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“The history of science is the history of measurement.”
—James M. Cattell (1893), founder of Psychological Review
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The MacArthur-Bates
Communicative Development Inventory (CDI)

Parent-report measure of children’s early
language comprehension and production.
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The MacArthur-Bates
Communicative Development Inventory (CDI
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Beyond Vocabulary Size

* Vocabulary size of 7,000
English-speaking children 5800 -
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ltem-Response Theory (IRT)

e Jointly estimate 1) a latent abillity

6, for each child j, and 2) a

difficulty b; for each item (word) /
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Computerized Adaptive Test: CDI- AT
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Traditional CDI

Can we create short,
valid tests of early
language?
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Kachergis et al., 2022 J. of Speech, Lang, & Hearing Research



R
i "
R o W

Computerized Adaptive Test: CDI-CAT
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Computerized Adaptive Test: CDI-CAT

Computerized Adaptive Test ( B
(CAT) with 25-50 questions e
(vs. >650) reliable across a wide
age range (12-36 mos)

- Validation study (N=200)

g showed a strong association iz
between full CDI & CAT 2
ability (r=0.92) =
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* English & Spanish in NIH
0 Baby Toolbox (& WebCDI)

- Added French (2023) &
Japanese (2024)

Kachergis et al., 2022 J. of Speech, Lang, & Hearing Research
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ldentifying Measurement Bias

» Wordbank CDI data show demographic
differences in vocabulary size advantaging 1)
females, 2) white children, and 3) children of
highly-educated mothers (a proxy for SES)
(Eriksson et al., 2012 Frank et al., 2021)

- Sex-related differences in language skill that Maternal
persist until high school (Peterson, 2018) Education

* Could the set of CDI items be biased?

» How to evaluate CDI items for potential bias?

Kachergis, Francis, & Frank, 2022 Topics in CogSci
Winner of Diversity and Social Inequality Award at CogSci 2022



ldentifying Measurement Bias

» Ability vs. age by demographic group in a baseline Rasch (1PL) model
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» Using a multigroup Rasch model, we estimate item difficulties that are allowed to vary by
demographic group. DIF exists if the difference between group parameters is non-zero.

» The question becomes: How many items are (significantly) biased in favor of each group? Is
the item bank representative of all possible items? Kachergis, Francis, & Frank, 2022 TiCS, CogSci



Differential ltem Function

e DIF can decrease the validity of a test:
iImagine groups A & B have no mean
difference in ability, but some items are
easier for group A (e.g., farm equipment
for rural children).

e |f many of these items are selected to be
on a test, the test will overestimate the
ability of those in group A, and
underestimate the ability of those In
group B: the test is unfarr.

e Of course, a true ability difference may exist between groups — regardless,
the selection of items can either inflate or deflate the actual group difference.



ldentifying Measurement Bias
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ldentifying Measurement Bias
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ldentifying Measurement Bias
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Reducing Measurement Bias

-
Maternal giraffe doll
Education ogurt pretty
Many items showed sweater necklace
significant bias favoring one 75 49
or more demographic groups.
penny hammer
But we don’t want to soda/pop firetruck
get rid of all/most of candy “h:":o o\ bat
these items: How does 40 "
eliminating the extrema daddy
change demographic-
based differences? s all gone
button 75 Kitty

peas boat

Kachergis, Francis, & Frank, 2022 Topics in CogSci, CogSci




Reducing Measurement Bias

Suggestion: prune items showing extreme Pruning 59 extrema reduces
disadvantage for any demographic group the size of SES- and race-

based demographic effects.

Excluded items “ Sex differences persisted.
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Conclusion

Uptake:
learning outcomes

e Computerized Adaptive Tests (CATs) can evaluate children’s
language abillity in a few minutes, with high validity

e How short can tests of early language be? ~25 (and up to
50) words

e |dentified demographically-biased items on the English CDI,
suggested removing a small number of extrema to mitigate
SES and racial bias

e How can we assess & improve test fairness? Evaluate
Differential Item Functioning, eliminate outliers, and (ToDo)
consider replacements
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“The history of science is the history of measurement.”
—James M. Cattell (1893), founder of Psychological Review



Thank you! — Questions?

kachergis@stanford.edu

https://kachergis.com
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