Creating Statistically Equivalent Versions of a Test of Quantitative Literacy in Physics Contexts
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The Physics Inventory of Quantitative Literacy (PIQL) is a 20-item multiple-choice test
designed to measure the development of students’ physics quantitative literacy (PQL) across
multiple physics courses (Olsho et al., 2023; Smith et al., 2020; White Brahmia et al., 2021).
Repeated testing, coupled with requiring up to 40 minutes for students to complete the test, could
lead to testing fatigue and unreliable results. We seek to create two shorter versions of the PIQL
(a.k.a. piglets) that are statistically equivalent to each other in terms of student performance on
three facets of PQL (ratios and proportions, covariation, and signs and negativity).

Han et al. (2015) used a large data set of student responses to a 30-item conceptual physics
test to identify combinations of items that produced testlets with the most similar average student
scores. They demonstrated the equivalence of the testlets using item response theory (IRT) and
correlating individual students’ scores across versions. We follow their example by creating 12-
item piqlets that each contain four overlapping anchor items (to facilitate comparisons between
versions) and eight distinct items. Our work was guided by these research questions:

1) Which combination of items produces piqlets with the smallest score differences?

2) How does the reliability of these piqlets compare to each other and to the PIQL?

3) How similar are the psychometric parameters for the anchor items across piqlets?

Data were collected using the full PIQL in three introductory physics courses at a large
public university in the western US (2100-3200 students in each data set). We considered 240
combinations of items for the piqlet versions, subject to constraints that both the content and the
format of items were equivalent across the two versions. We calculated a total test score for each
piglet based on the average percentage of items answered correctly, as well as subscores for the
three facets of PQL. For each of our three data sets we determined the average score difference
between the piqlets, calculated Cronbach’s a for each piqlet, and applied IRT analyses to each.

The combinations of items that we identified as being the most similar had overall average
score differences from 0.6—1.3%. Cronbach’s a values ranged from 0.67 to 0.75, with differences
less than 0.01 between versions. We see strong correlations between individual student scores on
the two piqlets, with 0.79 <r < 0.85. The IRT parameters support the statistical equivalence of
the piqlets with parameters of overlapping items agreeing to within 0.1. These preliminary
results suggest a strong potential for identifying piqlets that are statistically equivalent for the
broader population of mathematics and physics students based on a larger, more diverse, data set.
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