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USING R TO ANALYZE INTERNATIONAL
LARGE-SCALE EDUCATIONAL
ASSESSMENT DATA

Fu-An Chi ™  Ching-Fan Sheu’

ABSTRACT

Currently, researchers use mostly commercial software to analyze
educational data. Researchers who do not have access to these
commercial software can not easily replicate results others have
reported in publications. Consequently, computational findings often
do not cumulate reliably to offer valid guidelines for educational
policy making.

This paper demonstrates how to use the free, open-source R
computing environment (R Core Team, 2015) to manage and analyze
international large-scale educational assessment data. The example is
comprised of mathematics achievement and covariates for 15-year-
old students from 15 countries, including Taiwan (PISA 2012). In
particular, the “intsvy” package developed by Caro and Biecek (2014)
is applied to manage the data and the “maptools” package (Bivand &
Lewin-Koh, 2015) is wused to link numerical summaries to
geographical boundaries of countries examined in the illustration. R
code to perform analysis of data from PISA detailed in the paper is
provided to facilitate reproducibility.

Keywords: intsvy, PISA, R, international large-scale educational
assessment data
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Educational Achievement > ﬁ'fﬁ IEA) 5’?%5%!3[@%[5?55?%%?*5[%,%»?@(?]\599?"5
#ErF S (Trends in International Mathematics and Science Study > %ﬁ—?ﬁ
TIMSS) >[I 1995 F & & P1F — WEEIF RT 7 F RS S AUgrst s R|
SESIE G o AR S B e - SR SR m“?‘\’?iﬁﬁ
%Sﬁ'%ﬁﬁd?\ ( Martin, Mullis, & Foy, 2008 ) - [ri|f5 IEA FraE iy 26
B}F%JF‘%??‘»,%EJJ 72 (Progress in International Reading Literacy Study » %ﬁﬁi
PIRLS) > &I F — FEEPIFFZ DA Ilﬁf?f 2 S REE ’Tﬂgﬁf%‘w
F”‘i”fﬁxﬁﬂ‘ﬁf?f”"&‘a* TER S HSBE %?i%liﬂ@ (fe
o FERE SR 2013) o SIYNERN [ERAE B (Organisation
for Economic Co-operation and Development » %‘f?ﬁ: OECD) F1 1997 F #88
R 2 S ﬁ JiFEEF ] (the Programme for International Student
Assessment ° %ﬂ-f‘h PISA) (E:9 PISA BT 2150 > 2015) > 2 B &FEf
15 %2 Fﬁ?} PO R[50 (S FREN (B PISA B 17 1= > 2014) >
B LFHE » FihR G T*[«”ia;l*f ~ FERUAEH 0 (29 PISA B
Wl 2015)  F IS T PR P PRI A0S 3 (B9 PISA
B G155 2014) o }73' OECD ﬂff[, TALS = ALL FJ- LJ\FIJ[ESZH]?;‘W
P B AN pUBIEESY * §ed &R #) (Programme for the International
Assessment of Adult Competencies » %ﬁ?ﬁr PIAAC) » IFEFEIF 2011 ARG
EEF 2R %Jr‘éiin‘?’@r?]a???ﬁlﬁlﬁé\m * Eﬁ%ﬁﬁzwg’?ﬁﬁ'ﬁwfyﬁ@?ﬁﬂﬁ
( Organisation for Economic Co-operation and Development [OECD], 2010;
Schleicher, 2008 )~ 35 &£ R F o - BT EFRL AT R e s
1> 9 © Rutkowski ~ Gonzalez ~ Joncas % von Davier (2010) EL4T 2009
F 8 k| Wilson Education Full Text ?%’%SI’TE[;% %} PISA ~ TIMSS & PIRLS (9
WA > (1995 F 2 1999 # F| 340 FF= 15 A9 Fi ~ 2000 F =] 2004
F [T 556 R ~ #2005 F Z[] 2009 F R1F| 851 K o PN T I HERE S F
TSP SR RS B IR OB (Liou & Hung,
2014) o
T BB R 1+ R 105 SPSS S 7B 53 BT A
# 75.5% > F AL SAS (1280 2004) o JipE £ R BE IR TR AR
AR TE R & A lﬂmmﬁam R A8
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H Ry 238 Sad [P E B PR Y R md“?iju\*ﬂ JT?
R0 A B0 T 20 (S B SRR o BVRUR R A i - T
DR T BRI o B E'T?"i]‘i SPSS PRI A Em%”;’
[P RE SRR o I UM FLRLSETR] 522 SRIBFEAIpvEL B ARYE » SEFE R Rk pusR
W R AR N ) PTUCRR FERSC IR IR L P ¢ (Peng, 2011) -
HEVHFOT) S (et SR IR T B L o R
Y YRR PRI B R Hjsﬂzmw
B SRR T ERA PRy 50T W RIEMRS (30 P A
ER

