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PREFACE 

It is appropriate that a training course in computer-

based quantitative methods for environmental biologists be held 

at this time and it is especially appropriate that it be held in 

Singapore. For developing countries, "development" must include 

the ability to use computers for many purposes, and one of the 

areas where computer skills are essential is certainly 

environmental biology. With the rapid and continuing increase in 

availability of microcomputers and softwares, there is no longer 

any barrier to the use of computer-based methods. Furthermore, it 

is advisable that training be given in use of state-of-the art 

systems rather than on the microcomputer systems of several years 

ago. Obsolescence is a problem in any area, but nowhere does it 

advance more rapidly than in the area of microcomputer technology 

and software development. We should not compound the problem by 

training for the use of out-of-date systems. In any case the 

newer systems and the software available to run on them is 

usually "simpler" for the user than the earlier systems were. 

Singapore is an appropriate venue for such a course 

because as a country it has recognised the importance of the 

computer-based technological revolution. This is particularly 

true at the National University of Singapore where an excellent 

mainframe computer system and microcomputers linked ma network 

connected with the main system are available to students and 

staff. We hope that this training course will be just the first 

of a series of similar courses to be given in this region. 

Roger Green 

Hong -Wco Kh 00 
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TRAINING 	COURSE ON COMPUTER-BASED QUANTITATIVE 

METHODS FOR ENVIRONMENTAL BIOLOGISTS 

1. GENERAL INTRODUCTION 

1.1 General objectives and approach 

The emphasis is on biological modelling, especially the fitting 

of bivariate models and the use of them to test meaningful 

biological hypotheses. 

Practical 	experience in application of the techniques 	is 

emphasized. Theory taught in lectures should be applied by doing 

the practical exercises. It should be emphasized that attendance 

at lectures without also taking time to do the practical 

exercises will be of limited value. 

The biological modelling will be computer-based because it is the 

new micro and mainframe computer technology that allows 

biologists to effectively and efficiently model and analyze their 

data in ways that were impossible even a decade or two ago. 

However, this is not a "computer course", micro or mainframe, nor 

is it a course in computer programming. 	It is on modelling and 

it is aimed at biologists. 	A variety of computer hardware and 

software will be used to illustrate the diverse "tools" that are 

available to do biological modelling. But we shall attempt not 

to lose sight of the forest (biological modelling) as we become 

surrounded by trees (computer hardware and software). 

The technology re. both hardware and software is advancing 

rapidly. You will always be out-of-date in the sense that 

someone, somewhere, has probably developed or is developing a 

better system for doing the job a biologist wants to do. 

Therefore present availability "back home" will not be the 

overriding criterion for the choice of hardware and software to 

be used in this course. In any country or region the system 
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available now is not what will be available in a few years time, 

so that an attempt to train for use of present facilities would 

very soon become training for the past. Statistical packages 

that required large mainframe computers a few years ago now run 

on microcomputers. The "networking t' of microcomputers so they 
can be used as terminals to access mainframe computers will more 

and more become common practice. This course will utilize a wide 

variety of hardware and software so that participants can gain 

experience with different systems, and then back in their 

countries they can help influence the direction of development of 

systems most useful to biologists. In summary, this course will 

train participants in use of hardware/software systems which will 

be available in the near future, even if they are not available 

in all countries now. 

1.2. 	Structure of course 

This report is based on a 3-week training course. 	Each day, 

Monday to Friday, was spent in 2 hr 15 min of lecture theory) in 

the morning and 3 hr of practical ("hands on") work in the 

afternoon. 	A library consisting of most of the references cited 

in the bibliography was available throughout the course. 

Presentations by participants were held on the one public holiday 

(May 1) and on the second Saturday. 
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2. INTRODUCTION TO HARDWARE AND SOFTWARE SYSTEMS 

2.1 	General remarks 

As are noted in section 1.1, 	sophisticated languages and 

statistical 	packages 	are 	rapidly becoming 	available 	on 

microcomputers. One is no longer limited to the BASIC language, 

or to amateurishly written (sometimes incorrect) statistical 

programs. Most languages (FORTRAN, PASCAL, APL included) are now 

available for IBM PC-compatible systems, and some of them are 

available for APPLE-compatible systems. All of the major 

statistical packages used on mainframe computers (MINITAB, SAS, 

SPSS, BMD) are now available in "micro" versions, as well as a 

number of others especially designed for microcomputers. 

However we are aware that many participants in the course, and 

readers of this report, are probably naive regarding languages 

other than BASIC, regarding use of statistical packages, and 

regarding use of mainframe computers. Therefore we have taken 

care to describe the general availability of the software we use 

in the course, in addition to commonly available hardware 

systems. Then we describe in great detail how to get started 

using the various hardware/software combinations. 

The 	choices of languages and software are 	personal 	and 

subjective, and based on the senior author's experience. BASIC 

is ubiguitous on microcomputers and could not be ommitted. 

FORTRAN is the original profession scientific programming 

language, and many excellent programs are available. APL is not 

known as well as it should be, and is an excellent language for 

statistics and modelling. MINITAB is a good "friendly" beginning 

package 	for the most commonly used univariate statistical 

methods. 	SAS complements MINITAB by providing a wide variety of 

specialized methods (e.g., 	probit analysis) and multivariate 

methods (e.g., cluster analysis, 	principal components analysis, 

discriminant analysis). 	Other languages or packages might have 

been chosen, but these are appropriate ones. 



2.2 FIarthre & softre Thfoniation 

2.2.1. INIFN1'S ON CFNERALflY AND AVAIIABILflY 

Langiages PERAThK SYS'ThM 
& 

Packages AppleftCS 3.3 Apple/(21 131 FC/t43PIX6 1111 nainfram/VM (}f3 

This is the APPLE This is a riore Tie 131-6tandard The \'t/G 
specific operating geral operating operating systan operating systan. 
systan. It is not systan, based on BASIC is available 
on other micron. a 780 niicroproc- in several versions. cn 131 BASIC. 

BASIC It uses a 6502 essor and We will use 
microprocessor. available on a MICROSOFT BASIC. 
Some BASIC variety of micron. 
cczmiands are APPLE- 80 cohnis. 
specific. 	40 
colums only. 

Available 
(but we will not 
nnRRIRANon 
the AFE) 

Available in 
several versions 

Several versions 
of RRTRAN are 
on this systen 
—we will use 
vSR1I 

4 

Wd 

iIIlMY.0 

SAS 

Available in 
several versions 
(we can run 

the 134 
R) 

Available for 
131with 
>25G( RAM 
(bat we will not 
use {[NFTAB on 
theFC) 

Available for 
131Rsdth 
>25fJ( RAM 
(bat we will not 
run SAS on the 

U. 

Created 
orginally by 
Lpt. of 
Statistics, 
Fnssylvania 
State University 
U.S.A. 

(eated 
originally by 
tpt. of Statistics 

rth Carolina 
State University 
U.S.A. 
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Languages CIERA13 SYSIB1 
& 

Packages Apple/DOS 3.3 Apple/(M 	IBI R/!3 US 	TIM nBinfranVVM () 

MAKE '1'D( CREATE 	LINJ?P1 * 	 JJPT 	* 
CREATE TE(J * IJNRI3 	* 
RREI(N *program by 	* progran by 

BASIC PLOF *prograll QEAIE 	Saiers 	 Scxrirs 
*prograrrs by by Green 
Orloci and progran L[NRFX 
Kenkel by Scnrs 

M * 	 REI 
PWF 	 F1IJF* 

*prograts * prograis 
created or created or 
greatly greatly 
nrxlified by irodif led by 
Green Green 

imrrAB 

Gil 	* 
SCAT1RTW 

*program Gil by 
Si.ntillie, 
nxxlified by 

iley 

progran 
MATTEFRff by 
Anscanbe, nixlif led 
by Green. 

READ and SET 
procedures. 

RFCR procedure 
IWr procedure 

LLTA Ste) 

(IN procedure 

RhJI' procedure 



2.2.3. ANALYSIS OF CXIVARIAN(E & MMMARIATE ANALYSF. 

Languages 
& 

Packages 	Apple/Dos 3.3 

OPERATM SYffl1 

Apple/QM IRI FCAU 1fl3 IWI nninfraiefVM CMS  

(kioci & Kenkel ANCISTA AWNA ANX)VA 
progralE: (by K. Scers, (by K. Sctwrs, (by K. Saiers, 
RAR (RA) ntdified by nodified by nodified by 
ALC (avr link R. (ki) R. Greii R. (keen) 

cluatering) 
BASIC 	SSA (suit of sqrs 

clustering) 
wErGmrnY 
(variable subset 
selticE, as 
done by 1&C 
RAN) 

11JflB4 
(by R. Grn, 

FtIIAN 	 from an 
algrithn by 
L. Orloci) 

APL operators MkThtE1 	R. Bailey 
canbeusedto CUVAR 
do itultivariate 
analyses PDET 	Rausey & 

APL tiisgrave 
J3J1TPf 	F. Mscaube 

(EIG 	R. Grn 
and APL operators. 

EGEN, 
natrix algebra 

MINUAB ccTmunds, and 
ot1r carmands. 

PROC RWflW 
PROC WR 

SS 	 PROC CNDiSC 
and ot1r 
procedures. 



7 

2.3 Basic operation instructions 

2.3.1 To start-up 

2.3.1.1 	IBM PC 

Insert the DOS 2.0 diskette into drive A. 

Switch on the computer switch at •the right hand side. 

Wait. 

The following will appear: 

A>wtdatim 

Current date (DD-MM-YY):01-01-1980 

Enter new date: 	Press ENTER 

Current time:00:01 :00 

Enter new time: 	Press ENTER 

A>REM The IBM Personal Computer DOS 

A>REM Version 2.00 (C)Copyright IBM Corp 1981,1982,1983 

A> 

You can now proceed. 

2.3.1.2 APPLE - DOS 3.3 

Insert the DOS 3.3 diskette into drive A. 

Switch on the computer switch at the back on the left side, and the 

monitor knob on top. 

Adjust the switch attached to the right hand side of the monitor 

to the 40 column-number. 

The following will appear: 

DOS VERSION 3.3 

APPLE II PLUS OR ROMCARD 	SYSTEM MASTER 

(LOADING INTEGER INTO LANGUAGE CARD) 

11 
Insert diskette containing required programmes into drive B. 

Type in CATALOG, D2 to obtain a list of the files. 
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2.3.1.3 	APPLE - CP/M 

Adjust the switch on the right of the monitor to 80 column-

number. 

Insert the CP/M diskette into drive A. 

