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Two-Parameter Gloss Methods 
1. Nimeroff 

The co ncep t of a parameter of gloss iness, that is, measurem ent under one set of illum i
nat in g a nd view ing co nditions, is developed. T o describe completely t he g l os~ i ness of a 
sp ecime n req uires mul l ipara met ri c meas ureme nts o n t he geometri c distribut ion of r eflected 
li g ht- fiu x. As o ne- para met!" r methods ha ve bee n fo und to y ield in adeq uate descripti ons of 
specimen glossiness, two-parameter methods were in vestigated . For specimens \\'it h 
differing in cidpnce-angle dependell cy, a two-para meter method u sing s pecular gloss meas ure
ments at two in cide nce angles is s uggested . For s pecimens with differing flu x-scatteri ng 
characteris tics, a two-param eter method using spec ula r gloss measurement s for two r eccptor 
apertures is s uggested . Several ex ist in g stan da rd h vo-pa ra.meter met hods arc re v iewed. 
R esults of a seven-labora to ry rou nd-robin test of the t wo-paramet er (receptor a perture) 
method a re r eported a nd a na ly zed . To estab lis h correlat ion between m easurements ob
ta in ed with t he s ugges ted two-para meter (receptor apert ure) method and s ubjective e valu
atio n of image brightness and _image distinctness, a s ubject ive test was formulated . The 
res ults of t his test, here a na ly zC'd an d discussC'd , indi cate t he usefulness of t he t \\'o-paramctC' r 
Ill e thod . 

1. Introduction 

For m an.\" years Ame ri can Societ.\· for Testing 
~faterials comm ittee deliberations 011 glossimetry 
definitions have been co ncerned with use of terms 
lik:e " aspects," " criteri a," " modes," and " ty pes" of 
gloss in describing instrumeLltal measurement tech
niques found to correlate with somc glossiness 
characteristics . Glossiness, or glossy appearance , 
is a function of how an observer evalu a tes th e 
geometric di stribution of flux reflected b~- a specimen. 
To evalu ate completel.\- th is appearance character
ist ic, called gloss in ess, observations uncler man.,
conditions of illlllnination and view are req uired . 
A mea surement under each illumin ating and viewing 
co ndition may be called a parameter of glossin ess. 

Techniques involved in methods for evalu ating 
of specimens have ranged from one-paramete r to 
multiparameter obse rvations. The mult ip arameter 
technique is complex, time consuming, and too 
costly to perform for ever.\- specimen . vVhilc a 
one-parameter technique can y ielel data simpl.,-, 
rapielly, and in expensively, it is an oversimplified 
solution to the problem of instrumeu tal evaluat ion 
of gloss characteristics. One-parameter data often 
lead to erroneous conC'lusions about the comparative 
appearan ce of specimens. To decrease th e Humber 
of erroneous co nclusions without materi ally in 
increas ing the co mplexit.\-, time, ancl cos t of the 
measurement, a compromise between a, one-param
eter and a multiparameter technique is r equired . 

2 . Multiparameter Technique 

2 .1. Multiplane G oniophotometry 

l\hlltiparametri c obse rvations can be taken on 
either multiplane or monoplan e instruments, called 
go niophotometer", . A multiplane goniophotometer 
would have many geometric variables at its disposal. 
Such an instrument was designed and constructed by 
~[cN i chol as [1] 1 Figm e 1 shows the geometric 
variables: 0, the angle between the axis of the incident 

beam and the perpendicul a r to the specimen pl a ne ; 
¢ , the azimllth angle (th e angle between a reference 
line in th e plan e of the specimen ancl tJl e proj ection of 
the incident ax is on that pl ane) ; w, t he solid angular 
sub tense, or a pertllr e, of the incident beam ; 0' , <p ' , 
and W i , the corresponding geometric va riables of the 
reflected beam . 

If the goniophotometri c r eadings for a specimen 
under each set of iUum inating anel viewing condi tions 
(parameters) arc represented b.\· Ot.r, where i refers 
to t he incident beam, and r refers to the reOected 
beam, the complete gloss desc ription of the specimen, 
O¢, would be a function of these parameters. T his 
m ay be symb oli cally s tatecl : 

(1) 

\I'here i is dependent on 0, ¢ , and w, and T is dependen t 
on 01 , ¢/ , and WI . T ilis depend ence ma.\- be stated : 

i=J (O,¢ ,w) } 
T= g (OI ,¢/ ,W' ) . 

(la) 

An anal.\-sis of goniophotom etric data can be con
sidered as a solution of eq (1) for the functional 
descrip tion, F (Gt .r ) . Timler [2 ] published a rather 
compl ete se t of parametric measurements for a 
seri es of MgO specimens, using constant wand WI , 
but did not develop a f'lmctional descrip tion of tJl e 
appearance of the material. 

8' ¢' w' 
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2 .2 . Monoplane Goniophotometry 

.A monoplane instrument has one less variable at 
its disposal than a multiplane instrument. The 
variables of a monoplane goniophotometer are those 
of figure 1, except that cp' = cp. The variables are 8 
and w for the incident beam, 8' and w' for the reflected 
beam. If rectangular source and receptor are sub
stituted for the circular ones, the angular sizes wand 
w' become a;{3 and a' {3' , respectively. Goniophotom
eters of this type have been designed and con
structed by Wetlaufer and Scott [3], Moon and 
Laurence [4], Hammond and Nimeroff [5] and 
~!(iddleton and Mungall [6] . ' 

For this type of instrument, the gloss description 
of the specimen, 0, could be symbolically represented 
by: 

where i is depend ent on 8, a , and {3, and r is dependent 
on 8', a', and (3' . This dependence is stated: 

i = f( O,(a{3)] } 
r = g[O' ,(a' {3') ]. 