[HIF F'1 Ross Thaka 5 Robert Gentleman 57| 5% i) R( Thaka & Gentleman,
1996) 71 S F | |0 2 EU g sl - [% R EL aagl ~ A PV H A
I~ ¥ £ Windows ~ LINUX... 57 %78 e 30~ et 3 pOsglf b -
el #375" 2DF 3D R Hng&a‘]l ﬁf%ﬁ%ﬁ]ﬁf PRSI« PRS0 Y PR
SR B A P R~ B B B R T R = (Packages) Bt g‘mer‘f‘
= F‘ffﬁq_‘ ?ﬁt[ﬁﬂlﬁq’% ~ TR EREECEE (I C s C+ JAVA
Fortran ~ Perl % Python ) | % fUfE 4 1% ~ A Wéi SAS ¥ SPSS T &
Flio 25 Plug-in 784 E’u}%?ﬁv R R ST ER ﬁ‘j?ﬁﬁ”ﬁﬂﬁﬁﬂiﬂﬁ fe
HE P ’ﬂ:‘EjEﬁ F’?;Eﬂ FY7 {f1-2014 & Daniel Caro % Przemyslaw Biecek fff]
FEH| R fY intsvy = [’fr  HJE* 32, TIMSS -~ PIRLS ~ PISA % PIAAC PR
BIFCHERRI o R A B~y R £ 2 o
EEFE FR PR FHFE e FG—?’F’? EERPBFEHFE T IR
SRR e [ﬁJEﬁHJE F ISR ARYEE PR E TE[U#[?FQT‘
e iJrET%h’Eh?r = RRYE VTR 2 F (HIE s i) 1w
B4 =1 (Rotated test forms» H[JSS A5 {1 21 {1 )Z75) Frife v Caro
& Biecek, 2014) o @8] intsvy 2 {1 & t"“%”[ﬂjj’[ﬂj 4‘“?"? ST R’Fﬂplw
Bt [l 53 7 2 Bigeds - B =0 F‘QJH{ @*'F”ﬁ%ﬂ'i AU D g
B | JE’HEJjF o intsvy 2 [FHIFEF *[JjV? E IJFW%;H’?"
TR fi Rl Benton (2014 ) WK H] intsvy 2 {F &35 PISA 2009 [Ueyf] 1 7
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FRPR B ESY A BT R ORI BT R
RO e KBTS R B A W D R
BAES %f@?ﬁfﬁiﬁfﬁjﬁl%ﬁ[ﬂi (PISA 2012) - &&f53#7 » & 7] R
FOBLA BRI - H i ¢ Caro 3 Biecek (2014) H#PACE A RIF0H Erg
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80 F [ NFEINRLE A R A TP > BRI 7 0 &
EFFRLENEEE o Byt RO S 5 LR SR A B o 1 SPSS &
SE[TEG RIS Y RIT RO o P T I BRI (2004) SR
Bl 45 F = 92 F [ %?ﬁﬂﬁ B '*Lﬂfﬁ\ Eﬁ“}lﬁ “éﬂ[‘r ks&azﬁ’; D
P 2082 BRSO Y & i AT TR e RS - ) 5
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CRAN 7\ [EPRF ] R ok ﬁ'f . ’F@é‘,ﬁ%ﬁ??}ﬁﬂtﬁ’f s US| S RE R | R Y
2 EI 2 30 B P CRAN S5t CRAN i -po=
AT TR e & R RATIORA] 0 BT S - e
RET RS B ORI SRR S - T W
BT ) TS TR B S SO M 2 [ (The
Comprehensive R Archive Network ) » NP0 Z[# A K H] IF\L}‘:"l]‘ B
R W[ e 1= RS = [ puds> (Fox, 2009) - [‘J?R TR S S FE S
Fseh FH38ET e B[ 2 <778 4 P ( Gentleman et al., 2004 ) ~ [~ 2518 ( Versteeg,
Richardson, & Rowe, 2006; Vidal, Thormann, & Pons, 2005) C FYNEE % ;l
Tt BB PUEPRI U F H | R o3 7o AL RS S B s e
I PN AT R A 0 1) R R R ORI (Ripley, 2001)

