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Abstract

This research Investigated w hether the differences found
betw een novices and experts In using surface and deep
stuctures t© categorize problam s applied o the dom an
of statistics. A 1so explorad w as w hether the m ethodology
of a trad judgm ent task was wlisble in discrim nating
how begiming and advanced students represent satistics
prblems. The task was designed I which source
problems chared either stuctural features (ctest,
conelation, or chi-square) or surface sim ilarity (story
nanative) w ith the target problem . G mduate students N

= 101) w ith varying levels of experience in the dom ain
of satistics were asked to chose which source problem

“goes best” wih the target pwblem for each triad.
Students w ith advanced experience In statistics tended to
represent the problem s on the bagis of deep, stuctural
features while begihning students tended to ®l on
surface features. D iscussion on the effectiveness of the
m ethodology emplyed and potential uses In other
dom ains ispresented.

Introduction

Students leaming satistics are required t© leam a setof
nteractng skills. First, they need to become fam iliar
wih swatstcal procedures and how t© use them
(com puting fom ulas). Second, they need t© be ablk t©
1eoognize when to use those statistical procedures. The
first set of kills is procedural n nature, ie., they need
o lam fomulas and know how t© execute the
com putation (or the statistical packages) . The latter type
of &kill is representational, ie., they need to be able to
perceive and represent features wihin contexts that
suggestw hich procedures should be used.

Previous research (@ delson, 1981; Chi, Feltovich &
Glaser, 1981; Chase & Sinon, 1973; Hawinan,
Durfreme & M estre, 1989; Schoenfeld & Hermann,
1982) has shown that experts and novices w ithnn a
dom ain represent problem s w ithin that dom ain on the
basis of a different set of features. B ansford, Brown &
Cocking (1999) report that this difference, In part, lies
T know ledge organization. Expert know ledge centers
on core concepts and big ideas found w ithin the dom ain
w hile novices rely on isolated facts and do not connect

these facts m a way that allows them to genemte
Inferences. For example, Chi and ocolleagues (1981)
found that participants wih advanced experience n
physics sorted problem s I thedr discipline on the basis
of stuctural features, ncluding the law s and principles
of physics. W hen asked t© sort the same problem s,
novices mpresented, and subsequently sorted the
problem s on the basis of surface features, such as the
objctbeing m anipulated I the problem .

Quilici and M ayer (1996) amgue that while surface
features are genemlly more salient than stuctural
features for novices, successful analogical transfer is
dependent upon the recognition of stuctural sim flarites
am ong problem s. Consequently, they investigated the
wl of examples 1 how students leam to categorize
satistc word problem s. Their findings suggest that
exposure t© examples Mnfluences dnexperienced
students’ stuctural schema constuction, partcularly
when the exampl problems emphasize stuctural
characteristics versus surface characteristics. Q uilici
and M ayer contend that thelr study merits further
research conceming the oconditons under which
students rly on surface features or stuicture features n
categorizing problem s. In that Quilici and M ayer's
partcipants were linied to those wih litde or no
know Jedge about statistics, further research conceming
the effect of experience on problem rEpresentation is
wananted.

This sudy was desgned t© wplicate the
experthovice  difference 1In perosption and
mEpresentational <kill n the context of satstcs
problem s. The purpose of this study w as tw o-fold . First,
the sudy Ivestigated whether the differences found
betw een novices and those w ith advanced experience in
satistics use surface andbr desp stuctures ©
categorize problem s applied t© the dom ain of statistcs.
Second, this mseawch explored whether the
m ethodology of a triad judgm ent task was wlisble In
discrim nating how begining and advanced students
Epresent satistics problem s. Consequently, this sudy
extended Quilici and M ayers research (1996) by
determ Ining if those w ith advanced training I satistics




do mdeed cue In on the smuctural features of a
Statisticalw ord problem .

To com plete this extension, a triad judgm ent task w as
designed and adm inistered to individuals w ith varying
levels of satistical experience. A coording t© Hardin an,
Duffresne & Meste (1989), the trad judgment task
offers several advantages over the traditional sorting
task used In previous research (Chiet. al, 1981 ; Quilici
& Mayer, 1996). First, participants ar ablk t©
concentrate on ndividual problem  sets mther than
being presented wih a sack of cads t© ot
sim ultaneously . Second, the task allow s for large-group
adm histration and ease In scoring. The design of the
trad ek In this study was sin ibr i natire t© that
empbyed by Hawinan and oolleagues’ research
(1989). However, it differed in that this research
exam ned problem mepresentation 1 the domain of
satstcs whik theirs was gwounded In the field of
m echanics.

