. For the most part, the true story remains to be

; discovered.

The Ultrasonic Signals gf'Moths

-3 The escape techniques of moths are not limited to evasive maneuvers. Imporcant
, among the moth's couniertactics is the production of ultrasonic pulses, presumably in
P response to the crientation sounds of bats. The sound making mechanism of two Arctiid

*0r it could be that the moth interprets the low signal level as if the bat were
at a greater distance; and consequently takes directional action (e.g., turning away
from the bat), but does not initiate violent evasive maneuvers,
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moths have recently been described by Blest, Collett, and Pye.2 Moreover, Roeder

(unpublished) found that the production of pulses by Halysidota moths could sometimes
be set off or terminated by bat-type pulses, the effects often being related to pulse
intensities. Though present evidence is extremely limited, it suggests that definite

relations may exist between the sets of signals on the two sides.

What action do the moths' pulses have upon the pursuvit actions of bats? One set
of tests, carried out by A.E. Treat with red bats and Halysidota moths at Tyringham,
Massachusetts, produced some striking, if limited, evidence. Various kinds of moths
were being tossed by Treat into the approach paths of red bats, Lasiurus borealis. 1In
almost all cases, the bats either captured the moths or made serious attempts at
pursuit. However, with a particular kind of moth, Halysidota, one set of results was
strikingly different. Out of about a dozen tosses of Halysidota the bats appeared to
veer away in all but one instance. In subsequent tests, Treat found the results to be
less striking (personal communication); but the observed twsts left no reasonable doubt
that under certain conditions Halysidota moths were selectively avoided by the red bat.
Whether the moths were actually emitting sounds at the time of the test was not establish-
ed; hence it is possible to reason that features other than sound emission may have
caused evasion by the bats.

Unfortunately, at the time flalysidota moths were available for tests in the
laboratory, red bats were not, and vice versa. Tests were there.ore carried out with
the little brown bat, Myotis lucifugus. Here the results were rather variable, Halysidota
moths sometimes being caught with probabilities similar to those of the other moths
_tested at other times being largely avoided. However, the tiger moth, Apantesis virgo

during a very limited set of tests.

of 61 tosses of various targets, including 14 of active tiger moths, only the tiger moth
was always avoided. Figure 5 illustrates the results of all tests which included tosses
of tiger moths. As shown in this figure, when moths other than Halysidota or tiger moths
were tossed, 16 out of 20 were caught or hit (and all but one apparently attempted),

yet the 14 tosses of active tiger moths gave rise to no attempts. Results with Halysidota
moths were in between. Lack of suitable instrumentation prevented discovery at this
initial stage of whether the moths under tes: were actually emitting clicks or pulses.

A very limited supply of moths also prevented any really adequate collection of data.

Certain tests, however, were made on the sound emission of the moths used, including
several Halysidota and several tiger moths.* These tests suggestes that the production

of clicks by Halysidota moths was somewhat less reliable than the production of clicks

by tiger moths. In all cases where active tiger moths were tossed in front of the
microphone, clicks were noted. In the case of one moth and one bat, an effort was made
to see if the occurrence of clicks in the moth was related to the avoiding action of the
bat. In this one case, a tiger moth was projected upward four times and each time was
avoided by the Myotis bat under test (Figure 6); it also always produced clicks when
projected close to a microphone between tosses to the bat. 1In the course of & long
series of tests, significant clicks finally disappeared. At this point, the moth was
again projected by catapult to the same bat. The bat immediately made an attempt, and
caught successfully on the second try (Figure 7). Since the moth was also less active

at this juncture, the catch could have been due to the simpler nature of the interception.
During the test, however, this bat was making serious pursuits of other moths, regardless
of their degree of activity, suggesting that sound emission rather than flight activity
was the key factor. While no definite conclusion can be drawn from this single instance,
there is again the suggestion that the bat's pursuit may have been significantly

*Sound emission was tested chiefly under the following four conditions: 1) holding
the moth by the wings (thus eliminating possible sound production from the wing action) ;
2) rolling the moth slowly around on the inside of a jar; 3) dropping the moth in front
of a microphone; and 4) projecting the moth upward in front of a microphone by use of the
same gun that was used for projecting targets to bats.
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RESULTS FOX SILBYT AND SOUND-EMITTING TARCETS
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Figure 5. Interception Results (with Myotis lucifugus)
for Silent Versus Sound Emitting Targets. The two
silent target groups consisted of a) mealworms and b)
silent moths (i.e., those giving no evidence of signif-

inch of the microphon&). ~“The two sound emitting groups. _
comprised a) Halysidota tessellaris and b) one ox two
closely related species of Apantesis, or tiger moths,
including Apantesis virgo. Thirty-five of the 37 tosses
of silent targets resulted in definite attempts at
capture, whereas only 6 of the 24 tosses of sound emit-
ting tcrgets resulted in such attempts. Actually, the
Halysidota moths were not tested for sound emission in
the experimental situation. No active tiger moths (out
of 14 tosses) were attempted. One tiger moth was pro-
jected about a dozen times in front of a microphone and
in each case produced clicks.

a

influenced by the ultrasonic pulses of the moth. Taken together, the several instances
seem to warrant the guess that certain moths may sometimes escape capture by emitting
ultrasonic pulses when pursued.

Accepting for the moment the speculation that moths emit ultrasonic pulses to escape
capture by bats, we must next inquire as to how the moth-emitted pulses act upon the bat.
Do they warn the bat of some obnoxious or dangerous attribute? Are they psaudowarning
signals mimicking, perhaps, the signals of some rare or remote target with dangerous
attributes, or might they act chiefly to jam the bat or to produce clutter which the bat
could not easily resolve? They might, for example, be triggered singly or in groups so
as to give phantom echoes, or echoes producing false impressions of position, path, or
velocity. At this early stage we do not know. This much, however, we can say:
Halysidota moths represent one of several species possessing fine spurs and claws which
project from long and spindly legs. These features enable such moths to cling obnoxious-
ly to a bat's fur. Myotis bats, for the most part, prevent such fur-clinging by their
techniques of catch (Figure 8). But occasionally their procedure fails; and under such
conditions they have been observed to struggle for a significant portion of minute,
losing altitude and expending obviously unusual effort. Red bats commonly use a
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Figure 6. Reactions of Myotis lucifugus to Tiger Moths:
Avoidance of Active Tiger Moths. Note the curling back
of the bats ear~ and the slight closure of the mouth,
often noted when bats relinquish pursuit.

Figure 7. Reactions of Myotis lucifugus to Tiger Moths:
Catch of Inactive Tiger Moth, Tests had indicated

absence of significant clicks prior to this toss.

different procedure for catching, and they often hold their targets in a fur-lined pouch
formed by the interfemoral membrane and the hind legs (Figure 9). It seems likely that
the Halysidota moths would thus have a much better chance to grasp the fur of a red bat
than of a Myotis bat; and that they might indeed constitute a menace which the red bat,
when warned, would assiduously seek to avoid.

The riddle of the tiger moth remains with few clues pointing to a solution. It is
true that some moths of the tiger group have proved unpalatable to some animals, but the .
tiger moths under test were eagerly devoured by Myotis bats. The case for pure jamming,
in the sense that the bat's hearing of echoes from the moth is prevented by the moth's
pulses, seems unlikely. Existing evidence suggests that jamming is difficult, even by
wide band noise within the bat's frequency range, once a bat has locked onto its target.
Evaluation of obstacles in the presence of very high noise levels has also been amply
demonstrated.lls 12 The possibility of phantom or misleading pulse configurations
remains open. Experiments have shown that many Myotis bats avoid clusters of targets,
and targets that are too suddenly displaced. But other Myotis bats, and certainly the
one red bat thus far tested, are extraordinarily proficient at selecting one out of many
moving targets in a cluster (Figures 10, 11, and 12). One thing, however, does seem to
interfere with the pursuit procedure of most bats; namely the existence of one large
target and one or more nearby smaller targets. Though highly unlikely, it is conceivable
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Figure 8. Catch of Halysidota by Myotis lucifugus.
1 The moth is normally quickly seized, as here, so that
: the legs point outward and cannot grasp the bat's
fur. Occasionally such moths succeed in grasping
the bat's fur and cause obvious distress.

[ that the moth's pulses could create some such impression. At this stage, however, all
BB such ideas are purely speculative and serve only to indicate some of the directions the
search may take.

The final aspect of the moth's system deserving mention is the mechanism of sound
B production. The sound generating mechanism of Halysidota is illustrated in Figure 13.

' Studied intensively by Blest, Collette, and Pyel the mechanism was found to operate much
in the manner of an array of toy clickers or crickets. By pounding dents into a strip
of spring steel and then bending the strip so that the dents popped out and releasing it
so the dents popped in, these investigators generated sounds which were virtually

B indistinguishable from the pulses of the moths when slowed down with the use of a

B variable-speed tape recorder. A somewhat similar tymbal organ was noted by Treat

B (unpublished) on the episternum of the tiger moth Apantesis virgo. Here, however, no
row of dents or creases was evident, in keeping with the observation that the pulses of

E the tiger moth tended to be single or paired rather than grouped. A comparison of the

RP. Pulses and pulse sequences of Halysidota and tiger moths is given in Figures 14 and 15.
The story, however, appears to be more complex than the simple tymbal organ suggests;
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. 3 Figure 9. Pouching Technique of Lasiurus borealis.
’ The red bat (Lasiurus borealis) frequently holds
its prey momentarily in the deep pouch formed by
the interfemoral membrane and the hind legs.
Apparently the bat thus has a chance to re-orient
itself before seizing the prey with its mouth.
The use of this technique, together with the fur
. that surrounds the membrane, would presumably

' facilitate fur grasping by Halysidota and may be
more serious than with Myotis and Eptesicus bats.
(Note wing of moth projecting out of pouch.)

k‘, for abbreviated pulses were readily detectable even after complete longitudinal cutting
| of the outer tymbal surfaces. It is thus possible that two or more sound producing
mechanisms or modes of operation contribute to the click complex of these moths and give

rise to a versatility of sound emission that produces more than one effect upon the
auditory reception of bats.
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3 Figure 10. Selection of One Target Out of a Cluster:
T Catch of One Out of Eight Mealworms by Myotis luci=-

fugus. Two flashes occurred while the bat was out of

the field; the lowest group of eight mealworms

correspond to the second flash. (In the upper two

overlapping images, the bat is reaching into its . . ...
tail membrane to seize the captured prey.)

H

Figure 11. Selection of One Target Out of Cluster:
Catch of One Out of Fifteen Mealworms by Lasiurus
borealis. At the last image (left), the mealworm is
in the bat's pouch. On the next circuit by the bat,
95 mealworms were tossed and the bat turned away.
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Figure 12. Selection and Catch of Mealworm from Three
Spheres by Lasiurus borealis., Two of the spheres
approximated the average reflectance of a mealworm; the
other was smaller., Placed above the path of the bat is
the pulse sequence for this catch. Connecting lines
show the approximate relation of approach path to emitted
pulses. The reason for the terminal change in angle of
these lines (end of sequence being indicated by heavier
broken line) is the sudden slowing down by the bat just
before the catch. 1In Figures 33, 34, 35, and 36, the
relations of signal to action are given in more detail.
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Figure 13, Tymbal Organ of Halysidota tessellaris.
Row of microtymbals shows as a line of creases or
grooves on the surface of the hard shelled and hollow
episternal sclerite, When the row is bent by muscular
action the grooves pop out, producing a set of clicks.
Another set of clicks occurs as the grooves pop in
with relaxation of the muscle. Details are given in
Reference 2. Curved area protruding toward abdomen is
the tympanic organ. Dark areas along ventral side are
moth's legs; wing bases are indicated on dorsal side.
(Traced semi-schematically from a photograph of one of
the moths used in the tests.)
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Figure 14. Pulse Sequences and Pulse Groupings of
Apantesis and Halysidota Moths: Apantesis (Tiger

Moth) Pulses. The upper pair of traces shows a typi=~
cal sequence of pulses recorded from a moth that is
being handled within an inch or two of the microphone.
Individual pulses are numbered, and four groups of
interest are designated by letters. The enlarged
tracing just below shows a pair of pulses similar to
the pair labelled A. Along the side of this tracing

is a frequency calibration which refers to the output
of a zero-crossing meter. Intervals between crossings
appear as dots. In the present pair of pulses the
crossings correspond to a clustering of frequency
components around 45 to 70 kc for the first pulse, and
roughly 35 to 50 kc for the second. Pulse durations
are roughly 3 milliseconds. Details of the frequency
structure cannot readily be seen in the upper tracings.
However, the different frequency clusterings are readily
observable. Thus, group B (Numbers 11 through 14) show
pulses alternating between higher and lower frequencies,
but the second pair (13 and 14) shows a wider frequency
scatter than the first pair (11 and 12). 1Imn groups C
and D the ordering of the frequency groups is different:
two lower frequency pulses are followed by two higher
frequency; pulses in each case. Presumably the two
frequency ranges correspond to the tension and relaxa-
tion modes of sound generation; the smaller and larger
frequency scatters are associated with left and right
positions. However, this moth has the capacity to
control various features of its pulses, most notably
pulse length. By cutting down the resonance of the
terminal portion of the pulse, apparent ly, the length
can be reduced to one-third millisecond or less. Such
abbreviated pulses are also recorded when the tymbal
organs are cut open (see insert at right). The moth may
indeed have some control over frequency and frequency
scatter of the individual pulses, as also of their dura-
tion.

-153-




',
PR
R

i e 4R
Figure 15. Pulse Sequences and Pulse Groupings of
Apantesis and Halysidota Moths: Halysidota Pulses.
The conditions and arrangements are the same as for
the previous Figure, with the exception of the
numbering. Here, each number specifies & total
tension-relaxation group of pulses, The enlarged
tracing is of the first pair of pulse groups a),
where the initial phase of operation of the sound
mechanism produced six pulses and the ensuing phase
produced six still more closely spaced pulses. An
isolated pulse occurred shortly afterward, and other
more or less isolated pulses occu. in the regions
labelled B and C. The longest group in the present
series, labelled D, contains eleven pulses in each
phase. Much variation in pulse numbers and spacings
occurs through the record. In the enlarged tracing
it is evident that the frequency components are
coscentrated close to 80 kc, with little evidence in
this record of a lower fundamental (as noted in
Reference 2). There is also little of the frequency
scatter seen in the pulses of Apantesis. Indeed,
the slowed down pulses of Halysidota sound much like
the to-and-fro tinkling of a slightly rusty bicycle
bell, while those of Apantesis sound very similar to
corks being pulled out of a couple of bottles in
sequence, Individual pulses of Halysidota are mostly
of one-third to one-~half millisecond in duration,
while the total two-phase grouping typically ruus
from about 8 msec (in Number 9) to about 16 msec (n
Number 19).




The properties of the targets and the implications for their bat predators can
perhaps be summarized as follows. The flying targets caught by bats exhibit a great
diversity of size, probably from about one~fifth of a milligram to over 200 milligrams-~
a range of 1000 times or more. The evidence suggests that although most bats may not
select the very small insects habitually, they probably can when necessary. The signals
and techniques of bats appear, for the most part, to provide for such contingencies.
Yet, as mentioned earlier, the signals and techniques cof different bats may be adapted
primarily for the capture of particular groups of insects. Some bats, for example, seem
to specialize in catching very small insects in rapid sequence, whereas, others seem to
specialize in making less frequent captures of much larger and more difficult targets.
Some larger targets, notably certain night £flying moths, have evolved special methods of
escape. Many possess sensitive hearing and, when pursued, initiate violent evasive
maneuvers of an apparently unpredictable nature. Others evidently send out ultrasonic
pulses themselves in response to the pulses emitted by the bat, these pulses serving in
several different ways to produce cessation of the bat's pursuit. With this background,
the rationale behind the bat's methods may be more evident, and we can examine in a
little more detail the actual procedures used by the bats and the relation of tlhese
procedures to the bat's signals and to the action of the targets.

ANALYSIS OF OBSERVED DATA

The first part of this paper has been devoted to a survey of some of the main
features of insectivorous bats, their echolocation signals, and some special aspects of
their survival problems, with particular reference to the interception of the insect
targets on which they lived. The second part will illustrate a few specific results of
the preliminary observations on how they catch, how accurate their aim is, and how they
deal with special problems mentioned in the sections above. The questions we are trying
to answer are roughly these;

(1) How do bats catch? How rapidly do they catch? How accurate is their aim and
how reliable their technique? '

(2) What can a bat judge about its target in advance of capture? For example, can
it identify the target and predict what the target's action is likely to be?

(3) How are the bat's signals related to the interception problem they are solving?

In the past, popular belief has been quick to overlook the more obvious requirements
of a bat's interception problems. The erratic-seeming escapades of bats against the sky
have commonly been considered as idle play or unexplained perversity. To catch the
insects on which it lived, a bat was presumed to fly straight ahead with its mouth open,
scooping in its prey from insect swarms much as a whale scoops plankton from the sea, or
possibly by homing in on the steady hum of a straight flying mosquito or beetle. The
absurdity of the idea that bats could feed by simply flying straight ahead with their_
mouths open has been amply illustrated by the calculations of Griffin and others.”2s9,758;
14,40 A bat could not obtain ever a thousandth of its required food in such a way.
Homing in by passive listening to the insect's hum, while it may sometimes be used, could
not account for the rapid and skillful interceptions that have been observed on essential-
ly silent targets.

Far from being simply the aimless and erratic dartings of a playful creature,
virtually every plunge or zoom pay end in a precise interception and catch, initiated at
distances that may vary from as much as 1 to 20 feet or more. Successive catches, more-
over, may be achieved in remarkably short intervals of time. It is clear that a bat's
signal system not only permits the bat to perform interceptions on difficult targets with
extraordinary speed and p.-cision, but that it also enables a bat to avoid serious mishap
and to survive in a complex environment for periods as long, perhaps, as 25 years. 1In
the following discussion, we look at some of the details which go into the bat's extra-
ordinary performances.
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HOW DO BATS CATCH?