Switch on the computer. 

The following will appear: 

Apple ][ CP/M 

56K Ver. 2.20B 

(C) 1980 Microsoft 

A> 

Insert diskette containing required programmes into drive B. 

To obtain a list of the files in this diskette, type A>dir B: 

2.3.1.4 MAINFRAME - IBM 3081 VM/CMS 

The terminal and two of the IBM PCs are connected to the 

mainframe over at the Computer Centre. 

Before 	you can use the system, 	you must have 	a 	user 

identification (userid) and password. 

2.3.1.4.1 	The TERMINAL 

Switch on the terminal. After a short while, the logo: 

NUS 

VM/SP 

should appear. Press ENTER key and logo disappears. 

If, 	for example, your userid and password are DEMO1, log on 

to the system with the LOGON command, as follows: 

Type LOGON DEMO1 

ENTER PASSWORD: DEMO1 	Press ENTER 

For security purposes, the password you enter is not 

displayed on the screen. 

After logging-on, type the following: 
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CP DEF STOR 1500K 

IPL CMS 

Then you can carry on with 

FORTRAN, APL, etc. 

Press ENTER 

Press ENTER 

Press ENTER A second time 

XEDIT, MINITAB, SAS, BASIC, 

2.3.1.4.2 	IBM PC used as Terminal 

Insert the DOS 2.0 diskette into drive A and the IRMA Rev 1.10 

diskette into drive B. 

After starting-up, type: 

A>B: 

and then 	B>e78 	Press ENTER 

The NUS logo will appear. Log on as described above. 

2.3.1.4.3 	Some commands for IBM VM/CMS Operating System 

LOGON 	acctnarne The 	log-on 	procedure - the system 	will 

respond with a request for your password 

DEF STOR 1500K A 	request 	for 	temporary memory available 

to you to be 	increased to 	1500K. 	This is 

necessary 	for 	running SAS, 	APL & 	certain 

other 	software. 	It 	is best to always do 

it. 	Following 	it 	you must 	return 	to CMS 

by 	entering 	'I 	CMS' 	and depressing ENTER 

twice. 

LIST Lists 	all 	your 	files. 

LIST fn ft Lists 	a 	particular 	file, with name = fn 

and 	type 	= 	ft. 	For 	example, if you have 

a 	BASIC program in a file 	named 	'REGR', 

then fn = REGR and ft = BASIC. 

LIST 	fn Lists 	all 	files 	with that 	fn. 	For 

example, 	if 	there 	is a file 	'REGR BASIC' 

with 	a 	BASIC program in 	it 	and 	a 	file 

'REGR DATA' 	with 	the data to be analysed 

in 	it, 	then 	both 	files would 	be 	listed 

if 	you 	entered 	'LIST REGR'. 
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LIST 	* 	ft Lists 	all 	files 	with 	that 	ft. 	For 

example, 	if 	you entered 	'LIST * BASIC', 

then all files containing BASIC programs 

would 	be 	listed. 

TYPE 	fn ft Types 	the contents of that 	file on 	the 

terminal screen. 

ERASE 	fn 	ft Erases 	that 	file 	from your disk 	area. 

Use with care! 

ALT + CLEAR Clears 	the screen so the next 	screenful 

can be shown. 

PRINT fn ft Prints out 	the contents of that 	file 	(at 

the NUS Computer Centre). 

LPRINT B08 fn ft Prints 	out 	the contents of the file 	in 

the 	Computer Science Dept. 	lab room we 

will 	use 	(Comp 	Sci 	S15 02-11). 

LPRINT C08 fn ft Prints out the contents of the 	file 	at 

the Computer 	science Dept. 	printer 	that 

is 	operator-covered 	(one 	floor 	below 

'our' 	lab 	room). 

LOGOFF The log off 	procedure 	(and 	switch 	off 

the 	terminal!). 

2.3.2 To back-up files 

2.3.2.1 	IBM PC 

After starting-up with DOS, type as follows: 

A>diskcopy a: b: 

The message will appear: 

Insert source diskette in drive A: 

Insert target diskette in drive B: 

Strike any key when ready. 

2.3.2.2 APPLE - DOS 3.3 

Insert DOS 3.3 into drive A and empty diskette into drive B. 

To copy files, issue the command: 



]RUN COPYA, Dl 

The following will appear: 

APPLE DISKETTE DUPLICATION PROGRAMME 

ORIGINAL SLOT: DEFAULT=6 	Press RETURN 

DRIVE: DEFAULT=l 	Press RETURN 

DUPLICATE SLOT: DEFAULT=6 	Press RETURN 

DRIVE: DEFAULT=2 	Press RETURN 

PRESS 'RETURN' KEY TO BEGIN COPY 

2.3.3 	Formatting a new disk 

2.3.3.1 	IBM PC 

To format new diskettes: 

A>format b: 

Insert new diskette into drive B: 

and strike any key when ready. 

2.3.3.2 APPLE - DOS 3.3 

To initialise new diskettes, insert new diskette into drive B. 

uNIT HELLO, D2 

2.3.4. 	To run a BASIC program 

2.3.4.1 	IBM PC 

Start-up with DOS 2.0. Type in: 

A>basic 	Press ENTER 

The screen will show: 
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The IBM Personal Computer Basic 

Version D2.00 Copyright IBM Corp. 1981, 1982, 1983 

61330 Bytes free 

KA 

lUST 2RUN 3LOAD" 4SAVE" 5CONT 6LPT1 7TRON ..... 

You can now start running the program by typing in: 

LOAD" (name of the file) 

RUN 	(name of the file) 

The file will be retrieved and the program will run. 

To save time typing in the command LOAD and RUN, the function 

keys on the left of the keyboard can be used. With reference to 

the line printed at the bottom of the screen, 

P3 is for the command LOAD 

F2 is for the command RUN 

2.3.4.2 APPLE - DOS 3.3 

Type: 

LOAD (name of the file) 

RUN 	(name of the file) 

2.3.4.3 	APPLE - CP/M 

Type: (note use of quotation marks) 

LOAD " (name of the file) 

RUN " (name of the file) 
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2.3.4.4 	MAINFRAME - IBM 3081 VM/CMS 

File with BASIC program in it must have filetype = BASIC 

To go into BASIC mode: 

basic 

IBM BASIC/VM Version 1 Release 1.1 

* run (name of the file) 

To leave BASIC mode: 

quit 

2.3.5. To run a FORTRAN program on the MAINFRAME - IBM 3081 VM/CMS 

File with FORTRAN program in it must have filetype = FORTRAN. 

Data file to be used by program must have same filename, and 

filetype = DATA. 

To run FORTRAN program that is in the file "fn FORTRAN": 

fortvs fn 

Lots of output follows, but the last three lines on the screen 

should be: 

DMSLI0740I EXECUTION BEGINS ......... 

&EXIT 

R;T= ...... 

Your output is in file "fn OUTPUT". To see it, enter 

type fn output 

2.3.6 	To run APL 

2.3.6.1 	IBM PC 

Start up as before, using the Dos 2.0 diskette. 

Insert the IBM APL diskette into drive B. 

When A> appears, type B: to change drive. 

Type: 

B> APL 



The following will appear 

IBM Personal Computer APL 

Version 1.00 (C) Copyright IBM Corp. 1983 

Produced by IBM Madrid Scientific Center 

CLEAR WS 

Press the Control key 	Ctrl and the backspace key <---- (at the 

top row, right side of the keyboard), to invoke the APL character 

set. You may now proceed. 

2.3.6.2 	MAINFRAME - IBM 3081 VM/CMS 

The terminal must have an APL character set. 

Invoke the APL character set by depressing the ALT key and at the 

same time the <--- key that says "APL ON/OFF" on the front of it. 

The words APL should appear in the middle, under the horizontal 

line at the bottom of the screen. 

To enter APL mode, type: 

APL 

To leave APL mode, 

14 

)OFF 



2. 3. 7 MIN I TAB ON THE MA I N FRAME - IBM 3081 V frI / 

2.3.7.1. Some commands for using MINITAB 

You have logged on and done 'DEF STOR 1500K'. To run MINITAB 

in interactive mode, enter 'MINITAB'. To get out of MINITAB 

enter 'STOP'. 	In this mode each entered command produces 

immediate response on the screen, but you can not get hard 

copy of your session -- not easily anyway. 

in batch mode, enter 'MINITAB fn' where the MINITAB commands 

are in a file named fn and with ft = MINITAB. 	The last 

command in that file must be 'STOP'. When the job has run, 

the output will be in a file with the same fn and ft = 

OUTPUT. 	You can use the 'PRINT' command to produce hard 

copy of those two files. 	(Or you can use 'LPRINT' - see 

section 2.3.1.4.3) 

Please follow the following procedure in doing exercises. Do the 

complete exercise in interactive mode until you know you have it 

correct, exactly the way you want it. Write down the MINITAB 

cmmands that produce this perfect MINITAB run (including 'STOP' 

as the last command!), and enter them into a file (use XEDIT) 

with any fn you want (but it has to be ft=frIINITAB). Then run it 

in batch mode, and then 'PRINT' out the 'fn MINITAB' and 

'fn OUTPUT' files (see section 2.3.7.2 for more details). 

Two useful things to remember about MINITAB commands are: 

MINITAB only pays attention to the first 4 letters of the 

command. 

MINITAB pays no attention to wards included in the command 

statement. 

This means that you can enter 'REGRESS SIZE IN Cl ON 2 PREDICTOR 

VARIABLES 	TEMPERATURE IN C2 AND SALINITY 	IN 	C3, 	STORE 

STANDARDIZED RESIDUALS IN C4, PREDICTED VALUES IN CS'. 	Or you 
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can enter 	'REGR Cl 2 C2 C3, C4, C5'. 	Both will work equally 

well. 	Why use the longer, wordier version? 	At least in the 

beginning it is better because: 

It will help you remember what you are doing and why, so 

the commands will make more sense and you will remember 

them more easily. 

When you go back to look at the hard copy, months or years 

later, it will be much easier to understand. 

There will be MINITAB manuals around for you to refer to. 	Here 

are a very few commands to get you started: 

REGR ---- 	you have just had this command described. 

REGR Cl 1 C2 	would be the short version, for a simple 

linear regression if variable Y was stored in 

column Cl and variable X in column C2. 

Neither residuals nor predicted Y-values 

would be stored. 

READ C1-C3 	would indicate that you will enter a 3- 

variable data set, one row at a time, and 

variables 1-3 will be stored in C1-C3, 

respectively. 

