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RANDOM VARIATION IN MEASUREMENT .OFVVCORN‘ GRADE FACTORS
| ABstract_ o

The U.S.D.A. grain grading system has drawn considerable attention due .

~to allegations of misgrading. An analysis of the potential role of random ;;_i‘-

- error in the grading system is presented. It is concluded that random
. variation may be a major cause of changes in gra1n grades under cond1t1ons of

. *repeated samphng

The Genera] Account1ng 0ff1ce (GAO) recent]y re]eased a report on its
. 1nvest1gat1ons of the U.S. grain gradlng system. Contalned in this document -

7are;f1nd1ngs to the effect that the current grain marketing sysfem-is suSceptab]e a

*i{}sto_fraud,and cheating. Numerous instances of shortweighing, deficiencies in_i

- examinations of grain hauling vessels, incorrect sampling procedures, and

. errors in determining correct grades under U.S.D.A. standards App. iv-v). The |

”f'purpose of th1s paper is to explore certa1n aspects of d1ff1cu1t1es encountered

ﬂk‘§l1n determ1n1ng gra1n and particularly corn grades under current U.S.D. A

‘regu]at1ons TP » - ' o ,‘ i

g eCurrent U.S.D.A. Grade Standards for Corn

5; As shown in Table 1, U.S.D.A. (1975) has established five factors which

”:":j;‘deterMine the grade of corn. Also shown in this table, there are a number

' ofiother factors which wou]d‘resu1t in'classifying a sample of corn as "samp]e
s,f,~grade " There are s1m11ar standards for all U.S. grains whlch are traded in |
' ~any significant quant1ty ‘

o Test ‘weight was 1ntroduced into the standards as a‘measure of gra1n dens1ty

"wisf:nand the numer1ca1 values are based on the weight of a Winchester bushel. Actua]

"’L”;ﬂﬁfdetermlnatlon of test we1ght uses a standard 1 quart contalner in conJunct1on



Tab]e 1

Grades and Grade Requ1rements for Corn

* . Maximum limits of--

s,

.S,

qu1rements for any of the grades from U.S. No.

1 Minimum e S .
S test S - Damaged kerriels .. o ooaoieo
. Grade weight per S Broken S )
‘ R bushe] 1 Moisture corn and R
‘ : foreign SRR - Heat-
‘material - ‘Total - |  damaged
’ o - kernels
_ | Pounds Percent : Percent ‘~»ﬁ Percent t . Percent
U.S. No. 1----| = 56.0 140 2.0 | 3.0 | - 01
U.S. No. 2---f 540 | 155 3.0 | 5.0 2
US. No. 3---f- 52,0 | 175 | 40 | 70| o
No. 4--—| - 4.0 | 20,0 | 50 | 100 | 10
© U.S. No. 5--—-| j",'46;0 | 23.0 70|10 3.0
| Sample | o | o ’ i »
. grade. U.S. Sample grade shall be corn Wh]Ch does not meet the re- oo =

1. to U.S. .
No. 5, inclusive; or which contains stones; or whichis musty, -
or sour, or heat1ng, or which has.any commercially objection-

able foreign odor; or wh1ch is otherw1se of . d1st1nct1y 1ow

‘_Aqua11ty

3

1975, p. 2.3,

Source U.S.D.A, “The Off1c1a1 Un1ted States Standards for Grain, December, v:;: ’: vr



: with a scale ealibrated to read in pdunds per bushe1 Because this measure 1s
v:great1y affected by pack1ng character1st1cs of the corn kernels, 1t is not a

: re]1ab1e}measure‘of kernel density. Research has demonstrated a lack!of :
cdrrespondence’between test weight and feeding value and there is_no pnb1ished’ ‘
data indiCatjng'thaf'test neightefs related to value of end products in the wet "
V}hmilling industries.. (Hi11 and Hall) - LAY |

| Moisture mefers that measnre e]ectrita] properties.of'COrn’are approved

Z%;by the u. S D. A. as an acceptab]e subst1tute for the more reliable, but s]ower,

oven method Mo1sture is 1mportant as an 1nd1cator of storablllty (H111 and
Shove) and as a means of adjusting tota] we1ght of corn and water to a we1ght

~and 'value based‘onua;standard1zed}mo1sture. _The715,5 percent basevnsedr1n o
the grain.trade is genera]ly not a safe storage level, buf\sinee No. 2 corn afr

hY

15.5 percent is the basis for pr1ce b]end1ng of dlfferent moistures it 1s frequent]y

used to max1mlze income.

