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Students in introductory physics courses are often asked to use familiar mathematics in novel
ways. Improving students’ quantitative literacy within physics contexts (i.e. physics quantitative
literacy, or PQL) is a goal for many physics instructors. A challenge in assessing PQL is the
blended relationship between students’ general mathematical reasoning and conceptual
understanding of physics. A recently developed multiple-choice instrument for measuring PQL
includes several multiple-choice-multiple-response (MCMR) items for which students may
select as many responses as they think are correct (White Brahmia, et al., 2021). The MCMR
item format provides an opportunity to see the interaction between students’ quantitative literacy
and conceptual physics understanding.

Previous approaches to analyzing data from MCMR items fall into three categories: scoring
response combinations as either completely correct or incorrect (Kubinger & Gottschall, 2007;
Smith, et al., 2020; White Brahmia, et al., 2021), defining an a priori partial credit score for each
response combination based on expert opinions (Wilcox & Pollock, 2014), or avoiding item
scores by treating responses as categorical variables (Smith, et al., 2019; Vlach & Plasil, 2006).

In this poster we present a novel approach to defining a data-driven partial credit score for
each combination of responses to MCMR items based on item response theory (IRT) analyses.
We seek to address three research questions: 1) What score is assigned to each combination of
responses based on IRT parameters? 2) How do correct and incorrect responses impact these
scores? 3) How do scores based on IRT parameters relate to traditional dichotomous scores?

Data come from 3424 introductory physics students at a large research university. We apply
IRT methods to MCMR data by treating each item as a combination of individual dichotomous
response-items and grouped nominal response-items (Smith, et al., 2022). IRT parameters are
used to define a score for each response combination (Smith & Bendjilali, 2022).

Our results show that the correct response combination for each item always has the highest
IRT-defined score, even though the correct responses are not specified in the model. Correct
individual responses have positive scores, and incorrect responses have negative scores. Total
IRT-defined test scores strongly correlate with dichotomous test scores (» = 0.8). This supports
the interpretation of IRT parameters as indicating levels of correctness and understanding.

Some analyses of grouped responses yielded counterintuitive results: we identified one item
for which certain incorrect responses corresponded to positive parameters, and another item for
which selecting two (out of three) correct responses was scored lower than selecting only one.

Our overall results indicate a strong potential for using IRT analyses to inform partial credit
scores for MCMR items used to measure students’ PQL; however, more consideration is needed
to define the transformation from IRT parameters to partial credit scores.
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Introduction Goal: Define partial credit for response combinations using both dichotomous Research Questions and Results
 Improving students’ physics quantitative literacy (PQL) is a goal for many and nominal |RT mOdels to ana|yze data frOm MCMR items RQ1: What score is assigned to each combination of responses based

physics instructors. on IRT parameters?
* PQL is the blended relationship between students’ general mathematical * See Table 2
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* The Physics Inventory of Quantitative Literacy (PIQL), includes multiple- ! '

. . . . r r itive.
choice-multiple-response (MCMR) items; students may select as many [l 1 fu i ey of s oo b et by doin pse ok on e st o by et Independent  Groupea Independent  Groupeo Al correct response scores are posifive |
responses as they th|nk are CorreCt (Wh|te Brahm|a et a|, 2021 ) eo’luations represent(s) this rethionship (U is Zhe internal energ}; of the system,@is positive when energy DIChOtomOUS Nomlnal DlChOtOmOUS Nomlnal ¢ A” IﬂCOrI’eCt dIChOtOmOUS response SCOres are negatlve
flows into the system, and W is positive when work is done on the system)? Choose all that apply. . o .
. ' ' i ! itati o ) ' o ltem Responses Responses Item Responses Responses * Incorrect nominal responses may be positive or negative, but all are lower
The MCMR items can show the interaction between students’ quantitative 0 AU=Q W A
literacy and conceptual physics understanding. b AU = -Q+W 15 C.D ALF B than correct.
¢ AU=Q+W : +F, B+E 18 A,B,C D+E, F+D
. ' ' ' ' AU = RQ3: How do scores based on IRT parameters relate to traditional di-
Prewoug approaches to analyzing data from MCMR items fall into three d _ig:gjg T e B+D 19 A.B.C,D E _ Q ° p
categories: C AU— oW chotomous scores
. L . . | 17 A,B,C,D — 20 D, E, F A+B+C IRT : ¢ | f
— scoring response combinations as either completely correct or incor- - - . parameters used as scores give a range of total test scores from about
rect (Kubinger and Gottschall, 2007; Smith et al., 2020; White Brahmia Consider the following statement about subatomic particles Ta!ole 1. StrODQ'Y correlated response options are grouped and analyzed 52 to 82 (compared with [0,20] for dichotomous scoring)
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— defining partial credit score based on expert opinions (Wilcox and Pol- quarks and N for the mumber of nucleons. Which of the following are correct? not all) students have higher total scores when including partial credit.
IOCk, 201 4), Choose all that apply.
] . ] . _ a. 3Q/N b.3Q=N ¢ 3Q+N d. Q=3N e. Noneof these are correct.
— treating responses as categorical variables without scores (Smith et al., IRT Parameter Results
2019; Vlach and Plasil, 2006). I | i i i
) S L e Expected  IRT Expected IRT Partial Credit vs. Dichotomous Scores
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- PIQL response data analyzed using item response theory (IRT). that apptye oo : k) tem  C* +0.67 ltem DG* +1.39
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. . . . . o . . . e amount ot cloth needed to make the flag. 20 -
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* IRT parameters are used to define a score for each response combination A 1 c. 046" +0.53
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For a particular interval of the motion, the hand does W = —2.7 J of work on the block. Recall that for
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Figure 1. MCMR items on the PIQL binations. » Correct individual responses have positive scores, and incorrect re-
sponses have negative scores.

 Total IRT-defined test scores strongly correlate with dichotomous test
scores (r ~ 0.8). This supports the interpretation of IRT parameters as
Takeaways Indicating levels of correctness and understanding.
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