(2a) 

Analyses of goniophotometl'ic data obtained on 
this type of instrument have been made. Barkas 
[7] suggested a method for theoretically separating 
the ~pecular and .diffuse reflection components of a 
speCImen by finchng an equivalent theoretical sur
face that will have the same goniophotometric 
reflectance as the specimen . IVIiddleton and Mun
gall (6] sugges ted a similar analysis for goniophoto
mctnc data. These analYses were confined to 
fairly matte surfaces, such aVs beaverboard and snow. 

ASTM ~!(ethod, D636- 54 [8] recommends use of a 
Dows-B.aumgartner ,refl ectometer [9] and analysis of 
ItS gOlllophotometnc data in terms of reflective 
diffusion indexes: 
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wherc R (O' ) is. tl~e re4ectance at viewing angle, 0' . 
The spec~men IS II!ummated p.erpendicularly, 0= 0°. 

A~aly~1S of gomophotometnc . data for specimens 
rangmg m gloss from matte to highly specular was 
made by Nimeroff [10] . The goniophotometric 
data were analyzed in, terms of indexe~ of dispersion, 
skewness, and kurtOSIs (peakedness mdex), related 
to the second, third , and fourth moments re-
spectively. ' 

3. One-Parameter Technique 

3 .1. Specular G lossmeters 

One-parameter instruments that have been dcvel
oped recently have been monoplanar with fixed 
source and receptor apertures and fixed incidence 
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an~ specular reflecting angles. Symbolic represen
tatIOn for the geometry of such a one-parameter 
instrument is 

i=f[O,(a{3) ] } 
r= g[ - O,(a',B') ]. 

(4) 

Specular glossmeters have been developed for at 
least five different incidences angles 20° 45° 60° 
75° , and 85°, and are described in ASTM,' PEl. and 
T ~PPI gloss methods. These methods ha ve proven 
~atlsf~ctory except for occasional confusion resulting 
from madequacy of a one-parameter technique, 

3 .2. Inadequacies of the One-Parameter Technique 

Specular reflectance of a specimen depends on the 
angle at which light flux is incident on the specimen . 
For some spe.cim~ms th~ rat.e 0.£ increase of specular 
reflectanc.e with mcrea~mg mCIdence angles exceeds 
the rate for other speCIm ens. Thus two specim ens 
can have the same gloss when ill uminated at one 
incidence angle and have much different gloss when 
ill uminated at another incidence angle. .\. one
parameter technique, sp eclliar reflectance measure
ment at one set of gp,ometric conditions \\'ill not 
reveal this incidence-angle dependency of the ap
pearance of these specimens. 

More frequently than in the above instance, inad
eq uacy of a one-parameter technique is demonstratcd 
when one specimen has a more peaked distribution 
of reflec ted flux than the other. Even thouo'h two 
such specimens may differ markedly in appe~rance, 
the flux reflected from one specimen and accepted 
by the receptor may equal the accepted flux re
flected from the other specimen. The instrumcnt 
therefore, will indi cate that both specimens hav~ 
the same gloss in spite of their difference in appear
ance. 

4 . Two-Parameter Techniques 

. A ~wo-param~te~' monoplane techniq ue would pro
VIde for two vanatlOns of geometry. ,ASTNI ~Iethod 
of Test for Mar Resistance of Plastics [1l] Desio'na
tion D6 73- 44 T , req uires a two-parameter i~s trun~en t 
t~~t measures flux re~ected on the specular angle, 
40 , and at an angle displaced 15° from the specular 
angle, namely, 30°. The geometry of that instru
ment can be represented as 

i = f [45°,(a,B)] } 
J' = g[45° ,30°, (a' ,B' )]. 

(5) 

The data obtained by this method are analyzed in 
terms of percentage of gloss thus: Gloss, pel 'cent = 
100[1 - (045,30 /045.45) ], where G is the instrument 
read~ng for the geo metry indicated by the subscripts. 

Middleton and Mungall [12] described a distinct
ness-of-image glossmeter de3igned to use the maxi
mum slope of the goniophotometirc curve as the o·]oss 
index of a specimen. This instrument mea;ures 
flux reflected from a specimen at the specular ano'le 
45°, and at an angle displaced M from the sl)ccl~a{' 



angle. The geometry of that instrument can be 
represen ted as 

(6) 

The instrument analyzes t he data thus obtained in 
terms of a gloss index. Gloss index = (045 45-

G45,4HIl8) /L':.O, where G is ti le instrument readin~ for 
tIl e geometry indicated by the subscripts. b 

For two-parat~e~er glossmeters of the specular 
type the two Val'l atlOns of geometry would be varia
tlOn of the specular angle or vari ation of t he size of 
the receptor aperture. The sym bolic representation 
for the geometry of a two-parameter instrument 
designed for measurements at two speclilar ano'les 
might be written b 

(7) 

The geometry for SUCll an ins t rument is s hown in 
figure 2. Tlte symbolic representation for the geom
etry of a two-parameter inst rument designed for 
measurements WJth two recepto r apertures mi ght be 

.i.=f[o,(a:~:), (a:~~)], ~ 
1 =g[O,(al~I ),(a2~2) ] ' j 

(8) 

The geometn r for such an inst rument IS s liown HI 
figure 3. . 