VT BB RO R YT BRI T R (R ﬁ?
']”F} (2012) g 4e55 #7= BIRLI| RS Bioconductor 2 (f [ELu (&1 01 > 7
¢ Array Express TR % KEGG v » 387 g2 BlE A JL s gl
PRZE By £ e 5T AT o B ﬁ N i g{gr N ?T 7*@*2'&—?’% {EpE (2013)
R W’FE'FTEJ?f [ Ffr#ﬂ—[ﬁ PRI FR RO & R
EU (Cluster Heat Map) [UFT/=5 53 i3 - ) R S0 I 4 oy Best
SYRTTPHSRVE B o Sy R TR T S BIFOE) RRR PR o e 1 E
B (AT Gt e Y e R SRR B DR =R ) R [ [RURC S5
- FEF AR ) I A R TGRS HIFCT R intsvy
e

‘lu}l

2 intsvy BEFRITE

B S- 4ETE R (7SIER T ATOEE > 1T PISA 2012 # B
(TAP) fi9 15 555 2 P AL (MATH) I') %5 (| i3 £1 (ST28Q01)
Lo I') read.csv() ﬁ}*ﬁvﬁvﬁﬂ& FgﬂF' “Y{4" {1 PISA2012TAP [i¥ EXCEL
TF’&'%T( CerR Vo 25 HEflpuEt]) - H e RAJ TR puerR
SR header = TRUE,JF}EJ& ARZFIfIY £ > naustring = "."RLH
ENREPE > I (B F‘ str () H] iﬁﬁ'é?ﬁ[ﬁﬁﬁﬁ » as.numeric( ) }H
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intsvy 2L/ Daniel Caro 57 Przemyslaw Biecek #f %} TIMSS ~ PIRLS -
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FGEE e YN B E BRCECR R OETE SO TS BE R
% F I 2T PISA 2012 # 5 (TAP) ¥4 M4 14 {4 - &
S (AUS) -~ pgrt (CAN) -~ sl (DEU) -~ [17=F (ESP) -
@ (FIN) ~ 3B (FRA) ~ =B (GBR) ~ H|"™ (IDN) ~ & F] (ITA)
FI4 (JPN) ~ BP18 (MEX) ~ B¥Pids (MYS) &1 (NZL) -
B (USA) v 15 st 4 Grg sy it 3l (MATH) I b?&%‘?ﬁiﬁlﬁf@

& %% (ST04QO01 ; Gender) -~ %:‘HU%%{EE (ST28Q01 ; Book) ~ X HIF

?J@@ (ST13Q01 ; Mother ) ~ % f| Ij;;fg"éjf}*’l( ST26Q01-ST26Q14 ; Possessions )
= ﬁlrﬁﬁ[ﬂi C EEFIETRI ZVET PISA 2012 fussd ] (T &VevR puifdih:
http://pisa2012.acer.edu.au/downloads.php ) - FV i PISA 2012 Elflﬁgl?V%?éf il
% %E¥k| SPSS FiyE (SPSS syntax to read in student questionnaire data file)
EacE N g%ﬂﬁ f (Student questionnaire data file) (% » |+ EE’JV'%‘} 4
T SPSS Fii* H Iﬁl U DATA LIST FILE = "C:\XXX\INT _STU12 DEC03.txt"
/RS PRI b RISV BT T VSR BT RV SPSS
moE PR R -5 SAVE  OUTFILE =
"C:AXXX\INT STU12 DECO3.sav". » ')V {H PISA 2012 [l & [ 7rp] -
#3553 FrfE R R puEL A TpREgh ”#*]%'[ﬁw Caro &2 Biecek (2014) 4t
SRR S B S e R B3R BV intsvy 2 £ 25 & maptools WE}%? R 53
Prad i & sl | L FlIHL R F '*JTFHT( W EPR 57 ﬁi@%&"%—"ﬁ‘
R H R IR R RS R ?J%ﬁi R fui (e =B a1 ?jﬁ
(2015) fi9 TR fi [530K1 20 ], - 2 -

Firet A HEEL Y intsvy 2 0 I') pisa.selectmerge( ) V{H PISA 2012
2 H OISR 7] ste() AR TR R - A IR
1o R FITERT o fpde 10051 FRBAupl ~ TR = TRl 2@y
IEES IS ES ’DT%FA‘” A7l o FIFIH] as.factor( ) ~ as.numeric( ) Jf B4

(CNT) FURh-EIEfE 3 #1 (character) 5SS A" (factor) - 574 1%
Al (ST04QO1) ~ F U &l (ST28Q01) ~ A HIFHF*% (ST13Q01) -
=31 I}?E"EJTV’J (ST26Q01-ST26Q14) f-<=" (factor ) ffii 5155 Bt ( numeric )
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#1

R

‘data.frame’ : 189804 obs. of 152 variables:

S CNT : chr “AUS” “AUS” “AUS” “AUS”...

$ SCHOOLID : chr “0000001” 0000001~ “0000001” “0000001”...
$ STIDSTD : chr “00001”  “00002”  “00003”  “00004”...

