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SUBJECT ABILITIES TO USE METRIC MDS:
EFFECTS OF VARYING THE CRITERION.PAIR

INTRODUCTION

Increasingly, multidimensional scaling (MDS) is being used to explore
communication/cognitive related processes. Similarly, the use of metric MDS
(vs. nonmetric) is increasing. Given the avallability of excellent reviews
contrasting the metric vs. nonmetric approaches, no attempt will be made
here to review these differences (see for example Gregson, 1975; Danes and
Woelfel, 1975; Shepard et.al., 1972; Woelfel, 1974). |

The present study addresges the problem of selecting a criterion pair
to present to subjects in a metric MDS task and, more importantly, the
subject's ability to reliably use that standard to describe or characterize
their conceptions.of a given set of elements. This study explores these
areas and at the same time partially replicates tﬁe findings of an earlier
study by Gordon.and De Leo (1975) involviné differencgs in the spacial
representation of structures produced by varying the criterion,

The Gordon and De Leo study determined that providing a 10 unit criterion
‘palr composed of the extremes from the concept domain produced a structure
which was statistically identical to using the concepts 'red and white"

(10 units apart) and/or using only a ten unit scale base with no anchor
concepts (with the option to make judgements larger than 10 units).

The interpretation of those results suggested that for the red-white and

no concept treatments, the only useable information for the subject was the
10 unit scale base since color was irrelevant to the concepts being judged.

Thus, judgements were made with that scale base in mind and identical

The competent assistance of Michael Fisher and Gary Solarz is greatfully
acknowledged. Their efforts in data collection and processing were far
above and beyond the call of duty. Thanks go also to Gary Jeffries and
Ken Galen for their help in data collection,



stchtures resulted. With the extreme concepts as the criterion, although
these concepts were meaningful, the fact that they represented the extremes
produced the same result by essentially limiting the judgments to that
tén unit base.
The present study was designed to replicate the finding that the criterion
pair consisting of the extremes frbm the concept domain Wiil produce a
structure identical to providing the same scale base with no concept anchors.
As well, the study extend; this to varj the distance between the concépts
to further explore the subjects ability to use the criterion given.
Overall, it was expected that the same relationship as evidenced in
the earliet study would hold true. Thus, the prediction was:
H :.Given the same unit distance, the no criterion pair and the
extreme concepts criterion pair will produce statistically
identical structures.
Also, given the evideﬁce concerning the reliability of metric MDS with
agregate data.(éee Barnétt, 1972; Gillbam and Woelfel, 1975), it was
predicted that: |
H,: As the distance between the criterion pair is increased, the
resulting judgments of distances among concepts will increase
but the pattern of concept interrelationships will remain the same.
In the Gordon and De Leo (1975) study a fourth eriterion pair treatment
was employed using two concepts somewhat closer together in the concept domain.
The results of that comparison were inconclusive, but suggested that a criterion
pair using.concepts that are close together will produce an expanded structure
since most of the judgements must be made outside (larger than) that distance
basé. Thus, the prediction was:
H,: A criterion pair using concepts close together in the concept domain

will produce an expanded structure (as compared to the extremes),
yet the interrelationships of the concepts will remain the same,



METHOPOLOGY

Concepts

As a2 methods study, the particular concepts used for the scaling
comparisons were of_secondary interest. The concepts selected wére types
of television programs and particular titles of shows related to each
program type. These choices were made on the reasoning that most subjects
would be able to judge these concepts and, as such, maximum judgements would
be obtained. Also, the clusterings of program titles with program types
could be examined for internal content validity of the resulting structures.
Six general program types aﬁd six related-shows plus the concept fme" (seif)'
resulted in a total of 13 concepts requireing 78 paired judgements, The
particular TV shows were selected on the basis of having high ratings

in'a recent ratings,period'(Broadcastiﬂg; p.l9); A iisting of the concepts

follows:
1. Children's Comedy 7. Fat Albert
2. Adult Situation Comedy 8. All in the Family
3. So0ap Opera ’ 9. General Hospiltal
4, Family Drama 10. The Waltons
5. Medical Drama ’ 11, Medical Center
6. Crime Drama ' 12, The Streets of San Francisco
13. Me

