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IRTRODUCTION

Light, if suffieciently bright, ean produce disconfert,
This is cozmonly referred to oo éiscoafort glare.

Enpiriezl methods to gquontify diccomfort slare have been
used to study the effects of differcnt environaental conditiona

on discomfort are, HResearch on disconfort glare exemplifies

ih

the emviriczl approach, In = typiczl study (Putnen and Gill-
more, 1357) the observer, under a2 cerisin set of conditions,
iz reguired to a2djust the lunminanee of a source of light so
that he is at the threshold of discomfort glare, An important
aspect of empirichl research on discomfort glare is that the
observer ig asked do make a subjective judpement. If one was
studying éiscbility glare it would be nossible to gzet an ob-
Jective evzluztion of the subject's capacity to perform a
visual task at 2 certain illumination level by asking him to
actuslly perform tke tesk snd observing how vell he deoes it.
A pimilzr study of observing a person's performance at g visusl
task to determine his level of comfort (or discomfort) in a
particular environment cannot be earried out because discomfort
glare is a subjective reaction rather than an aspect of per-
formenee of a wvisuzl task, at least in the short rum.

Some studies have been earried out in an attempt fto relate
discomfort zlare to physiologieal changes produced by the

glare sourcas. Althoush Fuszate and Pry (196%5) have shovm that



at least under certain conditions discomfort glare is linlked
to the activity of the muscles vhich control the dizmefer of
the pupil, no gquantitotive relationchip has been estobliched
between discomfort glars ond any physiologica2l atiribuic.
Various investigations are in agreement z2s to how csome
factors influsnce discoafert zlare. Over z limited range ol
conditions these findinss can be expressed (Hopiinson and

Collins, 1970) by the formulz:

3 1.6 w0.8
Glare constont = s
Ba Aé

where B is luminance of source
w is solid angle subtended by source

B_ is general backzround luninence

of source.

ct

does not zccount for zll the factors

&)
0]

The glare constan
5

that offect discomfort slarzs. TFor instance, it coss nol chow
hoy @iscomfor: zlare chonzes with a2 chanzs in the durztion Tor

vhich the lisht sourcc is “on".

Bloch's Taw

YThen the duration of 2 flash of light is snzll, 2 hith
level of luminancc is needeéd in order to cetecet the stimulus.
As the duration of the flash incrcases, the ncecossary level
of luminance deercasecc.

A mathematiczl stotement of this phenoncnon ic provided

by Bloch's Lowe

3

A is angle between direction of viewing and direciion



vhere L is threcsholz
t ic threchold durction.
Pigurs 1 (Cizrks, 1974) shows that Bloch's Law holds ot

the zbsolutz throcholl of vici

Q

n for céurctions up to a2bout 0.1
second. It 2lso indicatces thot ot relatively long durations

lumninones recuireé for a thres-

-
<t
5
(@]

(greater thon 0.1 second

hold response bﬂCOWﬂs independent of duration.

Reab (1062) investiraited the effect that the cdurction of

=)

trizhtness. Pigure 2 (ilarks,

£
{
ck
wm
[ ]

g flash of lizht has on esti
1974) shews how the brighiness of a flash of 1lizht varics with
durztion Tor cach of several levels of luminance. It can be
seen that for brief flasgh durations, in order to produce any
donstant level of brigatnessz, o recirrocity exis betveen
luminence ond duration. Put nzthenmotically,

Lt = o cornstont

where L is luminances
t is durzation

This is %he same releiionshin thot was found to exist at

An initersstin~g feature of Firure 2 1is +hot the curves for
difforent luminaonces reach momimun values of "estimated bricht-

nogs? ot different values of éuration. As the luninoancs
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Fipure 1. _Relationshin between duration of a flash of

light and the level of luminance required to detect it.




"~ BRIGHTNESS ESTIMATION, dimensionless
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Figure 2. Magnitude estimates of the brightness of

flashes of 1ight as funections of flash duration,

The dashed line shows how the temporal locus of the
Broca-Sulzer enhancement decreases as luminance (in

foot-lamberts) increases.



decrcases, the durction 2t vhich the moximum is reached in-

creases. This is indicoted by the dashed line in Figure 2,
Figure 2 also chows thot at longer durations, brighiness

is indepondent of duration. A curious phenomenon occurs in

the re~ion of the eritieal duration (where the funetion attains

a maximum), Thic phenoncnon consists of a2 humpn in the function

and is referred to z2s the "Brocea-Sulzer Zffcet™.

Variction of Dicconfort Glarzs with Flash duration

According %o oodworih and Schlosberg. (1971) the state-
ment
1%t = a consiant
where L is a visuzl function
t is duration
is truc for o vide variesy of visual functions, for durations
iess thon a eritical durciion, It has been seen that it oon-
plies %o threshold luminonce and supra-threshold cstimated
brichtnecs. The present question is vhether this reletionship

vill hold mood for discomnfort glare.

Pilot Studw

A pilot study was undertaken by Guouta ond Ahmed (1975)
with the lisht sourec ploced ot 15°% above the horizontal line
5 .
of si~ht. The size of the source was 3.14 X 107 steradicn

and 2 baclrmround luninonce of 0,1 foot-lambert was used.



Figure 3 shows the recults. A concecuvt cclled "borderline

between comfort and Gigcomfors” or "BCD" wac used os o measure

of disconfort glare, BCD is definsd as "that noint when the
light is not annoying or uncomforscble, but if it werc made any
brighter, it would be uncomiortable". Figurs 3 chows that
there z2ppecrs to exist a criticzl durztion, tc, ana for
durations less than t,, 2 plot of BCD (linear sczle) vs. durc-
tion (loz scale) gives an almost straizht line, This indicates
that BCD decreases 2s a2 logarithmic function of duration rather
than as 2 power function vhich Bloch's Law implies.

It is interestinz to note that becauvse of the relatively
éhort ranze over vhich temporel swmzation can usually be car-
ried out, there has been some difficulty in deciding whether
estinated brighiness grows as a2 logarithmic function or as a
power funciion of duratiorn. As Iarks (1274) points out, there
docs secm to be a sirons recoson for preferrinsz the nower relo-
tion,.

Fiﬁure 3 z2lso indicotes that BLCD rezaches o minimum at on
“"on" time of apnroxinctely cbout one second. This curve nay
be commared with the curve reloting "brishtness estimation" to
dﬁr ation (Fi~urs 2). A compzaricson indicatesc that the phenonenon
vhich profuces the sensaotion of brighiness might be related to
the vhenoncnon wﬁich produces discomfort glare.

At smaller durations, inereasing the duration results in

2 deerecase in BED i.c. it results in mreater diccomfort. At
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emaller durcotions, inercasinsy the duration 2lso incrcases the
‘brishinecs estimated. At greater durations, BCD rises i.c.
afort. At hirsher durations, the brishtness
estimated 2lso decreases before the curve flattens out. In
this sensec there is a2 correspondence between the effect of in-
ereasing duratidn on BCD and "estimated brightness", both of
which e¢211 upon the observer to mzke a subjective judgement.
The difficul+ty is that the critical durations are different-
0.001 %o 0.1 second for "estimated brightness" versus avproxi-
mately one second for glare.

Collection of dzta over a wide range of "on" time values
will consescusntly not only ve us knowledge as to how BCD
varies with cdurztion Eut may give insight into the phenomenon
of discomfort glzre - if it can be related to Bloch's Law over
2 certain ronrme of flash durations and if it can be related to
other phenonmena like brighitncss estimation; if there is 2 cer-
t2in value of curation ot vwhich BCD is 2 minimum (mostimum
disconfort) and if so the marmitvde of this critical duration.

The varintion of BCD with duration at durations sreater
than the criticzl durction is also of interest. The pilot
study (Pirure 3) scens to indiente that 2t 2 ceritiezl durcation,
the curve stons follins and starts rising. I measurcment of
BCD 2% releotively long durations yields the same result, it
can be concluded +hat discomfort glare is unlike "threshold

luninance” (Fimure 1) in that at durations greater than the

S
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criticol éuration, the BCD-durztion curve starts rising, unlike
the “threshold lwninzacee™ versus durction curve which flattens

out.

Purillzry Zonaitriction =2 an Index of Disconfory Glore

Yariovs studics have been done to invacovtigsate the chonges
that teke place in the human eye when it is e:mposed to a glare

Pry and Allen (1952) demonsirated in two cubjects thot a

o} 5 : o) o} 0 o}
1l . 12" patch of consiznt luminexnce plaseced 28 07, 37, 67, 127,
o 1 ~ . : a s . s
and 20" from $he foves in the dazrk zdzpted retino will evolke
the oo Zoppitufe of ptpilisry condtriediex, THiS fhows Thai

there is-no decrsasz in pupillo-motor sensitiviiy out at least
2 o Wl KR -
0" from the foves.

It is meoner2lly Ymovm thet there is a considerable dif-

Qo

feroxice in 30D wvalues iT the glare sourcge is placsd nlong the

line of sizht rather thom 15° away from the line of sight.

