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The application of a sysiem of measurement struclures for category-rating and
magnirude scales is tesied with regard to numerous sensory and social judgment
scales. Results indicate thar, on the average, category-rating scales yield interval
scales and multimodality matching scales yield logarithmic interval scales. How-
ever, marked interindividual differences are detected, pointing 10 different capabil-
ities subjects have in coping with both methods. It is asked, therefore, how
suboptimal scale quality affects the results of parameter estimation in siructural
equation models in which judgment scales serve as indicator variables. Based ona
general psychophysical judgment model it is shown that the measurementi theoreti-
cal properties of magnitude scales of individual respondenis account for large
proportions of the variaiion of estimated coefficients and of goodness of fit, For
category-rating scales the effecis scale properties have on parameter esiimation
cannot be determined because of nonhomogeneous judgment functions.
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An Empirical Comparison
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he two most frequently used direct scaling methods are
B category-rating and magnitude estimation. The cognitive

operations assumed to be basic to each, however, differ and accordingly
the two methods are thought to yield different types of scales.
This article is aimed at testing the validity of these proposed scale

types. In addition, the effects certain scale properties have on the

estimation of parameters in structural equations model are stud-

ied. I begin by outlining the strategies for coping with both of

these problems.
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In an elaborate category-rating task the subject is provided
with a limited number of ordered response categories and is
instructed to place that stimuius of a series with the lowest subjec-
tive magnitude into the lowest category available and that stimu-
lus with the highest subjective magnitude into the highest. The
subsequent stimuli of the s=ries are to be placed into the categories
in between, according to the sensational strength the stimuli
evoke. Thereby, use of the response categories should be made
such that their subjective width is equal. These instructions
require the respondent to map subjective differences into response
differences; therefore it seems appropriate to assume the category
scale to be an interval scale.

In a magnitude estimation task, on the other hand, no response
categories are provided; instead, the subject is instructed to
choose numbers for the stimuli of a series such that the ratios of
the numbers correspond to the “ratios” of the subjective magni-
tudes of the stimuli of that series. Because magnitude estimations
demand the mapping of subjective “ratios™ into ratios of number,
it seems natural to assume that magnitude estimation scales are
ratio scales.

This assumption, however, is justified only if the respondent to -
a magnitude estimation task follows instructions and forms
number ratios in correspondence to subjective “ratios.! In a
category-rating task, equivalently, an interval scale will result
only if the subject forms differences of subjective values and
projects these into the equally spaced response categories. Both
assumptions cannot be tested directly since, in a direct scaling
task, only the category or magnitude scale values as such are given
and not the corresponding difference and “ratio™ judgments on
which the direct judgments are thought to be based internally.

Facing this situation, it is the initial aim of this article to
determine empirically the scale properties of category-rating and
magnitude estimation scales by testing whether or not judges
behave properly, i.e., according to the implicit difference and
“ratio” instructions, respectively. A group of measurement theo-
retical models will be outlined (Orth, 1979, 1982a)—one for the
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category-rating scale, one for the magnitude estimation scale, and
one for the relationship between the two. These models provide
testable axioms and consequences for whether or not individual
subjects in the two direct scaling tasks base their judgments on
difference and ratio operations, respectively.

The subsequent aim of this article is concerned with practical
conclusions. Interest in distinguishing scale types and specilying
diverse levels of measurement (Stevens, 1946, 1951) is motivated
primarily by considerations with regard to admissible computa-
tions on variables of specific characteristics. Suppes and Zinnes
(1963) have coined the problemn connected herewith “the problem
of meaningfulness.” In application, of course, meaningfulness is
often disregarded. Moreover, with regard to the long-standing
“undermeasurement controversy” (Acock and Martin, 1974) it
has repeatedly been argued that the level of measurement of a
scale is secondary if undermeasurement does not affect the size of
relevant indexes compared to “proper™” measurement (e.g., Aller-
beck, 1978). This inductive argumentation, however, overlooks
the fact that suboptimal scale quality may result in misspecified
substantial models because the form of relations assumed between
variables is dependent on the levels of measurement these varia-.
bles provide. Therefore, the problem of how the quality of a scale
affects the results of substantive models must be coped with by
analyzing estimated coefficients and goodness of fit of such mod-
els, and not by comparing single indexes.

In addressing this problem this article concentrates on multi-
variate analyses for which the appropriate level of measurement is
the interval scale property. As will be shown in the course of this
article, the theory of magnitude estimation provides for a general
multivariate judgment model (Saris et al., 1980a; Cross, 1982).
For category-rating scales no comparable model is available,
since psychophysical and judgment relations for category-rating
data are empirically uncertain because their forms are dependent
on numerous contextual factors (see, for instance, Parducci,
1982). Lacking a comprehensive theory of categorical judgment
and its contextual dependencies, the relationship between scale
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quality and results of estimation can be studied, therefore, with
regard to magnitude methods only.

Since magnitude estimation theory was originally developed
within modern psychophysics—i.e., with regard to the measure-
ment of subjective magnitudes of physical stimuli—the present
study aims at comparing results of sensory psychophysical exper-
iments with those of attitude measures. Thus, the two problems to
which this article addresses itself are as follows: Do sensory and
attitude scales of direct judgments differ with regard to scale
properties, and what are the effects these have on the fitting of
substantive models?

I shall proceed by giving answers to both of these questions by
being concerned (!) with the measurement theoretical properties
of sensory and social judgment scales and (2) with the effects these
measurement properties have on multivariate modeling. In par-
ticular, I describe [irst the category-rating and magnitude estima-
tion measurement structures, reporting the results of testing these
structures in the following section. The remaining part of the
article is concerned with the effects scale properties of magnitude
scales have on the goodness of [it to substantive models. The
concept of multivariate psychophysics—sensory and social—is
outlined, and following that, the results are described that were
found when relating scale properties of individual scales with
estimated parameters of the models.

A CATEGORY-MAGNITUDE MODEL

I deal with category-ratings first by outlining a measurement
theoretical model for category-rating scales (Orth, 1979, 1982a,
1982b; Orth and Wegener, 1981). Recall that category-rating
scales are deprived of any straightforward validation of scale
properties. It is, however, assumed that subjects in a category-
rating task form dilferences of subjective values in order to be
coherent with instructions that stress that the response categories




|

Wegener | COMPARING SCALING TECHNIQUES 35

should have equal-interval spacing and should be used accord-
ingly. If it is possible, therefore, to gather information about
whether or not subjects in [act form internal differences when
responding on a category rating scale, the assumption that the
resulting scale is an interval scale is testable.

Accordingly, the category-rating model consists of two separ-
ate parts. In one of these, axioms for difference formation are
specified, and these axioms may be tested empirically with regard
to judgments of differences between pairs of stimuli. It is assumed
that these difference judgments map the pairs of stimuli. It is
assumed that these difference judgments map the internal differ-
ence operations the subject is implicitly instructed to execute
during category-rating judgments. As a second component, the
category-rating model incorporates a compatibility condition. By
this condition a link is established between the indirect difference
judgments and the direct category-ratings. Only if both are com-
patible can we be convinced that the difference judgments are
indicative for the difference operations that are relevant for the
category-rating judgments under study.

Formulating the category-rating model, the following nota-
tions are used:

ab,cd,.. stimuli a, b, ¢, d, ...;

ab, bc, ... stimulus pairs ab, bc, ...;

20 ordering of subjective differences (a binary re-
lation indicating either “larger™ or “equal”);
rating value of stimulus a.

LI I 1

C(a)

If A is a nonempty set, C a real-valued function on A and 2o 3
binary relation on A X A, the relational structure {A, C, 2p}isa



36 SOCIOLOGICAL METHODS & RESEARCH

category-rating structure if, and only if, for all a, b, ¢, and d in A
the [ollowing two conditions hold:

(C1) {A X A, 2 is an algebraic difference structure.
(C2) Compatibility between 2P and C holds; i.e.,

ab 2P ¢4« C(a) - C(b) = C(c) - C(d).

These two assumptions are supplemented by a theorem (1C) and
a consequence (2C): .

(IC) If {A, C,>P] is a category-rating structure, the function C is
unique up to linear positive transformations; i.e.,, C is an
interval scale.

