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Gengdized Pocrustes Andysis (GPA) is particularly useful for andyzing repertory grid
data collected from numerous individuals or from the same individual on different occasions. In
this lrief pape the common stegpsin GPA will bedemorstrated using examge gridstaken from a
reent engclopedia atry by Grice (2007). Consider thimllowing ratings of sixemployees by
four managers.

Manager 1 Manger 2
John Bob Amy Jan Fred Jil John Bob Amy Ja Frad Jil
Extraverted 1 1 5 4 5 3 Blunt 2 3 1 3 4 1
Shaing 5 5 2 1 2 3 Patient 5 1 4 2 2 3
Motivated 2 2 4 3 4 1 Creatve 5 2 3 4 1 3
Funny 1 2 2 2 4 1 Outgoing 2 4 1 4 3 3
Loud 1 2 2 1 4 1
Manager 3 Manager 4
Outgoing 1 4 2 4 5 3 Easy Going 2 3 1 3 4 3
Caefree 1 5 3 4 4 2 Outgoing 1 3 1 5 5 1
Geneous 4 2 5 2 1 5 Nurturing 3 3 5 5 1 5
Truging 4 2 4 3 1 4 Cdm 5 2 4 1 2 5
Organized 5 3 3 2 3 3 Intelligent 5 3 5 2 3 3
Athletic 2 1 1 2 5 1

The mangers ompleted theseepetory grids bydescibing, in their ow words (thais, using
their own pesonal construs), the sixemployees. Sdas (1 to 5 points) werconstruted from
their desdptions, and edtmanagr then ratel eat employe on thescals. As can bseen, the
managers differed in thenumbe of personal construcs they used to desaibethe employees.
With GPA such dfferences ae pamisgble as long as the gridsare mached on the dements
(that is, the people by rated) More genenlly, GPA requirs either the @nstructs or the
elementsto be mached across hegrids Both construds and dements can be mached as well.
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The fourgrids areincluded with the latest v&ion (2.4) ofthe diogrd software
(‘Manager1.grd, Manager2.grd, etc., fles), and thexan bdoaded ad analged. Once therids
are loaded, theuser selects Analyses —> Generalized Procrustes Analysis from theMan Menuin
Idiogrid. The GPA optionswindow, with the appropriate options sdected will appear as follows:

Generalized Procrustes Analysis i =101 x|
Gids bo Analpze
Bt Gy Sadecied G 4
Hanaga 1
Hanager 2
M anagai 3
- Hanager &
=l
Analpsis Dplions Owtput
Matched Figuees in Grids [¥ bty of Warisnce PH DAY
= Elemerls ™ Constuct: ™ Conseneus Grid
[ §.ave Comeensus Gsd
|1E-ﬂ Tolssnce |25 Mas Rerstions I IF e
|1E-11 ST Toderance ™ Saws Piscusies Sishiscs
I 8 2ve Hescaled Gnds
Scaling Ophons
[¥ Ceniered [ Dimeraion  [w |sobope [¥ Rardemizsion Test
100 Tedsl Sum ol 5 gusies Vale [150 " Number o Tick
Progress
W 0K X Cancel

As can be seen, thefour grids are sdected, and the ‘M atched FHgures in Grids' optionis st to
‘Elements’ br the airrent grids. The dedult tolerane and iteation values i@ et unchanged,
and dl of thesaling options are sdected. The ‘Centered’ and ‘I saropic’ options ae commonly
seleted and seas the defults in Hiogrd, but the ‘Dimension’ sdeng option is selectthereas
well since thegrids have different numbers of construds tha is, the gridsdiffer in their
dimensionality. An ANOVA of the results has also beeaquestd alongwith a raadomiztion
test. The consesus gid will also be savedsaa newgrid for further aalysis, and edtmanagr’s
res@led ad rotated gd will be saveddr further analysis as well. Selectin@K’ to run the
andysis, generates the following output:
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Generalized Procrustes Analysis

Grids Analyzed (4)
Manager 1, Manager 2, Manager 3, Manager 4

Centered Scaling Factors

Centering Means

Manager 1

| Manager 2

| | Manager 3

| | | Manager 4

I | | I
Con_ 1 317 233 333 267
Con 2 300 283 317 267
Con_3 267 300 300 3.67
Con_ 4 200 283 300 317
Con 5 183 000 300 350
Con_ 6 0.00 000 250 0.00

Note. Prior to analysis, the grid values were centered
about these mean values.

