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I. INTROIWCTION

To manufacturers and users of multiple carbon forms, the legi-
bility of multiple carbon copies is of great importance, The users
of such forms are interested in obtaining those which will give the
meximum over-all legibility for a specific number of parts (pages),
The manufacturesrs of such forms are interested in producing those
which will give maximum legibility, and, to them, the various
fectors ontering into the production of sush forms is very important.
However, rogardless of what fectors enter into the produétien of
maximum legibility for a certain number of carbon copies, unless it
is possible to set up a standard of legibility and to compare copiles
produced under various conditions, es, for example, weight cf peper,
kind of paper, specific cardbon used, thickness of carbon scating,
et cetera, it will not be possible to determine either the factors
or the extent of their contribution, except guite haphazardly,

It is, therefare, quite important to the manufacturers of these
multiple carbon forme to be able to accurutely compare the carbon
copies produced under diverse circumstunces, thus determining the
extent to which various fectors affect their legibility and, conse-~
quently, to be able to produce forms which do give greater legibile
ity. Also, where a specific form is wanted for a specific job, it
is of importance to the manufacturer to be able to easily snd quickly
compare different copies and to atate definitely that, for the job
wanted, one partiocular cambination of carbon and paper will give the

best results,



The subject of this resseerch has been the investigation of
a means of readily comparing multiple carbon copies and arriving
at reproduoible results,

This research has been lone under the auspices of the
Virginia Polytechnio Institute-Standard Register Compeny (Dayton,
Ohio) Fellowship in Physiecs, |



II. REVIEW OF LITERATURE

Electromagnetic radiaticns of wave lengths from approxi-
mately 3900 to 7800 Angstrom Units (10~2 centimeters) falling
on the eye cause countless retinel-cortical comnections to
trunsmit electricel impulses to the brain, thus erousing the
sensation of vision. Adrion ! has diegremmed the steps betwsen
the stimulus and the mind, showing that change in stimulus proe-
ducesz an excitatory process in tho‘retmal receptors which |
gradually declines, and that the neursl eurronu'thorcby produced
have one unique characteristic, that of fregquency which decreases
as the stimuius, High frequency results in high sensation intens-
ity. These impulses travel at ths rate of sbout two hundred and
twenty miles per hour in the human nu'vo.a

The retina counstituiing the innermost structure of the eye
may be thought of as a fine mosaic of tiny light-sensitive cells
connected to the higher nerve centers. In the retina ars found
the rods and cones, 8o culled Lecause of their shape, which iie in
the seoond of the ten retinal leyers. The rods, of which there
are about 130x10% (ome hundred and thirty million) in the humen
eye, are 0,002 millimeters in diameter and from 0.04 to 0,06
millimeters in length., They funotion at low illumination levels
under which neither color nor details may be discriminated, The
ocones, about 7x10% (seven million) in the human oye, vary from

0.022 to 0,085 millimeters in length and from 0.0028 to 0.0075



millimeters in diumeter. They are responsible for color vision
and the recognition of fine details,

It hes been stated thet eyes are functional over a range of
stimulus energy ranging from tem billion to one.3 There is, further-
more, no change in retinal sensitivity over the range of dright-
nesses usuully encountered - thus, Weber's Law, that the just
percoptidle difforence in sensaetion occurs when the stimulus is
increased or decreased by a certain proportion of itself, the pro-
portion being oconstant over limited ranges, When the eyes are
required to change from a dark to light environment, it mey be said
in general that the time requirements for adaptetion are much less
then from light to dark environment,

It might be noted that pupil diameter varies from a diameter of
two to eight millameters for brightness levels from one thousand to
one-one thousandth millilambert. However, for very gradual changes
in brightness the pupil size will remain constaunt for changes of as
much a8 two hundred to one. Visual acuity improves as pupil dias-
moter increases from a minimum to sbout two millemeters, and there-
after remains essentially coéxstant.e

Sensations of brightness and color do not grow to full or finsl
value immediately when sn image falls on the retina, nor 4o they
decrease immediately to zeroc when the imege is withdrewn,

It has been found that the "Parameters of the Visual Threshold o2
are four in mumber: (1) the size of oritical detail, that is the

visual engle subtended by the detail at the eye, (2) the contrast



between the objeot end the dbackground, (3) the brightness level
to which the object is illumineted, a2nd (4) the length of time
the image of the object is allowed to remain on the retina, The
fact that an object is visible is beceuse of the fact that all
of the variables above are equal to or greater than the threshold
value. The magnitudes of these warisbles will, of course, depend
on the hiological charucteriitics of the observer, the character-
istios of the physical environment, and upon the kind of visuel
recognition required, That is, to what porooptﬁl threshold the
recognition is to be curried., The three stages of visual percep-
tion are (1) the recognition of presemce, (2) the bare perseption
of form, and (3) the certain perception of form of various shaped
objocts.‘ All forms appear alike and "formless" under conditions
corresponding to the most elementary type of visual perception,
Helson and Fehrer ¢ have found thet of various shapes viewed,

(1) the restangle requires lsast emount of light for porception;
(2) the triangle is the form reported the most on the darely
perceptible level, (3) the rectangle ia confused the 1‘cut number
of times, and (4) the s3ircle is thy form appearing nsither infer-
ior nor superior by eny eriteria,

Among the faotors of the Visual Threshold Pasremeters, time of
duratiou of image on the retina is a factor of relatively small
importance in perception, and size is of leas importance than the
factors of illumination and contrast, within ordinary limits,



Although the fastors of illumination and contrast are compli-
mentary, the influence of brighter illumination is inadeyuate to
offset the disadvantages of low contraats.a

Visuael acuity is the asbility to distinguish fine details.
Theoretically the smallest space intervul that cen te distinguished
is one such that one cone of the retina does not receive sufficient
radiation to excite it. Then, since the average dimmeter of cones
is of the order of 0.0032 millimeter, the sverage cone, for an eye
having a fooel length of fifteen millimeters, subtends an sngle of
forty-four seconds of arc. Thus two objects separated by less than
this emount could not bs resolved. Nomal visual acuity is taken
as that which is capable of discerning a black letter on a white
background when the oritfical details of the letter subtend a visual
engle of one minute. Visuzl acuity is the same substantially for
bleck characters on white, red, and green dbackgrounds, hut only
sbout half as much for bleck characters on a blue backaground.

It hes been found slso that distractions may either inhibit
or facilitate the visual reaction. Data show however, that dis-
tractions of various kinds inhibit the reaction to & visuel stimu-
lus far more freguently than they facilitete the rezction.

Resgarch has been mude on the readability or‘various sizes and
styles of type by means of statistioel surveys run on groups of
"well educated adults'.a The criteria for these studies were
psychological-physiological. The oriteria proving of most conse-

quence were the involuntary blink rate (being higher for poor



readability)s, the pulse rate (being lower for poor reudability)?,
end the involuntary muscular tension (which occursd more often
when reading under udverse circumatancoa.)a

Insofar as i8 known, the first sady of legibility (readabil-
1tyf of carbon copies wes done in 1942.9 In that study the
factor of illumination was the variable used for compering ssamples.
The copy and e rheostatically controlled electric lamp were placed
in a light tight box and the semple viewed through & lens and a
green filter (to elimiuate color effects). The intensity of
{llumination was measured by a photoelectrio cell. The results
ware inconclusive due to lack of precision inherent in the method,
Later the seme method was modified to include a standard sample.
The apparsatus was then essentielly & double projector lantern, with
the standard semple and ths ™unknown” being viewed side by side.,
The illumination on the standerd sample was reduced to threshold
conditions end then the illumination on the ™unknown" was increased
from zero until its legibility was equivalent with that of the
stenderd. The results of this method wers, however, inconclusive
also.

