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Chapter 8: Chi-square

8.1 Summarizing and Visualizing Data

8.11 Summary Tables for Goodness-of-Fit Data
- A R ERE

AL EREE (L1 & L2)

PEIB %Y« BhEAl D3I ser, ester, or both)

MS7TZ %L - Spanish L1 speaker

Portuguese L1 speaker

vV V V

Portuguese L1 learner of Spanish L2
>  ZZ T O DI Spanish L1 OF — X (IZOW T D,

® [ X—Xv D SPSS T—Htv hDOX—U|Z{T> T, GeeslinGF3 5.sav &9
TrANEET = RT 5,
A Guide to

Bl s g \ST a3 S kB

in Second Language Research Using SPSS

HObE) SPSS Data Sets
SPSS DATA SETS
FIGURES This is raw data used to complete exercises in book. The .sav files open
in the SPSS program. Files are compatible with both PC and Mac.

AANSWERS TO APPLICATION ACTIVITIES
IN SPSS BOOK * Read
USEFUL WEBSITES * Write
ERRATA LIST * GeeslinGF3_5
AGUIDE TO DOING STATISTICS IN + HowellChp1sData
SECOND LANGUAGE RESEARCH USING * Inagakilong1999.Ttest
R e Inagakilong
R DATA SETS o LafranceS

T .

ARERZED

&:ﬁ I3 AX F

R o< #—T GeeslinGF3 5.sav 7 7 A /L& Gt iAte,
Data > import data > from SPSS data set

geeslind &\ 5 4| TIRAE,

Statistics > Summaries > Frequency Distributions
item3 T ok

A O N = 0 @

Rl HEEL R —trT—V)

counts:

item3

Estar Ser Both
13 4 2

percentages:

item3

Estar Ser Both
68.42 21.05 10.53



Rconsole THLLFOR a— RF&#EH Z & T, FUMEEHTZ &2 ATHE

table(geeslin3$item3)
100*table(geeslin3%item3)/sum(table(geeslin3$item3))

> table(geeslin3$item3)

Estar Ser Both
13 4 2
> 100*table(geeslin3$item3)/sum(table(geeslin3$item3))

Estar Ser Both
68.42105 21.05263 10.52632

>

8.1.2 Summaries of Group Comparison Data (Crosstabs)

>

w N~ e @

PN 1 S8 EDBE
» Number of languages

» Language dominance

A —Fy FDSSP F—&t v hDO_—12{T7-> T, BEQ.Dominance 9 7 &7
A NEH g a— R

1 .
A Guide to Pandey2000
. . . e Torres
Doing Statistics  Yates2003
i M ; e BeautifulRose
in Second Language Research Using SPSS T
e BEQ.Context
Hohe SPSS Data Sets e BEQ.Dominance
FIGURES Thls is raw data used to complete exercises in book. The .sav files open Y BEQ
TR . in the SPSS program. Files are compatible with both PC and Mac.
INSPS B00K o feag e BEQ.Swear
(SETULVESTES Lo e ClassTime
ERRATALIST o GeeslinGF3_5 e e
AGUIDE TO DOING STATSTICS N * tonelChp3beta e DeKeyser2000
SECOND LANGUAGE RESEARCH USING + Inagakilong1999.Ttest
. * Insgaklong e EllisYuan
R DATA SETS o Lafrance5

Two-Way-Table % £ %

R 2~ 4% — BEQ.Dominance 7 7 A /L & gt iALe,
Data > import data > from SPSS data set

beqDom & 9 44 /il THRAF,

Statistics > Contingency tables > Two-Way Table



Two-Way Table

Row variable (pick one)

umberOFfLang

Column variable (pick one)

atDominance :_|
Eex ;I ex

=101

-

Compute Percentages

Row percentages N

Column percentages

You can choose to see percentages
along with counts here.

