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ABSTRACT: Fingerprints from 61 pairs of male monozygotic twins (MZ), 47 pairs of female
MZ, 40 pairs of same-sex male dizygotic twins {DZ), 44 pairs of same-sex female DZ, 4 pairs of
opposite-sex DZ, and 28 brothers and 31 sisters of those twins are used for the study of finger-
print similarities. Similarities of fingerprint pattern, ridge count, and minutiae are evaluated for
two population groups genetically related to each other in different degrees. It is concluded that
fingerprint similarities, including pattern, ridge count, and possibly minutiae, between MZ in-
dividuals are significantly higher than those between other population groups, including DZ
twins.

KEYWORDS: criminalistics, fingerprints, human identification, pattern, ridge count, minu-
tiae, monozygotic twin, dizygotic twin

Earlier studies on papillary patterns of human fingers were reviewed by Bonnevie [/]. It
was concluded as early as 1892 by Galton [2] that fingerprint patterns are inheritable.
Wilder [3] further concluded in 1919 that monozygotic twins (MZ) were found to be strik-
ingly alike with regard to the occurrence of patterns. However, he stated: “The cor-
respondence in the friction-skin configuration is confined to the general plan of the surface
as a whole and does not extend in the least to the fingerprint details, the ‘minutiae’ of
Galton” [3]. These dermatoglyphic findings were later widely applied in studies of twins
[4,5]. Based on the studies of inherited patterns and pattern sequences in ten fingers, a
genetic theory was developed by Slatis et al [6]. Recently, an interesting minutiae-count
study [7] on the calcar area of the sole indicated a higher correlation coefficient between
monozygotic twins in comparison with dizygotic twins (DZ).

From a criminalist’s viewpoint, the fact that there are no identical fingerprints has
rendered the characterization of fingerprints the best method of personal identification.
However, the similarity of fingerprints, especially those of twins, in pattern and ridge count
and the possible similarity in minutiae may pose problems in the identification of in-
complete, smudged, or vague latent fingerprints. On the other hand, inherited similarity
may provide additional information to help adjudicate questions of paternity [&].

The purpose of this study is to examine the similarity of fingerprints (by pairs) in the
following populations: MZ twins, same-sex DZ twins, opposite-sex DZ twins, same-sex sib-
lings, opposite-sex siblings, and an unrelated population. The similarities compared include
three classes of fingerprint characteristics: ridge pattern, ridge count, and Galton minutiae.
Perhaps the most important question that needs to be answered is whether there is any
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similarity in the minutiae of fingerprints. If there are similarities, to what extent do they ex-
ist? Can these similarities lead to fingerprint misidentification, especially in regard to a par-
tial fingerprint?

Experimental Procedure

The data base used for this study includes 196 pairs of MZ and DZ twins and 59 brothers
and sisters of these twins (as classified in Table 1). For example, there are 44 pairs of same-
sex female DZ twins and 4 pairs of opposite-sex DZ twins. With this data base, the possible
types of comparison and the maximum number of pairing in each type without duplication
or bias are shown in Table 2. There are eleven possible types of pairings. The maximum
number of pairings is obvious for Type 1 through Type 5. The maximum number of other
types of pairings is limited by the consideration that only one sibling can be selected for com-
parison. This consideration is based on the assumption that there may be similarities be-
tween the fingerprints of twins or other siblings. Once one of them is selected for com-

TABLE 1—Data base used for fingerprint comparison.

Number of Male Number of Female
Zygotics Number of Pairs Siblings* Siblings?
MZ
Male o1 5 9
Female 47 9 9
DZ
Same sex, male 40 4 5
Same sex, female 44 9 7
Opposite sex 4 1 i
Total 196 28 31

“The sibling whose age is nearest_to that of the subject twin was selected for comparison.

TABLE 2—Types and numbers of pairing of persons (not

fingers).
Maximum Possible
Relationship Type Number of Pairings
MZ
Male i o1
Female 2 47
DZ
Same sex, male 3 40
Same sex, female 4 44
Opposite sex 5 4
Sibling
Same sex, male 6 10¢
Same sex, female 7 174
Opposite sex 8 344
Unrelated population®
Same sex, male 9 52¢
Same sex, female 10 474
Opposite sex 11 95¢
“See Ref 9.

bThese samples were obtained by pairing fingerprints listed in
Table 1.
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parison, the use of the others would bias the result and degrade the randomness. A detailed
description of the procedure used in arriving at the number of pairings listed in Table 2 is
described elsewhere [9].