Preliminary Observations

. Early in the course of the present studies, preliminary observations of Myotis

B lucifugus bats catching mosquitoes and fruit flies suggested that the bats caught by

M onc or two methods. 1In one case, they appeared to aim at a straight flying target, the
target apparently entering the mouth directly. 1In the second case. the target appeared
to be slightly below the bat or slightly off to one side. Here the bat seemed to scoop
it up with the tail membrane, balling up tightly and reaching down with its mouth to
pick out the captured insect. Photographs soon revealed, however, that the tail membrane
was always brought up over the mouth at the time of capture, but that in some cases the

£ bat's mouth did indeed continue directly for the insect, (Recent high speed £ilms

E  showing details of catches by Rhinolophus ferrum-equinum indicate variable use of the

‘ tail membrane. Extensive use is made of one or both wings, with direct transfer from

¥ wing to mouth apparently sometimes occurring.) Often the tail membrane was brought up

" only for a dozen or so milliseconds, apparently either to help knock the insect into

F - the mouth or to make certain the insect did not escape (as, for example, in case of a
small error of aim or of a rapid last-instant maneuver by the target). Additional
photographs showed that when a fruit fly was off to one side it was sometimes first
captured in the membrane of one of the w4ings. The most striking feature of these

. pictures, however, was the very precise aim of the head and ears (Figures 17, 22, 23,
and 25). Almost invariably the aim was so precise that it was impossible to detect any
error, at least from the pictures. It was thus clear that the bat knew exactly where
the fruit fly was and could keep its head directed toward it accurately at all times.
Also obvious, however, was the fact that the bat could not always get its body to the
correct spot and that in such cases it appeared to reach out a wing for initial contact.
Such catches did not necessarily represent an error of aim. Catches of fruit flies are
shown in Figures 16, 17, 18, and 19.

Techniques of Catch Used by Myotis lucifugus

To photograph the details of catches in the laboratory, a somewhat artificial
situation was used. A solenoid-driven "gun" was developed (by D.A. Cahlander). This
gun projected the targets upward to a prescribed zone so that the interceptions could be
accurately photographed. The initial target was the standard laboratory food of bats,
namely the mealworm (roughly 2-1/2 by 20 mm in size). Although such targers moved in a
more or less vertical ballistic trajectory, very different from the traaectory of fruit
flies, the bats appeared to use very much the same techniques of catch. 0 certaia
variations and additions, however, were noted. The techniques observed can perhaps most
conveniently be divided into three somewhat overlapping categories as follows.

Tail Membrane Catch (Figure 20) When the bat is able to make a reasonable evaluation
of ¢he trajectory of a ballistic target, and can readily direct its flight path to the
intercept point, it characteristically attempts a tail membrane catch. Here the bat's
aim is such that the target normally strikes close to the center of the membrane just as
the membrane is snapped forward to form a scoop ox pouch. Head and membrane are then
brought together and the bat either grasps the target immediately (coming out again in as
little as one-twentieth of a second) or spends up to several seconds adjusting the grasp

of the target with its mouth.

Wing Scoop Catch (Figure 21) Very commonly, the bat finds it easier to reach out
for the target with its wing. Apparently, however, the bat's reflex technique of seizure
makes use of the tail membrane and, consequently, the target always appears to be
shovelled into the pouch of this membrane before it is grasped in the mouth.

Wingtip Catches (Figures 22 »nd 23) Scmetimes, particularly with a rapidly moving
target, the bat is able to reach ..e target only with (or close to) the tip of its out~
stretched wing. When this contingency is expected, the bat often uses a rather ingenious
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Figure 16. Accuracy of Aim by Myotis lucifugus.
Though not of a fruit fly catch, this picture of the
catch of a sphere indicates both the accuracy of the
aim of the bat's head during the approach and the
extremely precise centering of the target at the point
of conidact with the tail membrane., Note that the
target is not followed with the head at the last
instant, a situation commonly noted with ballistically-
falling targets. Myotis bats have trouble evaluating
rapid vertical velocities, and during early tests
typically miss targets travelling rapidly upward or
downward., Accuracy of aim for larger targets is
normally e- ablished at a distance of three feet or
more (see Figure 25). Some of the pictures indicate
like accuracy at roughly two feet when the target is

a fruit fly.




Figure 17. Typical Direct Catch of a Fruit Fly by
Myotis lucifugus. The fly is headeZ downward and
toward the bat's right, the bat evidently following
its path wiih precision. At the center image (flash
number 2) the bat's tail membrane is moving rapidly
forward, and presumably scoops in the fly an instant
later. The last flash shows the bat coming out of
the catch with its mouth closed. About 1/20 second
after this stage the bat is normally emitting pulses

and is ready for another catch.

\,i Figure 18. Possible Use of the Wing in the Capture
3 of Fruit Flies. This Figure shows a furward reach
¥ somewhat similar to that of Figure 17, but in this
1 case with sharply bent wing tip. The shadow of the
4 fly shows as a dark spot on the wing. In the second

n”i image the bat is coming out of its catch.
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ﬁkf Figure 19. Possible Use of the Wing in the Capture
E of Fruit Flies. This Figure has only a single set
of images, and the sequence of events cannot be

:%é? judged. Late detection far to one side, however, may
4 have produced the need for reaching with the tip of
3 the wing.
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Figure 20. Tail Membrane Catch of a Mealworm by Myotis
lucifugus. Apparently the quickest and simplest method
of catching is with a scooping action of the tail
membrane. The bat's aim is commonly good enough so
that the mouth is snapped directly to the point of
contact of the target and membrane, the total in/out
action sometimes occupying as little as 1/20 of a
second. Inadequate localization or improper grasp of
the target may, however, lead to several seconds of
manipulation before the bat straightens out for normal
flight. (Center image shows the mealworm in the tail

pouch.)

Figure 21. Wing Scoop Catch by Myotis lucifugus.

With fast-moving and maneuvering targets, especially,
the bat apparently often finds it impossible or incon=-
venient to snare the target directly with the tail
membrane, and certain bats may actually prefer to
retrieve most targets with the use of a wing. Before
the target is seized with the mouth, however, it is
normally dumped into the forward-moving tail pouch with
a sort of shovelling action of the wing.
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&5 Figure 22. Wingtip Catches by Myotis lucifugus. Targets
g threatening to go quickly out of reach often result in a
somewhat special kind of wing catch. In this Figure, for
example, a falling target is just barely reachable with
the tip of the wing. By bending the tip sharply over in
advance of contact the bat prevents the target from slip-
ping off the end of the wing. A rapid inward pull then
puts the target in the tail pouch.

 nethod. Prior to contact, the bat bends the tip of its wing sharply over; the wing is
$ then moved in such a manner that the target either lodges directly in the groove so

& formed or slides there after contact. Sometimes the bat appears to make several

B separate motions of the wing while attempting to snag a target correctly. But once the
B target is lodged in the groove, the wing is pulled rapidly inward, thus bringing the
9 target into the pouch formed by the forward-moving tail membrane. The insect is then
®= brought to the mouth as before. Figure 94 illustrates well the extreme accuracy of aim
B often achieved with these wingtip reaches. Accuracy of localization at some distance

B i< indicated in Figure 25.

23

Catchegﬁpy Other Bats

Catch techniyues used by other bats have also been photographed. By and large,
f these techniques (with some variations of emphasis or detail) correspond to the technique
B observed with Myotis lucifugus. The most notable exception thus far seen is the backward
E somersault catch of the red bat, Lasiurus borealis, described below. Other catches of
interest are the following. The wingtip catch of an underwing moth by the Old World
Horseshoe bat, Rhinolophus ferrum-equinum, described elsewhere,l8 is of chief interest
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Figure 23. Wingtip Catches by Myotis lucifugus. Here

we see a situation similar to that of Figure 22, with a
target rising rapidly above the bat. Shadow indicates
that the mealworm is just making contact with the wing.

beczuse it illustrates that the very different signal system used by these bats still
permits extreme accuracy of aim. Recent films have supported previous observations
indicating extensive use of the wing membranes to execute catches, but have also shown
that the use of the tail membrane is sometimes rather similar to that seen in Myotis.
Myotis keenii, a close relative of Myotis lucifugus, appears to specialize in slow flight

and extremely quick maneuvering. Three attempts at a target are sometimes made within
one second. The large brown bat, Eptesicus fuscus, has not yet made catches of mealworms
in the laboratory. A few pictures made outdoors suggest that its techniques of catch are
very similar to those of Myotis lucifugus, but that its flight speed is higher. It
appears to achieve very accurate aim toward its target at distances of 6 feet or more.
One difference roted with Eptesicus bats is the apparent use of passive listening in the
preliminary location of certain targets. These bats sometimes appear to be attracted to
single buzzing insects and to swarms of smaller insects, even when not emitting pulses
themselves. Whether or not they can home in on these sounds and achieve captures without
the use of the usual terminal echolocating signals has not been established. Were this
true, it would be interesting to know whether they also homed in on some of the noise-
making moths which might be obnoxious to other bats but suitable food targets for
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Figure 24. Wingtip Hit of Small Sphere by Myotis
lucifugus. Extreme accuracy of localization of a 3 mm
sphere is obvious in this picture. During the process
of capture such small, hard targets tend to bounce
C around in the membranes and are often lost (as happened
here) before seizure with the mouth. If caught, such
targets may be chewed for some time before being
recognized as inedible.

Figure 25. Accuracy of Aim at a Distance. Myotis
lucifugus typically follow their targets very accurately
with the aim of their heads from a distance of 3 feet
(as here) or more. Similar aim at a distance of about

6 feet has been observed out-of-doors with Eptesicus
fuscus.

E
<
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- 8 Figure 26. Somersault Catch Ly Lasiurus borealis. To show
details of the action this sequence was made at 20 flashes per
second instead of the usual 10. Finely broken line indicates

‘ path of the bat's tail, while coarsely broken line indicates

%f path of the bat's head. Half a foot to a foot from the inter-

T3 cept point the bat puts its wings out and forward to provide

'. counter~resistance for the rapid sweeping action of the tail

which initiates the backward somersault. The wings are then

brought together, still extended, and the tail membrane is

formed into a deep pouch into which the target slides (if not

initially caught there). Both wingtips are sometimes bent

over, meeting in the middle, apparently to prevent the escape

of a maneuvering target. The moving together of the wings, or

A the reaching out with a single wing, sometimes also serves to

‘ bring an offside target to the center. During the somersault

the tail membrane may actually loop backwards, as here. Once

: the target is lodged in the pouch the bat appears to re-orient

q itself before reaching down for seizure. (In this catch one out
1 of four mealworms was selected, but the other three were omitted

for clarity.) C marks the point of capture.

Eptesicus. Mo systematic investigation has thus far been carried out on the manmer in
which such bats might combine the use of passive listening with echolocation.*

"%0f considerable interest, with reference to passive listening, is the work of Payne
) on the accuracy of strikes by the barn owl. Rustling sounds, which include the requisite
] frequency band, permit the owl to localize a sound source to within one degree of angle
A (see Refereace 21, particularly pp. 34-37 and 59-64). Evidence for accurate localization
' with high frequency sound components by human beings has been given by Batteau.l See
also Mills, 19
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— As mentioned above, the most notable exception to the catch techniques of Myotis
o lucifugus is seen in the somersault catch of the red bat, Lasiurus borealis. This bat
B 2s been observed to use all the techniques seen in Myotis bais, though often with what
B ppears to be a higher order of predictive skill (note anticipative aim in Figures 27 and
¥ 28). In a significant proportion of cases, also, the red bat uses a different technique.
B The bat often approaches as though it were going to fly underneath the target, Figure 26;
@ corcover, unlike Myotis, it may not follow the target at all with its head and eais.
B About the time the red bat reaches the target for a somersault catch, it suddenly swings
@its tail membrane around in a complete loop of 360 degrees, typically bringing it to
} zero air velocity at the midpoint of the somersault. - By moving its wings forward and

ind lacc
<2g¢<

W t ogether, it produces a sort of funnel leading into a deep pouch formed by the hind
and the tail membrane. Not uncommonly, also a target off to one side is shifted into the

£

e
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Figure 27. Interceptions of Moths by Wild Red Bats: |
Interception of Freely Flying Moth. The moth may have ,
begun to turn away from the bat at the second flash,

but no sudden evasion is made. (Traced from sequences
made in conjunction with A.E. Treat.)

st

Ay g Ry

Figure 28. Interceptions of Moths by Wild Red Bats:
Interception of Moth Tossed Up from Below. Despite
some unevenness of trajectory due to the moth's
initiation of flight, the bat appears to make a
smooth and excellent prediction of the moth's path.

- e

middle of this funnel by the bringing together of the wings, or sometimes oy a shovelling
action of one wing somewhat similar to that seen in Myotis. With the target lodged in
the pouch, the bat comes out of its somersault, reorients itself, then reaches down into
the pouch to seize its food. The evidence gathered with the only red bat tested in the
laboratory suggests that this technique is more successful in the retaining of evasive
targets and certain very small targets. One would be tempted to guess that the moving
together of the wings and the rapid sweeping action of the tail membrane through the slot
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Figure 29. Nonsomersault Catch by Red Bat. This catch
is very similar to the typical tail membrane catch of
Myotis lucifugus. The last image shows the mealworm in

the bat's mouth.

or funnel so formed was well designed for the capture of evading moths, where the moth's
last-inst ant maneuvers may prevent precise aim by the bat during the final phase of
pursuit.

Certain features of the red bat's performance deserve mention. For example, the one
red bat tested has proved extremely proficient at the selection of one target from a
cluster of as many as a dozen or more other nearby targets (Figures 10, 11, and 12). The
precise and rapid retrieval of the selected target from amongst several others, closely
observed in high speed fiims, indicated clearly that the bat did not simply fly into the
cluster and grab what it happened to hit. Another notable feature of the red bat's inter-
ceptions is its capacity to intercept a rapidly falling target, even near the ground.
Its success at some of these high speed captures appears to derive from three things:

1. The red bat has very strong wings and can accelerate rapidly.
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“?‘ Figure 30. Wing-Touch of Tightly Spiraling Moth by
‘ Lasiurus borealis. Perhaps the most notable feature of

this and some other similar sequences is the absence of

* g radical following of the target typical of Myotis luci-
- fugus. In this case the bat appeared to judge the

approximate point to which the spiral or loop would bring
the moth. The bat's left wing was rather seriously
injured prior to this attempt and this presumably
accounted for the fact that the scooping action of the
wing resulted in a touch rather than a catch. Dotted
markings indicate wing action of moth, here at about 40
beats per second.

2. 1t appears capable of predicting the optimum point of intercept for a rapidly
falling target.

3. It seems able to make a good evaluation of the situation at some distance. The
k' various features of the red bat's interceptions and catches are illustrated in Figures 10,
. 11, 12, 27, 28, 29, 30, 31, and 32.

Summary

The present section was intended to answer, in part, the question: How do bats
" catch? Broadly speaking, the evidence indicated that bats know accurately where their
targets are, and that their techniques of catch are designed for a balance between
certainty of catch and speed uf execution. With smaller targets many batrs seem to be
- able to aim so precisely that their mouths go directly to the intercept. Accuracies
- within plus-or-minus a half-centimeter appear typical. The tail membrane either assures
g that the target will not escape or aids in the actual catch. It is also far safer for
B. the bat to strike large targets with a flexible membrane rather than with the mouth. For
. targety further from the direct flight path of the bat, the wings are used to pull or
shovel the target into the tail pouch. Sometimes a rapidly moving target, or one that is
detected at the last instant (or perhaps maneuvers violently), appears not to be precisely
followed during the last fraction of a second. The mechanism of catch, however, tends
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Figure 31. Attempt at Maneuvering Moth by Myotis
lucifugus. In contradistinction to the rather
nonspecific head following of the red bat, Myotis
lucifugus typically attempts to follow a target's
maneuvers in detail. Psossibly this servo-action
works poorly at high angular velocities or
accelerations, or the bat is unable to profit

from the indications. In this instance, certainly,
the action of the bat's body lags so seriously
behind the moth's maneuver that the bat relinquishes
pursuit.

to funnel the target into the center of the tail pouch, and although such indirect
techniques of catch may take more time, they are ordinarily successful.

The rates at which bats can catch small targets, such as fruit flies, have been
discussed elsewhere.l4 As many as two complete catches and perhaps as many as three
attempts within one second seem not uncommon. Sustained rates of about 15 catches of
fruit flies per minute have been observed in the laboratory. If such a rate were sustain-
ed for an hour, the number of insects caught would be about 900. Except in the case of
evading moths, the reliability of catch is sometimes extraordinary. Estima*es suggest
that 95 percent of fruit flies attempted are sometimes caught. In one ser s of tests,
a bat made over 100 successive catches of mealworms tossed into its flight path without
a failure, despite the fact that many tosses were far from perfect and that difficult
selections from possible alternative targets were often required. In summary, the bat's
typical catches can be described as extremely rapid, astonishingly accurate, and some-
times almost unbelievably reliable. The general rule of procedure seems to be that the
bat heads accurately for the target, or the expected point of intercept, but has at its
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Figure 32. Successful Catch of Turning Moth by
Myotis lucifugus. Downward turn of moth appears to

be well evaluated, as shown by accurate reach with
the wing. At the third image the moth has been
transferred from wing tip to tail membrane. At the
fourth image the bat is resuming flight with the
moth in its mouth.

command techniques of catch capable of compensating for many of the last-instant

maneuvers that introduce radical displacement of the target from the expectad point of
catch,

WHAT CAN A BAT JUDGE ABOUT ITS TARGET IN ADVANCE OF CAPTURE?

Initial studies have suggested that the identification and selection of targets is
not only a very complex problem in itself but that its experimental evaluation is fraught
with complications. To cite an example: A Myotis lucifugus was being tested for its
capacity to discriminate between mealworms and a rubber disc which, when seen end on,
appeared about the same size as a mealworm, but which obviously gave much greater
reflected echoes when at right angles. During an early phase of the experiment the
average scores taken over all tosses of targets was such that no significant discrimina-
tion was evident. Closer scrutiny, however, revealed that when the bat was hungry it
almost invariably selected mealworms and when adequately nourished it almost always chose
the discs. Although the bat was clearly capable of almost perfect discrimination, a
casual survey of the results suggested no discriminating ability at all. In many other
of the tests, the bats undoubtedly had an excellent capacity to discriminate between the
various targets encountered; yet since all were harmless, the bats caught whatever
appeared. Indeed, complete suppression of the inclination to catch (by a hungry bat)
requires negative reinforcement. Thus, when the red bat was presented with various sizes
of spheres, it caught almost everything from a 2-1/2 mm shot to a 70 mm tennis ball of
25,000 times the volume., Nevertheless, certain results, including some later tests with
the same bat, suggested very striking discrimination capacities. One Myotis bat learned
quickly to make perfect discrimination between mealworms and all sizes of spheres when
each target was presented singly. In sample tests this bat also showed ability to
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discriminate between mealworms and cylinders that must have given very similar echoes.
Only when an object approximated almost exactly the size and shape of a mealworm was no
discrimination evident. Impressive selections of mealworms from several simultaneous
alternative targets were also sometimes achieved.