. Broken corn and foreign material (BCFM) is determined by-passingleorn : {riﬁﬁr .

- oVer‘a screen of specified size. A1l particles passing through the screen
plus any’foreigndmateria1'hand'picked of f the’ﬁop are weighed,againstsfhe |
original, unscreened' sample to deterMine percentage BCFM.  This factOr is
qu1te 1mportant to corn processors since many corn- based products cannot be
,}: manufactured from corn part1cles he1ow a certain size. Also, broken kerne]s |
are more sUsceptab]e tb-diSease and insect attacks;}‘However, since cracked ;
corn is included with all.dther typesiof foreign‘materia],athfs factor
does not prov1de a reliable measure of value. : —.f

Total and heat-damaged kernels are determxned on the ba31s of v1sua1

._inspect1on andAJudgement. Who1e kernels class1f1ed as damaged and heat damaged



are we1ghed aga1nst the or1g1na1 samp]e to determ1ne the percent of damaged and

: heat-damaged kerne]s Heat- damaged kerne]s are 1nc1uded w1th other damaged o

kerne]s 1n determ1n1ng the percent of total damage Damaged kerne]s are.

1nd1cat1ve of a number of poss1b1e prob]ems w1th corn, wh1]e heat damage

genera]ly can be taken as an indication of corn. which has been stored w1thoutﬂ,sed'

proper drylng or dried at excess1ve1yﬂhqgh temperatures. yBoth tota] and heat-
-damage detrimentally affect the'nutritional qua]ity‘of’corn Also, heat damage
s qu1te serious for both wet and dry millers and distillers due to the dark

color of corn kerne]s that have been exposed to excessive heat.

: Potentia1 Sources of‘Grain‘Gradinq Errors

=There.are.a number. of sources of. error- -in determ1nat1on of grain- grades
: under U.S.D.A. samp11ng and measurement standards; There—is the poss1b111ty of
outright fraud--purposefully recording false information on measurements of

grade factors. There are, however, well established, inexpensive, and often-

_....-used avenues forwappeal of grade determination. Thesejappea]erightswmitigate L

~against the Tikelihood of blatantly fraudulent grade determinations.

Second]y,.theréfis the possibility of clerical errors in recording measure-

‘ ments on gradebfactors from the thousands of grain samples graded annually.
Again .the right of appea] shou]d mitigate against this type of error as a
ser1ous source of prob]ems in ‘the grain 1ndustry o .

A]so, there is the possibility of inaccurate ca11brat10n of weighing and

- moisture measurement dev1ces which might affect grade determlnat1on. In

addition, the determination‘of damaged and heatédamaged kerneIS'is to an extent

a subJectlve matter, depend1ng in border]1ne cases on the Judgement of the ‘
1nspector ( | : | | ) ) | ‘_‘ ' | H
| F1na11y, there 1s a var1ab111ty in the grade determ1nat10n process thCh is
| 1ndependent of any of the above-mentioned factors. Name]y,:there is a prob]em :

of var1ab111ty 1nherent‘1n any'procedurekwhlch bases the determihation}ofth



"(hpopulat1on character1st1cs on measurement taken on a samp]e from that popu]at1on;i,v"

"fJ,Such var1ab111ty 1s def1n1te1y present in U S D. A gra1n grad1ng procedures.

