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by Jan G. Blom and Leo W.A. van Herpt

1. INTRODUCTION

Subjective judgements are, generally speaking, difficult to quan-
tify. In spéech research - especially in the evaluation of speech
and voice appreciation - it is often the only possible technique
available. ’
| In order to meet an existing need a number of programs and tech-

u ;piques have been developed:
I. A scaling model for comparative judgements (Thurstone's. model)
2. A scaling model for categorical judgements (Torgerson's model)
3. A multidimensional modei for comparative judgements (Kruskal's model)

4. A technique for multidimensional scaling of categorical judgements.

A sﬁ&rt description of the programs with a sample of three models
follow below. ‘

An application of the techniqﬁe mentioned under 4. has been given
-in: "The Evaluation of Jury Judgements on Pronunciation Quélity“

in these Proceedings.

2. THURSTONE'S SCALING MODEL PROGRAM

2.1 General description. _
The Thurstoné scaling model program calculates écalé values and
the discriminal dispersions for an attribute of a number of
objects from ordinal judgements cbneerning the relation between

the objects. These jﬁdgements can be obtained for instance by
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means of the paired comparison technique with statements such
as "A is larger than B", or by the ranmking of a number of objects.
The methods used in this program have been described by

Torgerson (1967).

The computed scales are interval scales, and only the differences

between the scale values are meaningful. All scale values may

be increased or decreased by an identical number. The program
calculates the scale values in such a way that the mean scale
value becomes zerc. The origin of the scale in itself has no
meaning. If three objects on a scale possess the scale values
of, say, zero, one and two it means that the difference between
the third and the first object is twice the size of the differ~
ence between the second and the first objecﬁ;'ggg that the third
h oEjeét possesses twice as much of the measured attribute as the

~ second object.

The program computes scale values and discriminal dispersions
for the scaling models case IV and case V for complete and

incomplete matrices.

" The program computes a test value (Mosteller's test) for the

goodness of fit of the scaling model.

Field of application.
The Thurstone scaling technique can be a?plied in a large number

of areas of which we mention a few:

Judgement and 'measurement' of pronunciation

Judgement and ‘measurement’ of transmission quality
Psycho-acoustic investigation of e.g. pitch, loudness, duration,
tonal purity, etc.

Investigation of promiﬁéuce

Investigation as regards hierarchies of cues-etc. etc.

SRS
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2,3 The Thurstone scaling model.
The Thurstone scaling model presupposes that an attribute of a
stimulus (object) acquires a certain value on a psychical con-—
tinuum by a discriminal process. Thurstone defimes this discrimi-
nation process as 'that process by which the organism identifies,
distinguishes or reacts to stimuli®, without further defining
‘the nature of the process. Each stimulus which is presented
induces a discriminal process. Fluctuations in the organism
induce fluctuations in the discriminal process, so that the

value on the continuum is not always a constant one. When a

stimulus is presented a great number of times, a frequency dis-
tribution of values is obtained on the continuum. Thurstone
postulates that these frequency distributions follow a normal

. distribution. A stimulus is then defined by the mean value
and the standard deviation of the values on the continuum with
which the stimulus is associated. The mean value is defined
as the scale value, the standard deviation as the "discriminal
dispersion”.
The information concerning the discriminal process and the
value on the continuum cannot be obtained directly. This infor-
mation has to be drawn from the judgements of the subjects
concerning the relation between stimuli. These judgements may
be given as follows: stimulus A is larger (louder, warmer, etc.)
than stimulus B. The subjects are, as a matter of fact, supposed

to be able to rank the stimuli on the basis of an attribute.

2.4 The THURS packet consists of 10 modules and 3 subroutines which
are linked.
The partition into modules has been made in such a way that the

core memory is used optimally.
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The Thurstone scaling model

File
File
File
File
File
File

1
2
3
4
5
6

~

Program capacity.

contains
contains
contains
contains
contains
contains
jects on

contains

program uses eight diskfiles.

the Fl-matrix

the P'-matrix

the X'-matrix

the X''-matrix

the P''-matrix

the matrix with the number of sub~
which the P'-value§'ﬁavézbeen based.

the M-matrix

is used for the re-ordening of matrices.