Another mnilot study corriad out by Ahmed with threc subjects

grrived a2t the sonme conclusion,

-nd +the vpilot, ceem to indicaic that discomfort
1lary constriction. I

23
so, this concurs with Fu-~cte znd Pry's (1956) stotement that
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pupillary constriction perr-se cannot be used 2s index of dis-
confort lore, It also indicotes there may be truth in the
belief of Winz and Fry (1370) that it is the oscillation of
the pupil thot oroduces the discomfort and not the size to
which the vupil is consiricted.

Since dato exist on just three subjects, it is yremature
to draw any conclusions. I‘easuring BCD for different durations
when the glare source is on the line of sight and vhen it is
15° from the line of sizht will not only help evaluate the
effect 2 chonzge in viewing ansle has on BCD, but vill also

shed 1licgh? on the usefulness of pupillary consitriction as an

index of discomfort ziars,



PROBLZL

This theesis is undertclien to study the voerioction of dis-

confort Jlore with different cdurations of the sflare source.

The concept of "borderline betwveen comfori ond discoufort” or

BCD is uvsed as o measurc of discor mfort slare. The slare source

is presonted 2long the horozontal line of sicht as well as 15°
above the horizontal 1linc of sight to study the cffect that

this change has on BCD.,

Hyrnotheses

BCD decreases with inecrecsing durstion of flare sourcs,
There ﬁi}l come 2 point vherz BCD reaches 2 minimrm, fthen
storts inereasing.

BCD rezdings when the liszht source is nlaced 2t 15° zbove

the linz of sizht vill be hisher fthon vhen it ig zlonsg the
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METHCD

l’ﬁ

In¢orﬂﬁd Conﬂcnu and Txcirvetions

{0

T

For each of the twenty exmerimeniol conditions (corresmond-
iny to ten durationc for each of two angles at vhich the glore
source /2s nlacou) vhich werc »nresonted in ‘rondon order, the

-

observer made two adjucstmenis with the voltoge reset To 2 low

value each time, These 4wo volioze readings were each frans-
formed to foot-lamberis and then averaged. This mean luminance
was the basic datum of the experiment.

_~ =When the observer reroried to the laborztiory, he was

7
Fd

asked to read a descripiion of the experiment entitled

EPInformea Consent for Disconmfort Glaors" (Firurs 4) end to in-

[-
m
o
%)
(')
ct
=3
[
]
i
)]
o
0
ct
6]
[ol}
|l
B

ai ate his willingness to pa ticinatz.

the observer's choir in the exnmerimentzl booth znd the instrue-
tions were rezd to hinm:

"There is = coxecent czlled "borderline bhetween.confori
end discomfort” or (3CD). PFirsi, iake ﬁhe control ond
incrcase the inteuasiti ?ﬁh31rmtuo the maximam
level. Loolr o the ll:ﬂ*‘ Iiost pednle would say
that this level of lisht is uncomTortobly clorineg.

Now talte the control ond@ drive the lisht dovm until
it is 2t the minimum level., Look 2t the lizht!

Host peoprle wouvld say that this level is coamforizble;
that is, not Zlorinz. How, somewhere beiween these

" two extremes should be 2 point of chanse, a threshold,
where the lisht is at the borderline between confort
and discomfort. This is what we call BCD, This poin
should be such that the light is noi annoying or un-
confortable for you, but 1f it weTre any brighter it
would be uncomfortable. Take vour time to find the
BCD voint. It nay t=ke a little time at first to
decide whether the light is comfortable or not. Adjust
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Informed Consent for Diszcomfort Glare

This is an e:periment on discomfort glare. You will be

0

shovm 2 =m2ll light sourece. You nay look dircetly ot this or
it mzy be 2bove your line-of-cight, It vill vary in size, The
backeround brishiness will very. The light source will switch
on and off, TFor .each of the experimental conlitions you willd
be asked ©vo adjust the source from = low brishtness upwards to
a level vhich is not cuite uncomfortaoble. A%t no tine do we
vant you to adjust the lighf to 2 level which is unconforiable.
(There should pe no disconfori nor risk from this procedure;
4>however, you are free to stvon your participation a2t any time.
“;Natura ly, we would prefer that you would coniinue to the end
of the time period so that we can get 211 of our data.
\ If you have any auestions, now or later, feel free to

\
N\

ask,

Firurs 4,  Informed Concent for Discomnfort Glare
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the brluht egs up and dovm until you find your BCD.
Do not set the brichtness a2t the borderline between
tolerable and intolercble -- that is a hirher level,
Similarly do no% use the vpleasaniness-comfortable
eriterion —- %his ic o lower level. BCD is betveen
these two critc“ia.

Now I want you to make your Tirst adgustnent
to BCD. Toke your time, turn the control baclk and
forth as much 2s you need. Iizke sure the licht
isn't annoylnr r unconrortzbly hich, It is
possible that with a cerizin filter (notice that -
there are 4 Illuera herc), you canmoit make the light
as bright or as dim as you wish to. IT so, tell me
and I'll change the filter. Rersardless ol where
the 1light is, look strzisht chead at this point at
2ll times. “hen you have compnleted your =djusiment,
signal ne.® :

An eight-by-eight by ten foot observer's booth was used,
(Figure 5). The observer sat with his face in a2 facerest
looking horizontally at the pole of 2 two-foot radius hemi-
sphere oitting on edge. This hemisphere was consiructed of
posterboard painted flat white. Apertures were placed at the
pole and at 15° above the horizontzl line of sight.

The back;rouni_lumlnu“ce was produced by masking oan in-

candescent lomp (15 watts) placed direcily above the observer

ig%guch mammer. that. 1t,1llun_natad~ihe‘ugm_cnhe_g“nnl¢ormlJ

and was-at the same E'me__,gg_@ﬁ the observer's range o\;’: vigion,
e . cesser pm s e A = = = "’}\
The zlare source itself wasg a CER, 125 wvoli, 1000 vatt

projector bulb. v neans ol an electoniceally controlled,
tzchis tauconlc "huuﬁe“, the ftine for vihich ithe source vias
presented was varied. It was presented for z certain tinme and

occluded for three seconds.
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The observer adjusted thc luminance of the glare source.
by means of a transformer and a selected neutral-density filt%r
placed in front of the aperture, A stop on the transformefi
knob limited its lower value to 35 volts to eliminate operé—
tion of the source in the "red" reéion. The transmission
factors of the filters were 100% (a hole), 7.9%, 0.53% and
0.05%.

A pilot study with three subjects had indicated that
different "off" times did not-have eny significant effect on
ﬁCD. Hence the "off" time was kept fixedrét three seconds
which is the "off" time of the current Bennettl(;QTS) study.

The size of-the light source was J.1l4 x 10™° steradian.

The background had a luminance of 0.1 foot lambert (0.343 nits).

These are intermediate valueé of Bennett study.

Experimental Design

Independent variables, Different experimental conditions

'were obtained by varying the duration for which the source
is "on", with the source placed along the horizontal line of
signt (0°) and at 15° above'the horizontal.

The durations -- 0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 1.0,
Q.O, 5.0 and 10.0 seconds were chosen to give a wide range of
values. The smallest duration (0.0l second) was the smallest
value obtainable with the apparatus. A duration of ten seconds

was- felt to be long enough to approximate continuous exposure



to the light source.
Since the recsvonse to a light along the line of sight is

of interest, the glare source was placed at this angle (0°).

1.8

It was zlso presented at 15° above the line of sight since 15°

is an intermcdiate value in the range of angles obtainable with

the apparatus.

Devpendent variaobles. BCD was the dependent variable.

For each of the different experimental conditions, two BCD

readings viere taken and averaged.

Subjects and Recruitment Procedures

The 24 observers were recruited at student registration
at the béginning of the semester. Interested persons filled
out 2 backzround information blank (Figure 6) and a schedule.

People wers czlled to participate upon their availebility.
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What ic your nrincipal occu“_ulon?

Data Form
’fﬂame Local Phone
~< This date Time - Hajor
\ Your birthdate ' Sex ¥ F Fr Sovh Jr Sr Gr

r the gverzll uvrban ores vhere youw have lived the longes
its ponulation? =

Less thon 10

Hore thzn 10 but less thoa 100

More thon 100 but less thoan 1000

kore than 1000 but less than 10,000
More than 10,000 butv less than 100,000

Nore than 100,000 but less thon
1,000,000

Xore +than 1,000, 000

Do you svpené more than half your work indoors? Yec Ko v

If you cre
capacity zné Ifor how lon

associcted vith the field of lighiing in vhat

[ . — -

What is your eye coler? blus or green brovm
that is your originsl haiy eolor? bloel darir brovm
light browm blond
red
B Do you wear eyc glasses? Yes No

Pirure 6.

Are thesc of soms srpecizl type, such as tinted,
bifocals contzaet lenses?
If you arec zware of it, vhat is the noture of your
visual vroblen?

Do you wear eye make-up? Yes - Tlo

ave vou been exposed to ony other conditions vhich
mirht irritate your eyes., Pleasc describe.