FH: I ' HE 2. Geometry of an incidence angle two-parameter 
glossmeter. 

FIG" ~~:3. Geometry of a l'eceiver aperture two-pal'ameter 
glossmelel' . 
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4.1 . Specular Angle 

.To illustrate how a two-parameter instnllnen t 
mIght be used to resolve problems where specular
angle dependence is important, two low-gloss spec i
mens were selected. These specimens appeal' to 
have nearly equal gloss when viewed at angles rangin O' 
from perpendicular to about 65°. At angles g reate~ 
than 65° one specimen appears considerably gloss ier 
than the other. Figure 4 shows plots of frac t ional 
reflectance, the ratio of flux reflected within a 0.6° 
cone to the incident flux , as a fllnction of anO'le d 
between the viewing direction and that of ~il:ro{. 
reflection as measured on a monoplane goniophotom
eter. The specimens arc designated A and B. At 
60° incidence both CurVdS are flat (rcflected fI ll X is 
unifo.rml~- distJ'ibu ted) wi th A having a sligh tly hiO'h cr 
fractlOnal rcflectance. At 80° incidence thc c~rve 
for A remains reasonably flat , whercas tJl at for B 
becomes qu ite peaked, having a peakedness it1ckx 0(' 
182 compareclwith 1.9 for A. Peakedness ind e.\' for 
ft unimodl1~ c Ul' ve was shown by N imrl'oA' [lO] to be 
an ll1dex: ot t he !'elative peak to shoulder heights . 

. A ~o,nlOphotom.ete~ , ~}'l'ftn~cd.for the 60 0 geomeL1'.v 
o[ A~'I M Mrthocl D o2.3- 53 '! , []'3] was used Lo 111eas
UI'C the spec ul ar gloss of specimrns A a nd B 1'01' 60° 
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hibitin(J incidence-angle dependency at incidence angles of 60° 
and 80°. 



and 80 0 incidence. At 60° in cidence, the gloss reading 
for A is 6 and for B is 4, wher eas at 800 incidence the 
gloss reading for A is 24 and for B is 109 . These 
r eadings show the much stronger inciden ce-angle 
dependence for B thall for A. This dependence is 
]lot suggested in a measurem en t of specular gloss 
at 60 0 incidence alone. 

The solu tion to problems involving incidence-a ngle 
dependence is ob vious. M easure the specular gloss 
at two in cidence a ngles and r ela te th e r esul ting data. 
The slope of the line joining plo tted points of the 
gloss r eadings for a specimen ob tainecl wi th two 
in ciden ce angles may b e used as an index of the 
dependence of gloss 011 incidence angle . 

4 .2 . Receptor Aperture 

Appearance characteristics ascribable to gloss ma~T 
be rlassified in to three dlstinct types, either in 
accord wi th appearance or in accord wi th flux
scattering proper ties. Appearan ce wise, the two 
extreme types are image-forming and nonimage 
forming ; the third type exhibits intermediate charac
teristics. G011iophotometric distribu tions for speci
me ns of th e image-fonnin g type ar c shown in figure 5. 
These curves are ch aracteri7.ed by sharp peaks nrar 
the spec ular angle, with scat tering at wide angles 
from th e specula r. As a considerable amoun t of 
scatter ed flux is found at wide a ngles, these speci
mens m ay be called "wide-angle scatterers." Gonio
photom etri c dis tribution s for specim ens of the 11011-
image-forming tn )e are sh own ill fi gure 6. These 
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FIG URE 8. Plot of peakedness index, "" , against 60° specular 
gloss meter readings , G L, showing se paration into three grou ps. 

curves are are characterized b.\' b1'oad peaks wi Ul 
very Ii ttle wide-angle scattering. As the scatteri ng 
is co nfined to a ngles ncar the spec ula1' angle, these 
specime ns may be called " narrow-angle scatterers," 
or " nea1'-specular scattc1'('"I's" Go niopho Lomet ric 
distribu tions £01' spec imens of the in termedi ate t,q}e 
arc shown ill fig ure 7. Th ese curves arc charac
te ri zed by peaks broader than those for the wiele
angle scattel'ers bu t narrower LII an those for the 
narrow-angle scattcl'cl's . . Such specim ens migh t be 
call ed " in tenncdiate-angle scatLere]'s." 

Nimeroff [10] showed that two parameLe1's are 
1'eq uired to reveal i nstrume n tally the two extreme 
types of specimen appeara nce due to scattering. 
Figure 8 shows separation of the three t.\' pes usi ng 
the ASTM 60° specular gloss readings [7] a nd the 
peakedness indexes, a4 , obta in ed from a nal.\-sis of 
gonioph otometric curves of the specimens, some of 
whi ch are shown in figures 5, 6, and 7. 

