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In an effort to improve the quality of citizen engagement in workplace, politics, and other
domains in which quantitative reasoning plays an important role, Quantitative Literacy (QL) has
become the focus of considerable research and development efforts in mathematics education.
QL is characterized by sophisticated reasoning with elementary mathematics. In this project, we
extend the notions of QL to include the physics domain and call it Physics Quantitative Literacy
(PQL). We report on early stage development from a collaboration that focuses on reasoning
inventory design and data analysis methodology for measuring the development of PQL across
the introductory physics sequence. We have piloted a prototype assessment designed to measure
students' PQL in introductory physics: Physics Inventory of Quantitative Literacy (PIQL). This
prototype PIQL focuses on two components of POL: proportional reasoning, and reasoning
with signed quantities. We present preliminary results from approximately 1,000 undergraduate
and 20 graduate students.
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The development of students’ PQL is an important goal in many introductory physics
courses, but previous research suggests that students often do not achieve robust learning gains
(Brahmia, 2017). We aim to develop a valid and reliable reasoning inventory to measure
students’ PQL. We present preliminary results from an 18-item reasoning inventory focusing on
two constructs as proxies for PQL in general: reasoning using ratios and proportions (Arons,
1983; Boudreax et al., 2015), and about signed quantities (Brahmia & Boudreaux, 2016;
Brahmia & Boudreaux, 2017; Bajracharya et al., 2012; Hayes & Wittmann, 2010; Vlassis, 2004).
Future iterations will include items involving co-variational reasoning (Carlson et al., 2010).

Data for our primary analyses are comprised of responses from 1,076 undergraduate
introductory physics students. We use descriptive statistics and classical test theory (CTT) to
analyze our results. Overall, scores are fairly normally distributed (small but negative values of
both skewness and kurtosis, -0.3 and -0.2, respectively) with an average (mean, median, and
mode) of 11 out of 18 correct, and a standard deviation of 3.0. The internal reliability is below
the commonly accepted threshold for making measurements of individuals: Cronbach's ( = 0.67
< 0.80 (Doran, 1980). CTT results indicate that some questions may be too easy for our target
population, with difficulty > 0.8. In addition, student performance on no single item strongly
correlates with the overall score, i.e. CTT discrimination < 0.6 (Wiersma & Jurs, 1990). The test
1s a work in progress and will continue to be revised based on our analyses.

Results from graduate students show that one multiple-choice-multiple-response item about
negative charge is particularly difficult: only 3/22 students answered completely correctly,
compared to at least 18/22 for five other items. This highlights the interesting case of the sign of
charge being used as a label for a type of charge, which is uncommon for scalar quantities.

Future work will involve interviewing students and faculty to validate the interpretations of
inventory items (Adams & Wieman, 2010), as well as item development and refinement.

22nd Annual Conference on Research in Undergraduate Mathematics Education 1181



References

Adams, W. K., & Wieman, C. E. (2010). Development and validation of instruments to measure
learning of expert-like thinking. International Journal of Science Education, 33(9), 1289—
1312.

Arons, A. B. (1983). Student patterns of thinking and reasoning. The Physics Teacher, 21(9),
576-581. doi: 10.1119/1.2341417

Bajracharya, R. R., Wemyss, T. M., & Thompson, J. R. (2012). Student interpretation of the
signs of definite integrals using graphical representations. AIP Conference Proceedings,
1413(1), 111-114. doi: 10.1063/1.3680006

Boudreaux, A., Kanim, S., & Brahmia, S. (2015). Student facility with ratio and proportion:
Mapping the reasoning space in introductory physics. arXiv preprint arXiv:1511.08960.
Retreived from https://arxiv.org/abs/1511.08960

Brahmia, S., & Boudreaux, A. (2017, February 23-25). Signed quantities: Mathematics based
majors struggle to make meaning. In A. Weinberg, C. Rasmussen, J. Rabin, M. Wawro, & S.
Brown (Eds.), Proceedings of the 20th annual conference on research in undergraduate
mathematics education. San Diego, CA.

Brahmia, S. S., & Boudreaux, A. (2016). Exploring student understanding of negative quantity in
introductory physics contexts. In Proceedings of the 19th annual conference of RUME (p.
79).

Brahmia, S. W. (2017, July 26-27). Negative quantities in mechanics: a fine-grained math and
physics conceptual blend? In Physics Education Research Conference 2017 (p. 64-67).
Cincinnati, OH.

Carlson, M., Oehrtman, M., & Engelke, N. (2010). The precalculus concept assessment: A tool
for assessing students’ reasoning abilities and understandings. Cognition and Instruction,
28(2), 113-145.

Doran, R. L. (1980). Basic measurement and evaluation of science instruction. National Science
Teachers Association.

Hayes, K., & Wittmann, M. C. (2010). The role of sign in students’ modeling of scalar equations.
The Physics Teacher, 48(4), 246-249. doi: 10.1119/1.3361994

Vlassis, J. (2004). Making sense of the minus sign or becoming flexible in “negativity”.
Learning and Instruction, 14(5), 469 - 484. doi: 10.1016/j.learninstruc.2004.06.012

Wiersma, W., & Jurs, S. G. (1990). Educational measurement and testing (2nd ed.). Allyn &
Bacon.

22nd Annual Conference on Research in Undergraduate Mathematics Education 1182



