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s 58 " REDECR, & THEAEFRETE L -
w BRBEBREFRVJEESRE FREBAMER /IRL AR RERENERE

~ b~ O

1

> social_participation_data <- read.csv('data/SHEER-FBRER .csv')
> head(social _participation_data)

bl b2 b3 b4 b5 b6 b7 b8 b9 bl0 bll bl2 bl3 bl4 bl5 bl6 bl7 bi8 bl
1 4 3 3 3 4 4 4 4 4 4 4 4 3 4 2 4 4 2
2 4 1 4 4 4 3 3 4 3 4 4 4 4 4 2 3 4 2
6 4 2 3 4 4 4 4 4 4 4 4 4 4 4 2 4 4 2
> library(RColorBrewer)
> library(pheatmap)
> pheatmap(social_participation_data,
+ color = rev(brewer.pal(56, "Spectral™)),
+ cluster_rows = FALSE,
+ cluster_cols = FALSE,
+ fontsize row = 5)
>
> check _summary <- function(x){
+ output <- c(min(xX), max(x), length(x[is.na(x})]),
+ length(X[is.nan(x)]))
+ names(output) <- c(C'min”, "max"™, "NA"s"™, "NaN"s")
+  output
+ }
>
> apply(social_participation_data, 2, check _summary)

bl b2 b3 b4 b5 b6 b7 b8 b9 bl0 bll bl2 bl3 bl4 bl5 bl6 bl7 bl8 bl9

min 21 3 2 4 3 3 3 3 3 2 4 3 3 1 3 3
max 53 5555555 5 5 5 5 5 3 5 5
NAs O 0 0 0O O 0O OOO O O o o o o o o
NaN*s 0 0 0 0O O O O OO O O O O o o o o

2
0
0]

OO U Ww
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n EXRPHEHERE—E—_ERMOE - DIAIASEZEZHOVE

> # RIAEREEF S
> sp_data used <- social_participation_data
> apply(sp_data_used[, c(2, 15, 18)], 2, table)

$b2
1 2 3
124 71 5 > # FTEEREEAES
> sp_total_score <- apply(sp_data used, 1, sum)
$b15 > sp_total_score
1 2 13 [1] 72 73 73 74 74 75 75 75 75 75 76 76 76 76
110 79 11 ---
[190] 93 93 94 94 94 94 94 94 94 94 94
$b18 > hist(sp_total _score, main = "#%9")
1 2
118 82

> sp_data used[, c(2, 15, 18)] <- 6 - sp_data used[, c(2, 15, 18)]
> apply(sp_data_used[, c(2, 15, 18)], 2, table)

$b2 5
3 4 5
5 71 124 o
$b15 8 -
3 4 5 3
11 79 110 ¢ 2]
$b18 2 7
4 5
82 118 o r__ . : | .

75 80 85 90
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> bks <- quantile(sp_total_score, probs = c¢c(0, 0.27, 1 - 0.27, 1))

> bks
0% 27%  73% 100%
72.00 81.73 91.00 94.00
> # Levels: (72,81.7] (81.7,91] (91,94]
> LMH_group <- cut(sp_total_score, breaks = bks,

+ labels = c(C'BD#(<= 81)", "A##H(82 - 91)",
> table(LMH_group)
LMH_group
KEo#H (<= 81) A7#H(82 - 91) 298G 91)
53 99 47
>

> # Levels: [72,81.7) [81.7,91) [91,94]
> LMH_group <- cut(sp_total_score, breaks = bks,

+ labels = c(C'BER#(<= 81)", "A#7#H(82 - 91)",
+ include.lowest = T, right = F)
> table(LMH_group)
LMH_group
KEo#H (<= 81) A7#H(82 - 91) 298G 91)
54 78 68

BoHEC 2D)™M)

aR#EG 21,
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0 %%Eﬁj\*ﬁﬁlju%%%ﬁﬁﬂ%&?ﬁﬂ%ﬁ@%ﬁtb@ - MA T AN RS
S

IR RNERERS DREE, - 3 TR (critical Ratio - CR) -

REBEREFEZENBIE SRR - t-187E)

bl b2 b3 b4

()]

> significance_table
b1* b2* b3 b4*

b8* b9* b10* b11*

b15* b16* b17* b18*

.527598e-15 3.600876e-13 1.671834e-01 2.908671e-22 4.473941e-17 3.637639e-29 3.396719e-39