All possible pairings of fingerprints in the data base shown in Table 2 are used for pattern
comparison. Fingerprints are classified into eight patterns [10-12]: plain arch (A), tented
arch (T), ulnar loop (U), radial loop (R), plain whorl (W), central pocket loop (C), double
loop (D), and accidental (X).

At the conclusion of the pattern comparison, those fingerprints having the same patterns
in the corresponding fingers are selected for the comparison of ridge counts. The selected
data base is shown in Table 3. Ridge counts are defined as follows [70-12]: plain arch and
tented arch have no ridge count and are coded as zero; ulnar loops and radial loops are
counted in accordance with the Henry System [/0]; plain whorl, central pocket loop, and ac-
cidental are counted from the right delta for left-hand fingers and from the left delta for right-
hand fingers; and double loop is counted from the delta to the core of the upright loop. If the
two loops of a double loop are horizontal, the core that gives a lower ridge count is used.
With the exception of plain and tented arches, all finger pairs having the same patterns are
used in this comparison.

The last part of this study compares the similarity of minutiae in fingerprints. The
criterion used in selecting a data base for this comparison is that only fingerprints having the
same pattern and same ridge count from MZ groups will be considered. Since the major in-
terest of this study is to investigate the highest possible level of fingerprint similarity (and,
therefore, the possibility of fingerprint misidentification), only fingerprints from the MZ
group are employed in this part of the study. This selection is based on a reasonable assump-
tion that if there are going to be any identical (or closely related) fingerprints in terms of
minutiae characteristics, they would most likely be found in the comparisons among an MZ
twin population. The number of fingerprint pairs that meet this criterion are listed in Table
4, Because of the lengthy process of minutiae coding, only 38 pairs of fingerprints were ar-
bitrarily selected and are fisted in Table 5. For this comparison, minutiae are classified into
nine types: ending ridge, short ridge, dot, fork, spur, double bifurcation, eye, broken ridge,

TABLE 3—Number of fingerprint pairs with matching patterns (data base used for fingerprint ridge
count comparison).

Number of Pairs of Fingerprints

Relationship A® T u R w ¢ D X Total %

MZ

Male 4 1 234 5 288 1 1 0 534 87.5

Female 2 0 208 2 207 0 2 0 413 87.9
DZ

Same sex, male 0 0 112 3 125 0 4 0 244 61.0

Same sex, female 1 2 126 1 132 1 2 0 265 60.2

Opposite sex 0 0 9 0 8 0 0 0 17 42.5
Sibling

Same sex, male 0 0 30 1 14 0 2 0 49 49.0

Same sex, female 2 0 52 0 31 0 1 0 86 50.6

Opposite sex 0 0 82 1 72 0 3 0 158 46.5

Unrelated population
Same sex, male 0
Same sex, female 0
Opposite sex 0

111 1 150 0 1 0 263 50.6
95 0 102 1 0 0 198 42.1
191 1 236 0o 0 0 428 45.1

[N N

@Patterns A and T are used for matching patterns but are not used for ridge count comparisons.
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TABLE 4—Number of pairs of fingerprints with the same pattern and ridge count
{data base for minutiae comparison).

Number of Pairs of Corresponding Fingerprints Pairs of
Fingers
Relationship U R il C D X Total Used? %
MZ
Male 35 1 41 0 3 0 80 529 15.1
Female 27 0 33 0 1 0 61 411 14.8
DZ
Same sex, male 14 0 12 0 0 0 26 244 10.7
Same sex, female 11 0 11 0 0 0 22 262 8.40
Opposite sex 0 0 0 0 0 0 0 17 0
Sibling
Same sex, male 1 0 2 0 0 0 2 49 4.08
Same sex, female 4 0 2 0 0 0 6 84 7.14
Opposite sex 7 1 4 0 0 0 12 158 7.59
Unrelated population
Same sex, male 6 0 12 0 0 0 18 263 6.84
Same sex, female 1 0 6 0 0 0 7 198 3.54
Opposite sex 11 0 15 0 0 0 27 428 6.31

“Patterns A and T were discarded because of undefined ridge count. For example, of the total 534
pairs of MZ males, we use only 529 since 4 A’s and 1 T have no ridge counts and must be subtracted
(534 — 4 — 1 = 529).

TABLE 5—Number of pairs of fingerprints chosen as the data base for minutiae comparison.