$ ST04Q01 . Factor w/2levels “Female”,”Male”: 1112211222 ...
$ ST13Q01 : Factor w/5levels “<ISCED level 3A>",..: 13NA1121...
$ ST26Q01 . Factor w/2levels “Yes”,“No”: 1211111111 ..

$ ST26Q02 : Factor w/2levels “Yes”,“No™. 1111111111..

$ ST26Q03 . Factor w/2levels “Yes”,“No”. 1111111111 ..

$ ST26Q04 : Factor w/2levels “Yes”,“No™. 1111111111..

$ ST26Q05 . Factor w/2levels “Yes”,“No”. 1121111111 ..

S ST26Q06 . Factor w/2levels “Yes”,“No”. 1111111111 ..

S ST26Q07 . Factor w/2levels “Yes”,“No”. 2211221211 ..

$ ST26Q08 : Factor w/2levels “Yes”,“No”: 2211221211..

$ ST26Q09 : Factor w/2levels “Yes”,“No”: 1211211111..

$ ST26Q10 : Factor w/2levels “Yes”,“No”: 1111111111..

$ ST26Q11 . Factor w/2levels “Yes”, “No”: 1222122211 ..

$ ST26Q12 . Factor w/2levels “Yes”,“No”: 1111111111..

$ ST26Q13 . Factor w/2levels “Yes”,“No”: 1111111112..

$ ST26Q14 : Factor w/2levels “Yes”,“No™. 1111111111.

$ ST28Q01 . Factor w/ 6 levels “0-10 books”, “11-25 books”, .. 5 3 5 53.
$ PVIMATH : num 562 565 507 602 520...

$ PV2ZMATH : num 569 557 547 594 507...

$ PV3AMATH : num 555 553 511 552 501...

$ PVAMATH : num 579 538 454 526 521...

$ PVSMATH : num 548 573 546 619 547...

FURCE B {85 CNT e55% Country_ID -~ FU 2 4 [ £75 ST04QO01 &55Y
Gender ~ 1} %:’HU@%{E'I £/% ST28Q01 &¥5% Book » FU Ejﬁﬂfvﬁ%@ 4
7§ ST13Q01 &5%% Mother » FL# %HI}‘?@’E Poe ST26Q01-ST26Q14 B
Possessions ° Xl HI}HE“QJE TERIFVERCR EREL S 2L 1 508 AL 2 Oy
SO 5% AL T FJFF] as factor( ) 154 ‘I%IJG‘PEWE@‘*}EJE‘%P@' ¥
T FRF- 5 E A M 53‘\" s & AEE R 0-10 AFAL 1~ 11-25
¢§:ﬂz 26-100 4 31513+ 101-200 F 214 4+ 201-500 F 315 5+ 500 4
FI Rl 65 M BIFT) 7% @IFL?» [ﬁ{f—ﬁ Ifﬁ‘i’—ﬂl @ “ﬁ&ﬁ'ﬁ‘fﬁ&f[%‘ (r
R 2F ) L2 BRI - BUTRIFR 4 BT YR 5 5
Pl AL S ﬁqﬁ%@'i’“‘/ﬂlﬁf (¢ %]&23) Rl 4 BRI 3
THEFR 2~ B HF L 1 F B PR R E T Yes &2 1~ No &L 2 »



d55Y Yes AL 1~

EREEWAEH B8

}@]&Fu - AghT FH?I Fju N
Ly P

PSR

fra

15| pisa.table( ) =
o AEN o AENI[F 3 o F[H] plot( ) ﬂ\fﬁﬂu/
i’ﬁﬁ]?&*ﬁfl‘ﬁfjﬁi’% [E > stacked( ) ALfFerk
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EEVYHA » 2015 4F

‘}S,EFEI-T"‘F‘” “ﬁ"‘ l—ﬁ%[j%’“—Lo
RS =2 il s G R

HJ+U|[*[E¥'

EUNE

R=Cio

212 H 0 H 121-153

RO DU P 14 REOEIR A B EE R
“sM)T@@éﬂﬂﬁﬁﬂﬁWW%l U Ea GRS

[?HI/ SRV gy > I'] head() ﬁ%;ﬁ’plﬂq
“rgER > EH 1 na.omit() R

rJngU’iJ?\ E'Iﬁ )

IR L AL IS - (el 17 B! (DEU) RS (1)
SEIF 500 A2 - (6) fu gr’?r K2 IRl

LE (0) ke

2

BEBEEIE 2 -

FIEF]

ey o ﬂ"?’?