> var_id <- which(sapply(sp_data_LH, my_t_test) < 0.05)
> names(significance_table)[var_id] <- pasteO(names(significance_table)[var_id], "*")

b5* b6* b7*
6.527598e-15 3.600876e-13 1.671834e-01 2.908671e-22 4.473941e-17 3.637639e-29 3.396719e-39
b12* b13* b14*
5.167221e-48 9.519845e-24 8.170996e-03 5.308229e-13 3.665693e-17 4.746592e-30 4.116232e-23
b19*
6.208575e-22 8.390497e-13 2.236296e-22 6.095099e-35 8.909022e-37

|

> low_id <- LMH group == "{E%#H(<= 81)"

> high_id <- LMH_group == "&%2#(C 91)"

> LH_group <- factor(c(rep('L", length(which(low_id))),

+ rep(""H", length(which(high_id)))))

> sp_data LH <- rbind(sp_data used[low_id, ], sp_data used[high_id, ])

>

> my_t _test <- function(X){ - A

+ is.var.equal <- var.test(x ~ LH_group)$p.value > 0.05 (ﬁﬁ)%xﬁjf”“zlgq]mgﬂﬁﬁwﬂ? (without
+ t.test(x ~ LH_group, var.equal = is.var.equal)$p.value assuming the normal distribution): Wilcoxon
+ 3} Rank-Sum Test (Mann-Whitney U Test)
> significance_table <- sapply(sp_data_LH, my t test) wilcox.test(x ~ group, data)
> significance_table

b5 b6 b7

https://hmwu. 1dv.tw
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library(corrgram)
corrgram(cor(sp_data_used),
upper .panel = panel.cor,
main = ‘‘corrgram™)
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s @AEBEHAS 8 s dFER
iz E?ZHﬂIEI%JE'EIE DHIHERZRE -
n @BEHZEE | ,Lii! CARER
corrgram for social_participation_data = . . . . . . . . . ooeoee 1
b1 1] 049 i] 0 057b18........‘..‘ Q . 08
|/ b2 3 0.43 070054137......... . . | |
b3 oeaossoaaba........ Q |® | s
/ )/ ] 044 041 035 0.44 0.4 % 042 0as 045 0.600.790.500.50017 @ | @ | @ @ | @ @ @ . 1000
ﬂ 047 049 053 056 047 053 047 044 043 031 053 051 |0.570.530.620.590.44b13 @) @ @ @ @ | @ ® @ . . ..
, s 0ss 0 04 3 045 10.590.520.560.540.500.56012 @ | @ @ @ ® © © @
b7 o&s 070 043 056 062 065 050 050 054 0 0.580.450.700.640.430.580.54 b6 . . . Q :; & . L o»
i o8 oo 30 0.56 059 0.55 053 S0 0es 0as 0.560.550.650.550.470.650.500.58b14| @ | @ | @ © '
ﬂﬂ OERGRT DR D e 05T 0 |0.560.510.490.530.530.470.530470.44 b5 @ | ® @ | @ @ Q L oo
0490500500 5305204905704 04504 b15Q 6] .
E 0490 610470 480.57/0.480.450. E/D 430.4 ﬁ/bm e 7 [ 02
m 0490467 0.470 0.500.410.39 b1 7
n 0.450.450.340.440.390.42 044(; 44 b4 i 04
1 0.430.30.490.370.510.40 0.290.470.460.40 0.3¢0 2| b11
d 0.43 0.42 q0.43 ).390.39 b2 06
m 40.46 0.43 b16.
7}/
/ b3
/ |/ | "

HEEAY 55—

https://cran.r-project.org/web/packages/corrplot/vignettes/corrplot-intro.html

library(corrplot)
corrplot(cor(sp_data_used))
# Tirst principal component order

corrplot.mixed(cor(sp_data_used), order = "FPC")
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Pearson correlation test, check the test assumptions

m Is the covariation linear? In the situation where the scatter plots show curved patterns,
we are dealing with nonlinear association between the two variables.
= Are the data from each of the 2 variables (x, y) follow a normal distribution?
m  Use Shapiro-Wilk normality test: shapiro.test()
= and look at the normality plot: ggpubr: :ggqggplot()

£y
Qg
&

my_cor <- function(x){

>

+ r <- cor(x, sp_total_score) Kendall rank correlation test

+ cor_p <- cor.test(x, sp_total score)$p.value The Kendall rank correlation coefficient or Kendall’s tau