SET C4 	would indicate that you will enter a column 

of data, as a string of numbers, and it will 

be stored in C4. 

PRINT C1-C4 	would display the contents of C1-C4. 
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DESCRIBE C1-C4 	would provide summary statistics for C1-C4 

(number 	of 	elements, 	mean, 	standard 

deviation). 

COPY Cl INTO C5 would copy the contents of Cl into C5, 

leaving Cl unchanged. 

ERASE C1-C2 would erase 	the contents 	of Cl and 	C2 	and 

leave them empty. 

PLOT Ci 	VERSUS C2 would produce a 	scatterplot of 	the 	variable 

in 	Cl versus 	the variable in C2. 

READ FROM 	'En' would read 	data 	from a 	file named 	'fn 	DATA' 

into C1-C3 into columns Cl-C3. 

2.3.7.2 	Sequence of steps for doing assignments in MINITAB 

It is important that you follow this sequence: 

Set up a blank sheet of paper as shown: 

If you are going to read in data from a data file, 	then 

before entering the MINITAB interactive mode you must enter 

'Fl 8 DISK fn DATA(PERM)'. 

Go into the MINITAB interactive mode. 	(Enter the command 

'MINITAB' .) 

Do the calculations step-by--step, using the MINITAB commands. 

In interactive mode you get an immediate response to each 

command. 	Look at each response to decide whether the 

correct command was entered. If it was, then write it down 

on your sheet under "Commands". 	Use the 'PRINT' command 

frequently (and write it down each time as well) to see 

what values are stored in columns, matrices, or constants, 

before they are used in commands or after they are produced 

by commands. 	(If you read in data from a data file, 	then 

you must use the 'DISKREAD' command.) 



After you have done the entire assignment successfully in 

interactive mode, and have written down on your sheet all 

the commands needed to do an error-free MINITAB analysis 

run, then leave MINITAB interactive mode (enter 'STOP'). 

You are now back in CMS. 	Enter 'XEDIT fn MINITAB' 	(use 

whatever fn is appropriate), and you will go into the 

editor to create a file 'fn MINITAB'. 	Enter 'INPUT' 	and 

you will go into the INPUT mode within the editor. Enter 

the MINITAB commands that you wrote down when you did the 

assignment in interactive mode. (Remember to use READ 

rather than DISKREAD.) 

When you have finished entering the MINITAB commands, leave 

INPUT mode by depressing 'ENTER' twice in succession 

without entering anything. 	Now you are out of the INPUT 

mode but still in the editor. 	Enter 'TOP' to see the file 

from its beginning. 	Carefully check what you have entered 

for errors, and correct any errors using the up, 	down, 

left, and right arrows. 	To get data from a data file 

('fn DATA'), 	position the "active line" (brightly lit) on 

the 	"READ - -" 	statement 	line, 	and 	then 	enter 

'GET fn DATA'. 	The data from 'fn DATA' will be inserted 

just below the READ -- statement line. 	Then enter 'FILE' 

to store the file and get out of the editor. 

Now enter 'MINITAB fn'. 	The first response will say that 

your output is going into 'fn OUTPUT'. The second response 

(wait for it!) will be 'R;--'. Then continue. 

Enter 'TYPE fn OUTPUT'. Examine your output on the terminal 

screen, making sure that it is the same results you 

obtained when you did the analysis in interactive mode. 

Notice that each command line or data entry line in the 

'fn MINITAB' 	file produces dashes on a line in the 	'fn 

OUTPUT' file. 	You may want to get rid of these lines. If 

so go into the editor again (by entering 

'XEDIT fn OUTPUT'), delete the lines, and then enter 'FILE' 

to leave the editor. 

Now you probably want a printed copy of both the MINITAB job 

command file ('fn MINITAB') and the output file ('fn 

OUTPUT'). 	Enter 	'LPRINT B08 fn MINITAB' 	immediately 
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following that enter 'LPRINT B08 fn OUTPUT? 

N.B. 	You can not start an assignment involving MINITAB by 

attempting to create a 'fn MINITAB' file to use for a 

"batch mode" run! 

2.3.7.3 	L4INITAB runs (interactive or batch) with file I/O 

Before entering/running MINITAB the input and/or output data 

files, if there are any, must be identified. To identify an 

input data file, enter Fl 8 DISK fn DATA(PERM and to identify an 

output data file, enter Fl 7 DISK fn DATA(PERM. 

The MINITAB command 'DISKREAD' (p.  34 of manual) must be used for 

input, and the command 'FPUNCH' (p.34 of manual) must be used 

for output. 

It may be easier, when running MINITAB in batch mode, to follow 

the example given for running SAS in batch mode. That is, use 

XEDIT to incorporate the data file into the command file, and use 

'READ' as if you were in interactive mode. But if you are 

running MINITAB in interactive mode, and are analysing a large 

data set that is in a file 'fn DATA', then you have little choice 

other than to follow the above instructions. 

2.3.8 	Some commands for using XEDIT (the editor on the IBM 

VM/CMS system) 

XEDIT fn ft 	Puts you into the editor, to edit the 

named file if it already exists, or to 

create it if it doesn't. 

INPUT 	Puts you into INPUT mode. 	Enter each 

line. When you depress the ENTER key, 

you are automatically given a new line 

to enter. To leave INPUT mode, depress 

the ENTER key twice in succession. 
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TOP 	Moves the active line to the top line 

of the file. 

BOTTOM 	Moves the active line to the bottom 

line of the file. 

UP 10 	Moves the active line up 10 lines. 

DOWN 15 	Moves the active line down 15 lines. 

FF8 	Moves 	the 	active line 	down 	one 

screenfull. 

PF7 	Moves 	the 	active 	line 	up 	one 

screenfull. 

up, down, 	Use these buttons to move the cursor 

left and 	around and make changes wherever you 

right arrow 	want. The changes are not stored until 

keys 	you depress 	the ENTER key the next 

time. 

FILE 	To leave the editor and store the file 

with all the changes you have made. Be 

careful! You are overwriting the file 

that existed when you went into the 

editor! 

FILE fn ft 	To leave the editor and store the file 

under the name fn and with the filetype 

ft. If you give a new fn, then you 

create a new file, and you do not 

overwrite the old file. 

QQUIT 	To leave the editor, abandoning all the 

changes you have made. 
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SAVE fn ft 	To stay in the editor but save all the 

changes you have made so far. 

GET fn ft 	Inserts the named file into the file 

you are editing. 	It will be inserted 

just below the active line. 

2.3.9 Some commands for runninz APL on the IBM VM/CMS system 

(most of these commands also work on the IBM PC with APL) 

In APL look at the red letters and symbols. 	Look at 

the black ones only where there is no red symbol. 

2.3.9.1 

)LOAD ws 	Loads the named workspace from disk to 

your active area. 	This workspace will 

contain programs (called functions in 

APL) and variables (which can represent 

vectors or matrices of numbers in APL). 

)FNS 	This causes the functions in the active 

workspace to be listed. 

)VARS 	This causes the variables in the active 

workspace to be listed. 

)WSID 	This obtains the name of the active 

workspace (in case you forget it). 

)SAVE 	This saves the active workspace under 

the same name. 	Be careful! 	You are 

overwriting 	the workspace that you 

loaded from disk! 

) SAVE ws 	This saves the active workspace under 

the name ws. 	If you give a new name 
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for ws, then you create a new workspace 

and do not overwrite the old one. 

) ERASE ni n2 n3 ---where 	'ni n2 n3 ----' are names 	of 

functions 	and/or 	variables. 	This 

erases the named functions and/or 

variables from the active workspace. 

(Before doing a 'SAVE' you should do 

'FNS' and 'VARS' to see what garbage 

you have accumulated, and then do an 

'ERASE' to get rid of it.) 

vn 	where vn is a variable name. 	The 

contents 	of the variable will 	be 

displayed. For example if the variable 

X contains the vector 	'1 2 3 4', and 

you enter 'X', 	then '1 2 3 4' will be 

displayed. 

vn _ ---- 	This sets the variable named vn equal 

to whatever is to the right of the 

arrow. 	For example if you enter 

'Y c - 4 6 7' and then enter 	'Y', 	the 

response will be 	'2 4 6 7'. 	If X 

contains 	'1 2 3 4', and you now enter 

- X,Y' 	then 	Z 	will 	contain 

'1 2 3 4 2 4 6 7'. 

vn3#- -vnl,vn2 	Therefore, 	as just described, 	two 

vectors are put together. 	That is, 

they are "catenated". 

vn3 	vnl+vn2 	This adds the two vectors, element by 

elem ent. 	Obviously they must be the 

same length. For example if you entered 

z< 
	

then Z would 	contain 

'3 6 9 11'. 	Subtraction 	('—') 	works 

the 	same 	way, 	and 	so 	does 
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multiplication ('x') and division ('- 
N.B. : The minus sign for 

subtraction is at the upper right of 

the keyboard, whereas the "negative t ' 
sign to put in front of a negative 

number is at the upper left of the 

keyboard. They are different symbols 

in APL. 

vn3 4 	This will display the 3rd and the 4th 

elements of a vector whose name is vn. 

Obviously vn must be a vector, and it 

must have at least 4 elements. 	For 

example if you enter ty 1.3 4 	'; 	the 

response will be 	7? if Y contains 

'2 4 6 7'. 

vn 4 2. ----- 	This creates a 4-by-2 data matrix from 

the vector of numbers represented by 

' ---- '. There must be 4x2 = 8 elements 

in the vector. 	For example if you 

enter 	'DE4 2- 1 2 2 4 3 6 4 7', then 

D will contain the matrix '1 2'. 

24 

36 

47 

vn3 	.vnl,vn2 	where vnl and vn2 contain matrices 

rather then vectors. This catenates 

the matrices. For example if you enter 

'D X,Y' where X has been defined by 

'X 4 1/0  1 2 3 4', and Y by 

'Y4 1 	2 4 6 7', then D will contain 

the matrix '1 2'. 

24 

36 

47 
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Dr3;2r 	This would result in the display of the 

'6' which is the element in the 3rd row 

and the 2nd column of D as defined 

above. 

D ;2 	This would result in the display of the 

2nd column of matrix D. If you entered 

'D;l 2T1 or 'D1 2 3 4;', then you 

would get a display of all of matrix D. 

(That would be silly of course you 

could just enter 'D' and get the same 

thing. But if you enter 'D3 4; ', 

then you will get a display of 1 3 6'.) 

47 

YXP 	where 'Y'( 4 1 	2 4 6 7', 	and 'XP-1,X' 

where 'X' 4 1. 1 2 3 4'. The result is 

a display of 0.5 and 1.7, the intercept 

and slope of the regression of Y on X. 