To gain a preliminary idea of how the echoes from spheres and mealworms sounded to
human observers, recordings were made of the echoes returned by these targets. Bat-type
pulses were directed at the spheres and mealworms from a distance of one foot, and the
echo recorded on tape at 60 in./sec. The tape was then slowed down to a playback rate
of 1-7/8 in./se., 32 times as slow. To prevent masking of the echoes, the outgoing
pulses were gated out. Even under these rather ideal conditions, however, the echoes
from mealworms and spheres of corresponding size sounded esszentially similar to the
human auditory system,

These tests were so preliminary that no final conclusions can be drawn. There is
nevertheless a clear suggestion that the bat's system is far better adapted to the
required kind of analysis than is the human auditory system, and can function at many
times the speed. Suitable preprocessing of the echoes of course might radically alter
this situation, the use of beat patterns being one obvious example. Such experiments
might also give useful clues to effective echolocation procedures for the guidance of
blind persons. What we learn from the methods of bats may tell us a gr:at deal about
what is possible with echolocation methods and may even suggest procedures whereby such
methods could be implemented.

In summary, bats are capable of excellent identification of simple laboratory
targets (e.g., spheres, cylinders, discs, and mealworms) within the fraction of a second
between detection and capture. Decision to avoid a- inedible target is accompanied by
an immediate cessation of the rising crescendo of puises leading to the catch. Identifi-
cation, however, seems typically better than the related action observed. Bats often
catch any airborne object of suitable size that is presented, even when it is known to
be inedible; at times they even select an inedible over a simultaneously presented edible
target which tbey can clearly distinguish.

Virtually nothing is known about the details of natural targets that may be evalua-
ted by a bat. Wing action is perhaps the most obvious feature that might provide
crucial infermation both as to the nature of the target and its expected maneuvers.
Other features include such items as size, structure, texture. and relative orientation.
Analysis of many such features is complicated by the large number of interrelated
variables.

HOW ARE THE BAT'S ECHOLOCATING SIGNALS RELATED
TO THE INTERCEPTION PROBLEM BEING UNDERTAKEN?

Just how the bat's echolocation signals are related to the evaluation and inter-
ception of targets appears to be a very complex matter with many obscure facets. The
general nature of the interception signals of certain bats has been well described by
Criffin.7>8 Because the present studies have been limited to interceptions by two kinds
of bats, the discussion will deal chiefly with these two bats: Myotis lucifugus and
Lasiurus borealis. Also, since details of the signals of these bats have been discussed
~TsewhereB, 1%, 10,17,34 the possible significance of many features will not be touched on
here The present discussion is limited to a rough analysis of how the signals change
as the bat intercepts and catches its prey.

The Interceptionﬁ§ignals of Myotis lucifugus

The hunting signals of these bats are conveniently described in terms of three
phases:14a39 1) search, 2) approach, and 3) terminal phase. Probably the easiest way
to picture how the signals shift during the course of an interception fs in terms of the
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two extremes: the search phase and the terminal phase. During the search phase the
pulses are relatively long and occur with considerable spacing, though the spacing may
be somewhat irregular. During the terminal phase, or "buzz,'" the pulses are very short,
occur in rapid succession, and with very regular spacing. It seems likely that the echo
from a single search pulse can provide adequate data for the initiation of oriented
pursuit behavior. By contrast, the echoes from buzz pulses are probably analyzed in

groups.

In the laboratory the search pulse of a Myotis lucifugus bat has a duration of 2 to
4 milliseconds (most commonly about 3) and recurs with a spacing that tends to run from
about 50 to 100 milliseconds--in other words, at roughly 10 to 20 pulses per second.

Each pulse starts at a frequency of about 100 kilocycles and falls fairly uniformly over

abour an ociave, ending at roughly 50 kilocycles.¥

Upon detection of a potential target or a nearby obstacle, the interval between
pulses tends to decrease and the pulses tend to shorten. If the object is something to

be pursued, the bat enters the second, or approach, phase. Pulse repetition rate goes
up progressively, but often very irregularly (sometimes with interesting pulse groupings),
merging within a quarter to a tenth of a second into the terwinal buzz. During the

- approach phase, pulse duration also shortens, but often not in a uniform way. The

W frequency span swept by the pulse at first tends to remain approximately an octave (sweep-
ing from 100 kc to 40 or 50 kc), but soon begins to slide down to lower frequencies. The
rate of frequency sweep, of course, tends to increase as the pulse length shortens. When
slowed down for human listening, the series of transition pulses often gives a momentary
impression of uncertainty, then picks up speed in a positive way and leads into the

terminal buzz.

E‘ﬁ' The buzz pulses of a Myotis lucifugus typically have a repetition rate of 180 to

' 190 pulses per second, the total buzz consisting of anywhere from about a dozen to perhaps
; two dozen pulses, from onz-third to one-half a millisecond in duration. The frequency

P®  syeep tends to be greatly reduced, often running below 30 kilocycles at the pulse front,
g%  and sweeping down as little as 5 kilocycles. Because the pulses shorten as the repetifion
SE rate goes up, the duty cycle may not be significantly altered, tending to remain of the

J¢ order of 5 to 10 percent.

n the bat's emitted signal and the interception
le item is of greater interest than the spacing

z= between a given outgoing pulse and the primary echo. Were the bat to attempt accurate
range determination by direct measurement of the time between the emitted pulse and the
g  corresponding portiom, theoret ical analysis,17,22-2% has suggested that the results
T could not provide the requisite accuracy, particularly with weak echoes. On the other
' hand, if the emitted pulses occurred in well standardizad units, and a technique were

. used which introduced overlap between some representation of the returning echc and of

e the outgoing pulse, greater precision might be achieved. rThis contention is debated with
15 preliminary measurements thus

significant neurological evidence, however, by Grinnell.
g far made with Myotis pulses indicate that direct overlap normally does mnot occuf.
: r more milliseconds seems typically to be left between the end of

: Instead, a gap of one o
3 the emitted pulse and the beginning of the returning echo of chief interest. As the bat

ﬁ?%~ gets closer to its target, the pulse shortens <o as to keep the returning echo out of
1 the overlap zone. An illust-ation of these relations has been given by Webster,38 and a

= further illustration is presented in Figure 33.

j In analysing the relation betwee
ol problem being solved, perhaps no cing

*#In the present illustrations, frequency is indicatea by use of a zero-crossing
merer which moves up one centimeter for zero-crossing intervals running from 100,C00 to

HIV VY Www
another centimeter for frequencies running from 50 thousand to 33-1/3

50,000 per second,
thousand, another centimeter for frequencies ruvr~ing from 33-1/3 thousand to 25,000, and

s so on (as in Ficure 41). The line representing the increase of zero-crossing interval
g (decreasing frequency) is essentially straight for many of the pulses, suggesting that
- the shift in frequency tends to be more Or less hyperbolic.
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Figure 33. Relation of Emitted Signal to Pursuit Action
in Myotis. During this relatively straight interception
the bat reduced its speed very little. Of particuler
interest are 1) the position of the terminal "buzz"
relative to the intercept point, and 2) the relation of
emitted pulses to returning echoes. The buzz, which

here consists of only 9 or 10 pulses, does not start
until the bat is about 10 inches from its target. It
continues almost to the point of contact (and in Figure
20 continued briefly after contact). The position of

the returning echoes relative to the outgoing pulses is
easy to calculate, since the sound goes out and back
about 6-3/4 inches (17 cm) per millisecond. Either an
electrical or an acoustical disturbance appears on the
sound record with each flash, and is used (with correction
for acoustical delay) to establish synchiony. Outgoing
pulses are shown on the upper side of the flight line,
returning ec.. -s below. Pulse length is shortened to
keep primary echo well out of overlap zone (i.e., primary
echo is out of zone of overlap of pulse being emitted).

The echo relations seen in adult Myotis bats, however, do not preclude the use of
direct overlap in the signals of other vespertillionid bats or during .le course of
development of echolocating techniques by young Myotis bats. (The possible occurrence of
"secondacy overlap''--overlap between a pulse being emitted and the echo returned by the
previous pul :--is illustrated in Appendix Figure 52 during pursuit by the red bat.)
Moreover, as already mentioned, the 0ld World Horseshoe bats emit pulses of such a
length and duty cycle that most oi the echoes must come back while the pulses are being
emitted. As will be shown below, these bats appear to have special techniques to help
resolve the problem. Even with Myotis bats pulse overlap may be used for exclusion
measurements, that is, to indicate the range of nearby objects which are to be avoided
during the course of puvsuit. Also, the possibility that some bats may intermittently
emit low level ''probe pulses" for intentional interaction between outgoing probe and
returning echo has never been excluded. At this juncture, however, the manner in which
a bat uces the indications from returning echoes is so inadequately understood that we
can say very little. How the bat derives the various categories of information that it
needs to achieve the rapid and successful pursuits so commonly seen will call for much

more extensivc study.

The Signa’ f Red Bats

Basically, the pursuit signals of red bacs (Figure 34) are quite similar to those
of Myotis lucifugus. The chief differences can perhaps be summarized as follows:
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Figure 34, Relation of Emitted Signal to Pursuit
Action in Lasiurus. This pursuit was chosen for
comparison because of its general similarity in
form to Figure 33, Besides the typically higher
initial approach speed, features of interest are

1) the longer and more distantly placed buzz, and
2) the resultant positioning of the echoes closer
to the center of the interpulse interval. The buzz
starts just over two feet away, and ends about five
inches from the point of contact. Though in most
cases the returning echoes are closer to the
corresponding emitted pulse, thkey sometimes occur
beyond the center of the interval and may lead to
secondary overlap (i.e., with succeeding pulses).
The apparent terminal peed-up of the pulses is
actually due to the siowing of the bat. Further
comparisons are given in Figure 35,

1) The outdoor cruising pulse of the red bat is considerably longer than that of
Yyotis, often reaching about 10 milliseconds in duration.

2) While the frequency structure of the cruising pulse (except for a flat terminal

portion) corresponds roughly to that of the Myotis pulse, the structure changes very
little in the transition from cruise to buzz (the upper frequencies dropping only from
about 85 or 90 to perhaps 60 or so). There is, of course, a definite steepening of the

sweep rate as the pulses shorten.

3) More sudden and pronounced variations sometimes occur among such features as
pulse amplitude, pulse shape, pulse duration, and interpulse interval.

4) Longer buzzes (exceeding 30 pulses in length) are not uncommon.

5) Secondary overlap (i.e., with echo from previous pulse) may sometimes occur during

pursuit.

Some of the variations in pulse patterns, during interceptions, are shown in Figures
35 and 36. There igc a possibility that the red bat uses the backward scmersault technique

when it expects an interception of some difficulty or complexity. There is evidence that
the red bat may make somewhat different use of its signal indications than does Myotis

lucifugus, but just what such differences actually are remains to be determined.
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N Figure 35. Pulse Patterns During Iaterceptions. Pulse repetition patterms
for the catches illustrated in Figures 33 (Myotis) and 34 (Lasiurus). The
ordinate is interval between pulses, in milliseconds, and the abscissa is
i3 time to contact with target, also in milliseconds. Omne convenient way to
I visualize the indications of these plots is to imagine a diagonal sweep
S (of uniform rate) starting at the base line at the beginning of each pulse,
R a given sweep terminating when the next pulse occurs, Both ordinate and
abscissa spacings are thus linearly related to interpulse interval.

. Possibly the most conspicuous feature of difference between the Myotis

g sequence and the Lasiurus sequence is the fact that the long terminal buzz
of Lasiurus has almost ended before the terminal buzz of Myotis has started.
_ Though such a large discrepancy may not be entirely representative, and
g extensive individual variations also occur, it is to some extent typical of
one major difference in the approach signals of the two kinds of bats.

g Another obvious difference in the repetition rate of the terminal pulse
sequence (buzz). For the Myotis record the rate is about 180 pulses per
— second, and for the Lasiurus record, about 218 pulses per second, Other
*? records of these bats (some made in tl2 wild) have shown like differences,
The long pause after the catch occurs because the bat's head is down in
the pouch for seizure of its prey. An unsuccessful attempt or re-orienta-
tion prior to seizure with the mouth results in a shorter pause. (Other

ot

.:? records of the signals associated with interceptions and actempts arz given
E - in Refe :nces 7, 8, 14, 15, 31, and 38.)
- The Signals of Rhinolophus ferrum-equinum

, While adequate studies of Rhinolophus bats during pursuit have not been completed,
¥ some synchronized recordings and high speed films have been made of Rhinolophus bats
3 landing?,25 and catching mealworms. The landing films showed that during the final
e part of the. approach (in one instance at least) pulse repetition rate increased to about
3 80 per second. During pursuit, rates up to 88 per second were noted. However, in
contradistinction to the FM bats discussed above, the duty cycle remains so high
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Figure 36. Pulse Repetition Patterns During Catches
by Lasiurus borealis. The two sequences shown herez
were chosen because they approximated two extremes
of the interception signals for catches by Lasiurus
in the laboratory. The first illustrates a definite
and relatively uniform trasnsition into the terminal
sequence, while the second shows a transition with
alternation of longer and shorter spacings and some
irregularity at the start of the long buzz. Current
evidence is inadequate to specify the significance
of the alternating or irregular groupings and long
buzzes that sometimes occur. One guess is that they
may be related to selection or location of a target
in a complex situation (complex nearby configura-
tions, multiple targets, irregular target motion,
etc.). Pulse gaps in the sequence, as seen ian the
signals of Figure 12, are alsc common. Above the
pulse interval plot for Number 2 are plots giving

a rough indication of pulse duration ané frequency
range. The chief feature of note relative to
corresponding records of Myotis, is the continuing
rather high initial frequency and large frequency
sweep throughout the buzz. Differences between
sequences in the laboratory and in the wild may be
seen by comparing a typical outdoor sequence
(Figures 52, 53, and 54) with the rresent records.

by

B (approximately 90 percent) that most echoes must continue to be received during the

) emission of pulses. Adequate time reference between pulse and echo probably could hardly
) be established in a positive way without additional measurements than simple echo time,

B The most notable additional feature of the signal reception system of this bat is the
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Figure 37. Ear Alternation During Inspection of Close-
up Object. This illustration is the start of alterna-
tion in film sequence 105-5 of Reference 9. At frame
Number 1 the right ear is just starting back after the
head has been moved forward in a scanning action with
both ears symmetrical. The first pulse of the present
group of eight ends as the right ear reaches its full
back position (see frame Number 3) and another pulse
starts, about four milliseconds later, roughly as the
right ear moves forward again. This pulse ends (about
95 milliseconds later) when the ear positions are
reversed (see frame Number 6). There is a sudden
increase in rate after the first three pulses, but

ear action and pulse timing remain well synchronized
during the five yet more rapid pulses that follow.

At this point the synchrony breaks up and a new phase
begins. (The interval between frames is 7.8 miili-
seconds.

occurrence of rapid cscillations of the ears. Various kinds of oscillatory action have
been described,33 the one of most immediate interest being the accelerating alternation
of left and right ears seen during the bat's approack to a landing, during most pursuits,
and also seen when an object is brought up close to a stationary bat. Examples of this
oscillatory motion are shown in Figures 37 and 38. Of special interest is the fact that,
during part of this rapid oscillatory phase at least, there is an almost exact one-to-
one correspondence between each pulse (which is emitted through the nose) and a specific
action of the ears, though the phase relations between the two may shift. Apparent on-
set of alternmation during decision between two targets is shown in Figure 38. Various
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Figure 38. Ear Action During Decision between the
Pursuit of Two Targets. Ear action in these bats
appears to vary greatly during the final phases of
pursuit. Sometimes, ear alternation continues to
the point of catch; at other times the alternat ion
diminishes in excursion until both ears are directed
forward symmetrically from a distance as great as a
foot away from the target. Catch techniques are
highly diversified and commonly involve extensive
use of the wings. In one of the current sequences,
for example, the target was passed from the left
wing to the right wing and back to the left wing
again for seizure with the mouth. In contradistinc-
tion to the evidence of previous investigators,
current high speed films indicate that the tail
(interfemoral) membrane is sometimes used, either
directly for the catch or in conjunction with a
wing, prior to seizure by the mouth. The present
illustration is a two-flash sequence showing what
appears to be the transition from the ear-forward
approach (commonly seen at close range to a

target) to the alternating ear inspection of a

more distant alternative target, which was caught .

implications of this mechanism have been discussed elsewhere, and need not be described
here. One relevant point to note, however, is that either the neurological "commands"
to the ears, or the proprioceptive indicstions of such action, may provide the requisite
time reference on which the bat anchors measurements of range. This appears tc be but
one more example of the many ingenious mechanisms that evolution has produced to provide
bats with the extraordinarily rapid, precise, and reliable echolocation techniques which
current studies have amply demonstrated.

Summary

Existing knowledge of the relations between the echolocating signals and the inter-
ception procedures governed is not adequate for proper summary. A few genexal comments
can, however, be made.




1) Definite relations exist between aspects of the bat's emitted signals and certain
definable features of the interception situation. For example, pulse repetition rate and
pulse duration are related to distance to target and phase of interception. (Sirce inter-
ception velocities vary by a factor of at least 10, distance and phase are not equiva-
lent.) In the temperate New World bats pulse length appears to be shortened so as to
avoid primary overlap between emitted pulse and returning echo. Repetition rate may
increase by a factor of 100 between the phase representing search for a distant target
and the terminal phase immediately preceding a catch (for example, within one foot).

