
PERAN MIPA DALAM MENINGKATKAN DAYA SAING BANGSA
MENGHADAPI MASYARAKAT EKONOMI ASEAN (MEA)

Graha Sriwijaya, Universitas SriwijayaGraha Sriwijaya, Universitas Sriwijaya
Palembang, 22-24 Mei 2016Palembang, 22-24 Mei 2016

Graha Sriwijaya, Universitas Sriwijaya
Palembang, 22-24 Mei 2016

BKS-PTN Wilayah Barat
Semirata 2016 Bidang MIPA Semirata 2016 Bidang MIPA Semirata 2016 Bidang MIPA 

PROSIDINGPROSIDINGPROSIDING

ISBN: 978-602-71798-1-3 

Fakultas Matematika dan Ilmu Pengetahuan Alam
Universitas Sriwijaya

2016

Akhmad Aminuddin Bama
Heron Surbakti
Arsali
Supardi
Aldes Lesbani
Muharni
Salni
Mardiyanto
Fitri Maya Puspita

Editor :



 

 
 
 
 
 
 
 
 
 
 
 

PROSIDING SEMIRATA 2016 BIDANG MIPA 
BKS Wilayah Barat 

 
Palembang, 22-24 Mei 2016 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 



 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PROSIDING SEMIRATA 2016 BIDANG MIPA 
BKS Wilayah Barat 

 
Peran MIPA dalam Meningkatkan Daya Saing Bangsa  
Menghadapi Masyarakat Eonomi Asean (MEA) 
 
Copyright © FMIPA Universitas Sriwijaya, 2016 
Hak cipta dilindungi undang-undang 
All rights reserved 
 
Editor: 

Akhmad Aminuddin Bama 
Heron Surbakti 
Arsali 
Supardi 
Aldes Lesbani 
Muharni 
Salni 
Mardiyanto 
Fitri Maya Puspita 

 
Desain sampul & tata letak: A. A. Bama 
 
Diterbitkan oleh:  Fakultas MIPA Universitas Sriwijaya 

Kampus FMIPA Universitas Sriwijaya; Jln. Raya Palembang-Prabumulih Km. 32  
Indralaya, OI, Sumatera Selatan; Telp.: 0711-580056/580269; Fax.: 0711-580056/ 
580269 

 
xxx + 2878 hlm.; A4 
ISBN: 978-602-71798-1-3 
 
Dicetak oleh Percetakan & Penerbitan SIMETRI Palembang 
Isi di luar tanggung jawab percetakan 



Prosiding SEMIRATA Bidang MIPA 2016; BKS-PTN Barat, Palembang 22-24 Mei 2016 

v 

KATA PENGANTAR 

uji syukur kehadirat Allah S.W.T., atas segala rahmat dan hidayah-Nya Prosiding SEMIRATA 

2016 Bidang MIPA BKS Wilayah Barat yang bertemakan “Peran MIPA dalam Meningkatkan 

Daya Saing Bangsa Menghadapi Masyarakat Eonomi Asean (MEA)” dapat kami selesaikan. 

Prosiding ini merupakan kumpulan makalah seminar yang diadakan oleh Fakultas MIPA Universitas 

Sriwijaya pada tanggal 22-24 Mei 2016 di Graha Sriwijaya Universitas Sriwijaya Kampus  

Palembang. 

Penyusunan Prosiding ini, di samping untuk mendokumentasikan hasil seminar, dimaksudkan agar 

masyarakat luas dapat mengetahui berbagai informasi terkait dengan berbagai masalah yang terung-

kap dalam beragam makalah yang telah dipresentasikan dalam seminar.  

Ucapan terima kasih dan penghargaan yang setinggi-tingginya kami sampaikan kepada para pe-

nyaji dan penulis makalah, serta panitia pelaksana yang telah berkerja keras sehingga Prosiding ini 

dapat diterbitkan. Kami sampaikan terima kasih juga kepada Tim Penyelia yang telah mereview se-

mua makalah sehingga kualitas isi makalah dapat terjaga dan dipertanggungjawabkan. Tak lupa kepa-

da semua pihak yang telah memberikan dukungan bagi terselenggaranya seminar nasional dan tersu-

sunnya prosiding ini kami ucapan terima kasih. 

