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The Institute’s Services to Education

. SCHOOL BUILDINGS SECTION. e

In 1931 the N.LL.P. began a series of studies on the working
conditions in schools, at the request of various bodies interest
Heating and ventilation, natural and artificial lighting, and the
design and provision of equipment have been the subject of numerous
investigations.

The results of these investigations are available by means of
the Institute’s Advisory Service to local education authorities and
other bodies responsible for school buildings. Advice is given on
problems of lighting, heating and ventilation from the physiological
and psychological points of view as they affect the design and equip-
ment of school buildings. In addition to consultations and advice,
the Institute frequently carries out investigations for school authori- .
ties in order to examine and report on one or more specific problems
connected with their new—and sometimes their old—buildings.

Fees are charged to cover the cost of consultations, investigations,
etc., under the Advisory Service.

2. VOCATIONAL GUIDANCE. T e

The Institute’s Vocational Guidance Department gives advice |
on the choice of a career to boys and girls from sixteen to nineteen.
The vocational guidance consultation, during which psychological
tests of proved usefulness are employed, lasts about three hours,
and subsequently a full report is despatched to the parcntnrtiumﬂlan. R

About 1,200 young people are advised each year on the choice
of a career. Most of the examinations are carried out at the = =
N.LL.P. headquarters, but visits to schools for the examination
of groups of boys or girls are frequently arranged. - 1t

‘Follow-up’ nvestigations show that, among those who accept
the Institute’s advice, the successes are approximately fifteen times |
as frequent as the failures. i SR Rerogk

The Institute organizes sessional and summer courses of instrue- |
tion in its methods of vocational guidance and in the admm:sn-auun ":, N
of the Binet-Simon tests of intelligence. Individual lectures or
courses of lectures, on the problems of school buildings, or on
vocational guidance, can be arranged in any part of the cuunt:ry 3

Full details may be obtained from the Secretary, NII P.,
Aldwych House, Aldwych, London, W.C.2,
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PREFACE

LITTLE more than six years ago, the National Institute of In-
Adustnai Psychology began a series of studies on the working

conditions in schools, at the request of various bodies interested.
For many years previously the Institute had been investigating conditions
in factories and offices with a view to 1mprmr1ng the health and well-
being of the human factor in industry; and it seemed fairly certain
that the expenence thus gained and the technique thus acquired would
be helpful in the improvement of new school buildings, which the
movements of population and other causes were making necessary
throughout the country.

The first part of this work on schools consisted of a careful examina-
tion of the t}]PES of building already in existence and of the conditions
which were found in them. Old-fashioned country schools, schools of
the central hall type, open-air and semi-open-air schools were examined
from the point of view of their general suitability. The investigations
included a survey of sickness absences in various types of school and a
study of the general standards of heating, ventilation and lighting
attained. A brief summary of some of the results of this part of the work
has already been published.! The next—and probably most valuable—
part of the work consisted of the determination by empirical means of
the most suitable environmental conditions for children and teachers in
school. At the same time, complementary studies were made to ascertain
the methods of obtaining the most suitable conditions. These parts
of the work are still being continued.

In addition to the considerations of heating, lighting and ventilation,
it seemed advisable to give attention to certain essential pieces of school
equipment. The first of these to be studied was the blackboard, and the
present report contains an account of the work on this subject. In view
of the rather striking results obtained, the Institute decided to publish
them in a separate report, as the matter seemed of special interest to
Local Authorities and to all educationists.

A brief account of the experimental work has already appeared in
the British Fournal of Educational Psychology. The Institute 1s indebted
to the editor, Professor C. W. Valentine, for kind permission to republish
it with added details,

1 School Buildings, by John Sargent and A. H. Seymour, published by the National Union
of T'eachers, 1932.
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IMPROVING THE BLACKBOARD

I. INTRODUCTION

H1s research was undertaken in the course of a far wider experi-

mental investigation now being conducted by the National

Institute of Industrial Psychology into the equipment and
environmental conditions relating to school work. The heating and
ventilation, the natural and artificial lighting, and the provision of
equipment in schools have already received attention, and experiments
on these problems are still continuing.

In considering the design of equipment, the blackboard appeared
to be the first thing to demand attention. This is an essential part of
almost every class and lecture room, and it would seem to share, with the
cane, the honour of being the school’s most ancient institution.

Certain disadvantages of the blackboard are, however, quite well
known. The complaints of teachers, and the strain which was noted,
subjectively, in copying from the board, first prompted this investigation.
The necessity for some surface on which to record words and plans of
temporary and semi-permanent nature is obvious, but often such difh-
culties in employing the blackboard have prevented its more frequent
use.

Before outlining the scope of the present experiments, which were
undertaken in an attempt to remove these disadvantages, it is interesting
to consider the history of the board. It would appear that scratching
with a small piece of slate on a large piece of slate constituted the earliest
blackboard writing, which succeeded tracing in sand as a method of
public demonstration. Until comparatively recent times pupils wrote
in white chalk on a black slate, and the teacher did likewise. This was
the habit of the Dame Schools, and it became established in public
elementary schools after 1870. More recently—indeed, only since
about 1900 in London—children have used white paper to write on,
in ink or pencil, and the teacher has retained the white chalk and the
blackboard. The importance of this change will be discussed below.

II. PURPOSE OF THE INVESTIGATION

The strain felt by children in copying from the blackboard 1s well
known. It may arise from repeated movements of the head and eyes—
especially from changes in accommodation and convergence. [t may
also be partly due to copying from a blackboard on to whire paper,
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i.e., to the possible alterations, rapid and continually reversed, in the
level of adaptation' of the eye. Ordinary white paper has a reflexion
factor? of about 8 g per cent., a blackboard of about 10-1 § per cent.

The following experimental work was carried out, therefore, to
determine whether a board with higher reflexion factor would enable
children to copy more quickly and with less strain, and remove some of
the disadvantages inherent in the usual board.

III. PREVIOUS WORK

As far as can be ascertained, no experimental work on this subject
has been done. Boards other than black have been used in schools—
green boards are not uncommon—but their selection has been, ap-
parently, on aesthetic rather than on physiological grounds.