+ c(corr = round(r, 5), p.value = round(cor_p, 5)) statistic is used to estimate a rank-based measure of

+ 3} association. This test may be used if the data do not

> sapply(sp_data_used, my_cor) necessarily come from a bivariate normal distribution.
b1l b2 b3 b4 b5 b6 cor.test(x, y, method = "kendall™)

corr 0.60477 0.54523 0.12183 0.60115 0.71333 0.72479
p.value 0.00000 0.00000 0.08570 0.00000 0.00000 0.00000

b7 b8 b9 b10 bl1 b12
corr 0.77078 0.7568 0.79027 0.18534 0.56142 0.73026
p.value 0.00000 0.0000 0.00000 0.00860 0.00000 0.00000

b13 b1l4 b15 b16 b17 b18
corr 0.74487 0.72024 0.68985 0.51248 0.75846 0.78178
p.value 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

b19
0.67924 MMHERDb3, b10
o value 0.00000 HEMRIS7E0.50 F - "EIERIEBA2AEEE L : corr(bl, sum(b2 to b19))

> sapply(1:19, function(x) cor(sp_data used[,x], apply(sp_data used[, -x], 1, sum)))
[1] 0.54993747 0.47953148 0.02225971 0.53017808 0.67501815

[6] 0.67878075 0.73117057 0.71691918 0.75908436 0.11332615

[11] 0.49904119 0.69523287 0.70467760 0.67634517 0.63362354

[16] 0.44368235 0.72194761 0.74780129 0.62959810
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s EE(reliability)yNZEXN—BHEBEH -

» EEREEEEHZFD  ofFREEMEZEZRZ— -

r GEER EENENSEHLASHEDBESIZEALLH -
» HEERCENEENEE  AIBEAZ - IEERAS -

s KF&Z: Cronbach’s alpha (FEEE## alphati )

. XTEAT—Halphaf&E -
s [CEREIBEMRBIEZEERE -
n EEGESEHEE0SLIE -

K 2
s Alpha = L(l _M)

K-1 S?
m K:ZBE
n SLERBHERY
s YK_ 2 EIESREMA

= BA " —EMalphafz#,
Z(F)ER -

-

Cronbach's Alpha Range Internal Consistency of data

>=0.9 Excellent

0.8-0.9 Good

0.7-0.8

0.6-0.7

0.5-0.6 Poor

<0.5 Unacceptable
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> sapply(1:K, function(x) cronbach.alpha(sp_data used[, -x])$alpha)
[1] 0.9084485 0.9103116 0.9238492 0.9094739 0.9058152
[6] 0.9050281 0.9036015 0.9041323 0.9036410 0.9178661

[11] 0.9097500 0.9055538 0.9045618 0.9052406 0.9062305

[16] 0.9112485 0.9043378 0.9036411 0.9064082

> K <- ncol(sp_data_used) N

> # Itm: Latent Trait Models under IRT . fHIREREIEE - alphaﬁﬁjt ENI
> library(ltm) FRAIENRERAETEBEIRFTAINGE -
> cronbach.alpha(sp_data_used) TAES g =R -

Cronbach"s alpha for the "sp_data used” data-set m B3:0912=> 0924

tens: 19 = B10:0.912=> 0918

Sample units: 200

alpha: 0.912

Cronbach’s Alpha Range Internal Consistency of data

>=0.9 Excellent

0.8-0.9 Good
0.7-0.8 Acceptable
0.6-0.7 Questionable
0.5-0.6 Poor

<0.5 Unacceptable

> my_cronbach_alpha <- function(x){

+ K <- ncol(x)

+ Sk2 <- apply(x, 2, var)

+ S2 <- var(apply(x, 1, sum))

+ cronbach_alpha <- (K/(K-1)) * (1 - sum(Sk2)/S2)

+ cronbach_alpha

+ }

> my_cronbach_alpha(sp_data_used)

[1] 0.9124309

> sapply(1:K, function(x) my_cronbach_alpha(sp_data_used[, -x]1))
[1] 0.9084485 0.9103116 0.9238492 0.9094739 0.9058152
[6] 0.9050281 0.9036015 0.9041323 0.9036410 0.9178661
[11] 0.9097500 0.9055538 0.9045618 0.9052406 0.9062305
[16] 0.9112485 0.9043378 0.9036411 0.9064082
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m HEM (communalities) Rz R IEScMEELEGESBMENEES -

