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Abstract: There is a noticeable slide in Malaysian math@sachievement reported in the last
three TIMSS studies and in particular in the arE®ata and Chance. This is actually not only
unique to Malaysia but also in many other countifef\sia and Africa. Recent studies have
shown the influence of higher order thinking skillke reasoning and decision making on
statistics achievement. Chan, Ismail and Sumin{@dd4) found that statistical reasoning among
Malaysian secondary school students to be poor.pthpose of this study is to determine the
influence of language, and misconception on siatisteasoning using a sample size of 374
Diploma of Science students from a campus of aléglaysian public university. A quantitative
research design was employed as the objectiveisfstudy was to measure the strength and
direction of the effect. The flexibility and pow&r analyze complex multivariate relationships
concurrently are possible using a multivariatedineegression approach. The research procedure
included a pilot study to determine the feasibibifythe procedure and suitability of the adapted
Statistical Reasoning Assessment (SRA) to the pojpnl of interest. A survey form was used to
collect both primary and secondary data. The foommrised of items to collect respondent
profile information, grades from relevant courdesyttook previously and self-reported grades of
their mathematical achievement and language peofayi in the public examinations. The findings
showed that students did not do well in statistieasoning (SR) and had a substantially high level
of misconception (MC) about statistics. SR € 38.17,SD = 13.83) and MCNl = 34.44,SD=
11.56). Language mastery (ENG) was found to bevalmverage,M = 3.26,SD = .73). The
regression coefficients indicated that Language temps(ENG), and Misconception (MC)
significantly  predicted Statistical Reasoning (SR)The best model generated
Wassk = 47.07 — 0.5%(MC) + 3.50(ENG). The coefficient of determination for the regressmodel

was R? = 0.309 indicating that ENG and MC alone explair8#90% of the total variance.
Squared semi-partial correlatiosrq) informs us of the unique variance explained byheaf the
variable. §* for ENG is given by (.186 X .186 = .035) while M€calculated by using (-.493 X -
.493= .243). These indices showed that ENG and bt©unted for 3.5% and 24.3% respectively
of the variances. This paper concludes with a disiom on the pertinent issues related to the
administration of the SRA instrument and recomméadafor further research in the field of
language, statistical reasoning and misconception.
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Introduction

ince its inception in 1995, Trends in InternatioMdthematics and Science Study (TIMSS) - a fourlyea
Sstudies, had shown that mathematical achievemeihé® year-old and 13 year-old students in Matayss

mediocre in comparison to other countries (Chamals& Sumintono (2014); International Associatifor
the Evaluation of Educational Achievement (IEA)Q2D The 2011 TIMSS report (IEA, 2013) showed Malalg
Eighth Grade mathematics result dropped 34 poims f474 to 440 in 2011 as compared to Singaporetwhi
recorded an increase of In addition, Malaysia recorded a drop in Data @mndnce component in the TIMSS study
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as compared to their performance in the other 3poments, i.e., Number, Algebra and Geometry. Thosrying
trend has been noted since 1999 (Gonzales et @8)2Hence, this phenomenon is a real cause focera
especially for the teaching and learning of StaistFurthermore, an analysis of the achievememmtioductory
Statistics for Diploma students in a Malaysian ensity showed a similar weakness in both statispeaformance
and reasoning (Zuraida, Foo, Rosemawati & Hasli2@d2). The teaching and learning of statisticakoming is
crucial as there are studies showing that statisteasoning has influence on students’ achieveifzamtida et al.,
2012; Tempelaar, van der Loeff & Gijselaers, 2007)

Research have indicated that achievement and riegsam statistics were directly predicted by a wedyi of
cognitive and non-cognitive factors (Tremblay, Gend& Heipel, 2000; Nasser, 2004; Chiesi & Prin®12). This
raised the next question, ‘What are the cognitieeminants that predict performance and reasohiftg® paper
specifically looked at statistical reasoning anel determinants that influence it.