Even in the 0ld World Horseshoe bats, which use pulse overlap, terminal rates may reach
almost half the maximum rates seen in typical New World bats, the latter typically

P S AAN .1 nnn ssmun mmmmaaen A
aApproiiumduriilg LUV PulSeEsS per dSTelunl,

2) There is some evidence that features of the emitted signal are related to diffi-
culty, or expected difficulty. Irregularities in repetition pattern and perhaps in
pulse structure often appear to increase in such situvations. Prolongation of the
approach phase or terminal phase may also occur.

3) The decision to relinquish an attempt at interception, or to defer final approach
pending a preparatory maneuver, is accompanied by an immediate drop in repetition rate.

4) The rapidity with which the emitted signal can be altered in accordance with
sudden changes in the interception situation is not established. Shifts with unexpected
events do, however, sometimes seem to take place in one-twentieth of a second or less.

5) Certain receiving mechanisms (the aim of the outer ear, for example) are strongly
related to signal emission (or to expected echo) in some bats. In others little external
action is evident. There may however be many features of the ear mechanism which
present observations overlook.

CONCLUSIONS

In concluding, an attempt must be made to answer the question, "What do inter-
ceptions by bats have to do with the guidarce 2i blind human beings?" 1In broadest terms,
a suitable general answer might be this: The echolocating procedures of bats during
interceptions bring out the bat's techniques at peak performance. The study of the bat's
peak performance may reveal details, methods, and principles normally masked in the less
exacting tasks which might seem more logically related. Certain aspects of the problems
interpose obvious difficulties when attempts are made to convert the findings in bats to
the development of methods for human beings. For example:

1) Attempts at direct application of the bat's signals to human use tend to be
disappointing, even when suitable frequency conversions are made. The bat's system was
designed for different problems and probably with quite . different processing emphasis.
At the same time, a knowledge of how the bat processes its echolocation data might well
provide extremely valuable clues for methods adaptaple to human beings.

2) The acoustical guidance of bats is dominated very heavily by the requirement o:
speed. The focal point of a bat's system, perhaps, is its capacity to guide pursuits
of small and rapidly moving targets. In studying the bat's system, as used in other
applications, the dominant role of this particular function in the evolution of its
methods must constantly be kept in mind. Possibly the bat's system can give many clues
to acoustical guidance where speed is important. Taking clues from bats, for example,
highly effective methods might be developed for effective blind guidance during such
sports as tennis, volley ball, trampolining, and skiing,38

There is a final point which is especially worthy of note. The bat's mechanisms
are ultra-miniaturized. The bat's extraordinary achievements are done with analytical
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quipment that may weigh only one-tenth of a gram. The bat, moreover, does not have the
dvantage of microsecond speed elements. Its elements take a millisecond or more to act.
he bat's system, therefore, cannot squander its components oxr its time, Probably it
st often make near-optimum use of many facets of the information it receives. At last
Rese are reaching an effective position for probing into the nature of these mechanisus.
bhat we find there seems destined to open many doors.

APPENDIX

— - Y3 e N1

o] ULTRASONIC INTERRELATIONS OF BATS AND MOTHS: A DIAGRAMMATIC SUMMARY

E INTRODUCTION

3 Events that shape the pursuit-escape relations of bats and moths have such a long

 evolutionary history that many complex details of each creature may have been shaped by
E the survival value of tre s in the conflict. Already enough is known to warrant an

3 ot tempt at systematic representation. Although any such schematized representation ovezr-

B simplifies, it may also help in visualizing the kinds of forces that shape the general

B picture. Certainly the bat-moth problem is an unusually intriguing example of evolution-
¥ ary interaction, containing perhaps, many features beyond those we can now see~-Or even

g fuess.

s Fortunately, a number of the basic elements have been painstakin;lg investigated and
9B clearly presented by Rceder and Treat, and by other J'.n\\.restigat:ors.2’2 =32,34-37 Certain
of the broader features of the so-called "bat-moth battle' have also been described.

B The intention here is to tie together the general form of existing findings rather than

@ to report in detail the quantitative results of individual experiments.

:I GENERAL FORM OF BAT-MOTH INTERRELATIONS

Figure 39 illustrates in a rough way a possible physical situation where a bat is
B closely approaching a flying moth. Here the bat is flying more or less toward the moth,
¥ hile the moth is moving roughly at right angles to the path of the bat. Figure 40 gives

E - a corresponding vector representation. Starting to echo back from the moth is a typical

- terninal pulse of a Myotis lucifugus. The pulse, shown approximately to scale, is about

£~ 1/3 millisecond in duration and sweeps down roughly 8 ke from an initial frequency of

E- 30 kec. Figure 41 gives samples of moth pulses recorded outdoors and illustrates typical
% changes in the pulses of bats during the initiation of pursuit. Photographs of situa-
¥ tions corresponding to Figure 39 have shown that at this juncture the bat might: 1) catch
' the moth, probably here with the use of the right wing, 2) make an unsuccessful attempt

at capture (though commonly with an ensuing successful attempt) , or 3) deliberately avoid

the moth.* In this latter case, it is unlikely that the buzz-type pulse illustrated
- would be emitted, since the decision to relinquish pursuit appears to be followad by
- immediate cessation of such pulses. Examples of actual encounters are giver in Figures

42, 43 and &b,

‘ Figure 45 shows very schematically a few potentially significant message paths in
. bat-moth encounters. The blocks specifying functional categories are intended to give
® - only the crudest idea of the vast array of messages and operations that actually occur,

*There are also transitions or combinatioms as, for example, a catch or hit with
apparently deliberate failure to retain., Some of these may be test touches or catches
serving to confirm or correct an acoustical evaluation.
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Figure 39. Close Pursuit of a Moth: Physical Situation.
The bat, a Myotis lucifugus, is closeiy approaching a
moth (which is flying a course roughly at right angles

to the path of the bat). A terminal pulse of approxi-
mately one-third millisecond duration is shown,
approximately to scale, starting to echo back from the
moth., No attempt is made to show the exact energy
radiation pattern of the signal. Some energy is actually
dispersed in all directions.

and no resemblance to actual anatomical arrangements is intended. The chief feature to
note is the complexity of message categories even for the simp.e situation pictured. The
bat must clearly be capable of quick and effective exclusion of detail irrelevant to the
immediate pursuit; yet at the same time be capable of meaningful evaluation of the many
constraining obstacles and configurations that dictate its flight path.

AUDITORY SYSTEM OF BAT: SURVEY OF POTENTIALLY RELEVANT FEATURES

m e e e A

fa s auditory sysrem ic shown schematicaily in Figure
46, Since the system is highly i cate and is discussed extensively by Grinnellld only
a few brief comments meed be made heore, Certain features are of special interest,
particularly when viewed in contrast to the vastly simpler system of the moth. The
following are examples.

1) Extensive frequency and intensity coding occurs peripherally (for example, by way
of the hydrodynamic and transduction systems that activate the first order acoustical
fibres).
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Figure 40. Vector Representation of Figure 39. The horizontal
line of arrows indicates the approach path of the bat (at 15
feet per second) while the vertical line of arrows designates
the course of the moth (at 7-1/2 feet per second). Each arrow
segment represents one-tenth second (corresponding to 1-1/2
feet of travel for the bat, and 3/4 foot for the moth). A
typical set of echolocating pulses is shown along the path of
the bat. Box shows area included in Figure 39. (In the
laboratory, the courses of bat and moth are seldom straight,
as indicated here, but out-of-doors they often come closer;
see above, Figure 27.)

2) Some rapid time sequence coding may also occur peripherally by way £ the outer
ear configuration, inner ear hydrodynamics, and transducer coding mechanisms at the point
of neural excitation,¥*

3) Since efferent messages may travel out the auditory nerve as far as the trans-

ducing mechanisms, some selectfve gating or shaping of incoming messages (under central

control) may occur as far peripherally as the inner ear. Presensitization also occurs in
the auditory centers at certain intervals after pulse emission, suggesting that increased
sensitivity may act as a gating mechanism for the reception of echoes at specified times.

4) Interaction between messages from the two ears occurs at several levels and
probably by way of a number of different neural mechanisms. Earliest binaural interaction

e may occur at the large cochlear nuclei, where the first meshwork of auditory synapses is

located; but the most extensive low level interaction presumably takes place in the

*Relevant here are the experiments of Batteau and collaborators (1) on human auditory
localization with the use of high frequency components, partially discussed by Mills.19
Basic to the relatively direct locaiizing indications observed with stimulus configura-
tione incorporating sound components above perhaps 7500 cps are: a) a complex sound of
adequate bandwidth and b) a multichannel path to the coding mechanisms of the inner ear,
The time delays between channels (involving mostly tine separations of less than 1/10
millisecond) are presumably coded into a spatial dimension along the basilar membrane and,
with brief intervals of correlation, mapped uniquely into external spatial categories.
Azimuth, elevation, and approximate range of a discrete source can sometimes be
established with remarkable rapidity and accuracy without the use of sequential compari-
sons or any motion by the head or ear. However, precision and certainty of evaluation
are enhanced by the separation of location and quality made possibie witk more extended
correlations and with the use of two ears.
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{FERMINA.  PULSES RISSING

Figure 41. Bat and Moth Pulses, Columns A and C (wh::e on black) were made
outdoors at Tyringham, Massachusetts, while Column B was made in the laboratory.
Tracing A-1 shows the cruising pulse of an unknown bac, presumably a Myotis,
wbich was circling in the area. Interspersed with scme of the pulses of this
bat were groups of short pulses~~usually five in number~--which appeared to be
ultrasonic clicks or pulses of an Archtiid moth which was also flying in the
area. A typical group is shown in A-2. The output of a meter measuriang inter-
vals between the zero crossings of the pulse carrier appears in all tracings.
For the bat pulses it shows as a sloping line (or row of dots), the initial
iower end of the line representing short zero~crossing intervals (hence,
higher frequencies), the terminal upper end of the line representing lower
frequencies. The moth pulses have no significant frequency sweep, and the
meter output appears as a cluster of dots which correspond, in the present
record, to an average frequency of almost exactly 80 kc/sac. The individual
pulses of the moth are approximately one=-sixth millisecound in duration, the
whole group normally occupying about two milliseconds, (Time markings at the
bottom of the tracings are either square waves or pulses derived from a 1 kc
oscillator.) The smaller scale tracing, A-3, is a simultaneous recording of
one of the cruising bat pulses and a group of clicks or pulses from the moth.
Several groups of clicks preceeded :-he one shown here, the moth apparently
sending out successive groups of pulses while the bat was near by. No
specific time relations w ve in evidence, however, between the timing of t}
bat's pulses and the moth's clicks,

Column B illustrates typical changes in pulses form occurring as a Myotis
lucifugus executes a successful pucsuit. The unparenthesized numbers indicate
approxzimate pulse duration, while the parenthesiitied figures designate pulse
frequency —ange. The output of the zero-crossing meter forms a relativelv
straight line for most of the pulses, suggesting a hyperbolic type of frequency
drop (since equal ordinate distances represent reciprocals of frequency, 50 kc
being 1 ¢ . above 100 kc, 25 ke being 2 cm above 50 kc, and so on). With the
pulses of Myotis lucifugus the starting frequ~ncy falls markedly during the
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Figure 41 (contiunued).
transition from cruise to pursuit. Rate of irequency sweep is greatly increased

as the pulse length shortens, total frequency sweep remaining a* first more or
less constant, then declining. ZPulse repetition frequency during thc terminal

buzz is 182 pulses per second.

Column C shows pulses of Lasiurus borealis in the field during the tramsition
from cruise to initial pursuit (final pursuit pulses became too weak in this
recurding for proper ceproduction). The cruise or search pulses of a circling
- red bat usually range from 7 to 11 milliseconds in duration and show some

" variatiors of frequency rarge. Unlike the case with Myotiis lucifugus, however,
= the transition to pursuit is accompanied by relatively little declime in

3 initial pulse frequency. In this record, the initial frequency remained at

: about 70 kc, in contrast to the drop down to roughly 30 kc often noted ir
correspoading Myotis records. The pulse dration of Lasiurus also tends to
remain somewhat longer. Note that the end of the long cruising pulses is
essentially constant in frequency.
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Figure 42. Wing Catch of Moth by Myo* s lucifugus. This
nicture shows an actual encournter 1wt too different at i.s
terminal phase from the hypothetical illustration of
Figure 39. Many such pictures were made by catapulting the
moth from below as the bat approached. Characteristically,
the moth would begin tv fly as it reached the peak of the
trajectory, sometimes also initiating immediate vvasive
raneuvers. Use of the wing for such catches or attempts
was very common, the proportion of successful catches
varying greatly from bat to bat, and accordiug to the
violence of the moth's maneuvers. In a few instances, the
~ips of the moth's wings were clipped before catapulting
to reduce the scope of the moth's maneuvers and keep the
moth within the photographic field.
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Figure 43. Las
final image shows the moth diving down and the Dat

continuing its flight course,
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ure 44, Catch and Drop of a Moth. The second
image shows the bat dropping the wmoth.
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Figure 45. Some Message Paths in Bat-HMoth Encounters. This highly schematic
view shows a bat approaching a sound-emitting moth in the presence of various
other nearby objects: the foliage of a tree or bush, a falling leaf, and a
mosguito (at cioser range than the mo-h). The view is intended merely to
suggest some of the kinds of evaluations, discriminationse, selections, and
resolutions typical of many intercepticn situations. Ofter. only a very small
portion of the total ultrasound reaching the bac represents the echo of the
desired primary target. To achieve rapid and effective response to the
relevant echoes, the bat is presumably able to gate out many more prominant
sounds at early processing levels. Efferent pathways to the external ears,
the middle ear muscles, and the hair cells of the inner ear (see efferent
pathways in Figure 46) may play a role in come of the more peripheral gating,
selecting, and correlating devices. These can probably be activated by very
rapidly operating mechanisms, as suggested in the diagram of the bax. Rapid
adjustments of the emitted signal may also be possible. Related sensory
impressions from vestibular, kinaesthetic, and tactile systems must also be
integrated into the response mechanisms at various levels. While some
responses are presumably set off very quickly on the basis of returns from

a single nulse, others such as those o target path or wing action depend on
more complex analysis over several pulses. During a given test run in the
laboratory a bat also shows a certain amount of adjustment or learning as to
the nature of the expected interception situations. The biocks illustrated

connote only the broadest of such concepts.

Part of the signal to the moth is shown reflecting back while a small addition-
al portion reaches the moth's tympanic organs (T0). These receptive devices
send messages to the sound receptive region of the metathoracic ganglion.
Almost nothing is known of what happens in the moth's nervous system beyond
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Figure 45 (continued).

the afferent tympanic nerve. Blocks suggesting processing and activating
mechanisms are hypothetical. Coordinated motor actions of varicus sorts
are, however, released in response to received ultrasound, notably those
governing flight pattern (as suggested by arrows to the flight muscles
(FM) and activation of the sound gererating tympal organs (SG). Ciicks
or pulses from these organs obviously reach the bat from the same
direction as echoes or the bat pulses returned by reflection from the
moth.

olivary complexes at the two sides. Some interaction also occurs in the reticular forma-
tion at various levels, but the chief higher level locus of interaction appears to be

the posterior colliculus (next main station of the ascending auditory pathway).
Grinnell's experiments15 indicate that, among other actions, what happens at one ear

may rapidly alter sensitivity in the other cuditory channel.

5) Certain centers, such as the exceptionally prominent nucleus of the lateral
lemniscus (also, perhaps, parts of the reticular formation), may have iwportant functions
in the selective control of left-right interactionms.

6) The posterior colliculus is extremely large and complex and may be the main
integrating station for complex incoming messages.

7) Higher stations-~notably the medial geniculate and auditory cortex--are smali and
undeveloped relative to the hyperdevelopment of the cochlear and accessorv nuclei and
the posterior colliculus. This is presumably in line with the bat's need for =xtremely
rapid analysis and evaluation of received signals.

8) The various centers are close together, favoring rapid conduction.

9) Much neurological structure is very compact, suggesting preset mechanisms of
relatively simple routing and restricted processing operatioms.

10) Various mechanisms, including those of the ear dynamics, seem suited for ultra-
sonic frequency discrimination.

11) Quick reflex muscular action, probably both of the middle ear and of the outer
ear, may act to modify cver-all sensitivity--and possibly directional sensitivity--within
10 or 20 milliseconds of stimulus onse- or radical change of quality.

12) Va2 ious fairly direct motor pathways may lead out at several different levels
along the & .ditory pathways, suggesting that in comparison with many mammals there is
greate. emphasis on the initiation of early respomses to received signals.

A bat's auditory system thus seems specialized for: a) rapid and selective reception
of auditory signals, b) appreciation and interpretation of closely-spaced temporal
structure and quick evaluation of shifts in the stimulus pattern, c¢) quick and effective
detection of left-right stimulus differences, d) automatic gating for expected relevant
stimulus values, e) excellent ultrasonic frequency discrimination, f£) £ast initial motor
responses to extermnal changes as reflected via shifts in echo-pattern. Such features
clearly fit it well for the job of rapid evaluation of echo complexes and for a rapid
conversion of the indication into appropriate pursuit actiom.

TYMPANIC SYSTEM OF MOTH

The moth's auditory, or tympanic, system is vastly less complex than that of a bat,
Because of its relative simplicity, and because the moth's acoustical evaluations intro-
duce certain basic det:rminants into many of a bat's more crucial pursuits, a somewhat
more specific review of what is known of the moth's system may be in order.
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Figure 46, Schematic View cof the Auditory System of an
Insectivorous Bat. This diagram is intended only as a

very general and approximate guide to the kinds of path-
ways and connections apparently existing in the bat's
auditory system. In this crude two-dimensional representa-
tion anatomical relations are, of course, grossly distorted.
Highly compact and close together, many of the centers are
actually so close that they merge--often, apparent ly, under
the influence of "meurobiotaxis" (the growing toward each
oiher of the most functionally related elements). Thz
details shown are drawn almost exclusively from Grinnell.l5
Heavy boxes indicate mechanisms or centers that are strik-
ingly developed in the bat (that is, the microchiroptera,
but mot the megachiroptera). Relative to other mammals,
the most outstandingly develcped center in the bat, per-
haps, is the nucleus of the lateral lemniscus (LLN). Its
exact role is unknown, but presumably it has important
governing functions in the rapid processing of auditory
inputs and in the manner of their use. Of unusual interest,
also, is the medial superior olive (MSO); each of its very
large cells apparently receiving inputs from the cochlear
nuclei of both sides.

