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What do Seniors Remember from Freshman Physics?

Analia Barrantes, Andrew Pawl and David E. Pritchard
Physics Department, Massachusetts I nstitute of Technology, Cambridge, MA 02139

Abstract. We have given a group of 56 MIT seniors who took mechanics asrfresta written test similar to the final exam
they took in their freshman course, plus the Mechanics Baseline Tes[X&ifgl Colorado Learning Attitudes about Science
Survey (C-LASS) standard instruments. Students in majors unrelatégs$acp scored 60% lower on the written analytic part
of the final than they did as freshmen. The mean score of all studerdsmmeptual multiple choice questions included on
the final declined by approximately 50% relative to the scores of freshfftee mean score of all participants on the MBT
was insignificantly changed from the posttest taken as freshmen. Meo#isally, however, the students’ performance on
9 of the 26 MBT items (with 6 of the 9 involving graphical kinematics) repnés@ gain over their freshman pretest score
(a normalized gain of about 70%, double the gain achieved in the freshmase alone), while their performance on the
remaining 17 questions is best characterized as a loss of approxim@¥lpfihe materialearned in the freshman course.
Attitudinal survey results indicate that almost half the seniors feel thefgpeeechanics course content is unlikely to be
useful to them, a significant majority (7585%) feel that physics does teach valuable skills, and an overwhelnajagity
believe that mechanics should remain a required course at MIT.

Keywords: physics education research, introductory physics, cawakiation, knowledge retention, longitudinal study
PACS: 01.40.Di, 01.40.Fk

INTRODUCTION when binned by letter grade).

The students were given essentially unlimited time to
We have studied the physics knowledge of graduating sesomplete the test materials, which consisted of:
niors who took introductory Newtonian mechanics (MIT
course 8.01) during their freshman year. We wanted to ,
find out what is retained (or even improved), whether * The C-LASS [1] standard survey-(10 min.).
conceptual learning is retained better than analytic learn  + The MBT [2] standard mechanics test 45 min.).
ing, and whether forgetting seems to be based on what - A final exam comprised of 7 multiple choice and 4
was known at the end of 8.01 or on what was learned dur-  written problems{ 2— 3 hours).
ing 8.01. We also wanted to investigate what aspects of

the students’ subsequent behavior (e.g. their major, par- One goal Of. this Stl.de was to compare the retention
S . . ! "~ of the mechanics curriculum in various courses of study.
ticipation in tutoring for 8.01, etc.) influenced retention

Finally, we administered the C-LASS [1] to check for To gain statistical leverage, we classified the majors into

changes in attitudes toward learning science. three groups. Group 1 encompassed majors that were
least likely to use or review the content of freshman

mechanics, and Group 3 included those most likely to

use mechanics. The final list of majors for each group is
SAMPLE AND PROCEDURE shown in Table 1.

» An 18 question demographic survey (5 min.).

Our sample consisted of students who took and passeBABLE 1. Grouping of majors according to utilization of
the regular freshman mechanics course in the fall ofmechanics. N is the number of participants from each group.

2005, and who were still enrolled at MIT in spring 2009. Included Majors N
Students were recruited by email and informed that Biological Engineering, Biology, Brair]
they would be retaking a final exam from a standard Group1 | 2" CO?“"II'EVG .Sc'er?cesvl_.(t:"’" ta”d ',\E/I”"'zs

fresh_man course, but not told that the subject was ;%lTneer:]s M;%Qﬁgt'gz’, I;o?irtﬁzglr g’cie?]i:e
physics. Students were gu_aranteed $75 for spending at Chemical Engineering, Economics,
least 3 hours on the materials and offered a 1/3 chance Electrical Engineering and Computﬁr
of receiving a performance-based award of an additional ©"®P 2 | Science, Materials Science and Engi>>
$100. A total of 56 students out of 486 invited partici- neering

pated in the retest. The breakdown of the participants by g qyp 3 | A€ronautics and Astronautics, Mecharji-
freshman course grade was a good approximation to the cal Engineering, Physics

distribution for all 506 students who took the mechanics
course in fall 2005 j§ = 0.94 for different distributions



60 = ‘ ‘ : : students) we have plotted the major groups with different
a0l A Group 3 || symbols. The Group 1 students, who were least likely to

O Group 2 review the mechanics content in their coursework, ex-
20y O Group 1| hibit significant correlation between their fall 2005 score

and their score shiftr(= —0.81 for 26 students).