From a psychological angle, cognitive theories methe framework to study these factors centevimghe mental
processing of information. The Information Procegsiheory (IPT) is chosen to analyze, describe elndidate
these mental processes. Problem-solving and reasang skills that one develops so that one camdependently
as adults. How students acquire reasoning and gmolslolving skills and how they acquire misconceptiwe
critical areas of study and a good and logical theo explain the origin and acquisition of theddlls has
important educational and practical implicationsal@, 2011). Many cognitive psychologists also dadi that the
Schema Theory too plays an important role in dagishem to understand the thinking and mental ggses that go
on in the brain (Anderson, 1997; Axelrod, 1973).nRlhart believes that: '. . . schemata truly aee lthilding
blocks of cognition. They are the fundamental elets@pon which all information processing depe&themata
are employed in the process of interpreting sendats (both linguistic and non-linguistic) in retring information
from memory, in organizing actions, in determinigmgls and sub-goals, in guiding the flow of prooassn the
system.' (Rumelhart, 1980, pp 33).

Reasoning, noted Galotti (2008) involves cognifivecesses that turn bits and bytes of data inttbubisgormation

so that one can come to a conclusion. From a p$ygital perspective, reasoning is thought to beeatad process
to derive inferences or conclusion from informatibmown as premises. Garfield and Chance (2000)neefi
statistical reasoning as the way people reason stétistical ideas and make sense of the informattatistical
reasoning is a crucial cognitive skill to masted &ris related to the content knowledge of thelshis.

Misconception is a construct that is closely relate reasoning. Misconceptions are systemic cone¢mrrors
caused by underlying contrary beliefs and princgeeply ingrained in the students’ cognitive dtres (Olivier,
1989). Leonard and Sackur-Grisvard (1987) providezliccinct explanation of the persistency of miseptions
among novices and even experts that is very diffimicorrect. They went on to say that misconeeyiare so
stable that the carry over effect on reasoningéstg From an IPT point of view, reasoning relyyerch upon the
thought process and thereby causing the interrfatnvation to run into problems that sometimes gige to
misconceptions (Levitin, 2002).

The product of thinking is known as thoughts. Laagglis a medium for a person to communicate ohesghts
through the use of complicated rules that helpfotm and string together symbols thus generatingrimgful
sentences or utterances. Thoughts and languagevarelosely related cognitive processes that amadyc and
complex. Language facilitates and expresses thoseghts through sound and symbols (Bransford, Br&wvn
Cocking, 1999). Girotto (2004) asserted that muéhthe difficulty of reasoning lies with understandi the
language. Reed (2011) noted that organization eftdxt in an item or the story structure has arotfon
performance. Shaughnessy (1992) added if the coofetke test item is abstract, the achievementh@item is
much lower but if put into familiar context the sess rate increased significantly. The mathemalticejuage that
is employed in test items also influence the sucate in solving reasoning tasks.

M ethodology
Sample and Data Collection

A sample of 374 second-year Diploma of Scienceesitgdin two branch campuses of a large Malaysidiigu
university. The respondents took a course in Siedifor Technology 1. This course covers basidcwopike
descriptive and inferential statistics as well Esrentary probability theory. Before the actualdgtbegan, a trial
version of the SRA was distributed to a small sangfldiploma students. The piloting of the instritneas carried
out twice. After administrating the instrument, acds group of 10 students who took the test, wamndd. The
students were selected based on a set of crier@dure maximum output from the group discussifnset of
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guided questions were used in the group discussibms two meetings lasted for about 45 minutes .e@ble
transcriptions were then analysed by comparing laiities and differences of their responses. Theugr
discussions were carried out using both English Bakasa Melayu (Malay language), their first larggiaAfter
some improvements to Garfield’s (2003) instruméntyas rerun again. The data collected from theosémilot
testing was used to further improve some of thmsteBased on these initial findings, a few of tieenis in the SRA
were further modified to suit local needs.

There are three variables used in this study. Hne\statistical Reasoning (SR), Misconception (M@ language
(ENG).The instrument to measure Statistical Reagpi{ER) and Misconception (MC) was the adapted SRA
(Garfield, 2003) and finalized after two rounddbt testing (see Appendix 1).