Later another method, that of a recording densitometer, was
usod.9 Since, other things bveing egual, two samples differed in
legibility because they differed in contrast, end sinoce contrast
wes deternined by blackness of oharscter and width of character
{increesing with number of parts (copties)), it was thought that

this could be measured with a densitometer. The copy was mounted



on a rotating drum and 1ight pessed through it to excite = photo-
electric cell connected with & galvenometer. This apparatus was
later modified but the densitometer principle was retained. How-
ever, it was impoasible to correlats the blackness of the character
and its width to obtain a satisfactory legibility scale. It was
found at the time, however, that the difference in blackness between
the firat few and the last few parts was not great anough to affect
the legibility as it was affected.

In 1946, another attack on the problem of legibility was mndo.g
Thot time use was made of both the brightness and contrast factors
of the Visual Threshold by use of a Luckissh-Moas Visibility Meter.
Although this showed mors promise than anything tried to that date,

the results were again not conclusive,



I1I. EXPKRIMENTAL INVESTIGATION

Object,
The object of this investigation has been to devise a means
of measuring the legibility of multiple carbon copies and obtain-

ing readily reproducible results.

Method of Procedurs.

Since, &8 was mentioned in the Review of Literasture, the two
fectors contributing most to the visibility of an object are its
brightness and the contrast hetween the object and its baokground.g
it was decided to use & method under which both of these factors
could be aimultaneously veried. A simple wey of doing this has
been incorporated in the Luckiesh-Moss Visibility Meter, which wes
designed to measure the illumination necessury for doing specific
tasks in industry. This meter had bean tried in legibility measure-
ments earlior,9 and though the results obtained were far from con-
clusive, they did not preclude the possibility of obtaining repro-
ducible roan;ts with it,

The Visibility Meter was mounted at a distance of fourteen
inches from and parallel to the copy to0 be measured, Figure 1.
FPourteen inches was the distanoe used betwsen meter and copy be-~
cause of the fact that this is considered by ophthalmologists to be
the normal reading distanco.g (Not to be confused with the ideal

reading distence, which i{s generally agreed to be twenty feet.)
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The copy was furnished with an 111uﬁ1nution of ten foot-csndles
a8 measured at the copy with a Weston Photoveoltaic cell.

The only crite:ia for the legibility of printed or typed
matter is whether or anot it can be read. Consequently, due to
the complexity of the funotioning of eyes and brein when reading,
all three atages of visual perception are encountered at once.
That is, printed matter mey be recd when there is certain
{definite) perception of the form of some of the characters while
there mey be but bare perception of form of others, and even only
recognition of presence of still others, depending upon the word,
sentence or paragraph ons may be rsading. That is to say, some-
thing mey he read when all the cheracters in it are not completely
visible, the brain filling in the characters that the sye fails
to perceive, depending of course upon the conditioning of the
brain and the matter being read.

Consequently, the auestion arises in muking legibility meas-
urements, as to what shall be taken as legible. This is quite
different from the factors encountered in visibility measurements:
there, you either wish to {1) recognize presence of an object,

(2) varely perceive the form of the object, or (3) to have certain
(definite) perception of the form of the object, and depending
upon the factors contributing to threshold visibility, you either
do s0 or you do not.

In the first measurements made with the Visibility Neter, the

criteria used was thet of "good” readability, that is, when there
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was certain perception of the form of all the characters in the
copy. This was found to give results quite erretic and unrepro-
ducible.

Then the oriteria was changed to that of threshold legibility.
That is8, to the lowest amount of brightness and coatrast under |
which the copy could be read, even though several of the characters
eould not be made out., It &8 obvicus that using this oriteria,
some written matter will de more readable than others. As mention-
od in the Review of Literature, rectangular shapes are most easily
distinguished under adverse seeing conditions, while triangular
shapes are most often confused, and circular shapes are more or
less easily distinguished depsnding upon, in this ocese, other char-
acters noarby.‘ Obviously then, if the various parts (carbon copies)
of the test being measured contained the same written matter, very
unreliable results would be obteined. In which case the results
obtained would apply to only one text; and not only that, but, due
t0 the memorising asbvility of humans, after making several measure-~
ments the text would be memorized and the brain would do the work of
the eyes. That is, when the form of the words is barely perceptible,
and cannot be read, one will think thet he is reading the text, when
actually he is relying chiefly upon memory.

Therefore the test under consideration was made up of twelve
different texts, (Twelve part forms were used throughout this investi-
gation). That i8 to say, part one contained a eertain paragraph, part
two a different parsgrsph and so on throughout the copy. The text
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was of such material as is usually encountered in industrial
trensactions, It was found that ten measurements per part were
necessary and sufficient to rule out most random errors in the
measurements due to fluctuations in viasual acuity, OConsequently,
it was found that memory again entered into the picture and true
readability measurements wers not obtained if ten readings were
nede on the same part having the same text., Consequently, the ten
readings for say, part one, were made on ten different texts. The
readings were, howsver, made for one complete set of twelve parts
at one time, t0 eliminate errors entering into sny one pert due to
desreasing visual acuity ceused by fatigue, sto., That is, pert one
containing one text was read, them part two containing enother text,
then part three containing still another text and so on through all
twelve parts without interruption. It was found thet one, or at
times two, sets of twelve readings were all that could be done over
a period of consesutive measurements due to the loss of visual acuity.
Consequently, all sets of readings were made at random times, in a
completely darkened room, always at night, to prevent any stray light
from interfering with the copy or the observer, and because there
would be (at night) no distresctions such as undue noise, which has
been found to affect eye performance oonﬂidlrably,s as mentioned pre-
viously.

Although measursements were made upon twelve parts consecutively,
no two measurements were made in the same order, For the first set

of measurements, say, part one was read first and part twelve last,
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for the second set, pert two was read first and part one lesst,
for the third set, part thres was read first esnd part two last,
and so on, Thoush the order was not followed exactly, the method
was, that is, the different set of readings were begun on differ-
ent parts of the copy, for a totel of ten sets of readings on all
twalve parts,

In making the readings, the observer changsd the comtrest and
brightness of the part being measured from that of very least con-
trast and very imst brightness to that of threshold legibility.
All measurements were made in this way beoause of the relstively
rapid ad justment of dark adepted eyes to light, as opposed to the
slower adjustment of light sdapted eyes to darkness, Also, the
change of brightness and contrast was dons very slowly to allow

time for this adaptation.

Apperatus,

The Viaibility Meter was mounted in a reguler clamp stand,
The copy was supported fourteen inches away in a aimple wooden
stend. Illumination was furnished by a single fifteen watt flour-
escent bulb which was covered by a flat piece of flashed opal glass
to diffuse the light and to give more uniform illumination on the
eopY.