Akhir kata, semoga prosiding ini dapat memberikan manfaat bagi semua pihak. 
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Tim Editor 
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SAMBUTAN KETUA PANITIA SEMIRATA 2016 FMIPA UNSRI 

Assalamu’alaikum wr.wb.  

arilah kita panjatkan puji syukur kehadirat Allah SWT, karena berkat rahmat dan karuniaNya 

SEMIRATA 2016 yang diselenggarakan oleh Fakultas MIPA Universitas Sriwijaya di Graha 

Sriwijaya dapat berjalan dengan baik. 

Indonesia merupakan salah satu negara dengan sumber daya manusia yang besar dan sumber daya 

alam yang melimpah. Hal ini merupakan modal dalam meningkatkan daya saing bangsa menghadapi 

MEA. Sumber daya tersebut masih perlu ditingkatkan kualitasnya, oleh karena itu penelitian dari ber-

bagai bidang termasuk MIPA sangat dibutuhkan peranannya.  Sebagai salah satu upaya untuk me-

ningkatkan peran MIPA dalam meningkatkan daya saing bangsa menghadapi MEA maka BKS-PTN 

Barat Bidang MIPA menyelenggarakan SEMIRATA (Seminar Nasional dan Rapat Tahunan) dengan 

tema “Peranan MIPA dalam meningkatkan daya saing bangsa menghadapi MEA”. Kegiatan 

seminar ini merupakan wadah temu ilmiah untuk berbagai pengetahuan dan berdiskusi bagi para pe-

neliti, pendidik, mahasiswa, maupun para praktisi dari berbagai industri terutama yang berkaitan den-

gan bidang MIPA. Tujuan seminar antara lain : Deseminasi hasil-hasil penelitian tentang pengemban-

gan sumber daya manusia dan pengelolaan sumber daya alam  untuk  meningkatkan daya saing bang-

sa menghadapi MEA, Meningkatkan interaksi dan komunikasi antar peneliti dari berbagai perguruan 

tinggi, sekolah, industri dan lembaga terkait serta meningkatkan kerjasama antar lembaga terkait da-

lam pengelolaan sumber daya  untuk kemakmuran bangsa. Sehubungan dengan tema dan tujuan 

SEMIRATA, panitia menghadirkan Keynote Speaker yang menyampaikan judul makalah sebagai 

berikut :  

1. Mewujudkan Pendidikan Tinggi UNGGUL dalam era MEA                                                 

(Prof.Dr. Sutrisna Wibawa, Sekretaris Ditjen Belmawa Kementrian Riset Teknologidan Pendi-

dikan Tinggi) 

2. Perspektif Pendidikan Standardisasi ilmu MIPA untuk meningkatkan Daya Saing Bangsa      

(Ir. Erniningsih, Kepala Deputi Bidang Informasi dan Pemasyarakatan Standardisasi BSN)  

3. Tantangan dan peluang penelitian sains menghadapi MEA                                                                   

(Prof.Hilda Zulkifli Dahlan, M.Si, Direktur Program Pascasarjana Universitas Sriwijaya) 

Pelaksanaan SEMIRATA kali ini sangat fenomenal karena jumlah total Peserta 954 orang, terdiri 

dari pemakalah 759 orang, nonpemakalah 14 orang, Dekan 63 orang dan Kajur atau Kaprodi 108 

orang). Berdasarkan distribusi asal Perguruan Tinggi terdapat 54 PTN/PTS, asal Provinsi ada 18 yaitu 

Aceh s/d Sulawesi Tenggara, Kalimantan Barat dan Kalimantan Selatan, DKI, Banten, Jawa Barat, 

Jawa Tengah, Jogyakarta dan Jawa Timur). Perguruan Tinggi terbanyak mengirim peserta adalah Un-

iversitas Riau (102 orang), sedangkan Provinsi terbanyak peserta Sumatera Barat (134 orang).  

Panitia telah berusaha keras untuk mereview seluruh makalah yang dipresentasikan, namun banyak 

kendala yang muncul, antara lain komunikasi panitia-pemakalah yang tidak lancar, format makalah 

yang tidak sesuai template panitia, makalah yang tidak lengkap, keterlambatan penyerahan makalah 

hasil review dan lain-lain. Kendala ini menyababkan prosiding terbit tidak sesuai rencana, dan jauh 

dari kesempurnaan.  Panitia sangat mengharapkan saran dan kritik yang membangun, demi kesem-

purnaan pelaksanaan SEMIRATA yang akan datang serta prosiding yang diterbitkan. 