Data Tornm
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RESULTS

The BCD readings obtained covered a wide range of values.
The lowest value of BCD was 7.3 foot-lamberts (25.01 nits) and
the highest was £60,000 foot-lomberts (1,918,560 nits). The
overcll mezn was 55,950 foot-lamberts (191,687 nits). The raw
data is contzincd in the Appendix.

Hean values of BCD for different subjects, different angles
and different durations are shovm in Tables 1 and 2, A plot
of the mzan BCD values for different durations for each of the
two angles is shown in Figure 7 (duration on a linear scale)

and Figure 8 (duration on a logarithmic scale).

Analvsis "of voriance

The results of an analysis of variance are shown in
Table 3.

The znalysis of variance indicated that there were signi-
ficant differences among subjects, between the two angles at
which the glare source was presented and among the ten durations
for which the light was on, 2ll significant at the 1% level.

The interactions that produced significont differences at the

1% level were subject-duration and subject-angle.

Rerression Anclvysis

Since there was a significant difference in the response



TABLE 1

Mean BCD Values for Subjects

21.,

BCD

BCD

SuEé?ct (foot=Iamberts) SuEé?ct (foot=Tomberts)
1 1614, 13 4194,
2 7568." 14 149397.
3 14867." 15 9461.
4 26480, 16 1667.
5 238664. 17 138886.
6 24, 18 83820..
7 4421, 19 11226.
8 47353. 20 4335.
9 91724, 21 131919,
10 2392, 22 187872, s
11 38508.: " - 23 32817..
10372.° 24 2230.

P
no
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TABLE 2

llean BCD Values for Angles and Durations

a! An-~les BED
Angle {foot=Tamberts)
0° 25060, .
15° 86839. °
b) Durations
%%5%%%%%) _ Lfoot%%gmberts)
0.01 86100, .
0,02 67302,
0.05 63121,
0,1 74215,
0.2 55262.‘-;
0.5 , 40938, . .
1.0 38827.
2,0 36330,
5.0 38147.

10.0 49254 .7



— TEE=T — e E——— e e e ey - = m—— C )

23.

. " U0T3BdANp 'SA (suesw) god JO 30Td °L 9andTJg
0T sSpuocdoss "NOILVHNA
6 g L 9 G f £ z 1

) y . | : LA

S K , 1002
|

00h

0T X ddd

\\\\\r\\\\\\\\.\\! 1009

<

Xﬂ
©

o
o
[sa]

— §3J9QUBT-300]

- ————

-
i, S —— o |

e ety
(=]
o
i

o
o

Q04T



L A~

2y,

spuooas FoT ‘NOILVYNGd uofjednp ‘SA (SuBaW) Qg JO 30Td g Lan3Tyg

T asT ﬂ. T 0

002

00H

0T X dodd

+009. M

ohﬂﬂ_n

._.oow

S4J9qQWBT-300]

Tooo0t

[002T

" ooHT



TABLE 3

Analysis of Variance

Source

Subjects (S)

Angles (4)
Durations (D)

(J)]
e

o

e
[

Error

MTotal

Deprees of

- Preedon
23
1
9
23
207

207
479

25,

F (table)
S%%%%es (célcd%ated) %é%%izig?gie

9583820. 36453 1.90
45800511. 12,69 788
1479971. 3.97 2.50
3608024, 13.75 1.90
372950, 1,42 1.39
525123. 2,00 2,50
262387,

1041329,
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to light at different angles, regression analyses as well as
the calculation of correlation coefficients were done separa-—
tely for each of the {two angles,

In an attempt to find = model which would explain the
variation of BCD with “on" time, the data was first fitted to
an eguation of the form:

BCD(foot-lomberts) = 4 +d; t+hy to44, t7
vhere t is the duration in seconds, and Ao’ . o Az, A3 are

empiriczl constants,

. . . ; 2
This regression anzlysis yielded an "R™™ value of 0.0187
where
2 : "
R = rersrescsion sum of scuzres
Yotal sum o sguzres

The esti&ated value of simificence level was 21.6%.

This model was clearly inadecuate.

In an attemot to get a better fit, a segmentcd lines
progran develorped in the Statistical Laboratory at Kansas State
University was utilized, Essentially, the program divided the
BOD-curation curve into segments and fitted cach segnent with
a separate linecar ecuation. The results are summarized in
Tables 4 and 5.

As showm in Tebles 4 and S5 all the “Rz" values are eX-
trenely small. Increacing the number of sesments into which
the BCD-duration curve is divided into does not improve the

goodneés of fit appreciably.
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No. of lincs Rg Join Toints Tincar Teuations for BCD x 107
{ tooo=101baria)
1 0.003% 272,957 « 11.85% (duration *
2 0.0235 4 g4 370.215 - 398.653 (duration)
* 108.914 + 11.105 (duration)
3 0.0272 252,554 + 3394.295 (durction)
8'22 433.309 - 573.464 (dur;plon)
’ i 108.914 + 11.105 (duration)
32 252,534 + 3394.295 (duration)
4 0.0282 0.05 5" gﬂ - B7A. 464 (duration)
0.50 433,309 -5 \ !
.2 118,298 + 10,794 (duration)
9.30 35.694 + 19,673 (duration)
_ .028 337.330 — 2537.832 (duration)
’ 005 002 ,S0L.755 - 1419.43% (curction)
0,04 472,789 - 563.191 (durapion)
0.53 118,288 + 10,794 (duraﬁlon)
2.00 35.694 + 19,679 (duration)

* : ..
vhere durction is in seconds
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28

Regrescion Analysis Using the "Segmented Lines Progrom";

engle = 15°,

9]
Join Points Tincar dSoucntions for BCD x 10¢

(foot-Lanberts)

No. of linesg R2
1 0.0071
2 0.0320
3 0.0385
4 0,0423
5 0.0426

0.57

0.02
0.68

0.03

0.10
0.58

0.03

0.10
0.50
2,00

931.886 - 33.626 (duration)’

1153.811 - 971.039 (duration)
587.708 + 16,711 (duration)

1760.626 - 35057.515 (duration)
1037.294 - 647.476 (duration)
587.708 + 14.711 (duration)

1760.626 - 35057.515 (duration)
538.810 + 5856.845 (duration)
1156.792 - 958.442 (duration)
587.708 + 14.711 (duration)

1760.626 - 35057.515 (duration)
538,810 + 5856.845 (cduration)
1156.792 - 958.442 (duration)
708.184 - 60.730 (durction)
505.108 + 24.749 (duration)

* - - 3
vhere duration is in seconds
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The reason for the cxtremely smz2ll values of "Rz" observed
in tryinz to fit the deta to the different models mentioned
is the tremendous range of the BCD values which results in
serious calculational errors of the regression and reduction
of the correlation. ZLongley (1967) demonstrated this when
there is veriability among several predictors. Arthur D. Dayton
of the Kansas State University Statistics Department (personal
communication) feels that this same cffect takes place when
there is exitreme variability within one predictor (in this
case, BCD).

In an attempt to eliminate subject differences and thereby
ascertain the overall effect of duration on BCD, regression
analysis was now done on the mean BCD values.

The results of o segmented lines regression analysis are
shovm in Tables 6 =and 7.

When the number of seguaents into which the curve is broken
ﬁp-is incroased,"R2“ increases, indicating a betier fit. But
increasing the number of segments also increases the number of
eonations needed to represent the curve, since each sezment
needs o sevarate eguation i.e., the greaser the number of
segnents the curve is broken up into, the more cumbersonme g
the model representing the relationship betwcen BCD and dura-
tion. Compromising betwecﬁ accuracy ond simplicity, the model
vhich divides the BCD-duration curve into two segmenis is

chosen 25 the best of the five models shovm in Tables 6 cnd 7,



TABLT 6

Regrescion onalysis on llean

Prozeos: cosle =

0%,

s Uging the “"Segmented Lines

1 0.1206
2 0.8133
3 0,9636
4 0.9737
% 0.9171

0.57

0.03
1.28

0.03

0.10
0.58

O3

0.10
0.50
2,00

272,086 - 11.856 (duration)’

370.215 398,651 (duration)

108.913 + 111,056 (duration)

252,593 4+ 3394.289 (duration)
433.307 - 573.461 (curation)
108.913 + 11.106 (duration)

252,593 + 3394.289 (duration)
433,307 - =72 ﬂol (durutlon)
115.297 + 10.795 (duration)

35.63% + 13,673 (duraulon)

337.336 - 2£37.700 (dur&tion;
501,754 - 1419.441 (duration
AT2.788 - 662.190 (duration)
118.297 + 10.79% (durztion)
35.605 + 19.679 (cduration)

30.