The Luckiesh-Moss Visibility Meter, Figure 2, was used for the
legibility measurements throughout this investigation. The instru-

ment consists of two colorless photographio filters having precise
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circuler gredients in density. The meter is held the same as
eyoeglesses, A small disk at the top of the instrument rotates

the filters before the eyes. The gradient filters reduce the
apparent brightness of the print and at the same time, because

of the slightly diffusing characteristics of photogrephic film,
lowsr the contrest between the print end the psper, The bright-
ness may be varied over a range sufficient to slter the threshold
stimulus by a factor of two. Since the maximum range corresponds to
twenty times threshold value, the meter is much more effective in
reduoing contrast than br:shtnanl.a The field of view for each eye
subtends horizontal and vertical sngles of thirty degrees and twenty-
four degrees respectively,

The meter is provided with two scales, Relative Visibility,
with & scule range of from one to twenty, end Relative Footosndles,
with a scele range of from one to one thousund, The Relative Visi-
bility Scale, which was used exclusively in this investigetion, was
calidbrated using two parallel test bsrs whose critical detail sube
tended a visual angle of one minute at a distance of twenty feet,
Although the meter could have been calibrated for any one of the
visual threshold parameters, it was calibruted in terms of size,
since in ophthalmology engular size is used as a oriterion for ap-
praising visual effioiency. Since a normal eye can distinguish,
under favorable conditions, two objects aeparated by ome minute of
visusl angle, this point on the scale of the meter was teken as

unity. The scale value '2' indicates that the visibility of the
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objeot viewed is equivelent to that of the test object when its
oritical detsil subtends an angle of two minutes (at twenty feet),

and s0 on.
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IV. DISCUSSION OF RESULTS

Measurements were made on ten samples of copy, Test 1 through
Tast 10, am discussed in Experimental Inveatigation. The Tables of
Legibility (Readability) are givem in Appendix I, Table I through
Table XXIX, containing tha values read on the Relative Visibility
Seasle., Since these vaelues are all relative, any ascale whatsoever,
appropriate to the gradient filters used in the meter, would have
sufficed,

Three sets of ten measursments per part were made on Test 1.

The mesn of each set of ten measurements per part, for the three sets
is given in Taeble I-A, following. Since the values of the Relative
Visibility Soale are not adapted for comparing tests, and becsuse the
visual acuity of the eyes wvaries more or less, from day to day, values
of per oent legibility of each part have been determined for each set
of measurements. The value obtained for Part 8 was teken as one hun-
dred per cent. This was done because it was found the legibility of
Part 1 varied quite considerably dus to wear and tesr on the type-
writer ribbon and could not thus be used as a standerd, and because
the trensfer of carbon to and the spreading of characters in Part £
is practioally constent, irrespective of the number of parts made.
(With negligible variation, more or less depending on ths kind of
carbon and the kind of paper used.)

The per cent legibility of the mean values is given for sech
part for all three sets, as well as a columm containing the mean per

cent legibility,



Part No,

10

11

12

Test )

TABLE I-A

Reguler Tissue

Mean legibility

(a)

8.9

4.4

3.8

3.8

3.2

2,9

2.8

B.5

2,3

2,3

2,1

()

6.8

4.6

3.8

3.6

3.2

2.9

2.7

2.8

2.4

2.1

2,3

(e)

4.3

3.8

Jeb

3.0

2.8

2.4

2.3

2.3

2,1

2.3

TW-12 Carbon

% Legibility (Part 2 = 100%)

(a)

1348

100

86

80

73

66

7

52

()

135%

100

78

70

63

69

52

(o)

135%

100

70

53

49

Mean %

13%%

100

79

71

60

-1 )

49



The variation of the actual valuss obtained with the meter
for the three sets is quite low, The deviation of the per cent
legibility for any part of any set of measurements from the mean
amounts in only one case to as much as four per cent, The devi-
ation of all other parts being much less, That some varietion
should enter in is to be expected since, because of the method of
meking measurements, as disoussed previously, it is impossidble to
sslect those velues which are erroneous and discard them. Instead,
they are aversged in and ocsuse a fluctuation about the mesn for the
valuss obtained., It is to be noted that a very small veriation in
the actual measurements mede on Pert 2 cen easily cause a variation
of es much as several per cent, becauss of the small range of vsl-
ues covered, On Test 1, the maximum range covered is from 6.2 to
2,1 on the visibility scale, or 4.1. With the mean valus ocdbtained
for Part 2, 4.4, a variation of 0.1, the smellest value that can
be differentiated on the scale, leads to a differance of 2.3%,

Teble II-A gives the actual measurements, the mean of three
sets of ten each per part, made on Test 2, and also the per oent
legibility of each part for the three sets of measursments, &nd the
mesn per cent legibility; the values of Pert 2 being taken as one
hundred per cent, Here agein the maximum variation from the meen
for any set on any one part mmgs to but four per cent, and again
this is true on only one part. The variation of the rest is less,
Sets (a) and (b) show a decided variation in visusl aouity. The
per cent legibility of thou'ewo sets, however, is in close agree-

ment.



Part No.

10

11

12

Test 2

-2l -

TABLE II-A

Thin Tissue

Mean Legibility

(e)
5.4
4.1
3.6
3.3
3.0
2.9
2.8
2,7
2,6
2,8
2,5

2.6

(v)

8.0

4.7

4.0

3.7

363

3.3

3.1

2.9

3.0

3.0

2,8

2.8

(c)

5.9

4.3

3.9

3.6

3.3

Sel

3.0

3.0

2.9

2.9

2.6

2.8

TW#-12 Carvon

% Legibility (Part 2 » 100%)

(a)

132%

100

88

81

73

n

66

63

61

63

(v)

128%

100

85

79

70

70

62

60

60

(e)

132%

100

80

76

e

70

70

67

&7

60

Mean %

130%

100

87

81

73

65

60

63



A graph was plotted with the valuss cbtained for each of
the thres sets of measurements made on Test 1 and Test 2, The
curves for each test are the ourves of the mean per cent legibil-
ity. It is to be noted from this greph that the variation of any
one set from any other causes merely a slight lifting or lowering
of the entire curve and does not affect the slope at all, In the
case of Test 1, the curve for any set of valuss would de practi-
cally the same as that of the mean, In the casgse of Test 2, the
meximum amount the curve could be lifted would be about two per cent,
with a possible lowering of about one per cent, Vhen error enters
in, the values fall off of the smooth curve connecting the points;
for example, in the second and third set of measurements made on
Part 8, Test 2, there is obviously error in the per cent legibility,
the values obtained being toc high in one case and too low in the
other. In meking a comparison of tests, as is done here, these
points will affect the ocomparison mome at all; they will merely fall
off of the curve,

Table IXII-A gives two sets of measurements made on Test 3, Bn;c
on one part, one set has a variastion of five per cent from the mean,
In all other ocases the variation is less, It is to be noted that, in
the case of the five per cent veriation, this was caused by a differ-
ence in the two sets of values on this pert, Part 8, of only 0.3,

Table IV-A gives two sets of measuraments maede on Test 4, In
this case the maximum variation in per cent legibility of the two sets

from the mean amounts to only two per cent.






Part Ko,

10

11

12

Test 3

TABLE III-A

Thin Tissue

Nean lLagibility

(a)

5.2

4.0

S.7

3.4

3.1

2,7

2.8

2.2

2.1

2.0

1.9

2.1

)

8.0

3.9

3.6

3.3

3.0

2.8

2,6

2.5

2.4

2.1

g1

2.8

TW~-10 Carbon

% legibility (Part 2 « 100%)

(a)

130%

100

93

85

63

83

(v)

128%

100

8%

™

67

61

Mean %

129%

100

93

69

65

52

51

88



Part Mo.

10

12

Test 4

Moan Legibility

(a)

5.4

4.1

2.8

Sel

2.7

24

2.8

2.0

1.9

1.7

1.6

1.7

()

5.7

4.8

3.8

3.3

2.9

2.6

2,3

2.2

2,0

1.9

1.7

1.9

TABLE IV-A

Regular Tissue

Tu-10 Csrbon

% Legibility (Part £ = 100%)

(a)

138%

100
85

76

59
54

49

42
39

42

(v)

136%

100

86

79

69

62

58

40

45

Mean %

134%

100

86

78

69

6l

-3 §

47



Table V-A gives two sets of measurements made om Test 5. The
greatest vnrinﬁion in per cent legibility on any test in this in-
vestigation was found in the measurements on this test. On one
part, the two sets of messurements experierce a mavimum deviation
of six per cent; however, the variation for all other parts is
much less. Obviously, error entersd into the measurements of the
firast set here, although the actual differcnce in the values obtein-
od in the first ond second esets of messurements on this pert, Part 7,
anounts to only 0,2. In any comparison of tests this wvalus of per
cent lagibility would simply fall off of the curve.

