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68.3% of data

95.5% of data

99.7% of data
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SR UK ARl &l - £0] siE|

> condition <- c(rep(letters[1:2], 2), rep(letters[2:1], 2))
> item <- rep(1:4, 2)
> subj <- rep(1:2, each = 4)
> df_example <- data.frame(subj, item, condition)
> df_example
subj item condition

1 1 1 a
2 1 2 b
3 1 3 a
4 1 4 b
5 2 1 b
6 2 2 a
/7 2 3 b
8 2 4 a

,/6:?
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&) ) Cornell University. K l | 53%55& Cognition
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SR ANH0M ARl S

> condition <- c(rep(letters[1:2], 2), rep(letters[2:1], 2))
> item <- rep(1:4, 2)
> subj <- rep(1:2, each = 4)
> df_example <- data.frame(subj, item, condition)
> df_example
subj item condition

1 1 1 a
2 1 2 b
3 1 3 a
4 1 4 b
5 2 1 b
6 2 2 a
7 2 3 b
8 2 4 a
v 0| A7} HEZ 2t ASEOIXI7} ShM AST|R0| =S E 2HS X&)
m 0| 2tF W XHfully crossed) 2SEI0{XA L MRz HA2f0gt
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. I O &A1 olsiEx}.

> xtabs(~ subj + item, df_example)
item
subj. 1234
11111
21111
> xtabs(~ subj + condition, df_example)
condition
subjab
122
222
> xtabs(~ item + condition, df_example)
condition
itemab
111
211
311
411
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23 (Linear mixed-effects model)2 t&
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Clol 2 tZ4A (one sample t-test)

o Cr52F £2 QIO 7t F=O{RCHL 78 o XL

*

Al

v nt3E 37|19 22| 22 yo| U4,
v O| H[O|E= N(u, o) 22 Z WELY,

o t-BEY FL 718 & otlt= 442 HO|H 4, & &54U0| 44 =S'0|er= AO|L,

 O|Z HIZ 2= R2(= B=X (718) E= s8(=A=200ld)E Sol 879 2= =22 F8g = UL

o 5, oLt 7ta8 S 2¥= M= = UL
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| =EXIE X2 7HA 2

ol tiiet 8171 AlZHo)
=X| L.

>n <- 1000

> mu <- 500

> sigma <- 100

> ## generate simulated data:

>y <- rnorm(n, mean = 500, sd = 100)
> ## compute summary statistics:

>y bar <- mean(y)

> SE <- sd(y) / sqgrt(n)
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CHIEE tZ4™ (one sample t-test)

e BRI QoMM (Null Hypothesis Significance Testing; NHST)
v O EHgr uE 2410 Q= ARZHEE M= DoIA AIEH

A
v O|lZich 22l= GrEdt £0] HF7E2= MIHE = UL
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CtEE tZ4™ (one sample t-test)

The sampling distribution with mu=4350
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Clol 2 tZ4A (one sample t-test)

The sampling distribution with mu=450
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CHl =2 tZ4A (one sample t-test)

c tSE=X—u
e YHS HFE QXIZE LIF{FH
X— U
v Tobs = CF

= 0| ZHEE 10| HEZ YOITHE JPIISA|/HOIHYERIE SHHZE 2!

m 12|70 0| EXJHIZ t2%CH
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CHl =2 tZ4A (one sample t-test)

nsim <- 10000
n<-5
mu <- 450
## null hypothesis mean:
mu0 <- 450
sigma <- 100
tval <- rep(NA, nsim)
se <- sigma / sqrt(n)
for (i in 1:nsim) {
y <- rnorm(n, mean = mu, sd = sigma)
Xbar <- mean(y)
tval[i] <- (xbar - mu0) / se

}

hist(tval, freq = FALSE, main = "t-value distribution")

X <- seq(-4, 4, by = 0.001)

lines(x, dt(x, df = n-1)) # t-distribution

lines(x, dnorm(x), Ity = 2) # standard normal distribution
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CHl =2 tZ4A (one sample t-test)

t-value distribution
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CHl =2 tZ4A (one sample t-test)

0.3

0.2

0.1

0.3

0.2

0.1
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CiA == {24 (one sample t-test)
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= tZ4™ (one sample t-test)

t(n—-1)