% . R
where durction is

in seconds
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TABLE 7

Regression Analysis on lleans Using the “Se*ﬂbnted Lines Progran“;

angle = 15°

; 2 i : 2
No., of Lines R® Joir Points TLinecar Zeuctions for BCD - 10

(Toot-1r1022%g )

1 0.1668 931.883 - 33.626 (durztion )

1153.808 - 971.033 (duraiion)

2 0.7502 0.64
. . 587.708 + 14.711 (Zuration)

3 0.9033 0.05 1760.630 - 35057.994 (duration)
‘ 1037.292 - 647.474 (curation)
Q.55 587.708 + 14.712 (dGuretion)
4 0.9911 0.05 1760.630 - 35057.994 (duration)
i 538 814 + 5855,763 {durziion)
0.50 1156.790 - 658,440 (curation)
8.30 587.708 + 14.711 (Gurasion)
5 0.9374 0.02 1760.630 - 35057.934 (duration)
y 538, 814 5856.764 (duraiion)
0.04 1156.721 az8,440 (2 retion)
0.53 708.183 - oO 730 (duration)
2.00 505,108 + 24.750 (Guration)

* :
where duration is in seconds
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for both the an~les, Details of results obtained viith the
two segment rersression analysis are shown in Table 8 (angle =0°)
and Table 9 (ansle = 15°).

Regression analysis was done on the mecan BCD valuec using
polynonial models, The results are summarized in Tables 10 and
L, 36

A comparison of the “RQ" values in Tables 10 and 11 indi-
cates that the best fit for both angles was obtained when the
mean values of 3CD were fitted to the eguation:

BCD = A+ Ay (duration) +4, (duration)% +A3(duration)%
he de{aileﬁ results of the znalysis with the above model are

given in Tables 12 znd 13,

Subject Zffects

“The subjzcts were now incnrporated as dummy:; reriables
into o regression analysis of the raw data. The model was of
the form:

BCD (foot-lamberts)= A +41 4By C+B,yD+---B,,3
vhere Ao, Al’ Bl, B2 - - - 324 arc empirical constants

d is duration in seconds

¢, D, - - 2 a2rc the subjects
This anzalysis yielded an “R2" value of 0.570l. The estimated-
value of significaﬁce level vas 0.0%. This “RE“ value is
relatively much higher than the "Rg" valuc of 0.0187 obtained

with the nodel:
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TABLE 12
Regression Anclysis on means;

3
model used: 3CD = AO ey Al{;uration) +5 (duration)*®

% 102

i
+A3 (duration)*®
(foot lomberic)

ansle = 0°
Paromcotors sctinate Stondoxrd Jeovicotion Alnha Hot
Ay 276.019 201.985 223
Al 126.205 76,082 PO 5
A, -640.874 541,297 283
A3 * 414.990 671.187 .560
2

B = DJ7202



TABLZT 13
Regression Anczlysis on lleans

%
Model Used: BCD = Ay + Ay (duration) +45 (duration)™

x 10 +AB (guration)z;
(foot-lamberts)

Parometers Botimate Stondzrd Deviztion Llnhe BEag
AO 1775.844 413,745 .010
Ay 738.818 1108.790 .531
As . -1859.692 1374.857 227
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BCD (foot-lamberis) = AO + Ala + A2d2+ A3d3

This indicates that most of the variation between cubjects
(and the =znalysis of varionce indicated 2 considerzble varia-
tion between subjects) is due to reliable subject differences.

In attemniing to explain these differences, corrzlation

-~

cocfficienits r

Q

5]

lating 2CD to sex, eye color and residential
population of the subjects, were compuited. Since 23 of the 24
obsefvers were in the age group 19-29 years, a somewhat narrow
range, the correlation coefficient relating BCD to 2ge was not
compuied. The resulis zre presented in Table 14, z2s are also
the results of Bemmett's (1976) study for comparison.

As Toble 14 shows, none of the correlations are signifi-
cant when the light is at the horizontal line of sizht (0°).
A% 150, a correlztion of -G.44 between BCD and eye color indi-
cates thot blue/éreen—e&ed observers were more resistant to
discomfort glare (obtained higher BCD values) than brovm-cyed
observers. This is in conflict with Bennett's (1976) conclusion:
(see Table 8) that brovm-cyed observers are more resistant to

glare, The level 2t vhich these resultis are signi-

ol

disconfort
ficant is the szme in both cases, viz, 0.05. The other two

corrclation coefficients computed at 15° were non-significant.



TABLE 14

Correlotions znd Relatcd Data

40,

Parcmeter Bre Color Residential

Populotion

ex

S—

Type of coeffi—-

cient point biscrial serial point biscrial

Present Siudy: 6° 15° . B 15° 0® 15°
Correlation -0.24 -0.44 -0.14 -0.07 =-0.03 0.22

5 ° non-— non- non- non- non-
Significence simi- 0.05 'signi- signi- gimi- signi-

ficant ficant  ficant ficant ficant

Sample sisze 24 24 24 24 24 24
Bermett®*s Study: 00 0° 0P
Corralation 0.16 -0.04 0.09
Significanée ‘ 0.05 non-significant non-significant
Sample size 199 ' 199 160
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DISCUSSION

It has been seen (Tables 10 and 11) that the best fit
)
(Larsest “R°") for both angles, using a sinsle ecuation over
the entire rangse of duration was obtzained when the mean of BCD

vere fitted to the ecuztion:

2 1
BCD = A, + Ay (duration) + A, (duration)” + AB (évration)™

Tables 12 and 13 contoin the deteiled resvlis of the anclysis
with this model. Those results are used to plot BCD versus
duration as renresenicd by the above model (Figure 9). Crosses
reprecsent actunl meon BCD volues

It has 2lso been sz2cn that vwhen 2 segmented lines regres-
sion snzlysis was carried out on the means, the best fit (taling
both the "3°" value and the number of segments into abcount)
for both anglés wes when the BOD-duration curve was divided
into two seguents (Tables 6 ond 7). Tables 8 and S contain
the detailed resulis, These results are used to plot 3CTD
versus duraition for the two ancles (Figure 10). Crosses reyre-
seﬁt 2ctuzl mean BCD values.

Figures 9 and 10 indicate that the overall effect on
BCD of increasing duration ic as was hypothesized. As duration
incre;ses, 3CD decreases, reaches a minimum, then decreases.

A comparison of Pigure 10 with Figurc 1 indicates 2 certain
similarity between the behavior of BCD and that of threshold
luminance with iﬁdroasing duration. Over a cerizin ransge of

duration, the function is linear in both cases. This indicates
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that BCD (like threshold luminance znd estimated brichiness)
more or less obeys Bloch's Law in that for a certain range of
durations the relationship between BCD and duration can be
represented by

BCD x duration = a constant.

The two immortznt aspects in which Figures 1 oand 10 differ
are:

1. The criticzl duration for threshold luminance (Figure 1)

is 0.1 second. For BCD (Figure 10) it is aponroxinately
0.6 seconéd for both angles.
2. At durations grester than the critical duration,
threshold luminonce is indevendent: of éuration
«(Pizurc 1). BCD however shows &n increaose with
duration ot durations grezater than the eritiezl
duration (Pizure 10).

It is interesiins to note that for both anzles (Fisuwre 10)
the magnitude of the critical duration is apoproximately the
same, viz. 0,6 second. If this were not so, it would indicate
that for BCD,.no critical duration existed and Blocht's Law
would not apply to BCD.

For the functions shovm in Figure 9 however, the BCD-dura-
tion curve reaches 2 ninimun a2t a durztion of four seconds
(enmle = 0°) ond threc seconds (ongle = 15°). These resulis
vwhich are got by differenticting the functions can be verificed

from Pi~ure 9. Throush the BCD-duration curve reaches o
= b o
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mininua at approzinately the same value of duration for both
angles, these criftical dur"two g (four seconds for 0° and three
seconds for 15°) differ marzedly from the critical durations
obtoined with the two semment regression (approximztely 0.6
second Tor both ansles).

The rezcson for the increcse in BCD with increasing dura-
tion for durations zreater than the critical duration nzy be
becausc the eye has sufficient time to partielly adanxt itself
to the glare at the larzer durations and consequently finds
it less unconforicble than vhen the light is on for a relatively
shorter durzation. Also, if the larger durations (viz. 5 seconds
end 10 seconds) are con red to anproximate a continuous
exposure, the rise of the curve validates Hopkinson and Collins'
(1970) contention that momentary cnd continuous exposure to 2
glare source evoke different responses. Fron Tables 8 and 9
it should be noted that the control limits (95% confidence
level) on the slope of the BCD curve for durations greater than
the critical duration encomnacss a wide range and that for 15°, a
slope of zero (BCD independent of duration) is between the
lower =nd upper limits. If Bloch's Law is to apply to BCD,
the slove of the second segment should be zero.

In order to show the initial portion of the curve more
clearly,'Figure 7 was rerroduced but with duration on a2 log

cale (Figure 8). The inconsistency of the curve for durations

0
less than 0.1 second (f2lls, then rises, then falls for O
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f2lls and rises for 15°) is clearly shovm. One possibility
for this inconsistency is that the duration for which the lisht
is on was so emall that it did not give the observer the opvor-
tunity to mzke a reasonzbly good judrment. Some subjecis

even voluntcered that they were unsure of their judsments at
durations of 0.01 2nd 0.02 second.

