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Multiple Scaling (Partial Order Scalogram 

Analysis; POSAC) 

Synonyms 

Partial Order Scalogram Analysis by base Coordinates, POSAC, Partial Order Scalogram 

Analysis,  POSA, Guttman Scale, Scaling, measurement, ordinal measurement, multi-

dimensional measurement, multidimensional Scaling, profile analysis, order-preserving 

mapping, MS. 

Definition 

An extension of the one-dimensional Guttman Scale (e.g., Guttman, 1944; Shye, 2008) to 

higher dimensionalities, Multiple Scaling (MS) is a statistical procedure that seeks the 

smallest number of measurements scales consistent with the complexity of the data, and 

seeks to interpret those scales (Shye, 1985).  

Multiple Scaling consists of two steps 

1. Mapping  subjects’ profiles into the smallest coordinate space that preserves the 

order relations among them; 

2. Inferring the substantive meanings the coordinates, interpreting them as 

fundamental variables of measured attribute; 

where a subject’s profile comprises its scores in variables that represent the measured 

attribute, and order relations between profiles include incomparability as well as 

comparability. 

 

Description 

Order relations 

A profile p is a list of scores p1p2…pn assigned to a subject on a set of n variables having 

a Common Meaning Range (CMR, see Faceted SSA) and adequately representing the 

attribute (e.g., well-being, intelligence) to be measured.  
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The notion of order relations among profiles is essential for any conception of 

measurement. In Multiple Scaling (MS), the notion of order relations consists not only of 

comparability (‘equal to’, ‘greater than’) but also of incomparability based on the 

following definitions: 

(a) Profile p equals profile q (p=q) if each of its score equals the corresponding score 

in q.  E.g., 1321=1321. 

(b) Profile p is greater than profile q (p>q) if each of its scores is greater or equal to 

the corresponding score in q, and if at least one of its scores is greater than the 

corresponding score in q. E.g., 4242 > 4232. 

(c) If p=q or p>q or q>p, then p and q are said to be comparable (pSq); 

(d) If p and q are not comparable (i.e., if none of the relations in the antecedent of (c) 

holds), then p and q are said to be incomparable (p$q). (This means that in at least 

one variable, p’s score is greater than q’s; and in at least one other variable, q’s 

score is greater than p’s.) E.g., 3241 $ 2341. 

Measurement by MS aims to preserve and represent incomparability relations as well as 

comparability relations among profiles. This ‘respect’ for incomparability as an essential 

aspect of measurement stems from the recognition that summing up scores (which 

implies that one variable can compensate for another) is unwarranted, and that the 

structure of certain attributes may require more than one scale for their meaningful 

measurement. (Cf. because of the earth’s structure, a point on its surface cannot be 

determined by a single parameter.) Yet, MS aims to identify the minimal number of 

scales that can adequately represent order relations observed profiles. Multiple Scaling by 

POSAC, its mathematical foundations, its uses, and its computer program are presented 

and illustrated in Shye (1985). Practical guidelines for running MS by POSAC and 

interpreting the extracted coordinate-scales can be found in Shye and Elizur (1994) and 

Shye (2009). 

Guttman scale: The forerunner  

A Guttman scale is the hypothesis that with respect to a given attribute, subjects’ profiles 

are all mutually comparable (Shye, 2008).  

The Guttman scale hypothesis can be meaningfully tested in empirical data only if the 

sample of subjects represents the intended population sufficiently well, and the set of 

variables represent the attribute (i.e., its content universe) sufficiently well. (For sampling 

variables see Faceted SSA.) 

A set of profiles that forms a Guttman scale can be simply ordered, so that a single score 

from an ordered set of scores can replace the original profiles, while preserving the 

original order relations. For example, referring to the Guttman scale in Table 1, the fact 

that 2223>2123 is represented parsimoniously by 5>4. Note that the order by which 
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variables are listed within the profiles is unimportant and that no order among the 

variables is suggested. (However, in the special case of a Guttman scale of dichotomous 

variables, an order among the variables may be implied, namely, according to their 

‘difficulty’.) 