Writers on classroom equipment have usually accepted the black-
board as an inevitable and unalterable part of the teaching apparatus.
Félix Narjoux, in his work Les Ecoles Publiques en France et en Angleterre
(Paris, 1877) gives this picture of the blackboard :—

“Ce tableau mobile est formé d’une grande ardoise encadrée
dans des traverses de chéne. 1l se place en avant des éléves, dans la
partie de la classe restée libre, et sert aux explications du maitre.”

The subject, thus concisely epitomized, 1s usually dismissed even
more scantily by other writers. Felix Clay in his Schoo/ Buildings (1902)
quotes Zivey (Schulhygiene, 1898) as to the distance at which a black-
board may be read, but makes no comment on colour, size or type.

The influence c:f colour on ]eglblht}r has received considerable atten-
tion. Luckiesh® quotes Le Courier du Livre as stating that black letter-
ing on a yellow ground is the most legible combination. Also from

1 We ought perhaps to distinguish brief or immediate adaptation from prolonged and
progressive adaptation. ‘The former perhaps should be ascribed rather to the immediate
interaction between retino-cerebral elements than to dark adaptation in the more familiar
sense. 'Thus D. Katz (The World of Colonr, p. 177) states “We must make a sharp distinction
between such instantanecus adaptation and durative adaptation, since the two types of adapt-
ation have entirely different causes and also significantly different effects ”, and quotes Hering
(Zur Lekre wom Licktsing). See also Appendix.

2 The proportion of the light reflected by, to the light falling upon, a surface is known as the
reflexion factor. This is normally expressed as a percentage.

3 M. Luckiesh. Colour and its Applications. New York, 1927.
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his own experiments he says that “‘these data indicate an advantage in
defining power of monochromatic? ye]]nw light over other mono-
chromatic lights of equal brightness.”

American psychologists have recentl}r carried out tests on the legi-
bility of various colour contrasts. Tinker? obtained results sl1ghth
different from those quoted by Luckiesh, and found black on a yellow
ground, while easily legible, to be surpassed by black, blue or green on
a white ground. Another investigator, F. C. Summer® of Howard
University, has studied the legibility of various colour combinations at
a distance, and finds black on yellow third in order, after blue on grey
and black on grey. It is generally agreed by these writers that legibility
depends on the difference between the brightness of the lettering and
that of the background.

The black-white contrasts have also been studied in some detail.
C.. D, Taylor found that white letters on a black background were
definitely less legible than black letters on white. Another worker,
G. Holmes,’ also found a marked difference, amounting to 14-7 per cent.,
in favour of black print on a white ground as compared with white
print on a black ground.

The problems of type and legibility have received considerable
attention. The influence of size on legibility has been investigated by
Pyke® and by Hovde.” Tinker and Paterson® found no important differ-
ence in the rate of reading text material with any of the ordinary type

! This does not apply except for maonochromatic yellow light. The light reflected from an
ordinary yellow surface includes the whole spectral band from yellow to red, and is anything
but monochromatic.

2 M. Tinker and D. Paterson. “Studies of the Typographical factors influencing speed of
reading. VI1I, Variations in Colour of Print and Background.” 7. App. Psychel. XV, 1931.
3 F.C. Summer. *Influence of Colour on Legibility of Print.” 7. App. Psychol. XVI,
1932.

i C. D. Taylor. “Relative Legibility of Black and White Print.” 7. Educ. Psychol.
Vol. XXV, 1934.

5 G. Holmes. “Relative Legibility of Black Print and White Print.” . App. Piychol.
XV, 1931.

1R L?jl’;,rl:c. The Legibility of Print. Med. Res. Council, 1926.

7 H. T. Hovde. “The Relative Effects of Size of Type, Leading and Context.” .
App. Psychol. XIII, 1929.

8 M. Tinker and D. Paterson. “Studies of the Typographical factors influencing speed of
reading. X, Style of Type Face.” F. App. Piychol. XVI, 1932.

A3
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faces. In England, work on reading, and on the typographical factors
influencing legibility, has been done by M. D. Vernon.

It will be noted that none of these studies deals with the especial
problem of the present work—namely the difference between ability
to read when the subject is repeatedly changing from white letters on a -
black ground to black letters on a white ground, and when the letters and
ground are unchanged in brightness. These studies have, however,
been of great value in enabling a selection to be made of all the various
possibilities that might have been investigated. They indicate, for
instance, that black letters on a white ground are more easily read?
than white letters on a black ground; and that black letters on a yellow
ground constitute one of the most useful combinations. These results
enabled the field of the present investigation to be narrowed considerably.

The brightness difference between letters and background con-
stitutes probably the major factor in determining the ease of reading,
but subjective psychological factors cannot be dismissed as having no
influence. Various workers have noted (for example Summer and
Hovde, op. cir.) the ‘stimulating’ effect of certain colours; others have
found that print of the customary size, shape, etc., is prtferr&d by
readers to unusual print, and 1is read more easily.

1V, CONSIDERATIONS INVOLVED

A study of the use of the blackboard showed that its main purpose
is twofold. It is used :—

(a) For purposes of demonstration, for the drawing of figures,
plans, maps, etc., and for writing difficult words and important
sentences.

(4) As a surface from which others may copy. In this case the sub-
ject matter, similar to that in (¢) above, 1s copied on to another
surface (usually on to white paper) by the mdlwdual student.

In some schools surfaces of paper (then light in colour) are used
in preference to the blackboard for semi- permanent display of subject
matter under (2) above. Display of all kinds 1s widely used in modern
classroom teaching, and has led frequently to the provision of black-
boards or display-boards all round the room.

1 M. D. Vernon. dn experimental study of reading. Cambridge, 1931.

% Not necessarily, of course, copied.
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When the blackboard is being used for the purpose (a) above, the
visual task is not usually very difficult. Under classroom conditions
the board is placed at a distance of between § and 20 feet ; the writing
1s usually in letters about one inch high, and plans and diagrams may
be drawn (in white or coloured chalks) to a suitable size. Under these
conditions, and when the level of illumination on the board is
adequate, normal-sighted persons can read without great difhculty ;
the eyes are accommodated for a fixed distance and with the correct
degree of convergence, and are adapted to the illumination throughout
the general field of vision.