(2C) C = a + bD, where D is the scale 1o be constructed from the
difference judgments, and a, b ¢ Re, a >0 (Re= set of real
numbers).

Following the definition of an algebraic difference measurement
structure by Krantzet al. (1971: 151ff.), this structure is comprised
of five axioms: (1) weak ordering (i.e., transitivily and connected-
ness), (2) sign reversal, (3) weak monotonicity (or “weak condition
on 6-tuples” in Block and Marschak’s [1960] terminology), (4)
solvability, and (5) an Archimedean axiom. Axioms 4 and 5 are
nontestable conditions, which, however, are “almost surely true
in the psychophysical context” (Krantz, 1972: 186). In contrast,
axioms | through 3 of the algebraic difference structure are
testable axioms. Axioms ] and 2 are adequacy requirements [or
any method by which algebraic difference orderings = are
obtained empirically (Krantz, 1972: 185). Axiom 3 (weak mono-
tonicity) is thus the main axiom of an algebraic difference
structure that remains to be tested empirically.

However, following Orth (1979, 1982a) this study does not
lest weak monotonicity, but the so-called quadruple
condition (Block and Marschak, 1960). As Block and Marschak
showed (1960: 112(f.) this condition implies weak monotonicity,
though weak monotonicity does not imply the quadruple
condition. Thus, the quadruple condition is a stronger
necessary condition for an algebraic dilference struc-

N Sl S S S ————
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ture to exist, and in empirical testing it is preferable to weak
monotonicity for a conservative estimate of the amount of
violations. For the ordering >o of the calegory rating model,
the quadruple condition has the following form:

(CL.Q) ab2p¢d — ac”p bd

Inasmuch as only C1.Q is tested, an application of the category-
rating model is tested—not the complete model as such.

The compatibility condition C2 states that the rank order of
difference judgments should coincide with the rank order of the
numerical differences between the corresponding category-rating
values if difference and category-rating judgments are to be com-
patible. If this condition is fulfilled empirically, the category-rating
scale is an interval scale, given that the difference judgments do
not violate the axioms of the algebraic-difference structure (Cl1).
This statement is true due to Theorem 1C, which is a straight-
forward consequence of the representation and uniqueness theo-
rem of an algebraic difference structure (Krantz et al., 1971:
151£f); the respective proof is given by Orth (1979: 68).

The consequence 2C follows from Theorem IC: Given the
validity of C1 and C2, both scales C and D are interval scales for
the same set of stimnuli, and as such they are linearily related
because interval scales are defined by the class of positive linear
transformations as permissible transformations.

Turning to the magnitude estimation model, the situation
looks quite similar to that of the category-rating model. In magni-
tude estimation, however, the respondents are instructed to make
implicit ratio judgments instead of difference judgments; there-
fore, the magnitude estimation model provides conditions by
which this assumption can be tested empirically. Making use of
the following notations:

a, b,c,d, .. = stimuli a, b, ¢, d, ...;

ab, bc, ... = stimulus pairs ab, bc, ...;

2R = ordering of subjective ratios;
M(a) = magnitude value of stimulus a,

the assumptions of the magnitude estimation model have the
form (Orth, 1979, 1982a, 1982b; Orth and Weeener. 1981}
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If A is a nonempty sct, M a positive-valued real function on A,
and >r a binary relation on A X A, the relational structure {A, M,
>r}is a magnitude-estimation structure if, and only if, for all a, b,
¢, and d in A the following two conditions hold:

(M1) (A X A, 2r} is an algebraic difference structure,
(M2) Compalibility between 2r and M holds, i.e., ab 2r
cd — M(a)/ M(b) = M(c)/ M(d).

Again, there are a theorem (1M) and a consequence (2M):

(IM) If {A, M, 2r] is a magnitude-estimation structure, the
function M is unique up to power transformations, i.e., Mis a
logarithmic interval scale.

(2M) M = aR®, where R is the scale to be constructed [rom the ratio
judgments, and a, b ¢ Re, a, b > 0.

The magnitude-estimation modelis in close agreement with the
category-rating model, but it applies to ratios instead of “differences.”
The correspondence of the two models is due to the well-known
fact that a difference representation may be represented by sev-
eral different numerical scales, one of these being a ratio represen-
tation of exponentially transformed differences (Krantz et al.,
1971: 152). However, instead of yielding an interval scale, a ratio
representation of differences is unique up to any power transfor-
mation with positive constants; thus, the resulting scale is a
logarithmic interval scale, as stated in theorem 1M, The proof of
that theorem is straightforward (Orth, 1979: 77), and 2M is a
testable consequence of 1M, given that conditions M1 and M2 are
fulfilled empirically.

By the same arguments given above, the axiom of weak mono-
tonicity of the algebraic difference structure for “ratios” may be
replaced by the stronger quadruple condition of Block and Mar-
schak (1960), which has the form
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(M1.Q) ab2rcd + ac=2rbd

within the context of the magnitude estimation model, Finally, it
should be noted that the magnitude estimation model may be
extended to apply to cross-modality matching and is, as such, an
ingredient part of “relation theory,” as proposed by Krantz (1972)
and Shepard (1978).

Note that the magnitude estimation model proposes that mag-
nitude estimation scales are logarithmic interval scales, not ratio
scales. This is opposed to Stevens’s claim (1975) that magnitude
estimation scales, based on psychological “ratios™, have ratio
scale level being unique up to similarity transformations (multi-
plication by a positive constant). It has been shown, however, that
Stevens’s claim is justified if the cross-modality matching system
istakeninto account, which involves several magnitude scales on
several reaction modalities (besides numerical magnitude esti-
mates, e.g. sound, line, or force of handgrip production). The
cross-modality system assumes that these scales are related to
each other by power functions. Inasmuch as this is true, it is
evident that the scales will be ratio scales if one of the interscale
functions is fixed to a constant exponent (Krantz et al., 1971:
165). By this restriction the magnitude scales are [ree to vary only
by multiplication with a constant, and this operation defines ratio
scales.

However, one may doubt the usefulness of nonrelative expo-
nents of the cross-modality matching system (Shepard, 1978).
Empirically the exponents can be determined only in their rela-
tion to each other, and not by absolute size (Cross, 1974, 1982).
How then can the claim that magnitude scales are ratio scales be
validated other than by fixing one of the exponents arbitrarily?

The approach suggested here may be outlined as follows: Sup-
pose that for one and the same set of stimuli the category-rating
and the magnitude estimation models hold for a category-rating
and magnitude estimation scale, respectively. The dilference
representation of the category-rating scale C will thus be an
interval scale and the ratio representation of the magnitude esti-
mation scale M will be a logarithmic interval scale. Therefore, a,
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(C + ) and a:M"® are also difference and ratio representations for
differences and ratios, respectively. From this it can be seen that if
a;, az, b and x can be chosen such that a;(C + «) = a;M"®, then both
transformed scales are ratio scales, because any solution of the
proposed interscale relation will determine uniquely the con-
stants b and « but not a; and a,, the quotient of which may be
specified only. Thus, similarity transformations on both sides of
the interscale equation are performed, and this type of transfor-
mation characterizes ratio scales.

If a joint ratio scale along these lines should resuit, the follow-
ing assumptions of a joint category-rating-magnitude-estimation
model must be met empirically with regard to a category-rating
scale and C and a magnitude estimation scale M (Krantz et al.,
1971: 153).

If A is a nonempty set, C areal-valued and M a positive-valued
real function on A, and if 2o and 2r are two binary relations on A
X A, the relational structure {A, C, M, 2p,2r]} is a category-rating
magnitude-estimation structure if, and only if, for all a, b, ¢, d, e,
and f in A, the following four conditions hold:

(CM1) The category-rating model (Cl, C2, 1C, and 2C) is valid for
C.
(CM2) The magnitude estimation model (M1, M2, IM, and 2M) is
valid for M.
{(CM3) 2p =r are distinct relations.
(CM4) The interlocking condition holds, i.e.,
(i) ab2r aa«* ab2p aa;
(ii) ad ~r be ~g cf— (ab2D bc +> de 2p ¢f},

This set of conditions yields the following two theorems:

(1CM) a(C+x) = a;M"® or (C+x) = aM® «, a, b e Re and a, b > 0.
(2CM) (C+x) and aM" is a ratio scale.