The analysis of variance (Tzble 3) indicated 2 - significant

variation among subjects. A regression analysis with subjects
as dumny variables indiczted that this variztion (vhich was
considerable) was due to féliable subject differences. Cor-
relation coefficients relating BCD to sex, eye color and
residentizl pooulation of the subjects were computed in an
attemnt to explain this variation. The only correlation that
was significant (see Tzble 14) was that for eye color (blue/
green-cyed observers more resistant to discomfort glare then
brovm-cyed observers) at 150. This correlation only partially
explains the conéiderable variztion among subjects. In lorge
part, the variation is due to the different subjective criteriz
that observers-base their judgments upon.

From Figure 9 {or Figure 10) it can be concluded that
there is o certzin duration which produces greater discomfort
than durations gréater thon or less thon it. Results of the
pilot study done by Gupta and Ahmed (1975) indicated that the

eritical duration was in the ronge one to ten seconds, when the
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glare source was presented at an angle of 15° above the hori-
zontzl line of sizht. Since no.data vias collected in thics
range, it was difficult to pinpoint the eriticol duration more
precizely. The two sesment regression anzlysis indicated thot
the criticzl duration was anproximatzly 0.6 second for both
angles (Tcble 8 and Q) wherezs the function
L . 4

BCD = 45 + Aq (édurction) + VS (duration)” + 53 (durztion)*
(vhere AO, A1 32; 53 evaluated by regression 2nzlysis ars
imum BCD

Tave 2 ni

Fe] [

empiriczl constantis) upon differentation

=
&

at a duration of zpproximately four seconds for 0° and three
seconds for 15°,

A compzrison of the two curves in Figurs 8 seems to indi-

=g

cate that the effect of varying durations affects BCD different-

1y for the different angles at vhich the glare source is nre-

@

sented. FHowever, the analysis of variaznce (Table 3) shows that
the "F" value Tor the interzction of angle and duration is not
significant 2t the 1% level. From this it cen be concluded tha
thouzh the ongle at which 2 glare source is presented nffecis
the mzgnitude of the BCD, which accounts for the fact that the
BCD-duration curve for 15° is at a higher level than thzt

for 0° (see Figures 9 and 10), the marmer in vhich 30D veries
with durztion is the saome for both angles. Puinam and Gillmors

(1957) also arrived a2t the conclusion that the angle at which

a glare source is presented offects the magnitude of BCD, the
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higher the lirht is above the horicontcl lins of sight, the

greater is the BCD.

As mentioned carlier, a study of Fry and Allen (1952

indicated that the masnitude of pupillary constriction vnro-

]

5
Q
w
H
(]

duced by = 1.12° pateh of constent lumin:

vatch is at acting at different an

1

rles, ronging from

ame

o]

when the

as to she usefulness of punillary constriciion as an index of

discomfort glare. Thes fact that BCD does depend on the angle

at vhich the glare source is presenicd (BGD higher for an

el (a] 5 ; . ;
angle of 15° than for an angle of 0 ), considered in conjunction

with Pry and Allen's (1952) conclusion seems to indicote that

pupillary constriction, vper se, cammot be used as an index of

disconfort glare.
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CONCLUSION

As duration increases, BCD decrcoses, reaches a minimumn,
~then increases. VThis is true when the glare source is placed
along the horizontal line of sight as well as when it is 15°
above the line of sight.

VAV

There is evidence to believe that the effect of increasing
duration on BCD for durations 1ess“fhén.;;critica1 duration is
similar to Bloch's Law. This critical duration for BCD is much
higher than the critical durations for other visuzal functions

(l.j:l:ii "threshold_}}:t_mi_n%pge“ an@_“‘e_gt&[_natedbrlghmw vihiech

o

obey Bloch's Law.

The angle at which a glare source is presented affects the
degree of discomfort it vroduces in an observer,

Thouzh there is considerable variation among subjects,
the basis for the different responses of different pcodle is
unknovm.

Pupillary constriction, per se, cannot be used as an index

of discomfort glare.
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DATA TABLE
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Subject no. 1
BCD*lO’(foot—lamberts)
duration(s.) e=0° 0=15"

mean mean

0.01 1. 0.1272 0.2067 1. 3.3970 2.7255
2« B.2862 2. 2,050

0.02 1. 0.5300 0.3286 1. 3,7130 4, 4635
2. 0.1272 2. 5,2140

0.05 1. 0.2120 0.3776 1. 6.6360 6.8730
2. 0.5432 2. 7.1100

0.10 1. 0.3498 0.4028 (1. 2.6860 2.2120
2. 0.4558 2. 1.7380

0.20 1. 0.4558 0.4797 1. 2.4490 3.3375
2. 0.5035 2. 14,2660

0.50 1. 0.5830 0.4664 1. 1.7380 1.5405
2. 0,3498 2. 1.3430

1.00 1. p.2120 0.2385 1. 1.8960 1.6195
2. 0.2650 2. 1.3L30

2.00 1. 0.2650 0.2200 1. 2. 1490 1.9750
2.0.1749 2.1.5010

5.00 1.0.1749 0.2306 1. 3. 0740 2.5705
2.0.2862 2. 2.0670

10,00 1.0.1590 0.1246 1.1.3430 1.8960
2.0.0001 2. 2,490




Subject no. o

DATA TABLE

3
BCD*10 (foot-lamberts)

duration(s.) e=0° 6=15"
mean mean

0.01 1. 6.3990 4,.7795 |1. 25.2800 31.2050
2. 3.1600 2. 37.1300

0.02 1.32.3900 30.4150 1. 3.3970 5.4115
2.28.4400 2. 7.b4260

0.05 1. 3.3970 2.8835 1. 8.6900 6.0435
2. 2.3700 2. 3.3970

0.10 1. 7.9000 6.7545 (1. 15,8460 5.8460
2. 5.6090 2. 5,8460

0.20 1. 6.3990 7.9395 1. 3,1600 7.6630
2. 9.4800 12+ 6.3200

0.50 1. L,2660 3.8315 1. 3,3970 3.8315
2- 3-3970 2. u.2660

1.00 1. 2.3700 2.4885 1. 14,8980 4, h42h0
2. 2.6070 2. 3.9500

2.00 1. 2.6070 2.1725 1. 14,5820 4,8980
2. 1.7380 2. 55,2140

5.00 1. 1.7380 2.5675 1. 10.2700 8.6900
2. 3.3970 2. 7.1100

10.00 1. 5.6090 5.2535 1. 3.9500 4,2660
2. 4.8980 2. 14,5820

55.



Subject no. 3

-

DATA TABLE

56.

3
BCD*¥10 (foot-lamberts)

duration(s.) e=0° 0=15"
mean mean

0.01 1. 23,7000 { 24.%900 |1: 29,2300 30.4150
2. 25,2800 2. 31,6000

0.02 1. 9.8750 | 11.2575 |1. 15.0100 16.985p

: 5. 12.6400 2. 18.9600

9.05 1. 16.5900 | 17.3800 [1. 14.2200 16.9859
2. 18.1700 2. 19.7500

0.10 1. 16.5900 16.1950 |1. 22.9100 25.2800
2. 15.8000 2. 27.6500

0.20 1. 15.8000 | 15.%050 1. 15.0100 11.8500
2. 15.0100 2. 8.6900

0.50 1. 12.2450 12.2450 1. 6.6360 8.0580
2. 12.2450 2. 9.4800

1.00 1. 14,2200 | 11.6525 |1. 7.9000 9.0850
2. 9.0850 2. 10.2700

2.00 1. 21.3300 19.7500 (1. T7.4260 7.2680°
2. 18.1700 2., 7.1100 ]

5.00 1. 11.0600 |} 10.2700 |1. 12.2450 12.0475
2. 9.4800 2. 11.8500

10.00 1. 14.2200 | 13.2325 {1. 7.9000 7.5050
2, 12.2450 2. 7.1100




57.

DATA TABLE
Subject no. 4
- . Ty :-1 - ._-"J.
BCD*lOs(foot-lamberts)
duration(s.) ' e=0° 8=15"
mean mean
0,01 1. 25.2800 31.2050 1. 10.2700 -| 13.4300
2. 37.1300 2. 16.5900
0.02 1. 34,7600 34.760011. 9.4800 8.2160
2. 34.7600 2. 6.9520
0.05 1. 33,1800 32.7850 |1. 15.0100 13.8250
2. 32.3900 ~|2- 12,6400
0.10 1. 34.7600 36.3400 |1. 22.9100 24.0950
2. 37.9200 2. 25,2800
0.20 1. 35.5500 35.5500 (1. 13.4300 13.8250
2. 35,5500 2. 14,2200
0.50 1. 30.0200 35.5500 [1. 24.4900 28.8350
2. 41.0800 2. 33,1800
1.00 1. 19.7500 24,8850 {1. 15.0100 15.0100
2. 30.0200 2. 15,0100
2.00 1. 26.0700 31.9950 |1. 26.0700 26.0700
2. 37.9200 2. 26.0700
5.00 1. 21.3300 31.2050 {1. 27.6500 26.8600
2. 41.0800 2. 26.0700
10.00 1. 35,5500 35.5500 |1. 28.4400 29,6250
2. 35,5500 2. 30.8100




Subject no.