. Communality of a varlable s the percentage of that variable's
variance that is explained by the factors.

w Y0 1 /5,\%%5&& BRZRE - ZARE—EOESE - BEm
HEMEERS @ EEAERLERENEERS -

s HEMRENSEIE - RRESKORIEMRE - ofZEMER -
u /\Iﬁ'r ZNE: BEEXERRZRAREGETFIT A -
s BlRRIEEAHERZEZ oI -
s BIEEDHPRIRA2
HEMEH/NR0.2 - BonBIRHEXERENREERAZY) - offfikR -

> sp_pca <- princomp(sp_data used, cor = TRUE)
> round(sapply(sp_data _used, function(x) cor(x, sp_pca$scores[, 1])"2), 4)
bl b2 b3 b4 b5 b6 b7 b8 b9 b10
0.3517 0.2931 0.0006 0.3370 0.5174 0.5480 0.6212 0.6011 0.6504 0.0196
b1l b12 b13 bl4 b15 b16 b17 b18 b19
0.3226 0.5620 0.5707 0.5349 0.4730 0.2426 0.5845 0.6234 0.4626
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s "'EHEEEE, (factor loading) T RBIEERZ(MERE)EGRINREE -
s FEEGF=AE - %‘E‘T‘E’EIE,\,\Hl?(,.\,ug%)ﬁ’]?fﬁ%xﬁtﬂ EE MR -

> # factor loading: eigevectors
> round(sp_pca$loadings[,1], 4)

bl b2 b3 b4 b5 b6 b7 b8 b9 b10 b1l
0.2057 0.1877 0.0082 0.2013 0.2494 0.2567 0.2733 0.2689 0.2797 0.0485 0.1970

> # factor loading: corr(x, comp)
> round(sapply(sp_data_used, function(x) cor(x, sp_pca$scores[, 1])), 4)

bl b2 b3 b4 b5 b6 b7 b8 b9 b10 b1l
0.5931 0.5414 0.0238 0.5805 0.7193 0.7403 0.7881 0.7753 0.8065 0.1399 0.5680

> # sdev: the standard deviations of the principal components. (eigenvalues)
> sp_pca$sdev/2

Comp.1 Comp.2 Comp.3 Comp.4 Comp.5 Comp.6 Comp.7 Comp.8
8.3164685 1.2914863 1.1209754 1.0342238 0.9420091 0.8639734 0.7361886 0.5962169

z # the proportion of variance explained by each PC. j(ﬁ/\‘\lﬁl‘];:lx:lﬁl%ﬁzl'ﬂﬁl o

summary (sp_pca)
Importance of components:
Comp.1 Comp.2 Comp.3 Comp.4 Comp.5
Standard deviation 2.8838288 1.13643578 1.0587612 1.01696793 0.97057151
Proportion of Variance 0.4377089 0.06797296 0.0589987 0.05443283 0.04957942
Cumulative Proportion 0.4377089 0.50568183 0.5646805 0.61911337 0.66869279
Comp.16 Comp.17 Comp.18 Comp.19
Standard deviation 0.55492788 0.48030179 0.4718696 0.408929855
Proportion of Variance 0.01620763 0.01214157 0.0117190 0.008801243
Cumulative Proportion 0.96733819 0.97947976 0.9911988 1.000000000
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n  HERIERIEGR (Classical Test Theory Functions, CTT) & B & FEXE5# (Item Response
Theory, IRT) -
. HEAIEEIE R Classical Test Theory (CTT): AIZ22 &I AN EEBELENTHNEERTE
RIER PSS H X -
n EEBH(Z)E (Item Difficulty) : EHE—BHIAZBSLL
n HBE{SE (Test Reliability) : HlizEE2IEHRARN—RMAMEE Y - BDHREARRBESAEE
TN EEEEARH—BWAELR - ECTTY - BANEEGHEE=EEMaZE ( Cronbach's
alpha) - BT S-fhBEB% &l ( Spearman-Brown coefficient ) 55 - FEME - TN RE

O
-‘\g

E -~ Ofs -
K K_ 2
Cronbach’s alpha = — (1 — Z"‘—lza"),
K-1 oT
K: BBE; o/ FkENEREE, o BONEREY

n EBI#EFIE (Item Discrimination): 5222157 B E RIS AR S 2 2 BA ARG E - AR b —
BEENME  NREBLEIBEBEE  ZHBAGREZIEEEA0 - —EABENENEORES - &
RMESENINEBEEZBEEREHELY  MESENNEEEZEZSESHES0D - EHANEESR:
(VzEEnAE RS AEH B REZEK(Q) B _5IEEHZE (point-biserial correlation) -

