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Abstract

Two alphanumeric character sets were designed specifically
for television display with a schools computer. This
technical report explains the legibility tests that were
carried out, and the results that were obtained when school-
children were shown the two character sets.

The legibility of the two sets of characters was tested by
showing them on a television screen to schoolchildren in
typical school classroom environments. The results of the
first test were analysed and modifications made to the
character sets accordingly. The revised character sets
were shown again.

Once again the results of the legibility tests were analysed.
However, no changes were made to the character sets. The
report concludes that one character set is more legible
than the other.
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Legibility tests were carried out on two different character
sets. Character set A is illustrated in Figure 1 and character
set B in Figure 2.

Character Set Design

Both character sets were designed in a 5 X 7 matrix of
square elements for display on any domestic TV screen.

Character set B was sloped to the right by one element
(Figure 3). Details of element size and lines per character,
which apply to both character sets, are also shown in
Figure 3.

Test Subjects
The subjects used for the tests were a group of boys from a

| 23432
HELC

Figure 1. Character Set A used in Legibility Test 1

Introduction

private school, and a group of boys and girls from a state
school.

Test Environment

The test environment was a school classroom, considered
typical of most school classroom situations, i.e. there was no
special equipment or seating arrangements for using educa-
tional television.

The seating arrangements and position of the TV screen
for the test is shown in Figure 4. This arrangement is based,
as far as the prevailing classroom conditions would allow,
on the recommendations contained in the report by Neal® .

b/ 590
IKLE

123456174880
ABLCIHLA

Figure 2. Character Set B used in Legibility Test 1
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Note:— 23 —in. TV screen used. Distance from
floor to centre of screen 60 in.

Figure 4. Seating Arrangements and Positioning of TV Screen
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Legibility Test 1

Test Objectives

The objectives of the legibility test were:

1. To test the relative legibility of character sets A and B.

2. To test the relative legibility of each character within
each set.

3. To see if there was any correlation between legibility and
seat position.

Test Procedures

The following procedures were used when carrying out the

tests:

1. The character sets A and B were shown separately.

2. Only one character set was shown to each group of sub-
jects.

. No group was shown both character sets.

. No group was tested more than once.

. The number of subjects per group varied.

. Each seat position was numbered and subjects were seated
from position 1, i.e. nearest TV, upwards (see Figure 4).
7. Each subject was given a form at the time of testing upon
which to record the seat position occupied and the charac-

ters viewed.

AN W

The Legibility Tests
The tests for both character sets were identical in content and
sequence.

To begin the test the character set
12 34 506 ] 8590
ABCIL KILR
as shown in Figure 1 or 2, was displayed for 60 seconds to
allow the subjects to familiarize themselves with the pecu-
liarities of the character forms.

A series of single characters were then displayed using the
following characters (left to right):
61359870423 68041
5279 L LACKRBEKI BC AL R
Each single character was displayed for % second, with a
pause of 10 seconds between each character.

A series of character strings were displayed using the
following characters (top to bottom):
801.7
769.3
8765
2039
34689
47180
C7180
14689
101.7
B69.3
A765
Each character string was displayed for 1 second, with a
pause of 10 seconds between each character string.
The simulation of the test display was effected by showing
a video tape recording of drawn characters on a 23-in. domes-
tic TV set.

Test Results

A computer program was written to correlate the results of
this test. Details of this program are contained in IFM 4029.*
A summary of the computer output follows. Figures with
an A suffix are the results of the test carried out on character
set A, figures with a B suffix are the results of the test

carried out on character set B.

Simple Character Recognition (Figure 5A and Figure 5B)

The results in this section show the mass performance of
all the classes tested in this group.

The patterns and statement numbers (ST NO) represent
the displayed character string and its presentation number
respectively. An entry under DEC. PT. INSERTIONS
indicates the total number of times decimal points were
inserted erroneously.

Entries in one of the five character positions show the
total frequency of misinterpreted characters, e.g., 1-°0” means
that the character 3 was misinterpreted once as being a zero.

* Internal File Memorandum (Hursley Laboratories)




STNO

29

40

41

42

43

44

45

PATTERN DEC.PT.INSERTIONS

34689 5
47180 5
c7180 1
14689 1
L01.7 0
869.3 0
A765 7

1
/
3120

I_IL'

2-16"*
2-10"
1-"1°¢

45-91¢

l... 1°

1-*A®
1-6°
7-¢8¢"

2

1-%6"*

t_lL.

l-l 1°

2-18¢

Figure 5A (Part 2). Results of Simple Character Recognition using Character Set A

3

1-'3'
2..' - 1]

l_l"l
1-¢ 1

1-038e
1=%30
1-27°
1-'0°*

1-01°
1-* 4"