Ridge Count

Pattern -5 5-10 11-15 16-20 21-25 26-30  Total

16
1
18
0
3
0
38

XoONEWC
nooo o~
NOoO OO OoON
TOOCO VO
—_O —~ OO N
R ==
—o 0000

Total

—
—_

and angle ridge. Definitions, method of coding, and the comparison mechanism are detailed
in Ref 13.

Results and Discussion

In principle, there are three different ways [4] of comparison. Hands can be paired
bilaterally (left and right hands of the same person), homolaterally (same-side hands of a
pair), and heterolaterally (left of A with right of B, and right of A with left of B). It has been
shown [4] that the degree of bilateral asymmetry is similar in MZ, DZ, and single-borns; that
homolateral difference increases as the genetic relationship of the pairs decreases; and that
heterolateral differences are greater but follow the pattern of homolateral difference. Since
this study is based on determining the possibility of a criminalist’s misidentifying finger-
prints from two different individuals, homolateral comparisons are used for the comparisons
of pattern and ridge count.
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Pattern Comparison

The number and percentage of pairs of fingerprints found (by group) to have the same
patterns are listed in the last two columns of Table 3. To read these results, one should refer
to appropriate rows in the last column of Table 2. For example, there are 534 of 610 pairs (or
87.5%}) of fingerprints in the male MZ group that match in pattern comparison.

The most significant result is the high degree of pattern similarity in MZ groups. Same-sex
DZ groups also show significantly higher similarities. No significant difference in pattern
similarities is observed in the comparison of other groups. The result obtained on the
opposite-sex DZ group was unanticipated. However, this may merely be a result of the small
population in this group.

Ridge Count Comparison

Except for A and T categories, all fingerprint pairs that have matched patterns (Table 3)
are listed in Table 4 (second column from the right). These pairs are used for comparison of
ridge count.

Results listed in the last column of Table 4 indicate that MZ groups have a significantly
higher percentage of fingerprint pairs that match in ridge count. Since matches in both pat-
tern and ridge count represent a high degree of similarity, it is reasonable to speculate that
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FIG. 1—Ridge count correlation of fingerprints from male MZ twin group.
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the MZ group will be distinctly different from the other groups in other respects, for example
in similarity of minutiae. A further comparison of ridge counts is made by plotting the ridge
counts in corresponding fingers. Representative correlations are shown in Figs. 1 through 4.
All correlation coefficients are listed in Table 6. It appears that correlation decreases in the
following order:

. MZ male and MZ female,
. DZ same-sex male and DZ same-sex female,
. DZ opposite-sex,
. sibling same-sex male, sibling same-sex female, and sibling opposite-sex, and
5. unrelated population same-sex male, unrelated population opposite-sex, and unrelated
same-sex female.

AW N =

Minutige Comparison

Table 7 summarizes the results of the comparison of minutiae using the data base listed in
Table S. With the matching mechanism described in Ref /3, similarities in minutiae in two
fingerprints are measured by numbers of minutiae matched or by the scores accumulated
from these matches. The former measurement treats each type of minutia equally; the latter
measurement gives different minutiae different weights depending on their frequency of oc-
currence.
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FIG. 2—Ridge count correlation of fingerprints from male DZ twin group.
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TABLE 6—Correlation of ridge count in corresponding fingers.
Number of Number? of Number Correlation
Relationship Total Data Aand T Used Coefficient
MZ
Male 534 5 529 0.89
Female 413 2 411 0.88
DZ
Same sex, male 244 0 244 0.70
Same sex, female 265 3 262 0.71
Opposite sex 17 0 17 0.57
Sibling
Same sex, male 49 0 49 0.49
Same sex, female 86 2 84 0.51
Opposite sex 158 0 158 0.48
Unrelated population
Same sex, male 263 0 263 0.38
Same sex, female 198 0 198 0.29
Opposite sex 428 0 428 0.37

“?Patterns A and T were not used because of undefined ridge count.
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FIG. 4—Ridge count correlation of fingerprints from male unrelated population group.

The entries in the second column of Table 7 are the numbers of minutiae coded for each
fingerprint. These numbers also represent the maximum possible numbers of minutiae that
can be matched. The maximum possible matching scores depend on types of minutiae coded
and are listed in the third column of Table 7.