When, however, the blackboard is used as a surface from which to
copy, the problem is very different. Even when the illumination is
adequate on both planes, the difficulties of discrimination are increased
by their brightness differences. The eye, looking, for instance, at a white
paper, adapts itself to that brightness, which is high owing to the high
reflexion factor.

But on looking up to the board—which may subtend roughly the
same visual angle—the pupil and retina need to readapt themselves! to
a much lower brightness, due to the lower reflexion factor. The
blackboard is frequently in such a position that the illumination on it is
less than on the horizontally placed paper, with the result that the bright-
ness difference is further increased. At the same time Lhanges in accom-
modation and convergence are required.

The strain resulting from copying from the blackboard apparently
prevents teachers from using more often this useful educational aid.
It seemed impracticable to reduce the changes in accommodation and
mnvcrfgcnc:c required in the act of copying, but there appeared to be
scope for reducing the pupillary and retinal adaptation. It was hoped
by this means to reduce the time necessary for copying, and the strain
involved in it.

Scope of the Experiments

It seemed advisable, therefore, to experiment with the use of a
board displaying dark letters on a light ground whose brightness should

1 Tt cannot, of course, be said that the eye adapts itself to the brightness of objects occupying
the central parts of the retina only. Although this is the most important factor it would seem
that the brightness of objects seen by non-central parts of the retina plays an important part
in adjusting the whole retina including the fovea to the correct level of adaptation.
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approximate to that of the white paper on which the copying was done.
The use of such a board would necessitate the same changes in accom-
modation and convergence, but would require less adaptation.

The choice of colour of surface for experimental purposes presented
some difficulties. White was ruled out as likely to give rise to gla.re:,
and to a disagreeable psychological effect.

Of the colours available, few would provide a sufficiently high re-
flexion factor to be considered comparable with that of white paper
(approximately 8§ per cent.). In this respect coloured boards prf:viﬂusl}r
used—such as green—are only shightly higher than black.

It was finally decided, as a result of these considerations and of the
findings of other investigators mentioned in section IlI, to experiment
with a light yellow or primrose board, a little lighter than British Standard
Colour No. 54! This combined the advantages of a high reflexion
factor and of a colour found by many subjects to be agreeable and
stimulating.

For use on this board, as a result of a short test on a dozen subjects,
dark-blue letters were found to be more easily read than black, although
at normal blackboard distance they were indistinguishable in colour
from black.

Before comparing the results obtained on the experimental board
with those on a blackboard, a study was made of the changes in
the pupil size when looking at different coloured surfaces. This is
dealt with under ““Considerations of Pupil Size” below.

The experimental work in comparing dark-blue lettering on the
yellow txptnmental board with white lettering on a standard blackboard
was done in two series of experiments. One part was laboratory work,
in which adult subjects were tested; the other consisted of field experi-
ments with children as subjects in thl:ir ordinary class-rooms. These
are dealt with under “Laboratory Experiment” and *Class-room
Experiments” below.

V. CONSIDERATIONS OF PUPFPIL 5IZE

In order to determine the pupil changes involved in glancing from
white paper to blackboard, measurements were made of a pupil when
regarding a black surface and when regarding a white surface with the

1 Further details are given in section IX.






Fig. 1.

Photograph of the same Pupil Looking at a Black Surface with the same Illumination.

To face page 15
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same illumination. This was done by placing first a white screen 2 feet
square at a distance of 3 feet (i.e. to subtend a visual angle similar to that
subtended by a child’s paper or a blackboard) from the subject’s eye,
which was then photographed. The experiment was then repeated with
a black screen. Despite the fact that the illumination of each screen was
the same, the difference in pupil size, as measured on the photographs
(Fig. I) with the aid of dividers, amounted to nearly 20 per cent.

While this part of the experiment was being carried out, it was found
that similar work was being done (for a different purpose) at the National
Physical Laboratory with the far greater resources of its Photometric
Laboratory. The results' obtained there were kindly put at the dis-
posal of the present writer.

B. H. Crawford, who was responsible for this work, measured the
variations in pupil size of ten subjects when subjected to fields of diff-
erent brightnesses and subtending an angle of approximately 60 degrees.
LLarge variations of brightness were usedgand wide individual differences
were found. Within the range of brightness difference produced by a
blackboard and white paper with the same illumination, the difference of
pupil size was quite marked ; in the first case the mean pupil diameter
of ten subjects was 4.48 mm., in the second the corresponding figure was
3.87—a difference of .61 mm. or 16 per cent. The pupil sizes quoted
are those likely to result from the difference between the reflexion factors
of blackboard and white paper under the ordinary conditions of class-
room lighting. It may be noted that other workers (Lythgoe,? Reeves,®
and Holladay,*) found even greater differences.

These changes in pupil size are unlikely in themselves to con-
stitute a source of strain. The time taken for such a change is quite
considerable but, as can be easily demonstrated, visual discrimination i1s
possible before the pupillary adaptation is complete. It is rather the
concurrent retinal adaptation which may be considered the more serious
problem, and a reduction in this would doubtless have beneficial
results in the saving of time and in the reduction of fatigue. The prob-
lem of this change of visual state must be approached by considering the

1 Subsequently published as “The Dependence of Pupil Size upon External Light Stimulus
under Static and Variable Conditions”. Proc. Roy. Soc., B. No. 823, Vol. 121.

2 K. J. Lythgoe. Report Med. Res. Council. X. “Measurement of Visual Acuity.”
3 P. J. Reeves. Ope. Soc. Amer. Vol. 4.

1 L. ]. Holladay. Opt. Soc. Amer. Vol. 12.
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chemical and neural changes determining visual sensitivity. As Crawford
points out, ‘“when the eye is viewing some given external distribution of
brlghtneas, the concentration of photo-chemical substances in the
various parts of the retina, the nervous messages sent from retina to
brain and the consequent reactions in the latter will all be tendin
towards certain equilibrium wvalues. When the external brightness
distribution 1s changed, these equilibrium values will also change in the
direction of a new set of equilibria.”