Table 1. An Example of a Guttman Scale:  

All Profiles are Comparable 

 

Observed profile Assigned score 

1111 1 

1121 2 

1123 3 

2123 4 

2223 5 

3223 6 

3224 7 

 

The confirmation of a Guttman scale indicates that, for the population in question, the 

measured attribute is essentially monolithic (a “0-dimensional content space”; see Shye, 

1985), devoid of differentiating aspects in its content-universe.  

Approximate Guttman scales have been found in some QOL-related studies such as 

ownership of household appliances (e.g., Coombs et al., 1978). 

Data that do not fully conform to a Guttman scale pattern may reflect fluctuations that 

can be adjusted into a dominating scale pattern. More often, however, this is not the case 

and the occurrence of incomparable profile-pairs indicates that the attribute in question is 

too complex to be measured by a single scale.  

MS: the essential idea 

Order-preserving mapping. The MS computational task is this: Given a scalogram A (a 

set of N observed profiles whose n variables are representative of an attribute to be 

measured), find a mapping from A to a coordinate space X=X1X2…Xm such that for every 

profile-pair in A, their observed order relation (‘greater than’, ‘incomparable to’) will be 

preserved by their images in X, such that m is the smallest possible. 

Example: the Diamond Scalogram. As a simple example consider the diamond 

scalogram Dn in n=4 dichotomous variables which may be hypothesized, for example, for 

‘one-run’ activities; those that have one onset, last for a while, and then terminate.  

Variables record whether the activity is on (score 2) or off (score 1) at, say, 4 successive 

time intervals. Thus, profile 1122 describes a process in which the activity is off in 1
st
 and 



2
nd

 time-intervals, and then lasts during the 3
rd

 and 4
th

 time-intervals.  Note that profiles 

with two runs, e.g., 2122, are excluded by the diamond hypothesis. 

Table 1 shows an order-preserving mapping for the Diamond Scalogram in 4 variables. 

For example, that 1222>1122 is represented by 43>42; and that 1221$1122 is represented 

by 33$42.The 2-dimensional representations are more parsimonious than the observed 

relations and are presumed to rely on (and reveal) the essential parameters of the 

measured attribute. 

 

 

 

Table 2. Example: The Diamond Scalogram D4 

Mapped into a 2-Dimensional Measurement Space XY 

 

Observed Profile  

From a Diamond Scalogram 

Image-point in 2-dimensional Space 

(new, shorter profile of length m=2) 

1111 11 

2111 14 

1211 23 

1121 32 

1112 41 

2211 24 

1221 33 

1122 42 

2221 34 

1222 43 

2222 44 

 

Figure 1 shows the 2-dimensional measurement space XY for the Diamond Scalogram D4 

with 4 partitioning lines, each separating the space into two regions: The one region 

containing profiles where a particular variable equals 1, and the other region where that 

variable equals 2.    

Suppose the activity investigated is Evening TV Watching at 4 time-intervals: 8-9, 9-10, 

10-11, and 11-12. The diamond hypothesis means that evening TV viewers are expected 

to turn on their TV sometime in the evening, watch for some time, and then turn it off 

(i.e., no multiple switch-on’s occur).  

 

 

 



Figure 1. A Measurement Space XY for the Diamond Scalogram 

Y-

Coordinate: 

 

Graduated 

 

Early-

watching 

 

 Scale 

4 2111 2211 2221 2222 

3 
 1211 1221 1222 

2   1121 1122 

1 (1111)   1112 

 1 2 3 4 

                          X-Coordinate: Graduated Late-watching Scale 
 

The next challenge is substantive: to interpret the coordinate-scales. Inspecting the 

diagram in Figure 1, and focusing first on the X-Coordinate, one notices that a score of 

X=4 is assigned to all profiles with 2 in the fourth variable (watching in the fourth time-

interval). A score of X=3 is assigned to all profiles with 2 in the third variable but 1 in the 

fourth; a score of X=2 is assigned to all profiles with 2 in the second variable but in the 

third and the fourth; and a score of 1 to the profile with 2 in the first variable and 1 in all 

later variables. (Profile 1111 (no watching) may be ignored or relocated to x1=x2=0.) 

