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Outline analyses
Practice



Flanged axes

Wilczek et al., 2015

Middle Bronze Age axes (1650-1350 BC)



Quantitative comparison of Flanged Axes

Questions:

- Are two groups of axes obtained by using GM and 

GMM different?

Dataset

- 30 axes (out of 62) of group G3

- 30 axes (out of 47) of group G4

Procedure

- Digitize outlines

- Perform Elliptic Fourier Analysis (EFA)

- Perform Principal Component Analysis (PCA)

- Perform Linear Discriminant Analysis (LDA)

- Perform MANOVA

Flanged axes

Wilczek et al., 2015



Flanged axes
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EFA

Original procedure



Flanged axes
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EFA

Original procedure



Flanged axes
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Original procedure



Flanged axes

Wilczek et al., 2015

Software 

- tps: https://life.bio.sunysb.edu/morph/

- PAST: https://folk.uio.no/ohammer/past/

https://life.bio.sunysb.edu/morph/
https://folk.uio.no/ohammer/past/


Flanged axes

Digitize outlines

- TPS files

- for both groups of axes
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Flanged axes

Digitize outlines

- TPS files



Flanged axes

Digitize outlines

- TPS files



Flanged axes

Digitize outlines

- TPS files

- little bit more complicated (when working with photos), fortunately 

not our case



Flanged axes

Digitize outlines

- TPS files

- little bit more complicated then landmarks

1. Left click on image

(outline gets yellow)

KIR SAL

2a. Right click on image and select

“Save as XY coords”.

2b. Specify number of coordinates: 200

3. (if ok, outline gets red)

1
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2b
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Flanged axes

Digitize outlines

- TPS files



Flanged axes

Digitize outlines

- TPS files

Attention, be sure that each individual has OUTLINES=1 
and this outline is defined by POINTS=200 and not by 
RADII, RADIIXY, or by CHAIN.

correct incorrect



Flanged axes

Append both TPS files

- Necessary for further analyses 1

Both files must be in the same folder
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Flanged axes

Data preparation

1) Open file:

File >> Open  >> Flanged_axes.TPS

2) Add grouping column for coin type:

Edit >> Insert more columns

3) Specify variable type of grouping column and fill it:

a) Check Column attributes in Show panel

b) Specify Type to Group

c) Specify Name of Variable (Optionally)

d) Fill group for each coin: 30 x G3, 30 x G4

3a

1 2

3b
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3d



Flanged axes

Data preparation

1) Open file:

File >> Open  >> Flanged_axes.TPS

2) Add grouping column for coin type:

Edit >> Insert more columns

3) Specify variable type of grouping column and fill it:

a) Check Column attributes in Show panel

b) Specify Type to Group

c) Specify Name of Variable (Optionally)

d) Fill group for each coin: 30 x G3, 30 x G4

4) Specify colours for coins based on grouping column

a) Select grouping column

b) Edit >> Row colors/symbols

c) Adjust as you wish

4a

4b

4c



Elliptic Fourier Analysis (EFA)

Geometry >> Elliptic Fourier (2D outlines) >> EFA coefficients

Flanged axes



Flanged axes

Normalised Elliptic Fourier Analysis (NEFA)

Geometry >> Elliptic Fourier (2D outlines) >> EFA coefficients



Flanged axes

Principal Component Analysis (PCA)

Geometry >> Elliptic Fourier (2D outlines) >> EFA PCA

specify number of harmonics used (Modes)

specify EFA / NEFA

Description and discussion

- how much information we see in graphics?

- how many components are meaningful?

- what is represented by the first PC?

- horse-shoe

- are there differences between groups?

- are there outliers? If so, comment.

- …

PC1

-0.3 +0.3

PC2

-0.1 +0.1



Flanged axes

Principal Component Analysis (PCA)

Geometry >> Elliptic Fourier (2D outlines) >> EFA PCA

specify number of harmonics used (Modes)

specify EFA / NEFA

Description and discussion

- how much information we see in graphics?

- how many components are meaningful?

- what is represented by first components?

- are there differences between groups?

- what shapes characterise groups?

- are there outliers? If so, comment.

- …

PC1

-0.06 +0.06

PC2

-0.03 +0.03



Flanged axes

Linear discriminant analysis (LDA)

1) Open file: Flanged_axes_efa_pca.dat (contains Scores of PCA calculated before)

2) Select 10 PC accounting for 97.2 % of variance

3) Perform LDA

Multivariate >> Ordination >> Discriminant analysis (LDA)



Flanged axes

MANOVA and PERMANOVA

1) Open file: Flanged_axes_efa_pca.dat (contains Scores of PCA calculated before)

2) Select 10 PC accounting for 97.2 % of variance

3) Perform Normality test

Multivariate >> Tests >> Multivariate Normality

4) Perform MANOVA

Multivariate >> Tests >> MANOVA

5) Perform PERMANOVA

Multivariate >> Tests >> PERMANOVA
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