The outer sets of boxes at the two sides represent the
peripheral mechanisms respectively of the oater ear (0E),
the middle ear (ME), and the inner ear (IE). Passing
centrally from the inner ear is the auditory nerve which
incorporzies the spiral ganglion (where the cell bodies of
the first order neurones lie)., Three efferent pathways
reading out to the peripheral mechanisms are shown: (1) the
olivo-cochlear nerve, passing out the auditory nerve, where
it apparently has terminations o: the hair cells of the
basilar membrane, (2) the motor nerve governing the middle
ear muscles (Tensor tsmpani and Stapedius), and (3) the
motor nerves specifying the position, action, and configura-
tion of the outer ear.

The auditory nerve splits into three branches which go
respectively to the three divisions of the cochlear nucleus:
the oral ventral cochlear nucleus (QVCN), the caudal ventral
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Figure 46 (continued)

cochlear nucleus (CVCN), and the more separated dorsal cochlear
nucleus (DCN). Precisely how the differert categories of
ascending fibres disperse within the cochlear nuclei is unknown
and likewise just how they emerge to form the escending paths

of the centrezl auditory system. Fifty cel. types have been
identified in the cochlear nuclei. Most fast-conducting fibres
appear to cross to the contralateral olivary complex, while,

for the most part, fine and more slowly~conducting fibres ascend
ipsilaterally. Ipsilateral distribution is multiple: to the rre-
slivary nuclei (PON), to the medial superior olive (see above),
to the nucleus of the lateral lemniscus, and perhaps elsewhere.
Contralateral distributicn appears mostly to the trapesoid
nucleus (IN)--perhaps also to a small adjacent nucleus (lateral
trapesoid nucleus) identified only in certain bats--and to the
medial superior olive, mention2d above. The dorsal cochlear
nucleus sends a bundle to the vermis of the cerebellum (CBL),
and iato the dorsal cochlear nucleus comes an efferent nerve of
uncertain origZa (perhaps from the reticular formation).

Various connections appear to go to and from the so-called
"secondary nuclei" (olivary complex and nuclei of the lateral
lemniscus~~including in some bats an additional dorsal nucleus
close to the posterior colliculus). Ascending pathways, pre-
sumably with both unilateral and bilateral representations, pasc
to the lateral lemniscus nuclei of both sides and to the ipsi-
lateral posterior colliculus (PC). Connectioas are also made with
the contralateral olivary complex and with the central nervous
systems (notably the pontine nuclei, PN) mediating coordination and
equilibrium. Important ascending pathways <o from the nucleus of
the lateral lemniscus to the ipsilateral pcsterior colliculus.

The posterior colliculi (PC) in bats, thcugh not showing the greatest
hypertrophy relative to other mammals, are the largest nuclei of the
auditory system. They receive mostly third- and fourth-order fibres,
primarily contralateral, interchange many fibres with the ccntra-
lateral colliculus, and have numerous connections with the motor
system. Presumably they play a very dominant role in the complex
auditory analyses that govern oriented behavior.

The higher auditory centzrs, the medial geniculate (MG) and auditory
cortex (AC), are "both absolutely and relatively much smaller than
the posterior colliculi."15, P.26 Ascending pathways, of lesser size
then those leading to the colliculi, go to these centers. Connections
go to other cortical areas (QCA) and to the motor system (MC = motor
cortex). The cortex in bats may play an important role in learning
and the various adjustments and variations seen in their responces
during tests_on interception performance. That bats often take many
trials to leavn simple thLings may be related to the very limited
cortical capacity of the brain.

The heavy central region represents the descending motor »m (desc.
mot. sys.). No differentiation into pathways or centers _ <her than
as already mentioned) has been indicated. Broken lines drawn from the
ascending centers to the motor system are intended only to show that
connections to the motor system exist at various levels--some of these
connections presumably being of much importance in the rapid early
response typical of a bat's interception behavior.




Figure 46 (continued)

The dotted region in the center represents the brain stem reticular
formation (RF). Incorporating connections of many types, this
system may serve a number of functions. It relates sensory and
motor systems both locally and in more general ways, apparently
serving to inhibit or facilitate the transmission of specific
messages. In higher forms, it appears to mediate aspects of
attentional focus and motivational propensifties.

Descending broken lines (drawn at the sides for clarity only)
indicate descending central control of the ascending pathways, as
discussed in several papers by Galambos. The extent of s .ch path-
ways and precisely how they operate remains as yet largely unknown.

Experiments by Roeder and Treat27=32, 34-37% haye provided a useful orientation to
the level of znalytical complexity and the range of response times that may reasonably
be expected of a moth. Their observations, for example, suggest the following.

a) Only the crudest frequency discrimination occurs (which is .lso consistent with
the zbsence of any linear array of frequency-ordering elements such as typically provides
the basis of frequency coding in higher animals).

b) Binaural directional sens.tivity is present for lower intensities of a bat's
signals, and may act in part to turn the moth away from the bat, thus reducing reflectiv-
ity to the bat's signals.

c) Response times are slow compared to those cf a bat: mestly 1/5 to 1/2 second
(and often longer) for the mota as against about 1710 to perhaps 1/30 of a second for a
bat.

d) The simplicity of the moth's system limits any analysis of the bat's signals to
rather few, rough categories (mostly relating, in all probability, to the direction and
proximity of the bat). Irregular or random features in the properties of the moth's
associated motor responses (perhaps particularly with respect to timing) may, however,
greatly complicate the bat's prediction problem.

Figure 47 is a very schematic view of the tympanic system of a typical sound-
sensitive moth (as, for example, a noctuid). The seauence of events, ipon reception of
an acoustical signal, can be outlined roughly es follows. Vibration of the tywpanic
membrane causes the transducing elements (scolopes) to activate the dendrites (receptor
fibrils) of the semsory cells. Relevant aspects of the acoustical signal (as, for
example, intensity, duration, and perhaps certain groupings) are coded into the firiag
pattern of the nerve spikes originating in these two cells. The axons of the cells form
the tympanic nerve which transmits nerve impulses to the pterothoracic ganglion in the
metathorax of the moth. Very little is known about the neural operations that take place
in this ganglinn. It is clear, however, that selective and organized motor responses
occur as a result of acoustical stimulation. The implication is that apgropriate
categories of organized motor responseé can be activated or inhibited in accordance with

%A recent paper by Roeder (in Animal Behav-our, Vol. 10. Nos. 3/4 (1962), pp. 300-
304) presents further details of the responses of free-flying mwoths to bat-type signals.
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Figure 47. Tympanic System of Noctuid Moth: Schematic
Representation. See text for description.

indications derived by way of the tympanic organs at the two sides. Experience and
learning presumably play little if any role in shaping the bzhavior of the moth.

Since the tympanic fibres are accessible for electrical recording, exploration of
the incoming nerve impulses in response to acoustical stimulation has been possible.
Studies of the responses of intact moths have also been made. The simplest way to
review the main observations is in four stages, as follows.

A. Input-cutput relations for a single tympanic fibre, using as inputs acoustical
stimuli of standard form that approximate natural ones;

B. Relations between responses in the two acoustical fibres at ome side;

C. Relations between the responses in the pairs of acoustical fibres at the two
sides; and

D, Samples of responses of intact moths to acoustical stimuli. Fortunately the
known relations are relatively simple and can readily be summarized in graphic form.

SOME INPUT-OUTPUT RELATIONS FOR A SINGLE TYMPANIC FIBRE

Figures 48, 49 and 59 illustrate in schematic form a possible recording arrangement
and give samples of stimulus-response situations. If we assume a standard ultrasonic
pulse of fixed duration (say 2 milliseconds) but of variable level or intensity, then
the main response =hifts that occus with changes of signal level may be defined in terms
of: 1) latency in the appearance of spikes, 2' duration of the spike group, 3) total
number of spikes, and 4) initial rate of . »>ike discharge. 1Ia the end, of course, other
stimulus parameters than level or intensity must be evaluated. Stimulus configurations
that are obviously related to impertant natural situations might, for example, include:
high signal rates, multiple echoes, and complex echo patterns of the type reflected from
trees. It is thus necessary to consider such response variables as: accommodation
effects, multiple response levels and groupings, response irregularities, etc. Level of
excitation for a given stimulus unit alsc varies according to surrounding corditions,
and decays more or less exponentially in the absence of significant stimuli., The most
notable feat are of the response of a given fibre, in relation to stimulus intensity as
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Figure 48. Possible Arrangement for Recording Tympanic
Response. Pulser provides standard pulses resembling
those of bats, the level being varied by an attenuator.
An ultrasonic speaker is used to transmit the pulses to
(a) moth preparation and (b) ultrasonic microphone at
the same distance. Timing marker is indicated on the
third channel (see Reference 29).
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Figure 49. Typical Tymparic Responses for Two Stimul»s
Levels. The top trace shows how a typical pulse envelope
might appear on the oscillcscope at 15 db and at 30 db
above threshold (0). Representative changes seen with
such a stimulus increase are (1) decreased latency, (2)
increased initial firing rate, (3) increased duration,
(4) increased spike number in group, and (5) beginning
of response by less sensitive fibre (A2). Since isolated
spikes probably do not, on the average, produce signifi-
cant excitairion, spike number is more meaningfully and
conveniently represented as one less than the total
number in the group.
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Figure 50. Changes in Response by One Fibre to Lncreas-
ing Signal Level. The shifts illustrated here are
perhaps slightly exaggerated to emphasize the trends.
Near the threshold the chief changes are decreased
latency and increased firing rate. Though group number
tonds to increase with increased firing rate, some
records show a decrease in duration of group, which
holds down the total number. Turther increase in
signal level (from perhaps 20 db to 35 db above thresh-
0ld) often produces large increases in duration and
number, with saturation occurring at about 40 db above
threshold. The effective response zone of a given fibre
thus tends to run over less than 40 db of sigral level
increase.

such, is certainly the tendency of large response changes to be concentrated in the
region relatively close to threshold excitation.

SOME INPUT-OUTPUT RELATIONS FOR THE TWO FIBRES AT CNE SIDE

Figures 46, 49 and 50 illustrate response changes noted in a given sensitive tympan-
ic fibre (A1) as the pressure level of a standard stimulus was increased by constant
decibel increments., They also show the initiation of firing by the :ess sensitive fibre
(A2). Evaluation of a moth's actual responses to an approaching bat, however, is more
readily visualized in terms of equal increments of distance of the stimulus source. Tus
sjtuaticn is summarized in Figure 51 for the four tympanic fibres (two at the near side
and twe at the far side--assuming the moth to be flying across in front of the bat). As
in Figures 48, 49 and 50 the response is shown :n terms of excitation triangles," where
the height of the triangle is one less than the number of spikes in the group, and the
1a.:th of the base designates durat ion. Though the illustration assumes 2a brief
stimulus pulse of constant length and frequency composition, this idealization probably
would not result in response trends by the moth very significantly different from those

shown.
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Figure 51. Total Tympanic Response as a Function of Distance
to Standard Source. Since che level of a uniformly apprecach-
ing sound increases only slowly when the source is at some
distance (see sound pressure curve), the threshold response
changes, which seem rapid in the representation of Figure 50,
now appear much more gradual. The rasponse trends of the
more sensitive fibres (Al) are indicated in solid lines (left,
abov. reference axes; right, below), while the trends of the
less sensitive fibres (Ap) are indicated with broken lines
(some connecting lines being omitted for clarity). For the
values used in the present illustration, it is cl=ar that the
most striking shifts occur as the source approaches from a
distance of about 40 feet to a distance of about 20 feet.
Note, however, that the moth's motor response(s) might not
occur for a half-second or more after this, during which
time a red bat may approach 15 feet closeT,

The response trends for the two fibres at the near (left) side are shown by the
triangles above the reference axes, while the response trends for the two fibres at the
far (right) side are indicated by the triangles below. Solid lines are used fcr the
more sensitive (41) fibres and broken lines for the less sensitive (A2) fibres. If one
compares the response trends, in the two near-side (left) fibres, as a function of the
distance of the soutrce, it is clear that the second fibre would be firing ouly over
about half the tota! range to which the first fibres would be responding. _foreover, the
build-up of excitation in the second fibre would be much faster. As indicated earlier,
saturation would occur in both fibres while the bat was still at some distance.

The sound pressure line of Figure 51 is given for cme frequency, 40 kc, correspond-
ing to an attenuation rate by the atmosphere of roughly one-third to one-quarter of a
decibel per foot. The increasing rate of attenuation with higher frequencies is
illustrated in Figures 52, 53 and 54 and tabulated in Table 10 of Reference 8. A large
portion of the energy in the signals of Eptesi:us (used in response distance studies by
Roeder and Treat) lies in the 20 to 40 kc regicn, while the energy in che signals of
Lasiurus and Myotis (except for the buzz of Myotis) is most ly concentrated from 40 kc to
perhaps 80 or 90 kc. The preseat value is thus intermediate between the several bats.
The absolute level cc the sound pressure line is anchored by the level- of typical bat
pulse; as given, for 2xample, by Griffin.8 1t is still necessary, however, to deci e
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o - _Figure 52. Bat-Moth Encounter: General Quantitative View.

.3 Z-axis: The approach path of the bat is indicated by th= heavy line, which
- also represents the Z-axis. Flight speed is assumed coustant at 24 feet per

"y second, seconds from interception being indicated by vertical (Y¥~axis) lires.
A renresentation of the bat itself, approximately to scale, is given close
to each time line. Pulse sequences of the sort obtained in various recordings
) of red bats in the wild are shown along the upper side of the flight line,
?fa the pulses appearing as small spikes. These pulses also appear in expanded
/:g representation, off to the right along the X~axis direction.

Y-axis: The Y-axis specifies the sound pressure level reaching the moth as
a function of the distance of the bat. The line labelled Uncor. sound level
follows the theoretical inverse square function with nc allowance for
atmospheric attenuation. The three lines below the uncorrected line indicate,
v ¥ respectively, the approximate attenuation functions for rates of 1/4 db/ft
T 3 (25-30 kc); 1/2 db/ft (35-40 kc); and 1 db/ft (8595 kec). The exact rates of
ﬁf?” attenuation vary with conditions (e.3., temperature and humidity). For a
, - given signal intensity, bats that distribute most of the energy in the aigh
o _ frequency range {e,g., Lasiurus) might thus not be detected until they were
A within 50 feet, while bats using lower frequencies (e.g., Eptesicus) might
- be detected at over 100 feet.

s X-axis: Essentially, the X-dimension is used for expansion of sections of
R the Z-axis to a scale that permits more detailed observation of the time
- relations in the interpulse intervals. The set of heavy lines extending
B out from the Z-axis represent the pulses being emitted by the bat. They
are shown varying in duration from 7 to 1l msec, and in spacing (except after
detection of the target) from about 7C to 200 msec. The first line to the
right of the bat's flight line is labelled Pulse to Target and gives the time
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Figure 52 (continued).

required for a given pulse to reach the moth (the pulse being drawn again
to indicate relative spacings). The next line, labelled Echo Return,
designates the time required foxr the echo to return to the bat. The last
line, labelled Interval to Next Pulse, indicates along the X~axis gcale
the time to the next emitted pulse (which is also drawn in). Though stereo
sound of red bat catches in the wild have not been made, existing films
suggest that the pulse spacing is often such as o keep the prhmary echo
somewhere near the middle of the interpulse interval. However, there is8 a
suggestion in some cf the £ilms that near the beginning of the buzz
sequence, secondary overlap (overlap of echo from previcus pulse with
present pulse) may sometimes occur.

Target path: the segment extending to the left of the main X-axis represents
the path of the target. Tais is assumed to Le a slow-flying moth traversing
at right angles to the path of the bat. (Time corrections due to the moth's
change of position are assumed negligible.) ;

-:g upon a reasonable figue for the sensitivity threshold of a t&pical flying moth. A

‘ ff value of 0.001 dynes/cm2 is prcbably not too far from the threshold level of some moths.
B This is 14 db above the nominal value of 0.0002 dynes/cm2 for the human threshold under

laboratory conditions, and would give a distance of detection (for Eptesicus signals)
of slightly over 100 feet, consistent with the field observations of Roeder and Treat.

1f one assumes th.t the moth’'s nervous system is capable ¢f making certain cruds
measurements upor: the spike patterns relayed by way of the tympanic nerve, it is logical
to ask about the kinds of measures that might be mo=* profitable. Significent intensity
levels or shifts of level might, for example, be gi. :m by such measures as: 1) the firing
rates c¢f one fibre, 2) the difference or ratio be:wesen Aj and A2 firings, 3) the
difference in latencies, or 4) group numrbers. uther kinds of iiedsures might relate to
di fferences between the early part of a group and a later part. For example, the
response of a moth's system to divect and echoing signals is shown ia Figure 6B of
Reference 30. Even though the portion of a bat’s signal received directly might produce
saturation, portions reflecting off nearby objects, or the ground, might provide usable
indications as to the distance (and possibly direction) of the object or surface. Other
groupings of 'significance might be related to the phase of pursuit of a nearby bat (see,
for example, Figures 4 and 5 of Reference 31)., Here, the appzcpriate measures might act
to trigger specific evasive tactics or to set off (or shift in character) moth-emitted
pulses which act to cause cessation of the bat's pursuit. '

RELATIONS BEIWEEN TYMPANIC SPIKE PATTERNS AT THE IwO SIDES

It is generally assumed that bilaterality in sense organs is chiefly related to:
a) directional determinations, b) range determinaticms, ¢) evaluation of motion, and
i) reliability, speed, and precision of spatial evaluations in general. For the scund-
sensitive moth, the main contribution of the bilateral receiving systems appears to be
directional evaluation in terms cf azimuth. The lighter lines below the reference axes
in Figure 51 represent the response of the fibres at the far side. (Some connecting
lines have been omitted for clarity.) The trends shown arc at best only very approximate
but give £ me idea of the kinds of differences that iiay or ‘ur between mear and far sides.
The most obvious difference perhaps is the increased latency near threshold for each
type of fibre. Firing rate and group number mzy also be significantly different at the
two sides at low levels of the signal; but high signal levels appear to abolish
differential directional indicatioms.’ Co ‘ N

Examples of left-right differences in the response tc red bats flying outdcors are
given in Figure 7 of Reference 30. Concerning the observed relations the authors
advance the following interpretation:

~194~




8

INTERVAL (msec)

g

PULSE

TIME (REL. TO CATCH)

Figure 53. Bat-Moth Encounter: Catch of Catapulted
Target by Wild Red Bat~-Pulse Repetition Pattern., The
heavy line shows the intervals between pulses, as noted
previously for laboratory catches in Figures 35 and 36.
Unfortunately controlled distance measurements were not
made with this sound-on-film record, and comsequently
the exact distance of the bat fxom the target couid not
be determined. The fine broken line indicates estimated
echo time for the apparent path of approach. In this
record the pulse interval pattern appears to be divided
into several rather distinct portions: (1) a rapid
increase in rate, starting about one second or 15 to

20 feet away from the eventual catch; (2) a plateau of
about 50 millisecond space which occurs about a hali-
second from the catch; (3) another sudden increase in
rate just before one-third second frum the catch; (4)

a tenth-second transition zone into the final buzz;

(5) the terminal buzz; and (6) a silent interval of
about a tenth-secord just before the catch. (After the
catch there is the usual long pause while the target

is being grasped.) See next figure for details.

ni{¢ it is assumed that the bat is first detected at 100 feet and approaches
on a straight path at right angles to the moth's course...the differential
tympanic nerve response would diminish throughout the approach and“disappear
completely when the bat was 15 to 20 feet away.'P-

The moth's ears are also individually sensitive to the direction of ultrasound (Reference
32, Figure 6); and hence a moth with only one functioning tympanic system (as often
occurs with invasion by mites) may gain at least primitive directional indications.