Table VI-A gives two sets of measuraments mede on Test 6. Here
there is a maximum veriation of per cent legibility of the two sets
from the mean of only two per cent. It is to be noted here that,
with the exception of the first three perts, the valuss obtained on
the two sets of measurements are identiocal.

Table VII-A gives two sets of msasurcrmonts rn:4e on Test 7, made
with Red Carbon. There is & maximum variation between that of the
two sets and the mean per cent legidbility, of only four per cent on
only one part. The veriation on other parts is tvo per ocent or leaa.

Table VIII-A gives two sets of ten msasursments each on each
part made on Test 8. Here there is found a maximum deviation of per
cent legibility, of the two sets fram the mecn, of only two per cent,

Table IX-A gives two sats of measursments made on Test 9. In

this case, values obtained for six purts ure identiocal for the two



Part No,

10

12

Test 8

Mean Legibility

(a)
4.8
4.2
3.8
3.2
3.0
2.6
2.2
2.8
2,0
2.0
2,0

2.2

(b)

4.5

3.8

3.8

3.0

2.7

2.8

2.4

2.2

2.1

2.1

2.1

2.1

TABLE VeA

Regular Tissue

(a)
114%
100
86
6
n
62
82

82

82

X-75 Carbon

(v)

108%

100
84
7
7
66

63

85

£ Lagivility (Part 2 = 100%)

Meean %

111%

100

78

71

52

-1

52



Part No,

10
n

12

Teat &

TABLE VI-A

Thin Tisaeue

Wean Legidbility

(a)

4.6

4.1

3.8

3.2

2,8

2,5

243

2,2

2.1

2,1

2.3

(v)

4.5

3.9

3.4

2,8

2.6

2.8

23

2.1

2,1

2.8

X-73 Carbom

4 Legibility (Part 2 « 100%)

(a)

1124

100

78

63

61

51

31

56

(v)

115%

100

87

82

72

67

59

56

59

Yean %

114%

100

aé

80

70

63

53

57



Part No,

10

11

12

TABLE
Teat 7
Mean Legibility
(a) (v)
6.3 5.9
3.8 3.7
3.3 3.3
2.8 2.9
2,8 2.8
a2
2,1 2,3
2.1 2.0
1.9 1.9
1.9 1.9
1;8 1.8

1.9

1.9

VII-A

Red Cardon

% Legibility (Fart 2 = 100%)

(a)

166%

100

87

4

66

63

(v)

160%

100

89

78

70

65

- 68

5

49

51

Mean %

163%

100

78

59

51

81

49

81



Part No.

10

11

12

Test 8

Mean legibility

(a)

5.8

3.8

3.4

3.0

3,7

2,6

2.4

2.4

2.3

2,1

8.0

2.2

(v)

5.5

3.9

3.3

3.0

2.8

2.8

2.4

3,3

2.2

2.2

2.0

2,2

TABLE VIII-A

Special P Carboa

(a)

1sag

100

89

70

71

63

63

- 61

53

(b)

1418

100

8%

7

78

59

59

81

% Legidility (Part £ = 100%)

Mean %

1588

100

87

78

78

66

61

61

52

57



-3 -

sets of msasurements. There is a maximum deviation of per ommt
lagibility of only two per cent from the mean of the two sets.
Table X-A gives tl;o sets of measurements nade on Test 10,
Hero also is found & rmoximum deviation from the mean of per cent
logibility of only two per cent for the two sets. The actual
reudings differ by only 0.1 for seven parts and are identical for

the rest.



Part No.

10

12

Test 9

Mean Legibility

(e)

6.1

4.1

3.5

3.3

3.1

2,9

8.?

2,8

2.4

2.3

2.2

2,8

()

8.9

4.1

3.6

3.2

3.0

2,9

2.6

2‘5

2.4

2,3

2.3

2.4

- 382 -

TABLE IX-A

Regular Tissue

(a)

149%

100

838

8l

76

71

68

61

89

856

61

8900131 Q Carbon

(v)

144%

100

78

73

71

63

61

59

59

% Legivility (Part 2 = 100%)

Koan %

147%%

100

a7

80

75

71

59

56

60



Part No.

10

11

12

Test 10

TABLRE X-A

Thin Tissue

Eean Legibility

(a)

6.l

4.2

Seb

Seb

2.8

267

2.8

2.4

2,3

202

244

()

6.0

4.3

Se?

3.

2.9

2,7

2.8

2,8

2,3

2.2

2.8

Special ¢ Carbdbom

% Legibility (Part 2 = 100%)

(a)

1454

100

90

81

76

67

ég

o7

58

34

87

(v)

140%

100

86

79

7%

67

63

6l

) §

Mean %

145%

100

80

74

67

62

55

52



Y. CONCLUSICNS

It is to be concluded that through the use of the Iuckiesh-
Moss Visibility Meter, and the method of making measurements |
used in this investigation, that it is possidle to get reproduc-
ible results, That it is possible, when the values are inter-
preted as per cent legibility, Part 2 being taken as one hundred
per cent, to heve a normal deviation of no more than two per cent,

It cannot be expected, however, that exaat reproducibility
of results is to be achieved by this or any other method since the
question of legidility (readability) is such a personal item, and
when in this method of measuring legibility, the "human error™
enters in such an slementary manner,

However, it has been found in this fnvestigation that the
greatest amount of deviation fram the mesn smounted to but six per
cent and that but in one ocmse, It is to be concluded then that a
deviation of as much as five per cent will be encountered only
as a rarity.

Deviations of even as much as six per ocent, howsver, have no
effect when making comparisons of various tests. This is espocisl-
ly true when the comparing is done by means of legibility curves,
ea is done in Appendix II, since such erratic valuss will simply

fall off of the smooth curve connecting the points,
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VIII. /PPTNDIX I

Following are twenty-two tobles of measurements mede on
ten samples of multiple carbon forms. Three sets of messure-
nents were made on Test 1, three on Test 2, and two on each of
the other tests, All measurements were nade a column at a time,
though not necessarily in order. The values are the velues read

on the Relative Visibility Seale of the L-M Visibility Meter,



TABLE I
Test 1 Reguler Tissue ﬁ-la Carbon
(2)

Paxrt No, Readability Mean
1 6.0 5.6 5.8 5.4 6.6 6,4 6.4 6.0 6,0 5.0 5,9

2 3.6 4.0 5.0 4.0 5.2 4.8 3.5 5.0 4.4 4.8 4.4

3 3.0 3.6 3.8 3.6 3,0 4.8 3.9 4.9 4.0 3.8 3.8

4 3.6 4.0 2.8 5.5 3.4 4.0 3.2 3,6 3,6 3.4 3.8

5 30 3.1 3.4 3.5 3.0 3.2 3,6 3.0 3.0 3,8 3,2

6 2,6 3.0 3.0 3.4 3,0 2.7 26 25 2.8 3.2 2,9

7 3.0 2.8 287 3.0 .9 2,4 3.0 28 2.7 329 2.8

8 21 3.3 B4 26 23 23 26 24 A7 28 25

9 2l 2.8 2,6 2,6 2,7 20 23 20 235 1,9 23

10 1.7 1.9 2,1 2.0 2,5 2.4 24 1.9 2.2 2.4 2,2
11 2.9 2.7 1.9 1.9 2.2 2,4 2.4 2.3 2.0 21 2.3

