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Introduction Modification of a Question with Confusing Wording A New FCI Question to Consider

Over the past two years we have conducted three iterations of think-aloud interviews . _ New Question 31 This question was inspired by a conversation with a
with students as they grappled with questions on the Force Concept Inventory (FCI). Original Question person during a soccer game. After a player in the game
Doing so has shown us that the difficulties they have with some questions have T e o b o oo et o seaiobie. I om Saaton, romm o e s o The point of confusion here involves frictional 31. A soccer player kicks a ball on a calm | Was kicked in the face with a soccer ball, the person
nothing to do with their understanding of physics. These difficulties involve diagrams, B oo by the cable i reater than the Gommard force of ray effects and the role played by air. Distracter D day. said, “Good thing he wasn’ t standing further back or he
notations, and vocabulary that make perfect sense to physics teachers but can easily (©) he wpwar oo by the catle s el than ne dovmera ores f gravty. Introduces air as a consideration, but it is not - . would have been hurt worse.” Further conversation
confuse beginning students. Informed by those think-aloud interviews, we modified a zz))%r;gnivzx:v?éZd;?ézgzb%%e?:?fézzg;::e:;h::ct:;:utr:eocfatzzc::v:;ni\::r:hf:;::g::lt:e:le gtercmltlor;ed mdthe.f st_atemgr:t of t.he r]zr_olta_lem.l . (©) (‘D') fc?und that t‘tﬂS person felt th?’t the ball needed more
subset of questions to improve clarity. Also, for the same purpose, some new an upward force is exerted on the elevator by the cable). | eﬁicfgrss\g;gtﬁi;' eallsrere3|s ance 1s a fretiona ) <y distance to get up to speed.

guestions were added. Modifications were made after each round of interviews, and 0 J ' ( (E)

then the latest version of the clarified FCl was administered to students in two — Our modification was simply to add the words .}Z\) During class, a video was shown to students depicting a

introductory physics courses. Here we present an overview of our efforts by “including air resistance” to the original similar situation and students were asked where they

discussing some specific changes made and how students responded to them. question. At which of the points shown is the ball would stand if they were to be kicked in the face by the
P ball. Students responded with a variety of answers,

moving the fastest? o . ..

J similar to the FCl response profile. There were similar
clevator going up s arguments for the ball getting up to speed. Also, there
at constant speed or | B was a strong argument against standing further away

