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{With a very rapid quantitaiive expansion in the sphere of education, we in India need
effective measures t> improve the quality of the learmning experience of the students. The
st vital skill for the Jearner, whether at school or at college, is thal of reading.

This article deals with it through the experimenral eye, [t opens up large vivas of
comparable work in various regional langusges of [ndia. This would lead to the preparation
of reading material in a better look, to facilitate quicker reading with a maxsmum scope for

preh and subseq
The studisd igation by Shri B. S. Bhagoliwal is decidedly a sterling contribution to
the apening of newer channels of purposeful research work. — Editor)

Legibility studies have been made in English to study the influence of
various typographical dimensions. The pioneers in such studies have been
Paterson and Tinker (6) in the U.S.A., and Burt (2) in U.K. They have also
developed specifications of optimum dimensions for the use of typographers,
publishers and printers, in order to make reading swifter, easier and more
comprehensible. Poulton (7) has summarised their results with those of
Luckiesh and Moss, and has pointed out the limitations in their interpreta-
tions, e.g., criterion of readability, lack of statistically significant differences,
use of a standard condition for the comparison of various conditions, and the
difficulties of interpretation due to the interaction of variables. Most of
the above works relate to the changes in legibility when varying one or at the
most, two factors only, while they all agree that interactions among the
various typographical factors are very significant. Perhaps most important
for education and communication in India is the fact that no experimental
work has been reported on development of specifications for Hindi Print,

The Present Study

In this study an attempt has been made to show the influence of some of
the typographical dimensions on the legibility of Hindi Print, In this study
the words “legibility’ and “readability” have been interchangeably used to
mean “casc and speed of reading printed material at a natural reading dis-
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tance” (6) According to Burt, “The legibility of a page of print is the resul-
tant of many different factors—the size, the form, the thickness or ‘boldness’
of letters, the width of the line, the spacing betwcen successive words, the dis-
tance between successive lines, the texture of the paper, the ink, the press-
work, the lighting, and what is too often overlaoked, the intrinsic interest of
subject matter itsell” (2, p. 5). For the present study, only three main
variables viz. type size, line width, and space between lines or ‘leading’ have
been taken into consideration and other factors were kept constant and optimum
as far as possible.

Incidentally, during the search for an appropriate design to study the
effects of a number of simultaneous changes in the three variables, a review
was made of the various higher order factorial designs as discussed by Cochran
and Cox (3), and Lindquist (4). Interest in the project also increased hecause
of a remark by Lindquist, “The designs that have been presented here as
examples have not, to the writer’s knowledge, ever been employed in cduca-
tional and psychological research, but they suggest stll further designs that
might have interesting possibilities in this field”. (4, p. 304). Hence it
also became necessary to explore the workability of this factorial design for
the present problem and finally, a 3! factorial design with one-third replication
was developed for this purpose using subjects as blocks.

Method

The various methods employed by the previous investigators to deter-
mine the legibility of type have been broadly classificd by Burt (2, p. 4) as
follows.

1. Ease of reading letters, words, or sentences judged by the distance
at which they can be read.

2. Accuracy of reading letters or words, with briel tachistoscopic expo-
sure.

3. Speed of reading passages of prose, when the reader’s aim is to grasp
the content of the passages.

4. The obscrvation of ey ye-blinking, and other objective
symptoms,

On the basis of considerations similar to those described by Burt, the
method employed for measuring legibility in this study was that of "speed of
reading passages of prose when the reader’s aim is to grasp the content of the
passages’, (2, p. 4). A marked deviation was made from Burt’s study in that
comprehension was not measured by means of a questionnaire; passages were
selected such as to be markedly easy in comprehension and the subjects were
asked to read the passages aloud so that their lack of comprehension could be
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measured on the basis of the mistakes committed in reading. Again, as Burt
has noted, ‘differences in legibility and fatiguability may not appear during
the first few minutes’ (2, p. 5); longer passages were chosen so as to approxi-
mate 230 words per passage.

Experimental Passages

In order to estimate individual differences the same passage or passages
should be read by each individual; to control the effect of learning, therc
should be at least three different but equivalent passages to be read by each
individual. To keep the factor of interest within control it was decided t
select passages of equal ease of comprehension. More than thirty short stories
were analysed to determine their “‘Reading Ease Index” on the basis of the
readability formulae as applied to Hindi by Bhagoliwal (1). Then four
passages were selected 30 as to have maximum comprehensibility, yet having
a very similar Reading Ease Index.

