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A . . L. . v“_ ’ .
Use of thg Logistic Model'as an Alternative to Linear

Interpolation for Computing Percentile Ranks R o

‘ N AN
The usual method of computifag percentile ranks for test scores is’

“l;ﬁear interpolationf For this method it is assumed that the ‘scores are
e LA : L .
distributed uniformly throughout,the score interval. One formula for
cémputing percentile :anké in this wa& 18' ' ' -
S . Q. S . :

9

- PR(X) = p. + x_':_i( T - .p' ) .-‘ : (1)

where nx 18 the score for whicﬁ‘tﬂe percentile rank is to be computed,

) xlfis ;he lower théorefgcal limit of ﬁhe,8core intervai, | ) o .
x, is the upper theoretical limit of the score 1n§e¥;al,’
pI,is-thé percenédge of the cases é;oring below the lpwesﬁ score
’ in the interyal, and ¢ ' .
;;u is the perceﬁéage of thescases scoring bélow,the loweat score i
> ~"in the :éxt'higher-interval. . v" ' - r )

«In this paper we consider the logistic‘distrfbutl&% function as an’
alternative to (1).\ Formula (1) is known to yield percentile ranks that

are too low above the mode. and too high below the mode of a continuous

unimodal distribution. Thg reasbn for thig_biaé 1s that .above the mode the

- _
: geore density ig greater in' the lower part of the interval than in the, upper

&

part of the interval, and, conversely, below the ‘mode thé'scdre-density ig
g{eatér in the upper part of the interval. If the gcore interval in which

interpolation is used is small, the assumption of a uniform Jis;ributién

o- ?’ ' g - . Vq,
. . E « &
- ,I" )
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of scoree in the interval regults in negligible bias, and linear interpolati%a;*

and the alternative‘proposed here will give nearly identical results. However,
i b .

there are other inetanceq\in which the logistic interpolation yields reeults

superior_to linear interpolation. These are illustrated in the second section .

* %o, . < »

of the paper.
. \Y
. . Theoretical Coneideratiohs )
‘o ) ’

The logistic cumulative dietribution function, which ﬁbry nearZ% coincides

with the.normal ogive model,(Lord and Noyigk, 1968),.has a closed q_thematical

form that makes itlconvenient to apply. This Eunct%on ig ' ‘(
. R 4 o L 4 .

- c . P.° L(y) = 1/(1 + e fy) y = ® < y<® . - . (2)

-

The invgrse function ie * . )

-

)

y::L (p)ﬂln[p/(l'P)] ’-0<p<1';'

1f we subsgtitute p = py and P =Py in (3% we can determine . the correqponding

Yu and AR Then we can find the y in this in;erval that correspdhde to x
in (1. 'Thus, PR
B . |
/. y, =1 = nlp /A - Y], . )
\( ) 4 -1 | . i " . 4
y; L () = lnlpy/(1 - py)], and - (5)
’ ® | =Ry ,
. y =y t ;f———-—-(y - yl) .o 6) -
T | . : .

[}
-

The formula for computing the percentile rank for gcore x ig\ghen given
: ’

®

by (2). ' ;o e

l» a

B

Since .ln{p/(1 - pf] is undefined for p=1 and P = 0 , which iorreobond

o the upper and lower theoretical limito of the higheot and loweot obtained
Izcorc intervalo, reop:c;iyely?twe regort to a practical rule cuggected by M. S.

'Bartlctt (1947, p: 467 *n these inlitances, namely, gubgtituting 1/4n for O
‘ : \ S :

P




“sand (1 - 1/4n) * for 1.00. Other working values, sgyﬁ as 1/2n and (1 -'1/2n), -
might also-be used (Berkson, 1955). We can then uge equations” (2) through (6) !
. ‘. ’ as before, | .'1 e ' B -

%

4

Application,ko Emplricaeristributions . _

.. To illustrate the usefulness of logiagic iptérpolation in computing
percentile ranks for tedt score distributions, we use three.score distributions

for,item—analysic camples from the February and. Decenber 1974 adminictrations
+ . ' : . Lo
~ of the Law'School Admissions Test (LSAf): ona negatively skeived, one posiltively X