5 . Gloss of Transparent Finishes 

R ece ntly a problem arose in correlati ng the meas-
11red gloss with tIl e observed appearance of t rans
parent flllishes appli ed to wood substrates. Diffi
cul ty was encountered in the meas ureme nt of the 
gloss of these fi nishes in that one-parameter tech
niques ffl iled to yield data consisten t wi th visual 
el'aluaLion of Lhe glossy appearance . In seeking a 
Lechniq ue that would correlate with visual evalu a
tions, 26 s pecimen panels were prepar ed b~' the 
Sherwin-Williams Co. and the Grand R apids Varnish 
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Co. Gon iophotomett'ic c ut' ves of r epl'esen tati vo 
panels are shown in figures 5, 6, and 7. ' 

As statcd above, a two-parameter techniq ue was 
indicated as a possible solu t ion to this problem .. 
The slope of th e monoplanal' geometric distribu tion 
migh t be a useful representat ion of th e gloss . An 
indication of the slope can be obtainecl from the 
ratio of a reading at th e peak to a r eading at th e 
shoulder of a goniophotometrie curve. The lal'ge 
r eeep tol' aperture used wi th th e 60° geometry of 
ASTM M eth od D523 provides a m easure of the sum 
of th e peak and shoulders of the refl ected :flux dis
t ribut ion. A receptor apert ure small enough to 
m easure only th e :flux abou t the peak of a distribu
t ion was need ed to supplemen t the r eading wi th th e 
larger aperture so that the slope of the flux distribu
t ion of a spec imen ean b e evaluated : 

(9) 

where Os is th e instl'LlInen t reading for th e sm.all 
l'cceptOl' apel't u1'e, a;{3~, and OL is th e instrum ent 
r eading for the large r eceptor aperture, a;{3;. The 
small rcceptor aper ture arbitrarily chosen is a;{3~ = 
2.0° X 4.5 0 . The larger aper ture already prescribed 
by \tfethod D 523 is a;{3; = 4.4°X ll .7°. 

M easurement of the slope by this pl'occdUl' C' is 
useful oVC1' reg ions of a curve where th e slope is 
constant . As th e gon iophotometric CUl' ves of most 
specimens do not have constan t slope, other rela
t ionships between OL and Os wer e sough t. Several 
graphi cal repl'esentat ions of data were considered. 

Figure 9 sh ows specular gloss data taken with th e 
large aper ture, OL, plotted against data taken with 
th e small ap C'r t11 re, Os, for the specimens whose 
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FIGURE 10. Plot of dijJel'ences, D = GL - GS , against sums, 
S = GL + GS • 

goniophotometric curves were shown earlier. The 
three branches that result are consistent with thc 
separation into appearance types, as evidenced by 
the goniophotometric data. As aperture reduction 
stops more flux for narrow-angle scattere)'s than for 
wide-angle scatterers the data for the fOlTf'.er lie in 
the lower branch. The plotted points in each branch 
lie in a sequence consistent with the order of the 
peaks of the goniophotometric curves for the speci
mens represented. The curve for a group of inter
mediate scatterers lies between those for the extreme 
types. 

Terminal points a and b (fig. 10) occur at the 
indicated locations for the following reasons: If a 
receiver aperture is reduced to a size just larger than 
the sourcc image the reading for a perfectly polished 
specimen is not varied because all the flux reflected 
from the surface of a polished specimen will enter 
th e receiver if the receiver aperture is larger than 
the source image. Point a represents th e specular 
gloss of a specimen of polished glass of indcx 1.527 
and is plotted at 93.6 on both scales. 

vVhen a receiver aperture is reduced in area the 
glossmcter reading for a perfect diffuser will be re
duced by the ratio of the areas. The glossmeter 
rcading of a perfect diffuser for the receiver aperture 
of the 60° gcometry of ASTM Method D523 was 
reported b:v Hammond and Nimeroff [5) to be 2.1. 
As the ratio of large to sIf'.all receiver entrance 
window is 5.7, point b is plotted at GL equal to 2.1 
and Gs equal to 0.37 . 

6. Round-Robin Test 

A rounel-robin test was undertaken on 26 speci
mens to cvaluate data reproducibility, data repeat
ability, and specimen classification by the two
paramcter (receptor aperture) rr.ethod for specular 
gloss. B~T these terms are meant the following: 

]. Data repeatability (within laboratOl'~' pl'eci-

sion): Repetition by each laboratory of data ob
tained at that laboratory to within a reasonably 
small tolerance. 

2. Data reproducibility (between laboratory vari- '-. 
ability) : Reproduction by each laboratory of data 
obtained by the other laboratories to within a 
reasonably small tolerance. 

3. Specimen Classification: The existence of at 
least three classes of gloss characteristics that can 
be distinguished by a two-parameter gloss technique. 

6.1 . Analysis of Round-Robin Data 

The data resulting from the round-robin are shown 
in table 1. 

To test repeatability and reproducibility we select 
a suitable mathematical model. The model used 
here for the measuremen t of the ith specimen in the 
jth laboratory is 

(10) 

where Yii is the measurem.ent, t i is the population or 
"true, " value of the measurement, L j is a ranclom 
variable having an average value of zero and variance 
01, which reflects t he variability between labora
tories, and E ij is a random variable having an average 
value of zero and variance 0'], which reflects the pre
cision foJ' laboratory j. 

a . Repeatability 

A duplicate measurement is denoted by a prime 
as Y; j. Then the difference between duplicat~ 
measurements is a quantity d 1h thus 

(lOa) 

having an average value of zero and variance 20'2. 
Thus if there is no reason to believe that the within
labora t?ry eITor varies wi th the differen t specimens, 
the vanance 0'] of each laboratory for the 26 speci
mens can be estimated by means of the equation. 

dL+· . . +d~6j 
52 (11) 

Systematic errors in duplicate measurements of GL 

by laboratories 2 an~l ~ a nd of Gs by laboratory 2 
were detected and ehmlllated from the estimates of 
precision for the determinations . Systematic errors 
in duplicate measurem ents for a labora tory are those 
in which dij is the same sign for all or most specimens. 
This enol' is eviden t when the average value for all 
specimens differs appreciably from zero. The results 
fo[, each laboratory are given in table 2. 

