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ABSTRACT

"A SIMULATION APPROACH TO OFFICE AND CLASSROOM
ILLUMINATION"

SEN,Tayyar Durmus

M.Sc. in IE

Supervisor:Asst,.Prof.Dr.Necmettin
Erkan

August 19783106 page

An experimental research has been conducted to
determine the adequate illumination level for office
interiors, A simulation room has been established for the
purpose., Three different factors were considered in the
research, namely, intensity of illumination, task detail
size and contrast values, For the specific simulation
conditions, it was found that an illumination level of 300

lux for office interiors produces better performances.

Key Words: Illumination level, task detail size, contrast

values, simulation, office work,



86ZET

"OF1S VE SINIF AYDINLATILMASI PROBLEMINDE
BENZESIM YAKLASIMI"

SEN,Tayyar Durmus

Yilksek Lisans Tezij;Endistri Milh.B81.

Tez Y8neticisi:Y.Prof.Dr.Necmettin
Erkan

Agustos 19783106 sayfa

Ofis aydanlatmasi icin gerekli i1sik dlizeyini
saptamék lizere deneysel bir arastirma ylriitilmistiir, Bu
amacla bir benzesim odasi olusturulmustur. Arastirmada
faktdr olarak 1isik miktari, is detay biytikliigli ve kontrast
degerleri ele alinmistir. Belirli benzesim kosullarainda,
300 lux degerinde bir ofis i¢i aydinlatmasinin islerin

ylirtitilmesinde yiksek verim safliyacagi belirlenmistir.

Anahtar Kelimeler: Aydinlatma dizeyi, is detay blyUkl{gi,
kontrast degeri, benzesim, ofis isi,
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CHAPTER I

INTRODUCTION

In general , the effect of illumination level on visual
performance depends mostly on the importance of the visual
discrimination of fine details of work and upon the difficulty
of these discriminations in relation to size, contrast,move-

ment, etc. (22).

Visual perception makes up 85-90 % of the total per-
ceptual activities of the human sensory system (28). In ergo-
nomics, vision and visual perception has been dealt with in
most of the research work leading to betterment of task per-

formance.

The level of illumination at a work station is one of
the important factors which affect visual perception besides
the task size, contrast, shadows, glare, environmental ref-
lectances, etc. Thus, if some of the above factors can be
controlled and maintained at constant levels, a study of the
effects of the levels of illumination may be undertaken. In
most of the industrialized countries extensive studies have
been done on the standards of illumination for certain types
of visual tasks. Different standards for similar tasks have
been recommended, and great differences between those recom-

mendations create a necessity for research in developing



countries. Before the adaptation of any level of illumination
as a standard, an extensive research must be conducted and
suitable levels of illumination for different tasks and work

stations should be established scientifically.

In our cdﬁntry there is an urgent need for such standardization
in order to increase the production rate and to eliminate
adverse éffects of poor illumination. It appears that we have
to do extensive research in this field, and throughout our
efforts we have to consider the problems of energy shortages

and economy of illumination in this country.

Hypothetically, the standards of office illumination
vary to a great extent in our country and standards of diffe-
rent origins are used which sometimes result in waste of

electrical energy and in some others inadequate illumination.



CHAPTER II

TECHNICAL ASPECTS OF OFFICE ILLUMINATION

In any workplace, where the task necessitates a consi-
derable amount of visual discrimination, illumination as well
as other relevant factors must be studied carefully. If the
discriminatory requirements are not considered, the work done
will be poor both in quality and quantity. In general, techno-
logical developments 1eading to automation at work decrease
the mechanical work to be done by man but increase the stress
over the eyes. However, an occupational health or productivity
approach must always consider the visual performance of the
operator if we expect a higher output after some technological

remodelling.

In highly industrialized countries, despite the presence
of a wealth of significant and applied research in the domain
of office illumination one can easily recognize great difference
of recommended level for office illumination. In Table 1 values
established as standards for office illumination by different

countries are given.



Table 1. Standard Illumination Level for Office Interiors

Country Year Illumination (lux)
Australia 1965 300~-500
Hungary 1965 300-450
DDR 1966 400-1000
Netherlands 1967 500-~1000
Czechoslovakia 1967 300-500
Poland 1968 300-500
Japan 1969 300-500
USSR 1371 300-500
France 1971 300~1000
BRD 1972 500-1500
Great Britain 1973 500-750
USA 1973 7563000

Recommendations ¢f Illuminating Engineering Scciety
are between 30 lux and 200 lux for the office interiors

(1966)



Providing a high level of illumination at a place is
not always providing for adequate illumination. A high level
of illumination may increase the problems of glare and result
in fatigue unnecessarily. We must also consider the mainte-
nance of brightness contrast for productive work. The hazards
of modern sources of light must also be taken into account.
Fluorescent lamps and their flickering effects, and the hazards
of high power mercury lamps should also be emphasized and

studied.

Brilliance of the background for a visual task is one
of the factors which can be manipulated. Briliiance can be
defined as the product of the level of illumination and the

reflectance coefficient of the surface.

Research for illumination only is not sufficient for
developing adequate visual environment. It is also necessary
to arrange the light sources in such a way that they will net
cause discomfort. A glaring object within the field of vision
decreases discriminatory capacity of the eyes. Disability
glare causes a complete mulfunctioning of the eye. Discomfort
glare, as the name implies, is the glare within the field of
vision not necessarily causing discomfort directly but irritating

the worker and resulting in visual stress within time.

For the establishment of the most adequate visual

environment, the illumination of the environment must be close



to the illumination of the background of the task (10).Higher
levels of illumination of the environment will cause discomfort
and unsatisfactory illumination will decrease the visibility

of the objects. As a common measurement, the illumination of
the environment of the work place must not be less than the
square root of the luminance value of the work place in

lamberts (10).

Shadows may also result in discomfort according to
their degrees and directions. Deployed illumination by as
many light sources as necessary will avoid shadows. Illumination
from a single source will always form dark shadows. On the
other hand, too many light sources with varying intensities
will result in multi-shadows and may cause discomfort as well
thus, the arrangement of the light sources must be made
carefully. For office work, diffuse light, which produces no

shadow results in higher performances.

Contrast between the color of the object and the color
of the background is as important as the brightness contrast.
However, for office type work, color may not be an important
factor. All can be said about color is that spectral compo-
sition of the light from the source must conform to the color

the object for a good color effect.

Discussions on light bulb (filament) illumination versus

fluorescent illumination did not reach a conclusion yet. Both



of these sources have their own advantages and disadvantages.

Light bulb illumination is used extensively. It is
cheap but the light obtained is yellow~green. The colors at
the blue side of thespectrum seem pale under these light bulbs.
But, on the other hand, the light does not flicker even when
local electrical power shows variations. When shadows are
removed from the work place by proper design, filament lamp

illumination is accepted to be less tiring (10).

In fluorescent illumination, variations in city
voltage results in flickering of the light. This flickering
is felt at the periphery of the field of vision. This causes
indirect fatigue of the eye and cumulative effect of this
fatigue may cayse damage to the visual organ in the long
run. However, the flickering can be reduced by assembling
the tubes in groups of two or three and use a condenser to
get rid of the dark phases of the iight source (10). The
presence of two maximum spectral points of the light of
fluorescent tubes results in neural disturbances which is
manifest in the fatigue of visual organ (Dichroique effect).
The radiation of ultra-violet rays from the tubes is far
above acceptable levei (10). Too long exposure may result
in formation of conjunctivitis of the eye. In order to
avoid this harmful effect, the tubes must be placed at least

eighty centimeters far from the eyes, and for eliminating



shadows, diffusihg plates must be placed over the tubes.All
these characteristics do not limit the use of fluorescent

tubes in illumination.

One other approach which has been discussed is the
economy and superiority of the natural light for illumination
over artificial lighting. However, the intensity of the
daylight varies to a great extent during the day and is
highly dependent on the seasonal changes. Also, its quality
or color and proportions of diffuse and directional light
change in time. Artificial lighting produces steady illumi-~
nation, however, it may also result in stagnancy and monotony.
Stagnancy may evoke the feeling of boredom where as moderate
rate of change may give a pleasurable feeling of freshness.
When natural light is omitted by design, artificial light
may be psychologically disturbing due to its stillness even
if its quality and quantity is adequate.On the other hand,
artificial light can be controlled more extensively both in

quality and quantity.

In a study for adequate illumination the effects of
visual functions should also be considered. For example,visual
acuity and other visual functions such as phorias must be
studied extensively if efficiency of the lighting system is
to be generalized. Visual acuity is the ability of the eye

to distinguish fine details. This is largely countrolled by



accommodation of the eyes. Accommodation is the adjustment
of the lens of the eye to bring about proper focusing of the
light rays on the retina. Inadequate accommodation results
in near-sightedness or far-sightedness. Normalization of
visual performance can be obtained by correcting the defects

in accommodation.
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CHAPTER III

THE WORK OF OTHERS

Illumination and its effect on performance for various
tasks have been studied extensively in the past and standard
levels of illumination are suggested. The trend is however,
an increasing level of illumination especially in developed
countries. For a sound research, it is important to know what
has been done in this field up to now. A library research was
conducted by the researcher and all of the available papers
were studied for their relevant aspects. Findings of this

survey are presented in summary.

Weston (1962) developed a methodology for the determi-
nation of required illumination levels for various visual
tasks. His method involves the utilization of a nomogram
(Appendix A) for the determinations. The nomogram is prepared

in consideration of some measurable variables such as :

i) The actual size of the critical detail to be

discriminated,

ii) The distance from the worker's eyes at which the

task will usually be situated,

1ii)The reflection factor of the detail or its imme-

diate surrounding, whichever is higher.
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Weston also stated "When an occupation involved critical

vision not continuously but rather occasionally, the overall
performance of the work might not be significantly affected
if the illumination provided for it is made somewhat lower
than the standard advisable when similarly critical vision

is required continuously" (28).

For the past forty years, research in the field of
illumination dealt with some physiological responses of the
body that would serve as an index of the effort, br physiolo~-
gical cost of vision under poor conditions as contrasted with
good conditions. Nervo-muscular tension, blink rate, heart
rate, etc., have been studied by H.K. Hartline (1938), L.A.
Riggs (1953) and others, and widely accepted results have
been obtained (22). During the last decade, several of the
Illuminating Engineering Research Institute (IERI) researchers
tried to study the correlation between the effort for perception
under different conditions and the movements of the muscles
of the eye. Within this frame work Dr. Hebbard (1869) studied
intricate eye movements during visual perception. These micro
eye movements are found to be autonomous and they consisted
of turning the eye slightly to allow fresh reserve of the
retina to come into play so as to continue the clear vision.
Dr. Hebbard has found that at a very low illumination level,

the eye has to make wider sweeps to substitute more and more
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cells to pick up the weak stimulus. At a higher level of
illumination the sweeps are much smaller, and therefore,

fewer cells are in visual perception (16).

In short, Dr. Hebbard found that the eyes have to do
much more work to see under unfavorable illumination condi-
tions. The author defines the unfavorable conditions as low
levels of illumination or presence of discomfort glare or
both. Minimum visual effort is required when there is a
sufficiently high level of illumination over the task and
the background as well as the immediate surroundings. This
illumination should be in harmony with the brightness require-

ment of the task.