Cons1deratlons of eff1c1ency requ1re that nowhere near the tota] U S gra1n
V-'crop 1nspected for sa]e be actual]y exam1ned by an 1nspector Determ1nat1on of

'“grade 15, under ord1nary c1rcumstances made on the bas1s of a qu1te sma]1

: samp]e In a typ1ca1 truck]oad of 20 tons of corn, f1ve probes of 400 600 grams'h

. each m1ght be taken for purposes of 1nspectlon ‘ " The probes are compostted and ‘

,random]y reduced 1000 grams wh1ch 1s actua]]y 1nspected Th1s 1000 gram samp]e '
s further reduced to 250 grams for determtnat1on of m01sture and damage for a

"fsampllng rate of 00138 percent N1th a samp11ng rate of th]S magn1tude, 1t

' _wou]d not be surpr1s1ng if there were some var1ab111ty 1n grade determ1nat1on d"’

: W111 show, this 1sv1ndeed,the»case; o

'Samp11ng and Random Var1ab111ty 1n Determlnatton of U S D. A Corn Grades

Samp11ng var1ab1]1ty ar1ses from two d1st1nct1y d1fferent sources, samphng_'j

‘_errors and random var1at1on In order to be an unb1ased representat1on of the

' popu1at10n character1st1cs a samp]e must be drawn on-a random bas1s In

'5;fadd1t1on, 1f ‘the rate of samp11ng 1s 1ow, as 1n gra1n 1nspect1on procedures, the :

| P0pu1at10n must be fa‘“‘Y homogeneous 1f samp]es are to accurate]y refect
“Popu1at1on character1st1cs o e ]

However, even assum1ng that samp]es are taken on a random bas1s from a

: homogeneous popu]at1on there rema1ns a degree of pure randon var1ab111ty This .

* Z]atter source of var1ab111ty is d1rect1y re]ated to the amount of var1at1on 1n

‘the popu]at1on and 1nverse1y re]ated to the samp11ng rate. Thus even under

»l¢f1dea] c1rcumstances repeated samp11ng from a homogeneous popu]at1on of corn

| (or any gra1n for that matter) on a random bas1s w1th accurate measurement and

i‘"‘;l;reportlng of grade factors w111 not necessarlly resu]t 1n 1dent1ca1 measurements_l

:f‘on those factors

};,f;;ibased on Samp11“9 Var1ab1]1ty a]one As'the\fol1ow1ng port}ons_of_th1s,paper—f},&”'A’ %

W



,,rRandom Var1at1on 1n the Corn Heat Damage Factor l_]d}

To 111ustrate the degree to wh1ch measurements of U S .D. A grade factors

. are subJect to random var1at1on a SImulat1on was run on heat damage 1n corn

| Th1s part1cu1ar factor ‘was chosen pr1mar11y because of a thh degree of

f4alrandomness re]atlve to grade-requ1rements assoc1ated:w1th:1t3ameasurement and

"7:'because the range between grades is qulte sma]]

Thus, resuTts d1scussed be]ow shoqu not be taken as representat1ve of the

:,’degree of random var1at1on in aTT corn grade factors .U.S.D.A. est1mates of the
ramount of randomness in determ1nat1on of aTT -corn grade factors are d1scussed
Cin the next sect1on of th1s paper. | | | |

The s1muTat1on was run under the assumpt1on of a random sampTe drawn from

a popuTat1on conta1n1ng a unlform d1str1but10n of - heat—damaged corn: kerne]s

a’Under U S. D A gu1de11nes such a samp]e woqu be drawn 1n three stages First,

' -{a master samp]e is taken u51ng one of two methods-—by problng or a random

' ;[;,samp11ng dev1ce wh1ch d1verts a port1on of the corn as 1t is being transferred ‘

