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MOTIVATION

Problem solving is a learning opportunity:
students need to reflect to learn from their solution / mistakes [1]

Yet, for many, problem solving is a MISSED learning
opportunity: Many students are not able to effectively take
advantage of this opportunity, either because they lack reflective
practices/skills or because they don’t have a perception of
problem solving as a reflective process, or the self esteem
needed to cope with the frustration embedded in it.

Instruction can deliberately prompt students to make use of
PS as a learning opportunity:
scaffolding aligned with cognitive apprenticeship [2]

What are students able to diagnose if deliberately prompted
to self- diagnose, and if so, how much support is needed? [3]

1. Larkin et al. 1980; 2. Collins et al. 1989; 3. Yerushalmi et al. 2007, Singh et al. 2007



RESEARCH DESIGN:
ALTERNATE SELF DIAGNQOSIS (SD) TASKS

Goal: recitation sections deliberately prompted to self-diagnose,
given varying levels of support
— who will perform the best?

) )

Maximum support Medium support | Minimum support

18t stage: Students attempt a quiz problem

2"d stage (next training session): Students are asked to circle mistakes in
their photocopied solutions and explain what they did wrong

Instructor outlines the correct | Instructor provides a | Students can use their
solution, Students fill in a written sample notes + text books
self-diagnosis rubric solution




WHAT ARE STUDENTS ABLE TO DIAGNOSE
IN ALTERNATIVE SELF DIAGNOSIS TASKS?

 We need a rubric that will allow us

— to map student’s knowledge to expert ideal knowledge
(what correct ideas needed to solve the problem are
reflected in student’s solution and diagnosis)

— to describe the novice knowledge per se
(what ideas the student believes are needed to solve the
problem are reflected in his/her solution and diagnosis) [4]

 We require the rubric to be:

— Valid: reflect students’ diagnostic ability
— Reliable: objective and consistent
— Versatile: generic / specific

4. Chi, 1997
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SAMPLE PROBLEM = SPECIFIC

Problem: Girl on rollercoaster going over a circular bump
— at peak of bump, how does weight change on a scale?
(i.e. solve for normal force at this point)

A feiendd tokd woaie] that he bad heard that i von =it on a seale while ricding o roller conster, (he dinl on
the seale chinnges all the time. The gl decides to eheek the story and takes a bathirooim seale to the
samsemett park. There she recelves an illustration (see bolow), depieting the riding track of a colles
conster car along with information on the track (the lustration seale = not aecipate], The opetator of
the ricle inforis ber that the mail track is smootl. the mass of the e is 120 kg and that the ear sets in
motion frowm a vest position st the helght of 15 m, He adds #hat point B s ab Sm height aed tat clise
to point T the track s part of a circle with o racding of 30 m. Before leaviog the howse, the vl stepped
on the seale which indicated 55kg, [n the rollovesaster cae tlue girl sits vu the seale, Do yon ehink fla
the story she bad beavd abont the rending of the scale clinging on the voller conster i tne? Aceording

bap oy calenbation, what will the seale show st point 7
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N princiEies Zialeliy conservative force W, =0
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o applying EC
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'g plan Target + Fu
= intermediate
o variables c
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SPECIFIC novice knowledge per se|-aviz |S-quiz |I-SD
invoking |Appropriate [EC
principles 2nd Jaw
/)] . . ]
% Justiiication o HE R Students’ common mistakes
= compactness & EC EC replaced by
o applying EC kinematics equation
2" Jlaw l:>
Desc- drawing FBD, a, axis Referring to cer]tripetal
i ’ 2" law force as a physical force
 ription  |knowns PE =0, R, knowns
S lplan  [Target + Fy NoN
% intermediate Wrong signs of forces
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2 Principles v
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g checking [Units,
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Total Scores (Phy. Score, Pres. Score)
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SAMPLE DATA — STUDENT SOLUTION FOR
QUIZ PROBLEM, GROUP B

A Freml old w gl tlak ler Dl benrl elat U v =ic o o seale wlile vidbng a relle eoster, e dial o
the swbe chapges all the those e gl deciles o derk the Sy and tales a batlooom scale o the

wimsnent park, There sl rocet 1 Wlnseritbon (see belows ), depicting tlee rkling track of o mlle