The Group 1 students define the line in Fig. 1, which
has a slope of 0.61+ 0.10 with the intercept pegged at
zero. Essentially, students who were unlikely to use me-
chanics subsequently lose 60% of the knowledge they ac-
quired in their freshman course over the following seven

Retest Score — Renormalized 2005 Score

< semesters at MIT. None of the Group 1 students ex-
=100 —Fit to Group 1 Data Only .. 7 ceeded their freshman performance on the written ques-
-120 : ‘ ‘ ‘ @ tions, while one of the 21 Group 2 students and five of
20 40 60 80 100 120 140 the nine Group 3 students scored better on the retest than
Renormalized 2005 Final Exam Score their renormalized freshman final exam score.

Analytic Only
50% L ost on Advanced Concepts

FIGURE 1. Score shift between the end of freshman me-  The final exam contained seven multiple-choice con-
chanics and the end of senior year on analytic problems Vereeptual questions dealing with advanced concepts like
sus freshman performance. The fit to the Group 1 data (soli ngular acceleration, angular momentum and oscilla-

line, x-intercept pegged to zero) indicates knowledge loss of. : . .
0.61+0.10 in the seven semesters since taking mechanics. ThHONS- The retest students did not answer questions of this

dashed lines are theslerror bounds for the fit. The dotted line type on their final in 2005, but five of the seven questions
is the boundary corresponding to a score of zero on the retestselected were taken from final exams given in the same
course in subsequent years. Table 2 shows that the se-
niors perform 50% worse than freshmen on these ques-
RESULTS tions. (55%t 13% lost for Group 1 majors alone.)

. . TABLE 2. Performance of seniors and (different) freshmen
60% L ost on Analytlc Final Exam Problems on five multiple-choice questions covering advanced topics.

Seniors| Freshmen | Loss

We have chosen to compare the various portions of the___ Queiio”
testindependently. We begin with the questions requiring Q1: Linear and an-
wr|tter_1 analytic responses. _The retest givento the SENIONS ik pulled by string.
was different from the testgivenin 2005, though all ques+-a2: Internal forces al-
tions were taken verbatim from MIT course 8.01 final| ways conserve system 29(6)%| 63(3)% 55(10)%
exams. To allow for a comparison of the students’ score$ momentum.
on different exams, we assumed that the ability distribu; Q3: Angular momen-
tion of MIT freshmen classes is consistent. This assumpr tum of a translating| 48(6)% | 66(3)% 27(10)%
tion implies that we can generate a renormalized score chznthar_méle.f
on the freshman mechanics final taken in 2005 using the &% Ferod of mass . . .
z-scores achieved by our study participants as freshmenggl']zegﬂ%o\f[a&e;avggh 32(6)%) 63(3)% 49(11)%
(z2009)- To do this, we generated a meandpg) and stan- Q7. Solid cylinder
dard deviation @2009) for the senior retest using results | peats hollow cylinder| 11(4)%| 61(3)% 82(9)%
from the administration of the questions to freshman on down a ramp.

gular acceleration of 43(7)%| 73(2)% 41(9)%

their regular course final exams. The renormalized score Overall 32(6)% | 65(2)% 51(9)%
(s2005) Was then calculated using the formula:
S2005= 2200502009+ H2009 (1) Gain and Losson the MBT

Because the retest had a higher mean score than the 2005The mean score among the retest participants on the
exam, some of the renormalized scores exceeded 100. MBT was 176 + 0.5 as seniors versus 17+ 0.5 as

A plot of the shift (score achieved on the analytic ques-(post-instruction) freshmen. These scores are essgntiall
tions on the retest minus the renormalized score achieveequal, giving no indication of knowledge loss, indepen-
on the analytic portion of the fall 2005 final exam) ver- dent of major group. This result is misleading, however,
sus the renormalized fall 2005 analytic problem score idecause it obscures evidence of signifidamrovement
shown in Fig. 1. Because there is a significant correlatioron nine questions of the MBT (summarized in Table 3).
between major group and performance=(0.58 for 56  Our data suggests the division of the MBT into two sepa-



