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Introduction

In this given project, the dataset that has been chosen is a secondary data named Environment
statistics 2021 which was acquired and collected by different government departments of Malaysia
such as the Department of Environment, Ministry of Environment and Water, LAKU Management
Sdn. Bhd. (Bintulu, Miri & Limbang), Sibu Water Board, Kuching Water Board, National Water
Services Commission and Sarawak Rural Water Supply Department (JBALB). The dataset was
also collated by the Department of Statistics Malaysia. The main objectives of these data are to
show statistical tables for water quality of each state in Malaysia that affect the rivers. The most
common standards used to monitor and assess water quality convey the health of ecosystems,
safety of human contact, extent of water pollution and condition of drinking water. As we all know,
water quality has a significant impact on water supply and oftentimes determines supply options
for each state in Malaysia. Data that are featured in this research dataset is from the year 2016,
2017, 2018, 2019 and 2020.

This study is to justify which state has the highest scheduled waste, metered water consumption,
production of water supplied and to compare Malaysia’s water quality & the air pollutant emission.
There is a variety of information we can extract from the data in this dataset. Among those, the
one that we particularly interested in the study is about certain variables. For instance , the river
water quality from the year 2018 to 2020, the scheduled waste by each state from the year 2019 to
2020, the production amount of water supplied by each state from the year 2016 to 2020 and the
metered water consumption by each state & sector from the year 2016 or 2017.



The purposes of the study are as follows:

e To investigate whether the proportion of river water quality in Malaysia is the same
between 2018 and 2020.

e To investigate whether there appears to be a linear relationship between the metered
water consumption and the production of water supplied for the domestic sector in each
state in 2019.

e To determine whether there is a relationship between the number of river basins

monitored and the polluted river water in 2018 & 2019 in Malaysia.
e To determine whether there appears to be a linear relationship between the use of
domestic water in each state in 2016 and 2017.

The target population is every water supply & river in Malaysia and water supplied & used
through the water meter by the National Water Services Commission. The studies are done through
hypothesis testing, Chi-square testing (1 and 2 way contingency), correlation test and regression
test with R-Studio. In the following part of the report, we will discuss data analysis and results
then followed by discussion and conclusion along with the reference.



Data Analysis and Results

HYPOTHESIS TESTING (2-SAMPLE)

Test 1:

To investigate whether the proportion of river water quality in Malaysia is the same between 2018

and 2020 with a significance level of 0.05

2018 2019 2020
Kategori/ Category Bil. Bil. Bil.
% %o %

No. No. No.
Bilangan lembangan 143  100.0 144  100.0 144  100.0
sungai yang diawasi
Number of river basins
monitored
Tercemar/Polluted 10 7.0 10 7.0 7 4.9
Sederhana tercemar 54 38.0 49 34.0 33 22.9
Slightly poliuted
Bersih/Clean 79 55.0 85 59.0 104 72.2

Hypothesis Statement

Ho : pl =p2

[Proportion of river water quality in Malaysia in 2020 = Proportion of river water quality in

Malaysia in 2018]

Hi:pl #p2

[Proportion of river water quality in Malaysia in 2020 # Proportion of river water quality in

Malaysia in 2018]




Using R Studio:

Your Workspace / PSDA Project Hypothesis Testing

File Edit Code View Plots Session Build Debug Profile Tools
O -lar- } Go to file/function - Addins ~

Console  Terminal Jobs

R R4.2.0 . /cloud/project/

K Version 4.2.9 (Z29V4s-94-22) -- vigorous Lalistnenics
Copyright (C) 2022 The R Foundation for Statistical Computing
Platform: x86_64-pc-linux-gnu (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type ‘license()' or 'licence()' for distribution details.

R is a collaborative project with many contributors.
Type ‘contributors()' for more information and
‘citation()' on how to cite R or R packages in publications.

Type ‘demo()' for some demos, 'help()' for on-line help, or
‘help.start()' for an HTML browser interface to help.
Type ‘q()' to quit R.