Wasslamu’alaikum wr.wb. 

 

M 
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Abstract 

In some agricultural experiments, applying treatment to the experimental units requires certain method due to 

the nature of treatment type. Strip-plot experiment is the one of that designs. This paper will discuss several 

methods of analyzing such design, especially in calculating the sum of squares : Classical Sigma, QR 

Decomposition, and Partitioned Design Matrices. 

 

Keywords:  sum of squares, classical sigma, QR decomposition, partitioned design matrices, strip-plot 

experiment 

1. INTRODUCTION 

In many experiments where a factorial 

arrangement is desired, it may not be possible 

to randomize completely the order of 

experimentation. There are many practical 

situations in which it is not all feasible to even 

randomize within a block. Under certain 

conditions these restrictions will lead to a split-

plot design [1]. The modification of the simple 

split-plot design goes by a variety of names : 

“Split-plot in strips” [2], “two-way whole 

plots”, “subunits in strips”, “strip-plot”, “split-

block” [3] and so on. The Strip-Plot designs 

are used primarily in agricultural experiments. 

In the most basic setting, there are two factors, 

say A and B. Factor A is applied to whole plots 

as in the simple Split-Plot design. But then 

factor B is applied to “whole plots” (or 

“strips”) which are orthogonal to the whole 

plots of factor A. [4]. 

As an illustration, factor A might be 

irrigation systems; each usually require a large 

amount of land for the experimental units. 

Factor B might be herbicide spraying which 

ordinarily would be applied with equipment to 

large area of land to avoid excessive turning, 

crop damage, and so on. Thus, the levels of 

these two factors would need to be applied 

orthogonal to each other to keep from 

confounding A and B effects. 

2. STRIP-PLOT MODEL 

The linear model for the Basic Strip-Plot 

Model is : 

( )
ijk i j ij k ik jk ijk

Y                 

where  is the overall mean, i the i-th 

replicate effect i=1,2,...,r, j the effect of j-th 

level of factor A j=1,2,...,a, ij the error 

component of factor A, k the effect of k-th 

level of factor B k=1,2,...,b, ik the error 

component of factor B, ()jk the interaction 

component for j-th level of A and k-th level of 

B, and ijk the residual component or the error 

componen for the AB interaction.  

For inference purposes, the following 

assumptions are made : (i) the ’s are i.i.d. 

N(0, 2


 ), (ii) the ’s are i.i.d. N(0, 2


 ), (iii) 

the ’s are i.i.d. N(0, 2


 ), (iv). the ’s, ’s and 

’s are distributed independently of each other. 

Additional assumptions are made about the 

treatment components, depending upon their 

fixed or random nature.

The Classical Sigma notation to calculate 

the Sum of Squares is as follows : 

CF = Correction Factor = 
 

2

, ,
ijk

i j k

Y

rab


 

SS[Total] = 2

, ,
ijk

i j k

Y CF  

SS[Reps] = 2

..

1
i

i

Y CF
ab

  

SS[A] = 2

. .

1
j

j

Y CF
rb

  

SS[Err1] = 2 2 2

. .. . .
,

1 1 1
ij i j

i j i j

Y Y Y CF
b ab rb

      



Prosiding SEMIRATA Bidang MIPA 2016; BKS-PTN Barat, Palembang 22-24 Mei 2016 

 

494 

SS[B] = 2

..

1
k

k

Y CF
ra

  

SS[Err2] = 2 2 2

. .. ..
,

1 1 1
i k i k

i k i k

Y Y Y CF
a ab ra

      

SS[AB] = 2 2 2

. . . ..
,

1 1 1
jk j k

j k j k

Y Y Y CF
r rb ra

      

SS[Err3] = SS[Total] – SS[Reps] – SS[A] 

– SS[Err1] – SS[B] – SS[Err2]- SS[AB]. 

QR Decomposition could be used to find 

the sum of squares of its source of variation’s 

components as long as the number of rows of 

the matrix is at least equal to the number of 

coloumns. Thus, in the simple strip-plot design 

QR decomposition can not be used whenever 

(1 ) 1rab r a ra b rb ab        .  Partitioning 

the design matrix with respect to source of 

variation’s component could help calculating 

their sum of squares and determining the rank 

of its partitioned matrices which are also their 

degrees of freedom. 

