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Abstract. Helping students learn from their own mistakes

lcalp them develop habits of mind while learnimyscs

content. Based upon cognitive apprenticeship magelasked students to self-diagnose their mistakeslearn from
reflecting on their problem solution. Varying lévef scaffolding support were provided to studentdifferent groups

to diagnose their errors on two context-rich proidethat s
discuss students’ cognitive engagement in the elfedsagnos

tudents originally solved in recitationizqas. Here, we
is activities and transfer tasks wittiedlent scaffolds.
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INTRODUCTION

Previously we described a formative assessment
task in which in the session following a quiz the
students self-diagnosed their problem solutionsh wit
different levels of external support. The external
instructions and resources provided in our studieie
the following [1-4]. One group (B, N=31) used bat
outline of the solution by the TA and a rubric
reflecting general problem solving steps (such as
"problem description”, "plan”, "evaluation") common
to several problem solving strategies describethén
research literature. Another group (C, N=28) reediv
a detailed worked out example; and the last gr@up (
N=25) received the final answer and students imgro
D were allowed to use their notes and textbooks
Group A (two recitation sections, N=87) functioreesl
a control group. This group could discuss the smhut
for the quiz with the TA. No attempt was made to
prompt students to self-diagnose their solutions.

The first study [1-3] involved an unusually
difficult problem (termed quiz 6) and examined
transfer to a midterm problem identified in an
independent study [5] as a far transfer. For quithé
pre (quiz) and post (midterm) problems involved
Newton’s 2¢ Law in a non-equilibrium situation with
centripetal acceleration, combined with conservatio
of energy. The pre problem dealt with the normatdo
on a rollercoaster passenger at the top of a aircul
bump; the post problem asked students to solvéhéor
tension in a rope swing at the point in its motiamere
the tension was greatest when a person is swinging
The level of innovation required as well as thaatise

of transfer may have contributed to the relativaebpr
performance of all students on pre and post prohlem
In a companion paper [4], we examined an easier
problem (termed quiz 7) and a closer transfer.deir
7, the pre and post problems involved the conservat
of mechanical energy and the conservation of
momentum principles. The quiz problem required
calculating the height a person will reach jumpamga
skateboard and climbing up a hill. The post reqlire
calculating the height a person will reach jumping
from a dinosaur on a cart and climbing up a hill.

In both studies we looked at students' performance
on two aspects: the physics involved in the sofutio
and diagnosis, and the communication of the salutio
and diagnosis. In this paper, we consider the tesdl
both studies with respect to the physics aspect.

We first present our expectations for inter-grosp a
well as intra-group comparison. Regarding interagro
comparison, we expect that when more external
support will be provided, students will perform teet
self-diagnosis. Regarding intra-group comparisoa, w
expect a successful self-diagnosis task will hblse
students who have poor reflective study habits to
change their reflective behavior in the context of
problem solving. Thus we expect the intervention to
reduce the gap between the low and high achievers.

Bransford and Schwartz theorized that the
preparation for future learning (PFL) and transbér
knowledge from the situation in which it was acedir
to new situations is optimal if instruction incorptes
both the elements of innovation and efficiency [@].
their model, efficiency and innovation are two
orthogonal coordinates. If instruction only focuses



efficiency, the cognitive engagement and processing TABLE 1. Expected correlations between different
by the students will be diminished and they wilt no  _variables. “N/S” stands for not significant.

develop the ability to transfer the acquired knalgle Type of  Control Type of Intervention

to new situations. Similarly, if the instructionsslely correlation  Group  Weak  Super- Meaningful

focused on innovation, students may struggle to ficial

connect what they are learning with their prior grgvs. SD N/A * N/S N/S
. . VS. post N/A + N/S +

knowledge so that learning and transfer will be p. ¢ post + + + N/S

inhibited. They propose that the transfer will be
enhanced if the instructional scaffolding focuses o students haven't diagnosed themselves.

gﬂ_owng alt?ng a dl?gonal t.falec“’;y :c? _the tvgo The third possible type of intervention we termed
|menS|on|a spa;}cet 0 hlnnovauon and etliciency [h]. as "meaningful”, namely one that brings even tiss le
We translate their theory to our context in the ,qpieying students to perform a meaningful diagnosi

following manner: instruction that makes students . yheir mistakes, and affects their achievemeterla
solve many problems focuses on moving them along 5, According to Chi [7], we expect the interventio