Help

Session restored from your saved work on 2022-Jun-26 06:35:32 UTC (2 minutes ago)
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phatl <- x1/nl1

>
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>
>
>
> phat2 <- x2/n2
>
>
>
>
>

144
143

oo

pbar (x1+x2)/(n1+n2)
gbar 1-pbar
z = ((phatl-phat2-0)/sqrt((pbar*gbar/nl)+pbar*gbar/n2))
alhpa = 0.05
z.alpha = gnorm(alpha/2)
Error in gnorm(alpha/2) : object 'alpha' not found
> alpha = alhpa
> z.alpha = gnorm(alpha/2)

>z
[1] -0.7649796
> z.alpha

[1] -1.959964
>

Test Statistic
Total number of polluted rivers in 2020, x1: 7

Total number of polluted rivers in 2018, x2: 10

Total number of river basins monitored in 2020, n1: 144

Total number of river basins monitored in 2018, n2: 143

z=-0.7649796




Critical Value

Z0.025 = -1.959964

Decision

Ho is rejected since -0.7649796 > -1.959964

Conclusion

There is no sufficient evidence at 0.05 significance level to support that the proportion of river
water quality in Malaysia in 2020 is the same as the river water quality in Malaysia in 2018.



CORRELATION

Test 2:

To investigate whether there appears to be a linear relationship between the metered water
consumption and the production of water supplied for the domestic sector in each state in 2019 at
5% significance level.

Jadual 14.4: F air yang di negeri, 2016-2020 Jadual 14.5: Penggunaan air bermeter mengikut sektor dan negeri, 2014-2020
Table 14.4: Production of water supplied by state, 2016-2020 Table 14.5: Mefered waler cansumption by sector and state, 2016-2020
Juta liter sehari (JLH) Juta liter sehari (JLH)
Million fitres per day (MLD) )
Milion litres per day (MLD)
Negeri/ State 2016 2017 2018 2019 2020 Domestik/ Domestic Bukan Domestik/ Non-Domestic
Malaysia 16,884 16,799 17,174 17,763 Negeri/ State 2016 2017 2018 | 2019 2020 2016 2017 2018 2019 2020
Malaysia 4501 4454 6,653 (6824 |7.430 4240 4332 4469 4716 4,076
Johor 1.752 1,680 1.757 1.888 1,900
Johor 773 785 809 | 835 | 867 513 535 576 599 526
Kedah 1,370 1,370 1,446 1,474 1,487
Kedah 525 523 544 | 551 | 574 200 195 201 208 193
Kelantan 475 475 491 503 507
Kelantan 163 162 64 | 163 | 170 74 79 85 8 75
Melaka 513 513 528 538 578
Meloka 206 206 209 | 210 | 215 199 207 207 214 189
Negeri Sembilan 771 7 780 784 795
Negeri Sembilan 287 288 293 | 294 | 318 233 231 238 244 222
Pahang 1,109 1,109 1,158 1,194 1,269
Pahang 342 333 333 | 339 | 367 238 250 256 288 264
Perak 1,314 1314 1,333 1,357 1,392
Perak 655 648 665 | 679 | 708 262 260 268 278 266
Perlts 241 £ B4 2 4 Periis 82 78 80| 80 | 78 4 w0 a2 2
Pulou Pinang 1.058 1058 1.073 1.093 1.108 Pulau Pinang 492 482 491 | 499 | s33 335 44 349 343 314
Sabah 1.261 1.261 1.304 1.374 Sabah azs 323 341 386 531 249 259 275 378
Sarawak’ 1,466 1,466 1.513 1,666 1729 Sarawak 474 483 s01 | s12 | se2 376 387 377 396 448
Selangor 4842 4842 4,856 4932 4967 selangor® 1883 1870 1950 [202 [2188 1336 1373 1425 1459 1362
Terenggenu 841 441 627 s2 485 Terengganu 264 256 255 | 266 | 288 176 171 169 176 165
W.P. Labuan - - ” 78 - W.P. Labuan 17 7 18 18 17 3 al 3 3 40