Dr. Hebbard varied visibility by varying the contrast
of a fixation task at a given luminance in the first set
of the experiments and varied visibility by varying the lumi-
nance for a fixed contrast in the second set. In both sets,
he measured the effect of the change in the visual task upon
the variability of occular fixation and accuracy of task
performance. As a result, the researcher found that variability
in occular fixation at lower illumination level was more than
at higher illumination level (16). In another word , the eye
muscles must do much more work for the perception of stimulus

at low levels of illumination than at higher levels.
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McNelis and Guth (1969) developed experiments for
obtaining information on the contrast-luminance relationship
for several types of test objects such as disks (which were
also used by Blackwell and Smith for deriving Illuminating
Engineering Society (IES) Performance Curve (3) ),’lineé,
printed letters, handwritten letters, dot patterns, and
grating which all varied in size and degree of complexity
(Appendix B). In their experiments, the test objects appeared
as luminous targets in the center of an extensively uniform
field. Target luminance was varied which corresponded to
contrast changes. The exposure time of the targets was fixed.
The results of the experiments showed that the functional
relationship between contrast and luminance is dependent upon

the type of test object involved (23).

Conner and Ganoung (1935) studied the resolution of
breaks in Landolt rings varying in size and contrast at
different illumination level. They used long exposure times
in their experiments (5). Blackwell and Blackwell (1968)
stated that the visual aspects of the performance of real tasks
improves continuously as light intensity increases. They
argued that, although this was the case, there existed no
sufficient knowledge about the cause of this important effect
of illumination. They thought that their study on the effect

of illumination upon the performance of different visual tasks
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will reveal knowledge about the causal variables at work

(such as contrast, task size, etc.) and they did obtain
information on effects of contrast (5). In their experiments
they distinguished tasks involving contrast discrimination

and the ones involving visual acuity. Tasks of large size but
small contrast were named as pure contrast discrimination
tasks. The ones of large contrast were defined as pure visual
acuity tasks. They defined visual acuity as an inversely
proportional value of the minimum size required for optical
resolution. They used solid disks of varying sizes and contrast
at different illumination levels in their experiments. As in
experiments of Conner and Ganoung, they utilized long exposure
times. In both of these studies, it was shown that luminance
had similar effects on contrast sensitivity and visual acuity

performances (5).

In one of his studies, Blackwell (1959) studied the
levels of illumination required for the performance of different
visual tasks and proposed a method for the determination. The
method Blackwell established utilized a performance curve,
which was also called IES Performance Curve. He also devised

an instrumental method for visual task evaluation.

Towards 1968, Blackwell attempted a different method
for the determination of the illumination levels. The latter
study involved consideration of additional factors influencing

task difficulty and thus affecting levels of illumination.
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Some of these factors were:

i) The angle at which the task is viewed,

ii) The informational requirement of the task,

iii) The reduction in task contrast due to the effects
of obscuring reflections,

iv) The reduction on image contrast due to the
disability glare,

v) The reduction in visual performance capability

due to the transitional adaptational effect (3).

In this revised method, the task difficulty was defined
in terms of psychophysical and physical quantities. Quanti-
fications were made on Task Information Index (TII), Factor
for Viewing Angle (FVA), Visual Contrast Rendition Factor (CRF),
Disability Glare Factor (DGF); and Transitional Adaptation
Factor (TAF) (3).

In a later study, Blackwell (1969) measured Contrast
Rendition Factor for four pencil targets, at each of five
viewing angles and under fifty-three lighting levels. The
results of these experiments showed that in the establishment
of illumination levels required for a given task it was
necessary to measure the reflection factor, especially when

different lighting installations are used (4).

By using his own Visual Task Evaluator (VTE) technique,

Blackwell studied the visual difficulty of the fixation tasks
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that Dr. Hebbard used to evaluate the accuracy of ocular
fixation (16). He considered the results of this study as a
support for the appropriateness of the levels of visual
performance built into the current IES Lighting Recommendations.
This visual performance criterion is expressed in terms of

an index of the visibility for each task. Easy tasks require
less illumination to reach the standard level of visibility
while difficult tasks require much more illumination for same
level of visibility. In his research, the author utilized

the fact and concluded that "Providing high level of illumination
for a task leads to higher task visibility which, in turn

results in a rapid and accurate performance of the task" (2).

Boynton, Rinalducci and Sternheim (1969) conducted a
similar study. The purpose of the study was to measure the
extent of loss in visibility due to sudden changes in the
level of illumination, either to a higher or to a lower level.
They worked ondark adaptation and light adaptation capabilities
of the eye. They found that, up to the levels of 400 fL
luminance the visibility loss depended mostly upon the ratio
of the change and was relatively independent of the absolute
levels. Also they arrived at the fact that it makes little
difference whether the change is up to higher or down to lower

levels of illumination (8).
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Fry and Cobb (1963) conducted an experiment on visual
acuity and illumination levels and demonstrated that determi-
nation of illumination level must be done more critically
for finer works than for coarser works in order to increase
productivity and .efficiency of the worker at the work

bench (1).

It has been shown that higher levels of illumination
lead to the advantages like improved visual acuity (Hecht,
1928), shorter visual reaction times (Pieron, 1939), and
reduced contrast thresholds (Blackwell, 1946). However,this
paper analyzes a visual task which critically require use
of the peripheral vision as well as foveal vision. Peripheral
vision is indistinct, that is fine detail cannot be resolved
within the area of peripheral vision. It is a generally accepted
fact that there eXists a tendency to turn the eyes toward a
bright object in the visual field due to fixational reflex
of the visual organ, but, on the other hand, attention is
usually attracted toward an object not because it is bright
but rather because it is meaningful. Thus, basic reflex is
controlled or rather suppressed by the distracting projected
information from peripheral stimulus. By making use of these
facts, Boynton and Boss (1971) designed an experiment and
utilized a visual search task. This task involyed detection
of a squére spot among an array of dark circular spots.Random

arrays of spots were shown repeatedly where a square spot
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took place only in some occasions. In the experiment, the
contrast between the square spot and background was varied

by varying background luminance and thus a graded level of

task difficulty was provided. In a second series of experiments,
the size of the stimulus was also varied by varying the size

of the spots. The results of both sets of the experiments

demonstrated that :

i) Effect of reducing either luminance or contrast

impairs visual performance,

ii) At 100% contrast, luminance has a very small effect
upon performance in the range 28.5-109 lux. Further
lowering of luminance has a significant and progres-

sively-accelerating negative effect upon performance.

iii)There is a little effect of contrast variation in
the range from 40 to 100 percent at an illumination
level of 109 lux. A slight decrement occurs at 20%
and a very significant performance drop occurs

between 10% and 5 % contrast (7).

Within the explored limits, visual performance has been
found to be maximum at the highest contrast and luminance
used. Whether or not small downward changes in either or both
of these variables will always result in decline in performance.

This effect was found to be highly dependent upon the initial
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task difficulty. Finally, it was concluded that "the most
significant losses in visual performance occured when lumi-

nance was below 23 fL level and/or contrast was below 10:"(7).

Chorlton and Davidson (1970) concluded that empirical
measurements of losses in contrast under real lighting

situations can be very large (25).

The Recommendations for Quality and Quantity of
Illumination (RQQI) developed a new method for evaluating
lighting systems interms of both the actual illumination
provided and the effectiveness of the illumination in relation

to the visibility that will result.

In this evaluation method, Task Illumination,Equivalent
Sphere Illumination and Lighting Effectiveness Factor figures
are used. As the viewing angle 25° with the vertical is taken
for the task. This angle is found to be the angle of greatest
frequency for viewing office and school tasks according to

the society. For measurements prior to the evaluation,
instruments such as luminance meter, illumination meter, non
polarizing luminance meter, visual task photdmeter were used

(25).

Eastman (1971) had conducted a comparative study and
found that high visibility tasks are less affected by changes

in luminance levels than iow visibility tasks (11).
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In his paper, required luminance is defined as "A term
to designate the background luminance a task must have for
a standard observer to achieve the visual performance indicated
by the Illuminating Engineering Society (IES) performance

curve " (18).

Boyce (1973) found a strong relationship between the
age of workers and the performance at different illumination
levels in his studies (6). However, Lowson (1973) stated that
the idea that older workers cannot work efficiently unless
supplied with more light than normal is actually a fallacy(21),
while World Health Organization (WHO) introduced the idea
that "For equal visual effectiveness, the amount of illumi-
nation required for an individual doubles for every thirteen

years" (26).

Faulkner and Murphy (1973) stated that there exists
two basic approaches for improving task visibility one is
to change the task and the other is to change the illumination
provided for the task. Task can be changed by magnification
by using‘different materials or finishes for changing the
specularity of the reflected light or introducing additional
chromatic contrast. However, because of the relative ease
with which the quantity of light can be increased, there has

been a tendency to think of increases in quantity as being
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the easiest means of improving the effectiveness of an
illumination system. The authors introduced the ijdea that,

in actual practice, the improvements in task visibility that
can be achieved by using special purpose lighting are usually
greater than the improvements obtained through increasing
general illumination level. They produced é list of seventeen
special lighting systems for producing different visual
effects which will be most suitable for certain visual tasks

(12).

The lighting systems are
1) Color

2) Transillumination

3) Crossed polarization
4) Polarized light

5) Shadow-graphing

6) Spotlighting

7) Brightness patterns
8) Diffuse reflection

9) Edge lighting

10) Dark field illumination
11) Convergent light

12) Stroboscopic lighting
13) Moving light images

14) Surface grazing or shadowing
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15) Block light
16) Moire patterns

17) "Combination" lights (12).

Fischer (1973), in his work, compared interior lighting
recommendations accepted by some European countries.This
comparative study shows the high variability among the levels

recommended for the same task by different countries (14).

Plant and Archer (1973) developed a computer programme
for predicting luminance and illuminance levels in any
rectilinear environment with considerable accuracy, according
to given sources of light, both natural and artificial. The
program simulates inter-reflection by dividing each surface
into numerous cells and considers the exchange of light between

all of the pairs of cells (24).

Goodbar (1974) developed a simplified method for predicting
contrast. This method was based on two overlaying (graphical)
charts for computing contrast due to light coming directly
from the luminaires and two other overlaying charts for
computing contrast due to light reflected by the room surfaces.
The method is also useful for predicting illumination on the
task, its background luminance, and the luminance difference

between the detail and its background (15).
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Yapaneshikov, Perova and Undasymov (1974) conducted
a study for the determination of optimum illumination level
for office interiors. They set up a test room for their
experiment. The visual task selected was a correction work.
The level of illumination at the test room was varied between
100 and 3000 lux values. The correction work had a contrast

of 50% with the background.

The results of the experiment demonstrated that the
productivity of worker increases smoothly with the increasing
level of luminousity, although this increase is rather slight.
On the other hand, high levels of brightness of the working
surface and of the background stresses the observer and
causes considerable visual fatigue during the performance -

of the visual task.