RELATIONS INVOLVING THE RESPONSE OF INTACT . THS TO BAT-TYPE SOUNDS

The value of directional data to the moth, as already mentioned, may be primarily
that it enables the moth to turn away from the bat, thus greatly reducing its own
reflectivity. No reliable estimates currently exist as to how far away a bat can detect
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Pigur2 54. Bat-Mota Encounter: Buzz Details of Catch in
Figure 53. There is a strong suggestion in this and other
records made in the wild that the pulse gpacing near the
transition zome'into the buzz approximates fairly closely
the echo time to the target. In contrast to thé comstant
buzz spacing typical of Myotis lucifugus, this record does
indeed show a progressive incredse in rate, but with a
sudden small jump in rate just as the uniformly increasing
terminal portion starts. Records like these raise the _
question of whether the bat deliberately adjusts the spac~ .
ing to approximate some desired relation between a given
echo and the next emitted pulse while making use, possibly,
o partial secondary overlap. Note that since the pulse
yate is increasing, the sequence of echoes would tend to
arrive at a slightly slower rate ¢than the emitted sequence
(since they are displaced one interval back). It is
conceivable. that out of such an arrangement the bat could
meke some type of vernier measurement of range.

an average f£lying moth. Common guesses range over 2 factor of 10, i.e., frem 5 to 50
feet (about 1-1/2 to 15 M). .Two things are certain, however: 1) that a moth can
normally hear an approaching bat before the bat can detect echoes from the moth, .and

2) a moth flying with its axis parallel to the direction of the bat cannot be detected
nearly as far away as one rhat is flying crosswise. Since it is doubtful that é moth has

any memory of a bat's direction, and since the moth's system appears to saturate (and

. abolish directional sensitivity) when a bat (other than a soft-signalled bar like

Plecotus) comes near, the moth is presumably incapable of direct;ohhl responses as the
bat attacks, The frequent propensity of mothe to dive or spiral downwazd upén the close
approach of a bat suggests that reference to gravity may be the preddminant directional
influence when bats are close at hand. Current evidence certainly tends to support the
hypothesis that directional response occurs when a bat is at some distance, typically
prior to a bat's detection of the moth.

Various features of the rzsggnses of intact moths to audible ind ultrasonic,
S

fréquéncies have been tested,3 »30,27 including: initiatiom and cessation of flight,
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change in wingbeat pattern, onset of evasive actiom, initiaciim and cessation of click
generation, and other actions. Measured response times ranged for the most part between
about 1/12 and 1/3 sec, (even up to one second) response times for typical night
temperatures being rather longer than response times at daytin: temperatures. High
intensities of sound produced much quicker responses, with less temporal variability,
than did low intensities. By directing bat-type pulses at flying moths, Roeder observed:

"Moths turned away from the sound source when they were at some distance
or the sound intensity was low. Flight on a relatively straight path
was noted in an upward, lateral, or downward directionm, depending on

the position of the moth re..live te the sound vhen the ultrasonic pulse

train was initiated." 27, p.36

In contradistinction to these "directional maneuvers," "non-directicaal maneuvers" were
ioted at higher intensities, including:

"passive fall with folded wings, a power ~ive, an :ltermation of passive
£all and power dive, sharp turnc and loor followed by passive fall or
power dive, a continuous series of tight turns, and other complex
maneuvers." 27, pp.56=3:

In a very limited set of sample tests, conducted with the help of T.F Gregg, moths
were tethered to the ceiling of the bat flight room by use of long finé wires (0.001
inches o §.002 inches diameter) while bats made attempts to capture them. The tathared
moths initiated many of the raneuvers described by Roeder, sometimes as a function of
the bat's distance ox phase of pursuit but scmetimes, apparently, in some relation to
the duration or constancy of a bat's close range activity, suggesting some etored

representation of the bat's nearby presence.

From tests such as those mentioned in this section there is certainly evidence that
moths are incapable of the quickly initiated and accurately direcced responses §0
typical of the bat. The moth, for its escape, appears to depend heavily upon: 1)
unpredictability in the specific timing and direction of its maneuvers, 2) sharp turning
radius at appreciable flight speeds (perhaps often 5 to 10 feet per second), 3) loops
or spirals which may tend to cause hunting in the bat's predictive procedure, and 4) div-
ing for protective areas, such as the grass. The moth cannot cutfly the bat, nor escape
reliably by any readily predicted tactic.

QUANTITATIVE SURVEY OF BAT-MOTH ENCOUNTER

The final step in this brief and rough review of the ultrasonic interrelations of
bats and moths is to sumarize diagrammatically some of the ma’n features of a representa-
tive pursuit situation. Figure 52 gives a rather generalized and idealized quantitative
view of such an encounter. The bat (Lasiurus borealis) is shown approacking uniformly
along the Z-axis, while the moth is traversing slowly along the direction of the X-axis,
The sequence of X-axse that go out from the points of pulse emission by the bat, however,
represent separate expansions of the Z-axis--showing, toward the end of the pursuit, the
relevant time relations of pulses and echoes. The Y-axis is used for the designation of
magnitude (in this plot, of sound level). The three dotted arrows (A, B and C) indicate
possible response times, for a typical moth, to different phases of the bat's pursuit.
Figures 53 and 54 show final pursuit in greater detail.

As indicated earlier, the moth's specific evaluations of the bat's position tend
to deteriorate and perhaps disappear as the bat approaches, whereas just the reverse is
true of the bat. The bat's reliability of detection, and its speed and precision of
interception, increase markedly as it gets close to its target, There is thus an
enormous discrepancy between the region of maximal acoustical effectiveness of the part -
of the moth as compared with that of the bat. Logically, the moth's advantage would thus
seem to lie in its capacity to prepare fcc, and perhaps forescall, the close approach of
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he bat. Yet meths keep flying, even in the presence of many circling bats. Often they
M appear to rely, for escape, upon some last-instant tactic, suggesting that certain ‘
Etriggering mechanisms may act under relatively high levels of the hat's signals.. A few
{jmoths appear to have evolved a special bag of tricks: the production of ultrasonic ‘

pulses themszlves. How these pulses act upon che different kinds of bats, and what they
Moy signify in terms of warning, deception, or confusion remsins to be discovered. o

¥ Present evidence clearly suggests that they may often be very effective. Undoubtedly

B many aspects of this intricate game vetween pursuer and pursued remain to be discovered;
and surely the true significance of the many patterns in the existing picture may take

K]

~

IR 2 very long time t«' urravel.
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= REPORT OF WORKSHOP ON CLASSIFICATION OF CAUSES OF BLINDNESS

MODEL REPORTING AREA FOR BLINDNESS STATISTICS
NOVEMBER 29 - DECEMBER 1, 1962

[

3 A Workshop on Classification of Causes of Blindness, sponsored by the National
& Institute of Beurological Diseases anl Blindness and under the techmical direction of
% the Nationai Society for the Prevention of Blindness, was lJeld in Chevy Chase, Maryland,
.on November 29 - December 1, 1962. It consisted of a one-day session for State consult-
il ing and supervising opithalmologists followed by a two-day session for State causes ¢~
B blindness coders. It was believed desirable by both the National Society and by the
Y Biometrics Branca to hold separate sessions for ophthalmologists and coders rather than
E have them jointly. Thi: belief was based on the supposition that it would be better to
B 2ot comments, pro and con, regarding the classification from the ophthalmologists in
W separate session and, thus, possibly avoid any effect of controversial discussion in this
g arca on the coders.’ :
£ in attendance on the first day were State consulting ophthalmolcgists from six of
t' the ten Mcdel Reporting States (Connecticut, Delaware, Louisiana, Massachusetts, North
@& Carolina, and Vermont), as well as ophthalmologists in similar capacities from three non=-
B¢ Model Reporting Area States (District of Columbia, Ohio., and Oregon). On the second and
N ' third day, coders from all Model Reporting States (Conmnecticut, Delaware, Kansas,
B} Louisiana, Massachusetts, New Hampshire, New Jersey, Nerth Carolina, Rhode Island, and
. Vermont) as well as coders from two non-Model Reporting Area States (Ohio and Oregon)
B wvere present. On each of the days there were representatives from the Natiomal Society,
BE - tlL.e American Foundation for the Blinl, and a number of Federal Agencies with blindness
B programs. These agencies were the Bureau of Family Services, Soclal Security Administra-
£ tion, Division of Services for the Blind (Vocational Rehabilitation Administration), and
P the Neurological and Sensory Disease Service Program (Division of Chronic Diseases, Public
% Health Service) and the NINDB. In addition a consultant in chronic diseases of the
M Chicago Regional Office, PHS, was present in view of his great interest in the Model
.';\Reporting Area and his help in stimulating States in his region to improve cheir blindness
+ registers,

5 The first day's session was chaired by Dr. R.E. Hoover, ophthaluoiogical consultant
3  and member of the National Society's Committee on Operational Research which has been
k- working on a revision of the Standard Classification of the Causes of Blindness. Mrs.
" yirginia S. Boyce, Assistant Executive Director, National Society, spoke on "National
: ﬁiSociety for the Prevention of Blindness Interest in Cause of Blindness Statistics." She
i pointed out that reliable statistical information on causes of blindness and partial
& cight is vitally needed by the National Society as a basis for planning program activities,
- and that the Society's public education and information program is directed to stimulat-
- ing the public to seek regular eye care as a prevent ive measure, To emphasize aad
t' strengthen this message, the Society must use statistics on the extent of blindness
. caused by cataracts, glaucoma, diabetes, and other diseases. Among the child age groups
B one must know how many have lost some vision from amblyopia, crossed eyes, etc.
j. According to Mrs. Boyce, the Society must rely on the figures to measure progress
' being made in controlling blindness. Fox example, studies of causes of blindness among
i children of school age for over 20 years have shown a marked decrease in blindness due
M o infectious diseases. There has been a significant reduction in eye accidents as a
i’ cause of blindness among childven--probably due to control of firearms and other dangerous

1 toys ard to various educational programs.
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Almost daily the Society is called on for statistics to be used in various
scientific presentations, such as supporting material for research grant applications
and for papers to be published in cphthalmological journals and other professional media.
With the able guidance and sound advice of Dr. Ralph G. Hurlinm, the Society has over the
: years developed estimates of prevalence of blindness. These have been most valuablé in
. answering some of the above needs.

Bacause the Society relies so heavily om statistical information for planning the
direction of the blindness prevention program and for measuring the results, it was
delighted to learn about the plan for a Model Reporting Area for Blindness Statistics. -
, Thic project provides the means for gathering up~to-date causes of blindness data from a
© g significant population group which will serve as an adequate basis for national estimaies
on causes. The Society has participated in the project through the Model Reporting
- ¥ Arca's Planning Group and through assistance with the plans for this rjorkshop.

The National Society has sponsored the Standard Classification of Causes of Biindness
gince i:s development in the early 30's by the Committee on Statistics of the Blind under
the chairmanship of Dr. Hurlin. Its use has been promoted Ly the Society both nationally
and internationally.

; Mrs. Boyce urged states to call upon the Society for any help or guidance wbich they
X might need in use of the Classification of Causes of Blindness.

Dr. Hyman Goldscein, . Chief, Biometrics Branch, National Institute of Neurological

Diseases and Blindness, spoke on ''The Model Reporting Area for Blindness Statistics,"
describing its purposes, standards, and program. The Area is a voluntary association of

: States which maintain registers of blind persons, and waich have joined together in a

-3 pioneering and cooperazive effort to collect uniform information so as to arrive at

i, comparable and meaningful gtatistics on blindness that would benefit the States themselves
"} as wel. as the nation as a whole. The Area is sponsored by the NINDB, with the counsel
B and the cooperation of the National Society for the Prevention of Blindness, the American
© ) Foundation for the Blind, and the Division of Chronic Diseases of the Public Health

Service.

Dr. Goldstein indicated that the two basic objectives to which each member State
subscribes and agrees to uphold, are to make better statistics available on blind pexsons
- § and to stimulate research in the field of blindness. As a basis for achieving these
objectives, the Model Reporting Area will:

1, Encourage complete repoxting of the blind, so that the number
registered may wore nearly reflect the tzue prevalence of
blindness, and so that additions teo the register may more
nearly reflect the true incidence;

2. Seek to improve the records concerning the reported blind,
so that the causes of blindness and the characteristics of
the blind may more easily be studied;

3, Use a common definition of blindness and standardize record-
ing of essential informatiom, S0 i-hat ¢ata from different
states can be more meaningfully ccumpared or pooled in an
effort to arrive at national gstacistics on blindness;

f‘,
v

4. Disseminate statistics derived from the registers, so that
data may be readily available to all who are interested in
the problems of blindness.

‘ Each member State pledges to maintain the Area's standards which are as follows:
(A) the use of a common definition of blindness; (B) an attempt by each State to imclude
on its registers all residents who f£211 within this definition, whether or not such
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asidents have applied for services; (C) &n at+=mpt to collect certain specified items
Sf information on all registrants as wall as tu clarify ambiguous reports and obtair data
Blhissing from incomplete reports. These data are: (1) date of addition to the Model '
B cporting Area register; (2) type of addition (whether first addition or veadditiom);

¥3) county of residence (or its equivalent); (4) date of birth; (5) sex; (6) race;

B 7) age at onset; (&) date of eye examination; (9) discipline of examiner; (10) degree
P%r vision; (11) the cause of blindness; (12) date of removal from Modzl Reporting Area

B os:ister; and (13) reason for removal; (D) each member State promptly corrects the
Rifc:contial items on its register in accordance with any reports received of re~interviewe
W8 ;r re-oxaminations of registranmts, and immediately removes from the Model Reporting Azza
DRFTegister any person known to have died, maved out of State. 5% recovered vision beyond

i the iodel Reporting Area definition of blindness. It also redetermines the residence
o f blindness status of every person on such vegister durirg an annual clearance or up-

(N dating; (F) specified annual tabulations are prepared for submission to the NINDB.

The Biomerzics Branch, NINDB, will make all efforts to aid and encourage states

38 throughout the country to meet the above standards for mewbership in the Model Reporting
BB \r:a so that they may each play a greater and more significant role in helping to
'!gdetermine the extent and nature of blindness as a national health problem, with ultimate
B Lonerit for the prevention, control, and treatment of blindness.

—3 Dr. CGoldstein emphasized that the precent workshop was, in hiz opinion, the first of
.a number of such training sessions to be held so that there would be some uniformity in
B .1assification. Such workshops would help to guarantee the comparability and poolability
M8 o classification data from State to State in the Area. Good information on causes of
‘t1indaess alone would more than justify the efforts and time being spent in developing
¥ the Model Reporting Area. :

¥ Mrs. Elizabeth M. Hatfield, Comsultant in Statistics of the Mational Society, who,
g together with Dr. Goldstein, had planned the workshop, spoke at both sessions on the
i "Purpose and Plan of the Workshop." She indicated that the pur.ose of this first work-
B shop was to introcuce the tools to be used in coding causes of blindness and to provide
- special instructions in classification procedures to the members of the Model Reporting
- Area. It was deemed appropriate by Mrs. Hatfield that the workshop was under the
_technical direction of the National Society because the Society has long been concerned
with the need for good statistics on causes of blindness. Such statistics are essential
| for sound planning of programs for the prevention of blindness.

4,‘"’

" The production of comparable statistics on causes of blindne:s, according to Mrs.
B Hatfield, is dependent basically on the use of a standard classification system. However,
i this is not enough. There must also be instructions and rules ‘s insure that the
BB classification is used in a uniform way by everyone. Without sv - complete instructions
¥ there are many possibilities for different interpretations and decisions regarding code
B assignments. A workshop seemed to be the best approach to provide instructlons and an
¥ opportunity to discuss classification procedures and problems. A number of States
represented at the workshop have had experience coding causes of blindness through use of
“ one of the revisions., Others have used an abbreviated classification of their own device
© or have not eyen attempted to classify causes of blindness. The only instructions issued
by the National, Society for the Prevention of Blindness have been those to acccupany the
- 1940 revision. A new manual is in process of preparation.