)LIB 	This displays the names of all your APL 

workspaces stored in your disk area. 

)OFF HOLD 	This causes you to leave APL mode, but 

stay logged on the system. (Be sure to 

SAVE your active workspace first if you 

have created something you want to 

keep!) 



2.3.9.2 Examples of APL 

25 

ADDITION 

8 7 + 7 3 

15 	10 

SUBTRACT 

4 6 - 2 3 

23 

RECIPROCAL 

L52 

0.2 	0.5  

MULTIPLY 

2 6 x 1 4 

2 24 

DIVIDE 

26 -14 

2 1.5 

SHAPE 

2 2 	1 2 3 4 

12 

34 

ABSOLUTE VALUE 
	

TRANSPOSE 

3 6 -. 5 
	

If A is 	1 2 then 	A 

34 
365 

13 

24 

NATURAL LOGARITHM 
	

CA TEN ATE 

1 10 
	

13,45 

0 2.303 	 1 3 4 5 
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EXPONENT 	 MATRIX INVERSE 
* 0 2.303 	if B is 2 1 then 	I.lB 

13 

1•] 
	

0.6 	O.2 

"O.2 	0.4 

FACTORIAL 

!1 2 3 4 

2 6 24 

INDEXING 

1 A 2. 1  
s-i 

34 

B 12 2! j 

3 
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3. INTRODUCTION TO LINEAR REGRESSION 

3.1. 	General remarks 

Linear 	regression 	analysis 	is 	treated 	extensively 	in 

standard textbooks on introductory statistics and biometrics, 

some of which are cited in the bibliography. This section is not 

intended to substitute for a knowledge of regression analysis 

that should have been obtained from an introductory statistics 

course using such a textbook. 	Indeed, such a background was 

explicitly stated as a prerequisite for this course. 	This 

section is intended to be a review, and also to introduce 

participants to some new concepts and techniques. New concepts 

include matrix notation, matrix algebra, and derivation of the 

least squares regression formulae from first principles. New 

techniques include the use for regression analysis, of the 

software (BASIC, FORTRAN and APL languages; MINITAB and SAS 

statistical packages) and hardware (APPLE DOS 3.3, APPLE CP/M, 

IBM PC, and IBM 3081 mainframe) which will be used throughout the 

course. 

3.2 A linear regression analysis on a small data set 

X : 	-2 	0 	+2 	and n=3 

Y : 	+3 	+1 	-4 

First we need the X and Y deviations, but in these data 

X = 0 and Y = 0 so the data are X and Y deviations. 

2 	2 	2  
Therefore 	= Ey 	= 3 	+ 1 2 

	2 
+ (-4) 	= 26 

2 	2 	2 	2 	2 

	

El = Ex 	= (- 2) -- 0 + 2 	= 8 

XY = zxy =(-2)(3)+(0)(1)+(2)(-4) 	= -14 

slope b = xy/Zx = -14/8 = -1.75 
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Therefore 	= a + bX 

0 = a + (-1.75)(0) 	and a = 0 

The equation is 	y = —1.75X 

(3) ANOVA of regression table: 

Source 	df 
	

SS 
	

MS 
	

F 

Regression 	1 
	

(2xy) /x 2 
	

24.5 
	

24.5/i .5 

=(-14) 	/8 	= 16.3 

Error 	n-2 
	

26-24.5=1.5 
	

1.5 

= 3-2 

=1 

2 
Total 	n-i 	= 26 

=3-1 

=2 

	

2 	 2 	2 	2 

	

r 	= regr.SS = (Zxy) /x = (Zxy) 	= 24.5 = 0.942 

tot. SS 	Sy 2 
	

2 zy 	 26Ex 

	

r 	= 	= J r 	
O.942 	= 0.971 

3.3 Examples of Matrix algebra. 

Addition: 1 	5 3 	2 4 	7 

+ = 

5 	4 2 	4 7 	8 

Subtraction 	: 1 	5  1 2 —2 	3 

5 	4j 2 	4 3 	0 
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Transpose : 	6 	
21 

1 

Multiply : 	2 	3 	1 	1 	8 

	

Li 5 	2 	4 1 

36 

1 

(rows-* columns) 

3 

17 25 	(rows by 

= 	columns) 

27 25 

-1 
Inverse : 	2 	1 	0.6 	-0.2 

1 	3] 	-0.2 	0.4 

2 	1 	.6 	-.2 	1 	0 

Check: 	 = 

1 	3 	-.2 	.4 	0 	1 

-1 
"Divide": 	2 	1 	5 	2 	2.6 	0 

1 	3 	2 	6 	-0.2 	2.0 

(Note that the result is not a symmetric matrix, 

though the originals were) 

Determinant: 	2 	1 

1 	3 

= 	(2) (3) - (1)(1) = 5 



10 2 6 

;\ 

0 1 .5 0 

0 

X 2  0 

which is (1) 

: 

6 

[:j [.: I 

 or X 1  0 

xz  0 

(2) 

IS1 

Roots and 	2 	6 
	

Find roots and vectors of 

vectors: 	= M 	matrix M. 

	

.5 	0 

Solve the equation :i - Mx = 0, 

- 	 -2 -6 X 0 

-.5 0 

Divide both 

sides by X 1  

x 2  

-6 	0 	(?-2)) -(-6)(-.5) = 0 

- 	
- 	>2-2? -3 	= 0 

-.5 	0 

(?-3)(A-i-1) 	= 0 

So the roots are : 	A 1 = 3 and A= -1 

3 	0 	 2 	6 

Note that 	 and M = 	are 

0 	-1 	 .5 	0 	equivalent 

or 

(3) 

For one thing, note that the sum of the diagonal is the same. 
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vector associated with each root can be found by substituting the 

root into the equation 	[.I_M] [x] = [oJ 
(see equation (3) above). The vector for 	is x 	= r 6 
or any vector proportional to it. 	[ x [J 	L 1 

To do matrix algebra using MINITAB (where Ml and M2 are matrices): 

Addition 

Subtraction 

Transpose 

Multiply 

Inverse 

"Divide" 

Determinant 

Roots & vectors: 

'ADD Ml TO M2, PUT IN M3' 

'SUBTRACT M2 FROM Ml, PUT IN M3' 

'TRANSPOSE Ml, PUT IN MV 

'MULTIPLY Ml BY M2, PUT IN MV 

'INVERT Ml, PUT IN M2' 

'INVERT Ml, PUT IN M2' and 

'MULT Ml BY M2, PUT IN MV 

'EIGEN Ml, Cl, M2' & 'LET C2 = LOG E(C1)' 

and 'LET Ki = EXPO(SUM(C2))' 

'EIGEN Ml, PUT ROOTS IN Cl, 

VECTORS IN M2' 

(N.B.): This will only work for a symmetric matrix. 

There is another way of doing it for a 

nonsymmetric matrix. 

To do matrix algebra using APL (where vnl and vn2 are matrices): 

Addition 	: 	'vn3-vn1 + vn2' 

	

Substraction : 	'vn3-vnl - vn2' 

Transpose 	: 	'vn2-vn1' 

Multiply 	: 	'vn3*-vnl +.x vn2' 

Inverse 	: 	'vn2#-R vnl' 

"Divide" 	: 

	

Determinant : 	Use function 'PDET vn' 

	

Roots & vectors: 	Use function 'GEIG vn'. Works for a 

symmetric or nonsymmetric 

matrix so long as the roots are 

fairly distinct (that is, none of the 

roots are approximately equal to each 

other). 
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3.4 Derivation of least squares regression formula 

In matrix notation, 	Y = XB + e, where the e are independent 
1 

estimates of , which (for t & F-tests) 

are normally distributed with 0 mean. 

whichis 	Y 	1 	X 	b 	e 
i=l 	1=1 	0 	 i1 

= 	1 X 2 	b 	+ 	e 

Y 	1 	X 	e 
i=n 	i=n 	1=n 

where b = intercept and 

b 	= slope. 

Finally, 	Y 	b +bX 	e 
1=1 	0 	1 i=1 	1=1 

Y 	= b + b X 	+ 	e 
1=2 	o 	1 1=2 	i=2 

Y 	b + b X 	e 
i=n 	0 	1 i=n 	i=n 

b + b X 	+e 
o 	11=1 	i=1 

= 	b +bX 	+e 
o 	li=2 	1=2 

b + b X 	+e 

L ° 	11=n 	i=n 

We want to find B such that e'e is a minimum, where 

e'e =[e 	e 	___- e 1 e 	=e 2 
[ i=1 1=2 	i=nj 	1=1 	£ I 

e 
1=2 

e' 
i=n 
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This is the "least squares solution". 

If 	e 	= Y - XB, then 

e'e = (Y-XB)'(Y-XB) 

= Y'Y - (XB)'Y - Y'XB + (XB)'XB 

= Y'Y -. 2X'YB + X'XB'B, 

beca ise X'Y = Y'X 

To minimize something, we differentiate it with respect to 

the parameter(s) we are trying to estimate and set it equal 

to zero, 

so 	e'e = 0 = -2X'Y + 2X'XB, 

and 	X'XB = X'Y 
A -1. 

and 	B = (X'X) 	X'Y 

In subscripted, rather than matrix, notation 

X'XB = X'Y 

1 	1 ------ 1 	1 	X - 
i= 1 

x 	x 	--- -X 	1 	X 
i1 	i=2 	i=n 	i=2 

is 

b 	1 	1 	-----1 	Y 
0 	 i1 

b 	X 	X 	.---X 	Y 
1 	i=1 	i=2 	i=n 	• i=2 

lx 
i=n 

a EX 	b 
Ii 	0 	lj 

Xx 	h 	XXY ii lj 	1 	iii 

ha +hZX 	=Zy 
0 	lii 	ii 

b 	X , = 
1i 	lii 	i i i 

Y 
i=n 
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-b ZX - b >X (ZX In) = - 	Y (X In) 
oil 	lii ii 	1111 

b EX +b ZX 	= 	XY 
oh i 	lii 	i i i 

b ( Zx - ( E.x)2 ) = 	XY 	- 	.X 	,Y 

n 	 n 

= Zxy 
Ex 

Then b 	= ( Y - b 	X)/n 
0 	Ii 	111 

= 	Y 	-b EX 

n 	and 

A 	- 	- 
b =Y - bX. 

0 	 1 

3.5 Practical session 1 

3.5.1 	Assignment/Tutorial 

Pur pose 

 To 	provide practice in 	using the APPLEs, 	the 	IBM 	PC, 	and 

the 	IBM mainframe. 

