A Rubpric for Assessing Thinking SKills in Free-Response Exam
Problems

Abstract Introduction Methods
In recent years there has been a move toward recognition of the need to assess not just conceptual understanding, but also students’ thinking skills. At Texas Tech University
. . . (TTU) we have observed the need to promote and assess thinking skills. We have course sections taught by the same instructor using different pedagogies, one taught traditionally, > ldentification of common exam problems : We first
We designed a rubric to assess free-response exam problems in order to .. . . . . . L. . ; g : . D
. . . . . . and one taught non-traditional. We are interested in assessing both thinking skills and conceptual understanding in the different sections. The non-traditionally taught students were identified exam problems that had been administered and
compare thinking skills evidenced 1n exams 1n classes taught by different . . : . : : o : _ A
edagogies. The rubric was designed based on Bloom’s taxonomy (revised enrolled in an mquwy_-based, Ia_lboratory-based physics course (INQ) taught without a Iecture_ an_d without a te_xt. _Students worked throug_h the dl_rected—l_nquwy materials developed were common across classes. We also identified, in
peda A . for the course [4], doing experiments to explore the world around them and developing qualitative and quantitative models based on their experimentation. We set out to design a particular, sections of the algebra-based course taught by
version) [1-3]. The rubric was then used to code exam problems. In . y c . . . . . . : _ : )
rubric to assess thinking skills in the context of exam problem solving. Our goal was to design a simple, coarse rubric that was not hard to use but would give a general 1dea of the the same instructor using different pedagogies.

particular, we analyzed exams from different sections of the algebra-based

physics course taught by the same instructor with different pedagogies, often level of thinking skills applied in exam problem solving. Here we report on the creation of this rubric.

» The rubric and analysis : Our goal was to design a

the same semester . We compared sections taught traditionally, with and general rubric to analyze free-response physics
without interactive-engagement, and those taught by inquiry. We discuss the E le Probl 1 R It problems. In the development of the general rubric we
instrument, present results and present plans for future research. The inquiry- Xampie Frooiem RESUILS started with a rubric with seven levels but soon moved to
E?Sid Zt_‘themls Ctleglorzsmted all of the thinking skills coded more often than A positive charge +4Q is placed at y = 10.0cm and a The example problems were analyzed by two raters. We originally treated the rubric as non-hierarchical, assigning a one or a fg/e- level rubric. th rubrdlcdwas de3|rg]3ner>]d 0 that eﬁCh
© traditional students. Fhi‘;ge ‘?ft+Q/§ 'IS plaiehd at the_o“g'r}‘t)r‘: the y-axis, as a zero to each level. However, we observed that for our data, the results were hierarchical. No one received a one for a stu_ttent anSWer wou X de C(_)de as t?t\rllv ert]_ eli_or nc;(t_ Itl €
in ictur w. Three region -axis ar , . - , ,
Iabelig %ggeione AO oy > 61% ggn? Fi:gioneé’ ii Osoirf] ) level without receiving ones for all the levels below it. We then assigned a score by adding all the ones to represent a \é"“ e_B a(;'S\;Ver sugp Ile IeV| :en(;eho g t ”]I_r']ng > cll
y < 10.0cm. Region C i y < 0.0crm | students' thinking level. The larger the number, the higher the student's thinking level. escribed at a particular level ot the rubric. The student
A P answer was given a 1 or a O for that level on each part of
A We used the weighted Cohen’s Kappa to measure inter-rater reliability for two raters. The results for weighted Cohen’s the problem (for multipart problems). After we were
+4Q @ y=10.0cm Kappa with two raters for the INQ class are 0.82 and 0.85 on the (a) and (b) parts of the example problem 1, respectively. satisfied with the rubric wording, we used it to analyze
g For the traditional class, the weighted Cohen’s Kappa 1s 0.86 and 0.97 for the same two parts, (a) and (b), of the same different problems from traditional and INQ classes. We
The Rubric Qg =00 problem. For example problem 2 The results for the INQ class are 0.81 and 0.86 on the (a) and (b) parts, respectively. For assessed inter-rater reliability for two raters by
- e 7 ¢ hierarchical data, the weighted Cohen’s Kappa is the correct statistic to use and a value in the range 0.81-1.00 IS calculating percent agreement and Cohen’s Kappa. We
I considered almost perfect agreement. also interviewed students to establish construct validity.
’ . _ _ i . . . .
Bloom’s taxonomy levels for physics free-response exam problem a) s there any position along the y-axis that the net We show the results of the comparison of students taught by two different pedagogies, students in the INQ class and We report on our present results and present the results
solutions: electric field fg‘t‘r']d betzel"of-’t It Sf‘?’ I'(T Q)’Vh'Ch students in the traditional class, in Figs. 1, 2, 3 and 4. Fig. 1 shows the results of part (a) and Fig. 2 shows the results of for two of the questions we coded for exam problems
region(s) could the net electric field be zero. part (b) of the example problem 1. Fig. 3 shows the results of part (a) and Fig. 4 shows the results of part (b) of the comparing students taught with different pedagogies by
1) N Explain your reasoning. h £
) one : . : : examp|e prob]em 2 the same proressor.
i) Nothing b) If there is a position along the y-axis at which the '
i) Totally incorrect [‘het e'?Ct“‘;f'e'd '_f_zem’hdﬂe[rr]“'”etth";‘t 'f‘?at]c'_"?a'f A much higher percentage of the INQ students demonstrated each of the thinking skills assessed by our rubric. This is
ere is not a position where the net electric fie : - : : . : : i
iii) Statement only could be zeropexplain why not. Show your work consistent with previous data using a problem specific rubric. We have evidence of much more frequent use of all the Conclusion
iv) Partial Remember — includes some facts or concepts needed to and explain your reasoning. thinking skills by the INQ students.
solve a problem, but at least one necessary concept or fact is missing B plem from Armold Arons. (1994). H o
- dasea on a proniem 1rrom Arno rons. . AO0MEWOrK an " I "
or incorrectly remembered. Test Questiogs for Introductory Physics Teaching. (John Wiley and Inquiry vs. traditional, same instroctor, part (a) Inquiry vs. traditional, same instroctor, part (b) We have developed a g_eneral_COHFSG rubric that _|S r(_allable to
Sons, NY). o | o | compare students thinking skills across pedagogies in the
20 " 20 " context of FR exam problems.
: ! I . . . .