4

1-%2°
3-2Q¢
2= 4
1-*5¢
2-0 3¢
1-°7°
1-14¢

1-¢9Qe
1-0Q°*

l_lbl

3-8pt
1-19°¢

$ 3 5 s % & k% & CHARACTER POSITIONS * * * T % % & % &%

S
1-*7°¢

1-*6°
l-|5'
1_"'
1-'0°
1-213¢

1-*9¢

1-02¢
307
1-°1°
2-04"
2-20¢
1-*3¢

2-8Q®
2-01¢

1-*1°
4—%6"
1-02°
3t 7

1-* o+




2 8 &% % % 8% % CHARACTER POSITIONS = % & 8 % & ¢ ¢ ¢ &

STNO PATTERN DEC.PT.INSERTIONS 1 2 3 4 S
2 1 o / / / / 2-'T7?
/ / / / 1-02¢
/ / / / 2=-°'T*
6 8 [ ’/ / 7 / 3-'8?
7 7 0 / / / / 1-¢1°
8 0 0 / / / / 1-8¢
10 2 o] / / / / T7-05¢
/ / / / 1-*8°*
12 6 0 / / / / 2-*5¢*
13 8 / / / 7 L4-18"°
14 0 0 / / /s / ) S
/ / / / 2-'D*
16 1 0 / / / / 2-°'Te
/ / / / 1-tL*
/ / / I4 1-01¢
/ / / / 1-°7°
17 5 (o] / / / / 1-0S¢
/ / / 1-23¢
18 2 (¢] / / / / 1-°S*
/ / / / T=-S*
/ / / / 1-07¢
19 14 0 / / / / 1-97¢
21 I 0 / / / / 1-*7?
v/ / / / 8-*1°
23 A 0 / / / / 5-Re
24 C 0 / / : / / 1-°L¢
/ / / / 2-%H*
25 K 0 / / / / 36-'H*
/ / / / 1-*A*
26 R 0 / / / / 9-tA?
27 B 0 / / / / 1-*R*
/ i / / 5=-08°¢
/ / / / 1-*He
28 K 0 / / 7 / 35-He
/ / / / 1-08¢
29 I 0 / / / /4 1-07e
/ / / / 4=-0]1°
30 8 0 / / / / . 6-08t
81 € 0 / / / 1-t1°
32 A 0 v / / / T-*R?

Figure 5B (Part 1). Results of Simple Character Recognition using Character Set B
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STNO

34

35

36

AT

38

39

40

41

42

43

44

45

PATTERN

R

801.7

769.3

8765

2039

34689

47180

c7180

14689

LO1.7

869.3

A765

DEC+PT.INSERTIONS

0

1

’

/
19-'B¢
1-.L'

1-'9°
1-°%0°

1-*9¢

NSNS

NSNS

1_!8'

2-'7°

1-*6*

39-01¢

1-°7¢
1-°T7¢*
2—-*1?

34-18"
1-06.
1-030
1-07¢

NN NN

74
/
/

1-*A"

1-* 8t
1—'3'
1-%9¢

3-tRge
1-5¢

4-"T*
4—r1
1-v1¢

1-°*1"

1-20"
1-¢3¢
1-t5°
1-'C?®
1-4¢

‘._l 8e
3-tR*
1-03¢

Figure 5B (Part 2). Results of Simple Character Recognition using Character Set B

3
/
/

1-A"
7-' 7
G-
1-¢g¢e

1-° 6
l_l"'
l..l Qr
1-. 1
1-'8'

5-06510
1-10°
1= 3¢
1-% 8¢

1-' |
32T
1-° I L}

2-'L"

33—
1-94¢

3-050
1-07*

17-°T¢
l_!II

5—0 7%
1-* 8¢

1-0 2

* & & % % & £ ¥ CHARACTER POSITIONS * * % & * % & % % &

4

/
/

-7
1-08"

1..' T
1-* 3e
1-‘ 5'
1-* ge
1-%1°*
x_l4'

2-'Re
1-*9e

1-°L"
1-°C*
1-'Re
3040
1-4*
1-070

1-4°

2—-t3¢
1-t5¢

S

PR TN
1-'qe

1-16*
S0
30T
1-08¢
1-14°
3-0]¢
1-t9¢

1-05¢
1-t8*

2-'9¢
1-t30
1-¢8¢*

1-01¢
1=t 7
1-*8°

2=-'7

1-94*
1-'D?