 To 	provide practice in 	running 	BASIC, 	FORTRAN 	and 	APL 

programs, and 	in using 	the MINITAB statistical 	package. 

 To 	provide some 	review in 	simple 	regression 	analysis. 

Approach: 

Given a small set of observations on variables X and Y: 

1 2 3 4 

2 4 6 7 

use the above-mentioned hardware/software to 
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plot Y versus X 

calculate the least squares regression of Y on X. 

Procedure: 

On the APPLE, use DOS 3.3 to run the programs REGRESSION and 

PLOT. 	These programs require that the X,Y data are in a 

sequential text file, which can be created using the program 

CREATE TEXT. 	All 3 of these BASIC programs are from Orloci and 

Kenkel (1984). 

On the APPLE, use CP/M to run the program LINREG. 	You can 

choose the option of entering data from the screen, or the option 

of reading data from a file. 	If you choose the 2nd option, then 

you first have to run program CREATE, which will create a data 

file called 'DATA'. 

On the computer terminal to the IBM mainframe (including 

IBM PCs used as terminals), run the program LINREG. When you are 

in BASIC mode, enter 'LOAD LINREG'. 	Then enter 'RUN', 	and 

select the option to enter data from the keyboard. 	Enter the 

data as '1,2', '2,4', '3,6', and '4,7'. The t-value for 2 error 

df is 4.3. When the program offers more statistics, respond with 

a 'Y'. (N.B.: All letter responses must be capital letters.) 

After you have run the program, you can enter 'LIST' and if you 

have some knowledge of BASIC you can examine the program to see 

how it is designed. 

On the computer terminal to 	the IBM mainframe, run the 

FORTRAN programs PLOT and REGR. 	But first, after you 	have 

logged on and 	done your 'DEF STOR 1500K', enter 'TYPE REGR 

DATA'. 	Enter 'COPY REGR DATA A PLOT DATA A' to 	produce 	an 

identical data set for the PLOT program. 	Note the last line 

which indicates "end of file". 	Now enter 'TYPE PLOT FORTRAN'. 

It is rather long and tedious - a utility program after all - 

but you should look at the first screenfull to see how the data 

are read in from the file 'PLOT DATA'. Then enter 'TYPE REGR 

FORTRAN', and do the same. Now run the program 'PLOT FORTRAN' by 
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entering 'FORTVS PLOT'. 	(The name 'FORTVS' calls an 'EXEC' file 

which has been set up to do the compiling, loading, running, and 

to identify the correct input and output files. If you are 

interested, you can look at this 'EXEC' file by entering 'TYPE 

FORTVS EXEC'.) The information that appears on your screen is 

diagnostics of the progress of what 'FORTVS EXEC' is doing. When 

you see ';R--------', 	then the program has run. Your output is in 

file 'PLOT OUTPUT'. 	To see it, enter 'TYPE PLOT OUTPUT'. Some 

parameters of the program run are shown, and then the plot, which 

may be split between screenfuls. To cure this, go into the 

editor (type 'XEDIT PLOT OUTPUT') and then delete all the lines 

except the plot itself. This can be done by putting 'DD' on the 

dashed "prefix" lines: put 'DD' on the first line of the file and 

put 'DD' on the last line before the plot itself. Then depress 

ENTER 	and all the lines before the plot will disappear. 	Enter 

'FILE', and then clear the screen and enter 'TYPE PLOT OUTPUT' 

again. 

Now run 'REGR FORTRAN' in the same manner. 	When it has run, 

enter 'TYPE REGR OUTPUT'. 

If you want hard copy of your data files and/or your output 

files, they can be printed out using 'PRINT' or 'LPRINT'. 

In running FORTRAN programs you automatically create files. 	The 

compiler creates a machine language file 'fn TEXT', and the run 

creates a file 'fn LISTING' with run-time diagnostics in it 

(which you should look at if the program didn't work). 	And of 

course there is 'fn OUTPUT' created as well. 	Before logging off 

you should always erase such files if you have no use for them. 

If you don't, then in a few days you will have your disk area 

filled with "junk files". 

On the IBM PC, run the BASIC program LINREG. 	(This is the 

same BASIC program you ran on the IBM mainframe.) 

The program is on the "MS DOS program" disk. 

Again, choose the option to enter data from the keyboard. 

The FORTRAN programs PLOT and REGR can also be run on the IBM PC. 

On the computer terminal to the IBM mainframe, run the APL 
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"programs" (called functions in APL) SCATTERPLOT and GLM. 

Once in APL mode, proceed as follows. 

)LOAD UNESCO 	This loads the workspace. 

)FNS 	This causes the functions in this 

workspace to be listed. 

)VARS 	This causes the variables in this 

workspace to be listed. 	(There 

aren't any initially.) 

X 1 2 3 4 	This creates a variable X which 

contains the vector of numbers '1 2 3 4 1 . 

X 	 This displays the contents of X on 

the screen. 

Y 2 4 6 7 	These two commands do the same 

Y 	 for variable Y. 

(now clear the screen) 

X SCATTERPLOT Y 	This "runs" the SCATTERPLOT function. 

34 20 	is your response (as suggested). 

N 	 is your response - you do not want 

to force plot axes to have the same 

scale. Follow instructions. 

X' 4 1.X 	These two commands change variable 

X 	 X from a vector to a 4-by-i matrix, 

and then display it on the screen. 

Y 4 1. Y 	Same for 

Y 	 variable Y. 

D X, 2'Y 	These two commands catenate X and 
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D 	 Y into a new variable D, and 

display it on the screen. 

(now clear the screen) 

1 	2 GLM D This 	"runs" 	the GLM function. 	The 

'1 	2' 	says 	that 	the 	independent 	(X) 

variable is in column 	1 	and 	the 

dependent 	(Y) 	variable 	is 	in column 	2. 

The variable D contains 	the data. 	You 

can have more 	than 	1 X-variable 

(multiple 	regression). 	The 	first 

column 	at 	the bottom left 	is 	the 

predicted 	Y values. 	The 	second 	is 

the Y 	residuals. 

)OFF HOLD Leaves APL mode but keeps you 

logged 	on 	to 	the 	system. 

You 	can 	also 	do this exercise on the IBM 	PC 	which 	has 	APL 

implemented 	on 	it. 

(7) On the IBM mainframe, do the same plot and regression 

analysis in MINITAB, as follows. 

READ INTO C1-C2 

12 

24 

36 

47 

PRINT C1-C2 

Reads the data into Cl and C2 and 

then prints the contents of Cl and C2. 

WIDTH 55, HEIGHT 16 
	

Changes plot dimensions to fit the 

(clear the screen) 
	

screen, then after clearing the 

PLOT C2 VS Cl 
	

screen, plots Y versus X. 

PLOT C2 FROM 0 TO 10 	The same plot, but with you (rather 
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VS Cl FROM 0 TO 5 	than MINITAB) controlling the scales 

on the axes. 

REGRESS C2 ON 1 PRED. 	Does the regression of 

IN Cl 	Y on X. 

BRIEF 1 Limits the regression output, 	repeats 

REGR C2 	1 	Cl, 	C3, 	C4 the regression storing Y residuals 	in C3 

PRINT C3-C4 and 	Y predicted 	in C4, 

PLOT C4 VS Cl prints the contents of C3 and C4 

PLOT C3 VS C4 plots the 	fitted 	line, 	and 

plots Y 	residuals 	versus 	Y 	predicteds. 

STOP 	Leaves MINITAB but stays on the system. 

3.6 PRACTICAL SESSION 2 

3.6.1 Assinrnent/Tutorial 

3.6.1.1 MINITAB 

READ 	in 	the 	data 	set 	from file 	'REGRl 	DATA' into Cl 	and 	C2. 

There 	are 	100 	observations by 	2 	variables (Y 	and 	X 

respectively). 

Do a Model 	I regression analysis 	by matrix algebra: 

 PLOT 	Y 	versus X to check 	that a 	linear regression 

model 	looks 	sensible. 

 SET 	100 values of 1 	into 	C3, 	and 	then COPY C3 and C2 

into 	Ml. 	The X matrix 	is 	now in Ml. 

 TRANSPOSE Ml and put 	it 	into M2. 	The X' 	matrix 	is 	now 

in 	M2. 

 MULTIPLY M2 by Ml and 	put 	the 	product X'X 	into 	M3. 

 COPY Cl 	into M4. The Y matrix is now in 	M4. 

 MULTIPLY M2 by M4 and 	put 	the 	product X'Y 	into 	MS. 

 INVERT M3 and 	put X'X 	inverse 	into M6. 
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MULTIPLY M6 by M5 and put the product, 

(X'X 	inverse)*(X'Y), 	into M7. 	The matrix of 

regression coefficients, B, is now in M7. 

MULTIPLY Ml by M7 and put the product XB into M8. The 

predicted Y values (Y-hat) are now in M8. 

COPY M8 into C4, and then LET K1=SUM((C1_C4)*(C1_C4)). 

The Error SS is now in Ki. 

LET K2SUM((C1.AVER(C1))*(Cl-AVER(C1))). 	The total SS 

is now in K2. 

LET K3=K2-K1 puts the Regression SS into K3. LET 

K4=K3/K2 puts r-squared into K4. LET K5=K1/98 puts 

the Error MS into K5. LET K6=K3/K5 puts F into K6. 

You have your ANOVA table. 

C. 	Now do the same analysis using the REGR command: 

Do BRIEF 1. Then do REGR Cl 1 C2, and then BRIEF 6 

followed by REGR Cl 1 C2. Compare these outputs 

with each other and with the results from the matrix 

algebra solution. 

Do BRIEF 1 and then REGR Cl 1 C2,C5,C6. This time you 

have 	put 	the 	standardized 	residuals, 

(Y - Y-hat)/SQRT(Error MS), and the predicted Y 

values, Y-hat, into C5 and C6 respectively. Compare 

them with your BRIEF 6 output. 	(To convert the 

standardized residuals back to the "raw" residuals 

you 	would 	just 	multiply 	C5 	by 	SQRT(Error 

MS)=SQRT(K5).) 

Do HISTOGRAM of C5 to see if the residual errors 

e = Y - Y-hat appear to be normally 	distributed. 

Another way to to it is by an arithmetic probability 

plot, by doing NSCORES C5,C7 and then PLOT C5 C7. 

If the residual errors are approximately normal, you 

should see a fairly straight line. 

Now see whether the residual errors are independent of 

the other effects in the model, as they should he. 