The ppogram is suitabel for matrices with a 40 x 40 maximum.

Therefore 40 objects cén_be scaled.

Minimal machine configuration.
CPU IBM 1131 with 8KAcore-storage and one disk drive, 1442

card read punch, 1132 printer.

Test.

The program packet THQRS was tested on IBM 1131 2B by monitor

version 2, level 11.

Sample.

Qutput sample for case IV and V.
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JOB 1 PAGE

THURSTONE SAMPLE ,
PROGRAM BY JeGe BLOM AND LeWeAs VAN HERPT

NUMBER NF OBJECTS
NUMBER OF PAIRS
NUMBER oF sUBJECTS
INPUT MODE
THURSTAME CASE
BRINT F MATRIX
BBRINT O MATRIX
BRINT X MATRIX
PRINT X% MATRIX
PRINT P MATRIX

R NS S N e R ]

4JOB 1 PAG

THURSTONE SAMPLE |
BROGRAM BY JeGo BLOM AND LeWeAe VAN HERPT

THURSTOMNE SCALING MODEL CASE 5

F MATRIX ,
57 &8 S4 Sé 52 % s1 S3

ST De0 6lel 7leé4 BBe8 Tleb 972 FBelh FBet
s8 27e8 Qo0 606l 75e3 B263 9163 9563 9642
S4 276¢5 28eB Qa0 62e8 727 B44sl F0e7 936l
$& 10el 2366 366l D0 685 95.1 989 9646

S2 Te3 1665 2662 30e& 000 68.5 Bloe2 8765
&5 17 T7eb6 1468 348 30.4 0.0 E5640 8340
S1 CeB 366 B8e2 060 1467 129 0.0 6848

53 0eB5 267 588 263 1le% 15:9 301 Qa0
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THURSTONE SAMOLE
PROGRAM BY JeGe BLOM AND LeWehAe VAN

THURSTOME SCALITKRG MODEL CASE &

B MATRIX ,
s7 S8 S84 56 S22 S5

57 0e0 Debl 072 089 0692 0,58
sa Ce38 ColC CubC CoT8 CelB3.0,92
S& Cel27 039 000 0663 073 085
Sé D410 0623 0636 0400 069 0696
52 CeOT7 0elb Ce26 0630 Uel0 Cob9
S5 Cell Co0T Celé Te03 0630 0LCO
51 0600 0603 0628 000 Cold Col13
S3 0600 0602 0405 002 Tell 0616

THURSTONE SAMDLE
DOOGRAM BY Jefe BLOM AND LeWehe VAN

THURSTOME SCALING MODEL CASE 5

¥OMATRIX
s7 58 sS4 sé 52 S5

S7 CelC Ce2% 0658 1526 lebd 2,11
S8 =029 000 0627 071 096 1e42
&4 ’Oe58"9e27 000 0a34 062 1.03
56 “1326‘0;72“0&34 0600 0658C 176
52 -is44~3a96~3362~3¢59 000 050
55 ”2321‘1&42“15@3*2&75‘3@5 Ce00
51 =2657=1679=1638 Co00=1,04=1,12

S3 =2657=1e92=1656=1695=1,19=0:99=0:51 0,00

JOB

HERPT

S1 53

0699 0699
0e96 0697
0e9l Ce%94
100 0697
0«85 0.86
0eB6& O¢B3
Ue00 0eb9
Ge30 CelO

JOB

HERPTY

51 &3

2657 2657

1679 1e92

128 1,56
0eC0 1689
104 119
1.12 0,99
000 0651

Pt

PAG

PAG

S

AR
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OB

THURSTONE SAVPLE
DRIOGRAM BY JeGe BLOM AND LeWehAs VAN HERPT

THURSTOMNE SCALING MODEL CASE 5

b

57
cg
S4
Sé
52
S5
sl

S3

MATRIX

s7 S8 S4 S8 ¥ &8 S1

D00 CaBC 0e24 0692 1645 1695 2.47
-CGSG 000 0033 Dell Da94 10"‘4 1.96
"0384'3.33 O.SC‘ 8607 3051 1;13 1.63
«(¢32=0,41=0,07 0400 083 102 1.55
“leh5=0eT4=0,81=C0453 Cul0 L£ot9 102
= 85 mletbmlgl0=1,02=0649 0,00 0652
=264T=1696=1653=1:55=1,02=0.52 0,00
"'2.?0‘2019“‘1’85"1‘78“‘024"0.75"3022