Dimensional Scaling Factors
Manager 1 : 2.24
Manager 2 : 2.00
Manager 3 : 2.45
Manager 4 : 2.24

Note. Prior to analysis, the values in each grid were divided
by their respective dimensional scaling values.

Lambda Scaling Factor
SS Value : 100
Lambda :1.67

Note. Prior to anlaysis, the values in each
grid were multiplied by Lambda.

Isotropic Scaling Factors
Manager 1 : 0.75
Manager 2 : 1.01
Manager 3 : 1.48
Manager 4 : 0.94

Note. After the initial Procrustes rotations, the values in each grid
were multiplied by their respective isotropic scaling values.

Iteration History

: -69.87332404583066
:-71.14153878390364
:-71.15291188773783
1 -71.15313657697925
:-71.15313941934808

GO WNE
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[Manager 1 rescaled grid created (see Grid Data window)]
[Manager 2 rescaled grid created (see Grid Data window)]
[Manager 3 rescaled grid created (see Grid Data window)]
[Manager 4 rescaled grid created (see Grid Data window)]

ANOVA Source Table for Matched Figures

Figures Consensus Residual  Total

John 16.71 2.33 19.04
Bob 5.47 6.28 11.76
Amy 9.74 5.87 15.61
Jan 11.01 3.55 14.56
Fred 24.10 1.41 2551
Jill 11.54 1.99 13.52

Total SS: 78.57 21.43 100.00

ANOVA Source Table for Grids

Grids Residual  Total

Manager 1 9.87 16.09
Manager 2 5.42 24.61
Manager 3 2.64 29.94
Manager 4 3.51 29.36

Total SS: 21.43 100.00

Consensus Proportion: 0.79

Specific ANOVA Residuals

Manager 1

[ Manager 2

[ | Manager 3

[ | | Manager 4
|

N
John 0.77 0.75 0.18 0.63
Bob 365 194 0.62 0.08
Amy 339 086 054 1.07
Jan 095 131 0.13 117
Fred 072 0.09 0.21 0.39
Jil 0.38 047 097 0.17

{Consensus Grid created (see Grid Data window)}
Randomization Results

Observed Consensus Proportion : 0.79
Number of Random Proportions : 100.00

Minimum Random Proportion : 0.65
Maximum Random Proportion : 0.83
Values > Observed Proportion : 5.00
Approximate p-value . 0.05

{Randomization Results Grid created (see Grid Data window)}
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The onsensusnd, as wd as the speci€ results from the Randonation test, arsaved a new
gridsin thegrid data window:
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The rows of the congsesus gid arelabeled Con_1', Con_2', &. It is important to reize that
since the onstructs wex not matche in the gids, these neresat arbitraily labeled dimensions
alongwhich the &ments havéeen oderal in the analgis. ‘Con_1', ér instanceis therebre
not a construcfrom a paticular manager’s gid. It is sinply an abstret dimension resultinffom
the andyysis. As will be shown below, the panal construs of the managys @n be orrdated
with these dimensions, and tHeraents (that is, the ted emploges)can bemapped into spas
formed fom these dimensions aslve
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A common strategis to conduct a Principal Components Aisadyon the saved
consensusgrid. In Idiogrid, theuser selects Analyses — Principal Components Analysis. The
following options window, with a number of sieable options seléed, will open:

Principal Components Analysis i [ =] il
Grid to Analyze Eutraction Dptions
|':°"59"'7-'5 Girid ﬂ 2 Mumbes of Camponenis Exdracied
[ Drenlay Grid i Ouipak 2 Mumbes of Camporents Graphesd
Maliix to Analyze - =
- - G Optionz ¥
[E“nr:clnlnﬁ atiis ;I

[~ Displap Matbix in Output

ikt Hool-alson Dphione
[+ Eigemvalues and Scres Flat [ Maimas [atfhogonal) Ratation

I Commnabliag
[~ Fromas [oblgus) Folaton

I~ Stchuie Cosllicients

[~ Comporent Comalations
l_. rg f
[T Comporent 5coe Cosflicents
I~ Comporent Scoes = Displew enrras i
™ Save Comporsnl 5coles Sm ANERTEL
[ Expout Comficierts ba Mullipl-Group Setup Fle ™ Displau Fctated Sakrons]
o or | % Concel |