) _

-
> L. : . L.
S N rejection fall-to—-reject rejection
S O region region region
©

; _

observed fwvalue
| | m
-4 -2 0 2 4
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Ol= #5712 7I4= 2lojett.

v EXS M2 EX} (HI127)
/ PA= tREES| NRE(RE4VL FON FE4R BE U RECH MUY BUHTIC
= & 0|0 eIty
N 5 degrees of freedom 10 degrees of freedom
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pixOlA EBLHEL t22 =

. Ol= &H| 3

o

M Qgkls LS.

|

o Ofell LHE2 0= O 2L SAI<f 7HE 19983 &2|=0j|A EFet LS

L 1.

o http://www.stat.yale.edu/~pollard/Courses/10

: W,
A/

----------

0.fall98/pollard/lecture?.pdf

-
[T}
(=}
(=}
v

----------

&
o

ton 1 df
ton 2 df

-2
ton 3 df

----------

ton 8 df
ton 9 df
4 2 0 2 4
ton 10 df
2 0 2 4

------------------------------

ton 20 df
ton 30 df
-2 0 2
ton 50 df
-1 12 3

------------------------------

) The plots in the last row are practically straight lines. You are pretty safe (unless
=] ] Cornell University:

- : SN : . KONKUK Brain &
you are interested in the extreme tails) in ignoring the difference between the standard C
n

ognition
— R h Cent
ormal and the t-distribution when the degrees of freedom are even moderately large. esearch Loentet



http://www.stat.yale.edu/~pollard/Courses/100.fall98/pollard/lecture7.pdf
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https://programmathically.com/t-distribution-table/
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n<-100
nsim <- 10000 # L0tLt gtE 2

tvals <- rep(NA, nsim)
for (i in 1:nsim) {
y <- rnorm(n, mean = 450, sd = 100)
SE <- sd(y) / sgrt(n)
tvals[i] <- (mean(y) - 450) / SE
}
plot(density(tvals),
main = "Simulated t-distribution",
xlab = "t-values under repeated testing")
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n<-100
nsim <- 10000 # Y0t HHE?
tvals <- rep(NA, nsim)
for (i in 1:nsim) {
y <- rnorm(n, mean = 470, sd = 100)
SE <- sd(y) / sgrt(n)
tvals[i] <- (mean(y) - 450) / SE
}
plot(density(tvals),
main = "Simulated t-distribution”,
xlab = "t-values under repeated testing")

= :—? Cornell University.
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mu <- 250 > # cf.

t_value <- (y_bar - mu) / SE >n <- 1000
[1] 17.43 >mu <- 500

> sigma <- 100

> ## generate simulated data:

>y <- rnorm(n, mean = 500, sd = 100)
> ## compute summary statistics:
>y_bar <- mean(y)

> SE <- sd(y) / sqgrt(n)
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IS HE 8T (one sample t-test)

o X[g7HX| 2e|= O|ZA AlZd[0]d 5 SoliA 7t2 88 = shE UL,

Ol= H|= Al=dl[0|89EX[2t e, &AM & CIO|E0ME 0|2 S&5tA| TIA=ICE.

= 0| tEO|M 22|17} X|Z27HK| 32 42 HiZ2 AN| ‘12X AF - 274 Mol - G|o|E]
=38 - 72480 2oL =E2 S3EA 2t S0{C= AO|CH
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15 2R2 25 2F
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Type I error
(false positive)
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Ozl HHOHZ2 SAIE0{d7]| sllA =
Ol RStudiod| Ax|siFMI2.

install.packages("devtools")
devtools::install_github("vasishth/lingpsych")
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Oltl &= Rstudioll| SAFE0{'E7| ol &

summary_ttest <- function(res, paired = TRUE, units = "ms") {
obs_t <- round(res$statistic, 2)
dfs <- round(res$parameter)
pval <- round(res$p.value, 3)
ci <- round(res$contf.int, 2)
est <- round(res$estimate, 2)
if (paired == TRUE) {
print(paste(
paste("t(", dfs, ")=",
obs_t,
sep ="
),
paste("p=", pval, sep ="")))
print(paste("est.: ", est, " [,
ci[1],",", ci[2], "] ",
units, sep ="")

)

} else {
print(paste(

paste("t(", dfs, ")=",
obs_t,
sep=""

),

paste("p=", pval, sep =")))

print(paste(paste("est. 1: ", est[1], sep =""),

paste("est. 2: ", est[2], sep =),

paste("Cl of diff. in means: [, ci[1], ", ci[2], "]", sep =™)))
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[H2 t 23 (paired t-test)

» Grodner and Gibson (2005) &&i1 - X}7| =X 2i7|

v 02| 0] A B SH0 HAE XE|l= ME Ch2H| EOL=7H?
v 70| BAE F7

= The reporter [who sent the photographer] to the editor hoped for a story.
v S50 2 =7

= The reporter [who the photographer sent] to the editor hoped for a story.