Percentages of total ("

No percentages o
Hypothesis Tests
Chi-square test of independence |V

Components of chi-square statistic |

Print expected frequencies l_
Fisher's exact test [
Subset expression
|<all valid cases>
il i
[ ok |  conce | Help |
4. #ER | (Table8.1)
Frequency table:
catdominance
numberoflang YES NO YESPLUS
Two 94 26 17
Three 159 26 83
Four 148 23 110
Five 157 30 163

Hata: .Table

Pearson's Chi-squared test

X-squared = 59.581, df = 6, p-value = 5.476e-11

® Rconsole THLULTORa—RE2[EH Z & T, FAUMEAEHTZ &2 ]EE
.Table <- xtabs(~numberoflang+catdominance, data=beqDom)

R |
> .Table <- xtabs(~numberoflang+catdominance, data=beqDom)
> .Table
catdominance

numberoflang YES NO YESPLUS

Two 94 26 17

Three 159 26 83

Four 148 23 110

Five 157 30 163



® Table8.1 DL I RFERNT TIZHoT, ZINnDH2X2DREED IV E X
TM<-matrix(c(12,0,18,16),nrow=2,ncol=2,byrow=T,
dimnames=list(c("Relative Clauses", "No +RCs"), c("Method A",
"Method B")))

™
i |

> TM<-
matrix(c(12,0,18,16),nrow=2,ncol=2,by
row=T, dimnames=list(c("Relative
Clauses", "No +RCs"), c("Method A",
"Method B")))

> ™™

Method A Method B
Relative Clauses 12 0
No +RCs 18 16

€ Multi-Way Table Z2>< %
> EBHN 3O EOSHA
1. Statistics > Contingency tables > Multi-Way Table

il

Row variable (pick one) Column variable (pick one) Control variable(s) (pick one or more)
CatDominance ;] ;I atDominance —
\NumberOfLang umberOfLang umberOfLang

sex ;l ex ;l v

Compute Percentages

Row percentages
Column percentages
No percentages «

Subset expression
|<a|| valid cases >
A i
OK Cancel I Help

Figure 8.3 How to make a crosstab with three or more categorical variables in R.



& MHIZEDERNTE D,

Output
Frequency table:
, , sex = F
catdominance
numberoflang YES NO YESPLUS
Two 66 19 14
Three 113 18 61
Four 95 18 92
Five 99 23 112
, ,» sex =M
catdominance
numberoflang YES NO YESPLUS
Two 28 7 3
Three 46 8 22
Four 53 5 18
Five 58 7 51

® R=2YV—)LTiX
.Table <- xtabs(~numberoflang+catdominance+sex, data=beqDom)

.Table

> .Table <- xtabs(~numberoflang+catdominance+sex, data=beqDom)
> .Table
, 5 Sex = F

catdominance
numberoflang YES NO YESPLUS
Two 66 19 14
Three 113 18 6l
Four 95 18 92
Five 99 23 112

, » Sex =M

catdominance
numberoflang YES NO YESPLUS
Two 28 7 3
Three 46 8 22
Four 53 5 18
Five 58 7 51



® MZb =t T—VaHELENLR - FRHD
rowPercents(.Table) # Row Percentages

colPercents(.Table) # Column Percentages

totPercents(.Table) # Percentage of Total; this only works with two-way
tables

> rowPercents(.Table)
, 5, sex = F

catdominance
numberoflang YES NO YESPLUS Total Count
Two 66.7 19.2 14.1 100.0 99
Three 58.9 9.4 31.8 100.1 192
Four 46.3 8.8 44.9 100.0 205
Five 42.3 9.8 47.9 100.0 234

, 5, Sex =M

catdominance
numberoflang YES NO YESPLUS Total Count

Two 73.7 18.4 7.9 100.0 38
Three 60.5 10.5 28.9 99.9 76
Four 69.7 6.6 23.7 100.0 76
Five 50.0 6.0 44.0 100.0 116