The similarity of minutiae measured by the number of minutiae matched are recorded in
Columns 4 through 6 of Table 7. Entries in Column 4 are the numbers of minutiae matched
when compared to their twin. Entries in Columns 5 and 6 are the average and standard
deviation, respectively, obtained by comparing to the remaining 74 fingerprints in the data
base. The average values are then compared to the results obtained for the values of the
twin. Because the 74 fingerprints belong to 37 pairs of twins, they are separated into two
groups of 37 for the calculation of average and standard deviations. Columns 7 through 9 are
parallel to Columns 4 through 6, but matching scores are used as the basis of measurement.
Entries in the last column of Table 7 are the score rank of the twin in relation to the remain-
ing 74 fingerprints.

The last column of Table 7 indicates that the following pairs of fingerprints are highly
similar: 3-4, 9-10, 23-24, 33-34, 43-44, 49-50, 57-58, 59-60, 67-68, 69-70, 73-74, and 75-76.
Visual comparison, in addition to the (matching) scores, indicates that the most similar pair
is fingerprints 9 and 10. These two fingerprints are shown in Fig. 5.

Number of minutiae (Column 5) and matching score (Column 8) obtained from the two
groups of 37 fingerprints are not statistically different from each other. However, the data of
these (two) parameters obtained by comparing twins are significantly different from that ob-



JOURNAL OF FORENSIC SCIENCES

298

STEL £20°6C 16§ 1'sz
v 675°L LET'6T L¥L O 619 1'ST S¢ 806°011 LL 1
129", S6L°€€ ST'9 v 6T
€1 878°L 75T°TE 6vL O v0L 1'8C se LT0°6T1 6 €1
¥91'S £26'vT LT¥ b1z
91 £€v's ST6°'TT 608'8C 99°f 861 ST SE89L 9 4
960°8 vET'TE S6°9 987
43 189°2 969°0€ €6L°LT 01°L 1Lz %4 9¢k €T 76 11
196°9 86067 18°S ST
I ¥85°9 686'9C SLY0S 1.8 0¥ 8¢ 8€T H01 vL o1
L81°8 TSL°ST 0p'9 1'2C
I P18 pIv'ST SLY0S 179 1'TC 8¢ bP1°L91 901 6
90Y'6 AR 80°L 74
€1 670°L 196°0€ £65°0F 9b°S 9T 43 7€6°L€1 6 8
9ZI'S 19L°%C S8'c SIT
z LI1°S L61°€T LIE T IR v0T 1€ 8€L°T6 9 L
£0b'S 61L°0C 1S'L 8Ll
k4 018y LLT°81 9/€°TC S 181 81 86T s 9
180°S SIg6l 95, AN
4 vov'y 0L0°81 9.€'vT 9¢'g 081 61 65€°SS 9% S
195" LLK'9T €L €1z
€ VLL'S 6v9' T 6€L°L€ 8¢€°S LT 3 97901 SL b
9¢L°S L00°ST 059 SIT
I b€T'9 88b' 1T 90€"8¢ 6.9 11T 3 958°8T1 €8 €
SIS°S 9¥E€T S9°9 10T
4 L7179 095°2C 995°0¢ S8°L 881 w bET'86 0L z
ST8°9 0S1°¥C 19°'8 $0T
ST 106°S 001°SC 995°0¢ 859 961 9 81€°STT 6L I
UM, as 8ay Mg, >as 8AY UM, 2100 papo) »'ON
Jo sjuey UnA UMM ojqissog SEINUIA g
uhouw Qm.wur:o _.:~>> thm;:o ~=~>> F—dmeNE ,wO .OZ
Mn&LUHNE ,*O muhoum ﬁu:u«.ﬁz QNCH:SE wO ,OZ
o1 6 8 L 9 S b € 4 [

“uospduios avignuu Jo Synsay—; 414vV.IL



299

LIN ET AL e FINGERPRINT COMPARISON

23

LT

4!

LT

(a4

99

8¢

81

0¢

174

910°L
wy'L
001°L
S91°L
6SC’L
8hL
I8C°S
8yI'S
CI8’9
80¢°9
9¢6°¢
9Sy'y
809t
L19'¥
S00°€
cIs’e
6S9°¢
816°¢
S8’S
68C°S
60'8
0lg’L
S9LY
88y°¢
9L8'S
Sev'y
900°S
696t
LY
LTy
60S'8
0TL’L
6e'8
SSy'L
L8E'9
€99°9
¥09°9
88L°S

SS0°19
[43: 443
0LL°0E
oy 0¢
6vv 6C
€5E°S1
Y8ELT
601°6

IP1en
16S°SY
SLS'vY
09T
0¢'9¢
176
9t6°¢tT
Rl
€or'Sy
$80°0¢

0S'8¢

144

LT

(4

(44

14

4!