V5 7H8: 0 2HAE, S50 2AE XA = O S17|A[ZH2 S &St
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[H2 t 23 (paired t-test)

» Grodner and Gibson (2005) &&i1 - X}7| =X 2i7|

> library(lingpsych)

> data(“df_gg05e1")

> gg05e1 <- df_gg05e"

> means <- round(with(gg05e1, tapply(rawF
IND = condition,
mean

)
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[H2 t 23 (paired t-test)

» Grodner and Gibson (2005) &&i1 - X}7| =X 2i7|

> library(lingpsych)

> data(“df_gg05e1")

> gg05e1 <- df_gg05e"

> means <- round(with(gg05e1, tapply(rawRT,
IND = condition,
mean

)

> means

#|objgap|subjgap
471 369

2

O . . Brain &
&) ) Cornell University. K l | ffﬁ},\gggfi Cognition
Research Center

69



[H2 t 23 (paired t-test)

» Grodner and Gibson (2005) &&i1 - X}7| =X 2i7|

> library(lingpsych)

> data("df_gg05e1")

> gg05e1 <- df_gg05e"

> means <- round(with(gg05e1, tapply(rawRT,
IND = condition,
mean

)

> means

#|objgap|subjgap
471 369
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[H2 t 23 (paired t-test)

Grodner and Gibson (2005) &1&1 - X}7| =X Q17|

> bysubj <- aggregate(rawRT ~ subject + condition, mean, data = gg05e1)
> pbyitem <- aggregate(rawRT ~ item + condition, mean, data = gg05e1)

> summary_ttest(t.test(rawRT ~ condition, paired = TRUE, bysubj))

1] "t(41)=3.11 p=0.003"

1] "est.: 102.29 [35.85,168.72] ms”

> summary_ttest(t.test(rawRT ~ condition, paired = TRUE, byitem))

1] "t(15)=3.75 p=0.002"

1] "est.: 102.29 [44.21,160.36] ms"
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[H2 t 23 (paired t-test)

» Grodner and Gibson (2005) &&i1 - X}7| =X 2i7|

> bysubj <- aggregate(rawRT ~ subject + condition, mean, data = gg05e1)
> pyitem <- aggregate(rawRT ~ item + condition, mean, data = gg05e1)

v &l aggregate(efXx|7|) et+E S71?

= t 282 718 & oiLr2! Z42 HIO|H X2IESO| S5&= T
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[H2 t 23 (paired t-test)

» Grodner and Gibson (2005) &&i1 - X}7| =X 2i7|

v &eff & HIO|E = Or2het £L.

> t(xtabs(~ subject + condition, df_gg05e1))
subject
condition 1234567891011 1213141516 17 18 19 20 21 22 23 24 25 26 27 28 29
objgap 888888888 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
subjgap 888888888 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8
subject
condition 30 31 32 33 34 35 36 37 38 39 40 41 42
objgap 8 8 8 8 8 8 8 8 8 8 8 8 8
subjgap 8 8 8 8 8 8 8 8 8 8 8 8 8
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[H2 t 23 (paired t-test)

» Grodner and Gibson (2005) &&i1 - X}7| =X 2i7|

v &eff & HIO|E = Or2het £L.

> t(xtabs(~ item + condition, df_gg05e1))
item
conditon 1 2 3 4 5 6 7 8 91011121314 1516
objgap 2121 212121212121212121212121 2121
subjgap 21212121 2121212121212121212121 21
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[H2 t 23 (paired t-test)

» Grodner and Gibson (2005) 481 - X}7| XA 2I7|

v #el & O|O|E{= Ofefier £L.