In a second series of experiments, the subjects were
given three different tasks to perform consecutively reading
of typographical texts, performing calculations on slide-
rule, drawing simple sketches. The illumination level was
varied between 100 and 3000 lux. After performing each propcsed
task for one minute, the observer was asked to evaluate
conditions of illumination according to a five mark scale by
stating one of "very good light, good light, just enough light,
insufficient light, dark". These subjective evaluations of the
observers were considered as an opinion survey and used to

determine optimum illumination levels for different tasks(29).
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CHAPTER 1V

METHODS AND INSTRUMENTATION

The présent study is aimed at the determination of
changes in visual performance as a function of three factors,
namely, illumination level, brightness contrast, and task
detail size. The experimental design of the research involved
five levels of illumination, three levels of brightness contrast,
and three levels of task detail size. The design of the
experiment was a 5x3° factorial design. All three factors
were quantitative, that is each factor can be represented
by points on a specific scale. However, Visual Task Evaluator
(VTE) or Eastman Constrast Threshold Visibility Meter (CTM)
are needed for the measurement of the brightness contrast.
Due to difficulties in obtaining these two instruments,
brightness contrast was not measured and expressed in quantitative
terms. However, the measurement of incident light and reflected
light was possible and a comparative value for reflectance

rate was computed from the above measurements (Appendix C).

A. Test Materials

The visual tasks selected for the experimental work
included a text of two-pages in Latin. In the selection of
Latin as the language of the text, elimination of the fami-

liarity effects to the text was aimed, thus, only recognized
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letters were marked by the subjects as requested (Appendix J).

In the experiment, the subjects were asked to cross-
out the letters "a" and circle the letters "e" in the text.
They were also told that time was a factor to be considered
and they had to do the correction work as quickly as possible.
The reason for choosing the letters "a" and "e" is that it
is rather hard to discriminate one from the other, especially
under poor visual conditions. Similarly, Conner and Ganoung
(1935) had used Landolt rings (5) and Blackwell used solid

disks and pencil targets (4) in their related studies.

The performance of the subjects were then determined
as the ratio of correctly marked letters on both pages to

the total time used for the test.

Textbooks and the majority of reading materials used
in classes are either black-prints on first quality paper,
black-prints on second quality paper or stencil-prints on
second quality paper. The test pages used in the experiment
were printed similarly in three different qualities and they
represented three different levels of brightness contrast.
Although these brightness contrast values can not be given
‘in numerical values, the reflectance rates of the test mate-
rial under different illumination levels are determined

(Appendix C).
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The letter size of most reading materials are found
to be about 1ll-points for the main text, 8-points for the
exercises and 6-points for subscripts. For that reason, the
Latin pages have been prepared in nine different combinations
of contrast and size of letters. The contrasts were obtained

by different printing and quality of the paper.

Each combination of contrast and size has been tested
under five levels of illumination between 50 lux and 1050 lux.
Illumination levels within this range were preferred for they
are in line with the recommendations of most of the countries,
given in Table 1, except Japan, German Federal Republic and
USA. The intervals between the illumination levels and the
letter size were chosen equal, in order to be able to conduct

response curve analysis on the outcomes of the experiment.

B. The Simulation Room

For conducting the experiment, a simulation room was
established. For this purpose, a small room of dimensions
2.00x2.00x3.15 meter was used. The room was sealed against
daylight by curtains made of two layers of heavy clothes.Inner
layer was made of white material in order to reflect the lights
and the outer layer was made of black material in order to
prevent the penetration of the daylight into the room. All

along the experiments, artificial lighting was used. For the
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purpose, eighteen 100-Watt and two 300-%Watt, reflector type,
sodium-vapor lamps were placed in the room as luminaires
(Figure 1,2). The lamps were mounted on wooden panels
constructed along the walls, next to the ceiling in such a
way that light was directed over the white-colored ceiling
surface. Through such design, diffuse light was provided on
the task and glare effects were minimized. The illumination
level inside the room was controlled by using a variable
transformer (VARIAC) for controlling the voltage applied to
the luminaires and thus, monitoring the level of illumination

(Pictures 1-4).

Incident light over the task was measured by a digital
luxmeter (Gamma Scientific Incorporated Model 820 A, Digital
Photometer). As shown on the Figures 1 and 2 the photosensitive
detector head of the luxmeter was placed near the task and the
digital read-out unit of the instrument on the observation desk

outside the test room.

Input voltage to VARIAC and the photometer was measured
by a "overload protected volt-ohm-miliammeter continuously.
A thermohygrograph and a barograph was placed inside the simu~
lation room in order to record the atmospheric conditions
(temperature, barometric pressure and Py O) inside

2
the room through-out the experiments.

The test room was ventilated to remove the excess heat

produced by the luminaires and to supply fresh air inside for
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attaining comfortable working conditions in the room.

The walls of the test room have been painted white.
Part of an office layout was established in the simulation
room. The table and the chair was placed in a way such that

the subjects faced the wall during the tests.

Termo-hygrograph and barograph readings were recorded
during the experiments. The temperature level was kept within
the range of 22-28°C . Mean while, during the eight days of
the experimentation, the hygrograph records showed that humidity
was about 45 % . Barograph records showed that barometric pres-

sure was 986 mm Hg on the average during the experiments.
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Picture 1. The Simulation Room

Picture 2. The Simulation

Room




32

Picture 3. The Observation Desk

Picture 4, The Observation Desk
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C. Sample Determination

Pre-determined five levels of illumination, three
levels of contrast and three levels of task detail size
required minimum forty-five treatment combinations. Therefore,
in order to test all the main effects in two complete repli-

cations of each treatment total ninety subjects were needed.

The subjects were selected among the second, third
and fourth year Industrial Engineering students of 1877-78
academic year. A search among the student lists showed that
there were 189 students in 1I1.,III., and IV. years and 93%
(176) of these students were of ages between twenty and
twenty-six. Altogether ninety students among the group of
176 were selected for the experiment randomly. Randomization
was realized through simple procedure of appointment system.
There were fifteen possible test days. An invitation to all
the subjects was made and the appointments were scheduled
the way the students desired. Each subject was asked to draw
a number from a box in order to determine the treatment com-

bination he (she) is going to be tested with.

Before conducting the experiment, all of the subjects
were tested for their visual functions. The instrument of

choice was Bausch and Lamb Ortho-Rater, visual function tester.
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The test included:

a) TFar Vision Phoria Vertical
b) Far Vision Phoria Lateral
c) Far Vision Acuity Both Eyes
d) Far Vision Acuity Right Eye
e) Far Vision Acuity Left Eye
d) Depth Perception

g) Color Perception

h) Near Vision Acuity Both Eyes
i) Near Vision Acuity Right Eye
j) Near Vision Acuity Left Eye
k) Near Vision Phoria Vertical

1) Near Vision Phoria Lateral

The findings after these tests are summarized in
Chapter V and the complete list of the individual data sum~

marized (Appendix D).

D. Ortho-Rater Testing

1. The Instrument
The instrument named Ortho-Rater is essentially a
highly specialized Brewster Stereoscope which makes it possible
to obtain optically any predetermined testing distance and
control what each eye sees. In the Ortho-Rater the distance

tests are made with the line of sight lowered 15 degrees from
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the horizontal position. This is the normal posture for an
individual directing attention to a distant object. The near
testing distance is about 13 inches,representing an average near
point job working distance. For the near point tests, the
observer drops his line of sight another 20 degrees so that
these tests are seen at normal reading posture. This position
also provides assurance that the bifocal wearer will look

through the reading partion of his lenses.

The Ortho-Rater is designed to provide a test situation
which is equivalent to the usual 20 foot testing aisle needed
for wall chart testing. These test conditions actually exist
in the instrument with the testing distance accomplished by

optical means.

The test slides are glass transperancies correctly
positioned with respect to the lenses so as to obtain the
proper testing distance without instrument adjustment. In
use, each test slide is transilluminated. This method of
illumination provides constant control of the intensity, since
extraneous 1light from the testing room can not affect the

total illumination on the slides.

2. Ortho-Rater Testing
Twelve important visual characteristics are tested

with the Ortho-Rater. These are the functions which have been
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proved most closely related to seeing tasks on the job. The

tests fall under four basic classifications:

a)

b)

c)

d)

Phoria, or binocular action of the eyes (vertical
and lateral at both testing distances-four tests).
These tests measure the tendency of the eyes to
turn in or out, up or down wﬁen the stimulus to

fusion is low.

Acuity, or fineness of visual discrimination
(both eyes, right and left eye at both testing

distances-six tests).

Stereopsis, or perception of depth (at distance-
one test). The test aims at measuring the ability

to judge distances.

Color discrimination (at distance-one test).
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CHAPTER V

STATISTICAL DESIGN OF THE EXPERIMENT

A. General Model

Assuming that factors A,B,C have a,b,c levels conse-
cutively and each of the a.b.c cells is run in r replications.
Thus N, the size of the experiment is N=a.b.c.r and this a
three-factor factorial experiment with r repetitions of each

treatment combination.

The mathematical model for this experiment can be given

as:

Yijks = u +ai'FBj4'Yk'+(aB)ij‘F(ay)ik4-(3y)jk4'(aBy)ijk4'eijks

where 1:1,2,...,a 5 3:1,2,...,b, k:1,2,...,c, 8:1,2,...,r

Here, Yijks represents the response to the izh level of
A factor, j-E-}l level of B factor, k---t-E level of C factor and

sth replication.

U represents the overall true mean

h

a. represents the true effect of the level of A measured fromuyu

B. represents the true effect of the jEl level of B measured fromyu

Yy represents the true effect of the k—i-:--]’l level of C measured fromu
(aB)ij represents the true interaction effect of the it Jevel of A

with 332 1evel of B
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.th

(ay)ik represents the true interaction effect of the i=— level of A
with k22 level of C

(By)jk represents the true interaction effect of the jzh level of B
with kj-:--]1 level of C

(aBY) represents the true triple interaction effect of the 10

\'3'(.
level of A with the jX2 level of B and with the kil level of C.

eijks represents the random error associlated with Yijks

We assume that the error, . is normally and independenly

ijks
distributed with mean zero and common variance 02. In another

words, €. 0" N(D.az)

ijks
When Model II is chosen in the analysis it is assumed that
all the components except the overall mean are random variates.
The treatments are assumed to be a random sample drawn from a
larger population of treatments. This population of treatments

is assumed to be infinitely large and to be normally distributed

with expected value zero and a treatment variance.

Assuming Model II (Model of random effects) gives rise to
statement of following assumptions and constraints for the

mathematical model:
a, " N(O,ci) for factor A
Bj " N(O,dg) for factor B

Y v N(O,cg) for factor C
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(aB)ij n N(O,oiB) for AxB interaction

(ay)ik v N(O,Ugc) for AxC interaction

(By)jk n N(O,ogc) for BxC interaction

(asy)ijk n N(O,ozBC) for AxBxC interaction

If we denote the estimate of the different factors with

a 'hat' on top of the letter (~), then the estimated response

can be written as:

~

Tijks =
Further,let:

{A.}

1

!
™M

i
N

{Bj}

e

it

{c.} =%
k©y

{a.B.C, } =

173k

and also:

=

+a,; + Bj +Y + (ocB)ij-i- (ay)ik+ (By)jk

TXY.. A.B.} = Y..
ko ijks { i 3} i 5 ijk
22 Y55ks {a;e ) = : £ ¥iiks
TITY.. {B.C,} =X X ¥Y..
s ijks ik i s ijks
= Yijks
. {c}
- - L3 = k' . 3
Tl B S abr b Yij
} {B.C,} {A.;B.C, }
; ¥ 1K, g . =_32J1K,.