2-19¢
1-8¢
2-tgt

G- 70
1-v5¢
1-t1¢

-9 ¢
1-*T¢
2-10¢
2-12¢
1-01?
1-v6°

1-t4°
2-t 70
1-v8°*
1-92¢

1-'9¢
1-*6*
1-03¢
1-8°*




Incidence of Mistakes (Figure 6A and Figure 6B) The normalized percentage is derived from the formula

total mistakes
frequency of occurrences x total no. of subjects

This section shows the total incidence of mistakes as a func-

tion of a particular character in the adopted character set.
The frequency of occurrence indicates the total number of The total number of subjects tested using character set A =72

times the character was displayed on the TV screen. The total number of subjects tested using character set B =57

CHARACTER FREQ.CF NCC TOTAL MISTAKES NORM % INTERPRETATIONS

74 3 2 0.925
T
3 6 20 4,629
1-¢1°¢
[,..'6'
3-0Q¢
5_'2'
‘-l7l
2—-'8"
l_l 5¢
4 = 2 0.555
1-0Ll
1-1"
5 4 6 2.083
2_. 3.
1-06°
l_l 7
1-'0°"
1-*9¢
6 8 8 1.388
=T
VA AR By
2-'Ql
="
b B
74 9 2B L 1.697
1-°L°"
22— OI
l-lOI
1-'6.
=iy
1= 0
=09
8 8 22 3.819
6-16"
1-02.
G vigh
Foiik )y
2=
2=
Z2=4 3"
1=%4"
9 1 27 5.357
2= l'
[=¢20
3-0g¢
5070
l-'6l
40 3!
1..' SI
l’-'h'
4-10"
l-.“l
0 7 2 0.396
d=t0.
1=6"

Figure 6A (Part 1). Incidence of Mistakes using Character Set A
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CHARACTER
A

FREC.OF 0OCC

3

TOTAL MISTAKES

4

12

63

NORM %
1.851

5.555

3.240

29.166

0.694
0.925

0.694

Figure 6A (Part 2). Incidence of Mistakes using Character Set A

10

INTERPRETATINNS

3-8ge

1-16¢
2-t A0
1-'6"
g-gt
3L'6'
3-1Q°
T EL

Ga=11"
1-98¢

1-*1°?
2-'1"

1-'8¢



CHARACTER FREQ.OF OCC TOTAL MISTAKES NORM % INTERPRETATIONS

1 ] 52 15.204
l_l A
31'_"['
2 Eeh
2=ty
1=1 0"
J= 028
S
1=04%
2 3 T 9.941
JG=15¢
1-°S?
1-98¢
1-¢ 70
3 6 9 2.631
X ) T
T=4518
288
B oy
J=Fn
I=¢ &%
4 = 2 1.052
2=-'71
| Bl B
5 L 10 4.385
=050
3=
) g
3=2-39
S=038
6 8 27 5921
v LB
2=002
2=181
=t
5=23Y
=F 0
L
=98
it e 38 T.407
2=%6"
Q=T
1208
2-10¢
l-l Zl
B.=:98
1-08"
1-14"
6-. l'
2-1q¢
8 8 51 11.184
32=48"
PT
a2 B
="
=039
Z2="n
3=26"
3-t19g¢
=)
3140
l_‘ol

Figure 6B (Part 1). Incidence of Mistakes using Character Set B

Legibility Test 1 11



CHARACTER
9

FREQ.OF 0OCC

7

TOTAL MISTAKES

22

12

Ed

50

53

73

14

NORM Z INTERPRETATIONS

5.513
13-07¢
3-01°¢
1-6"
1-¢p?
1=002
2=48
Jetin
3.007
1-*A"
=g
1= 04
2=
e
A=t
2=UhY
9.941
1=
T=hge
g=t39
29,239
45-18¢
l_lRl
1-'6"
1-130
l_l7.
1-'H?
2.923
1-90°*
1-01°¢
1-6"?
2-0H
30.994
91=01"
2=V
64.035
TL=t
1="1:89
J=SAS
2.339
p=UTe
1-°T*
2-'1"¢
12.280
3= A
1-%9°*

Figure 6B (Part 2). Incidence of Mistakes using Character Set B
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Positional Correlation (Figure 7A and Figure 7B)

The results given in the Figures show any correlation between
the position of the pupil in the classroom and the legibility of

the characters in the character set.

The entries in each seat position repfesent the total number
of times the seat was occupied divided by the product of the
number of times the seat was occupied and the frequency of

occurrence of the character.

ICRT | CVERALL PERFOPMANCE

1 =2 | 3 I 155 ) lad,
I 0,027 | 0.C27 }|. 0,010 | 0,013 | 0013 | 6041 | :0.010
114 s 112 l10 l. 9 ot
I 0003 ] 0027 1 0027 D013 | 0uf27 | 02027 | 0,027
115 116 |87 |19 120 121

0069 | 0013 | 0.027

0.C27

| c.003 | 0,010 | C.027

124 123 122
| 0.031 | 0.086 | 0.138

Figure 7A. Positional Correlation using Character Set A

Legibility Test 1 13



ICRT} OVERALL PERFORMANCE

i
| 0,027 { G.121 | 0.083 | 0.111 | 0.104 | 0.069 i

0.138
114 113 112 I11 110 19 | 8
| 0,069 | 0.111 | 0.111 | 0.076 | ©0.083 | 0.093 | 0.125
115 i16 117 |18 {19 120 {21
} 0,093 | 0.048 | 0.055 | | i l
|28 127 f26 125 124 123 122

Figure 7B. Positional Correlation using Character SetB

Normalized Percentage Error (Figure 8A and Figure 8B)

These Figures show the normalized percentage error for each
character displayed, i.e. total number of errors divided by the
product of the total number of subjects and the frequency of
occurrence of the character.

