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Promoting quantitative Score Distribution Multiple-Choice Multiple-Response Example Questions

litera Cy In PhySICS e Scores range from 1to 20 correct e Most students choose at least one correct response Important; Sonc of he questions o ihis poge ey have more than one corect answer. 16 yon se (e
| ] i promp oose a at apply”, selec you believe are correct.

Physics Q it ativo | it (PQL): the abilit « Small increases from course to course  Four-level scoring scheme

® SICS Uantitative IteracC . e aDlll . 1E€F3 . Shown at right is a picture of a small flag of the Kingdom
y . . y f y ° Broad range Of Item dlffICUIty Values B A” CorreCt ’ of Bhutal, vgvh)icch hasatdragon along its d;gagor?al. Ilisegcond
tO reason mathematlca”y N the COnteXt O - Some COI’I’eCt (ChOOSing at IeaSt one COI’I’eCt response version of the flag, not shown, is 1.5 times taller than the
- ) smaller flag and is also 1.5 times wider.

physics _ _ . Mean Median St. Dev. Skewness Kurtosis | but no incorrect responses) Which of the quastties below are lasger by o factor of 1.5
* A goal of many introductory physics courses; Overall | 109 11 355 030 -0.29 - Both (Choosing at least one correct and one incorrect . o e edee o the

development is often less than desired (Brahmia, Physi21| 10.3 < e Y Yy response) . The dtancesround the e of the g

2017) - . . . J% c. The length of the curve forming the dragon’s backbone.

E h - i PQL d I t PhyS1 22 110 1 1 370 '032 '034 - IncorreCt % d. The diagonal of the flag.
[ - = = = . .-

n anCIng eve Opmen may. Phys1 23 117 12 344 _047 _003 ° Progress|on over tlme varies by queStIOn e. g;;e of these quantities are larger by a factor of 1.5 for the larger flag compared to the smaller

- improve students’ knowledge of mathematics

. 0.125 1.00 10. Jo . : : : : :
. : . Jogger A is slower than jogger B (0.6 times the speed of jogger B) but runs for a longer time (1.5 times
(EI I Is’ 2007’ Thom pson’ 201 O)’ the amount of time that jogger B runs). How does the distance traveled by A compare to the distance
N : o
- better pre pa re them for futu re demands to traveled by B? Select the answer with the best reasoning:
i i 0 0.100 @€ 0.75 a. The distance traveled by A is greater than B because A runs for more time.
th N k mathematha I Iy (Ca ba I |el’0, et a I "y 201 5), T é . Correctness b. The distance traveled by B is greater than A because B runs faster.
d % = c. They both run the same distance because although A runs for more time, B runs faster and it
an =) 0.075 N balances out.
1 1 1 1 1 ) "© 0.50 d. The distance traveled by A is greater because although B runs faster, A runs long enough that
- promote increased equity and inclusion in = c e
p hys i CS i nst ru Ct i on ( B ra h m ia an d BO u d reau X, CC) 0.050 s ncorrect % e. The distance traveled by B is gr.eater because although A runs for more time, A doesn’t run
'..C:D © 0.95 long enough to travel as much distance as B traveled before she stopped.
| LL .
@®©
201 7, BOB I er, 201 5)- Lt 0,025 11. The graph at right represents the height of water as a func- hA
' tion of volume as water is poured into a container. Which | ]
0.00 of the containers shown below could be represented by this

graph? Choose all that apply.
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Research Questions : : 0 o o Question

Score on PIQL

e How does PQL develop throughout the g Fraction of students who answer correctly Q9: Flag of Bhutan Q16: Electric Charge Q17: 1D Work =>@ K °’ v ? ? @ ) | | " Volume |
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introductory physics course sequence? H0 o e "
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* How do students unde_rstandlng <?f phy_slcs: 0.8 2 o7 2 o7 £ 075 N L
content and mathematical reasoning skills interact g E E E " Which of the following sraphs beet represents he eight of the vater o S
tO impaCt their PQL abilities? % : E 0.50 E 0.50 qc;) 0.50 g;gﬁ;h‘i;phermal bottle as a function of the amount of water in the
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e We are developing the Physics Inventory of 12345678 91011121314151617181920 Learn about charge Learn about work

Quantitative Literacy (PIQL): an assessment Question

instrument for measuring PQL across the physics
curriculum.
e 20 multiple-choice questions

16. A student has two electrically neutral spheres, A and B. Initially, sphere A has exactly the same number
of protons and electrons as sphere B. The student touches the spheres to each other. After the spheres
touch, the charge on sphere A is measured to be g4 = —5 uC, and the charge on sphere B is qg = +5 uC.

Which of the following statements best describe the charges on the spheres after the spheres touch each
other? Select the statement(s) that must be true. Choose all that apply.

Which Responses do Students Choose?

a. The net charge on sphere A is greater than the net charge on sphere B.

-11 Single response e [tem Response Curves (IRCs) Plot the probability e Useful for seeing which of the answers students b. The net charge on sphere A is less than the net charge on sphere B.
- 9 Multiple response (3 have more than one of a s_tudent choosing a particular response, given choose (particularly for MCMR questions) o et C}fiS&fiﬁﬁffl:seih:;f;f:fi:Z?ZJZiiiﬁlﬁiiﬁlﬁge on sphere B.
correct response) her/his overall score on the PIQL e Only 1 student scored 19, only 1 student scored 20 e. The number of charged particles in sphere A is less than that in sphere B.
e Given as a pretest in three introductory physics
cOT e . * Q9: Flag of Bhutan * Q16: Electric Charge * Q17: 1D Work e oot et ook e k. ot e ol i, . b A
- Phys121, Mechanics (N = 424) - Choosing Perimeter (A) is - Many students correctly indicate that - More likely to answer e 2T ook on e ok Rl bt fr oot e S8
- = - - - - - onsiaer € Iollowing statements abou 1S S1tuatlon. elec € Statement(s al 1Mmus e true.
Phys122, Electricity & Magnetism (N = 405) more likely than choosing the size of the net charge implies correctly about the dot Choose all that apply.
- Phys123, Thermodynamics/Waves (N = 329) Diagonal (D), which is magnitude (C), regardless of score product (D: W = F - As) e ok done e o s e e dection,
* We focus on three constructs: more likely than choosing - A common distractor is that negative than physical implications c. The displacement of the block i in the negative dircction.
proportlonsl reasoning(Arons, 1983; Boudreaux, the Curve (C) net charge is less than positive net (G: W = AE) R
et al,, 2_015) _ _ - _ - Incorrectly choosing Area charge (B); this is inconsistent with the - All distractors common f. Energy was added to the block system.
- reaslonlng with ;lgped quantities (Bajracharya, (B) gradually decreases negative sign indicating type of charge for mid-range scores % & Buergy was taken away from the block system.
;t ah., 2'01§bl1?’;aHmla anddB\j)qultreaux, 3811% as scores get higher (unique among physical quantities) (7-13) et
ranmia, , Aayes an Ittmann, ; . . . ererences
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