Vi. LABORATORY EXPERIMENT
General Experimental Conditions

The aim of this experiment was to measure under laboratory con-
ditions the difference between the time taken by subjects to read nonsense
syllables on a yellow board and on a blackboard, after they had been
fixating the centre of a white area.

The subject sat in front of a large neutral-coloured screen, in the
centre of which was a smaller white screen representing the pages of a
copy-book. The experimental conditions necessitated that this should
be on the vertical instead of the horizontal plane. At intervals the white
screen opened, exposing a board on which was exhibited a test word,
and the time taken for the subject to say the word was measured. After
initial practice the subjects were given a series of ten test words written
in dark blue on a yellow board, followed by a longer series of twenty
in white letters on a blackboard, and then by another series of ten on the
yellow board. The order of presentation of the boards was reversed
for each succeeding subject (i.e. one had Y.B.Y. ; the next B.Y.B.).

The experiments were done in daylight, with the subject facing
away from the window which had a north aspect. The illumination on
the white screen was two-and-a-half times that on the board—conditions
which are fairly representative of those found in classrooms. The
subject’s eyes were approximately 12 inches from the white screen and
7 feet from the bnarcF * The blackboard had a reflexion factor of 14 per
ccnt and the writing thereon of 80 per cent.; the reflexion factor of the
}rcl]nw board was 85 per cent., and that of the dark lettering 1§ per cent.

! B. H. Crawford, “* Change of Visual Sensitivity with Time.” Proc. Roy. 8oc. B. No. 830.
Vol. 123.
2 Except in two cases mentioned below.
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DIAGRAM OF APPARATUS

Board—" T “_ Slip with
nonsense
syllable

Chronograph Shutter
j (SET"EEH. Screen

e ]

&
Voice key %

Subject

Apparatus

The boards were the same as those used in the classroom experi-
ments (section IX below). The test words consisted of nonsense
syllables each of which contained three letters and commenced with a
stop consonant followed by a vowel in order to ensure a positive action
from the voice key. The letters were made with halt-inch Unique
stencils—that is to say, of half the normal size, owing to the fact that the
boards were at approximately half the normal classroom distance.

The apparatus occupied practically the whole field of vision, both
with the screen open and shut. The neutral coloured board was about
three feet square, and centrally placed within it was an aperture nine
inches square covered with a double shutter of white cardboard, con-
taining a central spot for the subject to fixate. The two halves of the
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shutter were hinged like doors, and opened rapidly away from the subject
when a spring was released, so that there was no tendency for the sub-
ject’s eyes to be carried away from the centre of the aperture by the
movement of the fixation spot. The speed of response was timed by a
pen track on a paper tape ; a motor, controlled by an electrically main-
tained vnhratmg reed, advanccd this tape at constant speed. The magnet
coils actuating the pen were wired in series with a switch attached to the
shutter and with a contact actuated by a voice key. This circuit was
closed when the shutter reached the full}r open position and was broken
when the subject’s voice actuated the voice key.! The latter was of the
type where the sound is concentrated on to a microphone by means of a
short trumpet ; it was sensitive enough to be actuated by a normal
speaking voice when the mouth of the trumpet was well to one side and
none of it in the subject’s field of vision. A test of the time lag of the
apparatus was made by arranging that the shutter on reaching the fully
open position made a sound loud enough to operate the voice k
Numerous trials were made and the probable error of the mean of the
time lag was determined. This was found to be negligible in comparison
with the variation and probable error in the times of the subjects’
responses. The mean time lag of the apparatus was subtracted from the
recorded times of the subjects’ responses.

Method

The subject sat facing the screen, with his mouth near to the trumpet
of the voice key, and fixated the spot in the middle of the white square.
It was explained that the white screen would open and that he was
required to read aloud, as soon as he was able, the nonsense syllable
which was on the board behind. Half a dozen trials were given before
the reading times were recorded. The subjects had about five minutes
for preliminary adaptation to the white screen, and about half a minute
for adaptation between the shutting and the re-opening of the shutter
screen. Each subject read twenty nonsense syllables from each board.

1 The entire apparatus was constructed at the National Institute of Industrial Psychulugy
by Mr. D. F. Vincent, B.Sc., who also kindly assisted in conducting the experiment.
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Subjects

[t was found advisable, owing to the complexity and delicacy of the
apparatus, to use adult subjects. They were of both sexes, and had
presumably normal, or at all events approximately normal, sight, except
in five cases whose results are discussed separately below. Three-
quarters of the subjects were in the twenty to thirty year age group.
The ultimate purpose of the experiment was not explained until after
its completion, although several of the subjects then admitted that they
had perceived its aim. No data have been omitted except those obtained
in experimental runs to test the apparatus.

Results

The results shown on page 20 were obtained. (The subjects with
known refractive defects are starred ; two subjects to whom the boards
were illegible at 7 feet were tested with the boards at 4 feet 6 inches.)

¥I1I. DISCUSSION OF RESULTS

It will be seen that each of the twenty-two subjects tested was able
to read more rapidly from the yellow than from the blackboard. The
results considered as a whole are statistically significant, and it is worth
noting that in the case of Nos. 13 and 14 above—with the greatest P.E.
—the difference between the medians and between the inter-quartile
ranges is similar to that between the means.

The subjects were asked to record their subjective impressions.
Several said that they found the yellow easier to read ; No. 12 was
doubtful whether he was any quicker on it ; Nos. 6 and 21 found the
yellow very definitely easier to read. No. 8 was troubled, after looking
at the blackboard, by positive and negative after-images on the white
screen ; when using the yellow board positive after-images were noted.
No. 13 noted a difficulty in fixating the writing on the blackboard—
the letters appeared to revolve in circles before they could be read.
‘The letters on the yellow board did not appear to move.!

An analysis of the results indicates scope for further experiment.
The average difference between the results on the black and yellow
boards was 15.4 per cent.