4—(a§Y)i

jk
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The Least Square Estimates of the parameters in the model
is obtained by minimizing the sum of squares of errors subject
to the given constraints or, in another words:

Minimize {2 ¥ Z Z(Y )2}
i i k s

i ] Qs = Bj - Yk"' (aB)ij-(aY)ik-(BY)jk_(aBY)'

ijks~ i ijk

Thus, the estimates for the parameters can be given as:

p =Y

al = ?i.. - ¥

33 = ?.j.. - ¥

=%k - ¥

(&B)ij =Y., - LRI T

@y =¥, =8, - *E

(é})jk a0 A PO SR

‘(aév)ijk = ?ijk.- ?ij..-?i.k._§.jk.-?i...-?.j..-§..k.+ ¥

When correction factor C is given by

C=(Z% Y2/N = g?/N
i

e t4

i i ¥Yiiks

then Sum of Squares can be computed by using following formulas:

2 - S5 (2
T8Ss =2 Z X2 Z (Y.., ) -C=2Z 22X 2 (Y.. - YY)
ijks 1ks ijks 13k
= ...___l 2 - = -y 2 = ‘2
SSA o { {Ai} }-¢C ber ? (Yi. . Y) ber ? a5

i i : i



SSB = —=_ ¥ {B.}°-C =acr = (¥ . -9)? = acr » B2
acr . 3 . J. 0
j 3 3
SsC 57 > {Ck} C = abr % (Y x.7Y)" = abr ¥ Yy
k K Kk
_ 1 < 2
SS(AB) = —— T ¥ {A.B.}“- C~- SSA- SSB
cr L i73
i3
=erT X (Y., -% -F +H? = cr 7 T (@)l
ij 3-- ] i J
SS(AC) = -+~ T % {A.C,}?- C- SSA- SSC
br . , ik
ik
=br ¥ ¥ (¥ —?1 -¥ +92 =pr v 3 (o:‘y)ik
ik - ‘ ik
_ 1 2
SS(BC) = — X ¥ {B.C, }“-C- SSB- SSC
ar . k =
7 k
Sar BT (L ¥, =¥ +®P=ar Tl
j k O] ° .]0. LI ) . j k j
SS(ABC) = == % % 3 {AiBjCk}2 - C- SSA- SSB- SSC- SS(AB)-SS(AC)-SS(BC)
ijk
e - - - - -— - - 2
= s': b) S‘! s . - . - . - hadh GE Y - - *
vl (Yl]k. Yl... Y.].. Y..k. Ylj. Yl k .3kj-Y)
13k
= p W NT (aéY)i'k
i3k J
SS(ERROR) = TSS-SSA-SSB-SSC-SS(AB)-SS(AC)-SS(BC)-SS(ARC)
- 2
EE):)‘-?‘(Y.. "'Y)co )
i3 ke 1jks 1jk.

The calculations can be summarized on the following ANOVA table

(Table 2) (27):
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B. Response Curve Analysis

If the levels of the factors represent increasing amount
of some substance,say X, it may be of interestto examine whether
the response Y to the factors has a polynomial relation to
the amount X. This can be done if the factors are quantitative
and the levels are of equal spacings. In this case, orthogonal
polynomials are used. When the main effect of a quantitative
factor is found to be significant, depending onkthe number of
levels of the factor, the sum of squares of the main effect
can be subdivided into linear, quadratic, cubiec, quartic, étc.
components. These component effects can be tested separately
and the significance of them can be ' calculated. Thus, the
polynomial regression of Y on X can be given in the form:

é

Xy + B,X, +...+

Y = B, + ByXy + ByX, €

where Bi's are the polynomial coefficients and are estimated
by using component values which are found to be significant.
The analysis of polynomial regression is based on linear

regression.The theory of polynomial regression is explained

fully in (27) by Snedecor and Cochran.

C.  5x3° Factorial Design Chosen

As seen in Chapter IV Section C, the factors to be tested

in this study are:

Factor A: Illumination Level a=S=5
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Factor B: Brightness Contrast b = 3
Factor C: Task Detail Size c =3
R: Repetitions r =2

The skeleton of the ANOVA table for this model (5x32

factorial design in two replications) is given below:

Table 3. Analysis of Variance

__Source of variation Degrees of freedom
Illumination (A) 4
Contrast (B) 2
Task size (C) 2
Interaction Il1. x Cont. (AxR) 8
Interaction I11. x Tast s. (AxC) 8
Interaction Cont. x Task s. (BxC) u
Interaction Ill. x Cont. x Task s. (AxBxC) 16
Residual (Error) u5
TOTAL 89

In this case, due to the nature of the probleh, we assumed
that the factors are of Model II type, which is also named as
Model of Random Effects. It was clear that all three factors
are quantitative, continuous variables of which only samples

were taken as levels.

A response curve analysis was planned for the significant
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factors and significant interaction effects.Through such an
analysis, an orthogonal polynomial, of degree four for
illumination and of degree two for the two other factors will
be fitted. The significant interaction will be included as

well in this polynomial.

D. Computer Programs Available for Analysis

A computer program from Scientific Subroutine Package
(SSP) named ANOV was available for access at the Computer
Center of METU. It was possible to produce factor levels, grand
mean analysis of variance table with this nrogram. The analysis
of variance table included sum of squares, degrees of freedom
and mean squares for main effects and their interactions.
Further analysis, including test for significance and response
curve analysis for significant effects had to be done manually.
The main program ANOV utilized three subroutines from SSP
during execution, namely AVDAT, AVCAL, and MEANQ. The program

was based on methodology adviced by Hartley (1962) (17).
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CHAPTER VI

FINDINGS

A- Analysis of the Sample

The following two tables are given with an attempt
to check for any bias in the two replications in terms of

age and sex.

Table 4. Year of Birth of the Subjects by Replication

Replication 1  Replication 2 TOTAL
Year N % N % N %
1952 7 16 3 7 10 11
1953 5 11 5 11 10 11
1954 8 18 2 4 10 11
1955 6 13 13 29 19 21
1956 9 20 13 29 22 25
1857 8 18 7 16 15 17
1958 2 4 2 b4 4 i

TOTAL 45 100 45 100 90 100

Table 5. Sex of the Subjects by Replication

Replication'l Replication 2 | TOTAL
Sex | N % N % N %
Male 35 78 34 76 69 77
Female 10 22 11 24 21 23

TOTAL 45 100 45 100 80 100
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B. Analysis of the Performance Rates for All Factors

The following 5 tables give the performance rate for
the three factors to be studied. The performance rate has

been discussed and defined in Chapter IV Section A (Appendix E).

Table 6. Mean and Standard Deviation of Performance by

Tllumination Levels

Illumination Levels

X, SD 50 lux 300 lux 550 lux 800 lux 1050 lux
Mean Performance 46.81 49.87 b4, 43 47.85 49.60
Stand Deviation 7.34 8.56 4.66 8.6u 7.11
Subjects (N) 18 18 18 18 18

Table 7. Mean and Standard Deviation of Performance by

Contrast Values

Contrast Values

Offset print on Offset print on Stencil print on

X, SD 15t quality paper an quality paper 2nd quality paper
Mean Performance 4g.64 46.23 47.32
Stand Deviation 7.42 6.83 8.08

Subjects (N) 30 30 30
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Table 8. Mean and Standard Deviation of Performance by

Task Detail Size

Task Detail Size

’vi, SD 6 points 8 points 11 points
Mean Perform Ly.60 48,41 50.18
Stand. Deviation 7.82 6.68 7.12
Subjects (N) 30 30 30

Table 9. Mean and Standard Deviation of Performance by

Illumination Levels and Task Detail Size®

Illumination Levels

Task Detail Size 50 lux 300 lux 550 lux 800 lux 1050 lux

6 points Mean 48.82 4y ,51 42.69 46.80 45.20
SD. . 10.18 7.70 5.38 9.96 7.25

8 point Mean 47.32 52.29 45,32 48.91 48,22
SD. 4.66 10.39 .36 7 .44 4,83

11 points Mean 49.30 53.10 45.27 47.85 55.36
SD. 6.26 5.29 4.52 9.83 5.54

%  Each figure is based on 6 observations.
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Table 10. Mean and Standard Deviation of Performance by

. . r
Illumination Levels and Contrast Values

Illu@ination Levels

Contrast Values

50 lux 300 lux 550 lux 800 lux 1050 lux

Offset print on M 48,25 53.21 i, 41 51.08 51.23
lSt quality paper SD 5.66 10.61 5.24 7.92 5.36
Offset print on M 45.16  u48.2u4 43.41  43.96 49,55
2" quality paper SD 5.00  9.33 5.39  5.52 8.12
Stencil print on M 46.19 u8.46 45.46 48,51 48,00
2™ quality paper SD 11.09  5.54 3.86 11.38 8.43

i Each figure is based on 6 observations

C~ Analysis of Eye Test Scores by Illumination Levels

Mean scores for the eye tests are given in Table 11.

For the interpretation of the numbers given as eye test

scores there exists equivalence tables (Appendix F).
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Table 11. Mean and Standard Deviation of Eye Test Scores by Illumination

Levels

L Illumination Levels -

__Eye Test Scores 50 lux 300 lux 550 lux 800 lux 1050 lux TOTAL
Near-Acuity M 9.78 9.72 9.78 9.50 9.94 9.74
Both Eyes sSD 1.31 1.02 1.17 1.29 1.11 1.17
Near-Acuity M 8.50 8.17 8.22 7.61 8.61 8.22
Right Eye SD 1.3t 0.92 1.77 1.29 1.29 1.32
Near-Acuity M 9.861 9.00 9.22 8.11 9.67 9.12
Left Eye SD 1.24 0.91 1.35 1.75 1.19 1.29
Near-Phoria-Vert. M 3.33  3.42 3.60  3.91 3.55 3.56
Left High SD 0.87 0.90 0.84 0.30 0.82 0.75
Near-Phoria-Vert. M 5.33 5.00 5.50 5.00 5.14 5.19
Right Eye Sb 0.71 0.00 1.07 0.00 0.38 0.43
Near-Phoria-Lat. M 3.75 2.60 4.25 4.50 4.67 3.95
Esophoric Sh 0.96 1.52 0.50 0.71 0.58 0.85
Near-Phoria-Lat. M 8.u43 8.62 8.50 7.94 8.40 8.38
Exophoric Sh 1.34 1.80 2.82 1.48 1.88 1.86

Subjects (N) 18 18 18 18 18 90
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D- Analysis of Variance for the Performance Rates

As stated before, performance rates are taken as the
total number of letters "e" and "a" detected correctly over
the duration of the correction work. The correlation coeffi-
cient between the performance rates of page one and page two
was 0.83. This can be considered as a high correlation. Due
to this high correlation, it was decided to use, as the
performance rate for any further analysis, the total, correctly
marked letters "e" and "a" of both sheets together, divided

by their total duration.

According to the formulation given in Chapter V. Section
A, the sum of squares, mean sum of squares and the results
of the F-tests can be summarized in Table 12. The significant

effects at a 5 % confidence level are shown with a star.(x)

Table 12. Analysis of Variance for the Performance Rates

|

Source df S8 MS F
Illumination 4 364,90 91.23 2.94:
Contrast 2 181.37 90.68 3.36
Task Size 2 486.67  243.34%  5.30"
Illum.X Contrast 8 131.95 16.49 0.36
Illum.X Task Size 8 242,96 30.37 0.66
Contrast X Task Size L 97.25 24.31 0.52
Illum.X Contrast X Task S.16 T4l .42 46,34 0.75
Residual (Error) 45 2777.90 61.73

TOTAL 89 5024.43 .
+ For interpretation see Table 2.