‘53

2,70
2419

de85

1.78
l1e24
Ce78
022
CeCO

JOB

THURSTONE SAMPLE
BROGRAM BY JeGe BLOM AND LeWehe VAN HERPT

THURETONT SCALING MODEL CASE S

L

S7
S8
S4
56
s
S8
Si
Sz

MATR I

s7 S8 S4 6 s2 S& s1

0e4G 0669 CeBO 0682 0692 C457 Ce99
0620 De49 Cat3 0665 0682 0692 Co97
Cell Ce28 0a49 0653 0672 Cefb 0494
Cel? Co34 Cobb D649 Ca70 Celle 0.94
0607 Tel? Ce27 Ce29 0s49 C.08 0,84
Cel2 CeC7 Colld 0415 0631 0:69 070
CeD0 Cof2 0605 Co05 Celb 0429 049
Ce00 Toe0l Cul3 CaC3 Co10 0622 Debl

83

De%9
0e98
Ce%6
0e%6
0e89
O0e77
Ce58
Cea®

PAG 5

PAG 6
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JOB PAG

THURSTONE SAMBLE :
PROGRAM BY JeGe BLOM AND LeWeshe VAN HERPT

THURSTONE SCALING MODEL CASE &

OBJECT SCALE SI1GMA
VALUE
57 w271 100
58 =169 100
54 “1002 1600
%) "6087 1#0@
s2 19 1.00
&5 1.18 100
St 224 100
§3 2668 100

MOSTELLETIS TEST FOR GOODNESS OF FIT
CHIZ =  67.95 NDE = 20

JOB 1 PAG 8

THURSTONE SAMPLE
BROGRAM BY JeGe BLOM AND LeWehs VAN HERPT

THURSTONE SCALING -MODEL CASE &

F MATRIX ' :
57 S8 sS4 56 S2 5% si 53

s7 De0 6lel Tleh BBsE 9leb 9762 9864 9804
58 3768 Co0 60el TE5e3 8263 9163 953 9642
54 2T7e5 3868 0ol 6268 T2e7 Bhal FCe7 F3el
56 106l 236 366l D0 683 951 9849 966

s2 Te3 1606 2662 30e4 060 6865 B4e2 8765
55 1eT 7eb 1468 368 3064 Col 8640 83,0
51 08 366 BeéZ 060 lbe7 1269 Co0 688

53 0e5 Ze7 568 263 1lleb 1569 300l 00O

e
|
.
i
|
i
o
2
L
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J08 i PAG
THURSTONE SAMPLE
PROGRAM BY JeGe BLOM AND LeWehAs VAN HERPT
THURSTONE SCALIKG MODEL (ASE &4
o MATRIX
57 %8 L4 56 52 55 sl &3
57 0e00C Cubl 072 0689 092 098 0699 095
sH De38 D600 0480 06786 Cef3 0692 0696 0,97
84 Ce2F 039 D00 D63 0673 0el5 Ce9l [a%94
56 06l 0a23 Ce38 D600 U269 0:56 100 Q.97
sz Del7 Cold 0626 0630 000 0469 Ce85 088
58 Ce01l Ca07 Colts Co03 Ce30 0eC0 CeBb (e83
§1 0600 Co03 ColB8 (600 (elsd 2613 Coal00 0469
5% TeD0 2602 C60% 0402 Cell Celé L3230 000
408 1 PAG

THURSTONE SAMBLE
DROGCRAM BY JeGe BLOM AND LeWsAe VAN HERPT

THURSTONE SCALING MODEL CASE 4

X MATRIX .
57 58 sS4 56 §2 S5 51 53

57 Cell0 Ce29 CeB58 1626 1le4bs 211 2657 2657
58 =0s29 CeO0 Co27 D671 0656 lsb2 179 1le%92
54 =0 e85 B8=Ce27 Col0 o34 (CebZ2 103 1038 1.56
58 2-1;26~C.?1*0c34 Cel0 0650 16786 CeQ0 199
S2 " =lebtmCe986=L,62=06e50 Ce00 0650 1404 1619
55 =2611l=]le42=1403=1,76=0e50 0,00 1lel2 0,99
5 =2657=1e79=1638 0e00=1604=1612 0,00 C651
5% w2 5 T=lo92=1e56=1e99=119=0:99=0¢51 0600