‘data.frame’
$ CNT

$ SCHOOLID
$ STIDSTD
$ ST04Q01

$ ST13Q01

$ ST26Q01

$ ST26Q02
$ ST26Q03
$ ST26Q04

$ ST26Q05
$ ST26Q06
$ ST26Q07
$ ST26Q08
$ ST26Q09
$ ST26Q10
$ ST26Q11

$ ST26Q12

$ ST26Q13
$ ST26Q14
$ ST28Q01

$ PVIMATH
$ PV2MATH
$ PV3AMATH
$ PVAMATH
$ PVSMATH

189804 obs. of 157 variables:
. Factor w/ 15 levels
. chr
. chr
: num
: num
: num
: num
: num
: num
: num
: num
: num
: num
: num
: num
: num
: num
: num
: num
: num
: num
: num
© num
: num
: num

“AUS”

“CAN” “DEU”,..:

“0000001”  “0000001”
“00001” “00002”

0001100111...

53NAS5545555 ...

1011111111...
I111111111...
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2R S PR R B R BRI D BB U 3T SRR
Country ID  Gender Book Freq Mean s. €. SD s.e
1 AUS F 1 679 430.44 4.15 81.18 3.51
2 AUS F 2 898 453.16 3.30 83.43 2.56
3 AUS F 3 2039 491.86 2.44 84.91 2.54
4 AUS F 4 1431 510.86 2.49 84.19 1.89
5 AUS F 5 1245 541.48 341 88.38 2.39
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PRS- FHvE#E - YHFEEE K PR R DB B
S5 R BB
$ AUS
Estimate Std. Error t value
(Intercept) 332.78 5.80 57.36
Gender 15.81 2.70 5.86
Book 17.70 0.73 24.36
Mother 11.43 0.93 12.34
Possessions 5.38 0.57 9.50
R-squared 0.16 0.78 19.88
$ CAN
Estimate Std. Error t value
(Intercept) 374.98 9.31 40.30
Gender 16.03 1.92 8.36
Book 17.07 0.78 21.81
Mother 8.74 1.62 5.40
Possessions 3.70 0.51 7.32
R-squared 0.12 0.75 16.40
$ DEU
Estimate Std. Error t value
(Intercept) 339.39 14.68 23.12
Gender 23.59 2.93 8.05
Book 21.92 1.61 13.65
Mother 14.66 1.83 8.02
Possessions 3.77 1.30 2.89
R-squared 0.22 1.49 14.66
$ ESP
Estimate Std. Error t value
(Intercept) 314.16 5.66 55.52
Gender 20.12 2.15 9.38
Book 19.93 0.75 26.44
Mother 9.97 1.13 8.82
Possessions 5.11 0.58 8.87

R-squared 0.22 0.97 23.09
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.id Estimate Std. Error t value

[1,1] “AUS” “332.78” “5.80” “57.36”
[2,1] “AUS” “15.81” “2.70” “5.86”
[3,1 “AUS” “17.70” “0.73” “24.36”
[4,1] “AUS” “11.43» “0.93” “12.34”
[5,1 “AUS” “5.38” “0.57” “9.50”
[6,] “AUS” “15.60” “0.78” “19.88”

* 7

FITHEIEHITYRI B

‘data.frame’ 15 obs. of 6 variables:

$ id . Factor w/ 15 1levels “AUS” “CAN” “DEU”,..:123...

$ GenderEstimate . Factor w/ 151levels “-6.40”,“4.34”,.:9 101511 3...

$ BookEstimate . Factor w/ 15 1levels “3.09”,“7.20”,..:651311915...

$ MotherEstimate . Factor w/ 15 levels “5.28”,“5.43”..:951181315...

$ PossessionEstimate : Factor w/ 15levels “2.16”, 2.57”,..:10468 113 3...

$ COUNTRY : chr “Australia” “Canada” “Germany” “Spain” ...
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FRVEIERRYRIPTH
nder Book Mother P ion nder
i Ez}tfmjfe Estin(l):te Esti(;rtlafe OSI;:tSiSmZtZ COUNTRY Gele(\i/Zl
1 AUS 15.81 17.70 1143 5.38 Australia  []1fi] 50%
2 CAN 16.03 17.07 8.74 3.70 Canada []1fi] 50%
3 DEU 23.59 21.92 14.66 3.77 Germany ﬁljfl 25%
4 ESP 20.12 19.93 9.97 5.11 Spain [l 1f#] 50%
5 FIN 6.43 19.90 15.90 2.16 Finland ]&El 25%
6 FRA 13.70 22.49 17.36 7.46 France HI i 50%
7 GBR 15.32 22.18 15.43 3.38 Kirlljgn(;(t)i;i H 1F4] 50%
IDN 434 3.09 5.66 5.31 Indonesia %1 25%
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USING R TO ANALYZE INTERNATIONAL
LARGE-SCALE EDUCATIONAL
ASSESSMENT DATA