The assumption CM3 is a necessary condition if the results
should be obtained. If the orderings 2p and 2R are no¢ distinct the
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relation between the category-rating and the magnitude estima-
tion scale will be a logarithmic relation (Orth, 1979: 82ff). For-
mally, if CM4 is omitted and instead of CM3,

(CM3*) >p and 2= are not distinct relations,
then
(ICM*)C=a+blogM;a,beReand b>0.

Note that nondistinctiveness of the difference and the ratio
relations indicates that subjects are unable to distinguish between
“differences” and “ratios.” That this is so empirically has been
conjectured by Torgerson (1960, 1961) and has been provided
with further empirical evidence, e.g. by Birnbaum (1982). The
category-rating-magnitude-estimation model, however, proposes
atwo representations theory, according to which respondents are
capable of executing distinct difference and ratio operations. This
point of view is also taken, for instance, by Marks (1974) and
Krantz (1972),

The interlocking condition (CM4), introduced by Krantzetal,
(1971), specifies how difference and ratio relations must be
interrelated qualitatively in order to yield a common scale of two
distinct representations. This condition is difficult to test empiri-
cally, however, and it is not considered in the subsequent parts of
this article. Theorems 1CM and 2CM are direct consequences of
the results obtained by Krantzet al. (1971: 158-163); see also Orth
(1979: 85-87).

This concludes the specification of the three axiomatic models
for category-rating and magnitude estimation scales. I turn now
to empirical data.

PHYSICAL STIMULI

In this section the results of testing the three axiomatic models
with regard to sensory judgment scales are reported. For sensory
scales the models have been tested before in one instance (Orth,



42 SOCIOLOGICAL METHODS & RESEARCH

1982a); no use of multimodality matching, however, was made in
that study.

PROCEDURE

Eighteen social science students participated in the experiment.
Their primary task was to evaluate the length of single straight
lines as well as the relationship between two lines presented
simultaneously. Thus, direct estimates and indirect, stimulus-pair
judgments were assessed.

The stimuli that were presented to the subjects in individual
experimental sessions were nine lines of a geometrically spaced
series ranging from 1 to 31 cm in objective length. The lines were
presented to the subjects horizontally on a monitor screen; they
were shown in random order, each line appearing twice for every
direct and indirect judgment task. In single stimulus presenta-
tions the lines were shown one at a time and a pair of lines was
presented [or the indirect judgments. Subjects were seated in
front of the screen at about 2.5 m distance, such that their eyes
leveled with the projected lines.

In front of them the subjects had a keyboard device for making
category and numerical magnitude responses as well as a turnable
knob for adjusting sound production responses to be listened to
over earphones. Sound was centered at f,= 3125 Hz and regulated
by a sone taper potentiometer; the impulses appeared in a one
second on-off rhythm, and their intensity could be adjusted from
36.5 decibels (db) to 100 db in steps of 1/2 db. The knob for
adjusting the tones was automaticaily attenuated each time sub-
jects had chosen a response intensity.

Equipped with these devices subjects received training in mak-
ing magnitude judgments with numbers and sounds. When they
reporied that they understood the tasks, they were asked to give
the following series of judgments, differing in order:

(1) numerical magnitude estimation (ME) of single lines; no response
standard provided;
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(2) sound production responses (SP) of single lines (without standard);

(3) category-ratings of single lines on a numerical nine-point scale
labeled “small™ and “large” at its endpoints;

(4) pair-difference judgments of all possible pairs of lines; subjects
were Lo express the differences on a numerical nine-point scale
from “least different” to “most different™

(5) pair-ratio judgments of the pairs with numbers; instructions
called for subjects to input that number (real number or decimal)
by which multiplying the smaller of the two lines would give the
longer one;

{(6) pair-ratio judgments of the pairs by sound ratios; in this case the
subjects were instructed to equate the weakest producible sound
with the smaller line of each pair and to choose that sound
intensity for responding that seemed x Limes as strong to them as
the longer line exceeded the smaller one.

RESULTS
Quadruple Conditions

Recall that the three axiomatic models, first of all, call for the
testing of the algebraic-difference structures with a difference
representation for the pair-difference judgments and a ratio
representation [or the pair-ratio estimates. The crucial axiom
regarding this is the weak monotonicity condition. In this study
the somewhat stronger quadruple condition (C1.Q and M1.Q) is
tested. The mean percentages of individual violations of the
quadruple conditions are given in Table I, the left panel referring
to the difference judgments, the middle panel to the ratio judg-
ments with numbers, and the right panel to the ratio judgments
with sounds. The mean percentages of violations refer to those
cases in which the antecedents of the quadruple axiom hold but
the conclusion fails.

Obviously, more violations occur for difference compared to
ratio tasks. But interindividual variations of results are quite
considerable. Violations of the quadruple axiom for sound ratios,
for instance, varies from no violations at all to over 12% for
different subjects. Before drawing any conclusions, therefore,
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TABLE 1
Mean Percentages of Violations of Quadruple Conditions for
Difference and Ratio Judgments

DIFF RATIO-NU RATIO-SO

QUAD QUAD QUAD
Median 9.28% 1.12% 2.63%
Mean 9.13% 2.02% 4.06%
S.D. 3.01 1.63 3.30

regarding whether or not the measurement structures are fulfilled
and to what extent this is so, interindividual differences will have
to be considered with regard to all the testable conditions of the
three models. 1 will return to this issue later in this article.

Compatibility Conditions

The next assumption to be tested with regard to the category-
rating and the magnitude estimation models is compatibility (C2
and M2), Compatibility is given if the rank order of the indirect
judgments coincides with the rank order of the differences or
ratios of the corresponding direct judgments. Table 2 exhibits the
results of computing the rank correlations; Kendall’s r corrected
forties was used. Each cell of Table 2 gives mean coefficients and,
in parentheses, the standard deviations for the eighteen subjects.
Abbreviations are as follows: DIFF-LL, differences of physical
line lengths; DIFF, difference judgments; DIFF-CAT, differen-
ces of category-ratings; RAT-LL, ratios of physical line lengths;
RATIO-NU, “ratio” judgments with numbers; RATIO-SO,
“ratio” judgments with sound; RAT-ME, ratios of magnitude
estimates; RAT-SP, ratios of sound productions; RAT-MAG,
ratios of the combined magnitude scale constructed by geometri-
cally averaging magnitude estimates and sound production
responses for each individual.



Wegener /{ COMPARING SCALING TECHNIQUES 45

TABLE 2
Mean Rank Correlation Coefficients for Differences’’ and ‘‘Ratios”’

1 2 4 5 6 7
1 DIFF-LL
2 DIFF 722
{.121)

3 DIFF-CAT 792 764
(.075) (.085)

4 RAT-LL - —n
5 RATIO-NY e - .616
(.140)
6 RATIN-50 Sme ax= 672 .503
(.183) {.120)
7 RAT-ME == e .776 2517 .634
(.132)  (.1587) (.191)
8 RAT-SP - - .700 .449 .560 .691
{.137)  (.211) (.181) (.107)
9 RAT-MAG o - .B56 .530 .636 -

(.087) (.209) (.193)

NOTE: See text for explanation of labels. Standard devlations In parentheses.

The results most interesting to us are the rank correlations
between DIFF/DIFF-CAT (=.764), between RATIO-NU/RAT-ME
(= .517), and between RATIO-SO/RAT-SP (= .560). All three
values are substantial but lower than expected. Note, however,
that the rank correlations between the involved responses and the
differences and ratios of the physical line lengths are quite low
also; one would not expect to find rank correlations between
responses that exceed these correlations to any notable degree.
Note also, that again there is considerable variation between
individuals. As will be shown later on, there is evidence that this
variation is systematic in nature and that we have to consider the
fact that subjects have different capabilities and are differently
equipped to cope with difference and “ratio” tasks.
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Linearity and Power Relations

Still being concerned with average results, I turn to the conse-
quences of the models. If the category-rating scales are interval
scales, they should be related linearily to the one-dimensional
scales of differences such that C = a + bD. Scale D may be
constructed by smallest space analysis of the difference judgments
(Schneider, 1982). Conversely, if the magnitude estimation scales
are logarithmic interval scales, these scales should form power
function relationships with the one-dimensional scales of the ratio
judgments that result from smallest space analyses: M = aR®, Fit-
ting the respective functions the mean correlation coefficients
of Table 3 result, Thereby the power relations are estimated by
linearizations; it should be noted, however, that a MINISSA-
scale of ratio judgments is based on a difference representation;
therefore, the R-scales are transformed exponentially and the
functionslog M =a+ bR have been fitted instead of logM=a+b
log R (Compare Schnieder et al., 1974; Orth, 1982a: 365).