Three of these passages were printed in modern style Roman of Hindi
mono-type in 27 different combinations of the 3 X 3 X 3 X 3 design ay
specified in table I, and the fourth passage was printed in hand-composed
Hindi-Ialic with typographical dimensions different from any of the various
27 combinations used for the experimental passages. This last passage was
used as a control passage to be read by the subject before any of the experi-
mental passages. The colour and texture of the paper, the ink, the press-work

were also kept constant for all these 28 combinations of the four p
Values of the different di ions may be ized as follows:

Typographic Treatment Level

Dimension 0 1 2

B Point Size 12 pt 14 pt 6 pt

C Line Width 3 4 :

D Inter-liner Space Solid I lead 2 lead

To illustrate the type used and the typographic dimensions, Figure 1
presents portions from three passages: (i) 12 pt, 3}" line width, sct solid;
(ii) 14 pt, 4° line width, 1 lead; and (jii) 16 pt, 4}" line width, 2 lead.

Experimental Conditions: In order to control other factors and
keep them at the optimum level, the experiment was carried out in a dark
room having a general illumination from an artificial source, very high from
the floor, to avoid glare in the visual field of the subject. Also extra illu-
mination to the reading area was provided with a 100 watt tungston white
bulb, so as to give a controlled and concentrated total brightness to the task
arca of approximately 30-35 foot-candles. The subjects were to sit on a
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fixed chair in front of a lable on the other side of which the experimenter was
to take his seat. The reading passage was placed on a stand at an angle of
45° from the horizontal level of the table, as suggested by Tinker (8). The
stand was of the size of 18" X 20" to cover at least 60° of the central portion
of the visual field as specified by Luckiesh (5, p. 2]9). The stand was placed
on the table as 10 be parallel to the edge of the table towards the subject’s
seat and al a distance of approximatcly 14° from his eyes (5, p. 297). Thus
the whole experi 1 set up was ding 1o the optimum specifications of
Luckiesh (5).

Subjects

The subjects were chosen in sets of nine, each set from the same section
of class VIII. Their mother tongue was Hindi and they were matched in
cach set on age (12-15 years) and their achievement in Hindi. Also they
were tested first on snellen chart in Hindi, for a vision of 20/20 or more
from a distance of 20 R. from the chart. Those subjects who had some
disability in reading or speaking, e.g.. stuttering, were cxcluded from
the experiment,

Administration of the Test

The subjects were randomly assigned to each of the nine sets of com-
binations and the combinations were also randomised for each subject.
First they were given the control passage to read aloud and their time of
reading the passag and th: errors committed in reading were noted by the
cxperimenter using a stop-watch, Then they were asked to read the three
cxperimental passages one by one according to the experimental design
(Table 1). The time taken by them for each passage and the errors com-
mitted were noted by the experimenter with a stop-watch. The following
instructions were given to the subjects in Hindi before starting the experiment.

“I will give you four passages onc by onc to read. It will be a test of
your speed of reading and understanding Hindi accuratcly. Read the
passages a bit aloud so that I can hear you. Also read as [ast as you can,
but be careful not to make any mistakes. I will note down the time taken
by you to read each of the passages and the mistakes commilted. Start only
when 1 ask you to do so™.

With the above procedure two replication of the design were made,
thus taking observations on 18 student; in all. The design used was Plan
6A. 18 (3, p. 290).

Analysis and Results

The time taken by the subjects in reading each passage was converted
for a standard 1000 words to equalisc for uncqual number of words in the



TYPOORAPHIC DIMENSIONS APFECTING THE LEOIBILITY OF HINDI PRINT 209

four passages. These dard timings along with the subject's age and
achievement-scores in Hindi and the binations of the passages on which
the timings were noted are given in table 2.

The number of errors committed in the reading of different passages
are not presented as they were negligible, being zero or so, with a maximum
of five per passage.

The data were analysed by the analysis of variance techniq Table 3
presents the variations due to each of the factors and their interactions along
with their significance at ‘01 or :05 level. The analysis has been outlined
by Cochran and Cox (8, pp. 271-273) for this experimental design.

Discussion

The results presented in table 3 show that all the two-factor and three-
factor combinations are significant, and the main cffect of one factor (D) is
also significant. Examination of the results shows that increasing the space
between lines (D) does not increase the legibility of the print. On the other
hand we find in this experiment greater legibility when the type is set-solid
or with one leading as indicated by lesser reading time for set-solid (D,) and
single space between lines (D) then when the inter-liner space is doubled (D).

All the two-factor intcractions are significant at 05 level. There
are optimum values for B,C; combination i.e. 16 pt. type is definitely more
legible than 10 pt. or 12 pt. sizc and that too when presented in medium
cotlumn-width (47), t:c difference being significantly greater when the length
of the line is either reduced to 3§" or increased to 4§". Similarly 16 pt. type
size was found most legible with single spacc leading as compared to
any other rombinations of type-size and leading as revealed by the least time
taken by the B,D, combination. Again the C,D, combination or the shortest
line of 3} width set-solid was on the whole more legible than any of the other
combinations of line-width and leading. The three factor interaction was
significant even at 01 level.