1 The investigator noted this also when himself doing the test. His score (which is naturally
omitted in the above list) amounted to the significant difference of 24 per cent. in favour
of the yellow.
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Black
Yellow
Black
Yellow
Black
Yellow
Black
Yellow
Black
Yellow
Black
Yellow
Black
Yellow
Black
Yellow
Black
Yellow
Black
Yellow
Black
Yellow
Black
Yellow
Black
Yellow
Black
Yellow
Black
Yellow
Black
Yellow

Mear Time
in Seconds
703
Ha1
676
.540
649
545
793
676
676
616
438
319
.590
514
663
573
730
bio
643
b1o
.568
503
422
351
62
692
584
486
.508
449
.6g8
643
432
378
698
H32
.Bob
782
459
387
816
676
730
H76

TapLe 1 Reading Times

Difference

0Bz

o7

070

P.E. of
Difference

014
.019
015
019
o017
013
020
015
013

OI2

014
024
027
021
019
018
019
019
OI7

023

014

Mean

Percentage
Difference

13
25
19
5
10
37
IS5
16
19
5
13
20
10
20
T4
8
I4
10
7
18

21

15.4 per cent.

*These subjects were known to have refractive defects. {For these subjects, owing to their

defective vision, the boards were placed at the shorter distance of 4} feet.



IMPROVING THE BELACKROARD 21

The average for the five cases with known refractive! defects was
23.1 per cent. ; that for the rest 12.9 per cent. The numbers are
insufficient to form the basis of any conclusions in regard to this difference,
but the investigator hopes to be able to examine the point by means of
other experiments. Both from the social, and from the educational,
point of view, it would be particularly advantageous to ameliorate
conditions for those suffering from refractive defects.

Apparent Size

A subjective impression, not pmpcrl}r part of the experiment,
was noted by subjects who did this cxpsnmcnt and by others who saw
the apparatus for the classroom experiments. When the yellow and the
black boards were seen side by side, the writing on the former seemed
larger to a considerable number of people.

This phenomenon, casually discovered, seemed worthy of further
investigation. It would appear doubtful whether it was the cause of the
improvement, since—

(@) The apparent difference in size was only noticed when the two
sets of writing were side by side? (which did not occur during any of the
experiments) ;

(4) Other Workcrs on legibility (section III above) have found that
a large change in size is necessary before any difference in ability to
read i1s noticeable.

At first sight this phenomenon appeared to be in direct contradiction
to the usual observation of irradiation. A further study, however, showed
that this was not the case. Solid circles and ring circles were drawn in
white and dark blue on the black and yellow boards respectively. Four
subjects were asked which appeared larger, and they found the solid white
circle to be larger than the solid dark blue one, but the ring circle on the
yellow board appeared larger than that on the black board.

This result agrees with an explanation suggested by the investigator
of a phenomenon met with not only here, but by others working on the
same problems. White letters on a black ground appear smaller (and

1 The information available regarding the eyesight of these subjects was insufficient to
warrant any conclusive deductions.

? The writing on the yellow board may, however, produce a better retinal image. See
Appendix.
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not, as might be expected, larger) than dark letters on a light ground,
owing to the fact that there is a tendency to regard the enclosed space
within letters, rather than their outside shape. An analysis of the
alphabet shows that all letters except f| i, j, I, t are enclosed (like l.‘:g
or semi-enclosed (like ¢). The preponderating majority of enclose
and semi-enclosed letters, and a tendency to regard spaces rather than
outside configurations, may possibly explain this phenomenon.

VIII. REVERSED EXPERIMENT

TasLe 1a Reading Times

Mean Time P.E. of Percentage
Subject in Seconds Difference Difference Difference
7 Black 524
Yellow .10 580 st 16
8 Black 562 8 s
Yellow .579 ok et 3
9 Black 411
Yellow .46 oy gk 13
| {6 Black .389 : b
Yellow 438 9 Pa 13
It Black 486
Yellow .40 054 020 1§
12 Black .362
Yellow 395 033 913 9
14 Black .340
Yellow .39 0535 018 15
15 Black -400 018 . &
Yellow  .438 03 era :
16 Black 518 :
Yellow .579 061 016 12
17 Black 405
Yellow  .443 o3k ol 9
18 Black 626 g
Yellow 644 R |11 3
19 Black 637
Yellow 676 039 o014 6
22 Black 746
Yellow .773 ) 13 4

Average Percentage g.§

Subsequently, the experiment described above was repeated but with
the conditions reversed. That is to say the subject sat facing a black
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screen (of the same size as the small one used previously) and the
illumination falling upon the board was arranged to be two-and-a-half
times that falling upon the screen. It was found more convenient to use
artificial light, the intensity on the board being 3o f.c., that on the screen
being 12 f.c.

Exactly the same method and the same subjects were used. It
was not, however, possible for all the subjects to do the test again, with
the result that the group was reduced from twenty-two to thirteen.

As might be expected the subjects were now able to read more
rapidly from the blackboard, and the actual results are given in Table 14,
Several of the subjects stated that they were able to read the blackboard
more easily, and although some of the results are not statistically signifi-
cant, they may be regarded as tending to support the deductions drawn
from the results of the other experiment, namely that the difference in
time between reading from the black and from the yellow board was due
to the adaptation of the eye in changing from a white screen to the
blackboard or from a black screen to the yellow board.

IX. CLASSROOM EXPERIMENTS

The object of this series of experiments was to compare the speed
of the process of copying by children, according as they copied IErDm
white letters on a blackboard or from dark letters on a light-coloured
board. The conditions were so arranged as to approximate, as nearly
as possible, to those of ordinary classwork.

The subjects were children attending four elementary schools in
Barking and Ealing. One of these schools was a senior school, where
three younger classes, consisting of boys and girls aged fr-::-rn 11
to 12+, were tested. The others, junior schools, had the advantage of
affording an unselected group of children, but the results obtained in
the senior school agreed closely with those obtained in the junior
schools.

Of the two boards used one was a standard blackboard, measuring
3 feet by 2 feet, and framed in 1% inch light oak, such as is usually
supplied to elcmcntary schools. The other buard, identical in size
but framed in darker oak, was yellow, a little lighter than primrose
(British Standard Colour No. 54). The letters on the blackboard were
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written in white ink, and on the yellow board in ink of a very deep-blue
colour. The reflexion factors for the black and yellow boards were
14 and 85 per cent. respectively, and for the white and deep-blue inks
80 and 15 per cent. respectively. The letters were stencilled on to each
board by the same one-inch stencil and by the same No 7 pen. They
were equally spaced on each board.