In Table 3 the following abbreviations are used: C is the
category-rating scale and D the one-dimensional scale of differ-
ence judgments; ME and SP are the magnitude estimation and
sound production scales, respectively; Ry is the MDS-scale of
numerical “ratio” judgments and Rso the MDS-scale of “ratio”
judgments with sound intensities; MAG, finally, is the combined
magnitude scale constructed from geometric averaging of re-
sponses in both modalities. As can be seen from Table 3 the
goodness-of-fit values for the functions are quite high.

Interscale Relations

The testable theorem of the joint category-rating-magnitude-
estimation model is the prediction of the relationship betwen
calegory-rating and magnitude estimation scales. This relation
should be an additive power relation (C + x = aM®) under the
assumption that the difference operation2p and the “ratio” operation
2R are distinct (1CM), and it should be a logarithmic relation
{C=a+blog M) under the assumption that both operations are
identical (1CM*).
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TABLE 3
Average Correlation Coefficients for the Linear and Power
Relations Between Direct and MDS Scales

median R mean R S.D.
C =a+bD .977 .969 .023
ME = a RBy .971 .954 .081
ME = a R, 971 .950 .078
SP = a RbNU .947 .931 .046
SP = a Rbso .948 .939 .035
MAG = a RP, .969 .964 .025
MAG = a RP¢, .971 .966 .022

According to the joint model the distinctiveness of the differ-
ence operation from the “ratio” operation can be tested by com-
paring the rank order of differences of the category-rating scale
values with that of the corresponding ratios of the magnitude
scale. We find that Kendali’s 7 is roughly .40 in mean vaiue if the
differences calculated on the category-rating scales are compared
with the ratios of the magnitude scales in the number and sound
modalities. In general we thus expect that the power relation
between the direct category-rating and magnitude scales will yield
a better fit than the logarithmic relation. As can be seen from
Table 4, this prediction is corroborated even though the goodness
of fit expressed as mean correlation coefficients for the (linear-
ized) additive power functions exceeds that (or the logarithmic
functions only slightly. The parameters of all interscale relations
were estimated by the iterative procedure of Wegener and
Kirschner (1981). These authors as well as Wegener (1982b) gave
evidence for the general applicability of the power model in
several thousands of scale comparisons in various domains.



48 SOCI0LOGICAL METHODS & RESEARCH

TABLE 4
Mean Correlation Coefficients for Power and Logarithmic
Interscale Relations

Category-ratings

as functions of: R{pow) b R(1og)
ME .962 .490 .937

{.053) (.301) (.030)

SP .945 137 .931

(.035) (.167) (.030)

MAG .970 .285 .955

(.017) (.225) (.020)

NQOTE: b Is the mean exponent of the pawer relalion fit; standard devlations In

parenlheses,

The second column of Table 4 may explain why superiority of
the power model is small in the present case. In this column the
mean values [or the exponent b of the power function relationship
between category-rating and magnitude scales are listed. As can
be seen, Lthese estimates do not only differ for the two magnitude
modalities, the large amount of individual variation is also note-
worthy. This points to the fact that a number of subjects yield a
fairly small interscale exponent. In these cases a logarithmic
interscale relation might [it the data equally well. (See Wegener
[1982b] for an explanation of the form of the interscale relation as
a function of the ranges of the scales related.} Therefore, even
though in general the power [orm describes the interscale rela-
tionship more adequately, a logarithmic relation may capture the
relation of both types of scales equally well for some individuals.
In terms of a general statement then we again have to consider
interindividual differences before conclusions with regard to the
interscale model can be drawn. Before this is done, however, we
turn to the scaling of attitudes in order to compare the validity of
the three axiomatic models in the sensory domain with that in the
social domain.
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SOCIAL STIMULI

PROCEDURE

Forty-six subjects of two age groups (16-35 years, 36 years and
above) and three different levels of school education were quota-
sampled and were interviewed in their homes by professional
interviewers. Primarily, they were asked to express their opinions
toward sixteen occupations. The occupations were symbolized by
respective titles and were chosen to cover the full range of the
International Occupational Prestige Scale by Treiman (1977),
female factory worker being the lowest and physician the highest
profession of the set. The sixteen occupational titles had also been
subject to a previous study in which occupational prestige was
measured by a cross-section survey of over 2000 respondents
(being representative for the West German population of 16 years
and older) by category and magnitude methods (Wegener,
1982b). In the present study the subjective prestige of the 16
occupations was measured also. In addition, subjects had to scale
the social importance and the average standard of living asso-
ciated wtih the professions. However, only the prestige measures
were designed for testing scale properties. For this purpose the 46
respondents were required to execute the following tasks:

(1) Category-rating of prestige on numerical 9-point and a 20-point
rating scales; (wo rating scales were used because different rating
scales often yield different results (Parducci, 1982).

(2) Numerical magnitude estimations and magnitude “line production
of prestige; in line production (LP) respondents are asked to
express relative ratios of subjective intensities by drawing
horizontal lines differing in length (see Wegener, 1980, 1982b, for
details of procedure}.

(3) Difference judgments of prestige differences with regard to all
possible pairs of 9 of the 16 occupations; a 20-point numerical
rating scale was used for the subjects to indicate subjective
differences; based on previous studies the 9 occupational titles

n
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had been selected such that their prestige values were approximately
evenly distributed over the total range of the set of 16 occupations;
all respondents judged the same 9 occupations {pairwise).

(4) Ratio judgments of prestige ratios with regard to the same pairs
of occupations; respondents were asked to give numerical
estimates of subjective ratios.

Subjects were handed a booklet of format 30 x 21 cm in which
to make their responses. They were briefly trained in magnitude
estimation and line production by means of sizes of circles and
seriousness of offenses that were to be evaluated with the two
reaction modalities. The procedure had previously been tested
and applied in a large series of experiments and field studies
(Wegener, 1978, 1979, 1980, 1982b; Beck et al., 1979).

RESULTS
Quadruple Conditions

InTable 5 the mean percentages of violations of the quadruple
conditions of the difference and ratio judgments are given. A
comparison with Table | shows that these results are similar to
those for physical stimuli. On the average, more violations are
encountered for the difference than for the ratio tasks but, in
absolute terms, there are slightly less violations for difference and
slightly more violations for ratio judgments in comparison to the
sensory data sets.

Compalibility Conditions

The degree of compatibility of difference judgments with
category-ratings and of ratio judgments with magnitude responses
is expressed in Table 6. Mean r values for difference judgments
(DIFF) and the vectors of differences of the 9- and 20-point
category scales, respectively (DIFF-Cy9 and DIFF-Cy), and
those for the ratio judgments (RATIO) and the ratios of the
(combined) magnitude scores (RAT-MAG) are given. In addi-
tion, the rank correlations between the differences (ratios) of the
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TABLE 5
Mean Percentages of Violations of the Quadruple Axiom

DIFF RATIO-NU

QUAD QUAD
Median 7.47% 4.51%
Mean 8.06% 4.76%
S.D. 4.74 2.93

Mean German prestige scale from the survey of over 2000
respondents (Wegener, 1982b) are shown (DIFF-2000 and RAT-
2000). The latter values constitute the upper expected bound for
the rank correlations between the involved responses of the pre-
sent study.