The judgm ent task required participants to identify
which of tw o given source problem s “goes best” w ih a
targetproblam Figure 1) . The source problem s shared
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either sin ilar surface features or souctural features w ith
the target problem . Surface features w ere sin flar n that
the story nanative shared comm on characteristics w hile
gin ilar stuctural features volved the requirem ent of
the same smtstcal test (est, conelaton and chi-
square). Surface features Included sinibr sory
characters (personnel expert, meteomwlogist, college
dean and psychologist) and sin ilar
dependent/ndependent variables Words typed per
m huteexperience of typists, anmual mnfallaverage
yearly tem perature, grade point average/reading score,
number of ermors on a testémount of sleep). The
stuctural features inclided the nature of the
Independent variable (©One group or two ndependent
gwups) and the nature of the dependent variable
(continuous or categorical) .

U sing the statistics word problem s from Quilici and
M ayer's sudy (1996), 18 trads were designed t©
westgate whether this judgment tsk would
discrin nate betw een those representing the problem s
using deesp, stuctral features wih those welying on
surface features. To do this, w e adm hnistered the task t©

students wih varying levels of experience In the
dom ain of satistics. W e hypothesized that stidents w ith
mor advanced satstical experience  would
predom nantly represent problem s based on stuctural
features while students w ith less satistical experience
would tend to represent the problem s based on surface
features.

M ethod

Participants

The participants were 101 grduate students wih a
varied am ount of experience In statistics. Those w ith no
prior satistcs ocourses toaled 27 participants, 33
partcipants completed one course, 13 fnished two
courses, 10 had completed three oourses, six
participants com pleted four courses, eight participants
finished five courses, three participants had com pleted
six courses and one participant com pleted eight courses.
AN individuals who volnteerad to participate m this
study eamed course extra-credit.

Problem Task

A triad judgment tak was used to Investigate the
features that people use o rEpresent comm on statistics
problem s. The task volved the presentation of three
satistical problem  statem ents- one target problem  and
two source problem s. Participants were asked t© read
each set and judge which of the two source problam s
“goes best” w ith the target problem . Com parisons w ere
based upon tw o features: surface and stucture. Surface
features were defined by the nanative characteristics
(ie. “After comparing weather dam for the last 50
years, am eteorologist clain s..”) and stuctural features
were defined by requisie satstcal tests (ttest,
conelation, chi-square) .

There were three sets of comparison types that
participants w ere asked to evaluate @ ppendix). I the
fivrst comparison, one soure problem shared only
sin lar surface features o the target problem while the
other source problem shared only sin ilar stuctural
features. Thus, Comparison One was considered
Similar Namatve / Dissin far Stwcture - Sinilar
Structure /D issin ilarN amative SN DO S-SSOHN). In the
second com parison, one source prmoblem  shared no
sim flarities in either surface or stmcture w hile the other
chared only similar stucture t© the target problem .
Thus, Com parison Tw o w as considered
D issin flar Nanative / D issin flar Stmcture - Sin ilar
StructureD issin ilar Nanative DN HS-SS,ON). In the
third comparison, cne source problem schared only
sin lar surface features o the target problem while the
other shared neither surface nor souctural sin flarites.
Thus, Comparison Three was oconsidered Sinilar
N arnative /D issin ilar Structure - D issim ilar Stucture /



D isgim flarN anative (SN HS-DSHON).Each participant
w as presented six triads per com parison fora totalof 18
trads.

Procedure

Participants w ere given a packet that contained the 18
trad problem s and a cover sheet. On the cover cheet,
the partcipants recorded background nfom ation
ncluiding prior statistcs courses, education level, and
gender. Participants w ere tested during class and were
given asm uch tin e asneeded t© com plete the task.