* At 0,05 significance level.
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E- Response Curve Analysis of Significant Effects

It was decided to find the response curves for the
main effects only. This was done because none of the inter-

actions was significantly different from zero.

K}

The analysis was simplified even further by finding
two separate response curves, one for the illumination level
and the other for the task detail size., No curve was fitted
to the contrast levels, and this because the contrast value,
though a quantitative variable, could not be measured by the

researcher.
1. Response Curve for Illumination Levels

As this factor had five levels, the linear,
quadratic, cubic, and quartic components had to be derived.
The orthogonal independent variables, the components, the
sum of squares, and the calculated F for every level of |
the polynomial is produced in the table below (27). It
should be noted that each mean performance rate is based on
18 observations (n=18). As before, the significant coeffi-
cients, at a significance level of 0.05 are shown by a star

next to the relevant ' value.
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Table 13. Response Curve Analysis for the Illumination

Levels

Illumination Levels (lux)

50 300 550 800 1050 N
Mean Yields 46,81 49.97 44,43 47.85 u49.60 Component SS F
Linear -2 -1 0 +1 +2 +3.46 21.55 0.35
Quadratic +2 -1 -2 1l +2 +6.14 48,47 0.79
Cubic -1 +2 0 -2 +1 +7.03 88,96 1.4’4*
Quartic +1 -4 +6 -~y +1 -28.29 205.80 3 .33*
Total SS for illumination levels 364,78

Error Mean Square (45 df) =61.73

As seen in Table 13, linear and quadratic coefficients
are not significant but cubic and quartic components are

significantly different from zero.

Y =47.73 b3= 0.703 b, = 0.400

Therefore, the response curue takes the form :

Y-47.7340.703 x, - 0.400 Xy (6.1)

3
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By using the regression equation 6.1 it is possible

to estimate performance rates for each illumination level.

Table 14. Estimated and Observed Performance Rates for

Each Illumination Level

~Illum Level Estimated P. Observed P.
50 lux 46.63 46.81
300 lux 50.74 49.97
550 lux 45.33 44 .43
800 lux 47.92 47.85
1050 lux 48.03 49.60

2. Response Curve for Task Detail Size

A similar analysis was done for task detail size.
Due to the fact that the task detail size effect has three
levels, a polynomial of degree two can be fitted. The
results are given in the table below. It should be noted

that every mean performance rate is based on 30 observations.
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Table 15. Response Curve Analysis for the Task Detail Size

',Task Detail §Eie

Similarly, by using the regression equation 6.2 it

is possible to estimate performance rates for each task

detail

size.

‘ 6p 8p 11p
_Mean Yields 44.60 48.41 50.18 Component SS F
Linear -1 0 +1 +5.58 467.50 7.37
Quadratic +1 -2 +1 -2.04 20.81 0.34
Total SS for task detail size 488.31
Error Mean Square (45 d4f)= 61.73
As seen in Table 15, only the linear coefficient is
significantly different from zero at a significance level
of 0,05
¥ =147.73 b, = +2.79
Therefore, the response curve takes the form :
Y=47.73 +2.79 Xy (6.2)
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Table 16. Estimated and Observed Performance Rates for

Each Task Detail Size

-fask Detail Size Estimated P. Observed P.
6 points 4,9y 44,60
8 points 47.73 48,41

11 points 50.52 50.18
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CHAPTER VII

DISCUSSIONS

A detailed study of the findings show that with great
probability the discrepancy between hypothesized and expected
performances were due to the limited number of subjects tested
on each replica and task detail size. On the other hand, the
use of city current and lowering the voltage for low levels
of illumination brought about a problem of color change in
the room which changed the comfort of letter selection to a

great extent.

The use of a VARIAC for different levels of illumination
was decided during the design phase of the simulation room.
There were no complaints on the part of the subjects about
the color effect which resulted from changes of voltage, but
a careful opinion survey after the completion of the experiments
obviated the permenant presence of a yellowish color in the
room which may have affected the visual performance of the
subjects. The subjects were easily motivated to do whatever
the researcher asked them to do. They just did their best and
accepted‘the illumination conditions as the natural conditions
predetermined by the researcher. However, a change of design
and illumination specifications was not attempted even after
the treatment of data. Before any attempt of similar research,

simulation of different levels of illumination should be
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re-considered and the color change be eliminated. This was
the first important observation after this short term research.
White~ day light- simulation seems to be essential for such

approaches.

The sampling method did not permit any bias of age,
sex, visual capacity or any other variable between the repli-
cation groups. This fact is shown in Tables 4 and 5. The
researcher did not hesitate in including both sexes to the
test population as to simulate real life conditions. Although
age has been determined to be an important factor in case of
a great range of ages (6,26), this factor was almost nullified
by the selection of young university students of ages 20-26,
and under these circumstances the differences between the ages
of the subjects were assumed to be not affecting their

performances.

Analysis of the performance rates of the subjects for
different illumination levels did not verify the hypothesis.
It seems that the performances reach their maximum value at
300 lux illumination level. An increase of 250 lux results in
a decline in the performance and further increases of 250 lux
illumination increases the performance but to a lower level
than the level at 300 lux illumination. An illumination level
of 300 lux resulted in better performances under the present

simulation conditions (Table 6).
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For different contrast values, highest performance
have been obtained for offset-print text on first quality
paper. Stencil-print on second quality paper resulted in next
highest performance in the correction work (Table 7). The
stencils had higher contrast in comparison to offset print
on the same quality papers. This verifies the importance of

contrast in visual task performances.

Mean performance of the subjects was least for the
text of 6-point task detail size and it increased as the task

detail size increased (Table 8).

For all three factors, it can be accepted that there
are differences in performance rates for different levels of
each factor. There seems significant interaction between
illumination levels and task detail size (Table 9), and
illumination levels and contrast values (Table 10) but it was
shown that none of these interactions were significant at 0,05

level of significance (Table 12).

Eye test scores for near vision have been analyzed for
subjects of each illumination level group. This analysis
demonstrated that there seems no evidence that visual functions
of the test groups differ significantly for each illumination

level group (Table 11).

Analysis of variance table (Table 12) shows that each
factor has a significant effect on the performance rate of the

subjects at a 0,05 significance level. Furthermore, there



60

exists no interaction effects between the factors. Significance
of the main effects enabled conducting responce curve analysis.
Through such an analysis, the regression equations 6.1 and 6.2

have been obtained. These equations can be used to predict

performance rate for a given level of each factor separately.

One other point is that there exists a non-linear
relationship between the level of illumination and performance
rates. This nonlinear relationship, which was discussed earlier
as possible outcome of color interference on the level of

illumination, is characterized by equation 6.1.

The relation between the task detail size and performance

rate is linear and this is shown by equation 6.2.



61

CHAPTER VIIT

SUMMARY AND SUGGESTIONS

The use of a simulation’room seems to be an economical and
pratical way of studying the different levels of illumination.
The simulation approach to office illumination was applied to
a limited number of subjects with a marrow age range. The
technique used in the simulation of different levels of
illumination introduced some undesirable effects. Within the
technical limitations of this research however, a summary and

several remarks about the findings seem to be warranted.

For the purpose of this research, three different task
detail size and three different contrast values were considered
satisfactory. With the given limitations, an office with 300
lux incident illumination seems to permit better performances

in different contrast and task size letter selection jobs.

The findings suggest real life conditions simulation and
simulations other than office illumination should be attempted.
The duration of the experiments should be extended to hours or
possibly to a full day's testing. Illumination system for such
simulations should be obtained through change of number of

light bulbs instead of using VARIAC control.
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APPENDTIX A

NOMOGRAM OF WESTON'S APPROACH
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APPENDTIX B

VISUAL TASKS MOSTLY USED

¢ i 15 o 5 . et
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PARALLEL BAR DISC LANDOLT RING
SR
-
HANDWRITTEN DOT PATTERN

Five visual tasks used for compamﬁve
measurements, black on matte white background, -
Size of disc approximately 4-minutes.
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Comparative Values for Reflectance Rate of the Test Pages

Illuminé%ioh Levels

Contrast Task
Value Size 50 Lux 300 Lux 550 Lux 800 Lux 1050 Lux Mean
Offset on 1°% 6 points .48 .48 42 .31 .39 0.416
(0 412)* 8 points 48 48 Al .31 .39 0.414
11 points .46 47 41 .31 .38 0.406
offset on 2°0 6 points .4l .45 .39 .30 .36 0.388
« 8 points .. .45 .39 .30 .36 0.388
(0.386)
11 points .44 oLk .38 .29 .36 0.382
Stencil on 2"¢ 6 points  .u6 .45 .39 .30 .36 0.392
« 8 points .46 45 .39 .30 .36 0.332
(0.389)
11 points  .u4 g .38 .29 .36 0.382

* Mean reflectance rate for the contrast level.
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Eye Test Scores of the Subjects

Legend:
1. Rx : 1) None, 2) All, 3) Bifocal, 4) Far, 5) Near, 6) Irregular
2. Far Vision Phoria Vertical
3. Far Vision Phoria Lateral
4., Far Vision Acuity Both Eyes
5. Far Vision Acuity Right Eye
6. Far Vision Acuity Left Eye
7. Depth Perception
8. Color Perception
9. Near Vision Acuity Both Eyes
10. Near Vision Acuity Right Eye
11. Near Vision Acuity Left Eye
12. Near Vision Phoria Vertical

13. Near Vision Phoria Lateral
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17
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PERFORMANCE DATA OF THE SUBJECTS
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Performance Data of the Subjects

Legend:

1. Year of Birth

2. Class

3. Sex

4., Level of Factor A

5. Level of Factor B

6. Level of Factor C

7. Repetition

8. Number of "e" and "a" detected on page 1

9. Number of "e" and "a" detected on page 2
10. Duration of the experiment for page 1 (in min. s)
11. Duration of the experiment for page 2 (in min. s)

Total Number of "a" and "e" on page 1: 530

Total Number of "a" and "e" on page 2: 497



77

02°T11 OL°€T €9y %0s 1T ¢ 1 1 RS 9 H 91
$6°8  0L°6 7L T € s & -9 (S 0 Y
00°0T O0.L°6T 8€y 6y 1 1 € vy R £ 9 ‘grd 41
€6°6  S0°T1T 0Ly S8y T 1 € € 4 v % WR €l
06 OT°I1 Wy 00S 1T 1 € (2 £ ‘9’0 7t
€6'8  01°01 62y 8y 1 1 € 1T " £ ¥ B AU T 8
SO°TT  $8°01 L% S8y T 1 4 s W v 15 sq 01
ST'IT  S0°ZT 98y €IS T 1 4 y R € IS ‘AR 6
0£°6  08'Z1 06y LS T 1 ¢ € ®H v €S av 8
OL°€T  $8°ST €Ly L6y T 1 z ¢ R v €S AT S
0v° 1T  €9°€T 06y TZ§ 1T 1 ¢ 1 R ¢ 9 Vo 9
€9'6 O0¥°01 16y TIS 1 1 1 S R € 8 Ak S
09°L S0°6 987 80§ 1 1 1 v R % LS 08y
06°0T SE°€T €8y LIS 1 1 1 € R % S g o S -
0E°8  55°6 98y 11§ T 1 1 T R € (S -
€0°L  SETIT 087 06y T 1 1 T R % s L1
1t 1) 6 8 L 9 S Y 3 4 1 efgns  oN