Hypothesis Statement

Ho:p=0
[There is no linear correlation between the metered water consumption and the production of
water supplied for the domestic sector in each state in 2019]

Hi:p#0
[There is a linear correlation between the metered water consumption and the production of
water supplied for the domestic sector in each state in 2019]




2
(@)
—

Metered water consumption (Million litres per day (MLD))

1000 1500 2000

500

The Metered Water Consumption Against

The Production of Water Supplied for The Domestic Sector in 2019

o]

| | | | |
1000 2000 3000 4000 5000

Production of water supplied (Million litres per day (MLD))




Using R Studio:

# 1. Set working directory
setwd("/cloud/project")

# 2. Load the library

library("stats") # to run t-test
library("psych") # to run descriptive analysis
library("xlsx")

# 3. Import the datafile inte Rstudio
data <- read_excel("Water Supplied and Consumption for Domestic 2819.xlsx")

# 4. Test the assumptions

# (a) Test for normality

describe(data$Supplied)

vars n mean sd median trimmed mad min max range skew kurtosis se
X1 1 14 1268.79 1185.66 1143.5 1062.92 766.5 76 4932 4856 1.95 3.66 316.88
> describe(data$Consumption)

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

X1 1 14 487.43 494.46 352.5 399.5 258.71 18 2012 1994 1.98 3.59 132.15
>

> # 5. Run the analysis

> cor.test(data$Supplied, data$Consumption)

VOV WOV W VYV WV OV VYW VYW WY

Pearson's product-moment correlation

data: data$Supplied and data$Consumption
t = 18.871, df = 12, p-value = 2.746e-10
alternative hypothesis: true correlation is not equal to ©
95 percent confidence interval:
©.9473919 ©.9949308
sample estimates:
cor
©.9835657

# 6. Plot the data
plot(Consumption ~ Supplied,
data = data,
main = "The Metered Water Consumption Against
The Production of Water Supplied for The Domestic Sector in 2819",
xlab = "Production of water supplied (Million litres per day (MLD))",
ylab = "Metered water consumption (Million litres per day (MLD))")
> cor(data$Supplied, data$Consumpticn)
[1] ©.9835657
> cor(data$Supplied, data$Consumpticn, use = "complete.obs")
[1] ©.9835657

+ + + + v v

Test Statistic

Pearson’s correlation coefficient, r = 0.9835657
t=18.871

10



Critical Value

Degree of freedom =14 -2=12
ti2005 =(-2.179, 2.179)

Decision
Reject Ho since 18.871 > 2.179

Conclusion

There is sufficient evidence at 95% confidence level to support that there is a linear correlation
between the metered water consumption and the production of water supplied for the domestic
sector in each state in 2019. Since the p-value is 0.0000000002746 < 0.05, there is a significant
relationship between the metered water consumption and the production of water supplied for the
domestic sector in each state in 2019. The Pearson’s correlation coefficient, r is 0.9835657 > 0.8,
so it is a strong positive linear correlation. The higher the water supplied, the higher the metered
water consumption for that particular state.

11



Test 3:

To investigate whether there appears to be a linear relationship between the domestic metered

REGRESSION

water consumption in 2016 and the domestic meter consumption in 2017 in each state. Assume
the confidence level to be 95% significance level, a = 0.05.