PLOT C5 versus C6. 	You should see a normally 

distributed scatter centred on e=C5=0. There should 
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be no pattern, or relationships, apparent in the 

plot. 

5. 	Do RLINE C1,C2 which produces estimates of slope and 

intercept by an iterative procedure quite different 

from the least-squares estimate and more robust to 

outliers. Compare these estimates with the least-

squares estimates. 

3.6.1.2 	SAS 

We will run SAS in batch mode (although it can be run in 

interactive mode). First, we must create a file containing the 

SAS job commands. Start by entering 'XEDIT RIJNSAS SAS', and then 

go into INPUT mode within the editor. Enter the following lines: 

DATA REGSAS; 

INPUT Y X; 

CARDS; 

PROC PRINT; 

PROC PLOT; PLOT Y*X; 

PROC GLM; MODEL Y=X; 

Names the SAS data set to be created. 

Names the variables and their input order. 

Says the data follow, on "card images". 

Causes the data just read in to be printed. 

Produces a plot of Y versus X. 

Produces a regression analysis of Y on X. 

Note that all SAS statements end with a 	';'. 	 You can have 

several statements to a line, or a statement can continue over 

several lines, as long as you remember to end each statement with 

a semi-colon. 

Now, what about the data? 	A SAS job can read data from a data 

file, 	but it is easier to just "pull" the data into the SAS job 

file we have just created. 	Get out of INPUT mode. 	Move the 

"active line" (the brightly lit up line) up or down until the 

'CARDS;' 	line is the active line. 	(Use the commands 	'UP' 	or 

'DOWN' 	to move the active line - for example if the bottom line 

is the active line then 'UP 3' 	should do it.) 	Now enter 

'GET REGR1 DATA', 	and all the data should be inserted into the 
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file after the 'CARDS;' line. 	Now enter 'FILE' to leave the 

editor, and then run your SAS job by entering 'SAS RUNSAS'. When 

you get the response 	';R----', 	the job has run. 	Enter 

'TYPE RUNSAS SASLOG' to see a record of the run. 	To see the 

output, enter 'TYPE RUNSAS LISTING'. 	Notice that the output is 

intended for printing on 132-character-wide paper, not for 

display on an 80-character-wide screen. To print out hard copy on 

the local printer, enter 'LPRINT B08 fn ft'. I would suggest 

that you print out both 'RUNSAS SAS' (the job command file) and 

'RUNSAS LISTING' (the output file). 
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4.2 Some common bivariate relationships: assignment/tutorial 

Refer to section 4.1. We will take each of the six models in turn. 

4.2.1 	y = a + bx: 

This is the model assumed by classical 	regression 

analysis, but it rarely describes relationships between variables 

in biology. 

bx 
4.2.2 	y = ye 

Exponential growth or exponential decline of y for each 

unit increase in x. 

Worked example: A human population grows as follows: 

N 	: 	1000 	1035 	1066 	1109 	1147 

t (yr) 	: 	0 	1 	2 	3 	4 

The simplest sensible null hypothesis is that the population is 

growing at a constant % rate, which is described by the model 

N = N 0e bt or in linear form log N = a + bt where a = log N 0 . 	If 

we calculate the regression of log N on t, we find that b = 0.0343 

with .95 ci of 0.0318 to 0.0369, and 	= 6.91. The r 2 value, which 
measures the fraction of the variation in log N that is related 

to time t, is 0.998. Thus our model is log N = 6.91 + 0.0343t, or 

N = 1002e034t . Over one year the population increases by a factor 

°343  e 	which is 100(1.0349 - 1) = 3. 49%Iyr. The lower .95 ci. on 

is 0.0318, which as a % yr value is 3.23. The upper .95 ci on b 

is 0.0369, which as a % yr value is 3.76. Thus the .95 ci on the 

% rate of increase of the population are 3.23 to 3.76%/yr. 

Assigned problem: First run the above worked example in MINITAB, 

verify that you get the same results, and then PLOT N versus t as 

well as log N versus t. 	Verify that log N versus t is an 

apparently linear scatter. 	(Use LOGE to transform to logs, and 
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use EXPO to back-transform. 	See p.  47 of MINITAB manual.) Now 

do the following problem using MINITAB: 

In 1938, Hatton scraped a rock clean of barnacles just 

before the annual larval set at St. Malo, France, and then at 6-

month intervals he counted the number of barnacles left on the 

rock. The data follow (with t = 0 at time of set): 

N(no./cm 2 ) : 	15.0 	8.4 	4.8 	1.8 

t (month) 	: 	0 	6 	12 	18 

You should be able to 

- generate a plot of N versus t and of log N versus t 

- determine the regression model, both as 

log N = a + bt and as N = Noe bt 

- put .95 cl on both b and on the %/mo, mortality 

- convert the estimate of %Imo. mortality to %Iyr. 

mortality (not by just multiplying by 12!) 

4.2.3 y = Axb: 	A power law relationship between y and x. 

Worked example: 	A not-so-quick biologist, not knowing the 

relationship between the diameter of a circle and the area of a 

circle, decide to determine it empirically. So he used a compass 

to draw many circles of various sizes, and then he measured their 

diameters roughly with a ruler, and he measured their areas by 

laying them over graph paper to count little squares. (I told you 

he wasn't too bright.) The data follow: 

Ar(cm 1 ): 	.5 3.4 103 28 253 .07 60 10 158 66 	85 	144 

D (cm) : 	.8 	2.1 	11 	5.5 18 	.3 	8.7 3.6 14 	9.2 	10.4 	13.6 

Our biologist can at least figure out that the area of something 

ought to be proportional to the square of a linear measurement on 

the same thing, so Area = ADb where b ought to be equal to 2. 

Then, log Area = a + b log D, where a = log A. If we calculate 

the regression of log Area on log D, we estimate b = 2.008, with 

to -0.1783. So our model is log Area = -0.2377 + 2.008 log D, or 
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Area = .788 D20 ' . 	 An exponent of b=2 is certainly within our 

0.95c1's, and the .95 ci's on A of 0.743 to 0.837 include 

117(2)2 = 0.785. The ris 0.99957. 

Assigned problem: First run the above worked example in MINITAB, 

verify the results, and PLOT Area versus D as well as log Area 

versus log D. Now do the following problem using MINITAB: 

Specimens of the unionid clam Anodonta grandis were 

collected from the Winnipeg River, in Canada, and length and 

volume were measured for each. The data follow: 

v (ml): 	11 12 18 24 27 30 36 40 43 47 54 61 76 73 

L (mm): 	48 53 60 62 67 70 73 74 77 79 83 86 93 94 

You should be able to: 

- plot V versus L and log V versus log L 

- hypothesize what b should be, in a model of the form 

V = ALb, assuming that shape does not change with growth 

in size. 

- put .95 ci on b, on a = log A, and on A. 

- say whether your hypothesized value of b appearsto be correct. 

- say in words what is the meaning of A in this model. 

- do the following : Do the regression as 'REGR Ci ON 1 PRED. 

IN Cj, ST. RESIDS. IN Ck, PRED. Y IN Cm'. 	(See p.  66 of 

MINITAB manual.) Now do "PLOT Ck VERSUS Cm" to produce a 

plot of residuals (' - y 	) versus predicted values (i). 
If the model is adequate, these should be patterniess. Now 

do 'MPLOT Ci VERSUS Cj AND Cm VERSUS Cj" to produce a plot 

of the data (as log V versus log L) with the predicted 

values from the model log V = a + b log L also shown on 

the plot. 

4.2.4 y = K(1 - e 	): Growth to an asymptote with no inflection. 

Worked example: 	A compound A is being converted to compound B 

at a constant % rate, and we know that there will be lOOg when it 

is all converted. 	The data collected throughout the conversion 
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8(g): 	0 	51 	75 	87 	94 	97 

	

t(hr.): 	0 	1 	2 	3 	4 	5 

(K - B) 

In linear form the model is log 	K 	- a - bt, with K = 100, 

or log (1 - 0.01B) - a - bt, where a - 0 if B - 0 at t = 0. 

If we calculate the regression of log(1 - 0.01B) on t, we estimate 

	

-0.6996 and 	0.00576, with .95 cl of -0.72 to -0.68 and 

- 0.057 to 0.068 respectively. The .95 cl on a include Aa 0. 
Notice that K is within a log term in the linear model which 

prevents us from solving for I directly If It is unknown. You 

could find K by trial and error - just search for the value of K 

that gives a minimum residual errors from the regression of log 

(K-B)/K on t. 	Alternatively you can solve for K directly by 

using the Walford Plot technique, to be described later. 

Assigned problem: 	Run the above worked example in MINITAB, 

verify the results, and plot B versus t as well as log(1 - 0.01B) 

versus t. A problem based on a situation where we do not know K 

will be worked later, in relation to the Walford Plot technique. 

4.2.5 y 	K/(1 + e_X_C0) ): 	Growth to an asymptote with an 

inflection halfway up. 

Worked 	example: 	A dose-mortality experiment yields 	the 

following results, where N is Z dead at time t 

M (Z): 	0 	0 	6 	18 	55 	78 	95 	97 	100 

t (hr): 	0 	1 	2 	3 	4 	5 	6 	7 	8 

(K - M) 

In linear form the model is log 	M 	a - bt, with K = 100. 

Values of H 0 or N 100 can not be used. The parameter b 

represents the rate of ascent, the parameter a " positions "  the 

curve on the t-axis (allowing calculation of the t m: 50 or LT50 
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estimate). 	If we caculate the regression of log (100 - M)/M on 

t, we estimate b = -1.302 and 	= 5.158. Again K is within a log 

term which prevents us from solving for K directly if it is 

unknown, and again it would have to be found by trial and error 

or by the Walford Plot technique. 	Here confidence imits on 	or 

do us little good. From .95 ci on a we could only calculate 

0.95 ci on M at t = 0. The best thing to do is to replicate the 

experiments, estimate LT 50  for each one, and use those as 
replicate LT 0  estimates for statistical tests. For this set of 
data the LT 50  estimate is found by solving log(100 - 50)/50 = 

+ bt, and it is 	= 4.04 hr. This is 	= t.in the 

integrated model. 

Assigned problem: 	Run the above worked example in MINITAB, 

verify the results, and plot M versus t as well as log(100 - M/M) 

versus t. 	Also tray the following plot, assuming that t values 

are in Ch 	M values are in Ci, and the values 0 to 8 in 

increments of 0.5 are in Ci. 	Enter the command 

"LET Ck = 100/(li-EXPO(b * (Cj - LT))" and then "MPLOT Ci VERSUS 

Ch AND Ck VERSUS Cj". You will now have observed M and t values, 

and the fitted curve, on the same plot. A problem based on a 

situation where we do not know K will be worked later, using the 

Walford plot technique. 