S1J3Af4nS IHLI 40 VIVA IDNVWIOIWAd



78

08°L €06 S9% 80 1 € 1 [4 R Yy £s *s°Z A3
S0°0T  S8°11 €8y S18 1 13 1 1 R £ €5 ‘1'v 2%
SC°6 00°01 L8Y ¢es 1 A 0 S R € 9s ‘a‘d o€
LA o1°s tsy 67 1 z £ ) R € Ls ‘qa°a 14
€0°21 S6°71 08y 616 1 [ ¢ € a2 £ 'A *O°N 8¢
0T°1T SO°€l 8% 718 1 [4 & 4 a k' 95 ‘E°N Lz
01°01 SL°01 989 Z1s 1 4 £ 1 ‘R € 14 ‘08 9z
01T 06°C1 16% 7ts 1 [4 [4 S R £ LS *A°H Y4
01T°1IT 06°11 78Y L1s 1 4 l Y R K 49 ‘a‘Q ({4
19°6 1€°01 6y 61 1 A [4 £ R ? vs ‘€'R 1 XA
0L°6 s0°¢t céy 0ts 1 4 A 4 R K/ 9¢ ‘D°d [44
09°8 0%°01 SLY 0Zs 1 [4 < 1 R € 8¢ V'L [ £4
§0°01T OT°€l SLY 01¢ 1 4 1 S R Y 9s ) 07
0L°8 00°0T 6% 2t 1 [4 1 « R v 9¢ ‘H°H 61
6S*11  08°11 SLY 00 1 4 1 13 R € 117 ‘3d 81
06°8 0zl 9zh 0s 1 [4 1 [4 H / [43 *d°N L1

11 01 6 8 ( 9 S K/ 13 [4 1 32iqng  coN

(Penutauc)



79

§$'ZT  OL°yT 8% €25 T 1 1 £ R € IS ‘L'H 8%
€Z'0T  $9°v1 68y LIS T 1 1 z W % 9 AN LY
$0°6  S$%°6 16 S0S T 1 1 1 R % sS 0y 9y
0L°8  §L°0T 28% 605 T € € S W v €S ‘TR Sy
00°L  OL'6 Sty 80§ 1 € € v R v SS 2 S 1
0Z°11 SE'€1  L6%Y LZS 1 € € € R 7SS 5H €Y
<v'6  S%'0T  ¥8% IS T € £ Zz W € % AN Ty
06°L  06'8 wey  SZ§ 1 € € 1 R € LS -t S O
¢¢"6  O0I°I1  88% %S 1 ¢ z S W y S L'V 0%
09°€T  08'¥T  76% 625 1 € z v W € TS ‘W] 6E
06°Z1 ZI'€T 08y 605 1 € z € a v s 'SR 8
08°L  $9'8 68y 615 1 ¢ z z d s 5 V'R L€
06°TT 06°1T  #6% 26 1 ¢ z 1 R € 95 RV 9¢
0L°'8  S0°6 Yy 12§ 1 € 1 9 d € LS 5S¢
$8°L 68 8y 01§ 1 ¢ 1 7 & ¢ 9 ad vE
05'6  0S°0T  96% [ZS 1 ¢ 1 € d VA 1 'A'S €€

Tt o1 6 g8 . 9 3 W 3 z i 3oelqng  'oN

(penut3juo))



80

€9'8  SS°11 15:3 2 4 (R 4 4 1 Y 1 €8S ‘e°8 v
S0°0T 06°01 8% IS T T 1 € R € (LS VI €9
0z'9  S6°L gy  %IS T T 1 A a € 1 bz 79
0£*0T Z6°01  68% LOS T T 1 1 K v 95 ‘0T 19
GZ°¢€1  O0%°ST  €S% Is% T 1 € S R v S "W'H 09
08°'9  $9°8 oy 8% ¢ 1 € Y ot € LS ‘'@ 6§
€0'6  06°6 €Sy 187 T 1 € € W v €6 ‘1'V 8¢
9601 €€°I1 €99 %6% 1 3 4 R v SS V'V LS
€0°'L1  %6°81 199 €8y T 1 € 1 R VR 49 ‘g 9§
0L°0T I€°11 98y €15 ¢ 1 [4 S E € 96 QN SS
Zv*6  OT'T1 L8y 93§ ¢ 1 4 Y R 3 9¢ ‘O'H ¥S
€6°C1T ST°%1 SLy  %0S ¢ 1 4 € ) € €S I AF S 4
cL'6  0£°11 8y 50§ ¢ 1 4 d R € LS ‘SN z$
91°11 - £9°21 26y 11§ ¢ 1 4 1 a v 95 'S 16
0£°6  91°11 28y 22§ T 1 1 9 R v 95 AR 0§
01°1T 69°IT €6% %I T 1 1 y a € (S ‘LI 6%

11 01 6 8 L 9 S Y 3 z 1 309lqng  ‘oN

(penurauoy)



81

$z'8  O1°6 v8y S0S T € 1 S W % 9 ‘X' 08
0E°0T %Z°¥T Ly LOS T € 1 v R % €S ‘1'A 6L
88°6 80T 9% 81§ T € 1 € H € s IR 8L
$9°6  ZO'IT 68y SIS T € 1 2 H € 9§ g UL
oL'8  €8°01 98y IS ¢ € 1 1 i € 9 ‘v'a 9L
$£°6 OI'IT 88y OIS C ¢ € S i € % V'V SL
19°0T OT'ZT %Yy ¢S T ¢ € v R % €S ST Y,
09°6  S6°01 8% %I§ T ¢ € 3 W € 2 *@°'N €t
SL°t SL'6 18 005 ¢ ¢ 3 z W £ €S v's 2L
70°0T OI°IT €8y €25 ¢ ¢ £ 1 R % (S ‘N U
S0'6  SL°6 g8y (1S T T z ¢ W vy 9 V'R 0L
0211 0Z°€1 88% %I§ T ¢ z vy R b oSS ‘1% 69
2Tl ¢L'1T 08% 90§ T ¢ z € H € ¥ ‘'S 89
08°8  $6°6 067 90§ T ¢ z z R € S 9V L9
06°8  02'0T 6% (8% T 1 z I W § € ‘v'e 99
S0°8  00°0T SSY 88% T ¢ 1 g K % S Y €9

T 01 3 8 L 9 3 7€ z 1 3o9lqns  ‘ON

(penutauey)



82

§5*8 SH°6 g8y SIS T € € S a € 8S *'s*) 06
$8°01 S8°CT 98% 8IS T € € Y H v sS *q'S 68
ST'0T  S6°I1 (6% 625 T ¢ € € W v 56 ‘a‘g 88
cE'6  06°6 68y 126 ¢ € € z " A 14 ‘50 8
9601  §.°01 687 IS T ¢ ¢ 1 i € 9¢ ‘g*d 98
06'9  $6°8 g6 €IS T ¢ 4 S i v 9 'v'a  ss
01'6  G9°0T w67 €IS T ¢ z Vi a € LS *3'S 48
06°0T  00°TIT  LL% 41§ T € 4 € i € 95 V'R €8
00°0T - 0L°0T  98% 91§ ¢ ¢ Z 4 K v 25 *0°3 8
08°6  Sv°11  16% €25 ¢ ¢ z 1 W € sS R 18

11 01 6 8 L 9 S Vi € 4 1 3o9fgng  ‘on

(penuTiuo))



APPENDTIX F

ORTHO-RATER EQUIVALENCE TABLES



83

APPENDIX F
ORTHO-RATER EQUIVALENCE TABLES

PRISM DIOPTER EQUIVALENTS OF ORTHO-RATER PHORIA SCORES

i f Vertical Phaoria Lateral Phoria
. : {Prism Diopters) {Prism Diopters)
Score Far Near Far Near
1 20LH 15 LH +7.33 +60 ) »
2 15LH  10LH +633le  +45 (8 &
3 IO0LH  03LH +5331 § +3.0 fg-g
4 0.5LH 017 LH +4.33 % +15 |
5 047 LIl 017 RN +333'% 0
6 ' OI7RH 05RH +233|8  T15)
7 1 05RH 10RH +1.33{8 - =30
8 | 10RH 135RH © 4033} —45 | &
: 9 | 15RH 20RH ~0.66) , —60 |8
o0 -166| 8 -75 |}
BRI -266|& - -90 (8
o2 ! —3.66 ~10.5| &
ETE ~466| €  ~120|&
|14 =566 2 -135
| 15 ’ ' : —6.66 ) ~15.0)

VISUAL ACUITY EQUIVALENTS OF ORTHO-RATER ACUITY LEVELS

Visual Acuity Notation

‘ . mea w o e— Lt g 1 - S A e § o T 0 ot - o |

Test ltom Visval i Decimal Snellen AMA, !
Number: Angle i |
1 1.0 : .1 I 20,200 20%,

2 5.0 ! 2 20/100 499, -
3 3.33 : 3 20467 ‘ 67.5% ‘
4 2.5 : g 20/50 76.5%
A 2.0 } .5 20/40 84.59%, {
o 167 6 20733 88.5% |
K x 1.43/ ) i 20/29 925%
8 ; 1.25 i 8 20/25 95.5%
9 ' L1 ‘ 9 20/22 98%
0o . 10 I 1o 20720 100%,
11 i 091 ; 11 20/18 101.5%,
12 0.83’ 1.2 I 2017 1039,

Master Ortho-Rater, Instructions, Bausch and Lamb Inc.
Rochester, New York 14602.
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APPENDTIX G
PHOTOMETRIC UNITS

Symbol or
Propesty and a@hm Unit Slecvinion

The luminous flux @ s the total visible energy emitted by a source of light, lumen Im
The bases for its evalvation are the relative spectral semsitivity V5 * of the eye .
adapted to bright light and the mechanical equivalent of light M**, -

= lumen second Ims

The quantity of light 0 is the product of the luminous flux and its dusation., " lumen hout mh

‘The Juminous Intensity 7 in a given direction is the relation between the ‘ candela ed
Juminous flux radiated in that direction and the szes upon which it falls, i.c,
luminous flax per unit arez. The unit is the randela or international candle¥**,

A source of light baving a luminous intensity of one candela in all directions
produces a luminous flux of 4 x lumen.

The luminance (brightness) L of 2 surface ina given direction is the ratio of stilb = cdfem® sb
the luminous intensity in that direction to the orthogonal projection of the spostilb = sb/10* n asb
radiating surface in that direction. lambert s shim = 10%sb, La

The unit of brightness for seotoplc vision, in ¢ to the preced skot = 10~* asb sk
units, is related to the eye adapted to vision in the da:k (rod wision). “The con- for radiation with-a color
version factor hetween this and the luminance L depends on the composition of " temperature of 2360° K
the light. The unit is used only up to 10 skot. : .

The specific luminous radiation 5 of a surface is the ratio of the radiated phott = Im/em? ‘ph
luminous flux to the area of the surface, '

The intensity of llumination E is the ratio of the luminous flux incident lux = im/m* Ix
upon a surface to the area A4 of the susface (5 == @A) and therefore corresponds
to the specific radiation with respect to that part of the radiation reaching the sur-
face illuminated. 1 Jumen uniformly distributed over 1 square meter of surface
produces an intensity of 1 lux,

The unit of intensity of itfumination for scotoplc visionis ;analogous to nox = 10-%kx nx
that of brightness for scotopic vision, and relates to the cve adapted to vision in for radiation with a color
the dark. temperature of 2360°K

The quantity of llumination is the product of the intensity of Hlumination lux second Ixs
and its duration.