Treatment Conditions

To explore the effects of criterion pair variation and to partially
replicate the findingsrof our earlier study (Gordon and De Lec, 1975),
three major treatment variations were employed. First, the extremes of
the concept domain were used and these were specified as differing distances
apart for different treatment groups. Second, two concepts cleser together
in the domain were used, varying their specified distance. Third, no concepts

‘were used but instead subjects were simply told, "As you judge the distances,



keep a ten point scale in mind -- some shows may be less than ten units apart
and others may be more." The nine specific treatment conditions {(independent

groups) were as follows:

1. None (no anchor concepts, only a 10 point scale base)
2. Children's Comedy - Crime Drama = 10 (CC10)

3. " " " = 25 (CC25)

4. " " " = 50 (ccs0)

5. " " g = 100 (CCl00)

6. Family Drama - Medlcal Drama = 10 (PM10)

7. 1 1] " = 25 (FM25)

8. " " n = 50 (FMSO)

9. " " " = 100 (FM100)

Subjecfs

A total of 863 students were the subjects in this experiment.l The number
in each treatment rangéd from 92f1i2. The large number of subjects was deemed
necessary so that the comparisons would be based on stable structures. Table 1
provides the n's for each treatment. The students were randomly assigned
(by classes) to treatments. The departments sample& included Anthropology,
Education, Journalism, Psychology, Radio-TV=-Film, Scciology, Speech, and
Theater. The groupings of subjects in each treatment relative to the
demographics of (a) year in schéol; (b) age; (c) sex; (d) race; (e) income;

and (£} average hours spent watching TV, appear in Appendix A.

Procedures
The data were collected December 1-12, 1975. Subjects in classrooms

were given one of the nime treatment variations and the following instructions

were read with them:

This form asks you to tell us how different (or in other words,

how "far apart'') TV shows are from each other. Difference between
shows can be measured in units, so that the more different two shows
are, the more units apart they are. To help you know how big a unit
is, and are units apart.




You are supposed to tell us how many units apart the shows on the next
few pages are. Remamber, the more different the shows are from each
other, the larger the number of units apart they are. Some shows may
be more than units apart and some may be less,
Note that:
=~ "me" on the questionnaire mean yourself. Judgements involving '"me"
should indicate how close you feel to that TV show or type of
program, :
-~ Zero can be used as a distance; if you see two things as identical,
they would be zero distance apart.
-~ If you are not familiar with a TV show or type of program, leave
that pair blank.
Please work quickly. Judge the shows as pairs rather than trying to
relate each judgement to all others.

Blanks in the above instructions were filled by the criterion pair used in
a particular treatment. For the no criterion pair treatment the last sentence
in the first paragraph of the instructions read; "As you judge the distances,
keep a ten point scale in mind ~- some concepts may be less than ten units
abart and others may be more."

On the average, the items were completed im 15-20 minutes. Most of the
subjects were able to judge the 78 pairs with the average number of subject

judgements ranging from 83.87 to 106.74.
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RESULTS
Individual Treatments

Using version 3.0 of the GALILEO metric MDS program, treatments were
first processed individually. Appendices By = By provide the summary
statistice for each treatment and the resulting normal factor solution
which defined the concept locations as coordinates in three-dimensional
space. Table 1 provides the percent of real distance accounted for by the three
factors, the imaginary distance of the total solution, and the trace values.