“into or out of an e]evator Second]y, the master samp]e is randomly d1v1ded

-~ into a. 1000 gram sub samp]e Th1$~1000 gram sub-sampTe 1s-further d1v1ded into

a 250 gram sub sampTe on wh1ch the measurement of heat- damage s based

' Thus, an eTement of random var1at1on enters at two po1nts-—where the master f, -

o sampTe 1s drawn and at the point of further d1v1s1on into a 250 gram sub sampTe
E The appropr1ate sampT1ng d1str1but1on for the master sampTe 1s the b1nom1na1

while the hypergeometr1c d1str1but1on 1s appropr1ate for the sma]]er sub samp]e -

'v};(Lap1n) (See Append1x)

Probab111t1es for 1dent1f1cat1on of U S D A. grades on. the heat damage B

_factor 1n corn for both ‘a 1000 gram master sampTe and a 250 gram sub samp]e g1veni'

'.,1n1t1a1 cond1t1ons of var1ous percentages of heat damage are shown 1n Tab]es -
. ;2 and 3. Entr1es 1n Tab]e 2 are 1nterpreted as probab111t1es of an ent1re 1.f-5

: 1000 gram master samp]e from a homogenous popu]at1on of corn fa111ng 1nto U S D. A.

~
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' ‘Tab]eQZ* Probab111ty of Grade Var1at1on on Heat Damage 1n a 1000 Gram Master Samp]e of
| ~ Corn Due to Random Chance - REREE

Pekéent‘of B R Probability that a 1000 g. master sample o
: ~ heat damage - Actual | will be graded on the basis of heat-damage
~[in the Population .| Grade | No. 1 . No. 2 No. 3- ~No. 4 ~ No.5  Sample

.05
.10
I
o
5
.30
.3
L0
.45
.50
.55
60
70 e
80
.90
.00
.50
.00
.50
00 1
.50 sample | .000 | .000 | .000 | .000 | .058 942 |
.00 | sample | .000 | .000 | .000 | .000 | .001 | .999 |
.00 . |sample | .000 | .000 | .000 [ .000 .{ .000 | 1.000|

928 | .o71 | .001 | .o00 | .000 | .00 |
| 626 | .33 | .03 | .000 | .000 .000 |
| .318 | .494 | .18 | .000 | .000 |  .000
S.135 | 441 | 424 | 001 | .000 .000 |
.050° | .296 | .648 | .006 | .000-| .000
017 | .164 | .791 | .028 .000 | .000

- .006 | .080 | .831 | .084 | .000 | .000
.002 | .035 | .779 184 | 000 | .000
000 | .014 | .e62 | .34 | .000 |  .000
000 | .005 | .513 | ~.481 | .000 |  .000 |
000 | .002 | .366 | .630 .001 | - .000
000 | .001 | .242 752 | .005 | .000
~.000 | .000 | .08 | .880 | .034 | .000
.000 | .000 | .024 | .850 | .125 |  .000
000 | .000 | .006 | .695 | .299 |  .000
000 .000 | .001 | .478 | .521 | .000
.000 | .000 | .o00 | .006 | .993 | ° .o001
000 | .000 | .000 | .000 | .999 001"
-.000 | .000 | .000 | .000 | .996 | .004 |

GO R S DR DR WWWWWWN RN e

P W W NN e
m.

 _ 3/ Based on an average kernel we1ght of 3°3 grams per kernel or 3096 kerne]s 1n a 1000
gram sample. . o e e )

| 000 | .000 | .000 .000 | .491 519 |




u'grades 1 5 on the bas1s of heat-damage glven var1ous percentages of heat—'v
v‘damaged kerne]s 1n the popu]atlon Thus, if the p0pu1at1on conta1ns 15 "‘
,hipercent heat damage the m1dp01nt of the #2 range of W1 to 2 percent there 1s "
a 494 probab111ty of the master samp]e grad1ng #2 and a 516 probab1]1ty of a
.grade other than #2 | | ’ .
Entr1es 1n Tab]e 3 show the probab111t1es for a 250 gram sub samp]e of o

the 1000 gram master samp]e fa111ng 1nto U S D. A grades 1 5 on- the bas1s of

»ic".heat damage Thus, 1f a 1000 gram samp]e were to conta1n 161 percent (or 5)