The sum of squares of its source of 

variation’s could be calculated from the last 

coloumn of matrix R. The square of the first 

row of this coloumn is for calculating the 

correction factor, the sum of the square of next 

r rows of this coloumn is for calculating the 

SS[Reps], the sum of the square of next a rows 

is for the calculating SS[A], and so on as long 

as (1 ) 1rab r a ra b rb ab           

3. LINEAR MODELS IN MATRIX 

NOTATION 

A typical model considered is  
Y X e 

 
 

where Y  is an n x 1 vector of 

observations,  X is an  n x p matrix of known 

constants called the design matrix,   is a p x 1 

vector of unobservable parameters, and e  is an 

n x 1 vector of unobservable random errors. It 

is assumed that E( e ) = 0 and Cov( e ) = 2 I . 

The design matrix X above having size rab 

x (1+r+a+ra+b+rb+ab), is partitioned 

according to its source of variation 

components : Constants, Repetitions,  Factor 

A, Error of Factor A, Factor B, Error of Factor 

B, and AB Interaction Effect.  

Let 
1 1 1

1 1 1
r a b

X
   
   be the constant 

design matrix, 
1 1

1 1
r r a b

X I
   
   the 

repetition matrix, 
1 1

1 1
r a a b

X I
   
     the 

main effect of factor A design matrix, 

1
1

r r a a b
X I I

   
    error for A design matrix, 

1 1
1 1

r a b b
X I

   
     the main effect of factor B 

design matrix, 
1

1
r r a b b

X I I
   
    error for B 

design matrix, and 
1

1
r a a b b

X I I
   
    the 

interaction effect of factor A and B design 

matrix, then [ | | | | | | ]X X X X X X X X
      

 . 

Furthermore, the projection matrix has the 

form of 1

* * * * *
( )t tM X X X X . Therefore, for 

each partitioned design matrix, it is easily to 

verify that the projection matrices with respect 

to each of the above design matrices are as 

follows : 

1 1
( )t t

r r a a b b
M X X X X J J J

rab
    



  
    , 

1 1
( )t t

r r a a b b
M X X X X I J J

ab
    



  
    , 

1 1
( )t t

r r a a b b
M X X X X J I J

rb
    



  
    , 

1 1
( )t t

r r a a b b
M X X X X I I J

b
    



  
    ,  

1 1
( )t t

r r a a b b
M X X X X J J I

ra
    



  
    ,  

1 1
( )t t

r r a a b b
M X X X X I J I

a
    



  
     

and  

1 1
( )t t

r r a a b b
M X X X X J I I

r
    



  
    . 

Using the properties of Kronecker product, 

we can easily find simple form every 

combination of matrix multiplication of M


, 

M

, M


, M


, M


, M


, and M


. The results 

of these multiplications are summarized as in 

Table 1. 
Table 1. Matrix Multiplication 

 
M



 

M


 

M


 

M


 

M


 

M


 

M


 

M


 
M



 

M


 

M


 

M


 

M


 

M


 
M


 

M


 
M



 

M


 

M


 

M


 

M


 

M


 
M


 

M


 
M



 

M


 

M


 

M


 

M


 

M


 
M


 

M


 
M



 

M


 

M


 

M


 

M


 

M


 
M


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M


 
M



 

M


 

M


 

M


 

M


 

M


 
M


 

M


 
M



 

M


 

M


 

M


 

M


 

M


 
M


 

M


 

M


 

M


 

M


 

M


 

M


 

M


 
M


 

 

4. SUM OF SQUARES IN MATRIX 

NOTATION 

In terms of matrix notation, the formulas 

for calculating sum of squares from strip-plot 

experiments as mentioned in (2), can be 

written as follows:  

SS[Reps] = ( )tY M M Y
 
 ;  

SS[A] = ( )tY M M Y
 
 ;  

SS[Err1] = ( )tY M M M M Y
   
   ;  

SS[B] = ( )tY M M Y
 
 ;  

SS[Err2] = ( )tY M M M M Y
   
   ;  

SS[AB] = ( )tY M M M M Y
   
    and  

SS[Err3]= 

( )tY I M M M M M M M Y
      

        

Let the n x 1 random vector Y  be 

distributed N(y : , I).  The random variable U 

= Y’AY  is distributed as 
2
 (u:K;λ), where λ = 

μ’Aμ/2, if and only if A  is an idempotent 

matrix of rank K [5]. 