©

rate subtests, with Subtest A consisting of the nine ques- =
. . . . i lh7d O 48 Students
tions showing evidence of improvement and Subtest B = ¢ o o ) i
made up of the remaining 17 questions. L2 6l o Linear Fit _
TABLE 3. The MBT questions assigned to Subtest A. @2 o © |- — - —Course Gain
These 9 questions showed evidence of improvement by o | i g
the seniors relative to their freshman posttest scores. 29 3 o
Subtest A* of the MBT £9 o
Questions Topic P9 of -
1,2,3,23,24,25 Graphical Kinematics 5 %
13,14 1-D Equilibrium ag |
19 2-D Vector Addition 8 < -3
> o
S

* All 17 remaining questions were assigned to Subtest B

-6 " "
_ 0 5 10 15
<® 8
- @ Freshman Pretest Score
g2 O 48 Students* MBT Subtest B
2 5 6f O O Linear Fit
(o= > . .
-5 - — Course Gain FIGURE 3. Score shift over 4 years on Subtest B of the MBT
g ‘g 4t versus pre-score. The fit (solid line, x-intercept pegged to 17)
o % - shows a normalized gain of. 16+ 0.14 over a 4-year MIT
UE) Q ol career. The lower & error bound to the fit is shown dashed
o g:’ (the upper bound is suppressed because it overlays the course
8 c gain). The dash-dotted line is the gain curve for the students
« E 0ot during freshman mechanics (slop®.29).
©
£
L2
o 1 2 3 4 5 6 7 8 9

Freshman Pretest Score
MBT Subtest A

*We lacked freshman MBT data for 8 of 56 participants.

o N M OO

FIGURE 2. Score shift over 4 years on Subtest A of the
MBT versus pre-score. The fit (solid line, x-intercept pegged
to 9) implies a normalized gain of. @+ 0.08 over a 4-year
MIT career. The & error bounds on the fit are dashed. The
dash-dotted line is the gain curve for the retest students during
freshman mechanics (slop€.35).

3.5 Year Score Shift, MBT Subtest B
(Freshman Posttest to Senior Retest)

Fig. 2 shows a very strong correlation between the _10 ‘ ‘ ‘ ‘ ‘ ‘
students’ score shifts on the nine-question Subtest A -4 =2 0 2 4 6 8 10 12
over their four years at MIT (senior retest score mi- FEﬁfggﬁr‘]']‘aﬁos’rféssﬁgriézmgﬂntosst’tztset)StB
nus freshmarpretest score) and their original freshman
pretest scoresr (= —0.86 for 48 students). The fit line

P . : . . FIGURE 4. Score shift from freshman posttest to senior
shown in Fig. 2 implies an overall normalized gain qf retest on Subtest B of the MBT versus shift during the freshman

0.69-+ 0.08 over four years (versus 0.35 during their o555 The best fit (solid line, intercept pegged to zero) indicates
freshman course). This suggests that the material coveregfractional loss of B2+ 0.12 of the gains made during the
by the nine questions of Subtest A is sufficiently ubiqui- freshman course. éerror bounds dashed.)

tous in the MIT curriculum that all students, regardless
of major, master it during their MIT careers.

Fig. 3 shows that the students’ score shifts on the 17posttest to the retest as a function of the score shift dur-
guestion Subtest B over their four years at MIT are noting the freshman course (freshman posttest minus fresh-
well correlated with their pretest scome=t —0.21 for 48  man pretest). Fig. 4 shows that these two shifts exhibit a
students). The fit shown in Fig. 3 implies a normalizedstrong correlationr(= —0.59 for 48 students), indicating
gain of Q16+ 0.14 over the full four-year MIT career, thatin the seven semesters since finishing mechanics the
which is lower than the normalized gain of 0.29 achievedstudents lose approximately 50% of what they learned
in the one-semester mechanics course. about the 17 questions of Subtest B during the course.