Linearity and Power Relations

Table 7 shows means of correlation coefficients for (itting the
category scales (both the 9-point scales [Cos] and the 20-point
scales [Cao]) to the scales constructed [rom the difference (D)
judgments (via one-dimensional MDS-solutions), as well as the
results of fitting the combined magnitude scale of prestige (MAG)
to the one-dimensional scale of ratios (R). The values are slightly
lower than the corresponding ones of Table 3 from the sensory
domain, but they still express a high degree of {it of the functions.

Interscale Relations

Results with regard to estimating the interscale relations and
testing whether ICM or ICM#* is valid are given in Table 8. Asin
Table 4 the correlation R(pow) and the exponent b for the addi-
tive power model and the correlation R(log) for the logarithmical
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TABLE 6
Mean Rank Correlations Between Pair Judgments and Differences and
Ratios of Category-Ratings and Combined Magnitude Scoras, Respectively

1 2 5 6
1 DIFF-2000
2 DIFF .614
(1091}
3 DIFF-Cog 651 630
(.140) (.147)
4 DIFF-C -—- .BR0
20 (.201)
5 RAT-2000 .- -
6 RATIO -—— ——— .586
(.079)
7 RAT-MAG ——— Do 546 .561

{.163) (.168)

NOTE: Standard devlatlons In parentheses,

interscale model are listed as mean values. Both the 9- and the
20-point category-rating scales were fitted to the combined mag-
nitude scale MAG.

Mean values of b and the variation over individuals suggest
that the power functions for a number of subjects have rather
small exponents, and for these subjects a logarithmic function
may fit the data equally well. In spite of the good mean fit of the
interscale relations it is mandatory therefore to inspect interindi-
vidual variation closely before a general statement about the
validity of the joint model can be made.
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TABLE 7
Goodness of Fit of Functions Relating Direct Judgment Scales
with One-Dimensional Scales of Differences and Ratios

median R mean R S.D.
ng = a + bD .926 .873 .193
020 =a+ bD .905 .824 .281
MAG = aRD .904 .879 111

Summarizing the results of the testing of the three axiomatic
models for social stimuli, it may be concluded that no striking
difference in results was obtained in comparison to the study of
sensory attributes. All goodness-of-fit index tested for are
roughly identical in size in spite of the differences in stimulus
kind, experimental set-up, and response modalities. This stability
is especially noteworthy with regard Lo violations of the quadruple
condition (Tables 1 and 5), which is the main necessary condition
for empirical tests of the respective algebraic difference struc-
tures. In both studies, the pair-stimulus judgments are in closer
agreement with the measurement theoretical models for “ratio™
than for difference tasks. Both studies, however, exhibit a large
degree of variation of individual results, and the question to be
answered next is whether or not this variation is systematic in
nature. If it is random the conclusion to be drawn is that the
proposed models have no general applicability. However, if the
interindividual differences reveal a consistent pattern with respect
to specific groups of subjects the models may be said to be valid
but conditional on individual characteristics.

INTERINDIVIDUAL DIFFERENCES

On these lines it can be proposed that subjects differ in their
abilities according to a simple fourfold table resuiting from a
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TABLE 8
Mean Correlation and Exponent b for Fit of the Power Interscale
Relations and Mean Correlation for Logarithmic Interscale Relations

Category scales as
function of MAG R(pow) b R(1o0g)

09-point .848 .364 .838
{(.100) {.470) (.104)

20-point .861 .637 .844
(.101) (.609} (.101)

NOTE: Standard deviattons in parenlheses,

dichotomy of “difference capability” and a dichotomy of *“ratio
capability.” This gives four types of individuals, those who are
good at difference and ratio tasks, those who are good only at
ratio tasks and not at difference formation, those who are good at
differences and not good at ratios, and finally the individuals not
good at either task. If this typology in fact mirrors personal
differences in judgment consistently, we expect to find a group
of subjects having high score indexes on all the tasks executed,
another group of subjects scoring high only on tasks in which
ratio formation was asked for, a third group with high scores on
differences-related tasks, and finally another group of subjects
with detrimental resuits in all instances.

This psychological hypothesis—central to the controversy of
“differences™ versus “ratios” in direct scaling—was tested straight-
forwardly by means of a factor analysis of the individual results of
the complete tests of the axiomatic models over all subjects.
Separate analyses were executed for each of the two studies. In
both cases two-factor solutions result, explaining 58% of the total
variance in the sensory and 71% in the social stimulus study.
Loadings on the varimax rotated factors clearly reveal a differ-
ence and a ratio factor for both data sets.? Furthermore, dicho-
tomizing the factor scores of both factors of the two sets at their
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median places each subject in one of the cells of the fourfold table.
In Table 9 the mean values of the relevant indexes for the four
groups of the prestige study are displayed, DIFF+/RATIO+
representing the group of positive “difference™ and “ratio” capa-
bilities, DIFF+/RATIO- the group of positive “difference” and
negative “ratio” capabilities, and so on.

This classification displays the consistent pattern of variation
of individual indexes, which is revealed by the two-factor solu-
tion: Subjects with positive “difference capabililies” produce bet-
ter indexes with regard to difference related tasks—low amount
of violations of the quadruple axiom, high correlations with
regard to compatibility and fit of functions—than subjects with
negative “difference capabilities™; the same is true for “ratio type”
subjects with regard to the respective indexes. Also, a very similar
pattern is found for the study of sensory stimuli. Therefore, we
conclude that the three models do not fit the judgments of all
subjects in the same way; rather, we have to distinguish different
types of capable individuals who consistently follow either “dif-
ference instructions™ or “ratio instructions™ or both, while a
fourth group does not seem to be affected by either type of
instructions at all. This result is of importance for the attempt to
develop a general theory of direct judgment, and it sheds new light
on the ratio-difference controversy in psychological measure-
ment {Birnbaum, 1982).

The finding is equally important for applied research and
substantive theory construction. In scaling subjective phenomena,
not all respondents produce the same quality of scales, and the
individual levels of measurement vary with different abilities for
performing direct scaling tasks. It is therefore objectionable to
treat subjective scales with identical means of analyses, even if the
scales come from one and the same study. From a pragmatic
point of view, this conclusion, however, has impact only if it can
be demonstrated that the quality of a scale affects the outcome of
substantive analyses. The remaining part of this article, therefore,
is devoted to showing that level of measurement does in fact
matter and that interindividual differences in scale quality must
be taken into consideration when analyzing direct scaling data.
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TABLE 9
Group Mean Values of Difference and Ratio “Capabilities’

DIFF + DIFF + DIFF - DIFF - TOTAL
RATIO+ RATIO- RATIO+ RATIO-

N of subjects 14 9 9 14 a6

Quad. DIFF violations 5.03% 5.36% 11.26% 10.56% 8.06%
Quad. RATIO violations 2.71% 4.37% 4,35% 7.33% 4.76%

Compatibility:

Cog = DIFF (Tau) .13 .62 .59 .52 .61
Czo - DIFF {Tau) .69 .57 .54 .39 .54
- RATIO {Tau}) .65 A7 .64 .42 .54
Cog = @ + bD (R) .941 .924 .827 .BO6 .873
Chg = a + bD (R) 917 .917 .756 .705 .B24
M = arb  (R) .945 .817 .904 .838 .880
Cog + x = aMl (R) .925 .784 .889 .788 .848
Cpg + ¢ = aM® (R) .931 .768 .918 .821 .861

MULTIVARIATE PSYCHOPHYSICS
MAGNITUDE MEASUREMENT

The model to study the effects that different levels of measure-
ment have on substantive parameters is outlined in Figure I, repre-
senting the general psychophysical judgment model (Saris et al.,
1980a; Cross, 1974, 1982). The model is applicable whenever
magnitude measurements of subjective phenomena are involved
irrespective of whether the stimuli are sets of physical or social
entities. In order to see why this is so, a brief glance at psycho-
physical theory is called for.