To avoid the effect of extreme values on the means, maximum values
were set for each-ﬁreatment using the maximum value'optioh of the GALILEO
program. These values were determined by successive runs in which the
extreme values ‘were gradually reduced while observing the minimum=maximum
descriptive statistics as related to (a) the criterion pair given; (b) the
means; and (c)} the gtandard deviations. The maximum values finaliy used
are provided in Table 1 along with the number-of judgements that value excluded,
and the average number of obéervations remaining per cell;_

Given the scaled concepts, plots of the first three orthogonal factors
were obtained using the plot optiom of the program. These plots are presented
in Figures 13—11. The high degree of similarity of inter-concept locations
across the treatments is visually evident in these figures. Keeping in mind
the mean distances, these plots show that the concept locations are highly
similar for each treatment, while the actual mean distances between concepts

differs considerably across treatments.

Comparison of Treatments

Correlations. To statistically verify the consistency of concept locations

across treatments, the mean distances for the 78 pairs in each treatment were

entered as scores into a standard Pearson product moment correlation. Thus,



the pattern evident in the inter-concept distances could be compared across
treatments. Table 2 presents the results of these Intercorrelations,
In all cases the correlations are extremely high, ranging from .933 to .988.

Comparison of spaces. Next, the treatments were compared using the

Comparison of Spaces option of the GALILEO program. This option uses a

least squares rotation of the axes of the individual treatments to one
treatment speclfied as the mainspace., For this plot, the treatments were
organiged'by trace to keep the plot as neat as possible, given the complexity
.of comparing nine data sets, Thus, FM100 was defined as.the mainspace

(this decision was made, rather than using CCl0 as the mainspace, because the
concept numbers are placed with the first plot and the CCl0 plot would have
piaced 13 numbers into a very small space). The trace ordering was: CClO0,
None, FM10, CC25, FM25, CC30, FMSO; cc100, FM100. Figurg 2 shows the resulting
plot and confirms the intercorrelation interpretation that the relative concept
" locations are highly simi}ar for each treatment but the space expands as the
criterioh pair distance increases. As predicted, fof the same given disténce,
the criterion pair which is closer topether produces a larger space than does
the extreme pair.

Figure 3 presents the comparisbn of spaces plot for only the CCL0O and None
treatments, both having a 10 unit base. It is obvious from this plot that
hypothesis one (predicting statistically identical structures for CCl0 and None)
is confirmed. This result replicates the findings our earlier study.

As a side note to the comparison of spaces option of the GALILEQ program,
future users might learn from a problem which was encountered here. This

option only allows for the specification of one maximum value for limiting



8-

mean calculations. Thus, when differing values are used for different treatments
the comparison cannot be made from raw data. The apparent solutlon was to go
to punched output and use this output as input to the comparison routine, since
the maximum value in the individual treatments would have done its work,

‘ However, the question remained as to whether to use the means matrix output

or the eigentrix matrix. Theoretically they should both produce the same
comparison result, To check this, comparisons were run using the means

punched output and then using the eigentrix output. The results differed

and the differences became more marked as the number of treatments being
compared increased. It was reasoned that the difference was related to the
fact that only fouf decimql places are maintained in the punched output while
eight or nine.maﬁrbe used by the computer for internal calcuiétions. Thus ,
imprecision might be introduced as rounding error and further complicated in
the least squares rotation process of the comparison operation. To check this,
separate ﬁeans matrix and eigentrix matrix outputs were used as input to the
‘comparison operation but the matricies were stored on disk rather than as
punched output., The comparison results were ldentical. Thus, the source

of the difference was isolated. The recommendation then, is if puncﬁed

cutput from the program is to be used as input to the comparison routine,

the eigentrix output should be used rather than the means output because the
eigentrix matrix incorporates more internal operations and thus maintains a

higher degree of precision.

Validity checks. Two elements were built into the design of the instrumentatio

to allow for wvalidity checks on the structuring of the concepts. First, as a

type of content valldity check the particular television program titles were



expected to cluster in the space near'their general program type. It is
evident from the plots that this is the_case. Second, as a form of construct
validity check, an opened item was included ésking the subjects to indicate,
in general, what types of TV programs they prefer. Of the fypes represented
in this study, the modal responses were crime drama and situation comedy.