DATA TABLE

BCD*lO’(foot-lamberts)

duration(s.) e=0" o=15"
mean mean

0.01 1. 470.0000, 355.0000/1. 620.0000 550.0000
2. 240.0000 2. 480.0000

0.02 1. 43.0000 68.5000(%- 440.0000 380.0000
2. 94,0000 2. 320.0000

0.05 1. 360.0000] 400.0000}1- 33.1800 32.3900
2. 440.0000 2. 31.6000

0.10 1. 640.0000| 560.0000{1: 520.0000 420.0000
2. 480.0000 2. 320.0000

0.20 1. 330.0000{ 265.0000{1- 260.0000 265.0000
2. 200.0000 2. 270.0000

0.50 1. 94.0000{ 103.5000§1- 210.0000 175.0000
2. 113.0000 2.140.0000

1.00 l. 62.0000§ 67.0000{1-112.0000 146.0000
2. 72.0000 2.190.0000

2.00 1. 128.0000} 100.0000{1-127.0000 158.5000
2. T2.0000 2.190.0000

5.00 1. 100.0000} 110.0000|1- 94,0000 87.0000
2. 120.0000 80.0000

10.00 1. 240.0000{ 200.0000|1- 360.0000 355.0000
2. 160.0000 2.350.0000



Subject no. g

L2 R

59.

DATA TABLE

BCD*16° (foot-lamberts)

duration(s.) 8=0° 6=15"
mean mean
0.01 1. 0.0070 0.0074 {1- 0.0085 - 0.0073
2. 0.0078 2. 0.0060
0.02 1. 0.0085 0.0078 [1- 0.0075 0.0075
2. 0.0070 2. 0.0075
0.05 1. 0.0270 0.0330 |1- o0.0105 0.0083
2. 0.0390 2. 0.0060
0.10 1. 0.0083 | 0.0127 |- 0.0070 0.0070
2. 0.0180 2. 0.0070
0.20 1. 0.0083 0.0132 |1 o0.0070 0.0070
2. 0.0180 2. 0.0070
0.50 1. 0.0850 | 0.0818 |1- o0.o01ke .0113
2. 0.0785 2. 0.0085
1.00 1. 0.0565 | 0.0658 {1- o0.01k0 0.0113
2. 0.0750 2. 0.0085
2.00 1. 0,0150 | 0.0118 {1 0.0120 0.0103
2. 0.0085 2. 0.0085
5.00 1. 0.1000 0.1075 {1- 0.0085 0.0078
2. 0.1150 2. 0.0070
10.00 ;- 0.0500 0.0445 %- 0.0075 0.0203
- 0.0390 . * 0.0330



60.

DATA TABLE

Subject no. 7

-~

' BCD*lO’(foot-lamberts)
duration(s.) ' e=0° 6=15"
mean mean
0.01 1. 6.4780 7.7815 |1. 3.9500 -| 4.1600
2. 9.0850 2. 4,5820
0.02 1. 14,2200 |22.5150 |1- 3.1600 .871
2. 30.8100 2. 14,5820 3+ 5110
0.05 1. 2.9680 2.2345 1. 6.3200 .
2. 1.5010 2. u.gsso A
0.10 1. 4.2660 5.21480 |1- 3.3970 .516
2. 6.1620 2. 2.2330 3:2160
0.20 1. 1.7490 1.7490 {1+ 3.63%40 .5160
2. 1.7490 2. 3.3970 32
0.50 1. 0.6095 1.2323 |1+ 2.6860 2.9230
2. 1,8550 2. 3.1600 ,9 3
1.00 1. 2.3700 2.7650 {*+ 1,1850 1.61
2. 3.1600 2. 2.0530 +0195
2.00 1. 3.1600 3.7130 |1+ 3.6340
2. §.2660 2. %.6%40 =030
5.00 1. 1.6430 1.8156 |} 3.1606 0418
2. 1.9875 2. 3.9230 3
10.00 1. 3.6340 3.6340 |1- 3.1606 4,18 i
2. 3,6340 2. 5,2140 1673 ?




DATA TABLE

Subject no. 8
BCD¥ 103 (foot-lamberts)
duration(s.) e=0° 0=15"
mean mean

0.01 1. 9.4800 11.8500 [{1. 50.0000 40.5000
2. 14,2200 2. 31.0000

0.02 1. 1li. 2500 12.6400 |1. 62.0000 62.0000
. 2. 11.0600 2. 62.0000

0.05 1. 19.7500 18.1700 {1. 117.0000 {213.5000
2.16.5900 2. 310.0000

0.10 1. 6.1620 10.1910 1. 90.0000 ]107.5000
2.14.2200 2. 125.p0000

0.20 1. 9.8750 7.7815 |1. 100.0000 {100.0000
2. 5.6880 2.100.0000

0.50 1. 7.5840 8.4135 |1. 66.0000 56.0000
2. 9.2430 2. 146.0000

1.00 1. 55,2140 6.3990 {1. 146.0000 38.5000
2. 7.5840 2. 31.0000

2.00 1. 4.8980 3.8710 |1. 66.0000 70.0000
2. 2.8h440 2. 74,0000

5.00 1.14.2200 15.0100 |1- 94.0000 70.0000
2.15.8000 2. 146.0000

10.00 1.22.1200 19.7500 (1. 70.0000 75.0000
2. 17.3800 2. 80.0000
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DATA TABLE

Subject no. g
BCD*lOs(foot—lamberts)
duration(s.) e=0° 0=15"
mean mean

0.01 1. 15.8000 { 15.8000 |1. 220.0000 | 210.0000
2. 15.8000 2. 200.0000

0.02 1. 16.5900 | 16.5900 [1. 270.0000 240.0000
2. 16.5900 2. 210.0000

0.05 1. 14.2200 | 13.4300 |1. 155.0000 207.5000
2. 12.6400 2. 260.0000

0.10 1. 11.8500 | 13.8250 |1. 260.0000 210.0000
2. 15.8000 2. 160.0000

0.20 1. 22.9100 | 19.7500 {1- 190.0000 215.0000
2. 16.5900 2. 250.0000

0.50 1. 15.0100 | 11.2180 §l. 150.0000 145.0000
2. 7.4260 2. 140.0000

1.00 1. 7.0310 5.6485 {1. 290.0000 220.0000
2. 44,2660 2. 150.0000

2.00 1. 28.4400 {29.6250 |1- gl4.0000 84.0000
2. 30.8100 2. 74.0000

5.00 1.15.0100 }|11.8500 |- 58.0000 79.0000
2. 8.6900 2. 100.0000

10.00 1.12.2450 {11.2575 |1 50.0000 75.0000
2.10.2700 2. 100.0000
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DATA TABLE

Subject no. 10

BCD* 103 (foot-lamberts)
duration(s.) ' e=0° =15"
mean mean

0.01 1. 1.2720 '1.1925 |1. 1.3430 | 2.3700
2. 1,1130 2. 3.3970

0.02 1. 0.8480 0.9805 {1. 4.5820 3.7535
2. 1.1130 2. 3,3970

0.05 1. 0.9540 1.1925 |1. 2.4490 2.8045
2. 1.4310 2. 1.6590

0.10 1. 1.5370 1.4840 {l- 1.8960 1.7775
2. 1,4310 2. 1.6590

0.20 1. 1,5370 1.2190 (1. 5.21%0 4.3055
2. 0.9010 2. 3,3970

0.50 1. 9.95140 1.1130 {i- 0.9480 1.0073
2. 1.2720 2. 1.0665 |

1.00 1. 1.0070 0.8480 {1- 2.6860 3.4760
2. 0.6890 2. 4.2660 -

2.00 1. 1.2720 1.2455 {1 3.9500 3.6735
2. 11,2190 2. 3,3970

5.00 1. 0.9540 1.1925 |1- 5.5300 .| 5.3720
2. 1.4310 2. 5,2140

10.00 1. 6.5010 1.1395 |1+ 5.5300 7.7025
2. 1,3780 2. 9,8750



SubjJect no. 11

6L

DATA TABLE

BCD*lO’(foot—lamberts)

duration(s.) e=0° 0=15"
mean mean

0.01 . 1.5370 1.8815 1. 105.0000 .| 115.0000
2.2260 2. 125.0000

0.02 . 2.h4910 2.5440 1. 54.0000 52.0000
. 2.5970 2. 50.0000

0.05 , 2.1465 2.4513 |1. 130.0000 115.0000
2.7560 2. 100.0000

0.10 . 2.5705 2.7958 1. u46.0000 65.0000
3.0210 2. 84.0000

0.20 . 1.9875 2.0273 {1. 74.0000 84.0000
. 2.0670 2. 94.0000

0.50 . 1.7490 2.0670 1. 40.0000 47,0000
2.3850 2. 54,0000

1.00 . 2.3850 2.5175 1. 40.0000 - 47.06000
2.6500 2. 54.0000

2.00 . 2.9150 3.1535 {1. 120.0000 95.0000
3.3920 2. T70.0000

5.00 . 2.5705 2.2128 [1. 50.0000 52.0000
. 1.8550 2. 54,0000

10.00 . 3.3920 3.0210 |1. 58.0000 79.0000
. 2.6500 2. 100.0000




Subject no.