1as: Qoir b

gikut sektor don negeri. 2014-2020

TODIe 14.5: Merered woTer CONSUMPTON Oy SeCTor Ond sTo%e. 2074-2020

Juta liter sehari (JLH)

Moo Stes per doy (MLD)

Domestik/ Comestc

Bukon Domestik/ Non-Comestic

Negeri/ stove 2019 2020 2016 2017 2018 2019 2020
~malaysio 6828 7.430 4280 4332 4469 4716 4076
Jonor a3s ss7 13 s3s s7s =59 s26
recon s sTa 200 1$s 201 208 193
Keicnton 183 170 76 e as as 7S
rMeoks 210 218 199 207 207 214 129
Negeri Semoion 25a s 233 231 238 242 222
Panong 29 387 238 250 284 233 242
Perck &7 706 282 280 243 2738 286
Periz 20 78 < 1 10 12 12
Puicou Pinong 459 £33 33s 32a 345 343 31a
sooon 328 s3 245 25 27s 378 3 E ]
Sarcwox’ s12 32 37 357 377 36 443
Seicngors 2012 2188 1.336 373 1,425 1,459 1382
Terenggonu 248 288 17e 71 145 7S 148
W.P. Loouon 18 7 33 3 32 38 0

Sumber/Scurce:

Nota/Notes
LaKy Sdn. Bhd. (Sintulu, Miri & L

Kementerion Alom Sekitor don Air
Afnsty of Environment ond Woter

A

Nofonal Woter Services Commasion

. L Ak Sbu. L

Air Kuching don

L Air luor (JsAaLs)

incivdes LAKU Monagement Sdn. Bhd. (Sintuiu, Mei & Limbang).

Rurci Water Supply Deportment [JBALS)

* fermosuk W.P. Kucic Lumpur don W.P. Putrcjoyo
Incivdes W.P. Kucio Lumpur ond W.P. Putgioye

Siev Woter Scord. Kuohing Woter Scord ond Sarowak
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Hypothesis Statement

HO: B1 = 0 (There is no linear regression between domestic water consumption by each state in
2016 with domestic water consumption by each state in 2017)

H1: B1 # 0 (There is a linear regression between domestic water consumption by each state

in 2016 with domestic water consumption by each state in 2017)

Scatter Plot

Domestic Water consumption by each states in 2017

1000 1500

500

Dosmectic Water comsuption in 2017 against 2016

T T T
500 1000 1500

Domestic Water consumption by each states in 2016
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Scatter Plot with Regression Line

Dosmectic Water comsuption in 2017 against 2016
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Domestic Water consumption by each states in 2016

The independent variable (variable that used to explain the dependent variable) is domestic water
consumption by each state in 2016 while the dependent variable) domestic water consumption by
each state in 2017.
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Using R Studio:

The r-squared value of regression, R"2 is 0.9997

This shows that is 99% of the domestic water consumption by each state in 2017.

is explained by domestic water consumption by each state in 2016.
a=0.05

Sample size,n =14

Degree of freedom, df =12

The regression line,

9 =1.781+1.003 x

Degree of freedom, df =14 -2

=12

15



Critical Value
-to.ozs12 = -2.179
The shaded region is the rejection region.

to.025,12=+2.179

Negeri  (x) (y) y' (y1-y')*2 x~2

Johor 773 785 7771 62.41 597529
Kedah 525 523 528.356  28.687 275625
Kelantan 163 162  165.27 10.692 26569
Melaka 206 206 208.399  5.755 42436
Negeri Se 287 288 289.642  2.696 82369
Pahang 342 333 344.807 139.405 117649
Perak 655 648 658.746 115.477 429025
Perlis 82 78  84.027  36.325 6724
Pulau Pin: 492 482 495.257 175.748 242064
Sabah 338 323 340.795 316.662 114244
Sarawak 474 483 477.203  33.605 224676
Selangor 1,883 1,870 1890.43 417.385 3545689
Terenggar 264 256 266.573 111.788 69696
W.P. Labu 17 17 18.832  3.356 289
SUM 6,501 6,454 6545.437 1459.991 5774584

Standard deviation of the variation of observations,

SSE=) (y-¥)

SSE =1459.991

| SSE
S, =, —
n—k-—1

St =11.030

16



Standard error of the regression slope coefficient,

5 5

E

Se, ZJZ(XE—K}Z Z‘JZXE—(ZX)E

n

Sb1: 4.764 x 10"-3
Test Statistic

Test statistic

b where:
t=— — B1 b, = regression slope
Sb coefficient
! B, = hypothesized slope
df.=n-2 S, = standard

error of the slope

=210.599

Since the test statistic, t = 210.599> upper tail critical value, to.o2s267 = 2.179 and it falls within the
rejection region. Hence, we reject the null hypothesis. There is sufficient evidence that domestic
water consumption by each state in 2016 affects the domestic water consumption by each state in
2017.