As can be seen in the plots, although the 'h@" concept is somewhat distant
from all the shows, it is positioned nearest and between these two program
types. Thus, although the validify checks are minimal, the structures appear

to be highly interpretable in terms of both the content and construct checks.

CONCLUSIONS AND DISCUSSTON

Conclusions

Relafive t6 the initial hypotheses, the results of these comparisons
are very clear. Pirst, the no concept criterion treatﬁent produced a
structure which wég essentially.identical to the structure produced by the
extreme concepts criterion pair (see Fig. 3). Second, as the difference
between the criferion pair was increased frqm-lo to 25, 50 and 100 units,
the resulting structural space was increased yet the interrelationships
of the concepts to each other remained essentially the same (see Fig. 2).
The extent of this similarity was truly excepticnal with the treatment
intercorrelations ranging from .933 to .988. Third, the ability to use
differing criterioﬁ pairs seems to be such that subjects can quite readily
use differing standards to describe their perceptions of concept interrelationships;

and, the pattern of these relationships will be reliably captured.
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Discussion

The results of this study, relative to the reliability of metric MDS
as operationalized thru the GALILEO program, are very impressive. The odds
that nine independent groups of people; each using different criteria to
judge 78 different pairs of concepts , would produce statistically identical
structures must be very high. Thus, these fesults shed light on both the
subject's ability to adapt to differing measurement criteria, and the method's
abllity to precisely reflect those judgements. Error on either side would
have decreased the likelihood that similar structures would be evident
- across treatments.

The consistency of these find;ngs should be placed in the context of
both the nature of the concepts apd the characteristics of the sample.
'Tﬁe concepts were purposel& selected to be homogeneoﬁs; A heterogeneous
set of concepts might show lesé sgability. As well, tﬁe gample of college
students may be better able to adapt judgﬁents to differing criteria than
is the general public. These qqestions-are yet to be explored.

it should be noted here that further analyses of these data are underway
to examine the variability of judgements across treatments. As well, variability
will be related to the absolute distances evident in the structures produced
by the different criterion pairs. Until these comparisons are made,
recommendations as to how to select a criterion pair for a given situation
will be incomplete. (These analyses will be complete by the time of the AEJ

convention.)
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TABLE 1
Descriptive characteristics of treatments

*
Max Judge. Ave Obs, 3 Factor % Real Cum., Percent

Treatment N Value Excluded Per Cell Dist. Acc. For Imaginary Dist. “Trace

Nome 93 50 19 86.96 79.19 11.04 255.59
ccl0 93 50 8 88.37 82.21 10.05 238.98
cc2s 93 79 133 87.94 79.61 11.42 1479.64
ccs50 92 250 44 86.91 81.25 11.22 6441.19
cCl00 94 400 27 83.87 . 83.25 12.69 23137.37
M10 112 100 33 106,74 79.71 17.32 951.15

N FM25 96 145 135 89.59 81.43 17.66 4712.67

O R0 93 400 68 87.60 83.53 - 12.77 13772.84
m100 97 600 111 90.32 82.03 10.67 45100,99
Total 863

*The number of possible judgements in the treatmépts ranged from 7166 in CC50 to 8736 in M10.



None
CCcl0
CC25
€e50
CClbO
FM10
FM25
50

100

977
.975
.972
.953
.963
.974
.964

None

.978

.983

.978

.960
.979
987
.972

cclo
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TABLE 2

Intercorrelations of Mean Distances

Among Concepts for all Treatments

-y -

.982
977
.955
.964
976
.970

€cc25

The n in each cell is 78,
All correlations are significant p<.0001

.982

.963
.972
.983
.971

cCcs50

«945
.959
.973
.973

cC100

.959

.967

.933

FML0

.979

.946

FM25

.970

FM50

FM100
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coneents
1.€hildren's Comedy
2, Adult Situation Comedy
3. Soap Opera
4, Family Drama
5. Medical Drama
6. Crime Drama
7. Fat Albert
8. ALl In the Family
9. General Hospital
10. The Waltons
1i. Medical Center
12. Streets of San Francisco
13, Me :
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Comparison of treatments,