The variance of the within-laboratory data is of 
the same order of magnitude for all laboratories when 
systematic errors are eliminated from the estimates 
of variance. The average variance 82 within 
laboratories is 0.217 for GL when 8~ i~ eliminated 
and 0.212 for Gs when 8~ is eliminated. Thus re~ 
peatability for GL is approximately equal to that 
and Gs and both variances arc reasonably small. 
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TABLE 1. D ata for 1'0Und-l'obin test 

GL for laboratory- Gs for laboratory-
Speci-

men 1 __ 2_1 __ 3_ 4 5 6 7 1 2 3 4. 5 __ 6_1 __ 7_ 

I 

IA 

2 

2A 

{ 90.7 
90.4. 

{ 89.5 
87.5 

{ 83.8 
83.6 

{ 84.6 
85.5 

{ 73.6 
74. 0 

3A {75. 6 
76.0 

4 { 70.8 
71.4 

{ 69.5 
4A 69.8 
5 { 63.7 

63.8 
{ 60.4 

5A 60.5 

6 

6A 

7A 

8A 

9 

9A 

10 

lOA 

{ 18.6 
18.6 

{ 16.0 
15.9 

{ 41. 8 
41. 8 

{ 40.3 
40.5 

{ 17. I 
l i.7 

{ 21. 0 
22.5 

{ 29.3 
29. 4 

{ 26.2 
26. 1 

{ 8.5 
8.5 

{ 7.4 
7. 4 

01 { 79. 1 
79. I 

02 {82. 7 
83.7 

03 {63.5 
62.6 

{ 67.6 
0 4 67.6 
05 {79. 8 

79.9 

06 {59.3 
59. 11 

90.5 
90.6 
86. I 
88.8 
83.3 
84. I 
84 . 7 
85. 7 
73. 6 
74. I 

75.8 
75.5 
69. 6 
71.6 
68.8 
69.6 
62.6 
63.0 
60. 1 
60.0 

19.2 
19.5 
16.2 
16.5 
41. 5 
42. 1 
40.4 
40. 5 
18.8 
19.3 

24.0 
24 .8 
29. 7 
29.8 
26.4 
26.6 
9.4 
9. 4 
8. 0 
8.2 

76.7 
77.7 
82.4 
83.7 
60.8 
58.7 
64.0 
66.6 
78.2 
78.3 

57.2 
57. ti 

89.8 
90.0 
87.6 
88.8 
82.2 
83. 0 
84.4 
85. 0 
73. I 
73.8 

76.0 
76.0 
68.2 
68. 1 
65. 7 
66.3 
61.3 
62.4 
60. 1 
60.5 

J8. 1 
18. 1 
15. 4 
15.8 
39,5 
40.7 
39.3 
40.3 
17.9 
17. 8 

24.1 
22.0 
28.2 
28. f) 
25.2 
25.2 

7.6 
7.7 
6.8 
6.8 

90.0 
90 
88 
89 
84 
83 
85 
85 
73 
73 

76 
76 
68 
68 
66 
66 
62 
62 
60 
60 

19 
18 
15 
16 
41 
41 
40 
40 
17 
18 

23 
23 
29 
29 
26 
26 
8.6 
8.6 
7.4 
7. 4 

76.6 75 
78.8 76 
83.2 82 
83.3 83 
59.3 60 
58.7 60 
67.4 67 
68.3 66 
79.2 79 
80.9 79 