Eles bruclt {Ehe illositenting seile boaest weeneibs] . This ogesnctie of

frusaber fur b wdtly infornetion an
the ride infonas her that the rail teack is sapooth, the nass of the ear &= 1350 kg, and thiat the car sets i
it g froe opest posdtimn ot Bl leelglt of 10 w. He silils tha® poiot B i et G bt sl clar chea
o polnt B tee wek b part of & clecle with & radins of 30 m. Before leawing te oo, the gicl steppes

ou &l seale which iodicsted 55kg. Tu the rallevooaster ear the gie] sits va Bl soalo. Do yon Kok e

they whory she lswl Lol alioat tho reading of the seale dinging ou the oller asster s tme? Aceoedigg EX al I I p I eS
-

to yaner calimbation, what will the stale bow &8 point BT

1) Did not invoke
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Invoked EC but
did not apply it
correctly

>

T min "
E )
+ (1. 1Smls Vg 6 Tk
= A5 F= tanand" : =
fE 7:2-5 o | + A

™)
s Y,

IF{E = _Irﬁq = F a7 o Il'
o P - Y 7533,
£- 4% st 25755 )
. 42,7 oJ

® I

e P

T

da

o forx %

L #nk, thak +ey by roe el f PR I Ty =

e WAL FRaroa, g v Ry e

) _ - eI . y
e porct S, T eell L B ~ 4 : ol ar Szl



SAMPLE DATA, STUDENT SELF-

Examples:

| PR iii) Notices that he did

: , not use Newton’s 2nd
» Circle and number mistakes you find in the solotien LaW

= Fill in the following rubric i

Disgnoss o the mistakes: IV) Notices that he did

not draw a FBD




Student, Group B

SAMPLE ANALYSIS

Student, Group D

-1 S—-]1-3D Rubric scoring |- S—-|1-SD
quiz | quiz quiz | quiz
T X n/a invoking |Appropriate | EC @€ X n/a
caD| 3 priciples | 2% law - |Gy G
- X , tﬁ, Justification | Justify CE +/- X +/-
c
i, - + o compactness n/a n/a
- - o+ applying EC 49 - ++/-
n/a n/a 2" Jaw n/a /\ n/a
© - @ X|@-- | »Pesc- [drawing FBD, a, axis - - | . -
+, + X, X n/a, n/a g ription known PE=0,R -, +/- X, X -, +/-
++/- + ++/- o quantities knowns +/- X +/-
i _ + S [plan Target + Fy - X _
- X - ;3 lntgrnt;lledlate Efficiency + X n/a
+/- +/- + g Sl V, a, +/- X +/-
- X - qC, Explicit principles - X -
N , , : :
+/- X +/- @ (checking (Units, Writes units +/- X +/-
. - - a= limit case Checks answer - X -
0.17, | 033, | 0.67, || Total Scores (Phy. Score, Pres. Score) | 03, | 0.7, | 033,
0.27 0.65 0.54 0.26 1.0 0.19




SAMPLE DATA — STUDENT SOLUTION FOR
QUIZ/SELF-DIAGNOSIS, GROUP D

Quiz:6 P0110

A friend told & girl that he had heascd that if you sit vn s scale while riding a roller coaster, the disl on
the scale changes all the thine, The givl decidles to check the story and takes a bathroom scale to the
amusement park, There she recgives an illustragion (see below), depicting the riding track of 5 roller
coester car elong with informeation on the track (:E.eﬂ.}llétrzulon seale is mmaﬁwjfe&w:-l:ﬁ operetor of

O
o~ oAb, haA CON < ENERLY COMSERNE

the ride informes her that the roll trackts smoct(h the mass of the car Is 120 kg, and thet the car sefs in
motion from & rest pasition ab the keight of 13 1n. He adds that point B is at 5m height and that close
to point B the track Is pact of « circle with & radius of 30 m. Before leaving the house, the gicl stepped
on the scale which indicated 30kg. In the rollercoaster <hr the girl sits on the scale. Do you think that
the story she had beard about the reading of the scale chaging on the eollsr conster I3 true? According
to your calenlation, what will the scale show at point B?
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Examples:

1) Invoked CE but did not
apply it correctly

1) Noticed centripetal
acceleration and
apparent weight but
didn’t cite Newton’s 2nd
Law

111)Did not address
presentation at all in SD
(not found on the
student’s work)



SUMMARY

Rubric is:

—Valid: 4 instructors found it to
reflect students’ diagnhostic ability

— Reliable: 2 researchers agreed to 80%
— Versatile: generic / specific

— expert ideal knowledge / novice
knowledge per se



Want to know what the rubric shows for the study?
Watch for the poster nearby

“Part 2: Students’ Self-Diagnostic Performance
Given Alternative Scaffolding Tasks”

Want to know the effect of Self diagnosis on
Transfer problems (midterm)?

Come to PERC targeted poster session

“From Diagnostic Skills to Potential Success in the
Physics Classroom”

Thursday 8:30 — 10:00 am
3:00-4:30 pm
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