« CTTREXT  —EEELRRNFHTESRUEIRESNEEL - E—HEEOIRE
5 BRSH—HBEARBALE - (FREH BEALERA - 1 - TESRA CTT 2
HIHE T -
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o The Point-Biserial Correlation (r-pbis) is a special case of the Pearson
Correlation (ranges from —1.0 to 1.0) and is used when you want to
measure the relationship between a continuous variable (y) and a
dichotomous variable (x), or one that has two values (i.e. male/female,

ye S/ no, tru e/ fa | Se) . n: total number of observations
Nng (nq): number of observations in group 0 (group 1).
_ M, 0— fwl Ttg Ty My (M;): mean of the continuous variable for the group 0 (group 1).
rppb - 3fg E E Sy : standard deviation of the continuous variable.

m In a Classical Test Theory, r-pbis measures the discrimination or differentiating
strength, of the item.

m |tis a correlation of item scores and total raw scores.

m Consider a scored data matrix (multiple-choice items converted to 0/1 data), r-
pbis is the correlation between the item column and a column that is the sum of
all item columns for each row (a person's score).

12000

= Assumptions m
s No outliers (continuous variable).
= Approximately normally distributed (continuous variable).

m  Homogeneity of variance of the continuous variable
between both groups of the dichotomous variable.

Maths T
8
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> examl <- read.csv(“data/examl_student_answer.csv'’)
> head(examl)

ID PO1 PO2 PO3 P04 PO5 PO6 PO7 PO8 PO9 P10 P11 P12 P13 P14 P15 P16
1 ANS 3 2 4 2 2 3 4 4 1 2 1 4 1 2 3 1
2 STO01 3 2 4 3 4 3 4 4 1 3 2 4 3 2 4 1

P35 P36 P37 P38 P39 P40

A - AREDBREBHEN: (1) TREBEERAREL O NEE -
. Q) rEAEEBENMEESEHGIN: EEREREEEE) - Al

> tail (exanl) SEERD BENENRE(HRER)

[y asa - HE(ENE - BHE - HEBE - BRIE - CRE - HBERAHH

> n <- nrow(examl) - 1 Bﬁﬁ%gﬂ N %Uiﬁ?ﬁZalpha@ °

> p <- ncol(examl) - 1

> examl _response <- examl[-1, -1]

> examl _solution <- examl[l, -1]

> examl ID <- examl[-1, 1]

> examl 01 <- t(apply(examl_response, 1, function(x) ifelse(x - examl _solution == 0, 1, 0)))

> colnames(examl_01) <- colnames(examl_solution)

> rownames(examl 01) <- examl ID

> head(examl_01)

PO1 P02 PO3 P04 PO5 P06 PO7 P08 P09 P10 P11 P12 P13 P14 P15 P16 P17
STOO01 1 1 1 0 O 1 1 1 1 0 O 1 O 1 O 1 O
P35 P36 P37 P38 P39 P40
STOO01 1 1 1 1 1 1
> rowSums(examl 01) # total score
STO01 STO02 STO03 STO04 STOO5 STOO6 STOO7 STO08 STO09 STO10 STO11l STO12
29 20 31 29 36 20 18 25 31 35 36 31
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> library(CTT) # Classical Test Theory Functions
> distractor.analysis(examl _response, examl solution)
You will find additional features and better formatting by using
distractorAnalysis().
$PO1
score. level
response lower middle upper

1 2 0 1
2 3 3 0]
*3 9 9 13
4 1 2 1

> distractorAnalysis(examl_response, examl solution, digits = 2)
$PO1

correct key n rspP pbis discrim lower mid50 mid75 upper
1 1 30.07 -0.28 -0.07 0.17 0.00 0.00 0.1
2 2 6 0.14 -0.25 -0.25 0.25 0.13 0.14 0.0
3 * 331 0.70 0.20 0.32 0.58 0.67 0.71 0.9
4 4 4 0.09 -0.02 0.00 0.00 0.20 0.14 0.0

* correct: An * indicates the correct response

* key: The response option being described

* N: The number of responsdents choosing that option

* rspP: The proportion of respondents with that response

* discrim: The upper proportion minus the lower proportion

https://hmwu. 1dv.tw

* pBis: The point-biserial correlation between that reponse and the total score with that item removed