55.8 58 
57. 4 58 

90.0 
92 
91 
92 
86 
87 
88 
88 
74 
75 

80 
82 
67 
67 
64 
64 
62 
64 
60 
63 

21 
23 
19 
20 
40 
41 
41 
43 
22 
23 

29 
29 
30 
31 
27 
28 
9. 0 

10.0 
8.0 
8.0 

76 
76 
80 
8'1 
60 
64 
70 
74 
80 
80 

56 
59 

89.5 
89.3 
86. 7 
8.0. 0 
83.9 
84.5 
85.0 
85. 1 
76. 0 
76.2 

77.8 
77.8 
70.5 
70.8 
71. 3 
70. 7 
63.0 
62.7 
59.8 
59. 4 

21. 4 
21. 2 
19. 7 
18. 4 
41. 6 
41. 4 
41. 9 
42.0 
20.9 
20.0 

24.2 
25. 1 
29.9 
30.0 
27.0 
27.2 
9.4 
9.3 
8. 'I 
8.4 

75.6 
75. :3 
84.8 
85.0 
61. J 
61. 6 
69.8 
68. 6 
79. I 
78.9 

58.7 
58.4 

88. 4 
89.1 
86.8 
87.5 
80.4 
80.9 
81. 9 
82. I 
69.8 
70. 3 

71. 3 
71. 7 
67. 9 
68.2 
66.5 
66.9 
59.4 
59.5 
55.6 
56.0 

14.6 
14.5 
I I. 7 
Ii. 9 
36.5 
36.8 
35.6 
35.7 
13. 7 
13. 6 

17.6 
17.5 
24.4 
24 .5 
21. 4 
21. 5 
5. I 
5. 1 
4. 0 
4.0 

70.7 
70.8 
77.6 
78.3 
54.4 
54.6 
61. 6 
62.4 
73.0 
73.7 

53.2 
53.7 

11 (!l'iance of laboratories J or GLand Gs deter minations 

l,aboratory 

L __________ _ 
2 __________ _ 
3 __________ _ 
4 ________ __ _ _ 
5 __________ _ 
6 ___ _______ _ 
7 ___ ________ _ 

8' 
I 

GL Gs 

0.196 
.330 
.3GO 
.154 
.847 
. 152 
. 108 

0.1.>2 
. 72; 
. 179 
. 144 

. 396 

. 188 

b. Reproducibility 

The variance for the a verage of six labora tories, 
each laboratory result being made up of two dupli
caLe readings, is 

79.4 
80.2 
74.3 
75. 8 
79. 1 
79.3 
82.6 
82.9 
66.3 
66.9 

73. 1 
73. 4 
49.2 
50.2 
53.4 
53.3 
40.6 
40. 3 
38. 5 
38.5 

8.2 
8.3 
7. a 
7.3 

19.0 
19.0 
19.9 
19.8 

7. 5 
7. 7 

11. 3 
12.7 
10.9 
II. 8 
9. 6 
9.6 
1. 8 
1. 8 
1. 6 
1. 6 

70.4 
70.7 
76.3 
78. 0 
49.6 
48.7 
57.8 
57.7 
64. I 
65.4 

32.0 
32.0 

77.3 
79. I 
71.J 
79.8 
71.8 
79.5 
82.7 
82.3 
65.2 
66. 5 

72.9 
74. I 
47.0 
48. 1 
50.8 
54.0 
38.9 
40.6 
35. 3 
37.8 

9. 2 
9.5 
8. 0 
8.3 

19.3 
20.2 
20.4 
21. 0 
9. I 
9. I 

14 .9 
14 . 6 
11. 8 
J2.2 
10. 4 
10.6 

2. 4 
2.5 
2.2 
2. 2 

67.2 
70. i 
75.0 
7i.2 
43.3 
44 .4 
53. (i 
56.3 
59.7 
63.4 

32.5 
33.5 

7i.O 
79.2 
83.1 
84. 5 
76.2 
76. 1 
83.2 
83. I 
66.2 
66. 4 

73. 7 
72. 3 
44.5 
44.9 
50. 9 
50. 1 
37.6 
37.6 
37. 2 
37.8 

7.8 
7.5 
6.7 
6.5 

17. 5 
17.2 
19.0 
J9.0 
7.9 
i . 4 

13.2 
12. I 
9.9 
9.7 
8.4 
8.5 
1.4 
1.4 
1.4 
1.3 

71. I 
70. J 
78.2 
18.2 
43.2 
43. I 
57.8 
57.2 
64.2 
64.5 

29.3 
29.6 

79. 0 
79 
81 
82 
ii 
77 
82 
82 
67 
66 

74 
74 
45 
46 
51 
50 
38 
31) 
38 
38 

8.6 
8. 3 
7.4 
7.3 

19 
19 
20 
19 
7.6 
8.2 

13 
13 
II 
II 
9.8 
9.7 
1.9 
1. 9 
1.9 
1. 8 

6, 
67 
7(; 
7(; 
44 
45 
54 
54 
64 
64 

32 
31 

81.0 

Ii 

78 

81 

66 

72 

5J 

52 

42 

40 

8.3 

7.2 

20 

21 

7. 7 

12 

12 

9. 7 

1.9 

1.6 

68 

75 

47 

57 

67 

35 

80. 3 
84. 2 
84.5 
86.5 
77.0 
78. 8 
78.4 
77.6 
60.1 
58.9 

71. 4 
70. 2 
45.2 
45.8 
45.5 
46.5 
:n.5 
37.9 
35. 1 
36.2 

9.6 
9.7 
8.6 
8.7 

19. 0 
18.9 
20.4 
20.2 
8.3 
9.4 

13.8 
15. 0 
II. 9 
IU) 
11. 0 
10.7 
2.8 
2.8 
2,(; 
2. 6 

48.0 
46.7 
i 5.3 
77. 1 
45.0 
44 . 4 
59.0 
58.6 
54.6 
55.5 

30.7 
30.8 

73. J 
72.4 
81. 5 
80.9 
73.7 
73. 1 
76. 5 
76.6 
59.5 
59.3 

66.2 
64.6 
41. 9 
41. 6 
46.9 
46. 7 
33.6 
33.2 
29.8 
29.5 

4.4 
4.3 
3.5 
3.4 

12.9 
12.9 
14. I 
14.0 
3.9 
3.8 

7. 9 
7.6 
6.3 
6.2 
5. 4 
5.3 
0. 0 
0. 0 
0.0 
0.0 

46. 9 
48.3 
68.0 
68. 1 
37. 6 
no 
49.0 
47 .4 
52.5 
52.3 

25.0 
24.7 

where 0-1 is the variabili ty between laboratories and 
(J2 is the variance within laboratories. The varia
bility between laboratories for Gr- is 2.07 and for Gs 
is 2.21. This analysis may b e represented thu s: 