4.2.6 y = a - 1/bx: A hyperbolic relationship in which y is 

asymptotic to x = 0 and X is asymptotic 

to y = a. 

Worked example: 	In a dose-mortality experiment the % dead at 

different doses is observed at each of a series of times, but 

even under zero dose (control) conditions the animals can not be 

held longer than 48 hours without mortality. We would like to 

estimate the dose which would cause 50% mortality (the LD 50 
 ) 

over a very long time, as would be the case with chronic exposure 

in the natural environment. The data from the 48-hour experiment 

follow: 



72 

LD 	(ppm): 	16 	13 	13 	12 	11 

t (hr) 	: 	3 	6 	12 	24 	48 

Let our model be LD 	= a + b'/t, where b' = -1/b. 	Since LD 50  
becomes equal to a as t becomes very large, therefore the 

parameter a provides our estimate of LD 50 for a very long 

exposure time. As t approaches zero the LD 50  becomes very 
large, which implies that the organisms can withstand a very high 

dose for a very short time. 

If we calculate the regression of LD 0  on l/t we estimate 
= 14.2 and 	= 11.17. 	The .95 ci on 	are 9.93 to 12.40, 

which are also the .95 cl on LD 50  for a very long exposure time. 

Assigned problem: 	Run the above worked example in MINITAB, 

verify the results, and plot LD 50  versus t as well as LD0 
versus l/t. 

4.2.7 Estimation of an LD 50  

There are two standard models. 	One is the logistic, 

which you used to estimate an LT 50  . 	The only difference here 

would be that you would calculate the regression of log((100-M)/M) 

on D, the dose, at each time t. (Previously we regressed 

log((100 - M)/M) on t, for each does 0, to obtain an LT 50  ). The 
other model is the probit or cumulative normal model. It is 

probably the more commonly used, but it has the disadvantage that 

an equation cannot be given for this modelt What is needed is 

the integral of the normal distribution, which has no exact 

integral. Therefore computer programs for probit analysis do a 

numerical integration of a normal distribution. SAS has a probit 

analysis procedure of this kind. 

Assigned problem: 	Analyse the following data using the SAS 

probit procedure (PROC PROBIT): 
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Dose 	(ppm): 2 3 4 5 6 7 

# animals dead: 6 18 55 78 95 97 

II 	animals 	eXl)OSed 100 100 100 100 100 100 

The SAS job file should be as follows: 

TITLE 

DATA 

INPUT DOSE N RES; 

CARDS; 

2 100 6 

3 100 18 

4 100 55 

5 100 78 

6 100 95 

7 100 97 

PROC PROBIT; 

VAR DOSE N RES; 

Those who have good memories will realize that these data are the 

same as for the assigned problem with the logistic, except that 

the variable "time" in hours, is now called "dose", in ppm. So 

you can compare your LD 50  estimate in this probit analysis with 

the LT 50  obtained in the logistic model analysis. 

-bx 
4.2.8 Walford plots: The growth model y = K (1 - e ) wa$ 

exemplified in section 4.2.4 by the following data set: 

y (mm): 	0 	51 	75 87 	94 	97 

x (yr): 	0 	1 	2 	3 	4 	5 

If we are told that K = 100, then we find b = 0.6996 by fitting 

the linear model log ((K- y)/K) = a - bt, where we expect a to be 

zero if y = 0 at x = 0. Let us say that we do not know K a 

priori, and that we rewrite the data in the form: 
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y 	: 	0 	51 	75 	87 	94 
x 

y 	: 
x+ 1 	

51 	75 	87 	94 	97 

A plot of y 

x+1 	

x+1 versus y will form a moreorless straight line 
x 

y 	= a t  + b'y . 	The parameter a' is the estimated growth 
x 

during the first time unit (a year in this case), and the 

parameter b' is the fraction of the total growth (to the 

asymptote) which reamins after the first year. For these data we 

find .'=50.6 and '=0.491. The parameters of the y = K(1-e 
X) 

model are relatd to a' and b', as b = log b' and K = a'/(1- b'). 

For these data b =-0.71 and K = 99.5, which are cose to the 

previous values. Confidence limits can be placed on a' and b' in 

the same way as reviously. Confidence imits on b would be easy 

to calculate, but those on K would not be because a?  and b' will 

not be independent of each other. 

Such "y 1  versus y" data arise very frequently. 	In fact we 

often do not have observations on y at known x values. 	For 

example, annual rings in trees, fish scales, clam shells, etc. - 

can be analyzed in this way. 	If we measure the length at an 

annual ring and let that be a y value, then we can measure the 
x 

length at the next annual ring "outward" and let that be the y 
x+1 

value, and so on. We need not know what the vaue of x is, and 

yet we can derive the growth curve for this plant or animal! 

Another source of such data is markrecapture studies, where we 

catch animals one year, measure their sizes (weight, length, or 

any other size measure), give them individual marks, and release 

them. One year later you recapture at least some of them, re-

measure them, and proceed as above. 

What must you assume? 	First of all, the time interval must be 

exactly the same (usually one year) for all animals. 	Second, if 

you are using annual rings you must be sure that they really are 

annual rings. 	Third, you must be fitting the correct Walford 

Plot model. 	If the yx+1 versus y plot is not a straight line, 
x 

-b x 
then y = K(1-e ) is not the appropriate growth model. 



75 

-b(x - x ) 
model. A logistic model, y 1(1(1 + e 	1 

x+1 	

0  ) will be apropriate 

if the Walford plot of (y 	
)L 	

x 
versus (y ) is linear. 	A third 

growth model, commonly used for fish, is the Gompertz model. If 

this is appropriate, then a plot of log y 
x+1 

 versus log y x will 

be linear. In fact there Is a whole family of growth models which 

includes these three, and all have corresponding Walford Plot 

models. 

Assigned problem: 	Intensive trapping of the Singapore Sling 

Sloth (SSS for short) was done on the N.U.S. campus. All SSS were 

weighed, individually marked, and released. A year later, 12 SSS 

were recaptured and reweighed, yielding the following data: 

Animal: 1 2 3 4 5 6 7 8 9 10 11 12 

1983 	wt.(g): 14 17 25 30 32 40 46 50 52 58 58 70 

1984 	wt.(g): 53 60 49 57 67 59 67 78 72 73 78 86 

Regress 1984 weight on 1983 weight. 	Plot the data. Estimate a t 

and bt,  and from them calculate K and b in the Von Bertalanffy 
-b x 

model. 	Plot the curve wt. = K(1 - e ) for age x from 0 to 10 

using MINITAB commands. 

4.2.9 Ratio variables 

4.2.9.1 Introduction 

Variables derived as the ratio of two observed variables 

can cause serious problems in statistical analysis. There is no 

problem when the denominator is a constant, as in a dose-

mortality experiment where the variable "% dead" is used and is 

calculated as the number which have died divided by the total 

number at the beginning, times 100. That would amount to a 

change of scale, as would be the case if no. of organisms per m 

were recorded as no. per cm by dividing by 10 . However where 

the denominator variable has substantial variance, estimates of 

the true mean of the ratio are biased and any possible 

correlation - between the ratio and the variables which go into 

the ratio - is obscured. 
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4.2.9.2 	Worked example: 	A student collects a large number of 

hermit crabs covering a range of sizes, and expels them from 

their shells by applying heat to the top of the shell. 	Each 

"naked" crab is weighed and then given a choice of a range of 

shell sizes of the same kind (the same gastropod mollusc species) 

of shell. The question is,, "What is the relationship between the 

weight of the crab and the weight of the shell that it chooses to 

inhabit and to carry around?" 

If the student just derives the variable "ratio of shell 

weight to crab weight", calculates it for each combination of 

crab and chosen shell, and then finds the mean, standard error 

and .95 ci on the mean, there are two problems. The first is 

that a ratio variable is involved, one where the denominator is a 

response variable with its own substantial variance. The second 

is that the variance in the denominator, crab weight, may be 

correlated with the derived variable, ratio of shell weight to 

crab weight. That is, small crabs may able to carry shells that 

are larger in proportion to their size, compared with large 

crabs. 

The first problem is one of a possibly biased estimate of 

mean ratio of shell weight to crab weight, and an inflated 

estimate of precision (variance, standard error and confidence 

limits). The second problem relates to a well-known principle in 

biology and in architecture: objects which must stand up above a 

surface must maintain their weight-to-basal area ratio as they 

increase in weight. 	Obviously an object suspended in liquid, 

such as a whale or a ship, is spared this problem. 	However for 

an animal on land, or for a building supported by columns, the 

load-bearing cross sectional area in contact with the ground 

increases as the square of a linear dimension (e.g. length or 

height) whereas the weight to be supported increases as the cube 

of that same linear dimension. Therefore you cannot design an 

elephant by describing an orders-of-magnitude larger mouse. The 

same is true of the architect who must design a larger version of 

an existing building. 
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Assume that the student's data are as follows: 

W (g): 	1.19 2.42 3.49 2.14 	1.65 0.89 3.29 	4.26 1.38 0.93 
S 

W 	(g): 	1.76 	2.59 	6.98 	3.73 	1.99 	1.28 	4.11 	10.11 	2.24 	2.39 
C 

(con't) 4.06 3.34 	1.16 3.45 	1.67 0.83 	2.25 	1.31 	4.12 	1.51 

7.04 5.08 2.29 8.79 2.15 	1.72 5.75 	1.52 3.87 	1.42 

If shell weight does increase at the same rate as crab weight 

then the ratio of shell weight to crab weight will stay the same. 

For example, if a 4 g crab carries a 6 g shell then doubling the 

weight of both (a 100 7 increase) would result in a 8 g crab 

carrying a 12 g shell. The ratio of 1.5 remains the same. 

Therefore we have the process "the 7 rate of change of one 

variable is proportional to the % rate of change of another 

variable", which leads to the power law model, and to the log-log 

regression model. In this case, 

	

dW 	dW 

	

s 	c 
b 

	

w 	w 

	

5 	 C 

b 
W = AW 

	

S 	C 

If the W 1W ratio remains the same, then the % rate of change of 
S C 

W is equal to the Z rate of change of W , and b should be equal 
S 	 - 	 C 

to 1. 	If, on the other hand, our "load-bearing cross sectional 

area" model is applicable then b should be equal to 2/3. 