:dheat damaged kerne]s, a percentage Wthh wou]d p]ace the samp]e approx1mate1y

; in the center of the #2 grade range, the probab111ty of a 250 gram sub sample o

b?grad1ng #2 is - .396. Thus, 1n th1s 1nstance there is a 614 probab111ty that
the 250 gram sub samp]e would be a5519ned a dtfferent numer1ca1 grade on heat— ‘

damage than wou1d the ent1re 1000 gram samp1e

0bv1ous1y, the re]evant quest1on concerns the degree of randomness 1nherent B

».invthe overa]l process To measure th]S, 1t was assumed that the 250 gram sub—
samp]e actua]]y graded was drawn d1rect]y from ahomogeneouspopu]atton of corn.

‘:Thus the b1nom1a1 d1str1but1on was used for the determ1nat1on of these proba-

‘§b111t1es Resu1ts are shown in Tab]e 4 As wou]d be’ expected for a g1ven

: "‘amount of heat damage in the populat1on the overa]] probab111ty of correct

d"~e‘grade 1dent1f1cat1on on the bas1s of heat damage fa]]s between the probab111t1es 4fub'
‘shown in the preced1ng two tab]es - - |

“a(5‘ Exam1n1ng Tab1es 2 4 two conc1us1ons are obv1ous For grades 1- 3 determ—.-f~ :

| “-7av'mnat1on of correct grade for the heat damage factor 1n corn on the bas1s of a

‘2250 gram samp1e is at Best r1sky Th1s is a funct1on of both the small s1ze of

"~‘l_'the sub samp1e and the extreme narrowness of the grade def1n1t1ons Secondly, |

"7p‘as wou1d be expected near the break p01nts of al] ftve of . the grades determ1- |

v;;rnat1on of grade on the bas1s of heat damage cou]d as we]] be: done by f11pp1ng a.

hdico1n as: by grad1ng the sub sample Th1s part1cu1ar feature 15 not pecu11ar to f‘ I
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Tab]e 3 Probab111ty of Grade Var1at1on on Heat—Damage 1n a 250 Gram Sub Samp]e of d 1000 o

Gram Master Samp]e of Corn Due to Random Chanceéf

| Percent of.heat 1 -TAetdéllefx SR Probability that a 250 g. sub samp]e S
- damage in the - - Grade of . ~will be graded on the basis of heat- damage g
1000 Gram Sample | 1000 Gram Sample | No. 1 No. 2 -~ No. 3 ~ No. 4 No 5 Samp]e ‘

422 ) 422 | 156 | mem | e |
3160 | 422 | 258 | 004 | --- | aen
237 | .36 | .32 | .016 | --- | -ie
178 | .3s6 | 420 [ 087 | —em | -
075 | .225 | .535 | .165 | .000 |  ---

056 | .188 | .533° | .223 | .000 | =-= |
031 | .126 | .491 | .348--| .003 em
013 | .066 | w381 | .522. | .017 |. -

| .006 | .034. | .266 | .639 | .056 | ---
| w001 | .010 | .125 | .668 | .19 | --= |

000 | .002. | .035 | .477 | .486 | .000

000 | .000 | .001 | .079. | .920 | .000

1.970 .000 | .000 | .000 | .007 | .984 | .009
2.487 . ~ | .000° | .000 | .000 | .000 | .870 | .130

2,972 .| 5 | 000 ( .000 | .000 | .000 | .556 | .444
3.973 | . sample | .000 | .000 | .000 | .000 | .059 941

4.974- | sample | .000 | .000 | .000° | .000 | .001 | .999

032
097
129
. 161
.94
291
.323
L3860
a8
.581
A
969
1.486.