INTRODUCTION

With the increasing popularity of international large-scale assessments
(e.g., TIMSS, PIRLS, PISA, and PIAAC), research on cross-country
comparisons of educational achievement has also increased. Currently,
researchers mostly use commercial statistical software to analyze educational
data. However, stable and reliable replication is an important standard to
judge the validity of results. The standard of reproducibility requires that the
data and the computer code used to analyze the data must be accessible to
other researchers (Peng, 2011). Researchers who do not have access to the
same commercial software cannot easily replicate the results others have
reported in publications. Therefore, computational findings often do not
cumulate reliably to offer valid guidelines for educational policy making.

For open source platform, Thaka and Gentleman (1996) developed R: A
language and environment for statistical computing and graphics. R is highly
extensible and has become very popular in statistical research community.
Caro and Biecek (2014) created an R package “intsvy”, which is designed for
importing, merging, analyzing, and graphing data from international
assessment studies (TIMSS, PIRLS, PISA, and PIAAC). The package not only
allows users to import data directly from selected student, parent, school,
teacher variables, and countries into R, but also provides users with functions
for routine statistical analysis such as computing descriptive summaries and
regression modeling. In addition, the “intsvy” package considers the complex
sample design (i.e., replicate weights) and rotated test forms (i.e., plausible
achievement values) to calculate point estimates and standard errors.

This paper demonstrates how to use the free, open-source R computing
environment (R Core Team, 2015) to manage and analyze international large-
scale educational assessment data. The illustrative data example consists of
mathematics achievement and covariates (student gender, number of books at
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home, mother’s highest schooling and possessions) for 15-year-old students,
from 15 countries, including Taiwan (PISA 2012). The “intsvy” package is
applied to manage the data, and the “maptools” package (Bivand &
Lewin-Koh, 2015) is used to link numerical summaries to geographical
boundaries of the countries examined. R script to perform analysis of data
from PISA detailed in the paper is provided to facilitate reproducibility.

METHOD

The data example included mathematics achievement and covariates for
15-year-old students from participating countries in PISA 2012. The countries
selected are Taiwan (TAP), Australia (AUS), Canada (CAN), Germany (DEU),
Spain (ESP), Finland (FIN), France (FRA), United Kingdom (GBR),
Indonesia (IDN), Italy (ITA), Japan (JPN), Mexico (MEX), Malaysia (MYS),
New Zealand (NZL), and United States of America (USA). The covariates
selected were student gender, number of books at home, mother’s highest
schooling, and possessions.

The merge functions and analysis functions of the 'intsvy' package are
used in the following steps:

1. Select and Merge Data

Functions “pisa.select.merge” is used to select and merge data from PISA;
all achievement and weight variables are selected automatically.

2. Frequency Table and Graph of Frequency Table

Function “pisa.table” is used to provide a frequency table for a
categorical variable, including percentages and standard errors. Also, function
“plot.intsvy.table” is used to present this frequency table graphically.
However, it is worth noting that function “plot.intsvy.table” is only used for
data from PISA and PIAAC.

3. Mean of Variable and Graph of Means in Groups

Function “pisa.mean” is used to produce the mean of selected variable
and its standard error, but the selected variable does not include plausible
values. Function “pisa.mean.pv” is used to calculate the mean achievement
and its standard error using five plausible values. In addition, function
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“plot.intsvy.mean” is used to show these means graphically. However, it is
worth noting that function “plot.intsvy.mean” is only used for data from PISA
and PIAAC.

4. Regression Analysis with Plausible Values and Graphs of Regression
Models in Groups

Function “pisa.reg.pv” is used to implement linear regression analysis
with plausible values and replicate weights. Also, function “plot.intsvy.reg” is
used to present the result of linear regression analysis graphically. Currently,
the function “plot.intsvy.reg” can only be used for data from PISA and
PIAAC.

Finally, we used the “maptools” package (Bivand & Lewin-Koh, 2015) to
represent numerical summaries of linear regression analysis on the
geographical boundaries of the countries.

RESULTS

This paper successfully demonstrates how to use an open-source,
computing environment, R, and its contributed packages such as the “intsvy”
package and the “maptools” package to manage and analyze data directly
from international assessment studies (TIMSS, PIRLS, PISA, and PIAAC) to
achieve aims in reproducible research.

CONCLUSIONS AND SUGGESTIONS

1. Conclusions

R can effectively manage and analyze international large-scale
educational assessment data. Most importantly, replication is the ultimate
standard to judge scientific claims (Peng, 2011), and R certainly conforms to
the standard of reproducibility. Because R can provide other researchers with
the data and the computer code used to analyze the data, researchers can easily
replicate results that others have reported in publications through R. Therefore,
reliably cumulating computational findings can offer policymakers valid
guidelines.
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2. Suggestions

(1) The “intsvy” package can be used to explore cross-country
comparisons.