Sooring

A maxinum score of 18 pomts, at sk ponts per
com parison type w as possible. Participants socored one
point per triad under Com parison One SN DS-SSON)
and Com parison Two ON D S-SSHN) if they selected
on the basis of stuctural features. For Com parison
Three SN D SDSDON), partcipants scored one point if
they selected sin ilbr surface features 1 that neiher
com parison problem s shared stuctural features w ith the
target problem . Thus, a higher score I plies a tendency
towards choosing the stuctural dimension or the
surface dim ension w here appropriate.

Resuls

A oonelation analysis was conducted t© exam e In
greater depth the =lationships between the level of
experience @s measured by the number of satstcs
oourses an ndividual completed) and the three
comparison  types. Findings suggest a significant
relationship betw een num ber of courses and total score,
r= 39,p < 01.This suggests that the m ore experience
an dividual has In satstics, the m ore lkely they are
o make mor stuctral comparisons between two
Satistical passages.

W hile there w as a significant conelation betw een the
num ber of courses com pleted and total score on the
triad judgment task, there were differences found
among the three comparison types. Specifically, only
Comparison One (ESNDOS-SSHN) and Com parison
Two ONDOS-SSDON) wer sionificantly conelated
w ith the num berof courses = 35,p< 01,r= 39,p<
01, respectively) . These results, t@ken together, suggest
that the m ore experience one has In statistics, the m ore
lkely he/khe is to group satistical passages according
o sin ilar m ethodologies. A s expected, there was no
significant conelation between experience level and
Comparison Three SN DSDSHON). If neither of the
tw o source problem s shared stuctural features w ith the
target problem , ndividuals, regardless of experience,
choose upon the basis of surface features.

In addition, to wvestgate whether mdividuals w ith
more experience M s@atstcs perform ed differently on
the three com parison types as did novices, a repeated

measures ANOVA was oconducted. Individuals were
grouped nto three levels of experience 1 the dom ain of
satistics. Level One included participants who had
taken either zero or one ocourse (=60), Level Two
reflected participants that had com pleted either two or
three ocourses (=23) and Level Three mcluded
participants that had com pleted four or m ore statistcs
courses =18). M eans and stndard deviations for
sores on the three comparison types for each
experience level are presented in Table 1.The

Table 1: M eans and Standard D eviations for
Com parison Type by Experience Level.

Level n Type I Type IT Type IIT
M Sb M SD M SD
One 60 173 168 387 124 487 132
Two 23 213 194 404 88 452 120
Three 18 344 161 494 106 416 150

significant nteraction between experience level and
com parison type suggests a rlhtionship between the
level of experience and the way the mdividual
represents the particular siatistical problem , F 2, 98) =
494,p< 01.Tukey’sHSD test ndicated that those In
Jevel three perform ed significantly different than those
I levels one and two. The significant main effect of
experience level indicates that ndividuals w ith more
taining In satstics represent statistical passsges In
ways that are more expert, F @, 98) = 667,p < O1.
The significantm at effect of com parison type suggests
that ndividuals, regardless of level of experience, do
not regpond In the same way t© the different problem s
found 1 the triad judgmenttask, F (2,98) = 4489, p <
01.

D iscussion

I this sudy, two questions were tackled. The first
question w as, How do begiming and advanced students
T statistics com pare In the w ay they represent statistical
word problems? The analyses mwvealed several
contrasts. & was shown that those wih advanced
experience tended t© ook for sim flar deep stuctures n
the word prblms pressnted wihin the trdads.
Conversely, the findings suggest that novices relied
m ore heavily on the surface features to m atch a source
prblem wih a tamget pmblem . However, when
presented w ith com parisons types w here neither of the
source problem s chared deep stuctural features w ith
the tamget problem, all students, regardless of
experience, selected on the basis of sin ilbr surface
features.

The second question was, Can a trad judgm ent task
be used t© wlibly discrin nate how beghning and
advanced students represent statistics w ord problem s on



etther the basis of stuctural features or surface
features? On the basis of earlier research (Chi,
Feltovich & Glaser, 1981; Hardinan, Durfresne &

M estre, 1989), we reasoned that those w ith advanced
taining I satdstdcs would make selections based on
stuctiral features w hile those w ith less taning would
select on the basis of surface features I a trad
Judgment task. Findings were oonsisent wih our
prediction. This suggests that the trad judgm ent task
may indeed be a prom ising m ethodology t© employ In
studies w here sorting tasks are traditonally used.