17



CHI - SQUARE INDEPENDENCE TEST (TWO-WAY CONTINGENCY)

Test 4:

To determine whether there is a relationship between the number of river basins monitored and

the polluted river water in 2018 & 2019 in Malaysia at 5% significance level.

State the test hypothesis

Ho: No relationship between the number of river basins monitored and the polluted river water in

2018 & 2019.

Hz1: Number of river basins monitored and the polluted river water in 2018 & 2019 have a

relationship.

To find the critical value

Alpha: 0.05
df =(2-1) (2-1) =1
2

X 1,0.05 =3.841

Using R Studio:

#///7/0 Test : Chi-sguare test of independence
polluted <- c(10,19)

clean <=-c(79,85)

d <- data.frame (polluted, clean)
chisqg.test(d, correct = FALSE)

L

Pearson’'s Chi-squared test

data: d
X-squared = 1.858, df = 1, p-value = 0.1729

=~ alpha <- 0.05

> x2.alpha <=- gchisq(alpha, df=1, Tower.tail=FALSE)
> print(x2.alpha)

[1] 3.841459

18



Calculate the expected counts

Number of river basins monitored
Polluted river
water 2018 2019 Total
Obs. Exp. Obs. Exp.
polluted 10 9.7 19 2.1 20
clean 79 79.3 85 146.7 164
Total 89 89 95 95 184
Calculate the test statistic value
) 11 \ 2,
Cell, jj Observed counr.oij Expected count, eij [Ou'_ eij] eu
1.1 10 9.7 0.0093
1.2 19 2.1 0.14
2.1 79 793 0.0011
2.2 85 146.7 0.26
2
X 0.1729

19



State the decision

Since the test statistic, XZ =0.1729 is smaller than the critical value which is

3.841. It falls outside of the critical region. Besides that the p-value obtained is
0.1729 is bigger than 0.05. Hence, we failed to reject the null hypothesis.

Conclusion

There is enough evidence at 0.05 significance level to support that there is no relationship
between the number of river basins monitored and the polluted river water in 2018 & 2019 and
they are independent of each other.

20



Discussion & Conclusion

First of all, according to the first testing which is the 2-sample hypothesis testing to investigate
whether the proportion of river water quality in Malaysia is the same between 2018 and 2020 with
a significance level of 0.05. We found out that there is no sufficient evidence at 0.05 significance
level to support that the proportion of river water quality in Malaysia in 2020 is the same as the
river water quality in Malaysia in 2018. The result is kind a sad as the proportion is still the same
between those 2 years but the polluted river water has decreased which is nice to see.

Besides, from the chi-square testing we found that the number of river basins monitored in 2018
& 2019 are not much different, which is 143 & 144 respectively. The number of polluted river
water and the clean river water also increased in 2019. Meanwhile, the study also shows that there
is no relationship between the number of river basins monitored and the polluted river water in
2018 & 2019 and they are independent of each other.

Next, during the first correlation test we found out that there is sufficient evidence at 95%
confidence level to support that there is a strong positive linear correlation between the metered
water consumption and the production of water supplied for the domestic sector in each state in
2019. Which then justify the hypothesis of the higher the water supplied, the higher the metered
water consumption for that particular state. However, according to our regression test results, we
observed that there is sufficient evidence that domestic water consumption by each state in 2016
affects the domestic water consumption by each state in 2017. The result is just as we already
predicted since our rough assumption is that each year, the population of people will keep
increasing in each state in Malaysia (more on states), there is a possibility that there is an increment
in the usage of water.
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