M easures and I nstrument

The original SRA consisting of 20 multiple choidems is used to evaluate students’ comprehensidmgic
concepts with a focus on their statistical reasgrskills. Each item in SRA describes a statisticpmbability
problem, both correct and incorrect. Students viestructed to select the response that best mattieds own
thinking about each problem.

The adapted version of the SRA investigated 6 cobrreasoning subscales (CC1-CC6) and 5 misconceptio
subscales (MC1-MC5). The scoring for each subseaées calculated by dividing the total number of
correct/incorrect responses by the number of itentisat subscale. The score ranges between 0 and 1.

Data Analysis Procedure: Multiple Linear Regressions

The research methodology is based on an analysig usultiple regression modelling. The model att&no
describe the relations between an outcome vareidesome selected response variables. In this sedgutcome
variable is Statistical Reasoning (SR), while tegponse variables are: Misconception (MC) and Laggunastery
(ENG)

Many multivariate methods are based on the assomphat the data has a multivariate normal distitgiou
Shapiro-Wilks test and chi-square plot were usedhieck the assumption of normality. The probabiigyue for
Shapiro-Wilks must be more than 0.05 and the skesvmealue +1. In order to see which hypothesis eaadzepted
the test for significance of regression (ANOVA) wasried out. If the observed value of F is lathen at least one
variable differs. Statistical tests on individuagression coefficients were assesseg@-Mélue is less than 0.05, the
correlation is considered significant.

Finding
This analysis used 374 samples from Diploma of rf®aestudents who took Statistics for Technologypdrse. Of
particular interest is how such factors as Miscptioa (MC) and language mastery (ENG) have impactt o

Statistical Reasoning (SR) and the interactionsdbeur among them. Some summary statistics aengivTable 1
for each variable involved.

The students showed good mastery of the Englishulage (ENG) at the time of the study € 3.26,SD = .73).
However, the respondents achieved a moderatelydegl of mastery in Statistical Reasoning (SR¥(38.17,SD
= 13.83) with a significantly high level of Miscogation (MC) about statisticdi = 34.44,SD = 11.56). The low
scores for both SR and MC are not surprising asrémal is almost similar in other studies in Malaysr other parts
of the world (Garfield, 2003; Tempelaar, 2004, 20Déraida et al, 2012).

Table 1: Descriptive Statistics

Mean Std. Deviation N
Statistical Reasoning 38.17 13.83 374
English Language 3.26 73 374
Misconception 34.44 11.56 374

A correlation matrix (Table 2) was obtained to shtbe correlations between the selected variables.cbrrelation
between SR and MC is moderately low with a negaﬁign(r =-525 p< .O]). This implied an inverse

relationship between the variables meaning thatestis with high misconception level do not do virelstatistical
reasoning. Similarly the correlation between MC aB#G is weak but significant with an inverse
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relationshi;{r =-17Q p< .OJ). This indicates that those students with weak emgstf the English language
suffers from high level of misconception. The assti@en between MC and ENG on the other hand, waaddo be

positive(r =270 p< .01).

Table 2: Correlation Matrix

Statistical English
Reasoning Language Misconception
Pearson Correlation Statistical Reasoning 1.000 .270** -.525**
English Language 270 1.000 -.170**
Misconception -.525%** -.170** 1.000
Sig. (1-tailed) Statistical Reasoning . .000 .000
English Language .000 . .000
Misconception .000 .000

** Correlation is significant at the 0.01 level {@Hed).
* Correlation is significant at the 0.05 level @ed).

Assumption Checks

Figure 1 shows a random distribution of data poifitsis it can be concluded there exist linearigmbscedasticity
and normality of residuals. Furthermore, the histog in Figure 2 provide further evidence that tloenmality
assumption is complied with. Table 2 shows thattedl correlation values are less than 0.7 amongnttependent
variables, indicating that multicollinearity doest rexist. Furthermore Durbin-Watson statistic @&Q0Lsuggests that
multicollinearity is not a problem (Hair, Andersdmtham, & Black, 1998) (see Table 3).