Crol O & B B W WwwwN NN e

»“a/ Based on an average kerne] we1ght of .323 grams per»kerhel er(;774 kerhe1§vin a 250 gram
' samp]e ' : : _ R A AL : R
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Table 4: Probab111ty of Grade Var1at1on on Heat Damage 1n a 250 Gram Samp]e

of Corn Due to Random Chanceﬂf

Percent of . Probab1]1ty that a 250 gf éampTe

~heat damage Actual | will be graded on the basis of heat-damage
- in the Population |- Grade No.1 _ MNo. 2 No. 3. No.4 No. 5 Sample
.05 1 679 | .263 | .057 | .001 |.000 | .000 |
.10 i 461 | .357 | .174 | .008 | .000 | .000
15 1 313 | .364 | .293 | .030 | .000 | .000
20 2 | .212 | .39 | .s87 | .o;mm |.000 | .000 |
.25 2 44 | 279 | .a85 - | 130 |.001 | .000 |
.30 3 | .098 | .228 | .470 | .202 |.003 | .000 -
.35 3 066 | .181 | .466 | .281 | .007 | .000
.40 3 045 | 140 | .441 | .360 | .014 | .000
45 3 030 | 107 . | .403 | .434 | .026 | .000
.50 3 .021 | .080 | .358 | .498 | .043 | .000 "
.55 3 009 | .060 | .310 -|-.548 | .067 | .000
.60 4 .004 | .044 | .264 | .584 | .098 | .000
.70 4 .002 | .024 | .182 | .610 |.180- | .000
80 4 .001 | .012 | .19 | .ssa |.282 | .000
.90 4 .000 | .006 | 075 | .521 |.396 | .000 |
1.00 4 .000 | .003 | .046 | .440 | .510 | .001
©1.50 5 000 | .000 | .003. | .103 |.866 | .027
2.00 5 .000 | .000 | .000 | .013 |.773 | .214 |
2.50 5 ©.000 |..000 | .000 |7.001 |.527 |' .422
73,00 5 | .000 | .000 | .000 | .000 |-.160 | .840
4.0 - kample | .00 | .000 | .000 | .000 | -007 . .993
© 5.00 - kample | .000 | .000 | .000 | .000 | .000 |71.000

a/ Based on an average kerne] we1ght of 323 grams per kerne] or 3096 kerne]s in

g e e E

", a ]000 gram samp]e




T the heat damage factor 1n corn, but 1s 1nd1genous to one degree or another to the o

} _ent1re U S. D A gra1n grad1ng system

. Est1mates of Samp11ng Var1ab111ty for A11 Corn Grade Factors :.}

S U.s.D. A (1974) has pub11shed estnmates for standard dev1at1ons assoc1ated
R w1th measurement of al] grade factors for corn 1nspected under approved procedures}
" These est1mates are presented in Table 5. | o o
fi As 1s obv1ous from th1s tab]e, there is cons1derab1e samp11ng var1ab111ty
.,7vassoc1ated w1th grade factors for th1s 1mportant grain. The role of th1s
’vvarlab111ty is. magn1f1ed when 1t is rea11zed that a'standard management practice

1n the 1ndustry 1s to b?end gra1n as c]ose to the upper 11m1ts of grade factors
as poss1b]e Tnus, it is not over]y surprls1ng when rev1ew of grade determ1nat1ons, :
},'such as that conducted by GAO, f1nds an or1g1na] 1nspect1on to be at var1ance ‘
.‘w1th a re1nspect1on | | : o _/ | |

| Indeed one’ wou]d beg1n to be susp1c1ous of the 1ntegr1ty of the gra1n
'~grad1ng system 1f repeated samp11ng of 1oads of gra1n d1d not turn up d1fferences
"1n grade on a fa1r1y regular bas1s | | | o
|

From a pre11m1nary exam1nat1on of grade changes on appeals of off1c1a1]y

- ‘determ1ned corn grades f11ed at the Peoria off1ce of AMS random- var1ab111ty is

oan Jmportantzfactor 1n‘grade a]terat1on upon,reqnspect1on.v During f1sca1,year .

