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Outline

● Welcome + introduction

● A pitch for psychometrics

● A case study: Item and individual variability
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Welcome!
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Introduction

This workshop

● Why is psychometrics important to cognitive science?
● How can psychological theories be built and tested as psychometric 

models?
● What are some good examples of psychometrics being used in cognitive 

science?

Resources

● Website: https://psychometrics-workshop.github.io/  
● Pre-workshop tutorial on IRT
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https://psychometrics-workshop.github.io/


About you!

- Psychometricians
- Cognitive scientists who dabble in psychometrics
- Don’t currently work with psychometrics but would like to learn more
- Anyone else…

5



Psychometrics: Who cares?
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How do we measure stuff?
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The place for psychometrics
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Latent 
construct

Measured 
variables?

How are latent constructs organised?

Is my measurement consistent?

How much error is there?

What are the sources of variance?



Validity

What is psychometrics?
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How do measurements relate to the 
underlying latent constructs?

Instrumentation

● Scaling
● Reliability
● Bias
● Measurement 

invariance
● Differential item 

functioning

Measurement model

● Classical test 
theory

● Item response 
theory

● Generalisability 
theory

Latent structure

● Factor analysis
● Latent variable 

models
● Network theory
● Structural 

equation 
modelling

Borsboom et al. (2004)

● Classical test 
theory

● Item response 
theory

● Generalisability 
theory

https://doi.org/10.1037/0033-295x.111.4.1061


A psychometric approach
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Wherefore psychometrics?
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Studying item variability 
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● Understand dimensions of 
variability in the world
(e.g., Erhardt et al., 2023; García et al., 2023; 
Judd et al., 2024)

● Develop effective scales 
and tests
(e.g., Kachergis et al., 2022; McCowan & 
McCowan, 1999)

● Ensure item applicability
(e.g., Kubinger, 2008; Peterson et al., 2003; 
Shahsavar et al., 2023)

Why?

● Explicit item-wise and 
inter-item analyses
(e.g., Piedmont, 2014; Rasch, 1993)

● Metrics for assessing 
scale/test properties
(e.g., Cooper, 2024; Kalkbrenner, 2021; Magis 
et al., 2010) 

How?

https://doi.org/10.1371%2Fjournal.pone.0288711
https://doi.org/10.1111/jopy.12664
https://doi.org/10.5334/joc.371
https://doi.org/10.1044/2022_JSLHR-21-00372
https://files.eric.ed.gov/fulltext/ED501716.pdf
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=23e2e5fa7befacafd37d0d32fd8252056483a6df
https://doi.org/10.1023/A:1023488915557
http://dx.doi.org/10.59400/fls.v5i3.1701
https://doi.org/10.1007/978-94-007-0753-5_1493
https://eric.ed.gov/?id=ED419814
https://doi.org/10.1016/j.paid.2024.112550
https://doi.org/10.1080/21501378.2021.1940118
https://doi.org/10.3758/BRM.42.3.847


Studying individual variability
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● Suggest mechanisms and 
developmental pathways
(e.g., Boogert et al., 2018; Fisher-Baum et al., 
2018; Hofman et al., 2024; Oakes & Rakison, 
2019; van der Maas et al., 2006)

● Understand natural 
variability → construct 
norms and diagnostics
(e.g., Frank et al., 2021; de Ron et al., 2019; 
Habibzadeh et al., 2016; Lenhard et al., 2019; 
Schaaf et al., 2023)

Why?

● Better measurement of 
latent traits
(e.g., Cooper et al., 2017; Rouder & Haaf, 2019; 
Vermeent et al., 2024)

How?

https://doi.org/10.1098/rstb.2017.0280
https://doi.org/10.3389/fnhum.2018.00271
https://doi.org/10.31219/osf.io/xa2ft
https://doi.org/10.1093/oso/9780195391893.003.0005
https://doi.org/10.1037/0033-295x.113.4.842
https://langcog.github.io/wordbank-book/conclusion-consistency.html
https://doi.org/10.1017/S0033291719003209
https://doi.org/10.11613%2FBM.2016.034
https://doi.org/10.1371%2Fjournal.pone.0222279
http://doi.org/10.3758/s13428-023-02203-4
https://doi.org/10.3389/fpsyg.2017.01482
http://doi.org/10.3758/s13423-018-1558-y
https://doi.org/10.1111/desc.13478


Constructing formal theories

14

● Psychology lacks these!
(e.g., Muthukrishna & Henrich, 2019; Oberauer 
& Lewandowsky, 2019)

● Greater clarity, testability, 
and comparability
(e.g., Guest & Martin, 2021; Smaldino, 2020)

● Theory building
(e.g., Borsboom et al., 2021; Fried, 2021; 
Robinaugh et al., 2021)

Why?

● Specification of 
measurement model
(e.g., Sijtsma & van der Ark, 2020; Wilson, 
2013)

● Engagement with response 
processes and linking 
hypotheses
(e.g., Padilla & Benítez, 2018; van Grinsven, 
2023; Yurovsky et al., 2012)

How?

https://doi.org/10.1038/s41562-018-0522-1
https://doi.org/10.3758/s13423-019-01645-2
http://doi.org/10.1177/1745691620970585
http://doi.org/10.1027/1864-9335/a000425
https://doi.org/10.1177/1745691620969647
https://doi.org/10.1080/1047840X.2020.1854011
https://doi.org/10.1177%2F1745691620974697
https://www.routledge.com/Measurement-Models-for-Psychological-Attributes/Sijtsma-vanderArk/p/book/9780367424527
https://doi.org/10.1016/j.measurement.2013.04.005
http://doi.org/10.7334/psicothema2013.259
https://doi.org/10.19080/GJIDD.2023.11.555825
https://doi.org/10.1371/journal.pone.0047419


Wherefore psychometrics!
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Case study: Item response theory in 
early vocabulary learning
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Tan, Marchman, & Frank (2024)

https://doi.org/10.1111/desc.13476


Early word learning

17Goodman, Dale, & Li (2008)
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http://doi.org/10.1017/S0305000907008641


Communicative Development Inventories (CDIs)
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Accumulator models

19Kachergis, Marchman, & Frank (2022)
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https://doi.org/10.1177/09637214211057836


Variability in input
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Translation equivalents
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[pero]
 /pero/

translation 
equivalents

  /dɔɡ/



Method: Predictors
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Method: Datasets
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Languages Contributor N

English–Spanish Virginia Marchman 147

English–Spanish Erika Hoff 165

English–French Diane Poulin-Dubois 59

English–French Mitchell et al. (2022) 48



Analysis: The role of input
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Analysis: Predictor effects
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more likely to knowless likely to know



Discussion

● Bilingual children’s word learning largely aligns with monolingual word 

learning

● Predictors are consistent across datasets and languages

● TE knowledge gives an advantage for younger children, for less frequent 

words, and for TE pairs that are more phonologically similar
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Discussion: Two-route model
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Wherefore psychometrics!
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George Kachergis
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