Psychophysics is the study of the relationships between physi-
cal intensities and the strength of perceptual impressions asso-
ciated with these, Inliterally thousands of experiments it has been
confirmed that this relation has a power function form if the
physical entities are measured in energy values and if strength of



Wegener /| COMPARING SCALING TECHNIQUES 57

€ €

Figure 1: General Psychophysical Judgment Model

sensation is assessed by direct magnitude estimates (Stevens,
1975). Strictly speaking, Stevens’s power law does not apply to
the relation between stimuli and sensations but to the relation
between stimuli and (magnitude) responses. If proportionality,
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however, is proposed between numerical magnitude estimation
responses and the subjective continuum—as was done, for
instance, by Stevens (1975)—the cross-modality matching system
yields a reformulation of the power law consisting of two separate
power relations: one between stimuli and sensations and one
between sensations and observable responses. Moreover, intro-
ducing multiplicative measurement errors, the psychophysical
power law may then be expressed with two fundamental equations:

_ i
‘:[""Si c\]l I]]

™
Rj =¥ g (2]

In these formulae S; symbolizes the vector of physical intensi-
ties of modality i, R; is the vector of magnitude responses on
reaction modality j, and ¥ indicates the vector of associated
sensations. All three vectors have the same number of elements,
depending on how many distinctive stimuli are presented. Both
equations, of course, may be expressed in linear form based on
the following definitions:

yi=logRiin=log¥;¢=loge,; {=logey; xi=log$§

Instead of equations 1 and 2, we then have

7=Kix +{ (1]
or
y=mnte¢ory=mnte [27]

if several response modalities are used as in sensory-modality
matching. For two response modalities Figure | schematizes both
structural equations. Hauser and Goldberger (1971) discussed the
properties of equivalent MIMIC models. Note that in the applica-
tion proposed here, however, the involved linear vectors have a
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length identical to the number of stimuli presented, thus enabling
separate analyses for every respondent for whom stimulus-response
measures are available.

Turning to social psychophysics, we have to do without exo-
genous variables, leaving us with just one structural equation or
sets of structural equations, namely equation 2’. Because of con-
ventional convenience, we change the notation of equation 2 to
equation 3:

Yj=)\j£+ejory=)_\,{+gl [3]

Equation 3 describes 2 Congeneric Test model (Joereskog, 1971,
1974). For three constructs and six indicators an example is given
in Figure 2. It should be remembered that response values enter
this model in logarithmic form because of the assumed power
relations. If magnitude scales are logarithmic interval scales, as
proposed by the axiomatic magnitude estimation model, the
transformed indicators are treated as having interval scale
properties.

In its simple form the model of Figure 2 assumes correlations
between three latent variables of occupational cognition: prestige
of occupations, the standard of living associated with occupa-
tions, and the social importance ascribed to the occupations. The
concepts of these three variables have received some attention
within the functionalistic theory of stratification since the influen-
tial work of Davis and Moore (1945). The respective empirical
studies (e.g. Reiss, 1961; Hodge et al., 1964, 1966; Treiman, 1977)
have made use of averaged category-rating scales of occupational
attitudes, and they yield stable correlations beltween different
aspects of judged occupations and a remarkable intersocietal and
intrasocietal agreement. It has been argued that both results are
methodological artifacts (Coxon and Jones, 1978; Wegener,
1979) due to the crude scaling methods and aggregation strategies
used. In the study of occupational cognition reported here, how-
ever, bimodal sensory-modality matching with numbers and lines
was used for the assessment of the indicator variables, assuming
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Figure 2: Congeneric Test Model for Occupatianal Eveluation of Prestige, Standard of Living, and Social Importance, with Numbars and Lines
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that, compared to category-ratings, a more veridical measure-
ment is achieved.

CATEGORY MEASUREMENT

In contrast to magnitude scales, category-rating scales cannot
be used as indicator variables within the general psychophysical
judgment model or its extensions. The model specifications
assume power relations between all involved observable and lat-
ent variables, and this assumption rests on well-corroborated
empirical evidence for magnitude measurement only. With
regard to category-rating scales, conversely, the forms of the
stimulus-response functions, the psychophysical functions (e.g.,
ki in Figure 1), and the judgment functions (e.g., m; and my in
Figure 1) are inherently unstable and dependent on numerous
contextual conditions (see, for instance, Parducci, 1982). It is for
this reason that, in contrast to Stevensian psychophysics, research
on category measurement capitalizes on contextual effects, in
addition to the response procedures, in order to seek lawful
relationships between both (compare Birnbaum, 1982: 407
Wegener, 1982a: 29-33). In spite of impressive progress in that
direction (Birnbaum, 1982: 427-449), what Luce and Galanter
had deplored almost 20 years ago is still true—namely, that a
“sophisticated theory of categorical judgment. ., which defines a
scale of sensation that is invariant under the various experimental
manipulations” is not available (Luce and Galanter, 1963: 268).
Given the diversity of sources for possible variations of the cate-
gory scale any type of monotone function interrelating stimuli,
true scores, and responses is conceivable. In comparison with
magnitude measurement, therefore, category measurement is
lacking a rationale for choosing a2 homogeneous type of function
on which to base multivariate judgment models.

Facing this discrepancy of the levels of theorizing with regard to
the two kinds of methods, it is not feasible to assess the effects the
scale properties of category-rating scales have on the results of
substantive analyses with regard to individual subjects. If, how-
ever, for individual respondents, category scales can be fitted to
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magnitude scales satisfactorily—in accordance with the interscale
relation of ICM—it may be assumed that the respective psycho-
physical and judgment functions, as well as scale properties, are
identical for both types of scales. Therefore, the effects scale
quality has on substantive estimation may be inferred to be
identical for both in these instances. We are left without such
information, however, in all remaining cases.

Considering this limitation, in the section to follow the results
of fitting the outlined judgment models to the magnitude data are
presented, and the relationship between measurement theoretical
properties of the judgmental indicators and estimated model
parameters is analyzed. Both the sensory and the social data sets
are studied.

LEVEL OF MEASUREMENT AND MODEL FIT
PHYSICAL STIMUL!

For each of the 18 individuals of the line-length study, a
MIMIC model (Figure 1) with two indicators (numerical magni-
tude estimation and sound production) and one exogenous vari-
able (line-length stimuli) was fitted using Joereskog and Soer-
bom’s (1978) Analysis of Linear Structural Relationships (LISREL).
Note that in this application of the method the number of obser-
vations equals the number of stimuli, and this number is quite
small in the present case. According to Monte Carlo experiments
(Boomsma, 1982), however, the maximum likelihood estimates
that are approximately unbiased for large samples seem to be
unbiased for small samples as well. In computation, however,
small sample sizes increase the risk of no convergence and also the
probability of improper solutions giving negative estimated uni-
que variances. Keeping these difficulties in mind, LISREL can be
used for the error-free estimation of psychophysical and judg-
ment {unctions if the number of stimuli is small.> Moreover, the
method allows for tests of psychophysical judgment models for
each individual separately.
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For the data sets of the physical stimuli, estimations of the
model parameters are possible if coefficients m; for the magni-
tude estimates are fixed at 1.0 (leaving the variance of 5 unstand-
ardized). No tests of model [it are feasible, however, since degrees
of freedom (df) = 0. Based on the individual s covariance matrices,
the mean estimated coefficent mi for sound production is 2.054
(S.D. = 1.081) with mean k; = .889 (S.D. = .266). Because of the
logarithmic transformations of the observed variables, ki, and m,
and my are exponents of the psychophysical input and output
functions, respectively. (ki - my is an error-free estimate of the
exponent of the stimulus-response function for sound produc-
tion). For the 18 subjects its mean value is 1.636 (S.D. = .413),
which is in close agreement with the size of exponents reported for
pooled data in psychophysical experiments (Stevens and Galan-
ter, 1957). Note that the present computation averages parame-
ters of individuals whereas the usual psychophysical procedure
averages response scores. In Table 10 mean [actor loadings of
standardized solutions of the input and output variables are
given, and it can be seen that these values are highly satisfactory.