As ca be ser, consensusrigl is selectd as the ‘@&d to Analyze.” The Eigenvalus and Scre
Plot’ option is chosen, asedl as the ‘Eport Coeffigents to Multple-Group Setup File’ option.
The correlations of theconsensus grid will beandyzed and thefirst two prindpa components
will be extracted and plotted. Prior to running theandysis the ‘Graphing Options button should
be seleted, ad the followingoptions chosen:

Principal Components Graphing Options B =0 il

Giraph Lahel
[ Inchade Tima Stamp ¥ I Tl [ Inchade fuss Ranga

Flotting Dptions

0 Supgeess Element Labals Fliol Conitivact Poks:
0 Supmeass Corelruct Labat: & Hesther
i £ Emargert Oriy
W Labssl foms
I Ireduda Consinact Veclag in Space " Emergent and Impicit

[ Imclude Elererts n Space

wor | K concel |
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As can be sem, the ‘Plot Constict Poles’ option is set to ‘NeitHeand the'Include Construct
Vedors in Spaceis not selected. As discusisabove, theonstructs in this consensusdgare
arbitray dimensions and atéerdore uninformative. One theseptions are 22‘OK’ can be
seleted, and theOK’ button of the Prinipal Components window can kelet¢ed to run the
PCA. When the OK’ button is pressifor the PCA, the usavill be prompted to save the
component score codficients

coniem x

Export Uniatated Component Score Coafficents to
,_-r/ a Fuliple-Group Componerncs Snakyss Setup Fle?

‘Yes’ should be seleéed, and then theser will provide aname or file to which thescore
coeficients will be savd. These sare oefficients areessentiallthe numerial defnitions of the
principal @mponents that result from theadysis. Theywill later be usd to reonstruct the
components whemappinghe managrs’ constructs. Théollowing text output, withouthe
annotation, will then be generated for thePCA by Idiogrid:

Principal Components Analyses (Correlations) for Consensus Grid

Eigenvalues for Unrotated Components

Eigenvalue % Variance  Cumulative %  Scree

PC_1 3.42 56.94 56.94 [fewsnsins
PC_2 1.24 20.63 77.57 [
PC_3 0.91 15.18 92.74 [

PC_4 0.37 6.13 98.87 |**

PC_5 0.07 1.13 100.00 |*

Element Loadings (Unrotated)

PC_1
| ~ PC.2

I
John -0.97 -0.09
Bob 047 -0.25
Amy -0.61 0.44
Jan 0.60 -0.73
Fred 1.09 0.66
Jill -0.57 -0.03

Note. Values used for plotting elements
in unrotated component space.

{Graph Created: Consensus Grid / PC_1 vs. PC_2 (Unrotated)}
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The followinggraph wil also be gneated:

24302007 (1:29:44 PAD)

PCA (no rotation) for Consensus Grid
Arxis Range: -11d4fe 114

Comp 2

+ Fred

« TI Comp 1
= John

+ Bob

* Jan

As can be seen inthegraph of thefirst two components which explain ~78% do thevariance in
the consesus gid (see thescre plot in the printed PCA output above), Andghn, and Ji are
similar to one anather, and different from Bob and Jan,who ae similar to oneancther. Fred is

more similar to Bobrd Jan than the othhidhreeemployees, but heeems to ban a class by
himself.’
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Now the constructs will beadded tothe space uang the Multiple Groups Conponents
Analysis option n Idiogrd to conduct anxd¢ension analsis. The angses below an be
conductd for any singlemanagr’s gid or a subseof the manger’s gids; howeverall of the
grids will be analyed in thisexample.

A conatended gid is first crated bymakingtheGrid Data window visible in tiogrid,

and then seleding Edit = Concatenate Grids—> Elements Matched from theManMeu The
following window opens

Concatenate Grids / Elements Hatched i =10] =]
Sveailable Grads: Selected Grdz &

Manager 1 Conzensus Gid

Manager 2 Mansgsr 1 [Rezcsl=d)

Meanager 3 Manaps 2 [Reccaled]

M anager 4

lanapa 3 [Rascaled]

Fiandomizad Aesulls Manags 4 [Fascalad)