(2) The “intsvy” package can be used to match other statistical
computing (e.g., structural equation modeling and hierarchical linear
modeling) and graphics packages.
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P B s B 7 S R (2013) o B IE RS0 BB — PIRLS 2011 ¢, -
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[Ko, H. W., Chan, Y.-L., & Chiu, C.-H. (2013). PIRLS 2011 National report: Reading
literacy study of fourth grade Taiwanese students. Retrieved April 9, 2015, from
http://Irn.ncu.edu.tw/Teacher%20web/hwawei/Project/PIRLS%202011%ES5%AE
%8C%E6%95%B4%E5%A0%B1%E5%91%8A.pdf]
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campestris (Unpublished master’s thesis). Asia University, Taichung. ]
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thesis). National Kaohsiung Normal University, Kaohsiung.]
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SRV RO 2 YR A
dta<-read.csv("PISA2012TAP.csv",header=TRUE,na.string=".")
str(dta)

W B
dta$ST28Q01<-as.numeric(dta$ST28Q01)

#I') 2R 55 ﬁﬁ?ﬁﬂ%‘fﬁU‘*ﬁk%‘li‘?ﬁ%@%’wﬁﬁﬁg%ﬁ P I E A
dta.lm <- Im(PVIMATH ~ ST28Q01,data=dta)

summary(dta.lm)

#LHESEER T intsvy B [
install.packages("intsvy")

library(intsvy)

HEEE S

dta <- pisa.select.merge(folder="C:/Users/ANAN/Desktop",
student.file="INT STU12 DECO03.sav",

student= c("ST04Q01","ST28Q01","ST13Q01","ST26Q01","ST26Q02",

"ST26Q03","ST26Q04","ST26Q05","ST26Q06","ST26Q07","ST26Q08",
"ST26Q09","ST26Q10","ST26Q11","ST26Q12","ST26Q13","ST26Q14"),

countries = ¢("AUS","CAN","DEU","ESP","FIN","FRA","GBR","IDN",
HITAH’IIJPN"’"MEXN’HMYS"’"NZLN’HTAPH,NUSA"))

HRTBEYRIAER - AR IR 1
str(dta)
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Bygk=

PRI
dta$CNT<-as.factor(dtaSCNT)
for(i in 4:20) {

dtal[,i] <- as.numeric(dta[,i])

}

A P e ]
dta$Country ID<-dtaSCNT

dta$ST04Q01<-abs(dta$ST04Q01-1)
dta$Gender<-dta$ST04Q01
dta$Gender<-factor(dta$Gender, levels=c(0,1), labels=c("F","M"))

dta$Book<-dta$ST28Q01

dta$ST13Q01<-abs(dta$ST13Q01-6)
dta$Mother<-dta$ST13Q01

for(i in 6:19) {
dtal[,i] <- abs(dta[,i]-2)
}

dta$Possessions<-dta$ST26Q01-+dta$ST26Q02+dta$ST26Q03+dta$ST26Q04
+dta$ST26Q05+dta$ST26Q06+dta$ST26Q07+dta$ST26Q08+dta$ST26Q09
+dta$ST26Q10+dta$ST26Q1 1+dta$ST26Q12+dta$ST26Q13+dta$ST26Q14

HE | RRALER S B R 2
str(dta)

By %

WA TR DT 5 - 4 50 RO B O RO 2
BB H P R RN 3 R 1

head(ptableCB <- pisa.table(variable="Book", by=c("Country_ ID", "Gender"),
data=dta))

plot(na.omit(ptableCB), stacked=TRUE)

IS RS o R R R TR L e i ST S R ey
‘FJ ) ,ﬁ@gﬁ&ﬂﬂ PR B A PR o R A 4&?%[ 2
head(pmeansMCGB <- pisa.mean.pv(pvlabel="MATH", by=c("Country ID",
"Gender", "Book"), data=dta, export=FALSE))

plot(na.omit(pmeansMCGB), sort=TRUE)
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AP ARG SRR~ MBI e P B 2P
(s B RS B9 AR B4 1@@1??@‘3’“3‘ AP pAE o AN
& 5EH 3

dta$Gender<-as.numeric(dta$§Gender)

dta$Gender<-abs(dta$Gender-1)

head(rmodeIMGBMP <- pisa.reg.pv(pvlabel="MATH",
x=c("Gender","Book","Mother","Possessions"), by = "Country ID", data=dta,
export=FALSE))

plot(rmodeIMGBMP, se=TRUE)