The test-passage was carefully chosen so that it should be compre-
hensible to children aged eight and nine and yet be interesting to those
aged eleven and twelve. It consisted of 100 words (396 letters) and
was as follows—

“When the ship sank, Captain Smith swam 1o miles to the island.
All the rest of the crew were drowned. At first, the island seemed
deserted. Captain Smith dragged himselt 20 yards along the beach
and went to sleep in the shade of an oak tree. When he woke up, there
was a little noise behind his head. He looked round and there, sitting
5 yards behind him, was the little man with the magic wand. The
little man waved his wand 3 times. ‘ What do you want?’ he asked.
The Captain sprang up. ‘ It's you I want,” he cried.”

It was thought better to use several experimental methods rather
than to test a larger number of children by one and the same method.
Three methods were adopted, none of which, however, was entirely
free from criticism. But as the results of each of them pointed de-
finitely in the same direction, they may be considered to be more reliable
than if they had been dcrwed from a single experimental method.

All the tests were given by the investigator himself to children in the
presence of their teacher and in their usual classrooms, save in one
school in which the children, however, were accustomed to move from
one classroom to another. The teacher gave no indication of the nature
of the test ; he merely instructed the children to head their papers with
their name, age, etc., and informed them that they were about to have a
‘do as you are told’ lesson.

The investigator told the children that he wanted them to cop
from some boards that he had brought with him. *“1I am goin
he said, “ to put a board on the easel. First of all I want you to rea it
right through from beginning to end. When you've read it, I shall say
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‘Are you ready?’, and then, when I say ‘Off you go!” I want you to copy
it down on to your paper.’?

The experiments were timed by a stop watch. FEach letter and
numeral copied scored one point. No points were given for punctua-
tion, nor did errors in punctuation, spelling, etc., receive any penalty.

All the results obtained are recorded, with the following omissions
in the third part (i.e. Method 3) of the experiment :—

1. Any child recommencing in the second period was disqualified,
but those starting again in the third period were not disqualified.

2. At the beginning of the experiment the time necessary was not
correctly estimated, with the result that almost the whole of one class
started again in l’hﬁ second period. This class was ruled out as a

“preliminary run”

3. Groups of twclvn: and less in Method 3 (4) were omitted as
explained below.

Method 1

A group of over 100 children, aged between 114 and 12+,
copied for a fixed period (six or eight minutes according to age) from
the blackboard ; and another group of the same age and approximately
of equal size, Strlctl}r comparable in educational attainments, copied
from the '_FE:HDW board for the same length of time. The results are
shown in Table 2.

TasLe 2
Number of Colour Mean no. of Difference Percentage
children of board letters copied and its P.E. increase for
per minute yelloww board over
blackboard
115 Black 32.3 3.240.85 9.9
o = Yellow 35.5

From this table it will be seen that the group which copied from the
yellow board copied on the average nearly 10 per cent. more letters than

1 The brightness of the children’s individual papers was not measured, nor was the illumina-
tion on their individual desks. It may be assumed, however, from measurements taken later
that the illumination on the papers was in practically every case greater than that on the
boards. The surrounding conditions, both in relation to the papers and the boards, were of
course identical when copying from the black and from the yellow board.
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the group which copied from the blackboard, and that this difference is
statistically significant, being nearly four times its probable error.

Method 2

In this experiment, one group of nearly 200 children, aged between
10 and 12, copied the passage from the blackboard as far as they could,
and then (startmg afrcsh) coplcd the same passage from the yellow hnard
for the same period of time as in the previous experiment. A second and
strictly comparable group started on the yellow board and changed to the
blackboard. Each group, owing to increasing familiarity with the
passage, copied more from the second board than from the first. The
results are shown in Table 3.

TABLE 3
Number of Colonr of Colonr of Mear number  Difference Percemtage
children  firse board second board  aof letters difference
copied from
black-  yelloww
board  board
192 Yellow Black
j2.80 3527 247 7-55
194 Black Yellow

[t will be seen that the mean number of letters copied per minute
from the yellow board (first and second attempts) is 2.47 greater than
the mean number copied per minute from the standard blackboard—
that is, a difference of over 7.5 per cent. in favour of the yellow. Ob-
viously the experimental conditions do not permit of the above data
being treated tor the evaluation of probable errors.

Method 3

Here over 400 children, aged between 8 and 11, copied continuously
first from the black, next frnm the }f:]lnw and ﬁnallv from the black-
board. The total time spent on copying from the blackboard was the
same as that spent in copying from the yellow board. The youngest
children, aged 8-, were given 4, 8 and 4 minutes, those aged 9 and
10 were given 3, 6 and 3 minutes, and those aged 11 were given 24,
5 and 2} minutes, for these three periods respectively. In this ex-
periment they were instructed to go straight on with the passage from
one period to another and to start again at the beginning of the third
period if they had come to the end ufg the passage.
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The results are shown in Table 4. It was thought interesting here
to arrange them in relation to speed of copying. The three groups
of differently aged children are accordingly each sub-divided on the
basis of the number of letters which they were able to copy from the
blackboard. Itis clear that, whether the children are fast or slow copiers,
the percentage increase in copying from the yellow board, as compared
with the amount copied from the blackboard, 1s apprnximattl}' the same.
The differences range from nearly three to eight times their probable
errors,

In this large group of 402 children there were g1 who failed to copy
more from the yellow board than from the blackboard. A certain
number of these exceptional cases may be attributed to such accidental
disturbances during the cxpcriment as dropping the pen, blﬂwing the
nose, etc., which were, in fact, observed to occur by the investigator
and to favnur the Excr:ptmnal results obtained. This, however, 1s
unlikely to account for more than about one-quarter of the 22.6 per cent.
of exceptional children. Perhaps in some cases the yellow board may