It can be easily verified, using the result 

presented in Table 1 that M M
 
 , M M

 
 , 

M M M M
   
   , M M

 
 , 

M M M M
   
   , M M M M

   
   , and 

I M M M M M M M
      

         are all 

idempotent matrices. In additions to those 

idempotent properties, they are also 

symmetric matrices. From the properties of 

symmetric and idempotent matrices, their 

ranks are just equal to their traces [6]. Thus, 

their ranks are  

tr( M M
 
 ) = r-1,  

tr( M M
 
 ) = a-1, 

 tr( M M M M
   
   )=(r-1)(a-1), 

 tr( M M
 
 ) = b-1, 

 tr( M M M M
   
   ) =(r-1)(b-1),  

 tr( M M M M
   
    ) = (a-1)(b-1) 

 and   

 tr( I M M M M M M M
      

       )   

= (r-1)(a-1)(b-1) respectively.  

Using the above arguments, and without 

loss of generality that the random vector Y  be 

distributed N(y : 0, I), therefore the 

distributions of sum of squares are as follows: 

SS[Reps] is distributed as 
2
 (r-1); SS[A] is 

distributed as 
2
 (a-1); SS[Err1] is distributed 

as 
2
 ((r-1)(a-1)); SS[B] is distributed as 

2
 (b-

1); SS[Err2] is distributed as 
2
 ((r-1)(b-1)); 

SS[AB] is distributed as 
2
 ((a-1)(b-1)); and 

SS[Err3] is distributed as 
2
 ((r-1)(a-1)(b-1)). 

5. HYPOTHESIS TESTING 

Mean of Square is defined as Sum of 

Square divided by its degrees of freedom. 

Therefore, we have the followings : MS[Reps] 

= SS[Reps]/(r-1), MS[A] = SS[A]/(a-1), 

MS[Err1] = SS[Err1]/((r-1)(a-1)), MS[B] = 

SS[B]/(b-1), MS[Err2] = SS[Err2]/((r-1)(b-1)) 

MS[AB] = SS[AB]/((a-1)(b-1)), and MS[Err3] 

= SSSP/((r-1)(a-1)(b-1)).   

We need to know first the expected mean 

squares (EMS) for each of the source of 

variation in the basic strip-plot design.  

EMS[Reps]= 2 2 '( ) /( 1)b Y M M Y r
   

     ,  

EMS[A] = 2 2 '( ) /( 1)
a

b Y M M Y a
  

     ,  

EMS[Err1] = 2 2b
 

  ,  

EMS[B] = 2 2 '( ) /( 1)a Y M M Y b
   

     , 

EMS[Err2] = 2 2a
 

  ,  

EMS[AB]=  
2 '( ) /(( 1)( 1))Y M M M M Y a b
    

        

and EMS[Err3] = 2


 . 

We know that if A is distributed as chi-

square with a degrees of freedom, B is 

distributed as chi-square with b degrees of 

fredom, A and B are independent to each 

other, then (A/a)/(B/b) is distributed as F with 

a and b degrees of freedom [5]. 

To check the independence of two matrices 

A and B, we need to show that AB = O [7]. 

Using the information in Table 1, it is easy to 

verify that M M M M
   
    and 

I M M M M M M M
      

        are 

independent; M M
 
  and M M M M

   
    

are independent, M M
 
  and 

M M M M
   
    are independent; M M

 
  

and M M M M
   
    are independent; 

M M M M
   
    and 

I M M M M M M M
      

        are 

independent, also M M M M
   
    and 
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I M M M M M M M
      

        are 

independent. 

Therefore, we have the following results : 

a. to test if there is a significant Reps 

effect is to reject the null hypothesis 

whenever 
[Re ]

[ 1]

MS ps

MS Err
is large enough. 

[Re ]

[ 1]

MS ps

MS Err
 is distributed as F with r-1 

and (r-1)(a-1) degrees of freedom. 

b. to test if there is a significant A effect is 

to reject the null hypothesis whenever 

[ ]

[ 1]

MS A

MS Err
 is large enough. 

[ ]

[ 1]

MS A

MS Err
 is 

distributed as F with a-1 and (r-1)(a-1) 

degrees of freedom. 

c. to test if there is a significant B effect is 

to reject the null hypothesis whenever 

[ ]

[ 2]

MS B

MS Err
is large enough. 