After the simple MIMIC models were fitted to the data sets of
the 18 subjects the following procedure was chosen to test
whether or not scale quality has an effect on the estimated parame-
ters. For all subjects the relevant indexes of the measurement
theoretical analyses were treated as independent variables in mul-
tiple regression analyses, with the estimated individual parameters
of the model fitting as dependent variables. Thus, the main inde-
pendent variables were (a) percentages of violations of the quad-
ruple axioms, (b) rank correlations with regard to the compatibil-
ity conditions, (c) goodness-of-lit measures with regard Lo Lhe
power relations between the magnitude scales and the scales of
“ratios,” and (d) goodness-of-fit measures of the power interscale
relations.? These independent variables were used to predict the
indicators’ factor loadings of the standardized solutions and the
standard errors of estimates as well as the deviations of the
product exponent k; - M, from the “theoretical” value of 1.6,
which is to be expected when line length is matched by loudness
(see Stevens and Guirao, 1964). In Table 11 the multiple correla-
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TABLE 10
Mean Factor Loadings of Standardized Solutions of input and
Output Variables and Standard Deviations

Factor loadings of

standardized solutions: Mean S:0.
numoers .972 .067
sounds .93¢9 .063
lines .984 .034

tion coefficients resulting from these regression analyses are
given. Ascan be seen, the predictions are very good, that is, there
is an impressive influence on the model parameters by the scale
qualities the individuals produce. Inasmuch as the indicator
scales are (log-) interval scales, {actor loadings of the standard-
ized solutions increase and standard errors of estimates decrease
and, in addition, the estimations of exponents agree more closely
with psychophysical predictions.

SOCIAL STIMULI

Are these effects also observable with regard to social judgment
scales? In order to answer this question the data sets of the
occupational evaluation study were used and the model of Figure
2 was fitted to the magnitude scales of judged prestige, standard
of living, and social importance for each of the 46 subjects of that
study. In accordance with psychophysical assumptions the A-
coefficients for lines were fixed at 1.0 (the variances of the three
construct variables were left unstandardized). Since this model
yielded poor fit for quite a number of individuals, five additional
versions were tested alternatively in order to account for the
possibility of correlated error variances of identical indicator
modalities. Including the original model as model | these were the
following:



Wegener / COMPARING SCALING TECHNIQUES 65

TABLE 11
Multiple Correlations of Regressing Measurement Theorstical
Indexes on Model Parameters

Dependent variables Multiple R
Factor loadings of standardized solutions of numbers .985
Factor loadings of standardized solutions of sounds .968
Standard error numbers .934
Standard error sounds 993
1.6 - (k, *m) | .986

Model I: Nocorrelations occurred between error variances of the six
indicators (as in Figure 2).

Model 2: Correlated error variances between the three line indicators
are assumed only.

Model 3; Correlated error variances between the three number
indicators are assumed only.

Model 4; All error variances of identical modalities correlate with
cach other, but the correlations between lines are con-
strained to the same value (numbers {ree).

Model 5: All error variances of identical modalities correlate wuh
each other, but the correlations between number indicators
are constrained (lines free).

Model 6: Correlations between error variances of line indicators are
constrained, and those between number indicators are also
constrained.

The results of these 6x46 analyses of the individual's covariance
matrices are shown in Table 12. In its left panel Table 12 gives the
summed x? values and the summed degrees of freedom over all
subjects for each of the six tested models. The evaluation of
results is based on the differences of x2 values and degrees of
freedom of sequentially compared pairs of models (Bentler and
Bonett, 1980). On these lines model 4 is the best-fitting average
model since the improvement in x2 is—relative to the corres-
ponding degrees of {reedom and in comparison to the other five
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TABLE 12
Goodness of Fit of Six Hierarchical Models

ALL SUBJECTS SUBJECTS' BEST MODELS

Model L X’ Ldf N 1x* Ldf N
1 435.95 276 46 21.80 36 6

2 234.65 138 46 14.64 15 5

3 174.00 138 46 12.88 15 5

4 91.20 92 46 13.67 32 16

5  104.87 92 46 5.76 14 7

6  232.77 184 46 14,17 28 7

NOTE: )8 and df summed over all subjects (laft panel) and summed over subject's
beslt madels only (righl panelj,

models—greatest for that model, This need not be so for each
individual, however. If one chooses that mode! for which the fit is
best relative to each subject (terming it the “best model” for that
subject) the right panel of Table 12 results. We see that 16
subjects have model 4 as their best model, and the remaining
subjects yield the best fit with one of the other five models.
Considering only the best models, the summed x? and df values
indicate again that model 4 has the best fit; but for those individu-
als [or which one of the other models is the best model, individual
parameter estimation should be based on those models.

Model 4 is that model in which the correlations between error
variances of the line indicators are constrained to the same value;
the respective correlations between number indicators are left
unconstrained. Because of this restriction it is quite plausible that
model 4 turns out to be the best-fitting model for all subjects as
well as with regard to the individually best models. As will be
remembered [rom an earlier section of this article, respondents of
the occupational cognition study were to make their responses in
a booklet; it is conceivable that the format of that booklet (with a
paper width of 30 cm) influenced the line responses to the three
scaling tasks for each individual in the same manner. This influ-
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TABLE 13
Mean Factor Loadings of Standardized Solutions of Indicators
of Subjects’ Best Models

Factor loadings of standardized

solutions of: Mean S.D.
Y1 Prestige with lines .932 .157
¥ Prestige with numbers 922 .158
y3 Stand. Living with lines 977 .180
Yq Stand. Living with numbers .910 133
¥g Soc. Importance with lines .874 .318
Yg Soc. Importance with numbers .969 .291

ence seems to be responsible for the identity of correlations of
error variances between the individuals’ line vectors.

Estimated from subjects’ best models, the mean factor loadings
of the standardized solutions of Table 13 result. The factor load-
ings of the six indicators are quite high compared to the values to
which attitude researchers are accustomed. For similar results
see Saris et al, (1980b) and Saris (1981).6

Next, the question of how level of measurement influences the
goodness of {it and individual parameters of the models is consi-
dered. The procedure here parallels the analysis of the line-length
study: The measurement theoretical indexes that relate to the
magnitude scaling of occupational prestige (violations of axioms,
compatibility, power relation fit, and goodness of fit of the power
interscale relation) enter multiple regression analyses as inde-
pendent variables in order to predict several model parameters.
Among these are the probability level for rejecting the fit of the
specific model, the factor loadings of the standardized solutions
of indicators, and the standard errors of estimate with regard Lo
coefficients. In line with psychophysical reasoning we also predict
the amount of deviation from 1.0 of the individual A-coefficients
for numbers; the exponent (i.e., the A-coefficient) for numerical
magnitude estimation should be unity since the corresponding
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TABLE 14
Multiple Correlations of Regressing Measurement Theoretical Indexes on
Mode! Parameters of Subjects’ Bast Models

Dependent variables All S.s., Model 4
Probability level .531 609
Factor loadings of standardized solutions of lines .585 .73
Factor loadings of standardized solutions of numbers 440 .547
Stand. error lines .509 .619
Stand., error numbers .610 .758
[1.0 - 3] .606 .762

exponent [or line production has been fixed to 1.0 in the model
specification.

The results of these multiple regression analyses are shown in
Table 14 by giving the respective multiple correlation coefficients.
The left of the two columns consists of the coefficients based on
all subjects’ best models; the right column gives the results of
analyses based on subjects having model 4 as their best model
only. Even though the multiple correlation coefficients are some-
what lower than those of the line length study (Table 11), the
results convincingly demonstrate the effects that scale properties
have on parameters estimation in attitudinal models.

CONCLUSIONS

In summarizing, the main results of this research may be stated
thus:

(1) Indirect scaling it seems that category-rating scales yield interval
scales and magnitude estimation scales yield logarithmic interval
scales. This is so, however, only if one considers different types of
judges. Not all subjects are equally capable of coping with the two
methods; rather, we have to distinguish “category Llype™ subjects
and “magnitude type" subjects. For those subjects, however, who
conform to both groups and who produce the required level of
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measurement {rom both kinds of tasks calegory-rating scales and
magnitude scales may be transformed into ratio scales and,
moreover, the relalion between the two kinds of scales is of an
additive power form. These findings arc in agreement with
Krantz's (1972) and Shepard’s (1978) “relation theory™ as well as
with the category-magnitude models of Orth (1982a). In addition,
this article validates the claim that the results apply regardless of
whether sensory or social judgments are studied.

(2) When based on the general psychophysical judgment model
magnitude scales give highly salisfaclory results in multivariate
modeling. These results paralle] the findings of Saris et al. (1980a)
and of Saris (1981). There is evidence, however, for a strong
relationship between the goodness of fit and estimated coefficients
of these multivariate models and the levels of measurement of Lhe
indicator variables. Again, these results apply to psychophysical
scaling and to the scaling of attitudes as well.