TABLE 4
Time in  Range of Number of  Mean number Difference  Percemtage
Minutes  mumber of children of letters annd it increase for
letters copied copied from PE. yelloww board
from blackboard black- yellozw oper blackboard
board board
23, 5 125-150 25 137.5 I50.0 T12.5:£2.42 9.2
- and 24 | 150-173% 27 153.2 178.9 15.7-+3.20 9.6
§O=75 23 64.0 70.4 6.4 +1.90 10.0
75—100 54 88.3 06.3 8.otr1.92 9.0
3,6 I00—T125 T 110.5 1222 IL:7 E1.78 10.5
sl % < I25—150 62 137-7 149.7 12.04-2.27 8.7
150-175 50 161.7 1746 12.942.10 8.3
175—200 29 183.5 200.7 17.2-+2.86 Q.1
200-22§ 15 208.3 228.7 2044345 9.5
4, 8 100-150 14 127.4 158.7 31.335.44 24.6
and 4 150-200 17 169.g 183.1 13.244.70 7.8

have suffered adversely through its strangeness, and in some others
through the dislike of its colour. In others, again, the disadvantages

1 There is, on the other hand, the possibility that the speedier copying from the yellow board
in the majority (77.4 per cent.) of the children was partly due to the stimulus of its novelty.
But this explanation cannot be applied to the shorter reading times of the adults (Section VI).
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of the blackboard may have been compensated for by increased effort.
But it is clear that these exceptional cases demand future closer investi-
gatmn

The same children who undertook the previous experiment repeated
it later, but this time the blackboard was used in ‘the middle period.t
Unfortunatch, owing to the approach of the summer vacation, only a
week elapsed between the two experiments, and this gmved insufficient
for the children to have forgotten the passage. Consequently they
copied considerably more in the same time, some of them being observed
to write quite long passages without reference to the board. It is not
surprising, then, that the results recorded in Table § show a great
reduction in the advantage of the yellow board.

TasLE 5
Time in Number of Mean number of letters copied Diffe- Percentage
minutes Children [from Sfrom remce increase for
Slackboard yellote board yelloze board over
blackboard
24, 5, 23 67 196.0 200.4 4-4 2.3
s E: _1, 304 170.0 172.6 2.6 1.5
4, 8, 4 37 181.8 184.0 2.2 X2

The differences are not statistically significant. But they support
the strikingly significant results of the three previous experiments on
schoolchildren and those of the reading times of adults.

The Children’s Choice

The children doing the above test were asked at the end to write
down the colour of the board they preferred with reasons if possible.

Of the total 419 children 268 (64 per cent.) preferred the yellow,
151 (36 per cent.) preferred the blackboard. The reasons given were
various? :—

165 (39.5 per cent.) children found the yellow board was *“plainer’’
r “showed up better.”

! In the results are included data from a group of children aged about twelve, which was
too small for inclusion in Table 4. These, counterbalanced by certain absentees in the re-
peated experiment, account for the slight increase in the total number.

® Not more than one reason is given for each child.
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81 (19.3 per cent.) children found the blackboard was “plainer”

r “showed up better.”

28 (6.7 per cent.) children said the yellow board was less dazzling.

15 (3.6 per cent.) children said the blackboard was less dazzling,

9 (2.2 per cent.) children preferred the blackboard because they were

accustomed to it.

6 (1.5 per cent.) children prﬁferred the yellow board because it was

“easier to find my place on it.’

L3 (7.5 per cent.) children preferred the yellow board because the

“writing was (i.e. seemed) larger.”

84 (19.5 per cent.) gave no reason.

Some individual opinions were in l.'EIEStIng Several found the yellow
board “brighter”; two found that it was “easier to copy from”. One
said I am used to black letters” (i.e. in book reading). One stated that
the letters on the blackboard seemed to “‘jump about”.

The most interesting comment was probably that of a boy who
preferred the writing on the blackboard—"I find I can remember it
more easily”. This may possibly account for part of the reduction
of effect of the yellow board on the second attempt. Children would
tend, possibly, to remember better when faced with the blackboard
because they are accustomed to remember things from it.

It seems doubtful whether any actual difference in the colours of
the boards themselves would enable children to remember the writing
on the blackboard more easily than that on the yellow.

X. SUMMARY AND CONCLUSIONS

The object of this research was to compare the time taken to read
white letters on a blackboard and to copy them on to white paper with
the time taken to read dark letters on a light-coloured board and to
copy them on to white paper. Under the former conditions the eyes
were subjected to repeated changes in brightness, whereas under the
latter conditions the brightness of the board on which the words were
presented and that of the paper on to which they were copied were
nearly the same,

In the laboratory twenty-two adults were tested by a reaction-time
apparatus and a voice-key, in order to compare their reading-times of
short syllables according as they were written in white on a blackboard
or in deep-blue on a yellow board. These times were on the average
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1§.4 per cent. quicker when the subjects read from the yellow board
than when they read from the blackboard.

In three different experiments upon over 1,000 cases in elementary
schools under classroom conditions, the speed of copying a set passage
from a standard blackboard was compared with that of copying it from
a yellow board. The children were found on the average to copy
nearly 10 per cent. more in the same time from the yellow board than
from the blackboard.

These results suggest that an appreciable saving in time, and pre-
sumably of strain, is obtainable by substituting a light yellow board for
the standard blackboard.



NOTE

ON CERTAIN PRACTICAL CONSIDERATIONS

type of board cannot be gained unless the board is easily obtainable

at a reasonable price and of durable material.

The requirements of a school-room board are :—

(a) that it should be strongly constructed and stand the strain of

wear for years ;

(&) that it should have sufficient ‘tooth’ to take the chalk easily ;

(¢) that the chalk should wipe off, without undue rubbing, with a

dry cloth. It is an added advantage if the board can be washed.
In addition, it is essential that the chalk required should be easily
obtainable.

As all these requirements are met by various blackboards at present
on the market, the practical considerations involved in the introduction
of a new board have necessarily received careful attention.