This sudy yields inplications for educators of
Statistcs. First, nstmicton in statistcs should address
the nature of problem s and their stuctural com ponents
eg., type of data presented and the driving question of
the problem ) . Second, leamers should be provided w ith
explicit nstuction In mwoognizing sin flaritdes of
problem s based on core concepts, a kill requisite of
experts B ransford, Brown and Cocking, 1999).

This sudy certainly contrbutes to the wlhtvely
narow research base of expertsnovices In statistdcs, yet
further studies are needed. Specifically, m ore studies
are needed o explore the circum stances that prom ote
the transition from using surface characteristics to desp
stuctural features n rEpresenting problem s.
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Appendix
Comparison One: Similr NanatveD issin ilar
Stmcture - Sinilar StmuctureD issim flar Nanative
BN bHbS-SSHN)

Target: A fier exam ming weather data for the last 50
years, a metowlogist clains that the annual
precipiation ism ore lkely to be above average in years
when the tEmpemture is above average than when
tem perature isbelow average. Foreach of the 50 years,
she notes w hether the annual ranfall is above orbelow

average and w hether the tem perature is above or below

average.

Source 1: A fier exam Ining w eather data for the last 50
years, a meteowlogist chims that the annual
precipiation vares w ih the average tem perature. For
each of 50 years, she notes the anmnual rainfall and
average tem perature.

Source 2: A oollege dean clain s that a group of good
readers contains m ore honors students than a group of
poor readers. For each of 100 first year college
students, a mading comprehension test was used t©
determ ne whether the student was a good or poor
reader and grade point average GPA) was used t©
determ lne w hether or not the student was an honors
student.

Comparison Two: Dissimilar NanatveD issin ilar
Stucture - Sinilr StmctureD issin ilar Nanative
DN DHS-SSHN)

Target: A college dean clain s that good readers eam
better grades than poor readers. The grmde point
averages (G PA) are recorded for 50 firstyear sdents
who soored high on a reading com prehension test and
for 50 firstyear students who scored low on a reading
com prehension test.

Source 1: A psychologist tests the hypothesis that
people who are fatigued also lack m ental alermess. An
attention test is prepared w hich requires subjcts t© sit
I front of a blank TV screen and press a response
button each tin e a dot appears on the screen. A totalof
110 dots are presented during a 90-m fnute period, and
the psychologist records the num ber of enors for each
subjct. Twenty subjcts are sslected; half are tested
after being kept aw ake for 24 hours and half are tested
I the moming after a full night’s sleep. Based on the
num ber of enors on thelr test, each subjct is alo
Jabeled ashigh or ow Inm entalalertmess.

Source 2: A personnel expert wishes to detemm ne
w hether experienced typists are able t© type faster than
nexperienced typists. Tw enty experienced typists (ie.,
wih 5 or mor years of experience) and 20



Texperienced typists (e. wih less than 5 years of
experience) are given a typing test. Each typists average
num berofw ords typed perm ute is recorded.

Comparison Three: Sinilar NanatveD issin ilar
Stmcture - D issin ilar StmuctureD issin ilar N anative
BN bHSDSHN)

Tawjet: A fier exam ining weather data for the last 50
years, a meteowlgist clhains that the annual
preciiation varies w ith the average tem perature. For
each of 50 years, she notes the annual minfall and
average tem perature.

Source 1: A flter exam ning w eather data for the last 50
years, a metowlogist clains that the annual
precipiation is greater I years wih below average
Empemture than I years wih above average
tem perature. She notes the annual minfall foreach of 25
years thathad above average tem peratires aswellas 25
years thathad below average tem pematures.

Source 2: A psycholgist tests the hypothesis that
people who are fatigued also lack mental alertness. An
attention test is prepared w hich requires subjects o sit
T front of a blank TV screen and press a response
button each tin e a dot appears on the screen. A totalof
110 dots are presented during a 90-m Tnute period, and
the psychologist records the num ber of enors for each
subject. Twenty subjcts are selected; half are tested
after being kept aw ake for 24 hours and half are tesed
n the moming after a filll night’s sleep. Based on the
number of erors on their test, each subjct is alo
lbeled ashigh orlow Inm entalalermess.