14
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Figure 8A. Normalized Percentage Error using Character Set A
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Test Analysis

The relative legibility of character set A to character set B
can be seen in Figures 8A and 8B. Character set A is more
legible than character set B except for erroneous decimal
point insertions. During the marking of the data sheets (see
Figure SA compared with Figure 5B) it was noticed that in
character set A the number of times the decimal point was
included where none was displayed was quite high.

The normalized percentage of erroneous decimal point
insertions with character set A was 15.97% and with charac-
ter set B was 3.92%.

In Figure 1 it can be seen that certain characters (2, 3, 5, C)
are intended to simulate curved form characters. This has
been done by adding single square elements to these charac-
ters, e.g. an element has been added to form the ‘tail’ of the
5. It is probably these single elements associated with the
character forms which were mistaken in this test for decimal
points.

The relative legibility of each character within each charac-
ter set can also be seen from Figures 8A and 8B.

Character Set A

The significant misinterpretations of characters in this set
were as follows:

I (see Figure 64)

This was misinterpreted most asa | . The | was never

misread as an I or any other character. This suggests that

either

1. There is not enough difference between the character
forms, or

2. The I was presented in the test in a more confusing way
than the | (see Figure 5A).

In most character sets the I and 1 have similar forms. This
seems to indicate that a high incidence of mistakes in inter-
preting these particular characters might be the outcome if
other character sets were subject to this type of test.

A greater difference in the forms of the I and | seems to
be called for.

B (see Figure 6A)
This was mistaken mainly for 8 while 8 was never identified
asa B. This indicates that the B is badly defined.

There is no significant evidence from this test to suggest
that the remaining characters in character set A are badly
defined.

Character Set B

The misinterpretation and normalized percentage error in the
case of each character can be seen in Figure 8B and in Figure
6B.

H
This character was confused by a significantly greater percen-

tage of subjects with the letter H than with any other letter.
H was not included in the character set presented for the test
(see Figure 2).

From this test it seems that the character presented to the
test subjects did not possess the form which adequately
describes a Hand which children can immediately recognize.

T
This character was misinterpreted by a significantly greater
percentage of subjects as a 1 while the 1 was misinterpreted
asan I by a relatively negligible percentage of subjects.

The same observations apply here as in character set A with
respect to I and 1 .

A more exaggerated difference in the forms of the £ and
the I seems to be required (see also the section on the
character 1).

B
The B was confused most with 8 which in turn was con-
fused most with the B.
Neither character seemed to be clearly identifiable from the
other. :
Re-design of either or both characters is indicated to
accentuate the individual qualities of each character form.

1

This character was misread most as the letter T. T was not
included in the character set presented for display, but as
shown in Figure 6B the 1 was read an outstanding number
of times upside-down asa T.

The 1 should be re-designed to prevent the occurrence of
this mental reversal of the observed image.

This consideration will have an impact on the character I
(see also the section on the character I ) and re-testing should
show this.

R

This character was mistaken a greater percentage of times for
an A which in turn was mistaken a greater percentage of
times as an F. Either or both characters need to be more
clearly defined to accentuate their characteristic forms.

B
This character was misinterpreted most as a § but the §
was never once misread as a 2. It can be seen from Figure 2
that the letter forms of the § and 2 are mirror images.
This behaviour seems to be similar to that shown in the
interpretation of the I asa T.

Since it was the 2 that was misread as a § and not vice-
versa the & should be re-designed to prevent this mental
reversal of the image.

4

This character was misinterpreted most as an L whereas the

Legibility Test 1 17



L was only once misread as a 7. From the complete set of
test characters (see Figure 2) it can be seen that 7 and L are
nearly mirror images. Again this is the reversal effect des-
cribed above.

Since it is the 7 that is misinterpreted and not the L, the
7 should be re-designed to prevent this reversal effect.

[
This character was mistaken most for a § while a § was
mistaken only once for a b (see Figure 6B).

A modification to the form of the b is indicated.

q
This character was mistaken most for a7 , the T being mis-
taken for a 9 a negligible number of times (see Figure 6B).
The 7 was misinterpreted most as an L (see above) and
re-design to prevent the mirror image effect is suggested. A
change in this respect will obviously affect the interaction of
the 9 and 7 forms. Re-testing will show the effects of a
re-designed 7 on the unchanged 8 and L characters.