91

LE

9¢

(44

(44

44

€C

8¢€

44

14

€C

vSSTLTT
0Ce'vIl
8L6°9C1
LLL'69
S6C°€6
LOL'SY
€70°6L
Iey'ey
0€e0s
€5T°601
€2L9T1
0€L™TL
P8 IL
906°v8
L¥8°9S
CLIILT
0Te sl
€0c6I1

0508

78
¥8
€8
8y
€9
LE
SS
ve
LE

6L

9S
09
9y
611
[}
98

8S

€€

[43

Ie

o€

6C

8¢

LT

9C

14

44

€

(44

| (4

174

61

81

LT

91

ST



JOURNAL OF FORENSIC SCIENCES

300

9109 1671z o'y I'61
Il K219 S£5°0C $T8°8¢ w's '8l 9z 268792 s Ly
18L°S 00T s LSz
1 S9p'9 0St"9C Shy'Th 88°s SHT 6€ 652°96 i 9
v26'8 691°€€ 508 6'6C ,
91 PrS'8 950°€€ 6Tr Ty 19°2 L°6T 8¢ SOI'9IT 16 Sk
bLT'6 7€$°8¢ 68°L e
€ 1502 81y°LE 855718 €9 £'ee o LTLIE 201 b
S6L°9 Sh6"EE 87§ Toe
I LEY'L T 685°€S 06L 6'8C 8y 0€L°01T i8 £y
6€1°9 LVL'ST £8°S 6'ST
L1 £98°9 £87°6C 6£T°HE 68°S 9T 43 1STHIT <8 rag
boL'L 658°6C 699 81T
54 LTY'L 19°6C £20°EE 099 €L 1€ £87°911 €6 1%
858°S S6.°8C Se's 9'sT
61 AR £89°8C 611°p¢ 68°% LT 9 LOV" €01 St or
019 bLE'ST £T'S L1
L L3179 210°se 920°s¢ 60°S 81z 9 SIP 66 69 6€
1.9 91§°.2 8L°s 8T
€1 020°S 80€°9C 2I8°ze U €T 8z TE"06 oL 8¢
2SS 14°€C R T
z 8v0'S et 658°SE by SIC 1€ SE6°0L <s £
VaL'L 661°LT LS Tee
b1 s ST oI Ig 06f T 174 1€7°88 £9 9¢
9pL"9 £99°4T S 6°0C
] 0S1°9 £09°4T 1€1°ze 89°p 91z ST 9°€8 09 st
SiLL L87ee 0’9 '8z
I S8S°6 9/8°TE ¥20°65 897, L rag OPE b 001 bE
upm ], as 8ay wa L -ds Bay uim ], 21008 papod »"ON
10 uey M EHIY slqissod  sennuN g
21008 4SO M STPUIO WM wnwixe  Jo oN
Suiyojey jo $a100g PSYdIBIN SRLINUIA JO "ON
01 6 8 L 9 S P € z I

ponunuo)—; FIGV.L



301

LIN ET AL e FINGERPRINT COMPARISON

|53

9¢

84

24

6¢

€l

Ly

69¢°L
989
600°L
06S°L
6L'9
£€61°9
€vS'L
€LTL
192°9
606°S
0SC'L
9899
601'6
200701
9L£°8
88¢'8
19°01
066°6
659°8
1LE°L
189°S
S8Y°S
09
0679
S0C'9
61S'S
€LTL
9€C’'9
€L1°9
£6£°9
961°8
9¢y'9
010’8
98¢'9
LILL
0T,
8LYL
1.8°L

€eree
ySI°SE
SLI'LE
SLI'LE
SLS'IE
165°C¢
wUe'Ly
ULy
¥88°€S
¥88°¢€S
1cLe
£79°9C
£€56°LC
LE6°9C
9Cl'ce
£60°¢e
vLE 8
LTE°SY

60S°LT

w9
00°9
€09
£€9°9
L9°S
80°S
LE9
9¢°9
v1'sS
o'y
vT9
96°S
9L
698
L
QL
6’8
L9'8
LB'L
¥9°9
€9
€9y
80°S
0L’S
ws
€8y
819
S0°S
L8
SL'y
€9
0€°s
¥8'9
18°'S
LS9
€59
89°S
vL9