12 1.9 1.9 2,1 2,4 2,4 1.9 1.8 23 285 2.1 2.1



TABLE IX
Test 1 Regular Tissus TW-12 Carbon
(v)

Part No, Readability Mean
1 Bad 6,5 6848 7.2 6,9 644 8,5 8,85 8.0 4,9 6.2
2 3.9 348 5,7 4.4 4,9 5.2 4.9 8. 44 4.0 4.6
3 38 305 3ed 4.0 4.0 3.8 4.4 3,7 4.0 3.4 3.8
4 37 36  3edl 3.8 3.8 Jd 3,7 3.4 3.8 3.4 3.6
5 Jed 3ol 3,8 2.8 3Jd 3,8 32 34 3.0 3,2 32
6 3.0 3,0 2,6 3.0 2,4 3,3 3,0 27 28 2.8 2,9
4 2,9 2,8 2,8 2,6 3,0 2,6 2,8 25 2,86 2,6 2,7
8 268 2,7 24 244 244 2,8 2,2 B4 2,3 2,8 2,8
9 2e3 248 2,3 2.4 2,6 2,3 2,6 2,2 2,3 2,3 2.4

10 2,2 2,4 2,4 2.2 2.3 2,3 1.9 21 1l.9 2.2 2,8
11 169 2,1 2,3 2,7 2,8 1,9 2,4 2.0 1.8 1,9 2.1

12 20 24 2,3 2,7 2,4 2,3 2,6 2,4 2,8 2,1 2,3



Part No.

10

11

18

Test 1
6.0 6.8
4,1 4.3
4.0 3.1
3.6 3.3
3.5 2.9
2.6 2,7
2,6 2.3
2.7 2.4
2.4 2.6
3.8 2.4
2.3 2,1

2.4

2.8

5.6

3.0

4.0

3.4

2.8

2.4

2.8

2.2

2.4

2.4

2.3

2,2

8.0

4.8

4.0

3.6

2,7

2.8

2,2

2.3

2,3

2.3

2.1

2.4

- 42 -

TABLE III

Reguler Tissus

Readability
6.2 5,6
4.2 44
3.9 3.8
38 3.4
3.2 3.2
2,6 2,7
2,7 2.4
2,4 2,3
2,3 8,1
2,0 a.2
2,2 2,0
3.3 2.3

5.6

4.4

3.8

3.2

3.8

2.7

2.7

2,2

1.9

2.0

2.2

TW-12 Cardon
6.2 5,8 5.0
4.2 3.8 3.8
3.8 3.4 3.7
3e4 344 35
3¢l 2,9 363
3.0 2,9 3,8
2,8 2,6 2,8
2,5 2,7 2.2
2.1 2,3 23
2.4 2,2 2,8
2.1 2,2 1.9
2.4 2.2 2,0

¥Moan

5.8

4.3

3.8

3.4

3.0

2,8

2,8

2.4

2.3

2.3

2.1

23



Part Ko.

10

11

13

TABLE IV

Teat 2 . Thin Tissue
(a)

Readebility
6.0 5.6 85,0 4,8 65,0 5.4
3.7 4.0 3.6 4.8 3.6 3.8
3.6 4.2 4.0 3,6 3,2 3.6
4.0 3.6 3.0 3.2 3.5 3.1
3.3 3.0 34 3.4 2.8 3.0
.6 3.7 3.0 2.8 B8 2,8
2,6 2,7 2,7 2.9 2.6 2.8
3.0 28 2,7 2,5 2,8 2.8
2.4 3.2 24 2.8 25 872
3.6 2,9 2,6 2.5 232,82 2.4
2.3 2,3 28 3.0 2,8 2.5

Ue0 2,3 2,4 2,6 285 2.8

5.1

3.2

3.3

8.7

2.9

2.7

2.8

2.8

2.4

2.8

2.7

2.8

TW-12 Carbon
5.0 6.6 5.0
4.2 4.6 5.4
2.6 T8 3.4
Seé4 3.2 34
2.9 2.6 3.1
3.1 2.9 3.0
2,4 2,9 3.5
2,9 2.2 2.8
2,3 2,2 2.9
2,3 2,6 2.6
RB.8 2,6 2,5
2,7 2,8 2,9

Nean

S.4

4.1

3.6

Je3

3.0

2.9

2.8

2,7

2,6

2.6

2.5

2,8



TABLERE V

Tost 2 Thin Tissue T¥-12 Carbon

(v)

Part No. Readadbility Kean
1 6.5 6.8 5.4 B.4 6.4 B4 6.0 5.8 5,8 6,1 6.0
2 5.6 4.2 8.4 3.8 4.8 4.8 4.3 5,0 8.2 4.8 4.7
3 3.8 4.0 3.8 4.0 3,7 3.8 3.8 4,6 3.8 4.4 4.0
4 B4 3.8 3,6 3.8 3,3 Il 4.4 3.8 4.3 3.8 3.7
S 2.9 2.7 2,9 3.0 3.8 3.4 3.0 3.7 4.4 3.4 Se3
6 3.6 2,9 27 2.8 3.6 | 37 3.3 3.4 3.4 3.8 3.3
7 2,9 3.8 2.7 2,8 3,0 T8 32 35 3.3 3.0 3.1
8 | 3.0 2.8 2,7 2,6 3,9 3.4 3.0 25 2,9 3.2 2,9
9 3.0 3.0 2,8 2,9 2,6 2,9 2,9 3.0 3.8 Ses 3.0

10 2:4 3.2 2,9 R.7 3.8 3.2 2,9 2,6 3.0 3,7 3.0
11 2,5 2,6 3.2 2,7 3.0 3.2 2.6 285 3.1 3.0 2,8

12 84 2,7 2,3 29 3,0 2.8 3.0 2.8 3.1 3.4 2.8



10

11

12

Test 2

6.3 7.0
5,8 4.2
4,8 3.8
3.8 3.9
3.8 3.4
3.4 2,9
3.6 3.8
3.6 2.9
3.0 3.0
2,7 3.0
3,0 2.6
3.2 2,8

4.6

3.9

3.3

3.8

2,8

2,7

3.0

2.7

3.0

3.0

2.6

TABLER VI-

Thin Tissue

(o)

Readability

B2 6.8 5.6

3.8 3.8 4.8

40 2 3.6 3.‘

306 a. g 3.‘

Se8 3.0 3.2

3e2 3.2 31

2,7 3.0 2.9

2.5 2.8 3.0

2,7 2,8 2.7

2.9 2.7 2,8

2,6 2.6 2.4

2,9 27 26

5.8

4.2

3.8

3.8

3.2

3.8

2,9

3.0

2.9

2.4

2.4

2.8

TW-12 Cardon
6.2 5B.2 6,0
4.0 4,1 3.8
3.8 3.7 3.8
3.4 3.8 35
3.2 3.4 3.8
3.0 2,9 3.4
3.4 3.0 3.0
3.1 3.4 360
2,9 3.1 3.0
2,9 2,9 2.8
2,6 2,6 2,8
2.9 2,8 3,0

Mean

5.9

4,3

3.9

3.6

3.3

Sel

3.0

3.0

2.6

2.9

2,6

2.8



TABLE VII

Test 3 Thin Tissue T¥-10 Carbon

(a)