The incidence of mistakes with respect to the remaining
characters in character set B was low and did not provide
any significant evidence upon which to re-design the re-
maining characters.

Seat Position and Legibility (see Figures 7A and 7B)

There is no indication, under the conditions of this test, to
show any correlation between legibility and seating position.

18



INTRODUCTION

After legibility test 1 the two character sets were re-designed
taking into consideration the results of the test.

Character set A (shown in Figure 9) and character set B
(shown in Figure 10) were then used for the second legibility
test.

Test Subjects

The subjects used for the test were a group of boys and girls
from a comprehensive school, aged from 11 to 17 years.

Legibility Test 2

Test Environment

The test environment was a school classroom, considered
typical of most school classroom situations, i.e. there was no
special equipment or seating arrangements for using educa-
tional television.

The seating arrangements and position of the TV screen is
shown in Figure 4. This arrangement is based, as far as the
prevailing classroom conditions would allow, on the recom-
mendations contained in the report by Neal®.

The test was carried out simultaneously in five classrooms
using a closed circuit TV system.

1234367890
ABCIKLE

Figure 9. Character Set A used in Legibility Test 2

1234567490
ABCIALF

Figure 10. Character Set B used in Legibility Test 2
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Test Objectives

The objectives of the legibility test were:

1. To test the relative legibility of character sets A and B.

2. To test the relative legibility of each character within each
set.

3. To see if there was any correlation between legibility and
seat position.

Test Procedures

The following procedures were used when carrying out the

tests:

1. The character sets A and B were shown separately.

2. Only one character set was shown to each group of

subjects.

. No group was shown both character sets.

. No group was tested more than once.

The number of subjects per group varied.

Each seat position was numbered and subjects were seated

from position 1, i.e. nearest TV upwards (see Figure 4).

7. Each subject was given a form at the time of testing upon
which to record the seat position occupied and the charac-
ters viewed.

Qv AW

The Legibility Tests
The tests for both character sets were identical in content
and sequence.

To begin the test the character set
123456789 0=
ABCIK ER
as shown in Figure 9 or 10, was displayed for 60 seconds to
allow the subjects to familiarize themselves with the pecu-
liarities of the character forms.

A series of single characters were then displayed using the

following characters (left to right):
6135987042 3068880 4 1

52791 LACKRBKISB CALR
Each single character was displayed for % second, with a
pause of 10 seconds between each character.
A series of character strings were displayed using the
following characters (top to bottom):
801.7
769.3
8765
2039
34689
47180

20

C7180
14689
101.7
B69.3
A765

Each character string was displayed for 1 second, with a
pause of 10 seconds between each character string.

The simulation of the test display was effected by showing
a video tape recording of drawn characters on a 23-in.
domestic TV set.

It was noticed in test 1 that the children’s attention was apt
to wander during the 10-second pause between pictures so in
test 2 a ‘bleep’ was added to the video tape 2 seconds before
a picture was shown in an attempt to overcome this.

In test 1 it was difficult to tell from the completed forms
how a child normally wrote the displayed characters, in
particular an I and a 1, therefore, it was difficult to mark the
completed test forms in this respect.

To obtain a more accurate assessment of the children’s
interpretations of the characters and of the I’s and 1’s they
were asked during the first stage of the display sequence to
write the character set down in a space provided on the test
form.

Test Results

A computer program was written to correlate the results of
this test. Details of this program are contained in IFM 4029.

A summary of the computer output follows. Figures with
an A suffix are the results of the test carried out on character
set A, figures with a B suffix are the results of the test carried
out on character set B.

Simple Character Recognition (Figure 11A and Figure 11B)

The results in this section show the mass performance of all
the classes tested in this group.

The patterns and statement numbers (ST NO) represent
the displayed character string and its presentation number
respectively. An entry under DEC. PT. INSERTIONS
indicates the total number of times decimal points were
inserted erroneously.

Entries in one of the five character positions show the
total frequency of misinterpreted characters, e.g., 1-‘0’ means
that the character 3 was misinterpreted once as being a zero.

* Internal File Memorandum (Hursley Laboratories)



STNO

12

16

19
21
23
29
32
34
35

36

30

38

39

40

0l

42

43

45

Figure 11A. Results of Simple Character Recognition using Character Set A

PATTERN

o O Wn -

801.7

769.3

8765

2039

34685

47180

Cc7180

14689

LCle7?