[A]

408 PA

e

THURSTONE SAMPLE
PROGRAM BY JeGe BLOM AND LeWeAe VAN HERPT

THURSTORE SCALING MODEL CASE 4

X# MATRIX
s7 58 S4 56 5é S5 &l 53

57 " 0e00 0626 0654 1663 1650 2040 2460 2677
se wDel2b 000 9&25 0e%4 0.99 105? 1084 210
S4 =0e54=0625 0600 0652 Cob6 1e13 1443 1673
S¢ =1663=0:e94=0652 000 04l 1617 1e67 2608
s2 “1550“0199“0055“0040 0600 Detl QOS? 1632
SE wdef3=]oBTm=lal3=lel7=0s4l 0,00 0ebb 127
51 =Z2660=1684=1643=1e67=0e87=Cc66 CaQ0 065
5% ”2e??‘ZGZG“Ie?B“Ze08“?632‘1§27°3&55 QGOQ_

JOB 1 PAG ]

THURSTONE SAMPLE
DROGRAM 3Y JeCo BLOM AND LeWehAe VAN HERPT

CTHURSTOME SCALING MODEL CASE &

Pe MATRIX
57 s8 54 56 s2 S5 S1 53

57 0649 0660 0670 094 0693 0695 0699 099
SE 039 Ceb9 659 0682 Cu83 Le94 096 0698
54 0629 0ot0 Cobt? 070 078 LeBT 092 0685
68 D605 C06l7 0e29 0549 065 D88 0595 0698
52 Cel6 0ulbd D625 0e34 0eb9 o686 080 0690
55 CeD0 0o05 0612 0ell o33 0,49 074 0689
51 0e00 0603 0607 Col4 0619 0625 0649 074
5% 0670 0601 0oCl 0,01 0609 0610 025 Cot9
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THURSTOME SAMPLE
PROGRAM BY JeGe BLOM AND LeWehe VAN HMIRPT

THURSTONE SCALING MODEL CASE 4

OB JECY SCALE SIGMA

VALUE
57 =2¢68 0e91
58 “2009 le32
54 =138 D PY S0
56 ‘0635 0eb1
52 De27 1605
55 0496 Ceb0
81 1695 Ce87
53 3633 1.25

MOSTELLER'S TEST FOR GOODNESS COF FIT
CHIZ = 38417 NDF = 13

40B

PAG
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3. SCALE MODEL PROGRAM PACKET FOR CATEGORICAL DATA

3.1 Introduction. o
The scaling technique for categorical data computes scale
values (M) and standard deviationsi(s) for objects which have
been scaled on scales of successive categories. Furthermore,
scale values (T) for the category boundaries are computed.
The program computes a least-square sblution for M, Sand T
by means of an iterative procadure.‘The terms of the sum of
squares which is minimalized, are weighted with factors which are
a function of the reliability of that particular observation.
The computationdl process is stopped when the estimates for
T have become stable. The use of the scaling technique and of
the terminology can be found in Torgersom (1967).
The reader is referred to the article of Gertrude W. Diederich
entitled: 'A general least squar- solution for successive inter-

vals', for the computing process .957).

3.2 Field of application.

The scaling technique for categorical data can be used for the
‘measurement’ of attributes of objects, which can be scored on
a scale of successive intervals. These intervals need not be
equally large.

The use of the scaling technique for categorical data results
in a considerable saving of labour of the data-collecting when
compared to the technique of paired comparisons (Thurstone's

scaling model).

3.3 Desgcription.
The program packet consists of four modules which are chained.
The partition into the modules is such that the core storage

capacity is used to an optimum.
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Program capacity.
The program computes scale values, standard deviations and
category boundaries for a maximum of 30 objects which are

scored in maximally 10 categories.

Minimum machine configuration.
For the execution of the program packet it is necessary

to have at one's disposal:

- IBM 1131 - médel 2 B with one diskdrive

~ 1442 Card Read Punch

- 1132 printer.