Part No, Readability Hean

1 S8 BDe4 8.5 4.8 5,6 6,1 5,0 4.6 4,7 4.8 5.2

2 4,0 3.8 3.B 3.9 3.8 3,9 3.7 4.6 4,0 4.2 4,0

3 40 3.8 3.8 3.4 3.8 3,7 4,0 3.3 4,1 3.0 3.7

4 Bed 3.2 B4 3J4 3.2 3.0 3.2 3.0 4.8 3. Sed

5 3.2 3,2 8,9 3.0 28 2,58 3.7 3.4 3.4 3,0 301

6 26 Be3 2,8 3.4 2,83 2,8 3,0 2.7 2,7 =238 2.7

? 2,2 2,9 2,7 2,6 2.4 25 2,4 2.4 2,4 2.1 2,8

8 3.‘ 301 200 203 2.0 2.6 2;0 2.2 2.3 2.3 202

9 2.0 3.1 2.1 2;0 3.2 208 200 205 8.5 108 201

10 2.2 2.3 1.9 1.9 1.9 2.8 8.0 2.2 1.8 109 2.0

11 1.9 1.8 21 2.0 1.8 20 1.8 1.9 1.8 1.7 1.9

12 2.2 23 22 1.9 28 21 20 1l.9 2.0 1.8 2.1



- 47 -

TABLE VIIX

Test 3 Thin Tissue TW-10 Cerbon

(b)

Part No. Readability Mean
1 B0 4.8 4.2 4,6 4.8 5,6 6.0 5.0 4.8 8.0 S.0
2 4.4 T8 S0 4.2 3F.7 3.9 4.3 B8 3.7 S.8 39
3 38 3.8 38 B B8 B3 4.0 B5 3B 3.5 3.8
4 3.8 Bed B2 3,0 B8 B0 2,7 3.3 2.0 8.8 3.3
b 3.3 3.0 8.8 3.0 3.0 3e2 3ok 2.8 2,8 3.0 3.0
6 2.8 BB 8.8 2,8 2,7 2,7 2,8 3.2 2.8 3. 2.8
7 2.9 2.9 3.0 £.,.4 2,2 23 2,6 2,5 2,7 2,8 2.6
8 o2  Ba7 2,8 2.l 2,3 2,1 25 2.6 2.3 244 2,8
9 208 243 1.9 2,83 243 20 2.6 L9 2,3 23 243

10 2,1 2,2 2.4 2,1 1.9 2,9 2,1 1.9 2,3 &1 2.1
1l 8.0 2,1 2.2 2,2 23 20 21 2,1 2.0 2.2 2.1

12 2.8 B3 245 22 22 1.9 2.2 2.4 2,1 2.1 2,2



Part No.

10

11

12

Test 4
5.8 5,8
4.0 4.8
3.8 3.l
3.1 3.0
2,7 2.8
2.8 2,3
2,8 &.1
2.2 2,0
2,4 1.8
1.8 1,6
1.8 1.7

1.9

1.8

5.8

3.4

4.0

3.9

2.9

2,9

1.8

1.8

2.0

1.6

l.8

5.4
3.8
2.8
8.1
2,8
2.5
2.1
2,0
2.1
1.9
1.7

1.4

TABLE IX
Regular Tissue TH-10 Carbon

(a)

Readability Mean

8.2 5,0 5.2 6,0 5.0 85,2 S.4

8.8 3.9 4.3 8.7 4.1 4.2 4.1

3.6 3.8 3.8 3.9 8.6 3.8 3.5

3.0 3.4 27 2,8 3.2 3.0 3.l

g6 2,4 48 29 3.0 3.1 2,7

2,2 2,4 2,85 2.4 25 2.4 2.4

2,0 1.8 20 2.4 2.1 2,2 2,2

2,0 20 1.9 2.0 1,9 2.2 2.0

1.9 1.9 1.0 1.6 1.9 1.9 1.9

1.7 2,0 1.4 1.7 1.6 1.6 1.7

1.4 1.3 1,6 1.8 1.7 1.8 1.6

1.8 1.6 1.5 1.7 1.7 1.8 1.7



- 49 =

TABLE X

Test 4 Reguler Tissue Tk=10 Carbon

(v)

Part No. Readadbility Mean

b Bsb 5,8 85,6 D5.,7 5.7 6.4 85,6 5.8 5,2 05,8 5.7

2 36 44 4.3 4.0 4.2 4,0 4.3 4.3 4.4 4,0 4.2

3 3¢6 3.3 T8 38 B2 3,8 4.0 4.0 4.0 3.8 3.6

4 3.0 3.3 8.0 3.2 3.1 3,8 36 Fe6 Ik 3.2 Se3

5 2,7 27 3.0 268 2,8 3.1 3.4 2,8 2,6 2.8 2.9

6 2,4 2,8 3.0 24 223 28 B4 28 86 25 2.6

7 2.8 B,1l 2.4 2,3 2,6 2.0 2,3 2.4 2.8 244 2,9

8 l.9 20 2.8 2,1 2,3 25 23 2.1 23 2.1 2,2

9 1.8 1.9 1.9 2,2 1.9 1.8 2,4 1,9 1.8 1.8 2,0

10 108 3.0 2.1 1.8 2.0 10? lo? 109 1.9 108 109

11 1.8 1.8 1,7 1,6 1,6 1.7 1.8 1.7 1.8 1.7 1.7

12 2,2 1.8 1,9 2,0 1.9 1.8 1.9 1.8 2.3 1.8 1.9



Part No.

10

11

12

Test 6
5.2 4,6
3.4 4.2
3.6 3.8
3.5 3.2
2,9 3.3
2.4 2.4
2,7 2,1
2,1 1.9
2.0 2,1
2,0 2,1
2,2 8.1
2,0 2.0

3.2

4.0

3.3

3.2

3.2

2,5

2,0

1.9

2.0

2,3

2.1

X8
L ]
P

4.4

3.8

3.8

2.8

2.9

34

2.3

2.5

1.9

1.8

2.0

TABLE XX
Regular Tissue
(a)

Readability
4,8 5.0 4,7
4,2 5,0 4.8
3.8 3.4 3,7
3.4 3.0 3.3
3.4 3,7 3.1
2,85 2,85 2.8
2,2 2,0 2.4
2,1 2,2 2.3
1.9 2,5 2,0
2,0 1.9 2,0
2,0 1.8 1.9

2,6

2,3

1.9

4.2

4.6

3.2

2.9

2.8

2,6

2.6

2,7

2.0

1.9

2.0

2.9

X-75 Cerbon
4.8 4.8
3.8 3.9
3,8 3.9
3.6 2.8
2.7 2.7
2,6 2.7
1.9 2,2
2.2 2.4
1.8 2.0
3,0 1.7
2.1 1.9
2,0 2.0

Hean

4.8

4,2

3.6

3.2

3.0

2.6

2.2

2,2

2.0

2.0

2.0

2.2



Part No.