B69.3

A165

DECe PTo INSERT IONS

e o 9.0 9

© 0o 9 0 o © O o

# %2 %% &% & % CHARACTER POSITIONS * ¢ *  * = = = x =

/1

b S, SR SRR, RRAL SRR i h R S e R S,

1-'9¢

’."'2'

l....l.

l_'bl

28-11°

1-24°
1-°1¢

1-'8°
‘_lz.

2

SO M TR e NG 1T T

™

1_.5'

l_l 3

1_.2'

l-!ol

1-°8"

1-°5¢
2-030

3-.0.

l_l 3'

1-5¢
2-'8"

1-°9¢

1-*8*
2-95¢
1-°1°
1-3¢

1-%3¢

4

1-*8°¢
1-'5¢
1_'9'
1-'9¢*
1-°1°
1-'6"
1_'9'

l_.! 3
l_'o.

l-'q!
1-'0'

5

2-170
1-*3¢
1-13¢
1-15¢

1-%"
1_0[ L]

l-QC L}

l_.ll

l_.H.

1-°1"°
1-'H°"

1-p¢

1_.6'
1-'8 ¢

1-3¢

30150

1-*3¢

1-'9¢
1- %4

1-2°

‘_l‘,'

2-020
1-°0°*
l_lc'
1-05¢
1-°7°¢

1-*8°*

4-19¢
2-13¢
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4a k § 6 &% & & CHARACTER POSITIONS & ¢ & & & & & % & &

STNO PATTERN DECe PTe INSERT IONS 1§ 2 3 4 5
1 6 0 / / / / 1-'E?*
/ / / / 1-'5¢
2 3 0 / / / / 1=
/ Z / / 1-*T7"
3 g 0 /6 (. z / 1-'8°
4 5 (o} / {4 / / 415"
5 9 o 7 74 / 4 1-'A"
6 8 0 / 7 /4 / 2=the
8 0 1] / ; / / 7 1-t6"
L / / 7/ 1-'0°*
10 2 (¢} / 74 / / 1=-030
12 6 0 / / / / 1-'8"
/ / 74 / 1-'E?
/ / / / 1-15¢
13 8 J / 4 / / 1=-45*
14 0 0 / / /4 / 1-'C*
J i > o / / / / 4-1 8"
21 1 o 7/ (¢ /f 7 1=%)e
22 5 Q 7 / / / 1-14"
23 A 0 / # / 7 SE=CR ¢
/ / A L 1-°k *
24 C 0 / / / / T =rpy
25 K 0 / / / o 2- 9K
/ i / / 1-'M*
26 R 0 / 74 / / L-'F?
20 B 0 7 / / / 2-A 0
' / / / 1-D*
28 K 0 / / / 7 2-1H
/ / / / 1=*R*®
30 8 0 / 74 7 / 1-'R*
/ / / / 1-'0°
/ / / / 1-'H*
31 c 0 / / / / I=tEY
32 A 0 / / / / T7-*R?

Figure 11B (Part 1). Results of Simple Character Recognition using Character Set B

22



STNO

34

35

36

37

38

39

40

41

&2

43

44

PATTERN DECoPTo INSERTIONS

R )
801.7 0
769.3 1

8765 5
2039 2
34689 2
47180 0
C7180 4
14689 2
L01.7 o
B69.3 0
AT€S 1

1

2-'A"
4-9B
1-'6*

1-%"
1-*A"
1-*9¢

N

1_'0'

21="21°
1-7°
2-1T¢

1-%4"

17-°8"*
1-p?
2-04"
1-°'R*

NNS

2

2-'5"*

2= 5

1-'6.

1-* T
l_'sl

6-R"*
1-'8°
1-*8°

Figure 11B (Part 2). Results of Simple Character Recognition using Character Set B

3

1-*5"

2_.5!
1-'8"

l-'5l

1_05'
1-'8°¢

3-140

3070
2-140
1-06'

2..'1'
l-l 3¢

4

1-'5°¢

3-t5¢
2-'4"

1..09'
1_!6'
Z-IQI
1-'1'

1-.6.

s & %% % % % & % CHARACTER POSITIONS * * *x * % * & * % %

5

1= 70
1-*A*

2-120
1-01°¢
1-°K*
1-*R?
1-'8°¢

1-'0°
2-18¢
1-03¢
1-09¢
1-7°¢

1-5¢
1-°7¢

l-lll
1-9¢*

1_!6.