(414
'Lt
T
6°1¢C
6°'SC
{4
1'v¢C
(4 4
|74
¢
6'vC
yye
08¢
0'8¢
(a4
L6l
e
L°0g
0'6c
0'6¢
yIc
S'Ic
ve
(4 x4
e
8'0¢
8'¥C
ST
£°61
061
[ar44
0°CC
'8¢
TLe
1’0t
876C
0Lt
¥9C

6C

43

[4%

[4%

8¢

6C

24

144

8y

8y

|4

4

4

€c

9C

9

(44

6¢

|34

orr-Let
15918
LEL'96
LSSS8
19¢7°08
PIv°'S8
8C €Ll
L1678
S81I°¢LT
£SeT6vl
v£8'88
#00°88
60°€8
1L£°S6
£99'68
€18°v01
¥8E°LTT
v0e 6Tl

¥88°€01

v6

89

(44

89

6S

L9

0l

69

81

801

19

L9

¥9

€L

9

69

16

86

LL

99

S9

¥9

€9

[£]

19

09

6S

8S

LS

95

SS

¥S

€S

(49

59

0S

6y

8



"1X9] 23§ "UOHBIASD pIepue)s pug 2SeI0AE JO UOHEINDJEd 24} W pasn a1k syuiidiaduy /¢ Jo sdnoad oML,
'suim) Jo sed oIe ‘0O OS PUR ‘Q PUE G ‘p PUB ¢ ‘7 PUB ] SIaqUINN,

9SL’L 6£0°C¢ 1S9 £°9C
[ IL6°L 05e°0¢ 088795 299 §'S¢ 9% 089°6%1 €01 9L
T6k'01 €76'8C €0'6 €S
4 0£9°6 I6'LT 8¥8 S 9’8 L've 44 ) yaran! 60T SL
0cL’L 900°ST 199 I'1c
I L20°L 6€L°€C L£0°0S oL's [4l\r4 44 £0L'801 LL vL
S8 S€6°LT 61°L vve
I 865°L S81°9C 890°CS 8L°9 L'€C £y L£09°0CT 16 €L
€L8'L 61S°LT £9°9 €€
L 8LS'L €LSPC £€05'8¢ £e'9 e 43 9T'Stl 6L (43
SSy'L LI EE £9°9 0°6¢
8 ¥S6°9 SIL 0E 6vS’ 1P 8C'Y 0T S€ £86911 <8 IL
699 799°9¢ 6l's 8'TC
¢ z19°s ¥T0°ST 01v'LE L'y [ 14 6C LP8'80T SL 0L
oty'L §59°9¢ 0s's 11
4 PS1°9 09 've 9Cy'8E 8'r 1°0¢ 0t 9€5°96 99 69
L10°9 165°LT 81°'S [
4 150°L €L1°9C 670°6¢ r6'S SR A4 £€e 07s°¢6 IL 89
M’ L8E°CT 09 961
I €0'9 e0'ce 670°6¢ a's yol € aeeL 9s L9
um g as Ay uiag >ds Sy may 21008 Papo) »'ON
Jo quey UM Unm alq1ssod QBN jurd
23100¢ SO unpm 4SRPO yum WINWIXEA Jo 'ON
SuiysjeN Jo $3100§ payoey SBINUIA JO “ON
01 6 8 L 9 S 14 € [4 I

JOURNAL OF FORENSIC SCIENCES

302

panunuony—/ ATEV.L



LIN ET AL » FINGERPRINT COMPARISON 303

o ,,.mi’lf :

FIG. 5—Fingerprints 9 and 10: the best matching prints of twins.
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tained by comparing other fingerprints in the data set. This is shown by the significant dif-
ferences between entries in Columns 4 and 5 and between entries in Columns 7 and 8. For
example, in comparing Person 1 with his twin (Person 2), there are 26 minutiae matched
with a score of 30.566; the corresponding values obtained in comparison with the two groups
(who are twins to each other) of 37 persons are 19.6, 25.100 and 20.5, 24.150.

These results demonstrate, in most cases, that minutiae similarities between same-pattern
and same-ridge count fingerprints from MZ twins are-significantly higher than minutiae
similarities between random pairs of fingerprints. Whether these similarities are associated
with pattern and ridge count or result from a genetic relationship is not clear at this stage.
Further study will be directed toward the comparison of minutiae in same-pattern and same-
ridge count fingerprints of MZ groups with those of a random population. This proposed
study will separate the pattern ridge count parameter from the genetic relationship
parameter.

It is also clear that although fingerprints may have a high degree of similarity, as shown in
Fig. 5, variations in minutiae distribution still permit their differentiation.
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