Comatnuct Trarsfomation

& More " Cenbar = Momalize  Standardize

Elerment T ransfomations

(+ More " Conber " Momalize  Standardize

Grid Transicemakions

* Mane " Cenbar  Moamalize " Stardardize  Double-Canber

o DK X Cancel

As can be sem, the consesus gid and the foumanagrs’ res@led gids aremoved into the rilgt
‘Seleded Grids’ wndow. It is extremely important that the consensusgrid belisted first
when the grids are selected and moved into the ‘ Selected Grids window. If one ofthe
mana@r’s resaled gids is lised first, the gtension analsis below will be incorret. Oncethe
grids areseleted, diffeent transformations aabe seleted fone ae seleted hee), and the
‘OK’ button pressed tcegerted the oncat@ated gid:

9
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As ca be ser in the concinated gd abovethe first sixrows ae compised of the onsensus
grid, and the@mainingrows ae the bur mangers’ res@led gids. Now the omponents that
were created earlier in the PCAmug bere-constructed and the managers' constructs mepped in
the spae. This is what methodol@is referto as anx@ension analsis. Analysis— Multiple
Group Components Analysis is selectedrbm theMan Menu opening thefollowing window:

*ultiple-Group Components Analysis

=101 x|

Grid to Analpze
[Corcatenated Gid =]

[~ Dezplay Giod i Output
M atriv to Analpze
[Emrﬂarim Watix _ﬂ
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Graphs
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Dutput
[# Eigermalues and Scree Flo
[~ Final Communalities
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r em Weight M atix
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[T Save Component Scones
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[T Sawe Sum Scomes
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Multiple Gioup Components Anadys is essentiallg conirmatorytype of aalysis in which a
researche or practitioner can test thefit of acomponent model to thegrid data. Here theandysis
will be used to reanstruct the componés exraded previously from the onsensusng so that
the managrs’ constructs an be mpped into the spac In the options window above the
concatenaed gid is sdected as the ‘Grid to Analyze’, the ‘Number of Components Graphed’ is
set to ‘2 and the Eigenvalus and Scre Plot’ and ‘Structur€oeffidents’ options are $ected.
The ‘Create Components’ button is then sédecto open theoflowing window:

Creake Multiple Group Components N =100 =]

Select snd mave the constructs, ane st & time, that ar= 1o be included on =sch comporenl.  Press the "Teat™ or “Fravious™ bubions
to scrall thrawgh the created components.

Constructs Component: 1

extravehed 0 2ER5257001 *Con_1
sharing 0 2E3EELE244 Con_2
malivabed 11932380424 Con_3
uriny HZETITTESSE Con_4
toud bk 0 AIAFTT 76
blurd: 057259841 Con_E
e = Flemove I
crealive ) )
oLkgoing
cubgoing(Z) +1 It St
caelas
:;mlr_am-.ns daal laa |
IEhng
orgarized
athletic:
easy poirg
pubgoingl 3)
LA T
FaT‘ [ (1 Load ivam File |
wieligant

[ 5ave 1o File

5 Prevvious & Hest

o K

In the window abovehe ‘Load fom File’ button wa pressed,ral the component sce
coeficients that wee saed fom the PCA above we located ad loaded.tican beseen thia
thee mefficierns are essertially multiplicative weights that are gpliedto the ‘Con_1', ‘Con_2,
etc. dimensions to rereate the omponents. The ‘R’ button is then presskto return to the
Multiple Gioups Components optis window. TheOK’ button is then seléed to run the
Multiple Groups andysis which generates the following outpuit:

Multiple-Group Components Analysis (correlations) for Concatenated Grid

Eigenvalues for Constructed Components

Eigenvalue % Variance Cumulative % Scree
C_1 1387 53.33 53.33 [kttt
C_2 444 17.08 70.41 [Frx
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Structure Coefficients

c.1
|~ c.2

I
Con_1 091 -0.17
Con_2 0.92 0.08
Con_3 -0.68 -0.48
Con_4 -0.89 0.23
Con_5 -0.70 0.16
Con_6 0.07 0.95
extraverted 0.34 0.47
sharing -0.39 -0.08
motivated 0.42 0.50
funny 0.82 0.53
loud 0.65 0.75
blunt 0.89 -0.02
patient -0.85 0.23
creative -0.68 -0.56
outgoing 0.68 -0.61
outgoing 0.97 0.00
carefree  0.91 -0.08
generous -0.75 0.22
trusting -0.74 0.00
organized -0.60 0.41
athletic  0.35 0.59
easy going 0.77 -0.05
outgoing 0.95 -0.16
nurturing -0.50 -0.48
caim -091 0.29
intelligent -0.75 0.47

Element Loadings

c.1
|~ c.2

| |
John -1.79 0.60
Bob 0.94 -0.32
Amy -1.32 042
Jan 1.15 -1.33
Fred 2.28 1.39
Jil -1.25 -0.75

Note. Values used for plotting elements
in component space.