Test.

The program packet has been tested on an IRM 1130 configu—

ration by Diskmonitor version 2; level 11.

Sample.
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INPUT SAMPLE

// JOB

/7 XEQ TORGL 1

BEILES (16Tl ol 2eT21s(36T310(4sTe)s(5:T5)s(6sT61s(TsTTIs(B8sT8}
1234 SAMPLE TORG

04040301030303030303030000300.000010

51828354

DATA

JOB 1234 PAGE 1

SAMPLE TORG
PROGRAM BY JeGo BLOM AND LoWeAe VAN HERPT

SCALING TECHNIQUE FOR CATEGORICAL DATA
OPTIONS

NUMBER OF OBJECTS
NUMBER OF CATEGORIES
METHOD OF WEIGHTING
INPUT MODE

PRINT F  MATRIX
PRINT FC MATRIX
PRINT P MATRIX
PRINT X MATRIX
PRINT W MATRIX
PRINT X% MATRIX
PRINT BP# MATRIX
PRINT Se¢ My T

MAX s NUMBER OF ITERATIONS 30
CRITERIUM OF CONVERGENCE 0000010

[ JRVS AV IR VA JEES JREA BERS T N T 2R S o

%
-
.
.
§
|




SAMPLE T
PROGRAM

SCALING

F MATRIX

LRSI S R

SAMPLE

CRG
BY JGGQ
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JOB 1234 PAGE 2

BLOM AND LeWehs VAN HERPT

TECHNIQUE FOR CATEGORICAL DATA

51

53
54

TORG

500060009 4772.0009 228.0000 00000
30900004 3820.0004 2862.0004 228.0000
228.0000 47720009 4987.0009 13.0000
228.,0000 1362.0002 8532C.0009 3090.000¢4

JOB 1234 PAGE 3

PROGRAM BY JeGs BLOM AND LeWehAs VAN HERPT

SCALING TECHNIQUE FOR CATEGCRICAL DATA

FC MATR

B0 P e

IX

S1
s2
$3
Sa

500060009 9772.001910000.001910000.0019
30900004 69100009 9772.0012100000019
2280000 500C<0009 9987.00191C0C00019
22840000 15900002 6910.000%10000.0C19
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JOB 1234 PAGE 4

SAMPLE TORG
PROGRAM BY JeGe BLOM AND LeWeAs VAN HERPT

SCALING TECHNIQUE FOR CATEGORICAL DATA

£ MATRIX
1 81 o 05000 = 069772 10000
2 52 h 063090 D.6%910 09772
3 53 00228 0650600 05987
4 S De(228 01550 066910

JOB 1234 PAGE 5

SAMPLE TORG
PROGRAM 8Y JeGo BLOM AND LeWehs VAN HERPT

SCALING TECHNIQUE FOR CATEGORICAL DATA

X MATRIX
1 s1 0.0000  1.9995 10000
2 82 =0.4982 04982 19995
3 53 ~1.9995 0.0000 3,0117
4 sS4 169995 ~0s9985 04982
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JOB 1234 PAGE 6

SAMPLE TORG
PROGRAM BY JeGo BLOM AND L.Wehe VAN HERPT

SCALING TECHNIQUE FOR CATEGORICAL DATA

W MATRIX
1 s1 10000 02059 00000
2 $2 - 0e9134 0e9134 0e2059
3 53 0e2059 10000 0e0221
4 54 062059 0.6897 0e9134

' JOB 1234 PAGE 7

SAMPLE TORG
PROGRAM BY JeGe BLOM AND LeWehAe VAN HERPT

SCALING TECHNIQUE FOR CATEGORICAL DATA

X% MATRIX
1 51 00000 19994 50038
2 52 =0e4987 04990 19981
3 S3 =2:0003 00002 3.0062
4 S4 =1s9970 =0e9997 04986
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JOB 1234 PAGE 8

SAMPLE TORG
PROGRAM BY JeGe BLOM AND LeWeAe VAN HERPT

SCALING TECHNIQUE FOR CATEGORICAL DATA

b MATRIX
1 51 05000 09772 09999
2 52 063089 06911 09771
3 53 0s0227 C0e5001 09986
4 54 A 0.0229  Cel587 066909

JOB 1234 PAGE 9
SAMPLE TORG
PROGRAM BY JoGo BLOM ARD LeWeAs VAN HERPT
SCALING TECHNIGQUE FOR CATEGORICAL DATA

SCALE
NR L VALUE 5D

1 81 «160277 065693
T1 =10277

2 S2  =0.4586 161409

3 53 061105 05690
T2 01106 .