DATA TABLE

12
BCD*le(foot—lamberts)
duration(s.) e=0" 0=15"
mean mean

0.01 1. 1.5900 1.5370 |[1. 12.2450 11.6525
2. 1.4840 2, 11.0600

0.02 1. 1.1130 1.3250 [1. 38.7100 30.0200
2, 1.5370 2., 21.3300

0.05 1. 2.0670 2.3320 1. 12.2450 21.9225
2. 2.5976 2. 31.6000

0.10 1. 2.6500 2.0140 1. 2.6860 4.8980
2, 1.3780 , 2, 14,8980

0.20 1. 2.8620 2.2260 [1. 37.1300 43,0550
2. 1.5980 2. 18.9800

0.50 1. 1.3780 1.2190 {1. 26.0700 18.1700
2. 1.0600 2. 10.2700

1.00 1. 2.6500 1.8285 1. 24.4900 30.0200
2. 1.0070 2. 35.5500

2.00 1. 0.8215 0.8083 1. 13.4300 15.0100
2. 0.7950 2. 16.5900

5.00 1. 2.1730 1.8550 |1. 15.0100 9.6380
2. 1.5370 2. b4.2660

10.00 1. 1.9875 1.7358 J1. 5.5300 7.3075
2. 1.48L0 2. 9.0850
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66.

DATA TABLE

Subject no. 13

BCD* 103 (foot-lamberts)
duration(s.) e=0° - e=15°
mean mean
0.01 1. 0.9540 0.7818 |1.46.5000 - 52.2500
2. 0.6095 2.58.0000
0.02 1. 0.1166 0.1378 1. 3.6735 2,9428
2. 0.1590 2. 22,2120 :
0.05 1. 0.5088 0.5857 1. 3.6735 3.5353
2. 0,6625 2. 3,3970 .
0.10 1. 0.6095 0.7553 |1- 2.2120 2.9428 5
2. 0.9010 2. 3,6735 E
0.20 1. 0.2650 0.2650 {1- 2.4490 2.4490 |
2. 0.2650 2. 2.4490 %
0.50 1. 0.5300 0.3869 |1 1.8960 1.8960 L
2. 0.2438 2. 1,8960
1.00 1. o,4028 0.3445 {l. 2 .6860 2.80L5
2. 0.2862 o7~ 2. 2.9230 |
2.00 1. p.2120 0.2597 |1+ 4.2660 3.3575 i
2. 0.3074 2. 2.4490 :
5.00 1. 0.7420 0.9805 |1+ 2.4490 2.9195 i
2. 1.2190 2. 3,3970 :
10.00 1. 0.3498 0.3286 |- 3.6735 3.9698 ﬁ
2. 0.3074 2. },2660 £




Subject no. 14

- A

a4 .

DATA TABLE

3
BCD*10 (foot-lamberts)

duration(s.) e=0° e=15"
mean mean

0.01 1. 42.6600 34,7600}1. 230.0000 315.0000
2. 26.8600 2. 400.0000

0.02 1. 16.5900 18.1700{1. 150.0000 235.0000
2. 19.7500 2. 320.0000

0.05 1. 240.0000 250.0000}1. 250.0000 280.0000
2. 260.0000 2. 310.0000

0.10 1. 30.0200 23.7000{1. 400.0000 355.0000
2. 17.3800 2. 310.0000

0.20 11. 200.0000 225.0000{1. 230.0000 230.0000
2. 250.0000 2. 230.,0000

0.50 1. 19.7500 26.4650{1. 112.0000 137.0000
2. 33.1800 2. 162.0000

1.00 l. 66.0000 80.0000{1. 90.0000 95,0000
2. 94,0000 2. 100.0000

2.00 1. 24,4900 22.515041. 130.0000 165.0000
2. 20.5400 2. 200.0000

5.00 1. 17.3800 27.8475]|1. 200.0000 175.0000
2.733.315’ 2. 150.0000

10.00 1. 125.0000 157.500]1. 120.0000 135.0000
2.190.0000 2. 150.0000

~
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Subject no. 15

DATA TABLE

3
BCD*10 (foot-lamberts)

duration(s.) 8=0° p=15"
mean mean

0.01 1. 3.3970 6.4385 |1. 31.6000 33.1800
2. 9.4800 2. 34.7600

0.02 1. 1.5370 1.7623 {1- 18.9600 16.9850
2.1.9875 2. 15,0100

0.05 1. 1.2720 0.9540 |1- 15.0100 21.7250
2. 0.6360 2. 28,4100

0.10 1.1.5900 1.5105 |- 18.9600 21.7250
2.1.4310 2. 244, 1900

0.20 1.1.4310 1.7755 |1- 26.0700 25.2800
2.2.1200 2. 24,4900

0.50 1.1.3780 1.6165 {1+ 25,2800 22.1200
2.1,8550 2. 18.9600

1.00 1.2,1200 2.1730 1{1-3.7130 4.7795
2.2,2260 2.5,8460

2.00 1.0.5035 0.8083 |[l-7.1100 9.4800
2.1.1130 2.11.8500

5.00 1.1.5370 1.48450 |1-9.4800 9.1640
2.1.4310 2.8.8480

10.00 1.0.8321 1.2508 |1+3.3970 5.0165
2.1,6695 2.6.,6360

68.



DATA TABLE

Subject no. 16

BCD*lOa(foot—lamberts)
duration(s.) e=0° =15
mean mean

0.01 1. 0.0742 0.0599 |1. 6.6360 5.7670
2. 0.0456 2. 4,8980

0.02 1. 0.0583 0.0703 [1. 1.5010 2.44ag
2. 0.0822 2. 3.3970

0.05 1. 0.0456 0.0456 1. 3.9500 3.6735
2. 0.0456 2. 3.3970

0.10 1. 0.0636 0.0822 |1. 3.3970 2.2910
2. 0.1007 2. 1.1850

0.20 1. 0.0901 0.0862 (1. 7.5050 7.0750
2. 0,0822 2. 6.6360

0.50 l.0.4770 0.7685 1. 1.6590 1.6590
2.1.0600 2. 1.,6590

1.00 1.0.0636 0.0610 {l. 2.4u490 1.8960
2. 0.0583 2. 1.3430

2.00 1. 0,1458 0.1140 1. 2.0540 2.1330
2. 0.0822 2. 2.2120

5.00 1.0.1590 0.1670 |1- 2.2120 3.2390
2.0.1749 2. 44,2660

10.00 l.0.0514 0.0485 1. 2.2120 1.6590
2.0.0456 2. 1,1060



DATA TABLE

Subject no. 17

BCD*10° (foot-lamberts)

duration(s.) 8=0° 0=15"
mean mean

0.01 1. 44,2400 48.1900 |1. 640.0000 640.0000
2.52.1400 2. 640.0000

0.02 1.50.5600 47.7950 {1- 340.0000 340.0000
2. 45,0300 2. 340,0000

9.05 1. 44,2400 46.6100 {1- 400.0000 345.0000
2. 148.9800 2. 290.0000

0.10 1.33.1800 32.3900 |1 450.0000 490.0000
2.31.60000 2.530.0000

0.20 1.39.5000 38.3150 [1-240.0000 | 235.0000
2.37.1300 2.125.0000

0.50 1.21, 1250 29.4275 |1-140.0000 132.5000
2.37.1300 2.125.0000

1.00 1.17.3800 20.9350 {l: 50.0000 45,0000
2.24,. 14900 2. 10.0000

2.00 1.16.59¢00 16.1950 |1+ 80.0000 85.0000
2.15,8000 2+ 90.0000

5.00 1. 7.1100 7.1100 |} 90.0000 87.0000
2.7.1100 2. 84.0000

10.00 1.22.9100 27.2550 {1+ 58.0000 64.0000
2.24.4900 2. 70.0000



DATA TABLE

Subject no. 18

3
BCD¥10 (foot-lamberts)

duration(s.) e=0" 0=15"
mean mean

0.01 1. 18.9600 14,6150 %- 220.0000 172.0000
2.10.2700 * 125.0000

0.02 1. 7.9000 7.7025 %- 89.0000 144.5000
2. 7.5050 * 200.0000

0.05 1. 7.5050 9.2825 é- 115.0000 137.5000
2. 11.0600 * 160.0000

0.10 1-15.0100 | 15.8000 5' 76.0000 61.0000
+ 16.5900 * 16.0000

0.20 1-17.3800 | 13.8250 2" 300.0000 300.0000
- 10.2700 * 300.0000

0.50 1-16.5900 | 20.1450 3" 180.0000 200.0000
+ 23.7000 * 220.0000

1.00 1-11.8500 | 10.8625 %'115.0000 107.5000
+ " 9.8750 *100.0000

2.00 1-25.6750 | 25.6750 [1* 82.0000 101.0000
- 25.6750 *120.0000

5.00 1-20.5400 | 22.1200 5" 130.0000 140.0000
+ 23,7000 *150.0000

10.00 3'13.4300 | 17.3800 |37160.0000 155.0000
+21.3300 *150.0000

fL



DATA TABLE

Subject no. 19

BCD*lOJ(foot-lamberts)

duration(s.) a=0° 6=15°
mean mean

0.01 1. 30.0000 | 65.0000|1. 120.0000 .| 160.0000
5.100.0000 5. 200.0000

0.02 1.240.0000 | 195.0000]1. 200.0000 | 275.0000
5.150.0000 5. 350.0000

0.05 1. 89.0000 | 139.5000 (1. 112.0000 | 121.0000
2.190.0000 2. 130.0000

0.10 1. 43.0000 | 69.0000}1. 230.0000 | 185.0000
2. 95.0000 5. 110.0000

0.20 1.120.0000 | 135.0000{1. 90.0000 | 115.0000
2.150.0000 2. 110.0000

0.50 1. 17.0000 30.0000 |1. 112.0000 | 126.0000
2. 43.0000 2. 140.0000

1.00 1. 23.7000 | 25.6750 11. 130.0000 140.0000
2. 27.6500 2. 150.0000

2.00 1. 22.9100 | 23.3050 |1. 50.0000 62.0000
2. 23.7000 5. 74.0000

5.00 1. 9.8750 | 11.2575 |1. 250.0000 | 225.0000
2. 12.6L00 5. 200.0000

10.00 1. 16.5900 15.8000 {1. 120.0000 | 124.0000
2. 15.08100 2. 128.0000

72



Subject no.