{Graph Created: Concatenated Grid / C_1 vs. C_2 (MGCA)}

The followinggraph is also eded:



2352007 (5:12.55 DR

MGCA feorrelations) for Concatenated Grid
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It can beseen thFred is ‘funny, ‘extraveted’, ‘loud’, etc., whereaas Jil is ‘credive’ and

‘nurturing” A common sumrary strateg in GPA is to eamine the struare oefficients and
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tally constructs foead dimension. Forxample, the struare oefficients for this angses ag:

Structure Coefficients

c1
| C2
I I
Con_1 0091 -0.17
Con_2 0.92 0.08
Con_3 -0.68 -0.48
Con_4 -0.89 0.23
Con_5 -0.70 0.16
Con_6 0.07 0.95
extraverted 0.34 0.47
sharing -0.39 -0.08
motivated 0.42 0.50
funny 0.82
loud 0.65
blunt 0.89
patient -0.85
creative -0.68 -0.56
outgoing 0.68 -0.61
outgoing 0.97
carefree 0.91

0.53
0.75
-0.02
0.23

0.00
-0.08
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generous -0.75 0.22
trusting -0.74 0.00
organized -0.60 0.41

athletic  0.35 0.59

easy going 0.77 -0.05
outgoing 095 -0.16
nurturing -0.50 -0.48
calm -0.91 0.29
intelligent -0.75 0.47

A cut-point forsaliencemust be determinedoif instance.70 (common valigeare0.30, 0.35,
and 040). Stiucture codficientsare correlations, and acut-point of .70 would indicate a least
50% (.76) ovetap betwen the onstructs and the dimensions. Tlastructs that equar
exceed 0.70 in absolute vaue are printed in bdd aove. Thefirst dimendon theefore gppears to
be dharaderized primarily by being ‘funny’, ‘blunt’, ‘outgoing’, ard ‘carefree’ comparedto being
‘patient’, ‘genepus’, ‘trusting, ‘calm’, and intelligent. ' The seond component onligas one
salient construg ‘loud.’

The non-skent constructs aabe renoved from the gph in Hiogrnd. While viewingthe gaph
in theGraphics Output window, slect Edit — Change Options from theManMenu The
following options window will open:

Principal Components Graphing Dptions ; =121 =]
Graph Label
I+ Inchide Time Stamp I+ Includs Titks h* Includs Auiz Range

Flotting Diplionz

[o Suppeess Elamart Labels e aile e
|'-'l-"'-l Suppeess Constouct Labels ¥ Neithes
IE‘ M AxisH
i = Emergent Orly
F Labed A
¥ Inchide Constuct Yechors in Space " Emergert sad ket

I Includs Elemerts in Space

DK | xca-.cel|

As can be sem, the ‘Suppress Construcakhels’ option has lem set to 0.70. Consequentiyhen
the ‘OK button is selected mew gaph will be created in which ay constructs with structure
coefficientsless han 0.70 in asolute vadue will be omitted, as follows:
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MFCA frorrelations) for Concatenated Grid
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As can be seen in this rew graph, only thesdient construdas ae shown. Finally, any graphin
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Idiognd can besaved ad then inserted into Powsint, Word, or most other Miasoft softwae.
Once thegraphis inserted in Powerpoint, for ingance, the user will need to ungroup theoljects
in the gaph, vhich can then be dited. h this way the construis, elements, véors, etc. in the
2-dimensional plot can baoved, edited, deted, etc Editing the gaphs in Microsdfsoftware
is particulaly useful fordeletingthe abitrary‘Con_1; ‘Con_2; etc. dimension lalkethat show

up as construs in the etended plots above

In published papsrof GPA rsults, one can t#n find the output andgphs like thoselmove.

With onlya little editing outside ofdiogrd, the results andrgphs should beeadyfor

presatation or publication.