Variance of a laboratory a\'e ragc of 
two readings ________________ __ _ 

Variance of 6 laboratories avc rage __ _ 
2. 18 2. 2l 
0. 36 O. 37 

This analysis shows that the reproducibili ty of 
GL and Gs is approximately equal and the variance 
in both is r easonably small for the average of 6 
laboratories, bu t is somewhat large for 1 laboratory 
average of 2 duplicate r eadings. 
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c . Specimen Classification 

Thc data shown in figure 9 are the arithmetic mean 
values of readings obtained with the small aperture, 
Gs, plotted against arithmetic mean values of rcad
ings obtained with the large aperture, GL • Because 
the errors in readings for GL and Gs are correlated, 
simple functions of GL and Gs are desired in which 
the errors are un correlated . These statistically un
correlated functiolls would be useful for the final 
d iscrimination of gloss characteristics , that are, how
ever, fun ctionally related. Two simple functions, 
which seem to work well , are the sums, S, and dif
ferences , D: 

If only the determinations GL and Gs are used for 
d iscrimination, the statistical correlations between 
them may obscure the discrimination between dif
ferent gloss characteristics. Use of Sand D accentu 
ates the ability to discriminate gloss characteristics . 

The fact that Sand D are statistically un correlated 
can be demonstrated, b:v the following simple argu
ment. The correlation between Sand D is given [14] 
by 

peS, D )=E[(S- S) (D - D)] / u(S)u(D ), (12) 

where E is read as " the expected value of"; Sand D 
are the mean values of Sand D , respectively. vVheu 
G[, + Gs is substituted for Sand GL- GS is substituted 
for D in eq (12 ), the following expression for the 
correlation between Sand D results: 

p(S, D ) 
U 2(GL ) - U 2(GS ) 

u(S)u(D ) . (12a) 

Experimental results, discussed above, indicate that 
the variances, u2(G[,) and u2 (GS ) arc equal. Thus 

p(S, D) = O. 

Figure 10 shows a plot of the 1) versus S values 
for the data of figure 9. 

7. Two-Parameter Method and Subjective 
Evaluation 

The two-parameter (receptor aperture) method 
was found to correlate with goniophotometric curve 
evalua tion in that three groups are es tablished by 
both methods, each containing essentially the same 
specimens in cssen tially the same order (see figs. 8 
and 10). Correlation between subjective and instru
m ental evaluation is r equired to esablish firmly the 
utili ty of the two-parameter method. 

7 .1. Image Distinctness and Constant Image 
Brightness 

A test was arranged to determine whether image 
distinctness could be evaluated as the two-paramcter 
m eth od evaluates it, when variation in brightness is 
minimized. Twelve sets of three specimens, each set 
of approximately equ al brightness (G[,), were selected 
from the 26 specimens and presented to the observers. 

The source was a bank of fluorescent lamps. The 
standards were placed on a table so that images of 
the lamps were reflected at a specular angle of ap
proximately 60°. The observers were ask-ed to 
arrange thc specimens in order of image distinctness, 
indi cating ties where necessary. The selected sets 
of three sp ecimens are listed in table 3, together 
with the corresponding GL values. Image distinct
n ess in each set of triplets increased from left to 
right and are given numbers 1, 2, and 3, respectively. 
In set 11, specimens 3 and 3A are from the sam e 
family of image distinctness and are both ranked 2.5 . 
Similarly, specimens 4A and G3 of set 12 arc ranked 
2.5. 

TABLE 3. Sets of three speci mens f or evaluation of I with 
constant G[' 

Set Speci mens a Correspond ing G I-

I 1 02 2A 90 83 86 
2 lA 2 2A 88 84 86 
3 05 2 2A 79 84 86 
4 05 0 1 3 79 77 74 
5 05 02 3A 79 83 77 

6 05 01 3A 79 77 77 
7 4 0 1 3A 69 77 77 
8 4 0 1 3 69 77 74 
9 4 04 3 69 68 74 

10 9A 6 8A 26 20 24 

11 0 1 b3 b3A 77 74 77 
12 5 '4A ' 03 63 67 61 

a Im age distinctness increases from left to righ t in each set of trip lets, and arc 
given numbers 1, 2, 3, respectively. 

b Same image [am i Iy . 
c Same image famil y. 

The r esults of this test are lis ted in table 4. As 
a m easure of agreement between ranking given b)
thc m judges and ranking assigned by Gs of the 
two-parameter method, an average of m rank cor
relations was determined . The Spearman rank cor
relation coe fficien t was used, and the average is 
indicated by Rs. If (Xl, X 2, X 3) is the assigned 
ranking of three objects and (Y il ) Y n , Y i3), for i = l 
to m, are the rankings give n by the m judges, then , 

The results of the computation of Hs for these speci
mens show quitc good agreement between the as
signed and the given rankings. 
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T A ELl': 4. Rankings oj trip/els by 10 judges 

Set DnJ \1'11 II KLK M]v[B LEB 

---

1. 1 2 3 1 2 3 1 2 3 1 2 3 1 23 
2 .. ] 2.5 2.5 1 2 3 1. 5 1. 5 3 1 2 3 I 2 3 
3 ......... .. I 2 ;; J 2. 5 2. 5 I 2 3 J 2 3 I 23 
4 .. . ... J 2 3 1 2 3 I 2 3 I 2 ;; I 23 
5 .. 1 2 3 1 ;; 2 1 2 3 I 2 ;; I 3 2 