UhEa gl

#M &0 plyr 2 [
library(plyr)

AU 30 53 P B e TR A R 45 5 LR
rmodeIMGBMPmatrix<-as.matrix(ldply(rmodeIMGBMP))

AL P PR AN 6
head(rmodeIMGBMPmatrix)

#EV LOPREL | B E0 - Pl o po s PR FHE ~ ol # & R
BT R RS P E D TR RARR Ry Il F
g ERE £
dataGM<-rmodeIMGBMPmatrix[c(2,8,14,20,26,32,38,44,50,56,62,68,74,80,86),1:2]
dataG<-data.frame(dataGM)

colnames(dataG)<-c("id","GenderEstimate")

dataBM<-rmodeIMGBMPmatrix[c(3,9,15,21,27,33,39,45,51,57,63,69,75,81,87),1:2]
dataB<-data.frame(dataBM)
colnames(dataB)<-c("id","BookEstimate")

dataMM<-rmodeIMGBMPmatrix[c(4,10,16,22,28,34,40,46,52,58,64,70,76,82,88),1:2]
dataM<-data.frame(dataMM)
colnames(dataM)<-c("id","MotherEstimate")

dataPM<-rmodeIMGBMPmatrix[c(5,11,17,23,29,35,41,47,53,59,65,71,77,83,89),1:2]
dataP<-data.frame(dataPM)
colnames(dataP)<-c("id","PossessionsEstimate")
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# & R B B D e SR (R F(E ’%Hﬁ%& VB FE
SR R e P EEE o T T FTTRIAE
dataGB<-merge(dataG,dataB,by:”id",aII:TRUE)
dataGBM<-merge(dataGB,dataM,by="id",all=TRUE)
dataGBMP<-merge(dataGBM,dataP,by="id",all=TRUE)

#1t FrevRIEHFTE Fr fp B R
dataGBMPSCOUNTRY<-¢("Australia","Canada","Germany","Spain","Finland",
"France","United Kingdom","Indonesia","Italy","Japan","Mexico","Malaysia",
"New Zealand","Taiwan","United States of America")

AR R AR A IR T
str(dataGBMP)

I BT T
dataGBMP$SCOUNTRY<-as.factor(dataGBMP$COUNTRY)
dataGBMP$GenderEstimate<-as.numeric(as.character(dataGBMP$GenderEstimate))
dataGBMP$BookEstimate<-as.numeric(as.character(dataGBMP$BookEstimate))
dataGBMP$MotherEstimate<-as.numeric(as.character(dataGBMP$MotherEstimate))
dataGBMPS$PossessionsEstimate<-as.numeric
(as.character(dataGBMPS$PossessionsEstimate))

HE | BRI ORL R o AR D 8
str(dataGBMP)

HEH TSR TR S I8 PR 25%8 T 25% Ol
quantile(dataGBMP$GenderEstimate,probs = ¢(0.25,0.75))

#E T PTIER 4 1 [ F R

dataGBMPS$Genderlevel <- with(dataGBMP, cut(GenderEstimate,
breaks=c(-6.41,10.310,20.575,23.59), labels=

o("E 25%","Fl 1t 50%","ﬁj|?l 25%")))

AR ETE R AR [P R] o AEN I 9
dataGBMP
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#4 ZESEE 7 maptools 52 RColorBrewer 2 [F
install.packages("maptools")
install.packages("RColorBrewer")
library("maptools")

library("RColorBrewer")

#%Q?V world.shp S A5 E ER| H’tét,ﬁ
world.shp<-readShapePoly("./world/world.shp")
str(world.shp)

#i i+ world.shp FlIFYR% €7
unique(world.shp$COUNTRY)

#£ B world.shp 2 #revR 2
rwrldGBMP<-merge(world.shp,dataGBMP,by.y="COUNTRY",all.x=TRUE)

HE L
cols <- colorRampPalette(brewer.pal(6, "Reds"))(53)

ARG B s EL DR B PSR I AR IR 4
spplot(rwrldGBMP, "Genderlevel", col.regions=cols,main="257 PISA 2012 Z:#
SR e PSR S )

HE M D RO U BB R - R 5
spplot(rwrldGBMP, "BookEstimate", col.regions=cols,main=""%* PISA 2012
A DT B P R B FRE )

ARG B DB O BT R fREHE SRR 6
spplot(rwrldGBMP, "MotherEstimate", col.regions=cols,main="*%* PISA 2012
B R 02 BT R )

PRGOS LR 0 1R 0 I A D 7
spplot(rwrldGBMP, "PossessionsEstimate", col.regions=cols,main="%75* PISA

2012 By B A PR B PO et P i EE )
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