_the efficiency coo_rdmate. Instru_ctlon that estsiidis be meaningful if two things happen: the student a)
in students reflective study habits moves them @lon ., nares two textual artifacts, the sample solutiath
_the inngvation coordinate. Self-dlagnosm_ (S[_)) BBK e solution, and realizesmissions (i.e. differences
its be_st allow students both to extend their reperiof .. that are significant to finding the right solutipand b)
solution schemes as well as to develop study habits acknowledgewiolations, i.e. conflicts between a text
Thus, we expect a successful SD task to reducgdPe  gentence in the sample solution and a belief that i
between low and high aph|evers. embedded in the mental model of the student,
Yet, the SD task might not be a successful one.j,qiiating the self-repair of their mental model.

Accordingly, we define three possible types of @ SD " this effect is dominant in an intervention, we

|nter\r/]enf§|on: . K Ki . expect non-significant correlation between the pre
The first type we term "weak”. A weak intervention ,-ohiem and its SD, since the low achievers will

doe_s not  affect . the gap _between IOW_ and h'gh reduce the gap between them and the better students
ach|evers_. The .h'gh achieving ;tudents dlsplayrthe| Also, we expect a positive correlation between3be
natural diagnostic tendency, while the low achisver .4 he post problem, since this SD does affecitive

do not have sufficient _g_u_ldance to reflect, diagnos ,cpieyers' performance on the transfer problenso Al
and learn from the activities. In this case we ekpe ;. expect non-significant correlations betweengtie

positiveh corrl?lg_tions betvsveen studentz’ ﬂuizrm;core and post problems, since the formerly weak students
(pre), the self-diagnosis (SD) score, and the miite oo actually learned from the self-diagnosis ared a
score (that serves as “post” or transfer task). likely to perform better later

" The_ _sc?lcond type O].c |nt¢rvent'||on we ~term For the control groups, we expect to get positive
superficial”. The intervention will be "superfitlaf ., ojations between the pre and the post, since no
low-achieving students score high on the diagnobis jyiervention intended to reduce the gaps between lo

their _mistakes, but this diagnosis is not reaIIy_and high achievers took place. Assuming one cfghe
meaningful. These students do not accommodate theit,eq effects is dominant in an intervention; these

knowledge by doing the diagnosis; hence it does not
affect their achievement later on. This might hapjie
students use the scaffolding tools to realize
principles/concepts that were not invoked or apblie
correctly, but do not learn why the way the
principles/concepts were applied was wrong and how
they should be applied correctly. Since most sttglen
in our research did not provide such explanatitimes,
self-diagnosis score in itself does not allow ukriow

if the diagnosis was accompanied by a superficial o L . .
meaningful learning process. If the superficiaketfis Findings — inter-group comparisons
dominant in an intervention, we expect no significa In both quiz problems (pre), students’ initial quiz
correlation between the scores on pre problem &nd i performance was relatively poor, even though they
SD since the SD of low achievers might be reas@nabl showed improvement on second quiz (mean physics
But we expect no correlation between the scores onscore over all groups ~ 0.38 for quiz 6 vs. ~0.d6 f
SD and the post problem, since superficial SD doesquiz 7). The self-diagnosis (SD) performance iredii
not allow for transfer to occur. We expect positive and quiz 7 were dissimilar. Table 2 shows that for
correlations between the pre and the post problem i quiz 6, there was a definite difference betweempgso

this case, since the situation is the same asef th

intra-group expectations are summed up in Table 1.

In the above framework, if we consider a case in
which the transfer problem is a far transfer prohle
we can not predict the pre-post correlations. Haxev
if the pre post correlation for the control group i
positive, it would be reasonable to assume theppst-
correlations for the intervention groups would be
similar to the expected correlations in table 1.