> colPercents(.Table) # Column Percentages
, 5 Sex = F

catdominance
numberoflang  YES NO YESPLUS
Two 17.7 24.4 5.0
Three 30.3 23.1 21.9
Four 25.5 23.1 33.0
Five 26.5 29.5 40.1
Total 100.0 100.1 100.0
Count 373.0 78.0 279.0

, 5 Sex =M

catdominance
numberoflang YES NO YESPLUS
Two 15.1 25.9 3.2
Three 24.9 29.6 23.4
Four 28.6 18.5 19.1
Five 31.4 25.9 54.3
Total 100.9 99.9 100.0
Count 185.0 27.0 94.0



> totPercents(.Table) # Percentage of Total,; this
only works with two-way tables

tab Total
<NA> 6.4 13.2
<NA> 10.9 25.9
<NA> 9.2 27.1
<NA> 9.6 33.8
<NA> 1.8 13.2
<NA> 1.7 25.9
<NA> 1.7 27.1
<NA> 2.2 33.8
<NA> 1.4 13.2
<NA> 5.9 25.9
<NA> 8.9 27.1
<NA> 10.8 33.8
<NA> 2.7 13.2
<NA> 4.4 25.9
<NA> 5.1 27.1
<NA> 5.6 33.8
<NA> 0.7 13.2
<NA> 0.8 25.9
<NA> 0.5 27.1
<NA> 0.7 33.8
<NA> 0.3 13.2
<NA> 2.1 25.9
<NA> 1.7 27.1
<NA> 4.9 33.8
Total 100.0 600.0

> |



8.1.3 Visualizing Categorical Data
Bar plots O1EY &%z 575, K4 (author) I Bar plots 134 2 2 A L72u),

8.1.4 Bar plots in R
Commander TH{EN 523, LV sophisticated 7¢ Bar plots #1E VY 7217 LiX. R code %
EHYMENSH D, F£7 1 geeslind OF —H %> T, commander DHEA/EN D,

€ Bar plot of ONE categorical variable
(D Data set Z becDom 725 geeslin3 (CHI W #zx %, (FWILFEDEZ5H)

[ NON | X\ R Con
File Edit Data Statistics Graphs Models Distributions

@ Data set: geeslin3 ‘ ' /” Edit data set {

R Script R Markdown

geeslin3 <- read.spss("/Users/yukatakahashi/Desk
use.value.labels=TRUE, max.value.labels=Inf, t
colnames(geeslin3) <- tolower(colnames(geeslin3)
beqDom <- read.spss("/Users/yukatakahashi/Desktc
use.value.labels=TRUE, max.value.labels=Inf, t
colnames(heabom) <- tolower(colnames(bheabom))

@ Graphs > Bar graphs > 4 & 72285 (item3) & 18 5

iR |
N
S
T
S o
V)
=) -
(on
§ <
o -

Estar Ser Both

item3

Figure 8.4 Barplot of ONE category variable in R from Geeslin and Guijarro-Fuentes (2006) data

4 R Console Tlx

barplot(table(geeslin3$item3), xlab="item3", ylab="frequency")



€ Bar plot of TWO categorical variables
(D Data set # beqgDom IZU] VW Bz 5, (HFWIXFD LI A)

File Edit Data Statistics Graphs Models Distributions

@ Data set: beqDom | ‘ /" Edit data set ‘

R Script R Markdown

geeslin3 <- read.spss("/Users/yukatakahashi/Des
use.value.labels=TRUE, max.value.labels=Inf, -
colnames(geeslin3) <- tolower(colnames(geeslin3
beqDom <- read.spss("/Users/yukatakahashi/Deskt:
use.value. labels=TRUE, max.value.labels=Inf, -

B B N L T LA T - +almiinvlcalmmmacr il aaNnam) )

@Graphs > Bar graph > numbeoflang > ok

o
8_
»
o B8 - ]
> O @ -
2 8 7 &
[ Q. o
S go—
g 8 g =
- "‘6
* 5 9 -
S 2
- £
2 o -
o_