, 1975; seuera].hundred appealsfof corn‘grade determinations\werehfi1ed with

,jthe’Peoria'AMS" of those Tots of COrn appea1ed 68 were changed in grade"

However of those whose grades were changed on]y 61 of the lots were a]tered

:on the bas1s of spec1f1c grade factors ~The rema1n1ng 7 were changed to or from

sample grade on the basis of odor :‘:‘:\.",‘ tl ) .}r‘V‘ _‘ | | | -» |

| Of the 61 grade changes on the. bas1s of numer1ca1 grade factors, 1n 36 or e

35j}59 percent of the cases the d1fference 1n measurement between or1g1na1 and rev1sedj' :

:;factors determ1n1ng grade not s1gn1f1cant at the 95% 1eve1 Thus, if one ff“'t'

t:_accepts the U S D. A est1mated standard devsat1ons for corn grade factors, a.

PR
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ranges fbr_each factor for each grade Tower than U.S. No. 1.

Table 5: U S. D A. Est1mates of Standard Deviations for Measurement of Corn
| Grade Factorsgf‘ |
: ~Standard DeViétion
Factor Portion Size ) Grade
\ T Z- 3 4 o
g . . A 23| 23| 23 23 .23
Moisture 250 g. (Motomco) 20| .20 .20 .20 | .20
| (7.5)] (10.0) (12 5) (]5 0)
‘Broken Corn and .20 20| .20 2301 .30
Foreign Material| 1-1/8t0l=1/4-ats. "0 (50)l (5.0) | (3.3)] (6.7)
S ‘ ' 56 | .68 | .80 93 [ 1.12
Total damage 250.g. 1(2.9)] (2.5) (3.2)| (4.5)
ot | 09 | .14 | .23 32 | .56 |
Heat damage 250 g. ©0.7)] (i\3) | (1%6)| (3.6) |
a/ Source: U.S.D.A., "Shiplot Inspection for Grain," Washington, D.C.,iSept;,;‘e
_ 1974 (mimeo). "‘ | R ' -
b/ Numbers 1in parentheses are widths, in estimated standard deviations, of the




cons1derab1e number of these grade changes can be accounted for by random chance

v a]one

e

_ Further Research Needs.

The'entire'system-of U.S.DtA. grain grading practices‘and standards needs
to be intensively studied.- IncreasedvaCCUraCy of grade déterminatibn.under.
current standards is possible, but only at the cost of requ1r1ng the 1nspect1on
of 1arger‘samp1es. What these costs wou]d be and the resu1t1ng 1ncrease in
-AaccufaCy, are far beyond the 11m1ted aims of this paper.

' Morevimportaht]y,-however, 'we need to be asking qUestions relative to the
- .economic ro]e-Of grain standards. As Ladd and Martin have recent]y pointed out,
the optimal grain grading syStem'wOu1d‘like1y not rely on assignment of a,sjng]e
- nunerica] grade, bnt wou]derather be baéed on purchase by specification of |
characteristicsvimportant'to graﬁn'users The current system of ass1gnment 'of
a- s1ng1e grade number based on a number of dlfferent factors 1is 1neff1c1ent for
both buyers and se11ers, since there is a cons1derab1e amount of information |
lost in a system which ass1gns a grade on the basis of the h1ghest grade on any
:,one~fact0r. Additional research is requ1red-to 1dent1fy:the potent1a1 benef1ts
' and costs-ot conversion to a scheme which would preserve information on a]} a
‘ grading factors considered tmportant by grain users, including the costs for
’ vanyingvdegrees'of‘accuracy'in measurement which'cOU1d be achieved WTth such a

system¢
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APPENDIX

‘Binomial Distribution

k] = n. — 1 5 (-m)™R
ik K-k

sample size, no. of kernels

no. of damaged kernels in "n

= proportion of dahaged kernels in the population

Hypergeometric Diétribution
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k¥* - C C
S . N
1fk? ' Cn |

no. of damaged kernels in the population

 popu1ation size

sample size (<N)

no. of damaged’kerneis in the sample