10

11

12

Test 5

4.4 4.3
3.4 3.4
3.1 3.1
3.4 3.2
2.4 2.4
2,3 2.8
2.4 2,0
2,0 2.3
2.0 1.9
1.7 1.8
l.6 2.1

2.2

1.7

3.7

3.5

3.2

2.9

3.2

2.4

2.2

2.4

2.2

2.2

1.7

2.0

4.6

3.7

3.3

3.0

2.4

2,8

2.4

1.7

1.8

2.0

2.3

o 3]l =

TABLE XII

Regular Tissue
(v)

Reedability
4.2 3.4
S.4 3.2
2,9 3.0
2,9 2.8
2,8 2.6
2,3 2.4
2,8 2,85
2,3 B8.%
2,4 2,1
1.9 2.4
1.8 2,0
2,2 1.8

4.2

3.9

2.9

2.9

2.6

2.7

2.9

1.8

1.9

3.3

2,3

2.4

X-75 Cardon
B.2 4.7 4.6
4.4 4.3 4.4
3.2 3.6 3.3
2,8 2.8 2.7
2,9 2.9 3.2
2.4 2.8 3.2
2,2 2.2 2.4
2.2 2.2 2.1
2.0 25 1.9
2,0 2,1 2,8
2,3 2.0 2.1
2,0 2,2 2,6

Kean

4.8

3.8

3.2

3.0

2.7

2.8

2.4

2.2

2,1

2.1

2.0

2.1



Part No,

10

11

12

Test &

4,7 4,6
6.2 3.8
3.2 4.1
3,7 3.3
3.1 2.8
3.1 2.6
2.8 3,0
2.1 2,2
2,3 2.2
2.1 1.9
2.1 2.0
2.3 2,0

4.7

3.9

4.2

3.2

2,8

2.4

2.6

1.9

1.8

1.9

4.6

3.9

3.5

2.9

2.4

2.8

2,0

2.0

- 52 =

TABLR X1III
Thin ‘!'um
(a)
Readability
4,3 4.8 4,8
3.8 3.7 4.2
3.4 3.2 3,8
3.5 3.2 3.0
2,0 29 2,6
2.7 2.6 2.4
2,3 2.5 2.2
2.1 2.3 2.3
2.1 1.9 2.3
2,7 21 2.0

1,9 2.6 2,0

X-78 Carbon
4.8 4.5 4.8
3.7 | 3.9 4.4
3.1 3.4 3.8
2.6 2.7 2,8
2.4 2,5 2.9
2.8 2.4 2.7
2,0 2.7 2.3
2.3 2.0 &3
1.9 8.4 2.0
1.9 2.0 2.0
1.8 2.0 2,2
2,3 2,4 2,3

Mean

4.8

4,1

3.5

3e2

2.8

2.8

2.5

2.3

2.2

2.1

2.1

2.3



Part No.

10

12

Test 6

5.8 4.2
4.4 3.9
3.6 3.6
3.1 3.5
2,9 3.0
2,4 3.0
2,3 2.8
1.9 21
l.e 2,0
2,2 1.8
2,1 1.9
2.3 21

4.3

3.8

3.8

3.2

2.8

2,8

2.8

2,7

1.9

1.9

2,2

4.9

4.1

3.2

2,7

2.9

2.4

2.4

2.3

2,8

2.1

2,0

2,1

TABLE XIV
Thin Tissue
(v)

Readability
4.8 4,1 4.4
3.9 3.8 3.6
3.8 3.2 3.2
2.8 2.7 3.9
2,7 2,3 2,6
2.6 2,4 2,2
2.4 2,6 2,3
2.2 2,0 2.3
2,2 2,2 2,0
2,5 2.1 2.4
2,1 2.3 1.8
24 2,2 2,8

5.2

33

2.9

3.4

2.4

2,3

2e3

2.4

2.0

2.0

2.3

X-75 Carbon
4.1 3.9
3.6 34
3.4 3.1
3.7 3.0
2.9 298
3.2 2.6
2.4 2,6
2,6 2,3
2,1 2.1
2,1 2.2
2,9 2.0
2,3 2,2

Meen
4.5
3.9
3.4
3.2
2,8
2,6
2.8
2,3
2,2
2,1
2,1

2,3



Part No.

10

6.4

4.3

4.0

3.2

2.9

2,7

2.1

2.2

1.9

1.9

1.8

1.8

6.2

3.9

3.4

3.1

2.2

2.1

2.2

2,0

1.8

1.8

1.6

1.7

TABLZE XV
Text 7
(n)
Readability
7.3 6.0 5.4 6,6

3.6 3.9 3.7 4.0
29 3.3 31 3.0
2.8 2.6 2.3 2.7
2.7 2,3 2.0 2.4
2,0 23 2.2 23
1.9 2.2 2.0 23
1.8 1.8 20 1.8
1.6 1.8 1.8 2,2
1.6 1.8 1.9 22
1.5 1.7 1.8 1.8

1.6 1.9 1.8 1.8

Red Carbon
5.6 5.7
3.4 3.6
3.0 3.5
2.8 2,5
2,5 2.8
2,4 244
1.8 2.4
2,2 2.8
2.8 1.8
l.8 1.9
1.9 1.8
2.0 1.8

6.8

3.8

2.9

3.1

2,8

2,7

2.4

2,2

2.0

2.1

1.7

2,0

6.9

3.6

3.8

3.0

2,6

2,8

2.1

2.1

1.9

1.7

1.7

1.9

Nean

6.3

3.8

3.3

2.5

2.4

2.1

2.1

1.9

1.9

1.8

1.9



TABLE XVI

Test 7 Red Carbom

(v)

Part No. 'Readability . Mean
1 8.6 6.8 6.8 6,0 5,2 6.0 BS54 5.6 5.6 5.8 5.9
8 4,0 3.8 4.1 3.8 3.6 3.7 3.4 3.8 3.8 3.7 3.7
3 3¢9 4.0 3.0 3.0 3,82 3,8 3.0 3.4 3.8 3.7 3.3
4 2.9 53 27 28 2.6 26 3.0 28 3.1 28 2,9
s 2,8 2,9 24 2.3 23 26 2,6 28 2.6 3.1 2.8
6 2.4 2,5 2,28 2,2 28 2.8 2.9 2,2 2.7 2.8 2.4
7 2,4 2.3 1.9 21 2,8 2,2 2,8 28 29 2.4 2,3
8 1.9 1.8 2,3 1.9 1.9 1.7 28 2.2 2.0 2,2 2.0
9 2,2 1.8 1.9 1.8 1.7 20 2.0 1.8 1.9 2.3 1.9

10 2.0 1.8 2,0 1.5 1.9 23 20 1.8 21 1.9 1.9
1 2,0 1.8 1.8 1.7 1.8 1,6 1.7 1.8 1.8 1.7 1.8

12 le9 1.9 1,9 1.9 20 1.9 2,0 1.8 1.8 2.1 1.9



- HE v

TABLE XVII

Tent 8 Special P Cerbon

(a)

Part No, Readadbility Mean
1 8540 5.6 6,0 4,8 6,3 6,8 B4 | 5.4 6,5 6,6 5.8
2 Jed 3B 37 386 3Tb 3.8 4.8 3.7 3.9 4.2 3.8
8 3e2 38 T2 T4 Z4 3,0 3.4 4.2 3,6 3.8 Seé
4 2,9 3.0 289 2,8 2,9 27 29 28 3.6 3.2 340
] 2,8 2,7 26 2.6 2.4 2,7 27 2.6 27 3.4 2,7
6 2,3 26 2,6 2,8 2,3 2,6 2,7 2,9 238 2.8 2.6
v 24 2,4 2,4 2,7 2,6 2,6 2,2 2,4 2.2 338 2.4
8 2.4 21 23 28 23 28 21 28 20 3.8 2.4
9 2,0 2.4 24 21 23 23 22 21 23 28 2,3
10 1.8 19 23 1.8 1.9 81 3.0 2,1 2,3 23 2.1
11 1.8 1.7 1.9 2.2 20 1.8 2,0 1.9 2,2 2.8 2,0

12 2.3 1.8 2,0 2,4 23 2,8 2,2 2.2 28 23 2,2



Part No.