Two Four Five
Two Three Four Five

number of languages
numberoflang

€ R console Cix

install.packages(“epitools”)

library(epitools)
colors.plot(TRUE) #~<v v o bTkzVvr, 57V v TRy —F

attach(beqDom)

barplot(tapply(catdominance, list(catdominance, numberoflang),
length), col=c("grey83", "grey53", "grey23"), beside=T,
ylab="number of responses", xlab="number of languages")



locator()  #barplotd> FTEZ Y v, £527 0 v TR —F,

legend(.827,158,legend=c("L1 dominant", "LX dominant", "L1+more
dominant"), fill=c("grey83", "grey53", "grey23"))

€ Raw count data® {3 ¥ |ZSummary data?’ & 5 %55

TM<-matrix(c(12,0,18,16),nrow=2,ncol=2,byrow=T,
dimnames=list(c("Relative Clauses", "No +RCs"), c("Method A",
"Method B")))

barplot(TM,beside=T, main="Teaching Method and Production of

Relative Clauses")

legend(3.24,14.1,c("Rel.clauses", "No RCs")/fill=c("grey22",
"grey83"))



8.1.6 Association Plots

@ install.packages("vcd") ©. Ryr—vrEFv - TS,
@ % L., 5 —# % contingency table DIEIZT 5,
library(vcd)
(DOM=structable(catdominance ~ numberoflang,data=beqDom))

> (DOM=structable(catdominance ~ numberoflang,data=begDom))
catdominance YES NO YESPLUS

numberoflang

Two 94 26 17
Three 159 26 83
Four 148 23 110
Fiye 157 30 163

@ Association plot #>< %,
assoc(DOM, gp=shading_Friendly,
labeling_args=list(set_varnames= c(CatDominance ="L1
Dominant", NumberOfLang ="Number of Lges Known")))

catdominance

YES NO YESPLUS
Pearson
residuals:
[ 3.3
2.0
g
= - 0.0
° 8
o £ CTTILTITTITIT T I
o - ! |
£ L !
S
€5
) -2.0
w
-4.0

-4.6




& 3 > Dvariables (sex) % & CTAssociation plot Z>< 5 5k

DOM3=structable(catdominance~numberoflang+sex,data=beqDom)

assoc(DOM3)
catdominance
YES NO YESPLUS
_________ | R
[T
(o]
2
............. C—————.
=
g - — 1 s
O =
g ’_ cessssssses R R R R R e ———— W W W W W N N e ———————————————— W W W E
S X
= o
o (7]
g e — e - (T
[ | ]
(@]
w | |
| I— | | =
(1
(0]
=
[T
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€ Mosaic plot with TWO variables (Dewaele and Pavlenko data)
(OMozaic plot #>< 5=a~v> K

mosaic(DOM, gp=shading_Friendly, (Z Z Tl 5)

labeling_args=list(set_varnames= c(CatDominance="L1 Dominant",
NumberOfLangs="Number of Lges Known")))

catdominance
YES NO YESPLUS

Pearson

residuals:

[ 3.3
2.0

Two

()
o
e
[
g
© — 0.0
=
e
e |
8
>
c
-2.0
2
i.t '4.0
-4.6

& SRRIIHIHE L OFEREN T EZ A,
® FIHHHMEXIVABEICHENGN-TZEZA

¢ RIIHFHEX W AEICHENME -T2 A



€ Mozaic plot with THREE variables (Mackey and Silver data).

O Mackey and Silvero7 —4# %X 7 u— K95,

LU OWVITE I i uina

LeowMorganShort
Lyster.Oral

Lyster.Written
MackeySilver2005
Motivation
MunroDerwingMorton
Murphy.RepeatedMeasures
Obarow.Original

-~

@R=~ v #—TF =4 &#HHikF, Mackey TIRIT,

QR V— I TUFDa~vy RCTF—7LuEY .