‘The juminous efficlency of a source of light is the ratio of the total lumm fumen/watt (W
ous flux emitred to the power absotbed,

* For the relative apectral muitivity ¥ of the eye the following internationally recognized values are used (A= vsv:-kwth of light in aspo-

raeters {millimicrons]):

» ma mir mla o wnla mir mla o mla o mia o |a oW
400 0.0004 | 440 0,023 | 480 0139 ! 520 0.710 | 555 1,000 | 590 0.757 | 630 0.265 {670 0032 | 710 0.0021 | 750 0.00012
410 0.0012| 450 0.038 | 490 0.208 | 530 0.862 | 560 0.995 | 600 0.631 | 640 0.175 | 680 0.017 | 720 0.00105 . 760 0.00006
420 0.0040] 460 0.060 | 500 0323 | S40 0.954 | 570 0.952; 610 0.503 | 650 0.107 ]| 690 0.0082; 730 0.00052
430 0.0116 | 470 0.091 | 510 0.503 i 550 0.995 ! 580 0.870 | 620 0.381 | 660 0.061 i 700 000‘1. 740 0.00025

** The mechanical of electrical equivalent of light M is calculated for the lumen based on the candeians M w (1.46, 4 0.010) x 10~ J x (a X Im)~?
wa (1,46, 0.010) X 10=* W/im, ot 1/M = (6804 5) Im/ W, The new Jumen therefore cotresponds to a radiation of 0.001 46 watt,
*** The candelnis defined by the condition that the luminance L of 2 black-bouly radi to 60 candelx per square at the temy
ature of solidifying platinum, : .
R |
¥ The phot, which by deﬁnidcn is the unit of specific radiation, is frecquently used 23 8 unit of iflumination, In this cae 1 phot == 10* hux.

» Documenta Gelgy sGlentific Tanlmad*‘n‘twwa&
J.RGelgy S.A., Bagle, SQitzel;lanm. 1962. K

[
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ANOVA
CRF
CT™
DGF
FVA
IERIT
IES

RQQI

TAF
TII
VARTIAC
VTE
WHO
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£ 22
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LIST OF ABBREVIATIONS

Analysis of Variance

Visual Cortrast Rendition Factor

Eastman Contrast Threshold Visibility Meter
Disability Glare Factor

Factor for Viewing Angle

Illuminating Engineering Research Institute
Illuminating Engineering Society
Recommendations for Quality and Quantity of
Illumination

Transitional Adaptation Factor

Task Information Index

Variable Transformer

Visual Task Evaluator

World Health Organizaticn,
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Offget-print
Offset-print
Offset-nrint
Offset-nrint
Of fset-nrint

Offset-»nrint

Stencil-print on an
Stencil-print on 2nd

Stencil-print on 2nd
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A SET OF LATIN TEXT PAGES

on 1

on 1

on 2

on 2

on 2

quality
quality
quality
quality
quality

quality

paner 6-points
maner 3-points
naper 1ll-points
paner 6-points
maper B8-points

paper ll-points

quality naner 6-points

quality paper 8-points

quality panerll-points

size

size

size

(2

(2

(2

(2

(2

(2

(2

(2

(2

pages)
pages)
pages)
pages)
nages)
pases)
pages)
pages)