Hence X simply measures the latest time-interval (among those considered) in which TV 

is watched. A similar analysis reveals that Y measures the earliest time-interval in which 

TV is watched. These two new parameters, X and Y, exhaustively define the watching 

pattern, replacing the original 4 scores. The Diamond Scalogram can be generalized to 

any number n of variables, reducing the dimensionality from n to 2. 

Example: The action system scalogram. Another example of a rationalized scalogram 

hypothesis (the action system configuration) is presented and discussed in Shye (1985) 

and in Faceted Action System Theory (FAST). 

MS: Analysis of real data 

Multiple Scaling of real data is effected by means of Partial Order Scalogram Analysis by 

base Coordinates (POSAC) program (Shye, 1985; Shye and Amar, 1985; Wilkinson et 

al., 1997). For dimensionality n=2 the program maps every observed profile as a point in 

the XY coordinate space (the POSAC space) aiming, as well as possible, to meet the 

conditions: 

If p>q  then  xp yp > xq yq; and 

If p$q  then   xp yp $ xq yq 
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Where p and q are any pair of observed profiles, xp yp and xq yq are their images in XY, 

considered as new 2-score profiles. 

Interpretation of the two coordinates, X and Y, as fundamental underlying variables for 

the measured attribute is facilitated by means of two procedures: (1) The computerized 

separation of item-diagrams which, for each variable, divides the POSAC space by a 

downward stepwise line, optimally separating profiles with low values in that variable 

from profiles with high values in that variable. Thus, the role of every variable in 

structuring the POSAC measurement space can be determined, allowing the piecewise 

construction of the meaning of the coordinate-scales.  (2) Lattice Space Analysis (LSA) 

procedure, a version of Smallest Space Analysis (SSA; see Faceted SSA) which, using 

E* (the coefficient of structural similarity between variables), maps the variables into a 

coordinate space where Minkowski distance of order 1 (lattice or Manhattan distance) is 

defined (Shye, 1985). The mathematically proved relationship between the LSA concept 

space and the POSAC measurement space indicates the roles of variables in structuring 

the latter space, from which the meanings of X and of Y may be inferred. 

Finally, POSAC procedure enables the identification of regions in the POSAC 

measurement space where profiles are associated with high values in an external trait, 

one that is defined in terms of external variable/s – i.e., variables not included in the 

POSAC analysis itself. 

Implementation of MS by POSAC are discussed and illustrated in Shye and Elizur (1994) 

and in Shye (2009). 

Applications of MS by POSAC. MS has been applied in a variety QOL and QOL-

related studies. Instructive examples include applications in the fields of clinical 

psychology (Ezrachi, 2008), criminology (Raveh and Landau, 2003; Canter, 2004), 

criminal profiling (Shye et al., 2001), foreign policy attitudes (Russett and Shye, 1993), 

conflict management (Taylor, 2002) and judgments of justice (Sabbagh et al. 2003). 

Discussion 

Multiple Scaling by POSAC is a theory oriented measurement procedure that hinges on 

reflecting as well as possible the primary manifestations of ‘measurement’, namely order 

relations between observed profiles– ‘greater than’ and ‘incomparable to’. MS refrains 

from assigning weights to the analyzed variables (not even equal weights) and avoids 

summing or averaging observed scores. That is, high value in one variable cannot 

compensate for deficiency in another. The result may be that more than one scale is found 

necessary for a meaningful measurement. This, however, should not be understood as a 

drawback of the procedure; but rather, as a reflection of the inherent structure of the 

measured attribute. So far most applications of POSAC have been 2-dimensional, 

yielding valuable and insightful results. Dimensionality two is indeed the lowest that 
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permits the representation of incomparability, an aspect of measurement often ignored by 

other measurement procedures. When 2-dimensional POSAC representations are not 

satisfactory, changes in the content universe definitions and observational design are 

often made before higher a dimensionality is attempted. 

As an extension of the Guttman scale to higher dimensionalities, Multiple Scaling, too, 

proposes models, or hypotheses, realized in the form of certain families of profile 

configurations. More generally, MS points to roles that variables can play in structuring 

the POSAC space and determining the meaning of the extracted coordinate-scales. 

Cross References  

Scalogram analysis 

Measurement methods 
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