Scatterplot

Dependent Variable: Statistical Reasoning

0

Regression Standardized Predicted Value

-3

Regression Standardized Residual

Figure 1. Scatterplot on zpred versus zresid to Check fannislity, Linearity, Homoscedasticity and Indepemcka
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Histogram

Dependent Variable: Statistical Reasoning
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Figure 2: Histogram on Statistical Reasoning.

Table 3: Summary statistics on R square and Adjusted Rrequ
Model Summary®

Change Statistics

R Adjusted Std. Error of R Square F Sig.F  Durbin-
M odel R Square R Square theEstimate Change Change dfl df2 Change Watson
1 .556' .309 .305 11.526 .309 82.957 2 371 .000 1.800

a. Predictors: (Constant), Misconception, Englishdguage
b. Dependent Variable: Statistical Reasoning

The output from Table 3 indicated that approximat80.90% of the variance of Statistical Reasoning
(R2 = 0309 AdjustedR? = 0305) could be attributed to MC and Language factors #rel ANOVA table
(Table 4) showed that the Model 1 was statisticalmificant(Fzm= 82957 p< OD]) and comparing the R

square and the Adjusted R square, there is a stggn&f 0309- 0305= 0004 or .4% which is very small. This is
taken to mean that the model is generalizable usiisgsample (Hair et al., 1998). The effect siz§) (for multiple

regression is given by 2 = R;z (Cohen, 1992). This gives &&= 0.447 which is a moderately strong effect.
Table 4: Analysis of Variance
ANOVA?
M odel Sum of Squares df Mean Square F Sig.
1 Regression 22042.33¢ 2 11021.16¢ 82.957 .000
Residual 49288.594 371 132.853
Total 71330.93z 373

a. Dependent Variable: Statistical Reasoning
b. Predictors: (Constant), Misconception, Englisimjuage
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Best model for the regression analysis

In conclusion, the general model takes the form of

Y =By + B +ByX,

where Y= Statistical Reasoning (SR)
x;=Misconception (MC)
X,= Language (ENG)

The regression model is: SR =47.07 — 0.59(MC) + 3.50(ENG)with only MC

(b=- 590, SE= 052 f=- 493 p<00land ENG (b=3497, SE= 825 =186 p< 00) being

significant contributors to SR (Model 1 in Table Spbserve the standardized coefficie(}@ for the two factors

above, MC contributed over two and a half times ertor the total variance as compared to ENG implgregater
importance of MC as compared to ENG in influencihg outcome of SR. Squared semi-partial correlatio?)
informs us of the unique variance explained by eddhe variable (Hair et al., 1998). This index#culated using
the Part column under Correlations list of Tablesthe variables concerned? $or ENG is given by (.186 x .186
= .035) while MC is calculated by using (-.493 493 = .243). This is interpreted as ENG and MC ueig
accounted for roughly 3.50% and 24.30% respectiteethie variance of SR.

Table 5: Summary statistics on unstandardized and staimakdoefficients

Coefficients”
Unstandardized Standardized
Coefficients Coefficients 95.0% Confidence Interval for B
Std.
Model B Error Beta t Sig. Lower Bound Upper Bound
1 (Constant) 47.072  3.537 13.308 .000 40.117 54.028
English
Language 3.497 .825 186  4.241  .000 1.876 5.119
Misconception  -.590 .052 -493 -11.263 .000 -.693 -.487

a. Dependent Variable: Statistical Reasoning

Conclusion and recommendation

The main objective of this paper was to determiveeiinpact of cognitive factors like language angauonception
on statistical reasoning in a Malaysian contextdiigs indicated that misconception (MC) and LamguéENG)

are significant predictors of Statistical Reasor(8R) (see Table 3). This result concurred withvjangs studies by
Chiesi & Primi, (2010); Lalonde & Gardner, (199B)asser, (2004); Tempelaar, (2006).

The coefficient of determination for the regressinadel was?? = 0.309 indicating that MC and ENG can explain
30.90% of the total variance. The standardizedfuefit for MC is over two and a half times strongean ENG
indicating the contributions of these two variabiesSR. In conclusion, a moderately low statistic & = 0.309
showed that is a construct like SR is influencednby only cognitive factors but non-cognitive véiliess as the
results clearly shown that 69.1% of the varianagnaccounted for.