« lower: The proportion of respondents choosing that response that are from the lowest score group
* upper: The proportion of respondents choosing that response that are from the highest score group




> library(psych)
> describe(examl _01) # mean is Item Difficulty

vars n mean sd median trimmed mad min max range skew kurtosis se

PO1 144 0.70 0.46 1 0.75 0 0 1 1 -0.87 -1.28 0.07
P02 2 44 0.66 0.48 1 0.69 0 0 1 1 -0.65 -1.61 0.07
P40 40 44 0.95 0.21 1 1.00 0 0 1 1 -4.22 16.15 0.03

> # FTE#5/F - #EIE CRIE plE
> examl_total_score <- apply(examl 01, 1, sum)

> examl total score #
STO01 STO02 STO03 STO04 STOO5 STO06 STOO7 STO08 STO09 STO10 o

29 20 31 29 36 20 18 25 31 35 . i
STO41 ST042 ST043 ST044 £

24 21 29 22 1
> hist(examl_total score, main = "#%9") R
> 10 15 20 25 30 35 40
> bks <- quantile(examl_total _score, probs = c(0, 0.27, 1 - 0.27, 1)) ramitotaseore
> bks

0% 27%  73% 100%
14.00 21.61 31.00 40.00
> examl LMH <- cut(examl_total _score, breaks = bks,
+ labels = c(C"BR#H(<= 21.61)", "AH#H21.61 - 31.00)", "&S7HC 31)"),
+ include.lowest = T, right = F)
> table(examl_LMH)
examl_LMH

BEo#H(<= 21.61) A7#H21.61 - 31.00) ER#HCG 31)
12 17 15

https://hmwu. 1dv.tw




low id <- examl LMH == "{E72#H(<= 21.61)"

high_id <- examl LMH == "S%2#(G 31)"

LH group <- factor(c(rep('L"™, length(which(low_id))),
rep("'H”, length(which(high_id)))))

examl 01 LH <- rbind(examl Ol[low_id, ], examl O1[high_id, ])

examl mean_LH <- aggregate(examl 01 LH, by = list(LH_group), mean)
examl mean_LH <- t(examl_mean_ LH[, -1])
head(examl _mean_LH)

[’l] [12]
PO1 0.8666667 0.5833333

VVVVYV+VYVYV

> my t test2 <- function(x){

+ is.var.equal <- var.test(x ~ LH _group)$p.value > 0.05
output <- t.test(x ~ LH group, var.equal = is.var.equal)
round(c(output$statistic, output$p.value), 3)

}
CR_p <- t(apply(examl 01 LH, 2, my_t_test2))

report <- data.frame(BE7#HEZE = examl_mean LH[, 2],
ERHEHSE = examl_mean LH[, 1],
DEAEE = (examl_mean LH[, 2] + examl _mean LH[, 1]) 7/ 2,
#HRIE = examl_mean LH[, 1] - examl_mean_LH[, 2],
CR{E = CR_p[, 11,

pfE = CR_p[, 2D
round(report, 3)
BRHEHEZE =SHE#ZE SHAHE WERIE CRE pE

V+++++VVVH+++

PO1 0.583 0.867 0.725 0.283 1.696 0.102
P02 0.583 0.733 0.658 0.150 0.801 0.431
P39 0.250 1.000 0.625 0.750 5.745 0.000
P40 0.833 1.000 0.917 0.167 1.483 0.166
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library(psychometric) # Applied Psychometric Theory
examl_item.exam <- 1tem.exam(examl 01, discrim = T)
round(examl_item.exam$ltem.Tot.woi, 4) #Correlation of item with total test score (scored without item)
[1] 0.1972 0.1112 0.5495 0.3466 0.2140 0.0907 0.1704 0.4394 0.2635

[37] 0.4355 0.2476 0.6588 0.3490
item_corr <- sapply(1:40, function(x) cor(examl O1l[, x], rowSums(examl O1[,

names(item_corr) <- colnames(examl_01)

round(item_corr, 4)

PO1 P02 P03 P04 PO5 P06 PO7 P08 P09 P10
1972 0.1112 0.5495 0.3466 0.2140 0.0907 0.1704 0.4394 0.2635 0.1103

P31 P32 P33 P34 P35 P36 P37 P38 P39 P40
.2794 0.3389 0.3644 0.2988 0.2973 0.4917 0.4355 0.2476 0.6588 0.3490

-x1)))