10

12

6.0

5.6

2.9

3.8

3.3

2.1

8.8

2.5

2.8

1.8

2.2

8.8

4.8

3.8

2.6

5.0

a,%

2.3

2.4

2.7

2,3

2.2

Test 8

-5 -

TABLE XVIIX

(v)

Reoadability

B4 5.4 5.0

5.4

4.6 3.8
3.6 3.2
2,6 3.4
2.2 2.7
3,8 2.1
2.3 2.2
2,3 2.%
2.8 2.8
2.2 1.9
2,0 3.0
2.3 2.4

3.6

3.1

3.0

2.4

2.8

2.1

2.0

1.0

1.8

2.1

3.9

3.7

8.0

2.8

3.0

2.6

2.1

2.0

2,1

.2

6.3

3.4

3.1

2.9

2.0

2.7

2.6

2.4

2.2

2.1

1.8

2.1

Specisl P Carbon

S.4

3.6

3.4

2.7

2.8

2.8

2,1

2.2

2.1

2.3

2.0

1.9

4.8

4.1

3.3

2.8

8.9

2.4

2.8

2.3

2.0

2.8

2.8

R.1

8.4

3.8

S.2

3.1

2,7

2.4

2.4

2.3

1.9

3.9

3.3

3.0

2.8

2.8

2.4

2.3

2.2

2.8

2.0

2,2



Part No,

10

12

Test 9

6.0 6.0
3.8 3.8
2,9 3.4
5.2 3.2
2.9 3.0
3.1 2.6
2,4 3.3
8.0 2.4
2,3 2.1
28,1 2.4
2.0 2,8

2.1

2.3

6.0

4.2

3.8

3.2

3.1

2.9

2.9

2.7

2.4

2.3

2,2

2,6

- 58 -

TABLE XIX

Regular Tissus

(o)

Roadability

B.8 68,1 6,0

3.8 4.1 4.4

3.4 3.2 3.6

3.3 3.8 3,0

3.0 S.4 2.8

8.5 3.8 5.0

29 26 2,6

803 206 2. 3

2,8 2.6 2.4

2.2 2.6 2.1

2.8 21 268

2.8 2,3 28

6.1

3.9

3.8

3.6

3.1

2.7

2.8

2,8

2.8

2.8

2.8

3.0

Special Q Carbom

Mean

6.6 6.4 8.8 6.1

4.2 4.8 3.8 4.1

3.6 3.4 3.8 3.8

3.6 3.2 3.4 3.3

3.3 3.2 3.8 3el

2,9 3.0 2.7 2.9

2.8 2,3 3.0 2,7

8.3 2.4 2.8 2,8

2,3 B4 2.3 2,4

1,8 24 2,3 2,3

801 201 2’8 2.‘

2,8 2.7 23 2.8



TABLE XX
Test 9 Regular Tissue 3pecial Q¢ Carbon
(v)

Pert No. Rudgbility Mean
1l 6.0 6.l 5.8 6.2 6.8 5.4 5.8 6,0 B.6 6.4 5.9
2 4.3 3.9 4.6 4,0 4,3 3.9 3.7 3.7 4.9 4.0 4.1
s Sed 34 3.8 34 3.8 3.7 3.9 3.3 34 3.8 3.8
4 3.2 3.0 3.4 3.2 3.5 3.0 3I.2 3.8 3,8 3.4 3.2
5 3.2 29 3.1 3.8 29 27 20 8.0 3.2 3.4 8.0
é 3.0 3.0 29 3.2 297 2,5 2% 3.1 3.0 3.0 2,9
7 2.6 29 2.5 28 25 24 27 2.8 2,46 2, 2.6
8 2,8 2,8 2.9 2,7 2,4 2,3 24 287 2.4 25 2,8
9 2,8 2.0 2.2 27 24 23 2.8 23 #.5 244 2.4

10 2,6 2.3 2.3 23 8£86 2,2 283 R) B84 23 2,3
11 2.8 21 2.4 19 2.3 2,4 21 23 22 2.2 2.2

12 2.4 2,3 2,83 2,3 2,4 2,8 2,6 2,1 2,6 2.4 2.4



Part No.

10

11

Test 10
6.4 5.6
4.0 8.9
3.6 3.6
3.2 3.2
3.4 3.1
2,9 2.8
2,53 2.6
2.0 2.8
8,0 2.4
1.9 2,
2,0 2.0
21 2.4

6‘0

8.9

3.4

3.5

3.0

2.7

.1

2,0

2.8

2.3

2,2

2,3

6.0

4.6

3.6

3.6

3.0

2.7

2.9

3.1

2.6

2.8

TABLE XXI
Thin Tissue Speciel § Carbon

(n)

Readability | Mean
6.2 6.6 6.5 5.8 6.0 6.4 6.1
3.8 4.0 5.0 3.7 4.2 5.0 4.8
8.6 3.6 3.7 5.7 3.9 8.9 5.6
5.2 3.5 3.1 3.2 3.5 29 3.4
3.1 5.6 5.4 3.0 3.0 8,0 5.8
3.1 26 2.9 31 8.8 28 2.8
2.7 2.9 205 28 3.0 26 2.7
2.5 2.0 8,7 2.3 2.6 2.8 2.8
3.6 2.9 2.6 2.5 24 23 2.4
24 RS 24 8.3 25 2.2 2.3
2.0 24 2.5 2.3 2.5 2.2 2.2

3.3 2,8 2.9 26 =5 28 2,4



Part No,

10

Test 10
8.4 6,0
3.8 4,1
3.4 3.5
34 303
3.2 3.0
2,7 3.0
2,85 2.8
2.8 2.8
2,8 26
2,8 2.2
2,0 2.2
2.8 a.6

S.4

4.0

3.4

3.4

2,9

3.0

2.9

2.4

22

3.3

1.9

2.2

8.0

S.8

3.8

3.3

3.0

2.8

8,7

8.7

2.2

2.1

2,0

8.1

- 61

TABLE 'xain
Thin Tissue
(v)

Readability
6,0 6,4 5.8
346 4.3 5,0
3.6 3.6 4.2
5.3 3.8 3.8
3.0 3.4 3.6
2.9 28 3.2
8,9 2,6 2.7
2.7 2.9 B9
2,8 2,6 k.8
Re3 2.4 2,8
2,3 2,8 2.6

2.6 825 2.7

Special Q Carbom

7.0

4,3

4.0

3.0

8.0

£.9

2.8

2.9

32

2.8

2.8

3.0

6,0

4.8

3.8

3.8

3.0

2,8

27

2,8

2.5

2,1

2ed

6t

5.0

4.0

3¢5

2.8

2,8

2,7

2,3

2.3

2.8

2,8

Mean

6.0

4.3

- 1% 4

Sed

Je1

2.9

2,7

2.8

2,5

2.3

2.8

2,8



-62-

IX. APPENDIX II

Following are sleven graphs of legibility ocurves, plotted
with the per cent legibility versus the part number, comparing
the various tests used in this investigation. The basis of
comparison is the carbon used, since the side of the peper, the
peper itself, and the setting of the electramagnetic typewriter
used in meking the samples, were all held constant,

The first graph of Test 1 eand Test 2 was plotted from the
per cent legibility of the mean values of sets (a) and (b),

These values were used in making compuarisons with other tests
through Test 6, which were slso plotted from the per cent legi-
bility of the mean values,

The second graph of Test 1 and Test £ was plotted from the
mean per cent legibility of sets (a), (b), and (¢c). These values
were used in making comparisons with Teats 7 through 10; Tests 8
through 10 were also plotted from the mean per cent legibility,

Part 1 was not plotted on the graphs since Part 2 was taken
as one hundred per cent legible, and also because of the fact
that its (Part 1) legibility was not pertinent to this investiga-
tion,

Test 7 18 a ssmple made using Red Carbon. It is interesting
to note that it is, overall, more legible than one of the black

carbon samples,
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