A more insightful way to look at this knowledge loss
is to consider a student’s score shift from freshman

o



STUDENT ATTITUDES 100%]

Student attitudes were measured by the C-LASS stan-

dard instrument and also by questions on a demographic  80% -
survey generated by us. The C-LASS was previously ad-
ministered to the students as they entered their fresh-
man course in 2005. Three categories exhibited signifi-
cant shifts (Table 4).

TABLE 4. C-LASS categories exhibiting significant shifts
over four years. Significant shifts are shown in bold.

% Favorable | % Unfavorable

|I All Students O Group 1 O Group 2 M Group 3

% Responding Useful
N
o
oS

Category 2005 | 2009 | 2005 | 2009 20% 7
Personal Interest 51(4) | 50(4) | 17(3) 27(4)
Real World Connec- 52(4) | 68(3) | 18(3) | 20(3) 0% -
tSlon Maki & & © & F
ense Making and O & @ & F & £
Effort P M e8| 6503) | 82 | 183 CE IS Ty TS
‘o\e
Q
TABLES5. Responses to C-LASS statements 14 and 30. Topic <
% Favorable | % Unfavorable
Statement 2005 | 2009 | 2005 | 2009 FIGURE 5. Frequency with which various topics taught in
| study physics to mechanics were circled as “useful to you since taking [mechan-
learn knowledge tha ics]” by students on the demographic survey.
will be useful in my 38(8) | 20(6) | 23(7) | 44(9)
life outside of school.
E)el?ﬁggr'gg rs{léllésr];gﬁ;d students in all majors forgot about 50% of what they
can be helpful to ma 28(%) | 85(5) | 8(4) | 5(3) learned intheir freshman course, rather than losing a per-
in my everyday life. centage of what they knew entering or leaving the course.

Students not majoring in physical sciences or engi-
Curiously, the Personal Interest category shifts towarqqeering lost about 60% of the knowledge measured by
unfavorable responses while the Real World Connectioqmawﬂc mechanics problems, whereas over half of the
shifts toward favorable. LOOking at the statements mak'students majoring in Subjects that use mechanics demon-
ing up these categories, we find that the students draw grated improved performance on these problems. The
distinction between the factual content of the mEChaniC%)erformance of the seniors on mu|t|p|e choice questions
course and the general reasoning skills that are taughéovering advanced Concepts like angu|ar dynamics sug-
Both the C-LASS and our own survey suggest that theyests they have forgotten 50-55% of the knowledge they
students find the general skills more valuable than th%cquired on these topics during their freshman course.
factual content, and the C-LASS indicates that this atti'TheSe findings can be summarized: you will forget about
tude becomes more pronounced during their four yeargsos, of what you know on the final exam by the time
of undergraduate education (Tables 5 and 6, Fig. 5).  you graduate, unless you use it again. During their under-
TABLE 6. Responses to questions on the demographic surgraduate education, the students’ attitudes evolved to in-

vey. Course 8.01 is freshman mechanics. creasingly value the reasoning and problem solving skills
Question % Yes | % No taught in physics, but place lesser value on mechanics
Do you think the material taught in 8.01L concepts as relevant to their everyday lives.
will be useful to you after graduating? 54(9) | 46(9) P yeay
Do you feel 8.01 should be a required 93(4) 7(4) ACKNOWLEDGMENTS
course for students in your major?

This research was supported by a grant from the NSF.
CONCLUSIONS

On the MBT, students in all majors exhibit further learn-
ing of ge”er?" Skllls. like understand[ng graphs and th N. D. Finkelstein and C. E. Wieman, “New instrument
calculus _Of klnematlcs. On _these. topics the students had for measuring student beliefs about physics and learning
a normalized gain of 35% in their freshman course and  physics: The Colorado Learning Attitudes about Science
almost 70% by graduation, as measured from their scores Survey,”Phys. Rev. ST-PER 2, 010101 (2006).

as incoming freshmen. The results on the remaining top2. D. Hestenes and M. Wells, “A Mechanics Baseline Test”,
ics of the MBT are best described by the conclusion that ~Phys. Teach. 30, 159-165 (1992).
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