> library(psych)
> reliability _output <- psych::alpha(examl 01, check.keys = T)

> data.frame(H2EKREE_MEE = round(reliability output$alpha.drop$raw_alpha, 3),

+ FEEE = round(item.exam(examl 01, discrim = T)$ltem.Rel.woi, 3))
MEREE_ME EBEE

1 0.854 0.090

2 0.856 0.053

3 0.846  0.201 check.keys

4 0.850 0.173 if TRUE, then find the first principal component and reverse key items

5 0.854 0.107 with negative loadings. Give a warning if this happens.
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l 1tem.exam {psychometric}

1te

item.exam {psychometric}
Item Analysis: Conducts an item level analysis. Provides item-total correlations, Standard deviation in

ms, difficulty, discrimination, and reliability and validity indices.

Samp I e . SD: Standard deviation of the item (standard deviation (SD) of the observed score (0/1) on an item

I tem.total: Correlation of the item with the total test score

Item.Tot.wol: Correlation of item with total test score (scored without item)

DifFicullty: Mean of the item (p) (proportion of examinees who responded correctly on the item)

Discrimination: Discrimination of the item (u — 1) /1. (the point-biserial correlation between item score (0/1) and total score)
Item.Criterion: Correlation of the item with the Criterion (y)

I tem.Rel 1ab: Item reliability index (REME—ZL (=% (the product of item-score SD and discrimination)

Item.Rel .wo1i: Item reliability index (scored without item) (the product of item-score SD and the correlation between the item
score (0/1) and the criterion score (Y)

> head(examl_item.exam)
Sample.SD Item.total Item.Tot.woi Difficulty Discrimination ltem.Criterion

PO1 0.4615215 0.2645232 0.19723309 0.7045455 0.2857143 NA

PO2 0.4794950 0.1832099 0.11115963 0.6590909 0.2142857 NA

PO3 0.3699894 0.5883484 0.54950698 0.8409091 0.4285714 NA
Item.Reliab Item.Rel.woi ltem.Validity

PO1 0.12068788 0.08998697 NA

PO2 0.08684419 0.05269132 NA

PO3 0.21519480 0.20098813 | apply(examl 01, 2, sd) # item sd

colMeans(examl 01) # difficulty

total _score <- rowSums(examl 01)
apply(examl 01, 2, function(x) cor(x, total score)) # discrimination
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1temAnalysis {CTT}

>

>

1
2
3

4
>

L

> examl iA <- itemAnalysis(examl 01, hardFlag = 0.25, pBisFlag = 0.15)
examl iA
Number of Items hardFlag (easyFlag)
ﬁgmber of Examinees If a numeric value is provided, a flag is added to
a4 itemReport for each item with a mean less (greater)
Coefficient Alpha than the value. i temReport = TRUE must also
0.854 be set.
examl_iA$itemReport
itemName itemMean pBis bis alphalfDeleted hard lowPBis
PO1 0.7045455 0.19723309 0.2606209 0.8537216
P02 0.6590909 0.11115963 0.1436576 0.8560502 X
P03 0.8409091 0.54950698 0.8291385 0.8460662
.. itemReport:
0 P40 0.9545455 0.34895802 0.7606776 0.8511936 Returned if i temReport = TRUE. Returns a
_str(examl_iA) data frame with key item analysis results: item
ist of 6 o mean (itemMean), point-biserial (pBis), biserial
: Eligizon . :2: 22 (bis), Cronbach's alpha if item removed, and any
$ alpha ; num 0854 item flags indicated in the function call.
$ scaleMean : num 27.2
$ scaleSD : num 6.55
$ itemReport:“data.frame”: 40 obs. of 7 variables:
..$ itemName : chr [1:40] "PO1"™ "P0O2' "PO3" "P0O4" ...
..$ itemMean > num [1:40] 0.705 0.659 0.841 0.523 0.523 ...
..$ pBis > num [1:40] 0.197 0.111 0.55 0.347 0.214 ...
..$ bis > num [1:40] 0.261 0.144 0.829 0.435 0.268 ...
..$ alphalfDeleted: num [1:40] 0.854 0.856 0.846 0.85 0.854 ...
.-$ hard : chr [1:40] o mrorenom
.-$ lowPBis : chr [1:40] ' »Xxm™ oo
- attr(*, "class')= chr "itemAnalysis"
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