TABLE 2. SD Physics grades - two studies a meaningful self-diagnosis. In quiz 7 there was no
Group B | Group C|Group D|  significant difference between groups both on the S

Quiz 6 Mean 0.73 0.57 0.24 as well as on the midterm performance. Yet, thissdo
Std. Err. 0.049 | 0051 | 0.055 not imply a more meaningful diagnosis in quiz 7eTh
Quiz 7 Mean 0.56 0.62 0.61 intra-group correlations can shed light on that.
Std. Err. 0.056 0.06| 0.06%

on self-diagnosing physics mistakes based on eadtern Findings — intra-group comparisons
support prowde_d (p value < 0.05)._Th|s differemees Table 3 shows the observed correlations in the
not there for quiz 7. Gr_oup D particularly stood as three interventions related to the difficult quizhe
able to self-diagnose with _only textbook and notes. results are confusing: on one hand in all intereent
Group D student_s recelyed mer_ely the Fextbook andgroups there are no significant correlations betwee
notes when self-diagnosing their solutions. T_hese the pre vs. post whereas there is a positive aitoel
resources proved as adequate for the level otditi  peyeen these two variables in the control group,

in quiz 7 but not for quiz 6. How is it possible? suggesting that the intervention indeed has redtieed

Jhek f(that th?lt studel?tjs_ who gse](cj th_eir7n0tes andgaps between low and high achievers. On the other
textbook did well on seli-diagnosis of quiz 7 SUg§e Lo there are no significant intra-group corretai

that for this problem, the textbooks and notesudet for any of the intervention groups regarding the \&D

solution ].cor sflmllarhprpbllems. Quiz d7 |nvoIveq post, implying that we cannot simply declare any of
conservation of mechanical energy and consernvationy,q ree “interventions as completely superficial o

of momentum. Indeed, examples of solved problems meaningful (compare Tables 1).

which involve ~ momentum  conservation  with To explain this, oOne possible explanation is that
complet_ely inelastic C(.)"'S.'On and the conservatin the non-significant correlation between the SDpost
mechanlca_l energy exist in the textbook studengsl us problems is due to the fact that the post probles &
and _the Instructor also presented related samplefar transfer to the quiz. Another explanation istth
solutions in class. Moreover, one solved example in ¢ o < dents may have performed meaningful self-

the textbook was about the ballistic pendulum. is that d t show in thei If-di ;
Although the surface features of the quiz problem QLZ%ZZSIS at does not show in thelr seldiagnost

W.hiCh. involves a person jgmping on a skateboard and A possible support for this interpretation is ireth
climbing up a hill are different from those of the inter-groups  comparison. The support for self-

ba”i.Sti.C pendulum pmb'e'f”’ .bOth solutions invoive diagnosis was not adequate between groups, and
a S|m|la_r manner the prlnC|p_Ies of momentum and jndeed group D’s average self-diagnosis score in qu
mechanical energy conservation. In quiz 6, however,6 was low (0.24) compared to groups B (0.73) and C
the textbooks and notes did not contain solutians t (0.57). However, the midterm (post) performance of

problems similar to the quiz _problem. . ._group D (mean=0.47) was comparable to group B
These results suggest, first, that when dlagn03|ng(mean:0_52) (group C performed worse; mean=0.33))
their problem solution for quiz 7 students in grdbp .

. It is possible that struggling with the diagnostic
were abl_e to make_ use of solutlons_ for_ prp_blems activity without a sample solution may have stinteda
sharing similar solution procedure V\.'h'le differiny out of class diagnosis. Frustrated by two failed
surface featureg; and second, that without an adoes attempts at the problem (quiz and diagnosis), giBup
such a repertoire of related problem solutionsy the gy, jents may have diagnosed their solutions afiter t
were not able to self-diagnose their problem soiuti

Th h e bri h If-di ” in-class activity was completed, with the sample
nus, such repertoire brings the self-diagnosix tas o iion that all students received after the fact.
within the zone of proximal development for group D

Th? compariso_n of the post (midterm_ exam) scores TABLE 3. Correlations physics aspect - two studies
for quiz 6 and quiz 7 shows that the midterm phg/sic

; A i Type of Control Intervention

scores (post) improved significantly in the second correlation goup D C B
study compared to the first study for all groupst40 Pre vs. SD N/A N/S NS N/S

in midterm 1l and 0.61 in midterm Ill). Despite the quiz6 SD vs. post N/A N/S N/S N/s
difference in SD performance, the groups did not Pre vs. post + N/S NS N/S
differ significantly from each other in the post Pre vs. SD N/A~ N/S N/S N/S
performance for quiz 6. Group D fared better than duiz7  SDvs. post N/A + NS N/S
group C on the midternc(0.33, D-0.47p-value=0.07) Pre vs. post + NS NS NS
despite the fact that group C got the completetigniu Table 3 shows also the correlations found in the