(3) For calegory-rating scales no parallel assessment of the effects
scale properties have on substantive analyses is feasible, duc to
the unsyslematic nature of psychophysical and judgment functions
with regard to these scales. Clearly, research on magnitude
scaling techniques has progressed farther, compared with that on
categorical judgment, and this situation is reflected in the
possibility of formulating individual judgment models for magnitude
measurement and of validating these empirically while judgmental
processes related to categorical measurement must still be
explored.

The most important conclusion to be drawn from these find-
ings is that any attempt to classify “types of subjective scales” by
types of direct scaling methods has ambiguous results. From the
data sets analyzed in this study, one may conclude that magnitude
scaling procedures do only tend to produce logarithmic interval
scales and category-rating methods do only tend to produce
interval scales, but by no means can we be certain that thisis so in
general, Subjects seem to have an a priori predilection for either
one of the two types of methods and for the “ratio™ or “difference”
logic characteristic for these methods, respectively. In psycholog-
ical scaling research the distinction between ratio-based and
difference- (or similarity) based scales has proved to be a very
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useful one (Marks, 1974), and this distinction may in fact be
deduced from axiomatic assumption (Wegener, 1982a). Unlike
indirectly assessed scales, however, which have validity by defini-
tion (Luce and Edwards, 1958), it is uncertain which of the two
types of scales that we encounter with direct scaling methods.
Difference in instructions does not guarantee differences in
results. At this point we can only speculate about whether the
resistance ol certain individuals to judge according to specific
instructions is caused by innate factors, obstrusiveness, or habit.

The other conclusion to be drawn [rom the finding of interindi-
vidual variation in types of produced scales is concerned with the
effects this variation has on data analysis. In the present form, this
problem has not been considered in the scaling literature before,
since a certain scaling method used for assessing indicators is
usually believed to yield a specific level of measure-ment homo-
geneously for all involved subjects or aggregate pseudosubjects.
The present research demonstrates—for magnitude measurement—
that this belief is unwarranted and that, moreover, suboptimality
in scale quality distorts the quality of substantive model estima-
tion. On these grounds, it is conjectured here that the analyses of
direct sensory or social judgment scales, or systems of such scales,
lead to artifactual results unless the levels of measurement
appropriate for these analyses are secured. As long as we are
deprived of the knowledge of what are the characteristics a person
must have in order to respond to a direct scaling task properly
(i.e., to produce the required level of measurement), individual
tests for his or her scale properties should be provided by follow-
ing the procedures applied in this article.

In this respect it is important to note that in multivariate
analyses ol sensory or social response scales, insufficient levels of
measurement may amount to errors of specification, detectable
only by determining the measurement theoretical properties of
these scales. Linearity in structural equations is based on interval
scales, or on logarithmic interval scales inasmuch as the general
psychophysical judgment model is applied. If linearity is assumed,
contrary to this requirement, the respective model is misspecified,
since its relations may not be linear at all. Such a misspecification
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may yield poor fit of the model, or high measurement error, or
both. In either case it is unknown whether these are substantial
results or whether they are due to inappropriate properties of the
scales under study.

These words of caution allude to both category-rating and
magnitude estimation scales. This study, however, was able to
demonstrate the detrimental effects of suboptimal scale proper-
ties only with regard to the latter. Due to the uncertain nature of
internal judgmental relations and contextual dependencies of the
category scale, it is not possible to establish a general judgment
model for category scales that parallels the magnitude model and
with reference to which equivalent effects could be studied.
Reflecting on the question of which mode of direct scaling should
be used for specific purposes, one should therefore consider this
asymmetry in the level of theorizing with regard to the two
methods. Since the results of the measurement theoretical ana-
lyses put forth in this article are in some respects discouraging (in
that not all respondents seem to be equally capable of handling
either or both methods adequately), it is of special importance to
control (or resulting defects when using judgment scales in socio-
logical exploration. Category-rating scales do not provide for
that possibility. This disadvantage may well outweigh the benefits
that the relatively effortless application of category-rating
methods offer in comparison with magnitude estimation and
multimodality matching techniques.”

NOTES

1. Itisimportant to distinguish subjective “ratios” from mathematical ratios since it is
empirically uncertain whether the numbers a subject produces in a magnilude estimation
task preserve Lhe respective subjeclive “ratios” or nol. Ratias, therefore, should be
distinguished from “ratios.™ This is done in Lhe present text only, however, when the
distinclion is unclear otherwise.

2, Factor analyses are based on intercorrelations of 16 indexes that resull from the
complete tests of the measurement theoretical models. Following is the varimax rotated
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factor matrix (normalized solution) {or the 46 respondents to the occupational prestige
study,

Eaclar 1 Eaclor 2

Indexes (*Differences™) (*Ratios™)
1. Quadruple Cond. Difl. -.B85 -.084
2. Independence Cond. Diff. -873 - 113
3. Stress Difl, -.751 -074
4, Compatibility Cal-09 668 468
5. Compatibility Cat-20 728 .368
6. Linearity Cal-09 795 Jd19
7. Linearity Cal-20 811 059
8. Quadruple Cond. Ralio -.648 -373
9. Independence Cond. Ratio -.588 -407
10. Stress Ratio -.083 -423
11. Compatibility Magnitude 382 73
12. Power Relation Magnitude .355 .604
13. Deviation of ICMM-Function 020 -.540
14, ICMM-Correlation 059 658
15. Fit Cai-09 to MAG 239 783
16. Fit Cat-20 1o MAG 16l .833
Factor contributions 5.505 3.811

In eddition to the indexes mentioned thus far, the analysis included: (2) and (9) “indepen-
dence,” an auxiliary condition of algebraic measurement structures for testing the ordinal
properties of the data (Orth, 1982a); (3) and (10) stress of one-dimensional MINISSA
solutions of difference and ratio judgments; (13) deviation of the Indirect Cross-Modality
Matching exponent [rom its predicied value (1.0 il numerical magnitude estimation and
line production is involved); (14) carrelalion between magnitude modalities.

3. Version 1V of the program was used since version V, withits alternative estimation
procedures, was not available at the time of analyses.

4, Regression analyses included as additional independent variabies the correlation
between response modalities, the deviations of the dircct and indirect cross-modality
matching exponents (rom their expecled, “theoretical” values, stress values of nonmetric
analyses of the pair-estimation matrices, and also the percentages of violations of “inde-
pendence™ (sec Note 2).

5. Contrary to the analyses of the psychophysical study, the analyses of the sacial
judgments encountered some prablems of convergence (Boomsma, 1982). Of the 46 best
modecls, 15 did not reach convergence with the maximal number of iterations set at 1000,
Seven of these yielded improper solutions. In general, however, the estimated coefficients
do not diverge greally from those of the other subjects, in spite of these deficiencies,

6. At this point it is informalive 1o study how individual subjects differ in their
judgment behavior in order to decide on strategies for the aggregation of scale values
(Hannan, 1971). Thus there are significant but low posilive correlations between the
values of the A-parameters with the age of respandents {c.g., .34 with regard Lo the prestige
variable) and significant but low negative corrclalions with respondents’ educalion (-.23
for prestige). Breaking down the 46 respondents of the study into 2 age and 3 educational
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groups in a 2-by-1 design, however, and employing LISREL"s multiple group oplion, it
can be shown thal the variability of the judgment {unctions (A-parameters) is grealer
between the 6 resulting groups than within cach group, while the parameters of the -
struclural modeis (¢) vary more within than between groups. These results, which cannot
be dealt with tn delail here, suggest thal aggregation of scale values should be restricted Lo
those respondents belonging Lo specific socioeconomic groups and who exhibit simitar
judgment functions,

7. Itshouid be noted, however, Lhat progress has been made in recent years Loward an
casily manageable implementation of bimodal magnitude techniques in interviewing (with
number and line responses} such Lhat, in comparison wilh category scaling, differences in
terms of time and training have diminished greatly. For details of these procedures sec
Lodge (1981) and Wegencr (1978, 1980, 1982b).
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