(DEV=structable(developdelpost~group+pretest,data=Mackey))

> (DEV=structable(developdelpost~group+pretest,data=mackey))
developdelpost Developed Not developed

group pretest

Control 1 1 1
2 1 3
3 2 3
4 ) 1

Experimental 1 4 2
2 5 1
3 1 1
4 ) 0



@LLF® =2~ K Tmosaic plotz{E%,

mosaic(DEV, gp=shading_Friendly,
labeling_args=list(set_varnames= c(developdelpost="delayed
posttest level", group="Group", pretest="Pretest level")))

delayed posttest level

Developed Not developed
FeETTTT s s s s s E s EEE T .cTTTTTETETETEEETEEEET TS |
| ! I Pearson
S——-——--——————-———oo e e - : residuals:
i | 1.70
{ 1 3
© | '
S !
[ ==
O
O
(a0}
]
q
a 9l | 3
: ;
o <
-&
— 0.00
s
c —
[} | |
£ . .
S I l
P> | I N
L I I
| |
| |
ey —————————————— -0.94
r 1 I
| 1! ™M
e oo |
________________________________________ ﬂ'

FRRITHIRHE E OFBERENR N2 T A,

EEDORRTIAFHE LV AEISHEN R o728 25



& YA K= DEGFHILEET —4 (age, sex, class)

library(vcd)

doubledecker(Survived~Class+Sex+Age, data=Titanic)

‘ ¢ 'l (mER 1 Survived
No

Yes

|[Adul Al |[Add |[A [C[Adul | {[Adul [Aduft . Age
[Male] [Fen] Male] Male | [Femal [Male | 1 Sex

[1st | 2nd | [3rd | [Crew | Class




8.3 One- Way Goodness-Of-Fit Test

& 5 (ser, ester, both) DpreferencelZi#EV 3 &H 5 7,
DGeeslinGF3_5.sav file & FtAiA#-, geeslin3 & V™ 5 44 Bl CHRAF,
@ Statistics > Summaries > Frequency distributions

@ ltem3% I L. Chi-square goodnesss-of-fit-testiZ T = v 7 & AiL 5,

‘ariables (pick one or move)

Goodness-of-Fit Test =1=1x]
tem4
temS Factor levels: Estar Ser  Both
tem1S - Hypothesized probabilities: [1/3  [1/3  [1/3
Chi-square goodness-of -fit test (For one variable only) v
| oK I Cancel | Help I

Figure 8.10 Dialogue boxes for goodness-of-fit chi-square test.

counts:

i1tem3

Estar Ser Both
13 4 2

percentages:

item3

Estar Ser Both
68.42 21.05 10.53

Chi-squared test for given
probabilities

data: .Table
X-squared = 10.842, df =
p-value = 0.004422

& =THUMER (13) LW HIREERERITFEASNS (p=0.0044)

® A EHREIL. EFDitemNIFFENDINETITH LTI NV, L)L, ZDOFr—A
ITHE # 7LD LestarNiF ELTWDER DD,



® Ra~vUH—TiL:
chisq.test(table(geeslin3$item3), correct=false)

> chisq.test(table(geeslin3$item3), correct=false)
Chi-squared test for given probabilities

data: table(geeslin3$item3)
X-squared = 10.842, df = 2, p-value = 0.004422

¢ HL, &2CHUMETITZRL, ser(40%), ester (40%), both(20%) & 9 g R THE L
WG EIE, UToa— Rz,

prob=c(.4,.4,.2)
chisq.test(table(geeslin3$item3),correct=false,p=prob)

> prob=c(.4,.4,.2)

> chisq.test(table(geeslin3$item3), correct=FALSE,p=prob)

Warning in chisq.test(table(geeslin3%$item3), correct = FALSE, p = prob) :
Chi-squared approximation may be incorrect