According to Bransford et al. (1999), language dogsact on reasoning to a certain extent. The tesdlthis study
showed that there was a significant effect of lagguon reasoning though not stromg0(156, p<.01). These
findings are preliminary and need more resear@xfore this relationship using controlled experise

As for the misconception variable, it was foundh@ve a strong effect on reasoning. The study eg#erthat
misconceptions of the students must not be takgnlyi for it is generally high among the respondeantd ignoring
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its role in statistics would have consequenceshenoutcome of their examination results. This staldp showed
that Statistical Reasoning Assessment (SRA) cararbeffective tool to capture statistical misconmest of

students. Hence SRA can be given to students ofirghhelay of any statistics course and the miseption scores
calculated. The scores would provide a good iniinadf the misconception problem of the learners.

This study provides some evidence that studetdatiscal reasoning in class is a complex constifuat has many
dimensions to it. Studies have shown many cognéiveé non-cognitive determinants like student presicourse of
study, their grade point average, language skilldf-efficacy, student’s attitude towards statsstior student
perception of statistics as a tough subject afgoresble (Lalonde & Gardner, 1993; Chang & Ched,20Further
research is also recommended to look into new ndetbgical approaches to study the variables hemegus
additional instruments like Comprehensive AssessnmeérOutcomes in a first Statistics course (CAO$)the
Quantitative Reasoning Quotient (QRQ). Future nesemay want to study them using a different payadlike
qualitative research methodologies where in-depiménation of these few determinants across cudtarel creed
using the diversity in this country to the besttefadvantage.
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Appendix 1. Statistical Reasoning Assessment

Direction: Please do not answer in this questiapep. Choose the best option

1)

2)

3)

4)

5)

A small object was weighed on the same scale sighatay nine students in a science class. The wijh
grams) recorded by each student are shown below.
62 6.0 60 153 6.1 6.3 6.2 6.16.2
The students want to determine as ACCURATELY ay tta the actual weight of this object. Of thedualing
methods, which would you recommend they use?
a) Use the most common number, which is 6.2.
b) Add up the 9 numbers and divide by 9.
c) Throw out the 15.3, add up the other 8 numbersdaride by 8.
d) Sort the 9 numbers from smallest to largest andstthe middle number.

The following message is printed on a bottle ofprigption medication:

WARNING: For applications to skin areas there is a 15%nchaf developing a rash. If a rash develops,
consult your physician.

Which of the following is the best interpretatioftiois warning?

a) Don't use the medication on your skin, there’s adyohance of developing a rash.

b) For application to the skin, apply only 15% of tkeommended dose.

c) If arash develops, it will probably involve onl$% of the skin.

d) About 15 of 100 people who use this medication tgve rash.

e) There is a very low chance of getting a rash utilgmedication.

Mr Ahmad, a meteorologist wanted to determine tmueacy of his weather forecasts. Past records athohat
forecast of 70% chance of rain have been repoHedcompared these forecasts to records of actiml days
for a particular period.
The forecast of 70% chance of rain can be congidezey accurate if it rained on:

a) 95% - 100% of those days.

b) 85% - 94% of those days.

c) 65% - 74% of those days.

d) 55% - 64% of those days

A teacher wants to know how many questions herestisdask per day. A record of the number ofquestion
asked by her 8 students on a particular day is sHmiow.

Student Ali Rashid Shila Jeya Chia Nik Jamal  Nurul
Number of comments 0 5 2 22 3 2 1 2

She wants to summarize this data by computing tHBITAL number of questions made that day. Of the
following methods, which would you recommend she?us

a) Use the most common number, which is 2.

b) Add up the 8 numbers and divide by 8.

¢) Throw out the 22, add up the other 7 numbers avidalby 7.

d) Throw out the 0, add up the other 7 numbers andelivy 7.

e) Sort the 8 numbers from smallest to largest andstthe middle number.