The fact that the SD grade did not predict the postSecond study related to the easier quiz 7. Indase,

performance, suggests the SD for quiz 6 did ndecef ~ 9roups B and C have no significant correlations
between any two variables similar to quiz 6. Howeve



there is a positive correlation between SD vs. post
there is no correlation between pre vs. post apdvgr
SD) for group D (correlation=0.53, p value<0.05).
Thus, group D seems to correspond to a "meaningful”
intervention. Group D did in fact perform at least
well as the other groups on both the self-diagnass
post problem [4].

Discussion

Inter-group findings:For the SD of quiz 6 we
found that the greater the external support isbeteer
the SD is. However, in quiz 7 we found no differesic
between the SD of the different groups. We can
explain this by saying that if a problem is a didfit
one, whose solution (or similar solution) is havdind
in textbooks, students need much more support in
order to self-diagnose their mistakes. Howevethéf
problem is a conventional one, and similar problems
appear in textbooks and notes, students may bet@ble
do the hard work by themselves. Moreover, the SD
grade does not necessarily imply meaningful SD-for
example, the SD average grade for group B in quiz 6

quiz 7, more than 90% of the students who invoked a
physics principle were able to apply it correctly.

The situation in quiz 6 strengthens the assumption
that for groups C and B only superficial charactirs
of the SD could be analyzed by the researcherd, as
was very easy for these students to only compare th
sample solution with their solution and realizeythe
differ in the principles that should have been kaab.

We suspect that the difference between group D
and groups B and C may be that the latter two ggoup
got much more support to do the SD. In contrast to
what one might assume, this support might actually
have resulted in a superficial SD performance by a
majority of students in these groups. Using the
terminology defined by Chi [7]: they merely noticed
omissions and external differences between their ow
solution and the instructor's solution, but therdtige
engagement was very low and there was little
opportunity for conflict between their mental model
and the instructor's model, thus not leading td-sel
repair in students' mental model [7].

Finally, we hypothesize that for a conventional

was much better than that for the other groups, butproblem, students must complete two stages to aehie

their post average was comparable to groups B and C
Intra-groups findings:As mentioned above, the

SD grade does not necessarily imply meaningful SD-

this can also be seen via the intra group coroalati

for all groups there is a non significant correlati

between pre and SD of quiz 6. This may imply that t

a meaningful intervention: realizing their omisson
and realizing the conflict between their thought an
the text. However, the second stage might only be
reflected and observed in the SD of students who
received the minimal support. This is because stisde
who compare their solutions to the sample solution

lower achieving students reduced the gap betweenmight only state: "I did not do this equation”. Fro
them and the better students. However, we found nothis statement we (the researchers) would not te ab

correlation between SD and post for all groups.sThi

to differentiate between students who could sgifne

means that the SD was not meaningful. The same istheir mental model, and those who could not.

true for quiz 7, expect for the positive correlatifor

On the contrary, for students in group D, who had

group D between SD and post. So what allowed groupto work harder to find a solution to a problem trsat

D students to perform a meaningful diagnosis is thi

similar to the problem they are trying to diagnabe,

case? A possible answer might reside in focusing ongrade indicated a meaningful diagnosis.

the type of mistakes students made. We differediat
between mistakes concerning invoking the principles

needed to solve the problem, and mistakes in the

careful application of this principle [2,4]. Comfsam

of the self-diagnosis on quiz 6 and quiz 7 shovet th
on quiz 6, a majority of students who had diffiguith
invoking both physics principles (conservation of
mechanical energy and Newton's second law) were
able to self-diagnose their mistakes in invokingt, in
quiz 7, a large number of students were not able to
self-diagnose their mistakes in invoking one oftthie
principles. The difficulty in self-diagnosing the
mistake in invoking the momentum conservation
principle was common for quiz 7 among studentdlof a
groups. Comparison of students’ mistakes in apglyin
physics principles in quiz 6 and quiz 7 shows that
approximately 60% of the students (including all
groups) were unable to apply the physics principles
correctly even if they invoked it in quiz 6 wherdas
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