pages)
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angustia persistentibus quintus eorum germanus nomune lopichis
noster postea proavus extitit inspirante sibi credimus auctore
misericordiae captivitatis iugum abicere statuit gentem reside
langobardorum meminerat tendere atquere adlibertatis iura sted
reppedare stuaeit adgressus fugam adripuisset faretram tantume
arcumet aliequantulum.cibi propter viaticum gerens nesciretque
omninoquon pergaret lupus adveniens itineris effactus pergaret
fraquenter postse respiceret stante subsiateret atquecum pergt
praeiret intellexiet sibi divinitus datumesse iterquod nescieb
ostendaret aliquod dies montium solitudienes modo pergarentiel
paniseidem viatori quem exiguum habuerat omnino defacit quicem
jeiunans fame tabefactus defecisset tetendit arcum suum eundem
lupum sumera cibum possit sagitta intreficere voluit praecaves
ipseautem recedeten sodem lupo nesciens pergeret insrepfamisep
desperaret sesein teram proiciens obdormivit viditque quendami
virum somnis talia sibi verba dicentem surgequid dormissaripen
viamhanc partemcontra quam pedes tenesilliac tendisquam statim
surgensin illam partem quamin somnis audierat pergere coepitne
moraad hebitacelum hominum pervenit eratenim sclavorum habitet
illis locis quem cumunae mullieriam vetula visset statimdisset
intellexit fugitivum esseat famis penuria laborare ducta autem
misericordia potuit nuneta malitiae huius sugestorem atquiemes
impelsarem simalute pace quasi exlopratorem nosrexit inquamoqr
romanoam civitatem dominus meusnon auttyrannice invasit liberd
tyrannorum liberavit effeminati dominabantur eius quod gravius
turpius meretrices dormiebat puto tunc immopat decessorum aute
nomineolos impoteras vocantur potentesa erantcur meretricumpto
sinebant sanctissimorum paparoum aliisunt relegati aflictinequ
cotidianos sumptus elemesoniam quirent adel bertus peratoribus
decessoribus sanctissimorum apostolorum ecclesias rapinis exvi
ductus indignum facinus vindicare sanctam ecclesiam statum orm
proprium curavit neglexitus vosnon oinmeus finibus terrae surz
romamque veniens impios abstulit sanctorum apostolorum vicarie
protestatem honorem cmnama contdaritit posmodum insurgente vae
domnum apestolicum iurisiurandi violatores sacrilegos dominoru
suorum tertores raptores secundum decreta romanorum caeterorum
cecidit iugulavit supsendit etexilio relegavit facerat impiusa
crudelis tyrannus esseat palamest quod berengarius batur sacru
leonus atque draconis etdespur aquilae volantis insignitum efi
ostentaret fortidutineus prudentiac earum rerum efficatiam mot
corporis animie costantiam delarans usqueinter hancfere ultman
senectutem aetas perduxit nunquam meos fugere quomodo nuncgore
didici certare sciofugere ignororec valeosi fata nonsinun tlue
vivere liceat seltem quodmichi dulcissimum cumamicis occumbere
exemplimichi paternae virtutis suntamicorum corpora circanosra
maluerunt moriquam impigras amittere inimicis coramloco cedera
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blasphement sacrilego compelluntur autimpia detestantes impert
caeduntur gladiis bidentium sanctis mariyribus sociandi nonesa
sacrilegis locorum personarum respactus sanctuairis occiduntur
sacerdotes etlevitae coguntur virgines fornicari autper tormen
taperire necmatronis aetas maturior suffragatur vaenobis quiin
hanctam periculosi temporis descendimus miseriam gquamin spirod
praevidens electusa avidrex fidelis deplorat dicens deuvenorun
gentasin haereditatem tuam polluerunt templum sanctum etaitemo
populum humiliaverunt vexaverunt utquid irasceris infinem velu
accendetur ignisira teobi misericordiae tuae verumne est quody
dicitur obliviscetur misereri deusnon continebit inirasua suas
misericordias recordare acciderit nobis intuere etvide nostrum
opprobrium vaenobis quidnati sumus videre corruptionem populio
nostriet contritionem civitatis sanctae etsedere illiecum dant
rinmanibus inimiccorum sancta vosigitur delectissimi armaminiz
accingimini unusquisque gladiosuo perfemeur potentissime accin
giminiet estote filapotentis melius estenim morinbello quamvid
emala gentis nostrae sanctorum quiszaluim legisdei habet nobis
adiungat subveniamus fratribus nostris disrumpamus vinculaeorn
proiiciamus anobis iugum ipsorum egredimini vobiscum inuserite
armaquae caede mutua illiciote croentastis inostes fideieteton
nominis converitare furita incentia rapinas homicidia etcaetera
qualia agunt regnum deinon possidebunt hocdeo beneplacito reda
obssquio delictorum quibus iracunduaim provocastis indulgentia
provobis obtineant pietatis etdepretio collata sanctor monemus
igturet exhortamur remissionem peccatorum iniungimus fratribus
nostriset caelestios regni cohaeredibus emnesenim sumosinvicad
carnifex quieum percussores vidisse festinavit ubiad locumorti
destinatum venerat ocurera divino nivirum admonitus instinctua
proiectoque saenquem scrictrum tenuerat pedibus eius advolvito
desiderans cummariyre velpro quempero cutere iubeator ipsepotu
merraretur percuti dumergo perecutore factus esset collegaveri
etfidei iacenfer carnifices justa cunctatio montem cumtorbisse
reverentissimus confessor ascendit quiopore laetus gratiadecen
quingentis ferre passibus abharena situsest variies herbarumia
floribus depictus usque vestitus inquo repante praeceps nihilo
abruptum lateribos lateque deductom inmodum aequoris naturagie
conplanat dignum videlicet eumpro insitesabi venustatis iamoli
reddens quibeati martyris cruore dicaretor inhuius ergovertica
sanctus albanusdeari sibia aquam rogavit statimque clussomeatu
ante pedes eius fonsperenis exortus estutua agnoscerent etiamo
torrentum martyri obsequium detulisse neque enim fieri poterat
utinardio montis cacumine martyr aquam influvio reliquerat hoc
ortunami essenon viderat idelicet fluvius inisterio persolutoh
devotione conplatea ofucea relinquens eversus estad naturamily
decollatus itamart fortissimus idibeum occepit repromisit perm
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angustia persistentibus quintus eorum germanus nomune lopichis
noster postea proavus extitit inspirante sibi credimus auctore
misericordiae captivitatis iugum abicere statuit gentem reside
langobardorum meminerat tendere atquere adlibertatis iura sted
reppedare stuaeit adgressus fugam adripuisset faretram tantume
arcumet aliequantulum cibi propter viaticum gerens nesciretque
omninoquon pergaret lupus adveniens itineris effactus pergaret
fraquenter postse respiceret stante subsisteret atquecum pergt
praeiret intellexiet sibi divinitus datumesse iterquod nescieb
ostendaret aliquod dies montium solitudienes modo pergarentiel
paniseidem viatori quem exiguum habuerat omnino defacit quicem
ieiunans fame tabefactus defecisset tetendit arcum suum eundem
Jupum sumera cibum possit sagitta intreficere voluit praecaves
ipseautem recedeten eodem lupo nesciens pergeret insrepfamisep
desperaret sesein teram proiciens obdormivit viditque quendami
virum somnis talia sibi verba dicentem surgequid dormissaripen
viamhanc partemcontra quam pedes tenesilliac tendisquam statim
surgensin illam partem quamin somnis audierat pergere coepitne
moraad hebitacelum hominum pervenit eratenim sclavorum habitet
illis locis quem cumunae mullieriam vetula visset statimdisset
intellexit fugitivum esseat famis penuria laborare ducta autem
misericordia potuit nuneta malitiae huius sugestorem atquiemes
impelsarem simalute pace quasi exlopratorem nosrexit inquamoqr
romanoam civitatem dominus meusnon auttyrannice invasit liberd
tyrannorum liberavit effeminati dominabantur eius quod gravius
turpius meretrices dormiebat puto tunc immopat decessorum aute
nomineolos impoteras vocantur potentesa erantcur meretricumpto
sinebant sanctissimorum paparoum aliisunt relegati aflictinequ
cotidianos sumptus elemesoniam quirent adel bertus peratoribus
decessoribus sanctissimorum apostolorum ecclesias rapinis exvi
ductus indignum facinus vindicare sanctam ecclesiam statum orm
proprium curavit neglexitus vosnon oinmeus finibus terrae surz
romamque veniens impios abstulit sanctorum apostolorum vicarie
protestatem honorem omnama contdaritit posmodum insurgente vae
domnum apestolicum iurisiurandi violatores sacrilegos dominoru
suorum tertores raptores secundum decreta romanorum caeterorum
cecidit iugulavit supsendit etexilio relegavit facerat impiusa
crudelis tyrannus esseat palamest quod berengarius batur sacru
leonus atque draconis etdespur aquilae volantis insignitum efi
ostentaret fortidutineus prudentiac earum rerum efficatiam mot
corporis animie costantiam delarans usqueinter hancfere ultman
senectutem aetas perduxit nunquam meos fugere quomodo nuncgore
didici certare sciofugere ignororec valeosi fata nonsinun tlue
vivere liceat seltem quodmichi dulcissimum cumamicis occumbere
exemplimichi paternae virtutis suntamicorum corpora circanosra
maluerunt moriquam impigras amittere inimicis coramloco cedera
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blasphement sacrilego compelluntur autimpia detestantes impert
caeduntur gladiis bidentium sanctis martyribus sociandi nonesa
sacrilegis locorum personarum respactus sanctuairis occiduntur
sacerdotes etlevitae coguntur virgines fornicari autper tormen
taperire necmatronis aetas maturior suffragatur vaenobis quiin
hanctam periculosi temporis descendimus miseriam quamin spirod
praevidens electusa avidrex fidelis deplorat dicens deuvenorun
gentasin haereditatem tuam polluerunt templum sanctum etaitemo
populum humiliaverunt vexaverunt utquid irasceris infinem velu
accendetur ignisira teobi misericordiae tuae verumne est quody
dicitur obliviscetur misereri deusnon continebit inirasua suas
misericordias recordare acciderit nobis intuere etvide nostrum
opprobrium vaenobis quidnati sumus videre corruptionem populio
nostriet contritionem civitatis sanctae etsedere illiecum dant
rinmanibus inimiccorum sancta vosigitur delectissimi armaminiz
accingimini unusquisque gladiosuo perfemeur potentissime accin
giminiet estote filapotentis melius estenim morinbello quamvid
emala gentis nostrae sanctorum quiszaluim legisdei habet nobis
adiungat subveniamus fratribus nostris disrumpamus vinculaeorn
proiiciamus anobis iugum ipsorum egredimini vobiscum inuserite
armaquae caede mutua illiciote croentastis inostes fideieteton
nominis converitare furta incentia rapinas homicidia etcaetera
qualia agunt regnum deinon possidebunt hocdeo beneplacito reda
obsequio delictorum quibus iracunduaim provocastis indulgentia
provobis obtineant pietatis etdepretio collata sanctor monemus
igturet exhortamur remissionem peccatorum iniungimus fratribus
nostriset caelestios regni cohaeredibus omnesenim sumosinvicad
carnifex quieum percussores vidisse festinavit ubiad locumorti
destinatum venerat ocurera divino nivirum admonitus instinctua
proiectoque saenquem scrictrum tenuerat pedibus eius advolvito
desiderans cummartyre velpro quemperc cutere iubeator ipsepotu
merraretur percuti dumergo perecutore factus esset collegaveri
etfidei ilacenfer carnifices iusta cunctatio montem cumtorbisse
reverentissimus confessor ascendit quiopore laetus gratiadecen
quingentis ferre passibus abharena situsest variies herbarumia
floribus depictus usque vestitus inquo repante praeceps nihilo
abruptum lateribos lateque deductom inmodum aequoris naturagie
conplanat dignum videlicet eumpro insitesabi venustatis iamoli
reddens quibeati martyris cruore dicaretor inhuius ergovertica
sanctus albanusdeari sibia aquam rogavit statimque clussomeatu
ante pedes eius fonsperenis exortus estutua agnoscerent etiamo
torrentum martyri obsequium detulisse neque enim fieri poterat
utinardio montis cacumine martyr aquam influvio reliquerat hoc
ortunami essenon viderat idelicet fluvius inisterio persolutoh
devotione conplatea ofucea relinquens eversus estad naturamily
decollatus itamart fortissimus idibeum occepit repromisit perm
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angustia persistentibus quintus eorum germanus nomune lopichis
noster postea proavus extitit inspirante sibi credimus auctore
misericordiae captivitatis iugum abicere statuit gentem reside
langobardorum meminerat tendere atquere adlibertatis iura sted
reppedare stuaeit adgressus fugam adripuisset faretram tantume
arcumet aliequantulum cibi propter viaticum gerens nesciretque
omninoquon pergaret lupus adveniens itineris effactus pergaret
fraquenter postse respiceret stante subsisteret atquecum pergt
praeiret intellexiet sibi divinitus datumesse iterquod nescieb
ostendaret aliquod dies montium solitudienes modo pergarentiel
paniseidem viatori quem exiguum habuerat omnino defacit quicem
ieiunans fame tabefactus defecisset tetendit arcum suum eundem
lupum sumera cibum possit sagitta intreficere voluit praecaves
ipseautem recedeten eodem lupo nesciens pergeret insrepfamisep
desperaret sesein teram proiciens obdormivit viditque quendami
virum somnis talia sibi verba dicentem surgequid dormissaripen
viamhanc partemcontra quam pedes tenesilliac tendisquam statim
surgensin illam partem quamin somnis audierat pergere coepitne
moraad hebitacelum hominum pervenit eratenim sclavorum habitet
illis locis quem cumunae mullieriam vetula visset statimdisset
intellexit fugitivum esseat famis penuria laborare ducta autem
misericordia potuit nuneta malitiae huius sugestorem atquiemes
impelsarem simalute pace quasi exlopratorem nosrexit inquamoqr
romanoam civitatem dominus meusnon auttyrannice invasit liberd
tyrannorum liberavit effeminati dominabantur eius quod gravius
turpius meretrices dormiebat puto tunc immopat decessorum aute
nomineolos impoteras vocantur potentesa erantcur meretricumpto
sinebant sanctissimorum paparoum aliisunt relegati aflictinequ
cotidianos sumptus elemesoniam quirent adel bertus peratoribus
decessoribus sanctissimorum apostolorum ecclesias rapinis exvi
ductus indignum facinus vindicare sanctam ecclesiam statum orm
proprium curavit neglexitus vosnon oinmeus finibus terrae sursz
romamque veniens impios abstulit sanctorum apostolorum vicarie
protestatem honorem omnama contdaritit posmodum insurgente vae
domnum apestolicum iurisiurandi violatores sacrilegos dominoru
suorum tertores raptores secundum decreta romanorum caeterorum
cecidit jugulavit supsendit etexilio relegavit facerat impiusa
crudelis tyrannus esseat palamest quod berengarius batur sacru
leonus atque draconis etdespur aquilae volantis insignitum efi
ostentaret fortidutineus prudentiac earum rerum efficatiam mot
corporis animie costantiam delarans usqueinter hancfere ultman
senectutem aetas perduxit nunquam meos fugere quomodo nuncgore
didici certare sciofugere ignororec valeosi fata nonsinun tlue
vivere liceat seltem quodmichi dulcissimum cumamicis occumbere
exemplimichi paternae virtutis suntamicorum corpora circanosra
maluerunt moriquam impigras amittere inimicis coramloco cedera
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blasphement sacrilego compelluntur autimpia detestantes impert
caeduntur gladiis bidentium sanctis martyribus sociandi nonesa
sacrilegis locorum personarum respactus sanctuairis occiduntur
sacerdotes etlevitae coguntur virgines fornicari autper tormen
taperire necmatronis aetas maturior suffragatur vaenobis quiin
hanctam periculosi temporis descendimus miseriam quamin spirod
praevidens electusa avidrex fidelis deplorat dicens deuvenorun
gentasin haereditatem tuam polluerunt templum sanctum etaitemo
pepulum humiljiaverunt vexaverunt utquid irasceris infinem velu
accendetur ignisira teobi misericordiae tuae verumne est quody
dicitur obliviscetur misereri deusnon continebit inirasua suas
misericordias recordare acciderit nobis intuere etvide nostrum
opprobrium vaenobis quidnati sumus videre corruptionem populio
nostriet ‘contritionem civitatis sanctae etsedere illiecum dant
rinmmanibus inimiccorum sancta vosigitur delectissimi armaminiz
accingimini unusquisque gladiosuo perfemeur potentissime accin
giminiet estote filapotentis melius estenim morinbello quamvid
emala gentis nostrae sanctorum quiszaluim legisdei habet nobis
adiungat subveniamus fratribus nostris disrumpamus vinculaeorn
proiiciamus anobis jugum ipsorum egredimini vobiscum inuserite
armaquae caede mutua illiciote croentastis inostes fideieteton
nominis converitare furta incentia rapinas homicidia etcaetera
qualia agunt regnum deinon possidebunt hocdeo beneplacito reda
obsequio delictorum quibus iracunduaim provocastis indulgentia
provobis obtineant pietatis etdepretio collata sanctor monemus
igturet exhortamur remissionem peccatorum iniungimus fratribus
nostriset caelestios regni cohaeredibus omnesenim sumosinvicad
carnifex quieum percussores vidisse festinavit ubiad locumorti
destinatum venerat ocurera divino nivirum admonitus instinctua
proiectoque saenquem scrictrum tenuerat pedibus eius advolvito
desiderans cummartyre velpro quempero cutere iubeator ipsepotu
merraretur percuti dumergo perecutore factus esset collegaveri
etfidei iacenfer carnifices iusta cunctatio montem cumtorbisse
reverentissimus confessor ascendit quiopore laetus gratiadecen
quingentis ferre passibus abharena situsest variies herbarumia
floribus depictus usque vestitus inquo repante praeceps nihilo
abruptum lateribos lateque deductom inmodum aequoris naturagie
conplanat dignum videlicet eumpro insitesabi venustatis iamocli
reddens quibeati martyris cruore dicaretor inhuius ergovertica
sanctus albanusdeari sibia aquam rogavit statimque clussomeatu
ante pedes eius fonsperenis exortus estutua agnoscerent etiamo
torrentum martyri obsequium detulisse neque enim fieri poterat
utinardio montis cacumine martyr aquam influvio reliquerat hoc
ortunami essenon viderat idelicet fluvius inisterio persolutoh
devotione conplatea ofucea relinquens eversus estad naturamily
decollatus itamart fortissimus idibeum occepit repromisit perm
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angustia persistentibus quintus eorum germanus nomune lopichis
noster postea proavus extitit inspirante sibi credimus auctore
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virum somnis talia sibi verba dicentem surgequid dormissaripen
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blasphement sacrilego compelluntur autimpia detestantes impert
caeduntur gladiis bidentium sanctis martyribus sociandi nonesa
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