[ 9 . v
-skewed, and one relatively unskéwed. These three ,distributions are based on

the number~right ceo;és from the 35-item Data fn&grpretution gection of the
February 1974 LSAT and the 30-item Data infbgptetatioh’nnd'Sentence Correction
sectiono of the December 1974 LSAT. Table 1 gives the one-point interval

-distributions and cummary&qtatiatifé for all three scores. qugneoo waso

computed by the formula - ‘
- 3 3 . : 5
oo [E(x=-u)"l/no " . :
* . » - .
Percentile ranks werc computed by both linear and logistic interpolation for

ail écoreq in the obtained score range for one-point (0, 1, 2, ...), three-

. s . a . hd . . 14
point (0-2,.3-5, ...), and gix-poiné (0-5, 6-11, ..v) interval distributions.

«
- »

=
g

/ Igoert Table 1 about here - 1 o )4

-

Al
]

The results are chown in Taﬁle 2 and Figures 1 through 6. Since the

. ‘ . - \
percentile ranks derived by the two methods for ont-point interval- distributions

were virtually undictinguichable)f~only the percentile ranko computed by linear

intergplation are given in the figures and were the base againot which the .

e

chpr percentile ranks were compared. ' b

[
. ' 0
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. icw end of the georc range when the\dietributicn.io pooitively ckewed., A

.giotributiona conoioting of only a omall number of océre intervals (ocay fewer

’ Ingert Table 2 and Figures 1-6 about here

L -

- 2 -

(=Y

)

lt ia clear from the figures that when 10 or mOTe 8Core intervalg are

"

%.
|
uned, thexre ie little to ggin from uoing the logistic nethod. However, forx

}
the six-point inferval distributions (oix categorieo) the logiatic method

yielde percentile ranke that are much closer to the baeelihe. The logiotic

method works exceedingly well for a relatiVely unskewed diatribution-(oee

Figure 2)., Tigures 4 and 6 ofiow that the percentile ranks for ocore5'0t~the
$

high end of the scorg, range are too high when the distribution- is negatively

ekewed. «Correopondingly, the percentile ranks Fre too low for gcores at the

otudy of the figures ouggeots that an average of the logiotic and linear

- 1

regulto might correct thic bias. - ’ .

Conclugion

1

A method of intecrpolation has been derived that chould be Guperior to
[

linecar intgrpolation in computing the percentile ranko of &est ccoreo for.
q

unimodel gcore diqtfibutiono.

\
\ye have oden that the Gupetiority.éf the

logiotic interpolation over the-linoar interpolatien io meot noticeable for

L

N

than 10), particularly diotributions that arc relatively unskowed. Logistic

interpolnﬁlgn thugs chould be tgeful in practical ocituationo in which percentile |

ranks of number righé secores must be cotimated from very coarse groupligo.

o . LES
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Thé logistic method may also be appiied to distributions of'formula'scorgs;

However, the method should probably not be used for umsmoothed distriputiona

o

’ ¢ : - ! . - . ) - ) ! .
of formula scorec unless it is desired to smooth out the peaks, and' valleys
- '” " w . )
that result\ from rounding scoreG‘EQ intéger values. [ o
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Diatribution of Section Scores from ‘
the Pehruary 1974 and December 1974 Adminiatrations

of the Law School Admissians Tewt o S
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Dataglnterpretatibn~

(February 1974)

(December 1974)

Data Interpretation '&qentence Correction

- '(Decenber 1974)