4 S4 ie2518 lelals
3 1.8210

NUMBER OF ITERATIONS 13
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4., KRUSKAL SCALING MODEL PROGRAM PACKET

4.1 Introduction.
The Kruskal scaling model estimates the coordinates of a
configuration of n points situated in a multi-dimensional
space with Minkowski's r-metric, (Euclidean metric and
City-block metric are special cases of this metric), so
that the distances between the points are a monotonous
function of the measure of dissimilarity of n objects. In
general the momnntony demand cannot be fully met.
The degree to which there is a deviation from monotony is
expressed in a measure for 'goodness of fit', called stress.
The essence of the scaling technique is the determination
of the configuration with minimal stress.

A number of problems arise:

}. How many dimensions should be chosen?
2. Which metric should be chosen?

3. Has a local minimum been found or an ahsolute one?

The answer to points one and two is usually determined by the
demands made.on the mgdei and the theareticél assumptions

"of the investigaﬁor.vén‘answer to the third point is found
by trial and error. The carrying out of 2 number of compu~-
tations with varying starting configurations give an in-
sight into the nature of the minima found. If no solution
with low stress is found the estimates of the dissimilarity
may have been wweliable, s¢ that the true ranking order is
disturbed.
In a number of cases some notion of this disturbance can be
obtained by carrying out a test of concordance between the
subjects (W-test). »
The publications of J.B. Kruskal (1964) give a full reference
of the use of this écaling technique, the terminology and the

many options possible.
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Field of application.
The Kruskal scaling model can be used for the study of

contrasts or of relations between objects {such as vowel

‘signals, positions of mouth, etc.) which cannot be described

with a linear attribute.

Description of program..
The program packet consists of fourteen modules which can
be chained.

The partition into modules is such that the core storage

capacity is optimally used.

Program capacity.
The input of (dis)similarities from card or disk or the inmput
from matrices can be done to a capacity of maximally thirty
objects (30 x 29/2 = 435 (dis)similarities) in a symmetrical

experiment.

The input of raw data from a completely triadic experiment can

be done to the capacity of maximally sixteen (16) objects
(16 x 15 = IQi& = 560 triads). See &.7.

Core storage is reserved for a maximum of thirty (30) peoints

in a space of maximally five (5) dimensions.

Minimum machine configuration.
For the executions of the program packet one should have at

one's disposal:

- IBM 1131 -~ model 2B with one diskdrive
~ 1442 Card Read Punch

~ 1132 printer

- 1627 plotter.

Test. _
The program packet has been tested on an IBM 1130 configura-~

tion by Disk monitor version 2, level 11.
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4.7 Manner of scoring for a completely triadic experiment.
In a triadic experiment the subjects are offered objects
in groups of three, e.g. the objects I, J and K. The sub-
jects are asked to indicate which two objects of the three
given are most alike and then which couple is most dis—
similar.
Suppose I and J to be the objects with the greatest simi-
larity, then a one (1} is added in a cell (I, J) of a
scoring matrix. Suppose again that I and K are the objects
with the greatest dissimilarity, then a one (1) is sub-
tracted in a cell (I, X) of the scoring matrix.
This process is continued for all combinations of three
objects and for all subjects. The sum of cell (I, J) and
cell (J, 1) is the similarity score of I and J.
Incorrect scores of sﬁbjects, e.g. a score which states
that I and J have both the greatest similarity and the
greatest disgimilarity do not influence the similarity
score (they only increase the ervor of the ranking order).
Missing scores of the subjects are omitted.
The score of one subject is given by. two numbers in a
triad. The first number indicates the ranking number of
the object which does not belong to the pair with the
greatest similarity, the second number indicates the ranking
number of the object which does not belong to the

pair with the greatest dissimilarity.
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