Among the various combinations used for this experiment, the optimum
legibility for different type-sizes was as follows, 12 pt. size was most legible
in 44" line set at single space; l4 pt. typesize was most legible with the
shortest line (3°) set solid; and 16 pt. type-size took least time in reading
when presented in 47 line width with double space.

s y and Gonclusi

The objective of this experiment was two-fold:
1) To study the influence of some typographical dimensions and their
interactions on the legibility of Hindi measured by the speed of reading the
passages accurately at a normal reading distance; and
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2) To sec the workability of a high order factorial design for this purpose
and other similar problems in psychology and education.

For this purposc 2 3 X 3 x 3 x 3 factorial design was devised for one-
third replication, using subjects as blocks. Three main typographical
dimensions viz. type-size, line width, and ‘leading’ or interliner space, were
presented in 27 specified c ions to the subj arranged in sets of
nine, on the basis of their age and achievement in Hindi. The whole
experimenit was carried out under strictly controlled conditions. Two scts
of observations were taken up on one-third-replication of the design.

The results, when analysed by the analysis of variance technique,
indicated all two-factor interactions significant at ‘05 level and the third-
order interaction significant at ‘0] level. Also the main effects of one factor
were significant.  This clearly d ates the ful workability of
this design for the project.

In terms of specific recommendations for Hindi type, it should be noted
that double-spaced printing was found less legible than cither the set-solid
or single spaced arrangement, Optimum values for two factor interactions
were given by (a) 16 pt. type printed in 47 length, (b) 16 pt. type set with
single space between lines, and (c) 34" lines set solid. Optimum values for
different type sizes are also discussed here but they should not be taken ay
generalisations because of the small sample size and the limitations imposed
due to the small number of variations studied in this factorial design.
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Table 1

Treatment Combinations for Passages in Terms of Type Size (pt).
Line Width (), and Leading

Subject Passege 1 Passage 11 Passage 1Il

12pt. X 3} X solid 14pt, X 4* x 2 lead 16pt. X 4§" X | lead
16pt. X 33* X 1 lead 12pt. X 44" X solid [4pt. X 4}* X 2 lead
14pt. X 34" X 2 lead 16pt. X 4° X 1 lead 12pt. X 4}" X solid
12pt. X 43" % | lead 14pt. X 3} x solid 16pt. X 4* x 2 lead
16pt. X 4§* X 2 lead 12pl. X 3}" x | lead l4pt. X 4* X solid
Mpt. X 4)" X solid 16pt. X 3}" X 2 lead 12pt. X 4° X | lead
12pt. X 4" X 2 lead l4pt. X 4§* X | lead 16pt. x 34" X solid
16pt. X 4 x solid 12pt. X 4" X 2 lead 14pt. x 34" % ! lead
14pt. X 4° X 1 lead 16pt. X 44" x solid 12pt. x 34" x 2 lead
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Table III

Analysis of Variance Summary

Table for Reading Rate of Passages in Hindi

Source of df. Sum of Mean

Variation®** Squares Square F Ratio

Within students 36 9-9081 -2752
B 2 0-1951 09755 ‘N5
o] 2 0-1265 -06323 +5002
D 2 0-9254 146270 3-6594¢
BC 2 0-8920 +44600 3-5274
B D, 2 1-1937 +59685 4.7204*
CD, 2 1:2548 62740 4-9620°

A=BCD 2 2:1775 1-08875 8-6108°*

AC=BC,D 2 1-1155 0-27888 2:2056

A Cy=BC,;D, 2}

Error (i) 8 2:0276 012644

Between students 17 56-4120
B C, 2 0-3626 0-1813 0-0496
BD 2 5-8683 2:93415 08032
CcD 2 9-5679 4.78395 1-3095
BCD, 2 7-7339 3-86695 10585

Blocks {Replication) 1 25134

Error (ii) 8 30-3659} 365326

Total 53 66-3201 1-2513

* P <05 (Fyyp = 355)
#0 P <Ol (Pyyy = 601)

##»  Refer to text or Table II for identification of letters
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Figure 1. Samples from threc passages in Hindi illustrating typographic
dimensions of point size, line width, and inter-liner space: sample (i) 12 pt.,
3-5" line width, set solid; sample (i) 14 pt., 4" line width, | lead; and sample
(iii) 16 pt., 45" line width, 2 lead.
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