6 .. . . . . . . . .. I 2 3 1 2 a J 2 3 1 2 3 ] 2 3 
7 ........ ... 2 l ;; .I 2 ;; I 2 3 1 2 3 I 2 3 
8 .. J 2 3 1 2 3 1 2 3 1 ~ 3 1 2 3 
9 .... ... I 2 3 I 2 3 I 2 3 I 2 3 I 2 3 

10 .. ....... ... I 2 ;; 2 I 3 2 1 3 1 2 3 2 1 ;; 

II . 1 3 2 1 3 2 I 2.5 2.5 I 2 3 ] 3 2 
]2 . ... .... ... 1 2 3 I 2 3 I 2 3 I 2 3 1 2 3 

To m eaS Ul'e the agreement among judges without 
refer ence to the " correctness" of what thev aO'ree 

" ::> 
upon, K endall 's coefficien t of conco]'(bn ce [15], lV, 
was used . 

10 
(14) 

2400-10~j(d- tj) 
1 

\\'h er e 

{ 
0 for no tics 

ti= 2 for two sDecimens t ied 
3 for threa specimens tied. 

The :I'esul ts of th e compu tat ion of n' ilTe li sted in 
table 5. These res ults show a high concord a nce among 
th e judges for th e 12 sets selected. 

liVe may therefore co nclude Lhat, where tlle image 
brightness r ange is no t great , image distinctness is 
evalua ted by the t lVo-param.eLer rne tboCl. in accord 
I\' itll subj ective l'valuation. Thus th e two-param eter 
method may be considered to be a s uccessful tech
niqu e for evalu aLing image disLincLness whenimagl' 
brightness is l'C'JatilTely co nstant. 

TABLE 5. lIJeasu7'e of agreem ent among judges, Kendall's 
coefficient oJ concordance, IV 

Set 11' 

L ____________ _ 0.91 
2 ______ ___ _ _ .89 
3 ________ ,__ __ .9'i 
4_________________ 1. 00 
5 __________ . 0. 79 

6_________________ 1. 00 
1- __ _____ _____ _ 0.91 
8 ______ . _ _ 1. 00 
9___________ _ 1. 00 
10_____________ _ _ 0. 77 

1 1 _ ___ _ _______ .83 
12 ___ ______ ____ .80 

_\ ,·crage. __ . ___ . __ -----0.901 

8. Summary 

A complet e desniption of Llll' gloss characLeris tics 
of any specimen requires mul tiparameter data, ob 
tainecl 011 either a Jnul t i)la ne or a monoplfLne gonio -
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lIIAR lJ K lI I N .MZ JHH 11 "crage I Rs 
rank ing 

--------------------
] 2 ;; 1 2 3 1 23 1 ;; 2 1 2 ;; ] 2 3 0.9" 
1 2.5 2.5 I 2.5 2. 5 I 23 I 23 I 2.5 2.5 I 2 3 .88 
1 2 3 I 2.5 2.5 J 2 ;; I 2 ;; I 2 3 I 2 ;; . 95 
I 2 ;; 1 2 ;; I 23 1 23 I 2 ;; I 2 3 ),00 
1 2 3 1 2 3 1 2 ;; 1 3 2 I 2 3 I 2 3 0.85 

I 2 3 I 2 3 I 2 3 I 2 a I 2 3 1 2 3 1.00 
1 2 ;; 1 2 ;; I 23 I 2 ;; I 2 3 J 2 3 0.95 
I 2 a 1 2 3 I 2 a I 23 I 2 3 1 2 3 1. 00 
1 2 3 1 2 3 I 23 1 23 I 2 3 ] 2 3 1. 00 
1 2 3 1 2 3 I 2 3 2 I 3 1. 5 I. 5 ;; 1 2 3 0. 78 

1 2 3 I 3 2 1 3 2 1 3 2 I 2. 5 2. 5 I 3 2 .65 
I 2 3 2 2 2 1 2 3 2 1 3 1.5 1. 5 :l 1 2 ;; .83 

photometer. For reason s of economy simpler Lech 
niqu es are sough t that can adequately describe the 
gloss characteristics of an)' specim e n. The s implest 
m ethod, using one parameLer , docs not a hl'ays pro
vide a s ufficient description. 

Two-parameter gloss m eth ods provide more adc
q ua te dl'scl'iption of the gloss of specimen s lhan do 
one-pararneter methods. A two-parameter tech 
niq Ul' l'mploying specular rofl ec Lion meaSUl'l'Jnen t for 
two in ciden ce angles r eveal speciml'n in cidence-angle 
dependency. A gloss index ma)T sLate the difference 
of specular r e flectan ce for a differ ence of pecular 
angle, dG/df) . 

A two-pal'aml'te r tl'chniq ue employing specular 
r eflection m easurement witJl a large and a smalll'e
('cptor aperture will reveal the existen ce of more than 
one gloss type A specification may s Latl' thl' rangl'S 
of Gf, and Gs , or Sand D, thereby i'nclicati llg the cll'
s ired sud'ace-appearalICe Lype. 

TJle au thor Lhanks M . Zden and Joan R. Rosen
blaLt for advice a nd assistance in tll e a nalys is of tilt· 
round-robin data and thl' s ubjecLive evaluations, ami 
W . A. Hall for assistance in Liti s invest iga tio n. 
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