o _ g * ! 7 I We have evidence, based in our rubric, that students in an
Solution includes recollection of a fact or concept or set of facts or g 0 - £ : INQ section of algebra-based physics demonstrate a more
:c:oncepﬁ needed to solve the problem in either mathematical or Wr;)tten_ | : 32 : g SZ | frequent use of all the thinking skills analyzed in our

orm. (IT one or more necessary concepts are missing, It counts as Partia Examble Problem 2 i : S : example problems compared to a traditional section. This is
Remember and not Remember.) EXAMPIE TTODICM £ ) | o I consistent with earlier results with a problem specific rubric
o ; I = . I : I and indicates that the combination of the instructional
3) UnderStand' EXpIaln Idea’S or Concepts None b Remember Understand Apply/Analyze Evaluate 5 | . . - methOd (SOCI‘a'[IC queStlor"ng) and the EVidenCE-baSEd

. L Consider two parallel, current-carrying wire, as in the Thinking Sidlls Applied vone 1 Remember | Understand - Apply/Analyze Fvaluate Instructional materials [4] are more effective at promoting
Solution includes a correct application ot the Tacts or concepts recalled. figure. The current in wire 1 is 1.5A out of the page. m Inquiry W Traditional e, the thinking skills assessed than traditional instructional
Thls_ could be ver_bal or mat_hematlcal;_ It includes recognition of any The current in wire 2 is 2.00 into the page. The wires methods.
details or constraints given In the partlcular problem and how they would are 0 s e A - 00 A Fig.1. The results of the general rubric applied to two algebra-based physics Fig.2. The results of the general rubric applied to two algebra-based physics sections, o _ _
be applied. A picture must be Supported by a verbal explanation. - O o) sections, one INQ, one more traditional, part (a).Same instructor, same semester, one INQ, one more traditional, part (b).Same instructor, same semester, different We are presently continuing this research to tweak our rubric,

' : different pedagogies. The dotted line separates the None category from the Thinking pedagogies. The dotted line separates the None category from the Thinking Skills app|y it to other problems and to problems from other
_ o _ _ _ < — - —> Skills categories. categories. ) .
4) Apply/Analyze: Use information in new situations/draw connections | universities.
among ideas
. . . . (a) (b)
Solution demonstrates a valid, logical and consistent process for . ! 100 I
determining an answer, applying (1) and (2), and demonstrates evidence a) Determine the magnitude and direction of the net " 80 I References
of understanding an underlying model or fundamental principle. magnetic field at point P. Draw and label the net 100 I 80 " —_—
magnetic field vector in the diagram above. Show 80 ] 70 |
your work. I ol I 1. Bloom, B.S. (1956). Taxonomy of educational objectives: The classification of
&0 | | educational goals. New York, NY: Longmans, Green.

i i i ... i i _ _ _ A0 ! . I 2. Anderson, L.W. & Krathwonhl, D.R. (2001). A taxonomy for teaching, learning,
SOIUFIC_)U !ﬂClUdeS a Compar_lson of or dlscrlmlnatl_on bet\_Neen different a) If athird wire, 1.0m long, were placed at point P l I and assessing: A revision of Bloom’s taxonomy of educational objectives. New
possibilities or an explanation of why an answer Is consistent or makes and a net force of 2.0 x 10-6 N to the left was 20 : | I York, NY: Longman.
sense or Why It IS Incorrect. observed, what would be the magnitude and 0 ] I I I : : I I 3. L.W.Anderson, D.R. Krathwohl, P.W. Airasian, K.A. Cruikshank, R.E. Mayer,

direction of the current in the third wire? Draw and None Remember Understand  Apply/Analyze - valuate o ermember Understand  Apply/Analyze Evmlunte P.R. Pintrich, J. Raths, and M.C. Wittrock, (Longman, New York, 2001).
label relevant vectors in the diagram. Show your i i | - 4. B. Thacker and K. West, Inquiry-based Experimental Physics Volumes | and I1,
work and explain your reasoning. " OIOING metiD Tred B as IR m2010INQ m2010Trad w2019 INO (Stipes Publishing L.L.C., Illinois, 2019).

Fig.3. The results of the general rubric applied to three algebra-based physics Fig.4. The results of the general rubric applied to three algebra-based physics

sections, one small class INQ (24 students), one interactive-engagement traditional sections, one small class INQ (24 students), one interactive-engagement

(64 students) , and one large class INQ (64 students) part (a). All were the same traditional (64 students) , and one large class INQ (64 students) part (b). All were *

Instructor. The 2010 sections were the same instructor, same semester, different the same instructor. The 2010 sections were the same instructor, same semester,

pedagogies. The dotted line separates the None category from the Thinking Skills different pedagogies. The dotted line separates the None category from the

categories. Thinking Skills categories.