[ ]

[ 2]

MS B

MS Err
 is 

distributed as F with b-1 and (r-1)(b-1) 

degrees of freedom.  

d. to test if there is a significant AB 

interaction effect is to reject the null 

hypothesis whenever 
[ ]

[ 3]

MS AB

MS Err
is large 

enough.  
[ ]

[ 3]

MS AB

MS Err
 is distributed as F 

with (a-1)(b-1) and (r-1)(a-1)(b-1) 

degrees of freedom.   

 

 
6. EXAMPLE 

As an illustration, to give an idea how to 

analyze the Strip-Plot experiments, the 

following example is taken from Lentner and 

Bishop, 1986.  

A Turf specialist is studying the durability 

of six varietiesof turf grassin combinationwith 

three levels of compacting (none, slight, and 

moderate). Sufficient land was available at 

three locations (replicates) for use in the study. 

In each replicate, the turf varieties were 

established on six plots. The compacting 

machine could not be maneuvered easily 

within the whole plots established for varieties, 

so it was necessary to run the compacting 

machine in strips. The variable of interest was 

the amount of dry matter from a sample taken 

on each subunit. The results were (in grams): 

 

Reps Comp 
Variety 

1 2 3 4 5 6 

1 

1 10.3 9.7 11.2 10.8 10.5 9.9 

2 9.8 10.1 11.0 10.4 10.6 9.5 

3 9.0 9.6 10.8 10.1 9.8 11.0 

2 

1 11.8 10.3 12.1 12.3 11.8 10.6 

2 10.7 11.6 11.9 11.8 11.7 10.1 

3 10.1 10.9 12.1 11.0 10.3 9.2 

3 

1 10.2 10.1 11.6 11.2 10.6 10.3 

2 9.5 10.7 10.8 9.9 10.5 9.4 

3 9.7 9.3 11.2 9.6 10.4 10.3 

 

R routine to analyze the above data is given 

below. 

 

 

##### Given the Data ##### 

#### r is the number of replications 

#### a is the level size of factor A 

#### b is the level size of factor B 

r <-3 

a <-6 

b <-3 

 

##### Observed Data ##### 

y <-rbind(10.3, 9.8, 9.0, 9.7, 10.1, 9.6, 11.2, 

11.0, 10.8, 10.8, 10.4, 10.1, 10.5, 10.6, 9.8, 

9.9, 9.5, 11.0, 11.8, 10.7, 10.1, 10.3, 11.6, 

10.9, 12.1, 11.9, 12.1, 12.3, 11.8, 11.0, 11.8, 

11.7, 10.3, 10.6, 10.1, 9.2, 10.2, 9.5, 9.7, 10.1, 

10.7, 9.3, 11.6, 10.8, 11.2, 11.2, 9.9, 9.6, 10.6, 

10.5, 10.4, 10.3, 9.4, 10.3) 

 

##### Basic Vectors and Matrices ##### 

vr <- matrix(1,r,1) #vektor 1r 

va <- matrix(1,a,1) #vektor 1a 

vb <- matrix(1,b,1) #vektor 1b 

Ir <- diag(1,r,r) #identitas r 

Ia <- diag(1,a,a) #identitas a 

Ib <- diag(1,b,b) #identitas b 

 

##### Partitioned Design Matrices ##### 

Xmu <- kronecker(vr,kronecker(va,vb)) 

Xr <- kronecker(Ir,kronecker(va,vb)) 

Xa <- kronecker(vr,kronecker(Ia,vb)) 

Xd <- kronecker(Ir,kronecker(Ia,vb)) 

Xb <- kronecker(vr,kronecker(va,Ib)) 

Xh <- kronecker(Ir,kronecker(va,Ib)) 

Xab <- kronecker(vr,kronecker(Ia,Ib)) 

 

##### Projection Matrices ##### 

Mmu <-(Xmu 

%*%(solve(t(Xmu)%*%Xmu)))%*% t(Xmu) 

Mr <-(Xr %*%(solve(t(Xr)%*%Xr)))%*% 

t(Xr) 

Ma <-(Xa %*%(solve(t(Xa)%*%Xa)))%*% 

t(Xa) 

Md <-(Xd %*%(solve(t(Xd)%*%Xd)))%*% 

t(Xd) 



Prosiding SEMIRATA Bidang MIPA 2016; BKS-PTN Barat, Palembang 22-24 Mei 2016 

 

497 

Mb <-(Xb %*%(solve(t(Xb)%*%Xb)))%*% 

t(Xb) 