Two containers, labelled A and B are filled withl i@nd blue marbles in the following quantities:

Container Red Blue
A 6 4
B 60 40

Each container is shaken vigorously. After choosimg of the containers, you will reach in and, with
looking, draw out a marble. If the marble is blyey win RM50. Which container gives you the besirae of
drawing a blue marble?

a) Container A (with 6 red and 4 blue).
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6)

7

8)

9)
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b) Container B ( with 60 red and 40 blue).
¢) Equal chances from each container.

Which of the following sequences is most likelyrésult from flipping a fair coin 5 times?
a) HHHTT

b) THHTH

c) THTTT

d HTHTH

e) All four sequences are equally likely.

Select one explanation for the answer you gavediestion 6 above.

a) Since the coin is fair, you ought to get roughly@&omumbers of heads and tails.

b) Since coin flipping is random, the coin ought tteatate frequently between landing heads and tails.

¢) Any of the sequences could occur.

d) If you repeatedly flipped a coin five times, eadhtliese sequences would occur ABOUT as often as any
other sequence.

e) If you get a couple of heads in a row, the proliighilf tails on the next flip increases. Every seqce of five
flips has exactly the same probability of occurring

Listed below are the same sequences of H’s andhatswere listed in question 6. Which of the segasnis
least likely to result from flipping a fair cointBnes?

a) HHHTT

by THHTH

) THTTT

d HTHTH

e) All four sequences are equally unlikely.

Miss Sally wants to buy a new car, and she hasowaat her choices to model A or model B. She tatketthree
friends, one model A owner and two model B own8is also consulted a Consumer Report about modadA
B. The table below summarizes her findings.

Recommendations Model A Model B
Three friends This friend was very dissatisfied and swore These two friends reported few mechanical
never to buy this model again problems and nothing major

Consumer report Using a sample of 400, the report found tha Model B was reported to have more
model A had fewer mechanical problems mechanical problems as compared to model
complaints A

Which model would you recommend that she buy?

a) | recommend that she buy model B.

b) | recommend that she buy model A.

c) | would tell her that it didn’t matter which caresbuys. She may as well toss a coin to decide.

10) One face of a fair coin is painted black, and @efis painted white. The coin is tossed two tifidsich of the

following results is more likely?

a) Black side up in one of the tosses; white sidemughe other toss.
b) Black side up on both tosses.

¢) aand_bare equally likely.

11) Half of all newborns are girls and half are boysspital A records an average of 50 births a dayspital B

records an average of 10 births a day. On a péatiday, which hospital is more likely to record¥2®r more
female births?

a) Hospital A (with 50 births a day).

b) Hospital B (with 10 births a day).

¢) The two hospitals are equally likely to record sachevent.
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12) The town mayor of a small town wanted to deterntireeaverage number of children per household iridvig.
He divided the total number of children in the tolw 50, the total number of households. Which & th
following statements must be true if the averagalmer of children per household is 2.2?

a) Half the households in the town have more thanil2rem.

b) More households in the town have 3 children tharetzachildren.
c) There are a total of 110 children in the town.

d) There are 2.2 children in the town for every adult.

e) None of the above.

13) When two dice are simultaneously thrown it is polesthat one of the following two results occurgsRIt 1: a
‘6" and a ‘6’ are obtained. Result 2: a ‘5’ is oibked twice.
Choose the option that correctly represents theilplesoutcomes for Result 1 and Result 2

Option Result 1 Result 2
a) {(5,6)} {(5,5)}
b) {(5,6), (6,5)} {(5,5)}
c) {(5,6), (5,5)} {(5,6), (5,5)}
d) {(5.,6), (6,5)} {(5,5), (6,6)}

14) Select the response that you agree with the mosjufestion 13:
a) The chance of obtaining each of these resultsualeq
b) There is more chance of obtaining result 1.
¢) There is more chance of obtaining result 2.
d) Itis impossible to give an answer.

15) When three dice are simultaneously thrown, whictheffollowing results is MOST LIKELY to be obtaide
a) Resultl:a ‘5, a‘'3 and a ‘6'.
b) Result 2: a ‘5’ three times.
¢) Result 3: a ‘5’ twice and a ‘3.
d) All three results are equally likely.
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