2-109¢
1-1°
2= 70

2-'1'
4= "9 "

2_'1.
Z-ISI
1-°'8°¢
1-'8'

3-130
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Incidence of Mistakes (Figure 12A and Figure 12B)

This section shows the total incidence of mistakes as a func-
tion of a particular character in the adopted character set.
The frequency of occurrence indicates the total number
of times the character was displayed on the TV screen.
The normalized percentage is derived from the formula

total mistakes
frequency of occurrence X total no. of subjects

The total number of subjects tested using character set A = 1 18
The total number of subjects tested using character set B = 141

24



CHARACTER FREQ.QOF 0OCC TOTAL MISTAKES NCRM % INTERPRETATIONS

1 6 S 0. 706
: 2-'7
1=2§0
= ]ce
=20
3 6 10 le412
o=t 20
) el Bl
=20
1=tC"
U
=t
2=y
=67
4 5 2 0.338
nge
e=taley
5 4 8 1. 694
G 3
=t ge
6 8 16 1le 694
4—080
7-t51
1-01°
3-03¢
1_'9'
7/ 9 5 0.470
D=0
1_'0'
l..l3'
1-°C*
8 8 9 0.953
2=939
1-6"
3-09¢
1-°1°
2-'p°
S 7 1 0. 847
A=it3 0
1-*7°¢
3-151
0 1/ 3 0.363
r=r9¢
1-92¢
1-%*
A 3 S l.412
=St
2=%H*
8 3 2 0. 564
=08
1=sg"
c 3 1 0.282
1=96°
I 3 30 8.474
3Qi=8,8
L ) 2 0.564
1-'4°
) St B

R 2 T 0.423
1-*p

Figure 12A. Incidence of Mistakes using Character Set A
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CHARACTER

Figure 12B (Part 1). Incidence of Mistakes using Character Set B

26

X

FREQ.OF 0OCC
6

TOTAL MISTAKES
6

11

13

14

18

23

15

NORM %
0. 709

0.236
1.300

O.141

20304

1l. 241

le 418

2,039

1.519

0.709

INTERPRETATIONS

3-04"
1-01°
1-05¢
1-07

l_' 3¢

2-'7"
1-'0°*
3-050¢
2-98"
3-080¢

1_'6!

4=-931
8-*§"
1-99¢

1-°7°
g-5¢
3-08¢
2-%E¢

5-0]¢
2-2¢
1-%%*
1-'A"
5-019¢
1-'K*
1-R?*
1-8°*
1-°3¢

T7-'8
5-050
2-96"?
2-A"
§5-040
1-01°
1-°9¢

2-'0"
7-070
1-9A"
2-14¢
1-71°
1-6°
1-05¢

1-91¢
2-0g°
1-5¢
1-D°*
1-°C*
1-9¢



~\

CHARACTER

A

FREQ.QOF OCC

3

TOTAL MISTAKES
21

27

25

NORM ¢

40 964

60382

0. 709

5.910

2.127

0.472

1.063

Figure 12B (Part 2). Incidence of Mistakes using Character Set B

INTERPRETATIONS

10-°R*
1-'8'
l-lKl
1-'8'

17-8°
1-'p ¢
2-%4"
2-970
2-'R?
1-'0°¢
1-'H?
1-'D°*

Z-OE'
1"'0.

22=11"
1-07¢
2-T7?

H4-"H?
1-°*R*
1-'M*

2-4"
1_. T

1-9F?
1-*A°
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Positional Correlation (Figure 13A and Figure 13B)

The results given in the Figures show any correlation between
the position of the pupil in the classroom and the legibility
of the characters in the character set.

The entries in each seat position represent the total number
of times the seat was occupied divided by the product of the
number of times the seat was occupied and the frequency of
occurrences of the character.

|CRTI OVERALL PERFORMANCE

2 =2 Rz | « 55 =6 =T |
| 0,020 | €Co010 | 0010 | 0,003 | 0.003 | 0.003 | 0.010 |

114 13 12 111 110 I9 | 8 |
| 0.003 | 0.013 | 0.003 | 0.041 | 0.01C | 0.027 | 0.003 |

———— ——— - - — —————— ——————— - ——————

F15 116 117 118 119 120 121 1
| 0,027 | 0.000| 0.013 | 0.013 | 0.000 | 0,013 | 0.027 |

- ——————— ——————— - - ——— - -

123 127 126 25 124 123 (22 |

129 130 131 132 133 134 135 |
| 0,603 | 0.048 | 0,013 | 0.013 | 0.027 | 0.0G60 | 0.020 |

Figure 13A. Positional Correlation using Character Set A
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ICRT| OVERALL PERFORMANCE

|1 2 3 | & | 5 6 T |
| 0.000 | G003 | 0.003 | 0.031 | 0.003 | 0,003 | 0.013 |

114 113 112 111 110 1 9 | 8
| 0020 | 0,055 | 0.013 | 0.038 | 0.013 | 0.069 | 0.003

LS 116 117 |18 119 120 121 |
| 0.038 | 0.013 | 0.000 | 0.038 | 0.010 | 0,000 | 0.013 |

|28 127 126 125 124 123 122 |
| CeC10 | 0.06S | €003 | 0e6C3 | CaG31 | 0.013 | 0.020 |

129 130 131 132 133 - e
| 0.C00 | 0.600 | Q.00C | 0.013 | 0.013 | 1 |

Figure 13B. Positional Correlation using Character Set B

Normalized Percentage Error (Figure 14A and Figure 14B)

These figures show the normalized percentage error each
character displayed, i.e. total number of errors divided by

the product of the total number of subjects and the frequency
of occurrence of the character.
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Figure 14A. Normalized Percentage Error using Character Set A
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Figure 14B. Normalized Percentage Error using Character Set B
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Test Analysis

The relative legibility of character set A to character set B
can be seen in the Figures 14A and 14B. Character set A is
still more legible than B, as in test 1, although since re-design
only marginally so.

