
Contents

1 First S tep s .......................................................................................................... 1
1.1 Basic Ideas of Multidimensional S c a lin g ........................................  1
1.2 Basic Ideas of Unfolding.....................................................................  8
1.3 Sum m ary................................................................................................  10
References.........................................................................................................  10

2 The Purpose of MDS and U nfolding..........................................................  11
2.1 MDS for Visualizing Proximity D a ta ...............................................  11
2.2 MDS for Uncovering Latent Dimensions of Ju d g m en t................ 13
2.3 Distance Formulas as Models of Judgment...................................... 16
2.4 MDS for Testing Structural Hypotheses..........................................  19
2.5 Unfolding as a Psychological Model of Preference.......................  23
2.6 Sum m ary................................................................................................  27
References.........................................................................................................  27

3 The Fit of MDS and Unfolding S o lu tio n s ................................................... 29
3.1 The Global Stress of MDS Solutions...............................................  29
3.2 Evaluating Stress S ta tistically ............................................................ 33
3.3 Stress and MDS Dimensionality .......................................................  35
3.4 Stress Per P o in t ....................................................................................  36
3.5 Conditions Causing High Stress in M D S ........................................  38
3.6 Stress in U nfolding...............................................................................  39
3.7 Stability of MDS Solutions................................................................. 39
3.8 Sum m ary................................................................................................  41
References.........................................................................................................  41

4 P ro x im itie s ........................................................................................................ 43
4.1 Direct Proximities.................................................................................. 43
4.2 Derived P rox im ities............................................................................. 45
4.3 Proximities from Index Conversions ................................................ 46

vii



viii Contents

4.4 Co-occurrence Data...............................................................................  47
4.5 The Gravity Model for Co-occurrences........................................... 49
4.6 Sum m ary................................................................................................  51
References.........................................................................................................  51

5 V ariants of MDS M o d e ls ..............................................................................  53
5.1 The Type of Regression in M D S ....................................................... 53
5.2 Euclidean and Other D is tan ces .........................................................  57
5.3 MDS of Asymmetric Proximities....................................................... 57
5.4 Modeling Individual Differences in M D S ........................................  60
5.5 Scaling Replicated Proximities............................................................ 63
5.6 Weighting Proximities in M D S .........................................................  64
5.7 Sum m ary................................................................................................  65
References..................................   65

6 Confirmatory M D S .........................................................................................  67
6.1 Weak Confirmatory M D S ...................................................................  67
6.2 External Side Constraints on the D im ensions................................. 68
6.3 Regional Axial Restrictions f . . 70
6.4 Circular and Spherical M D S ..............................................................  72
6.5 Challenges of Confirmatory M D S ....................................................  74
6.6 Sum m ary................................................................................................  75
References.........................................................................................................  75

7 Typical Mistakes in M D S .............................................................................  77
7.1 Assigning the Wrong Polarity to P roxim ities................................. 77
7.2 Using Too Few Ite ra tions................................................................... 77
7.3 Using the Wrong Initial Configuration.............................................  78
7.4 Doing Nothing to Avoid Suboptimal Local M in im a ..................... 81
7.5 Not Recognizing Degenerate Solutions.............................................  81
7.6 Meaningless Comparisons of Different MDS Solutions...............  84
7.7 Evaluating Stress B lin d ly ................................................................... 85
7.8 Always Interpreting Principal Axes D im ensions............................  86
7.9 Always Interpreting Dimensions or D irections..............................  89
7.10 Poorly Dealing with Disturbing P o in ts.............................................  91
7.11 Scaling Almost-Equal Proxim ities....................................................  92
7.12 Sum m ary................................................................................................  92
References......................................................................................................... 93

8 U n fo ld in g .......................................................................................................... 95
8.1 Unfolding in Three-Dimensional S p a c e ........................................... 95
8.2 Multidimensional Versus Multiple U nfolding................................. 98
8.3 Conditionalities in Unfolding.............................................................. 99
8.4 Stability of Unfolding Solutions.........................................................  100



Contents ix

8.5 Degenerate Unfolding Solutions........................................................  100
8.6 Special Unfolding M odels.................................................................. 101
8.7 Sum m ary...............................................................................................  103
References.........................................................................................................  104

9 MDS Algorithms...........................................................................................  105
9.1 Classical M D S .....................................................................................  105
9.2 Iterative MDS Algorithm s.................................................................. 107
9.3 Sum m ary...............................................................................................  109
References.........................................................................................................  110

10 MDS Software................................................................................................  I l l
10.1 P r o x s c a l .................................................................................................................................  I l l
10.2 The R Package s m a c o f ......................................................................  115

10.2.1 Functions in s m a c o f ................................................................ 116
10.2.2 A Simple MDS E xam ple ...................................................... 118

References.........................................................................................................  120

Index ..........................................................................................................................  121


