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Topics

- Central ideas of classical and modern test theory

- Applications: Measuring canine aggression and
fearfulness

- Optimizing performance testing and certification
 IRT, genetics, and breeding



Classical test theory

» ObservedScore = TrueScore + Error

« Sum scores: ObservedScore= Y ¥, ItemScore,
- No validity without reliability

- Lower bound estimates of reliability

(Sijtsma, Psychometrika, 2009 , 74(1): 107—120)

= Cronbach’s alpha
= Lambda-2



Modern test theory

» ObservedScore, = TrueScore; + Error,

« Estimated scores: 8 = 6+ €
» Measurement error variance depends on 6
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Van den Berg, Derks, et al. (in prep).



Iltem Response theory models

« Modelling probabilities of certain responses on
test items (subtests)
= For example: pass/fail, present/absent, ....

- Probabilities are a function of dog characteristics
and item characteristics.
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Application to canine aggression

Contents lists available at ScienceDirect

Applied Animal Behaviour Science

journal homepage: www.elsevier.com/locate/applanim

Evaluation of the C-BARQ as a measure of stranger-directed aggression
in three common dog breeds

Stéphanie M. van den Berg*, Henri C.M. Heuven®!, Linda van den Berg©2,
Deborah L. Duffyd-3, James A. Serpelld-3

Table 4
Parameter estimates (5E} and Lagrange multiplier tests for DIF across Table 5
breeds based on the 1-parameter madel. Means and standard deviations of individual # parameters based on the
Item P parameter LM df p Abs. dif 1-parameter model.
1 1.955 (0.168) 064 2 0.3 0.00 Mean (5E) Standard deviation
2 3.023 (0.180) Q.22 2 0.01° 0.02
3 0.483 (0.145) 6.66 2 0.04 0.02 German Shepherds 0 (fixed) 2658 (0.147)
= Ll S = e Golden Retrievers ~2.206(0.253) 2.666 (0.217)
5 1476 (0.161) 5.07 2 0.08 0.02 .
6 0045 (0.145) 0.99 2 061 0.01 Labrador Retrievers -1.402 (0.211) 3.329(0.185)
7 —1.225 (0.155) 10.58 2 001 0.03
8 2373 (0.163) 1.28 2 053 0.0
Q —0.510(0.148) 285 2 023 0.02
10 1.244 (0.154) 374 2 0.15 0.02

" Statistically significant at an alpha of 0.05.



Application to fearfulness

Comparing German Shepherds, Golden Retrievers and Irish soft-coated
wheaten terriers on DMA fearfulness subscale

Tab le 2.2 Overall DIF across breeds

LM Abs dif
17 Overr réadsla 359.10 0.19
19 Overr nyfiken* 33.94 0.04
20 Overr kvars nyfiken 92.47 0.08
22 Ljudkansl radsla 285.48 0.12
23 Ljudkansl nyfiken* 168.77 0.19
24 Ljudkansl kvars radsla 16.84 0.03
33 Skott 1103.19 0.43

No measurement invariance across breeds, mainly due to wheaten
terriers, and particularly the reaction to gun shots



Application to fearfulness

Comparing German Shepherds and Golden Retrievers

Item 33 as a function of sum score
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Corrected for overall fearfulness differences, German shepherds are less
responsive to gun shots than Golden Retrievers



Results

» Good fit for a 1-parameter IRT model for
stranger-directed aggression and 2-parameter
model for fearfulness

- Breeds differ on overall level of stranger-
directed aggression.

- Clear breed differences for expression of fear

« IRT-models seem promising tools for canine
behaviour



Optimizing performance testing
and certification

« Where do you want to have high levels of
information (small measurement error)?
= Across the entire scale?
= Around he cut-off point?
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Conclusion

» IRT able to quantify the information provided by
a specific item in a certain population.

 IRT helps you determine what type of items you
need to optimize your test, given its goal.

- General principle: for high cut-off points, use
items with low endorsement levels (positive beta
parameters), and vice versa



IRT, genetics, and breeding

- Determining heritability, corrected for measurement error
 Selecting the best dogs in a breeding program

- Finding “genes for aggression”: use items with widely different
response rates, gives best information across the entire scale.



Heritability of fearfulness in Irish
soft-coated wheaten terriers

Table 1: Posterior means and standard deviations of genetic parameters with and
without an IRT model.

Parameter Standard analysis Analysis with IRT model

o5 0.055+0.004 0.855+0.137
7 0.024+0.004 0.553+0.137
h* 0.30+0.04 0.39+0.09

Van den Berg, S.M., Fikse, F., Arvelius, P., Glas, C.A.W., & Strandberg E. (2010). Integrating phenotypic measurement
models with animal models. Proceedings of the gth World Congress on Genetics applied to Livestock Production,
Leipzig, Germany, August 1-6, 2010.



http://www.utwente.nl/gw/omd/afdeling/vandenbergfiles/leipzig.pdf
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IRT and genetics

Van den Berg & Service, in preparation.

Power to detect QTL that explains 1% of 'true’' phenotypic variance
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IRT and genetics

Van den Berg & Service, in preparation.

Power to detect QTL, selected samples design
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Increasing sample size with IRT

Table 1. Samples, number of subjects, files, Tests and links between the different tests of the phenotype harmonization project
De Moor, Van den Berg, et al. (2011)
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IRT, genetics and breeding

» Conclusions:

= Separate measurement error from “environmental
variance”

= Optimize breeding programs and gene-finding
studies

» Increase sample size by including dogs that were
tested in alternative ways
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