We are indebted to the Building Research Station, and the Paint
Research Station of the Department of Scientific and Industrial Research,
and the various manufacturers mentioned on page 7 for help in this part
of the work. So far we have received samples of the following materials :

Cement for wall boards ;

Paint for wall or easel boards ;

Wall Cloth for wall or easel boards, or roller type boards ;

Glass (Painted) for wall boards or sash boards ;

Rubber (all types);

Faience (wall boards);

Enamelled Metal—(all types).

Certain of these materials have been tried without great success,
and it seems probable that Glass, Wall Cloth (on a roller) and Faience
may prove the most serviceable.

The darkest of the blue chalks already on the market is fairly
satisfactory, but attempts are being made to produce one still darker.
It 1s hoped also to provide the chalk with a greater glazing to prevent
soiling the fingers.

Boards of all types made from one or other of the materials mentioned
may be used, e.g. :

Wall boards

FEasel boards

IT 1s obvious that any advantage to be gained by employing a new
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Roller boards

Sash boards

Frame boards (where a wooden board is held in a frame close to the
wall at a slightly inclined angle).

[t is not possible at the moment to lay down any recommendation
as to which of these is the best. Choice will be dependent on the size
of room, the position of windows and artificial light, the type of work
done, and the disposition of the students. Cost is usually an important
consideration also.

If there is no objection to using a moist duster, existing boards may
be treated with several coats of primrose paint obtainable from black-
board paint manufacturers. The surface so produced is excellent in
every respect except that the chalk cannot be removed with a dry cloth.



APPENDIX

ON CERTAIN THEORETICAL CONSIDERATIONS

HE experiments recorded in the present report cover a wide field,
and the results have raised a number of interesting physio-

logical and psychological considerations. Again, in the course of
the work warious pmnts have become more clear, but nevertheless any
account of it tends rather to follow the lines along which the investigator
travelled. Thus, it may be objected that the assumption that adaptation
is the cause of the differences in reading times and copying times is too
great a one to be made—yet it was on this assumption that the investiga-
tion was first started. Other reasons may be put forward to account for
the results, but such reasons do not nullify the main conclusion of the
work—that it is probably advantageous to use dark blue chalk on a light
coloured board in place of white chalk on the usual blackboard.

Some other faLtD]‘S which might be responsible for the facts observed
may be mentioned. The first 1s the refraction of the eye when dealing
with colours : the letters on yellow may look blgg::r because they are
better focussed on the retina ; they may also be easier to focus and so
may be read more quickly. Thc results of the Reversed experiment
would, however, tend to suggest that this is not the sole, or indeed, the
major, cause.

Secondly, the Gestalt psychologist will be tempted to say that the
arguments advanced are based too much on the stimulus and response
psychology, i.e. they assume that the only things that condition our
perceptions are the colour, strength and duration of the sensory stimulus
and the physiological cnndltmn of the sense organ. It will be realized,
however, that in an experiment like the present one some such simp]iﬁca-
tion is inevitable, and these further considerations arise naturally from
the results obtained. :

Thirdly, the use of a coloured board and of coloured (though, in
effect, practically black) chalk may be criticised. Had the purpose of the
investigation been purely one of laboratory experimentation, the more
obvious comparison of black on white and white on black would have
been made. In the circumstances, however, it seemed advisable not to
Spend too much time on theoretical points, but to proceed directly to the
1nvast1gal:mn of the particular apparatus which would probably be most
satlsfactﬂr}r In practice.

It is unfortunate that the information available concerning the eye-
sight of the five subjects (in the laboratory Experiment) with refractive
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defects is so scant. In any case their numbers are too small to warrant
any deduction from their results ; further experiment on this point will
be necessary.

Various objections may be raised to the section on Apparent Size
(p. 21). The difference noted in apparent size may not be due to irradia-
tion 3 it may be that the phenomena are similar to those observed and
explained by Gestalt psychologists. Thus, possibly, both here and as
discussed above, the Gestalt point of view may be as important as that
which considers anl}r the conditions of the simple sensory stimulus.

That the laboratory and classroom experiments were designed to be
complementary will already have become apparent to the reader, It is
worth noting that the experimental conditions were very different in one
respect—namely, in the background and surrounds of the apparatus.
In the laboratory experiment, as explained, the apparatus was designed
to occupy practically the whole visual field, and the lighting (which was
from behind the subject) produced no 1pprcc1able glare or bright s i._p
in that field. In the classroom, on the other hand, a large amount of the
field of vision was occupied by objects other than the apparatus (the
boards). In some rooms the walls were very light, i1n others fairly dark ;
in some there was a considerable amount of dark furniture. But all such
surrounds and background remained the same when the blackboard was
substituted for the yellow (or vice versa). Thus, although the influence
of such factors has not been measured, it may be considered constant.

On the subject of momentary adaptation (pp. 1o and 16) it is worth
while to quote Hering (Zur Lekhre vom Lichtsinn, in Grife-Simisch’s
Handbuch der gesamten Augenheilkunde, Tell 1, Kap. 12. Leipzig,
1904 and 1907, p. 17).

According to Hering, Aubert was the first to investigate more
thoroughly the change in light sensitivity in proportion to illumination,
and he called it adaptation. Hering called it successive or durative ada
tation in contrast to the adaptation which is brought about by tll:_
interaction of the different retinal elements.

This interaction, said Hering, depends upon the fact that the
stimulation in turn of each individual retinal element (somatisches
Sehfeldelement) determines at the same time the light sensitivity of all
the others: conversely the light sensitivity of the given element depends
on the simultaneous stimulation of the remainder.
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“Hence, when a retinal element is altered by the light this change
affects, simultaneously and in proportion to the influence of the stimulus,
the rest of the retina, and decreases its light sensitivity. In this way the
light sensitivity of one element becomes a function of the total illumina-
tion of the retina and, in particular, the stronger this illumination
becomes the weaker is the light sensitivity.

“This adaptation in light sensitivity which is conditioned by this
interaction, takes place therefore almost at the same time as the change
of illumination—that is why [ have called it simultaneous or momentary
adaptation. Durative adaptation on the other hand presupposes the
continuation of weaker (or of stronger) illumination.”

Prinfed in Greal Britain by The Shenval Press, Lid., 58 Bloomabury Sireel, London WCE