The legibility of both character sets has been improved by
re-design and more accurate results obtained by refinement
of the test itself (see the section “The Legibility Tests™).

Relative Legibility of each Character within each Character
Set

Character Set A

Erroneous Decimal Point Insertions

This was a major problem with character set A in test 1. In

the re-design (see Figure 9) the single elements forming

‘tails’ on characters 2, 3, 5, C (see Figure 1) were eliminated.
The normalized percentage of erroneous decimal point

insertions in both tests were:

Test 2 Test 1
Character set A 2.5% 15.97%
Character set B 3.0% 3.92%

I
All misinterpretations that were made were asa 1 . The |
was only once written as an I. The results shown in Figure
11A tend to substantiate the observation in test 1, that the
I was presented in the test in a more confusing way than
the 1, in particular in the character string 1 4 6 8 9.
The form of the [ could be further accentuated by ex-

tending the horizontal strokes of the character out to the
full 5 elements width of the 5 x 7 matrix.

There are no significant results concerning the remaining
characters of character set A to suggest that they are badly
defined.

Character Set B

The misinterpretations and normalized percentage error in
the case of each character in this set can be seen in Figure
14B and in Figures 11B and 12B.

B
This character is still confused with & . 8 in turn is still
confused a greater percentage of times with B than with any
other character, although to a much less degree than in test 1.
Either a greater differentiation of character by clearer
definition of the individual character forms is necessary,
and/or a slightly higher degree of learning is required in
contrast to the same characters in character set A.

32

iz
This character was misread most as a |1 while the 1 was only
misread once asan I .

The relatively high incidence of mistakes in respect of these
characters in tests 1 and 2, and for both character sets A and
B, is a further indication that the I was presented in the test
in a confusing way, i.e. in the character string 1 4 6 8 9 (see
Figures 11A and 11B, 5A and 5B).

In this character set unlike the I in character set A the
horizontal strokes of the I do extend the full 5 elements
width of the 5 x 7 matrix. This could account for the better
results for this character in set B compared with set A (see
Figures 14A and 14B).

Further testing would seem to be necessary rather than re-
design.

A
This character was mistaken most for the character F. The

F was only once mistaken for an A.

In comparison with the results of testing the A in character
set A a better definition of this character in set B would seem
necessary.

=
This character was mistaken a greater percentage of times as
an S. S was not included in the character set tested.

It is debatable whether the same number of mistakes would
have been made had the 5 been tested together with an S
designed for this character set.

Again in comparison with the results obtained for S in
character set A it would seem possible to minimize confusion
by modifying the 5.

K
This is still confused with the letter H which was not included
in the character set.

Again in comparison with the results for K in character set
A further re-design and testing seems necessary.

The incidence of mistakes with respect to the remaining
characters in set B was low and did not provide significant
evidence upon which to base further design modifications.

Seat Position and Legibility (see Figures 13A and 13B)

There is no indication here of any correlation between seat
position and legibility within the context of this test.



From these two tests character set A is more legible than
character set B.

Character set A was designed on the basis of simulating the
curves and slopes of handwritten numbers and letters, e.g.
such as 2 and 7 (see Figure 9), which are made up of staggered
elements.

Character set B was designed on the basis of straight full
lines as dictated by the 5 x 7 matrix. The resulting characters
have no curves but are all sloped one element. This character

Conclusion

set (see Figure 10), has an unusual form compared with hand-
written characters and character set A.

It seems from these tests that children more readily recog-
nize the characters that most closely resemble the hand-
written characters that they use everyday (i.e. character set
A).

In the case of character set B a slightly higher degree of
learning may be necessary before children are able to easily
recognize the more unusual character forms.

Conclusion 33



1. Neal, H.S., Legibility Requirements for Educational
Television, TR.16.161, IBM Los Gatos.
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Appendix

1234567890 }
ABCDEFGHIJKLMNO
PORSTUUWXRYZ
abcdefghijKimno
PAQTSLUVWXYZ

ncept for Character Set A



12345674890
ABCOEFGHIJKLMNO
PORSTUUWHYL
abcdefghijkimno
porstuswHyl

T+-zu=[]