> t(xtabs(~ item + condition, df_gg05e1))
item
conditon 1 2 3 4 5 6 7 8 91011121314 1516

objgap 21212121212121212121212121212121
subjgap 21 212121212121212121212121212121

v
v 5, HIO|E] ZQIE7} 17 0] ~O]C},

- EEA] t Z4H 2| 7S BHEAIF|7| QisH BHRI7I7H 2R

=] ] Cornell University:
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[H2 t 23 (paired t-test)

» Grodner and Gibson (2005) &&i1 - X}7| =X 2i7|

o AMSEOIX} L AT W2 §HX|7|E 5HH. .

=

> bysubj <- aggregate(rawRT ~ subject + condition, mean, data = gg05e1)
> t(xtabs(~ subject + condition, bysubj))
subject
condition 1234567891011 1213141516 1718 19 20 21 22 23 24 25 26 27 28 29
objgap11111411144 111 1111111111111 11 11
subjgapt111111441 1 1111111111111 1111 11
subject
condition 30 31 32 33 34 35 36 37 38 39 40 41 42
obgap 1 11111111111 1
subjgap 1 1 1111111111 1
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[H2 t 23 (paired t-test)

» Grodner and Gibson (2005) &&i1 - X}7| =X 2i7|

> pyitem <- aggregate(rawRT ~ item + condition, mean, data = gg05e1)
> t(xtabs(~ item + condition, byitem))
item
condition1234567891011121314 1516
objgap1 11111111 1 1 1 1 1 1 1
subjgap111111111 1 1 1 1 1 1 1
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[H2 t 23 (paired t-test)

Grodner and Gibson (2005) &1&1 - X}7| =X Q17|

o ASEIOIXL L AT HZ $HX|7|E SHH. .

> pbyitem <- aggregate(rawRT ~ item + condition, mean, data = gg05e1)
> t(xtabs(~ item + condition, byitem))
item
condition1234567891011 1213 14 15 16
objgap1 11111111 1 1 1 1 1 1 1
subjgap111111111 1 1 1 1 1 1 A1

o HIO|E ZRIETI AT OIXIRr M= = Lt of 7h4 22=2M 7182 BH5orA| E UL,
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[H2 t 23 (paired t-test)

. O|ZH FX7|S S5 t 2T B2 BARMS FIdsts 2 AL 7~00UI0) EEE AS 2|0
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[H2 t 23 (paired t-test)

. 0|7 BAI7|S Safl t 2H B2 BAHEMS TRsHE 2 AL 7~00E0) 4 A
st =8 =M £ 2~ QL
—/ — — AA

. F1/F2 2M2 Clark (1973)0l|A] H|QtZ|QACt.

o AAIM AlSIAIE|Q10{SHOIM Q2] E1Hrandom effect)E XS 12{st= 7H3 &Y
(prototype)& Q! == SO0f StLICk
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[HES t 2™ (naired t-test)

JOURNAL OF VERBAL LEARNING AND VERBAL BEHAVIOR 12, 335-359 (1973)

e Grodner :
The Language-as-Fixed-Effect Fallacy:

E—i ;F T - » . . . . E H AI — AI O
e O|FA X A Critique of Language Statistics in Psychological Research sHE Aag|™
; —
03 =22
HERBERT H. CLARK!
O ‘9" 7EI' -: Stanford University

Current investigators of words, sentences, and other language materials almost never

® ‘ — provide statistical evidence that their findings generalize beyond the specific sample of
language materials they have chosen. Nevertheless, these same investigators do not hesitate

to conclude that their findings are true for language in general. In so doing, it is argued, they

° F‘] / F2 _E_ﬁ are committing the language-as-fixed-effect fallacy, which can lead to serious error. The
problem is illustrated for one well-known series of studies in semantic memory. With the

appropriate statistics these studies are shown to provide no reliable evidence for most of the

o Al.Jél AP Al main conolusions drawn from them. A review of other experiments in semantic memory Q|5
© = shows that many of them are likewise suspect. It is demonstrated how this fallacy can be - ©
(p rOtOtype avoided by doing the right statistics, selecting the appropriate design, and sampling by
systematic procedures, or, alternatively, by proceeding according to the so-called method
of single cases.
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[H2 t 23 (paired t-test)

« Grodner and Gibson (2005) 4!gi1 - X}7| =& gi7|

> bysubj <- aggregate(rawRT ~ subject + condition, mean, data = gg05e1)
> byitem <- aggregate(rawRT ~ item + condition, mean, data = gg05e1)
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[H2 t 23 (paired t-test)