EEE RN

Revised FCI Methodology

0.9

Spring * Interviews with algebra- and calculus-based introductory physics students after instruction - _ 06 because “gravity would cause the ball to accelerate.”
2012 Modified Question Statement 08 —
* V. 1 Revised FCI administered to both algebra- and calculus-based courses e Fote beon. A itore s mlaOna o easanc rs e In s e, ce Response Profile for New Question 31 In an interview with a student, they were able to
Fall g g glig , 02 . .
2012 ?E)t&eeeljg://vaatfdrgrisubc;/ht:;agable is greater than the downward force of gravity. 0.1 Ii on FCI Pre-teSt Fa" 2013 CorreCtly Idenhfy the beSt place tO Stand; bUtl COUld nOt
- | o e e e e s o o ity e 1 identify where the ball was travelling the fastest. This
Sz%r%g * Interviews with algebra- and calculus-based physics students after instruction ) rone of the aboe Comect _ 0.9 was because the student was using the conservation of
V) 2 it 0] et (o el el ettt %8'3 energy along with thinking about the x- and y-
o A - € NEVISEd AAMINISIEred 1o algebra-based course . 3 components separately, but forgot about gravitational
2013 Interviews with algebra-based physics students before instruction Th h 606 .
Our Thoughts oy potential energy.
_ o Now that the issue of air resistance has been somewhat clarified, student responses have migrated 2 0.4
2':05;”3 2 S Reyisse) RG] erhtnlzieiee o sl elge i elue calpul s el eollisns from the air resistance distracter to the very popular misconception that the upward force of the cable 203 Although 48% of the student population answered this
must be greater than that due to gravity for the elevator to move at a constant velocity. S02 question correctly, the other 52% surprised us by
0'; . . . picking the other distracters. In particular, 20% gave
Combparina Populations e : : : : A 8 c D E response B which fits with the getting up to speed
baring - op Modification of a Question with an Incorrect Diagram reasoning.
Population Demographics
. . : Interviews showed that this diagram was easy to
Percentage of Students . = .. . : : :
The historical data set includes four years of 9 Original Question misunderstand; probably because it is not correct. The A physicist uses similar reasoning to answer both questions 30 and 31. Because of this we looked at
responses (N=431) collected in the fall semesters of original modified 4. Abowingbalaoodertaly s outor | plang is shown at thg time the ball is released, bujc .the students who correctly answered question 31 to see if they are more successful on question 30.
2007 — 2010. The most recent modified FCI  alg-based 530, 51, e cargo bay of an aiiner i Hi - ball is shown at the time it hits the ground. In addition,
s observe a person standing on 4] Bl [C] ypy [E I '
reSpOnSES (N=157) were CO”eCtEd fa” SemESter Of calc_based 470/ 390/ 'toI;e gtr)ound :nt()jyvievr\;ing the :)Ia:e gs in :II [J ]xgx[]-‘[:] StUdentS pUt excessive and Often IncorreCt Value on the 30.Despite a verv strona wind. a tennis plaver manaages
. : : : 0 0 the  figure at right, which path would £« T wording in the statement “As observed by a person...” oSP >y STOTS ’ "y 0
2013. All administrations were given during lab the - 519 499, the bowing ball most closely folow _i iy ) S to hit a tennis ball with her racquet so that the ball Question 30
first week of class to both the introductory algebra > ° e v e atpEne . L . passes over the net and lands in her opponent's
1 caleulus.based female 49%, 51% To clarify the situation we added a drawing of the plane court. 80
and caictius-based cotrses. In its position at the time the ball hits the ground. We . f f 70
fo G 7 onsider the following forces:
also removed the wording “as observed by a person...". 1. A downward force of gravity. .§60
The table above shows how the recent and historical populations were divided between . 2. Aforce by the "hit". 350
gender and type of course. There is a noticeable difference between the two populations Modified Question o6 3. Aforce exerted by the air. 5 40 = Total Responses
due to the fact that the calculus-based course has not grown but the algebra-based course 4 Aboutne bl ekl s ot . " I Which of the above forces is (are) acting on the £ 30 Correc 1 Selected Aon Q31
has increased in size by 25%. e o o 1 fles e s 04 e tennis ball after it has left contact with the racquet and 2 20
Which path would the bowling ball l*.J/ \ i‘ | 03 = Original before it touches the ground? 0
g;;)sl’; ﬁlé)l;ely follow after leaving the : . . ‘ 0.2 I I I -
Comparison of Response Profiles for the Unmodified Questions p o (A) 1 only 0
Ry S T I i - (B) 1 and 2 A B C D E
We previously reported at AAPT W2013 the comparison between our first revised FCI V. 1 B 2 c : : (C) Tand3
to answer the question, “Are the percentages of correct responses statistically different correct E[E))) f azndagd ;
between the historical and new data set?”. We compared correct responses on Our Thoughts o
unmo-diﬁed qguestions bot!w-by individual question and as. a whole. A few additional Negrly half of the students who. had been choo§ing optign A, now chgose the correct answer. We During student interviews, the three most prevalent student alternate conceptions made it clear that
guestions have been modified and now we have 9 questions to compare. t)he_llevhe_ﬂboth changes, but especially that concerning the diagram, were instrumental in bringing about students were confusing force with momentum, students also had difficulty isolating or focusing
IS Shitt. specific moment in time, they could analyze the hit, but had trouble focusing on a specific moment. It
Per question: Standard error was determined for individual questions assuming a It is also interesting to note that the percent correct on this question (54%) is closer to the percent V}/qasg ;CI completely clear but it seemed a few students may have thought there was a force still acting on
binomial distribution: Oy,orical = 1.9%, Oy, = 3-2-3.8% correctly answering #12, the cannon question (64%), shown below. One might have thought the big the pall.
Difference in % correct ranges from: 0.04% to 7.5% which is within the 90% expected difference in the student performance (38% and 64%) between these two questions on the original FCI
distribution range. was due to different physical reasoning. Now it seems that this is not necessarily so. o _ . o . _
During interviews we found that each of these questions elicit multiple student alternate conceptions. So
Total score: An average score on the FCI for the 9 unmodified questions was compared U dified _ it is not unexpected to find that students who correctly answer question 31 are no better at answering
: , nmodified Question qguestion 30 than the students who missed question 31
between the hIStOI’IC3| data and the new data 12. A ball is fired by a cannon from the top of a cliff as shown in the figure below. Which of the oo .
paths would the cannon ball most closely follow? 0.7
Historical: 32.94 +/- 1.00% o I :
New: 32.48 +/- 1.72% 05 Conclusion
Chi 4 W 4 Chi it o ot o Cand 04 B We have conducted several iterations of student interviews, modifications and data collection
h'slt-sglclaalrfes orfslcjasero ﬁlel_sSg:z;ih 0(1)‘ fﬁ;np:r;eo d-ESJGF_cTS I;esst?;):sseio af reecfgatzr: than ” | with the FCl as we corrected the weakest questions. We’ ve also added a few questions to help
istori u | u : -valu 02 : . : : : : :
rical TEsponse b . . . a by 5 . clarify student misconceptions. At this point, further changes would likely constitute a whole new
0.10 indicates differences in the profiles are likely due to chance. The profiles for question 2, 01 e - fost fod | t th usi £ thi act. To obtai £ the Clarified FCI
which is now question 1, show significant variations. However, the other questions have 0 5 c o =~ €51 50 We Tind ourseives d € conciusion ot this project. 10 0btaih a copy of the Liarihe

response patterns that are statistically similar with p-values ranging from 0.180 — 0.777. Correct please email wendy.adams@unco.edu.