Mrs. Hatfield stated that originally the workshop was conceived as a training program

only for the persons responsible for coding the causes of blindness. However, the State
supervising or consulting ophthalmologists have a very important role in the development
" of good cause statistics. Coders meed guidance and supervision from an ophthalmologist.
Ophthalmologists need to be familiar and understand the classification.' Therefore, it
was decided to invite the ophthalmologists to attend a one-day conference prior to that
B¥ for coders. The purpose of the conference was to acquaint them with the tools that have
. been developed to assist in classifying causes of blindness and the principles of the
classification system as well as to secure their understanding and cooperation.
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The Standar. Classification developed over the last 30 vears by the National
Society's Advisory Commictee on Operational Research, formerly the Committee on Statistics
on the Blind, wiil be used in coding causes of blindness. A sub=-committee of this
committee has spent many nionths studying and considering the probleme of classifying
causes of blindness and developing tools for this puvpose. Recent work on the revision
of the classification has been spurred on by the needs of the Model Reporting Area for a
workshop on the classification to be used in coding.

The programs planned for both the ophthalmclogists and coders were similar, It was
desired to keep them as informal as possible and the participants were encouraged to feel
free to ask auestions and make suggestions. Workshop plans called for presentations of
the basic tools to be used in the classification procedure at both sessions.

On tl.e first day Dr. Hoover discussed the "Role of the State Ophthalmologist in
Classification." He indicated that it ien't easy to previde service to blind people when
the vision range is from "no light perception to 20/200.'" Although there are many
different ideas about what should be done and where one should start, everyone agrees
that one area where it is possible to help is in uniform methods of reporting. The
ophthalmological professicn is one profession that has an opportunity to do really
objective measuring. it is not difficult to put down the actual measurement of visual
acuity. In addition to a uniferm method, there is a need for accuracy. Sometimes the
ophthalmologist is not too accurate in the data that he provides for statistics unless he
is sure it will be put to good use. Some day, in Dr. Hoover's opinion, there will be an
ophthalmologist on the staff of each State who will assume the major responsibility for
having uniformly recorded diagnoses for coding and who will see that accurate data is
relayed to the coder. Dr. Hoover asked the ophthalaologists in what areas did they
believe they could encourage the examining ophthalmologists to be mcre particular in
examination and in recording accurately data from such examinations.

RN

Comments from the ophthalmoiogists present indicated that the problem is one mainly
of educating the examining opiinalmelogists as to the need to get accurate and codable |
ophthalmological data in order to eand up with meaningful statistics. One problem related
to the fact that under the Social Security Act a person can be certified as blind by
either an ophthalmologist or optometrist. According to Dr. Hoover, however, this would
still allow a State supervising ophthalmologist to request an ophthalmological xeport on

an individual who has been examined by an optometrist. ‘

Dr. Raiph @. Hurlin, Chairman, National Society's Committee on Operational Research,
addressed both sessions vi the "Revised Standard Classificsiion of Causesz of Blindness."
He stated that the purpose of the Committee on Statistics for the Blind, appointed as a
joint committee of the National Society for the Prevention of Blindness and the Zmerican
Fcundation for the Blind in 1930, was to create and improve scatistics of all sorts on
the blind. There was very little interest in such statistics at that time outside the
Committee. Only three States previously had attempted any study of causes of blindness
and they all did it only on a current basis. The Committee worked them on several types
of statistics, the items that should be on an eye examination form, and the problems of
clessifying causes of blindness. In 1931 a proposed Stanlard Classification of Causes
of Blindness was drawn up, published, and distributed to ophthalmologists for criticisms
and suggestions. Eticlogical and pathological terms were reviewed. Two years later the
Coumittee enlisted the help of 20 schouls for blind children and had their cooperation
in making annual reports. At the end of 1934 thay preseanted a tabulation on causes of
blindness of the pupils in these 20 schools, classified according tu what is now called
the Standard Classification of Causes of Blindness. By 1939 the Committee had prevailed
on the Bureau of Public Assistance of the Social Security Administration to sponror a
study of causes of blindness among recipients of Aid to the Blind,

It was agreed that a Federal office would handle the study but tkat it would be

entirely voluntary. Twenty-one states participated. About 2100 cases were contributed
for the study. <JCause data were analyzed, coded and tabulated and a report was prepared,
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®Wor this study, socme changes in the classification were made. A further revision of the

fclassification was published in 1957, Since the earlier revision, other causes had

_f~ttracted enough attention to be put iuto the new revision. The Committee received a

B cveat deal of assistance from Dr. Arnold Sorsby's experience on statistics on causes -of

bl indness in England and Wales, Numerous categories that he found useful were included

Q;,in the revised classification. The eye examination repoxt foxm, which the Committee

M@ cecormended, relied upon the physician to indicate that eye affection which was primarily

fresponsible for the impairment of vision and the etiology which underlay that affection.

EThere was, thus, a two-fold classification of visual impairments: (i) classification

R yith respect to site and type of affection and (2) classification with respect to under=-

R lying cause of blindness, Almost as soon as the 1957 revision was distributed, interest
X developed internationally for an international classification of cause of blindness. A

W Cormittee of the Internacional Association for the Prevention of Blindness was appointed
éto recommend a classification, There was considerable correspondence and effort made to

g arrive at an agreement 2s to what categories should be considered for inclusion, That
feffort resulted in the 1960 classification which included relatively few changes. Since

&3 publication of the 1960 revision, the Model Reporting Area for Blindness Statistics came

B into being. It was fel’ that the 1960 classification was the most desirable for use in

B providing statistics on causes of blindness for the reporting area. The Committee then

f appointed a Sub-Committee to prepare procedures that could be used by the Model Reporting

§ Area and recommended for use in other studies including those on school children which

f the National Society intends to continue. As the Sub-Committee started to work on

% procedures and to revise the eariier manual procedures, it found that it was dissatisfied

B vith the 1960 revision. Because of the fact that the classification was scheduled for -

8 use by the Model Reporting Area, it was felt that some changes should be made before

§ this happened. In the course of its work on the manual, the Sub~-Committee also felt that

5.the rather short Index of Diagnostic Terms, published in the older manual in 1940 for

KR use in coding physician's reporty, should be revised. This task has taken much longer

B -than was originally anticipated. As work proceeded on the Index of Diagnostic Terms,

b other-changes appeared necessary in the Standard Classification. Neither the reviged

B classification nor the Index have, as yet, beer published in view of the fact that they

B are still being examined for possible further changes. Both the classification and Index

8 .11 relate not only to blindness but also to severe vision impairment.

}° - .Dr. Marta Fraenkel, technical consultant and member of the National Society'~n

% Committee on Operational Research, addressed both sessicns on the Tndex of Diagnostic

f:Terms." She explained that the Index of Diagnostic Terms, relating to severe vision

= impairment' and biindness, is the link between the numerous detailed diagnostic terxms, as
B recorded by examining ophthalmologists, and the most recent edition of the Standard

N Classification of Causes of Blindness. The Classification consists of summarized terms
iX: for -affection (site and type) and for etiology. Each type is completed by a code number,

The Index ccnsists of an alphabetical liscing of a large variety of diagnostic -
terms~-including synonyms and eponyms--and of two columns labelled "affection code" and
& "etiology code'" respectively. The code numbers listed in the columns are those of the
% category of the standard classification according to which the detailed diagnostic terms

¥ have to be coded.

The Index in its present structure permits the coder to translate the diagnostic
B entries of the physicians' individual reports into the terms of the standard classifica-
% tion. The Index, thus, contributes to the collection of uniform mass statistics which
B¢ are a prereduisite of general analysis and evaluation of data on causes of blindness, as:
¥ cotablished in a variety of states. Since the present release of the Index was prelim-
¥ inary, the users of this release were asked to forward suggestions and recommendations

%3 based on their "iest" experience,

The specific function of the Index of Diagnostic Terms is to advise the person
B assigned to process the medical report forms (the coder) about the assignment of the
¥ diagnostic terms entered by the examining physician as primary (main, antecedent) cause
¥ of blindness to the appropriate category of the Standard Classification of Causes of
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Blindness, The Index thus is an esseatial link in the chain process which starts with
the recording of the decailed and specific diagnostic terms and ends with quantitative
data on types ¢f affection and their underlying cause, presented in the categories of
the Standard Classification. The coder receiving the examination reports, thus, is faced
on each form with a two-part diagnostic statement; the terms used for listing both

. affection and etioclogy are specific and, heace, of a huge variety. The coder is expected
-2 to provide a two-part code according tc the broad terms of the Standard Classification.
;? The Incdex is the tool which guides him in this phase of processing.

4 The new Index is a single integrated list, pracentinz in alphabetical sequence all
-3 terms involved, that is, those of affection, of etinlogy, and of complete diagnoses.
N Each term is coded to the pertinent item for affection, or for etiology o1, where perti-
v nent, for both. Two parallel columns labelled "Affection code" and "Etiology code,"
' respectively provide for the term in each line the pertinent code numbex(s).

The variety of possible diagnostic terms 1s enormous; in addition to English \
language terms--often popular as well as technical ones--scientific te.ms of Latin and/or
Greek origin may be used and one, or even several, eponyms. Moreover, new terms are
being introduced comtinuously; they either improve the specificity of the reference or
describe newly established evidences. ‘

NE An Index of Diagnostic Terms should--te be truly useful for a coder--be as complete
and detailed as necessary; at the same time, it has t¢ be a manageable tool whicn, in
turn, requires that it is as concise as possible.

% \) N

g Any attempt that is made to arrange the selected items in a way which would simplify
-3 the busy and hurried coders’ search for a term would make the Index streamlined and
s systematic., Among the three elements involved--site, type, and etiology~-~site has,
e wherever pertinent, been selected as the leading principle in the arrangement of the
J Index. Contrary to other indices, this Index does not ''facilitate reference" to
L pertinent items in the classification but it constitures, by virtue of the affection code
45 Y and etiology code, the coding device as such. In other words, the worker coding the
- diagnostit terms of a medical report does not have to use the Standard Classification;
© Y the Index is-~with very few exceptions--the onrly tool needed.

Dr. Fraenkel elaborated on the guidelines which were followed in the often difficult
dilemma of inclusions and omissions. She spent some time in going over the thinking that
guided the choice of a given selected code for a given diagnosis. Illustratioms were
taken at random from the Index and types of coding shown., She conclude¢ by indicating
that the Index, submitted to the members of the Model Reporting Area, would be undergzcing
its first test and, therefore, as in any test, shortcomings might be detected. She
requested that aay such shortcomings or suggestions for revisiun should be communicatac
to the National Society's Committee on Operational Research.

> Mrs. Hatfield addiessed both sessions on "Classification Procedure." In the
L discussion of classification procedures, suggestions and recormendations were mad.
concerning methods for implementing coding operations and improving the quality and
reliability of cause of blindness data. Illustrations of types of classification problems
. taken from actual eye examination reports were also presented for discussion.

The following points were emphasized by Mrs. Hatfield:

1. Both the supervising or consulting ophthalmologist and the coder
have very important roles in the classification of causes of
blindness and the development of good cause data, Classification
of causes of blindness should be the responsibility of both the
supervising or consulting ophthalmologist and coder with final
responsibility resting with the former. The cause of biindness
must be determined and the proper classification code assigned
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on the basis of diagnostic information reported by the examining
ophthalmologist., Since it is not always possible for the super-~
visiang ophthalmologist to review all cases of code assigrments,
the coder, working under his supervision and guidance, can do
mich of the routine work. Only problem cases would then require
ophthalmological review and interpretatiom, .

Eye examination report forms should be carefully reviewed and
edited as soon as possible after receipt to determine the
completeness and adequacy of the diagnostic information for
classification purposes. This is necessary since eye reports

ate supplied by many different examiners and diagnostic information
is cften reported with varying degrees of adequacy. If a review

is done regularly, as reports are received, it will be much

easier to secure supplemental information, if necessary, from

the examining ophthalmologists.

To improve both the quality and reliability of cause data,

examiring ophthalmologists should be queried £or supplemental
{nformation whenever inadequate reports are submitted. The

problem of classifying the cause of blindness is relatively simple
when only one ocular affection and etiology is involved and it is
the same for both eyes. Problems arise when more than one ocular
affection is present and the examiner fails to designate which,

in his estimation, is the cause of blindness, If it is not possible
for the supervising ophthalmologist to make a reasonable determination
of the cause of blindness from the reported diagnosis, then the
examining ophthalmologist should be queried f_r clarification or
additicnal information, The query program is a very important
aspect of the classificatiom procedure, It is one of the lest

ways in which the quality of reporting causes of blindness and the
statistics derived therefrom can be improved. If the examining
ophthalmologists provide unacceptable diagrostic reports, they

have no way of knowing unless they are informed of this fact.

This program can be an edacational process for the ophthalmologists.
It is only through being shown the need for better reporting and

an understanding of what is required and for what purpose that
sphthalmologists can be stimulated to do a better job. The under-
standing and cooperation of examining opnthalmologists can be
secured by the supervising ophthalmologist in a number of ways,

such as by meeting with them, by distribution of printed information
regarding the program, reporting and classification procedures, by
periodic reminders concerring the need for reporting, by brief
surmary reports of statistical information derived from the eye
reports with an analysis of the problem and implications for
prevention.

A good working relationship should be developed with the examining
ophthalmologists. They should be informed and educated concerning
the requirements for and the value of good statistics on causes of
blindness.

A uniform system of reporting diagnostic information is essential
to insure the comparability of cause of blindness statistics.
When the present revision of the Standard Classification is
completed and printed, copies will be made available for distri-
bution to all ophthalmologists. It is also planned to develop a
handbook of instructione for ophthalmologists which will explain
reporting and classifi.ation procedures. In order that reliable
and comparable statistics on causes of blindness can be compiled,
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diagnostic information must be reported in a uniform mamner.. The:
type of information obtained is dependent upon the questions asked
: , and the way in which the section on diagnosis on the eye examingtion.
= report form is set up. In the development of the proposed report
‘ form, a great deal of thought was given to the type of informatiocn
desired for classification purposes and the manner in which this
should be requested from the examining ophthalmologist. Since it
is the responsibility of the examining ophthalmologist to designate
the cause of blindness, the section for d‘agnosis on the proposed
form is designed in what is felt to be a logical way to guide the -
examiner in the proper designation of the underlying csuse of blind-
"3 ness as defined. Present reporting of diagnosis does not lead to.
=  comparability of cause statistics. When one asks simply for
N "diagnosis" or "primary eye affection," the exanining ophthalmologist
¥ cannot be expected to report the type of ’nformation desired for
classification purposes. It is, therefore, recommended that each
member of the Model Reporting Area for Blindness Statistics adopt
a standard form of diagnostic report, conforming insofar as possible
to section IV--Clinical Examination--of the eye examination report
form proposed by thc National Society for the Prevention of D
, ~ Blindness.

o . 6. A quality control program is necessary in order to evaluate the
" comparability and relisbility of diagnostic information and
O clasgification procedures. It is essential in the development
of reliable statistics on causes of blindness. The purpose of
this program is two-fold: (1) to evaluate the quality and
e comparability of reporting and coding in the member States,
‘ and (2) to provide information on coding problems which will
be helpful in improving the classification tools and determining
the need for special coding instructions. This program could
best be implemented by submitting to the National Society for
the Prevention of Blindness a monthly sample of coded eye
examination reports for review and evaluationm, These should be
i exact copiez, identified by mame or register number, of report
- -3 for all new cases or the first 25, whichever is less, received
| each month. Any supplemental information requested to assist
in classifying the cause »£ blindness should also be. attached.
- In addition, it would be helpful to have reports for any other
- 8 cases, not included !n the sample, which present special
classification problems. The coding will be reviewed promptly
o8 by the National Society and an evaluation repert sent to each
‘o 4 State. Any differences in classification will be accompanied
-3 by an explanation of the interpretation and proper coding for
' future reference, Those States planning to code causes of
- blindness for the entire register should send in a coded sample
- of the first 100 cases (those registered prior to 1963) for
-3 review. Subsequently a 10 percent sample of coded cases (every
tenth case) should be submitted until coding of the entire
register has beer completed.

1

v Following this presentation, Mrs., Hatfield discussed examples of various coding
- procedures and problems.

As mentioned above, the second and third day of the workshop were for the coders
.« 3 only. The mornirg session of the second day was chaired by Mrs. Boyce, the afterncon
1 session by Dr. Goldstein, The second day consisted, in addition to the presentations
o mentioned above, by Mrs. Hatfield, Dr. Hurlin, Dr. Fraenkel, and Dr. Goldstein, of a
- lecture by Dr. Hoover on "Anatomy, Physiology, and Pathology of theAEye." This lecture,
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B focussed by Dr. Hoover on a nonmedical, nontechnical level as much as possible, was very
B favorably received by the coders. It was accompanied by slides, bluckboard drawings sud
& reference book material., It was evident that Dr. Hoover was making very clear to the

B participants the meaning of terms with which they had been dealing for many years and

B which some of them barely understood. His exposition was very clear with respect teo

¥ trying to show cause and effect relationships in the area of visual disabilities.

H
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The third day of the vorkshop, under the chair sanship of Mrs. Hatfield, was devoted
L .5 further discussion of clageification procedures -nd coding practice sessions. The
. coders had been requested, in advance, to bring with them a number of anonymous eyc
}l exemination report forms that seemed to present problems to them., In addition Mzs.
B Hatfield had brought with her certain information derived from actual cases which
| presented difficulties in coding. These were reviewed in some detail and guestions

B raised by the participating coders were discussed.

\ In retrospect, one must conclude that the workshop for the consulting ophthalmologists
B8 .nd the coders served a very useful purpose. This is confirmed by correspondence
B received after the workshop from representatives who attended from the States of Delaware,
i Kansas, New Hampshire, North Carolina, Ohio, Oregon, and Vermont. Furthermore;
BB correspondence received from the National Society for the Prevention of Blindness
38 indicated that, in the opinion of their representatives at the workshop, it was very
BB guccessful, It is hoped that similar workshops may be held from time to time =8 the need
. warrants. It is felt that the beneficial effect of these workshops will increase and
. hopefully spread to other stat.s that are mot members of the Model Reporting Areas.
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EXCERPTS FROM THE PROCEEDINGS OF THE

WORKSHOP ON NOMENCLATURE OF_COMMUNICATIVE DISORDERS
BETHESDA, JUNE 18-20, 1962

EDITOR'S NOTE:

fermission'to publish the proceedings of this workshop in this isgsue of
the RESEARCH BULLETIN has been graciously given the American Foundation
for the Blind.