Grodner and Gibson (2005) &1&1 - X}7| =X Q17|

> pbysubj <- aggregate(rawRT ~ subject + condition, mean, data = gg05e1)
> pyitem <- aggregate(rawRT ~ item + condition, mean, data = gg05e1)

> summary_ttest(t.test(rawRT ~ condition, paired = TRUE, bysubj))

1] "t(41)=3.11 p=0.003"

1] "est.: 102.29 [35.85,168.72] ms”

> summary_ttest(t.test(rawRT ~ condition, paired = TRUE, byitem))

1] "t(15)=3.75 p=0.002"

1] "est.: 102.29 [44.21,160.36] ms"
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pik MICH= 543517

. 23fi1: p 240| (0.05ECH oM ISAZ AKX B Qlofsts THIS SIAISHE U
sb 77} W2k,

o pi0| FE[oICt= A2 AAXTL £ UOStE 7tHas AU Eo= O XX TH2{7} OrL|0
OX s #HMZ0| &2 99| HF7E2= 7[4st= A 1 Ol 1 O[otk OfL|Cy.,

» piO| 0.052L; (BY) H2M, S0t 0| ZOLIALF 52 ZOLX| = =50l 22 o
Ol M =EX|0 R{CH= A= 2|0fettr= A0|H, £2[= 0[0] 0.05 ELf 20rX|= 1 =17 H
ol e 20| ‘E0|otLyetdl =K ZE Kot d U= 0|0,
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pat MICh= sli43517|
e 235l2: p > 0.05™ HF7[d2 Eo|C}.

o 22|= HBE7HES ‘7 (reject)’SHHLL OFL|™ ‘7|2I5EK| SZ5t7{Lt(fail to reject)’ = & StLf

Ct,
. ABA2|10{3}0t OfL|2} ATH4 20| p > 0.05 2 1, ‘OfH SEIw4 XO| EiH= gl
Z2 PEECP Alo| 252 2 4 Qld 0l ARA 21 Lol
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X MICh= sl A517]

@35}3: p < 0.05= OIL|X|2t ‘2AMH © 2(marginally)’stA| G-2|5iCt.

off? R2[= 0.05EL} A AFIr2= 74Tt Of7 K], ‘ZAX 2’ 7|ZetCief 1l

ORZ[otX| &57| H=O|Lk,

[fetM p < 0.062 19 #HF7t2= 71401A| Xet A 1 0|y 1 0|5tk OfLLCY,

https://mchankins.wordpress.com/2013/04/21/still-not-significant-2/
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e https://kihyo-park.github.io/stats basic/ (=L E)
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https://kihyo-park.github.io/stats_basic/

O[H| 0{2{520] SHOFSH= % + £H HIES

- ] i

KO X7t MS 715—.% S5t/ AERIE 2014E 0120 H|5HH (=2 1 TA| XN EL
298 = 50| &1 Al SERRILICH (p < 0.05)

EF| 220l XA (BIEE, A|SH0|MoR AT{HLE JHMZAN 1Py o| SaidiA 5)
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OfXl 01212 0] sHOFst= 2 +

e SN[ (BN)

* http://www.sfs.uni-tuebingen.de/~hbaayen/publications/baayenCUPstats.pdf
o https.//appliedstatisticsforlinguists.org/bwinter stats proofs.pdf

o LI

e http://www.yes24.com/Product/Goods/108045614 (O|H Z2|0f| At S =H)

e http://www.kocw.or.kr/home/search/kemView.do?
kemld=11829058&ar=relateCourse (KOCW &t=22|C A LE 7| 2016)
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https://appliedstatisticsforlinguists.org/bwinter_stats_proofs.pdf
http://www.yes24.com/Product/Goods/108045614
http://www.kocw.or.kr/home/search/kemView.do?kemId=1182905&ar=relateCourse
http://www.kocw.or.kr/home/search/kemView.do?kemId=1182905&ar=relateCourse
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Al WItMOME CHFROXX] = &
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0
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k1 O
X
T
[=)
b
o]l
N

O| A= =M (Two-way Analysis of Variance; ANOVA), M3 3|2 (Linear regression) M
¥ =22 20 2¥(Linear mixed-effect model) + “in r”, “how to do ANOVA inr” S3
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