Chi-squared test for given probabilities

data: table(geeslin3$item3)
X-squared = 6.3947, df = 2, p-value = 0.04087



8.4 Two-Way Group-Independence Test

& MSVEORIEL, “oDOEEDENIA TS BHEN RV A R LI L E T,
& T SFEOHIC X Dlanguage dominancelZ BN H D nE RLD,

Oz~ ¥ —dData setzbeqDom7T — ¥ ([ZY) W % 5,

(@ Statistics > contingency tables > Two-way-tables

=il

Row variable (pick one) Column variable {pick one)
atDominance _‘_l

-

umberOfLang

ex ;l ex | ~|
Compute Percentages
Row percentages (
Column percentages
Percentages of total
No percentages (%
Hypothesis Tests
Chi-square test of independence v
Components of chi-square statistic |
Print expected frequencies r

Fisher's exact test I

Subset expression

| <all vahd cases>

Kl Jia|

[ ok | conea | Help |

Figure 8.12 How to perform a two-way group-independence chi-square in R.

Frequency table:

catdominance
numberoflang YES NO YESPLUS
Two 94 26 17
Three 159 26 83
Four 148 23 110
Five 157 30 163

Pearson's Chi-squared test

data: .Table
X-squared = 59.581, df = 6, p-value = 5.476e-11




& A FHE= (59.6) TLTHARZV, p=.000000000055T& TH/PNEVY,

IR TR SN D, G SO L. language dominancelZIXRIE D B 5,

E AN RENT =X 72O T, warninglZ TT IRV, T—X DN bianek, avy
H—=DA =Ry 7 ZZLLFO XK 9 7285035,

Messages
VARNING: 3 expected freguencies are less than 1 :.l
6 expected frequencies are less than 5

=

Figure 8.13 R Commander’s warning about low expected frequencies.

® Rz V—)LTIT:

chisq.test(xtabs(~catdominance+numberoflang, data=beqDom),
correct=FALSE)

> chisq.test(xtabs(~catdominance+numberoflang, data=beqDom), correct=FALSE)
Pearson's Chi-squared test

data: xtabs(~catdominance + numberoflang, data = beqDom)
X-squared = 59.581, df = 6, p-value = 5.476e-11

& HIHFEN1ILUTOLONRH DEEITEENH D,
1L TDOHEDONN 25 500G E

.Test= chisqg.test(xtabs(~catdominance + numberoflang,data=
begDom), correct=FALSE)

.Test$expected



> .Test= chisq.test(xtabs(~catdominance + numberoflang,data= beqDom), correct=FALSE)
> .Test$expected
numberoflang
catdominance Two Three Four Five
YES 73.78958 144,34749 151.34942 188.51351
NO 13.88514 27.16216 28.47973 35.47297
YESPLUS 49.32529 96.49035 101.17085 126.01351

& effect size & likelihood ratio testDfE KA kKb 5 & &

library(vcd)

summary(assocstats(xtabs(~catdominance+numberoflang,
data=beqDom)))

> summary(assdcsfafs(xtabé(~catdohinancé+numberoflang, aata=bquom)))

Call: xtabs(formula = ~catdominance + numberoflang, data = beqDom)
Number of cases in table: 1036
Number of factors: 2
Test for independence of all factors:
Chisq = 59.58, df = 6, p-value = 5.476e-11
XA2 df P XA2)
Likelihood Ratio 63.742 6 7.7904e-12
Pearson 59.581 6 5.4760Qe-11

Phi-Coefficient : NA

Contingency Coeff.: 0.233
Cramer's V 1 0.17

=

@ linear-by-linear association test (#%/F B )
library(coin)

independence _test(catdominance~numberoflang,data=beqDom,tes
tstat="quad")



> independence_test(catdominance~numberoflang,data=beqDom,teststat="quad")
Asymptotic General Independence Test
data: catdominance by

numberoflang (Two, Three, Four, Five)
chi-squared = 59.523, df = 6, p-value = 5.625e-11