Under the sponsorship of The Rehabilitation Codes and with the support of funds from
the National Institute of Neurological Diseases and Blindness, Communicative Discrders
Research Training Committee (grant mo. B-3676), a workshop on the nomenclature of
communicative -disorders was convened in Bethesda, Fifty-one persons participated: of
these, forty~three are leading academic and clinical specialists in the general aréa of

isorders of human communication; eight represented vidrious governmental and professional
agencies as official observers. ' T s g

The purpose of the workshop was to expose the tentative material of the Impairment
Code on Communicative Disorders to the deliberations of a critical, nationally ‘
representative group so that it could be further developed and refined. It seemed clear
to the sponsors of the workshop that prior to any practical field-trial of the impairment
code the material would have to be reviewed, edited, and accepted by the professiomal-
groups and individuals most concerned with the problems that the code encompasses. In a
broad sense, the workshop was designed to aid communication about ¢ommunicative disorders.
The general goal was clearly achieved. At the end of three days of careful work the
revised code material was accepted by general consensus in plenary session as a workable
form for field trial, subject to revision in the various sections as field arsessment
and further sub-committee work comtinues in the future.

BACKGROUHD

The Rehabilitation Code developed from studies begun six years ago within the frame~
work of The Association for the Aid of Crippled Children in New York. As the problems
and needs of communication among many professional groups were more clearly delineated,
the designers of the original, quite limited, study were forced to consider an entire
range of codification relative to rehabilitation, in terms of many aspects of impairment,
disability, and handicap important to the health and welfare of affected persons and to
the many techniques involved in the efficient and economic management of these problems.

Various agencies, groups, and individuals have participated .n the design and
development of the poject. These include several federal and many professional agencies,
many service and voluntary organizationms, and a goodly number of colleges and universiry
medical centers. Continued extensions of the project were implemented by support from
the Association jointly with the federal Office of Vocational Rehabilitation. With the
emergence of definite goals, based on data from field tests and surveys, and studied
over three years by a group of ad hoc professional subcommittees, it became apparent that
the achievement of an integrated system to encode the rehabilitation status, needs, -
and potentials of vast numbers of affected persons was an accomplishable end-product,
both desirable and atiainable.
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SE: Accordingly, The Rehabiliitation Codes was set up in a separate office in 1961 with
@aya Riviere, D.Phil. (Oxon.} as director. Pr. Riviere had been the associate director
th Mr. leomnard Mayo, Executive Director of the sponsoring Association, and has been

ssociated witk the project from the outset im 1957. For a complete review of the

roject, in both historical and current terms, reference is made to Dr. Riviere's five-

W :ar progress report.¥

. The Commitctee on Communicative Disorders of The Rehabilitation Codes includes forty-
gBvo participating and eight corresponding members, a national aggregate of specialists
o audiology, speech pathology, etiolcgy, laryngology, meurology, psychiatry, and
bhovchology, It was formed in the spring of 1960, and met several times ag a general
group during 1960~1961. Its primary objective was the development of a three-digit
Slsystem of codification suitable for both the description of impairment aund the retrieval
of descriptive information pertinent to disorders of voice, hearing, speech, and
flanguage comprehension and use. Within the limits of the one thousand eptry Impairment
ode, this was to be accomplished by no more than one hundred three-digit entries.
lecondary objectives included work on the development of one-digit and two-digit codes
BRcor pertinent reference to etiology and pathology, respectively. The general pattern
Sof study began with a description of normal function and proceeded through the complex

MBof disordors.

By the spring of 1961 it became apparent that the total committee was too laxge for

@:he efficient consideration of details; accordingly, four sub-committees were formed to

BRuork out an impairment code relative to disorders of (respectively) voice, hearing,

BB speech, and language comprehension and use. These sub-committees met at various times
fand in various places through the winter and spring of 1961-1362, and their werk on a

B tentative draft for an Impairment Code for Communicative Disorders constituted the basic

Bnaterial for the agenda of this Workshop on Nomenclature of Communicative Disorders.

| DLSCUSSION
\; - The final reports were accepted by the total group in general consensus. The status
& of the detail of the three-digit code varies considerably from cne section to another.

| Relative to some topics, considerable work remains to be done; this applies particularly
3 to the material on impairment of language comprehension and use.

, The most important ingredient of any report of this workshop resides in its end

B product--the draft of the Impairment Code on Communicative Disorders as it presently

g stands (see Appendix). Several questions and ideas were developed from the experiemnce
B of the participants in the work of the sub-committees and from the discussiouns in the

 plenary. sessions.

3 Various participants expressed regret that the conference was limited to three days.
# This is particularly interesting in view of the difficulty in getting this nrumber of
 persons to interrupt their regulaxr work, and of the fact that the group "wazmed up" very
$ quickly and quite readily got to the business of the conference.

A few expressed discontent that they could not participate in more than one section~-
B al group. Inasmuch as this was a very verbal group of participants with many and varied
. interests in the general area of communicative disorders, this attitude is understandable.

There was general concern about the amount of overlap in the technical detail between
¥ the concern of any one sub-committee and the concern of each of the other three, With-
3 out doubt, there is some redundancy that should be cleared away. This beccmes a topic
&' for the concern of the general Committee on Communicative Disorders which will continue

e its work with the codes.

*Rehabilitation Codes: Development and Field Testing of an Operational Tool for
Serial Recording of the Rehabilitation Process: Five-Year Progress Report, 1957-1962.

Rehabilitation Codes, 1790 Broadway, New York 19, N.Y.
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It was refreshing, indeed, th:- so many of the particlpants who bad not theretofore
worked on the detail of the Impairment Code expressed the opinion that this kind of
conference should have been held twenty years ago, and that a similar conference should
be planned every five years: that, had this happened before, the entire field of
communicative disorders would now be in a more healthy, less confused state than is now
true. ' e

' 3 Some attention ig warranted, perhaps, to some of the particular problems of the
various sub-committees 4s next described (see Appendix for the detail of code entry
references).

Section on Impairment of Voice Functicn ‘ E : - : .

T This group worked very rapidly toward an acceptance of a general framework for their
. part of the code and moved readily through the detail. While there was much discussion,
: there was very little dissension on any of the three-digit categories. An exception has
to do with Entry 213: the main term, "roughness" and its description obvicusly require
further consideration. Because the group arrived so readily at a consensus, they were:
able to spend considerable time on the details of description. Agreement could not be
reached about the meaning and implications of the term "stereotype' (Entry 211).

—t
Nl

f-;' Sectign on Impairment of Hearing Function ‘ ' el e

-This is the only one of the disorders wherein quite definitive clinical measure-~
ments are availsble. Accordingly, much of the detail of the three-digit entries-is.-
concerned with a quite precise description of tke amount and kind of auditory ‘dysfunctioni. -
There was clear agreement that measurements in terms of hearing for speech-sre basic.
Entries 247261 are included for use with the kinds of ‘clinical problems for which the " -
use of speech-hearing measurements is not possible. The group remained dissatisfied with -
C the inclusion of Entries 267 and 268; the belief was clearly expressed that these items,

3 referring to what is often called "a peychogenic overlay on organic hearing impairment,”
5 might ‘better be coded under the section on Impairment of Psychosocial Function in the
over-all Impairment Code.

Section on Tmpairment of Speech Function

There was a real problem in these deliberations in the differentiation between
. large categories of impairment and the pertinent descriptive detail. A major step in
clarification was achieved with the use (and definition) of the key-term, "inappropriate"
‘ (i.e., for communication), as a principal qualifying adjective. Throughout the discus-
sions, the participants had genuine difficulty in getting away from references to
etiological and pathological aspects of impairments of speech; that they were at last
" able to do this testifies to the energy and determination of the group. Considerdble- "
time was devoted to the discussion of Entry 275. and, without doubt, this will require
further study. ’ o I

Section on _IiangLuage. Comprehension and Use

The deliberestions of this section were the most divergent of all. This is under-
standable in view of the esoteric nature of the general topic. As is commonly. true
about most discussions of language, the language of the discussion generatcs "built-in"
gemantic and pragmatic confusions. There vere real problems in attempting to codify a
D descriptive terminology that includes impairments of both children and adults. HMany of

the participants had great difficulty in differentiating their clinical procedures from

the descriptive impairments in reference. The chairman felt the need con many occasions

to reiterate that the work on the Impairment Code continues into the future. It.is safe

to report that few of the participants in this section were completely satisfied with the

codification reported out from their sub-committee trial, yet the majority were willing
to subject it to field~trial.
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M At a superficial glance the codes appear complex, but no more so than the array of
BPunan states amenable to rehabilitation. It took considerable time in discussion for
lhony of the participants to cealize the scope and the limitations of the three-digit

S cpairment Code; and, further, to realize that the major three-digit categories are
Mnenable to expansion in whatever limitless descriptive detail any individual or group
Svishes to add by means of decimal subheadings to incorporate his own operational

. nterests. '

5. 1t was difficult at the outset for many of the participants to try to think of
B pairment as different from degree of disability, and from pathpliogy and eticiogy.
Whese terms are specifically differentiated in the Rehabilitation Codes. With some
Bhractice, however, these differentiations were quite well achieved by all the partici-

@ :nts. At stake in this regard is the clear understanding that such a code as this must
$$e built without regard for the symptom-complex exhibited by any particular patient. As
ﬁf'he code is employed in describing patients. it will ro doubt be necessary to combine '
Wcode-entries in multiples as descriptives of syndromes. There are various examples of
d@this in the five-year progress report.

. Considerable committee work remains for the future. The Impairment Code for
Bcommunicative Disorders will need extensive field-trial, and, in some sectionus, further

e evision. Overlaps must be reconciled before the eventual removal of organizational sub-
Bdivisions among voice, hearing, speech, and language comprehension and use. A correlative
i ¢vo-digit code to identify the terms of pathology is required; as yet, little has been
%one in this regard except for the work of the sub-committee on impairment of hearing
Efunction. Finally, there must be a Manual which contains sufficient descriptive detail
K% o that definitions are clear and so that indicated instrumentation, methodology, or

N other op=rational instructions are clearly specified.

William G. Hardy, Ph.D., Chairman N

Workshop on the Nomenclature of Communicative
Disorders

Bethesda, Maryland

June 18-20, 1962

APPENDIX C

; IMPATRMENT CODE: COMMUNICATIVE DISORDERS

)

IMPAIRMENT CF VOICE FUNCIION Normal human voice is defined as the
auditory experience of phonation which

is culturally appropriate ror

e communiication.
o Absence/Total Loss oZ Normal Function
' ?200 Without substitute voice
égi*Zﬁi With substitute voice
Disorders of pitch : Pitch level refers to the central
- S ~ tendency of pitch (voice key) around
t 202 Level too high for age and sex which individuals' inflectional and
e intonational variations habitually
g8 203 Level too low for age and sex occur.
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204
205

209
210

211

212
213

5
H
s
p
=

214

215

216

Disorders of loudness

Inédequate level
Excessive level

Disorders of control

Intermittent phonation

apasmou].c variations o
and/or loudness

Fh

Tremor

Disorders of intonation

Insufiicient variability
Excessive variability

. Qtereotypy

Disorders of quality associated

with phonation

Breathiness

Roughness

Discrders of quality associated

with resonance

Hyper-~-nasality

_IMPAIRMENT OF HZARING FUNCTION

i

Absence/total loss of normal function

Monaural

Binaural

~213-

Levnl refers to the central tendency
or average loudniss which is chavacter-
istic of an individual's speach.

Variscions in phonation which occur
contrary to the conscicus intent of
the speaker.

Habitual variability im pitch, loudness,f :
and/or duracion inappropriate to the
meaning or tne circumstances.

Excessive 2scape .of air,

This includes such qualitiesvas harsh,
hoarse, grating, rasping, etc.

A characteristic modification of speech "
suggesting an abnormal participation of
the nasal resonators. A

Normal hearing consists of sensitivity
to and cransmission and recognition of
sounds within appropriate envirommental
limits.
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Reduction of sensitivity of hearing Hypoacusis; ranges based on gensi{ {vity
for speech in decibels of hearing for speech, re.
normal acuity. No punch = 0-15 db.
Right ear A 16-26
n L 1] B 27-44
" " C 45-66
" n D 67"84
" " § 85-100
Left ear A
1] " B
" " c
" 1" D
n " E
Binaural A
n " B
LT 5 c
1] w D
" " E .
Reduction of intelligibility for Dyslogacusis; ranges based on
speech discrimination score in percent of
correct responses; test materials to
Right ear A 86-80 be PB lists, as specified. No punch =
" " B 78-68 100~88%. '
. 234 " " C 66-58
£ 235 " " D 56-42
g 236 " " E 40-0
g 237 Left ear A
" 238 R . 11} n B
I~» S239 [ 19 11 C
:240 L
,241 n n E
N 242 Binaural A
" 2%3 " " B
. 1244 Coe n " C
o 245 P | | n D
246 " " E
. Estimated reduction of hearing Ranges are the same as for 217-221;
) _ ‘for speech level in decibels based on the threcholds
. o for pure tone in the speech~hearing
. 247 Right ear A range (preferably the cverage of
¥ 248 " R thresholds at 500, 100_, and 2000 c.p.s.)
' 249 . " 1] C
% 250 ” n D
5 251 " " E
i 252 Left ear A
253 " " B
254 " " C
*‘;. < 255 " " D
. 256 1" " E
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Estimated reduction of auditory = Ranges are the same as for 217-221.
sensitivity based on procedures NEC/NOS = "not elsewhere covered"; ‘“not
NEC/NOS : _ o otherwise specified." Specify

- . procedure.

Binaural
1" n i

Distortion of hearing function Dysacusis; distortion in audition in
ways not accountable in terms of loss
Monaural : of sensitivity

Binaural

. Oéﬁer distortibn . Auditory disturbance not accountdb‘e
: in terms of dysacusis nor by reduction
in sensitivity and/or discrindnation.

Lowerad tolerance for sound Dynacusis

' Impairment .of ability to localize Dysstereoacusis
gound

. Apparent disturbance of hearing Psychomalacusis
function

" Tn addition to demonstrable organic
impairment of hearing

Without demonstrable organic
impairment of hearing

IMPAIRMENT CODE: COMMUNICATIVE DISORDERS

IMPAIRMENT OF SPEECH FUNCTION Normal speech is the oral and verbal
expression of langiiage appropriate to
the environment of the speaker and the
listener.

The term "inappropriate" is used through-
out from the reference point of the
listener,

Absence/total loss of speech
function

Impairments of articulation Inappropriate phonatioh and/or omission
and/or substitution and/or distortion
of speech sounds.
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Inappropriately fast

- Inappropriately slow

Inappropriately varied

Impairments in the patterning

"and/or control of stress in

syllables, words, and/or word-

' groups

Impairmeats of concomitant
audible behavior

Impairments of concemitant
visible behavior

f IMPATRMENT CODE: COMMUNICATIVE DISORDERS

> 279

280

IMPAIRMENT OF LANGUAGE COMPREHENSION
AND USE

Absence/total loss of language
comprehension and use

Limitation of language unrelated to

comprehension

Impairment of the ability to
process, pattern, and retain
auditory stimuli unrelated to
comprehension

Impairment of the ability to
process, pattern, and retain
visual stimuli unrelated to
comprehension

-216-

Inappropriate pauses; prolongation of
sounds; revision of speech eleménts;
interpolation of extraneous gpeech
elements; repetition of sounds,
gyllables, words, and/or phrases; for
example, as in stuttering, cerebral
palsied speech, etc.

Monotony or excessive or uncontrolled
variability.

"Stress'" refers to the semantic and/or
mechanical variations in time, intensgity,
frequency, etc. at certain points within
connected discourse.

That is, clicks, smacking, nasal
emission of air, etc., as in speech
associated with cleft palate.

Lack of movement normally accompanying
speech, as in the faces of Parkinson's
disease; or in the lack of facial move-
ment associated with chiidhood autism:
and/or inappropriate movements, such as
eye-blinking in stuttering, or grimacing
in cerebral palsied speech.

Normal language is a system of communica-
tion among human beings of a certain
group or community using symbols
possessing arbitrary cocnventional
meanings.

Failure to develop, or loss of previous-
ly acquired, language skills; description
would specify various aspects of recep-
tive, integrative and expressive dys-
function,

Receptive defects.
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281 Impairment of the ability to process, .
pattern, and retain tactile/cutaneous/ ",

B kiresthetic stimuli unrelated to h

R comprehension

282 Impairment of the ability to process, o Gustatory, olfactory, thermal,
- pattern, and retain stimuli of crs etec. - . - N
other sense modalities e

Limitation of language comprehension ' : Igtegraftye"aefgété.;w,,

283 Impairment of the ability to compre-
hend the meaning of discerned verbal
auditory patterns

284 Impairment of the ability to compre=-
hend the meaning of discerned verbal o L
visual patterns , ' _ R

285 Impairment of the ability to compre-
hend the meaning of discerned verbal
tactile/cutaneous/kinesthetic patterns

Limitation of the ability to formulate
language ’

286 Impairment of the ability to formu-
) late meaningful verbal material
C spontaneously

Impairment of the ability of spontaneous
eggression

287 Impairment of the use of motor
patterns to express meaningful
verbal/oral material

288 Impairment of the use of motor
patterns for graphic representa-
tions

289 Impairment of the use of motor

patterns for gesture/pantomine/
facial expression

Limitation of the ability to imitate
linguistic patterns

290 Impairment of the ability to imitate,
i.e., reproduce, a discerned linguis-
tic auditory pattern, the input and

5~a§; 4 output pathways being considered.
-4 intact
7 291 Impairment of the ability to imitate,

i.e., reproduce, a discerned linguis-
tic visual pattern, the input and
output pathways being considered
intact
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Impairment of the ability to imitate,
i.e., reproduce, a discerned linguis-
tic tactile/cutaneous/kinesthetic
pattern, the input and output pathways
being considered intact

Limitation of the ability to imitate
non-linguistic patterns

Impairment of the ability Co imitate,
i.e., reproduce, a disceraed none-
linguistic auditory pattern, the input
and output pathways being considered
intact

Impairment of the ability to imitate,
i.e., reproduce, a discerned non- '
iinguistic visual pattern, the input
and output pathways being considered
intact

Impairment of the ability to imitate,
i.e., reproduce, a diucerned non~
iinguistic tactilc/cutaneous/kinesthetic
pattern, the input and output pathways
being considered intact