Mh <-(Xh %*%(solve(t(Xh)%*%Xh)))%*% 

t(Xh) 

Mab <-(Xab 

%*%(solve(t(Xab)%*%Xab)))%*% t(Xab) 

 

##### Calculating Sum of Squares ##### 

 

SSReps <- round(t(y)%*%(Mr-Mmu)%*%y, 

digits=3) 

SSA <- round(t(y)%*%(Ma-Mmu)%*%y, 

digits=3) 

SSErr1 <- round(t(y)%*%(Md-Mr-

Ma+Mmu)%*%y,digits=3) 

SSB <- round(t(y)%*%(Mb-Mmu)%*%y, 

digits=3) 

SSErr2 <- round(t(y)%*%(Mh-Mr-

Mb+Mmu)%*%y,digits=3) 

SSAB <- round(t(y)%*%(Mab-Ma-

Mb+Mmu)%*%y,digits=3) 

SSErr3 <- 

round(t(y)%*%(diag(1,r*a*b,r*a*b)-

Mmu+Mr+Ma-Md+Mb-Mh-

Mab)%*%y,digits=3) 

SSTotal <- 

round(t(y)%*%(diag(1,r*a*b,r*a*b)-

Mmu)%*%y,digits=3) 

 

##### Calculating Means of Squares ##### 

library (psych) 

MSReps <- round(SSReps/tr(Mr-

Mmu),digits=3) 

MSA <- round(SSA/tr(Ma-Mmu),digits=3) 

MSErr1 <- round(SSErr1/tr(Md-Mr-

Ma+Mmu),digits=3) 

MSB <- round(SSB/tr(Mb-Mmu),digits=3) 

MSErr2 <- round(SSErr2/tr(Mh-Mr-

Mb+Mmu),digits=3) 

MSAB <- round(SSAB/tr(Mab-Ma-

Mb+Mmu),digits=3) 

MSErr3 <- 

round(SSErr3/tr(diag(1,r*a*b,r*a*b)-

Mmu+Mr+Ma-Md+Mb-Mh-Mab),digits=3) 

 

##### Calculating F ##### 

FReps <- round(MSReps/MSErr1,digits=3) 

FA <- round(MSA/MSErr1,digits=3) 

FB <- round(MSB/MSErr2,digits=3) 

FAB <- round(MSAB/MSErr3,digits=3) 

 

##### Summary ##### 

sources <- rbind("Reps", 

"A","Err1","B","Err2","AB","Err3","Total") 

Values <- cbind("Source","Deg 

Frdm","SS","MS","F") 

SS1 <- 

rbind(SSReps,SSA,SSErr1,SSB,SSErr2,SSAB,

SSErr3,SSTotal) 

MS1 <- 

rbind(MSReps,MSA,MSErr1,MSB,MSErr2, 

MSAB,MSErr3,"") 

DB1 <-rbind(tr(Mr-Mmu),tr(Ma-Mmu),tr(Md-

Mr-Ma+Mmu),tr(Mb-Mmu),tr(Mh-Mr-

Mb+Mmu),tr(Mab-Ma-Mb+Mmu), 

            tr(diag(1,r*a*b,r*a*b)-Mmu+Mr+Ma-

Md+Mb-Mh-Mab),tr(diag(1,r*a*b,r*a*b)-

Mmu)) 

F1 <- rbind(FReps,FA," ",FB," ",FAB,"","") 

stripplot <-cbind(sources,DB1,SS1,MS1,F1) 

outstripplot <-rbind(Values,stripplot) 

outstripplot 

 
The above program results the following output. 

 
      [,1]      [,2]         [,3]           [,4]        [,5]    

 [1,] "Source" "Deg Fre"   "SS"         "MS"      "F"     

 [2,] "Reps"     "2"       "9.053"  "4.527"   "16.110" 

 [3,] "A"        "5"     "12.191"  "2.438"     "8.676" 

 [4,] "Err1"    "10"      "2.811"  "0.281"     "         "     

 [5,] "B"        "2"       "3.301"  "1.651"     "7.116" 

 [6,] "Err2"     "4"       "0.929"  "0.232"     "         "     

 [7,] "AB"      "10"      "4.450"   "0.445"    "2.587" 

 [8,] "Err3"    "20"      "3.440"   "0.172"    "         "      

 [9,] "Total"  "53"    "36.175"   "         "    "         "      

> 
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