Score 7 -
rd Percent.. Percent { Percent
.- //f“Frequency Below Frequency Below Frequency . Below
734 1 99.9 : L
33T 99,9 ¥
37 10 o 99.3 .
- 31 13 . 98.5 _ o
30 16 .- 97.5 3 99.8 1. - 99.9
op 25 95.9 5 99.4 -8 99.5
28 22 9.6 5 99.0 20 98,3 -,
27 28 92.9 .. ..13° 98.1 38 96.0
26 49 . 89.8 v 14 97.0 60 T . 9234
25 53 / 86.6 T 95.6 71 88.1
24 68 82.4 29 93.5 95 825
23 74 77.8 t 31 91,2 116 75.5
22 84 72.7 45 87.8 140 < 67.1
.21 111 65.8 37 85.1 142 2 58.6
x 20 112 59.0 53 81.1 146 49.9
719 147 49.9 70 75.9 .143 41.3
18 104 43.5 94 68.9 137 33.1°
17 106 37.0 94—  61.9 111 26.5
% . 116 k9.8 99 54.6 111 19.8
15 108 23.2 118> 45.8 89 14.5
14 92 175 1027 38.2 86 - 9.3
13 66 13.5 1102 30.6 44 6.7
12. 55 10.1 * 97 2314 28 . 5.0
11 44 7.4 80 17.5 27 3.4
00« 4.9 74 12.0 22 . ta
9 31 3.0 63 7.3 13 1.3
g 18 1.8 48 3.7 8 0.8
7 9 1.3 27 1.7 2 0.7
6 '8 0.8 13 0.7 5. 0.4
5 10 0.2 5 0.4 2 0.3
b 1 0.1 2 0.2 ° 4 0.1
3 2 0.0 1 0.1 0 0.1
2 : °2 0.0 0 0.1
1 " 0 « 0.1
‘0 . 1 0.0
N . 1625 1345 1670
Mean 18.43 - 15.29 ©19.27
S.D. 5.40 4,92 4.46
Skewncoo  0.07 0,35 -0 38
Median  18.51 14,98 x’ﬁ\
5 -9
° ,




Table 2 SR

Percentile Ranks for Sglected &cores on LSAT Sections

by Size of Score Interval and Type of Interpolation

\j ) : ° - ] ) \ - —
Oﬁe-PoinirIntervalo Three~Point Intervalg Six-Point Intervals
Score Linear Logistic Linear Logistic  Linear Logiotir,
Rate Inte;pfetation_(February 1974) : ;
28 95,26 95.31 95.17 . 95.73 93,71 ,95.30
22 75.26 . 75.35 74.12 75.03 72.68 . 74.88
16 '33.42 33.32 33.35 32.54 35.15 - 32.24
10 6.12 . 6.00 6.52 5.52 1 7.77 5.49
4 0.15 0.15 . 0.40 0.3 0.40. 0.11
Data InCEfpretation (December 4) ;
28 99.22 - 99.24 198,92+ 99.34 "98.20 99.47
22 89.48 89.60 89.26  » 90.02 87.32 89.97
16. 58,25 58.30 57.'36 57,79 57.55 57.47
10, 14,72 g 14.51 15,35 13.42 17,75 10. 79
4 0.30 © 0.29 0.45 0. 33 0.46. 0.19
o Segtence'Correction (December 1974) _
28 98. 86 99.03 97.96 99.50 95,57 199,74
22 71.32 71.50 70.54 72.07 70.12 72.81
16 23.14 22.98 23.80 - .22.46 26.09 ©22.07
10 2.75 2.68 " 3.17 2,59 3,88 - 2.74
[. 0-18 0113 0-24 " o 0-16" o 0931 0-18 ’
¥ . .
§ . )
> /
’ L]
- (’\10 e
. \ o e
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. ! " _ Figure Captions L
Figure 1. Compariobn of linear ang }ogistic interpoiatiop for '
Foé:nary 1974 LSATHPQtaulnterprgtation icoreo grouped inéo tﬁreejp?int ' b
%' intervalq; o : ) ~ : : ) ‘.; ) ' . -

Figure 2. Comparison of linear and logistic intérpolatioﬁ for

Febrgary 1974 LSAT Datd Interprctation gcoregfgrodped into ocix-poipt

. bl ". ,
o intervalo.. ' _ 3 CT , P

A -

‘,. 'Tigure 3, Comparison of linegr'and logiotic ;nféfpolatibn.for
kN 7 .

December 1974 Data Interpretation scores grou

" ‘intervalo. . ' . . T
~ o ?igd;e 4. Comparicon of lingat and logistic interpelation for -
‘December 1974 Data Interpretation scores grouped into gix-point . ]

intervéloz
- Figure 5. e@oémparicon of linear and logisctic interpolation for

Deccmber 1974 Sentence Correction ocofedAgrouped into threerpoint
“intervalo. | v o .

. VN
Figure 6. Comparicon of linear gnd logiotic intcrpolation for

December 1974VSentence Correction gcores grouped into oixépofnt °

»
' : D

» intervalg.
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