DATA TABLE

3
BCD*10 (foot-lamberts)

duration(s.) 8=0° 8=15"
mean mean

0.01 1. 6.5570 4.5820 |1. 9..4800 11.8500
2.2.6070 2. 14,2200

0.02 1.6.0830 6.0838 |1. 7.9000 11.8500
2.6.0830 2.15.8000

0.05 1.1.0600 0.9275 (1. 9.8750 9.6775
2.0.7950 2. 9,4800

0.10 1.0.2438° 0.6784 {1. 8.6900 9.0850
2.1.1130 2. 9.4800

0.20 1.0.9540 0.9275 |1.- 6.6360 8.0580
2.0.9010 2. g9.4800

0.50 1.0.8215 0.8878 |l. 1.6590 2.4095
2.0.9540 2. 3.1600 ,

1.00 1.0.1007 0.1829 {l. 5,2140 5.0560
2.0.2650 ' . 12- 4.8980

2.00 1.0.9010 0.5936 (1. 3.9500 3.5550
2.0.2B82° . °F 2. 3.1600

5.00 1.0.4399 0.4399 |1. 1.8960 3.0810
2.0.4399 2. U4,2660

10.00 1.0.8480 0.6254 1. 3.6340 6.1620
2.0,4028 2. 8,6900




Subject no.

.

21

DATA TABLE

BCD*lO’(foot—lamberts)

duration(s.) e=0" 0=15
mear mean

0.01 1. 20.5400 } 15.0100 |1- 330.0000 - 352.0000
2. 9.4800 2. 375.0000

0.02 1. 46.6100 | 36.7350 {1- 74.0000 64.0000
2. 26.8600 2. 54,0000

0.05 1. 34.7600 | 42.6600 |1+ 66.0000 79.0000
2. 50.5600 2. 92.0000

0.10 1. 9.4800 | 20.1450 |1- 250.0000 230.0000
2. 30.8100 2. 210.0000

0.20 1. 12.2450 | 10.0725 |1 160.0000 200.0000
2. 7.9000 2. 240.0000

0.50 1. 11.0600 | 15.4050 }|1: 330.0000 240.0000
2. 19,7500 2. 150.0000

1.00 1. 19.7500 {20.935 {l- 240.0000 270.0000
2. 22.1200 2. 300.0000

2.00 1. 12,2450 9.1245 (1. 210.0000 255.0000
2. 6.0040 2. 300.0000

5.00 1.37.1300 {41.8700 |1 440.0000 415.0000
2. 46,6100 2. 390.0000

10.00 1.11.0600 }20.9350 |1-250.0000 300.0000
2.30.8100 2. 350.,0000



Subject no. 22

DATA TABLE

BCD# 103 (foot-lamberts)

duration(s.) e=0° 6=15°
| mean mean

0.01 1. 62.0000 86.0000 |1. 380.0000 480.0000
2.110.0000 2. 580.0000

0.02 1.125.0000 167.5000 1. 400.0000 465.0000
2.210.0000 2. 530.0000

D.05 1. 18.9600 22.3175 (1. 270.0000 315.0000
2. 25.6750 2. 360.0000

0.10 1. 42,6600 39.1050 §1. 440.0000 420.0000
2. 35.5500 2. 400.0000

0.20 1. 23.7000 27.2550 (1. 320.0000 385.0000
2. 30.8100 2. 450.0000

D.50 1. 10.2700 8.8875 1. 270.0000 270.0000
2. 7.5050 2. 270.0000

1.00 1.11.8500 10.8625 {1. 450.0000 350.0000
2. 9.8750 2. 250.0000

2.00 1. 22,1200 41.0800 |1. 230.0000 240.0000
2.18.9600 2. 250.0000

5.00 1.6.1620 T7.4260 |1. T74.0000 79.0000
2. 8.6900 2. 84.0000

10.00 1. 3.3970 8.0185 |1. 290.0000 335.0000
2.12.6400 2. 380.0000

(5.



Subject no.

23

DATA TABLE

3
BCD¥10 (foot-lamberts)

duration(s.) e=0" B=15"
mean mean
0.01 1. 12,6400 { 10.6650|1* 37.0000 148.5000
2. "8.6900 2+260.0000
0.02 1. 6.0040 4,1080 ;-155.0000 177.5000
2 222120 * 200.0000
9.05 %- 26.0700 19.7500 ;- 31.0000 37.0000
* 13.4300 * 43.0000
0.10 1+ 3.3970 3.6735|5° 37.0000 41,5000
* 3.9500 * 46.0000
0.20 ;- 3.3970 3.6735 é' hé.0000 56.0000
* 3.9500 " 66.0000
0.50 é' 26.0700 22.9100 %' 11.0000 10.0000
" 19.7500 * 9.0000
1.00 é. 7.9000 8.8875 ;- 16.5900 14,2200
* 9.8750 * 11.8500
2.00 1 16.5900 | 21.3300% 7.5050 10.8625
* 26.0700 ‘14,2200
2:00 |3+ 12.6400 | 11.85003° 8.2950 12.8375
* 11.0600 " 17.3800
10..00 5! 7.9000 [ 12.2450[3° 24.4900 28.8350
" 16.5900 " 37.1800

76.



Subject no.

24

DATA TABLE

3
BCD*¥10 (foot-lamberts)

duration(s.) e=0" 6=15"
mean mean

0.01 1. g.4800 6.8730 {1+ 1.5010 1.1060
2. k,2600 2. 0.7110

0.02 1. 0.9480 0.8710 |1+ 0.8690 0.7900
2. 0.7940 2. 0.7110

0.05 1. 9.8750 7.9790 |1+ 0.7110 0.7110
2. 6.0830 2- 0.7110

0.10 1. 1.7380 1.4813 |1 16.5900 11.2180
2. 1.2245 2.7 5.8l60

0.20 1 0.9180 1.0270 |2* 0.9480 0.8295
-+ 1.1060 © 0.7110

0.50 1. 0.9480 1.0270 {1+ o.7110 0.7110
2. 1.1060 2. 0.7110

1.00 1+ 3.1600 2.5675 {3 0.8690 0.8690
© 1.9750 * 0.8690

2.00 1+ 1.2285 1.1653 {3* 0.7110 0.7110
- 1.1060 * 0.7110

5.00 1. 0.9480 0.9480 ;- 0.7110 0.7900
* 0.9480 ' 0.8690

10.00 1. 2.1725 1.8368 |3° 1.5010 1.1060
* 1.5010 * 0.7110

7.



VARTIATION OF DISCOIIFORT GLARZE WITH
"ON" TIIIZ OF GLARIZ SOURCE

by

IFTIXHAR AHLISD

B, Tech., Indian Institute of Technolosy

AN ABSTRACT OF A MASTER'S THESIS

submitted in »ertiel fulfillment of the

recuirensnts for the degree

IIASTER OF SCIZNCE

Department of Industrial Sngincering

KANSAS STATZ UNIVIZRSITY

llanhattan, Xancas

1976



ABSTRACT

An empirieal =znproach was adopted to evaluate the effect
thet different durations of 2 glare source have .on discomfort
glare, The concent of "borderline between comfort and dis-
confort" or "BCD" wos used zs 2 measure of discomfort slaoro.
Twenty~four subjects, twelve male and twelve female were asked
to adjust the lunminzance of 2 light source to their BCD for
twenty different experimental conditions. The experimental
conditions wiere obtzined by using the two different angles
at which the glare source was placed znd ten different dvrations
for vhich i+ was "on". BCD declined with increasing durstion
over o certain interval (it is similar to Bloch's Law in this
inte fali, then increased, This was true vhen glare source
was placed z2long the horizontzl line of sight as well =s when
it was 15° above the line of sigzht. However, the degree of

e of

3

disconfort was sgreater when the light was zlong the 1i

ed as an

0]
fo

sight, Purillary constriction, per se,ycannot be u

index of discomfort glare,