Begining at concept number, each point

represents the judgement of that concept using different criterion
pair.
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Figure 2 (cont.).
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Sample Demographics by Treatment



Appendix A

Sample Demographics by Treatment

YEAR AGE - SEX RACE FAMILY INCOME
Treatment Fr. Soph Jr Sr, | 18-25 26-35 36+ | Male Fem. | Bl, Wh. Othr | 0-4999 5-7999 8-9999 10-14999 15-20 20+

Nome 21 24 28 21 79 10 4 66 27 |11 77 5 6 7 8 26 21 23
ccl0 14 13 36 28 77 14 -1 74 18 {7 79 6 11 9 12 23 17 19
cc25 28 15 33 16 80 10 2 s9 33 | 6 85 2 A 5 9 27 22 25
ccs0 4 8 46 29 |77 13 1 62 29 |22 64 5 6 7 9 27 14 28
ccl00 16 33 23 20 83 8 2 63 29 [13 71 9 1 8 8 7 31 18 21
M0 12 43 36 16 | 102 7 1 | 73 35 [16 88 3 6 10 13 22 29 27
25 24 24 28 19 87 10 0 63 28 |13 78 S 4 5 13 25 25 22
M50 33 12 26 18 79 9 0 i 46 43 [11 72 2 7 7 9 22 23 22

_ ml00 14 33 26 24 8 8 1 66 32 |14 78 9 K 7 10 23 18 32

AVE HOURS TV/DAY .  AVE HOURS TV/WEEK |
Treatment 0-.9 1-1,9 2-2.9 3=3.9 4+ 0-3.9 4-8.9 9-13,9 14-18.9 19-23.9 24+

None 11 20 32 20 11 8 17 23 20 10 15
cclo 18 2 23 19 10 13 21 19 16 no1u
cc2s 17 25 27 6 15 11 26 18 14 8 15
cc50 9 28 30 12 12 |. 4 31 17 17 7 15
cclo0 16 26 19 16 16 1 23 15 15 9 20
10 20 20 32 19 19 | 17 17 . 21 23 14 19
FM25 9 29 30 17 11 | 10 26 17 17 18 13
FMS0 11 12 31 21 13 {9 15 18 20 18 13
FM100 19 33 26 11 8 13 31 18 19 8 8

"



APPENDICES B, - B9

Summary Statistles and ThreelFactor

Solution for Each Treatment
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APPENDIX I *
SAMPLE DEMOGRAPHICS

TREATMENTS YEAR AGE SEX RACE

Fr. Soph. Jr. Sr. | 18-25 26-35 36* | Male Female | Black White Other
Beautiful - Rock 4 8 17 37 55 1 0 33 33 9 50 6
Top 40 - Oldies 0 13 15 33 46 13 4 27 35 8 46 1
Red ~ White 3 14 22 26 L 16 2 35 30 13 36 | 1
None 3 5 19 35 6 13 4 37 24 12 o 2
TREATMENTS ' AVERAGE FAMILY INCOME/YEAR
0- 45000~  8,000- 10,000~ 15,000
4,999 7,999 9,999 14,999 20,000  20,000*
Besutiful - Rock 6 9 5 15 8 18
Top 40 - Oldies 7 3 3 8 14 21
Ked - Wnite 5 7 2 21 12 14
None 9 7 2 14 10 14
TREATMENTS AVE. HRS, OF RADIO LISTENING/DAY

T.9.. 2=2.9 3-3.9 4=4e9 5+

Besutiful - Rock 24 = 15 = 12 4 10
Top 40 - Oldies 21 15 9 8 . g
None R4 13 10 A g

* Cross tabs of subjects relative to treatments and demographic
characteristics.
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