In linear form our model is 

	

logW 	= a+blogW 

	

S 	 c 

where a = log A. If we regress log W on log W , we estimate 
s 

b = 0.742, with .95 ci of 0.524 to 0.959, and a = -0.170, with 

0.95 ci 	of -0.453 to 0.114. 	The estimate of A is Â= 0.844, 

with 0.95 cl of 0.636 to 1.12. 



Therefore we would conclude that b is 	significantly 

different from 1 but not from 2/3, so that the W 1W ratio does 
S C 

change (decreases) as W increases. 	It changes in a manner that 

is compatible with the load-bearing cross sectional area" model. 

We would conclude that a is not significantly different from 0, 

and that A is not significantly different from 1. Note that Â   is 

the estimate of the ratio of W to V at a crab weight of 1 g, 
S 	C 

and in a case where b was equal to 1 it would be an estimate of 

the ratio W 1W at all values of W 
s c 	c 

Now let us reformulate the model in terms of the ratio 

w 1W 
S C 

If 	W 	
0.742 

0.844 W 	, then 
s 	c 

-0.258 
W 	= 0.844W 

S 	 c 

A plot W LW 	versus W 	is attached. 
S 	c 	c 

	

Was this analysis valid? 	The truth is that I simulated 

these data under the model: 

-1/3 
W = W 
s 	c 

wc, 

213 w = w 
S 	 c 

which corresponds to 
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FILE: L.633 	41N1T 	.L 	'l:4/50 - CQ'tV 	5TI)4I(. %qfl.14ITnA SYTE4 
	 PA 	OOL 

EAO C1-C2 
11 43 
12 53 
IM 60 
24 & 
21 67 
30 7) 
36 13 
43 74 
43 17 
47 79 
54 63 
61 36 
76 93 
73 94 
ICGE CL, UT IN C3 
NOTE C 3 IS TH. L)GC T 	SR'iA'i0'i ) 	V 
LCG C2, PUT I"l C4 
MOTE C4 I S THE LC.E T 	iFTL3I F I 
P.U:.iT CI-C4 
PLOT Cl VS C2 
DLUT C3 VS C4 
P.EGS C3 I C4, ST.D RESIDUALS P1 CS, ?RE 1 CTE) IOS(V) IN C 
WIOTH 1009 50 
PLJT C3 VS C'. M) C6 VS 14 

STOP 
'.0 



FILE: CLAM 	OUTPUT 	Al VM/SP - C)!VERSAT!ONAL MOdTOR SYSTEM 
	

PAGE 001 

lMI4ITA3 RELE4SE 81.1 Ov A  CJPYSIOr4T - PENN STArE UNIV. 1931 

	

MAY 	29 195 	tIATL34L U'4ZVESITY ')F I4C4PURE - LOCAL VERSIOM 02/12f12 
LINEAR REG SIJM nF CLAM DATA 

MQO.EL: Lr1'(V) z 1 • 3LOG(L) 	WHERE V IS VnLUiw.r IN IL 
I IS LTH IN MM 

COL'JMM 	CL 	C2 	C) 
COUNT 	14 	14 	14 	14 

	

ROW 	V 	I 	LOGIVI 	LJr(Li 

	

1 	11. 	'. 	2.31 0 	3.7123 

	

12. 	53. 	2.48491 	3.97029 

	

3 	13. 	60. 	2.37031 	4.09434 

	

4 	24. 	62. 	3.17d05 	4.12713 

	

5 	27. 	67. 	3.2 1 594 	4.20469 

	

6 	3). 	73. 	3.40120 	4.2435) 

	

7 	35. 	73. 	3.5d352 	4.29046 

	

9 	-0. 	14. 	3.65354 	4.30406 

	

43. 	77. 	3.16120 	4.3 4 351 

	

10 	4'. 	7 0 . 	i.35315 	4.36945 

	

11 	54. 	93. 	3.3893 	4.41984 

	

12 	51. 	36. 	4.11)37 	4.45435 

	

13 	16. 	93. 	4.33073 	4.53260 

	

14 	73. 	94. 	4.2?045 	4.54327 

-- 	 PLOT JP VOLUME (V) VERSUS LENGT1 (LI 

A 

s:. 

I.' 

TI 

"I 

V . 

' .1 

•--------- - --------- ---------------------- --------- 'C2 

45. 	55. 	65. 	15. 	95. 	Q 3. 

Cl 

55. ,  

40.. 

25.. 

IJ.• 

1.0 



PAGI 002 FILE: CLAM 	jIJTPiJT 	AL VM/5P - CONVERSATIONAL MONITOR SYSTé 

PUT OF LOGV) VERSUS LOG(L) 

C3 
4• 50+ 

	

- 	 2 

- 

	

4.00• 	 * 

- 

	

- 	 4 

	

- 	 * 

	

- 	 * 
- 

	

- 	 4 

3.00. 
- 

2 •Øfl, .................... ..........  ..........  
----------  .C4 

	

3.°5 	4.00 	4.15 	4.30 	4.45 	4.0 

THE AFGc ~-SSIJf1l Cr.1 1 4 ATIlil IS 
L0.I) = - 	0 .5' • 	3.J5 L)C(L) 

ST. 0EV. 	1-RTIP = 

C0L041 	CJEFICIEI'T 	OF COEF. 	C')F/S.J. 

	

t'TEQCEPT 	1.5122 	 0.4032 
5U0E 	 .fl5462 	 0.09344 	 32.64 

THE ST. 	E'1. OF Y AJUT R.GSESSIJN LINE IS 
S = 0.06763 
WITH I 	14- 2) • 	12 0ES  nF REOO4 

rcS0UAEJ= 9g." "°'E'T 
• 	&1J,J;rEr) FOR D.F. 

U' 



FILE: CLAM 	OUTPUT 	AL VM/P - COlVfiSATI9AL M()ITOR YSTaM 	 PACE 003 

ANALYSIS OF VAMANCE 

DUE TO 	OF 	 SS 	MSSS/')F 
AE(.ESS10N 	1 	4.873100 	4.73100 

ESIUUA1 	12 	0.05430 	').004513 
TOTAL 	13 	4.927777 

	

Xl 	 Y 	PkE. Y 	51.0EV. 
RO 	C4 	C3 	VALUE 	°REO. Y 	PESI9UL 	5T.RS. 

1 	3.37 	2.3979 	2.3306 	3.)414 	0.0973 	1.32 X 
2 	3.97 	2.484, 	2.6335 	0.3313 	.11q6 

R DENOTES A4 03S. WITH A LA°GE ST. RES. 
X UENOTES AN QS. .41-lOSE X VALUE IVS IT LAR(E INFLUENCE. 

DU3IN-WATS0I ST*TXSTIC = 2.34 

0 
a' 



FILE: LA!13C1 	OUTPUT 	Al VM/SP - CUNVFRSATIONAL MONITOA SYSTEM 
	

PAGE 001 

	

IMINITAJ aELESc 31.1 	CUPYRICb1T - PENN STATE UNIV. 1931 
APrUL 309 1965 '1 NATIONAL JP4XVERSXTY OF 3INAPURE - LOCAL VERSION 02/12/1932 

	

STORAGE 4VA1LAjLC 	4530 

LINR RECESSIU'J OFE1RATIUM OF CO'lPU'LO C FROM COMPOUN' A Q'4 TIME 

	

lQflL: Y 	KU  - XPI -C) 	K 	130 
Oq LOGU - 0.03ICI = A 	ST 

COLUIN 	 Cl 	 CZ 	 C3 
C0U'JT 	 b 	 o 

	

C 	 T 	LG(1-0.01C) 
1 	 0. 	 0. 	3.0 
2 	 51. 	 1. 	-0.71335 
3 	 75. 	 2. 	-1.35629 
4 	 67. 	 3. 	-2.04022 
9 	 94. 	 4. 	-2.31341 
6 	 97. 	 . 	-3.50655 

PLOT OF L03(1-0.01C) VERSUS T16 

CL 
100.4 

	

- 	 0 	 0 

	

- 	 * 
SO. + 

6).. 

- 

40.+ 

20.. 

	

0.. 	.• ____________________________ , C2 

	

0.0 	 1 . ri 	 2.0 	 3.0 	 4.0 	 5•0 



RILE: 143CL 	lUTPUT 	AL V4/SP - CQ4VESATI0NAL AO'd roa 5YTaM 

PLOT OF L0G(L-0.0IC VERSUS TP'4  
C3 

0.01 ' 

- 1.04 

- 
- 3 • r. 

- 

-4.0+ 
+ -----------------------------+ ------------------- 

0.0 	 1.0 	 2.0 	 3.0 	 4.0 	 5.0 

TH 	EGQESS! 	UATION IS 
LOG11-0.01C) z J.005 - 0.702 1 

ST. 	0EV. T_PATIc 	= 
C0Li'N COEFF1C!ET OF CF. C3F/50. 
ITRCPT 0.00576 0.02257 0.26 
SLOPF -0.9924 0.007456 -73.54 

THE 	3T. 	17. 	0'- 	Y AO'JT 	S 	EStJI 	LIIE 	IS 
S 	= 	0.0311 4  
6ITHI 	o- 	21 4 	DES 	C'F FPD91 

- .')JAEJ 	I0.0 PEP.CT 
• q PRCE1T, 	AClJIJSTD 	F3S 

..9.LYSIS 	OF 	VAKIA'IC Z  

DUE 	TO 	OF SS S=SS/r 
E'°53IU' 	I .56571) 

F%FS1JL'.L. 	4 .003i 13 1 0.130973 
ICTAL .5686 

ST.T1STC • 2.17 

PAZ! 001 



FILE: LA33 1 	m IriITi At VI/$P - C VSTZ1N. MItTu1 SYT 
	

PAGE 001 

AJ LL-C2 
62 

10 3 
5S 4 

95 
•17 I 

LET C3Lfl't (LOO-CtI/CLI 
ITC3 ISTL)E10_4)/9;K  t)) 
PR!\IT C1-.3 
PLOT Cl VS C2 
PLOT C3 VS C2 
REGA C3 I C2 
SET C4 
O 0.5 1.') 1.5 2.( 2.5 1.0 1. 5 ..3 4.5 5.0 5.5 S.0 6. 	7.1 1.5 q•, 
LT  
WET9 130, 30 
PLJ CL IS C! 	tJ C5 VS C 

3 TOP 

0 



Fill: OJSt 	OUTPUT 	Al VM/SP - C(NVESATIONAL MONITf)R SYSTEM 	 PAGE 031 

IMINITAIS RELEASE JI.l 	CUPYqIGHT - D4 STATE UNIV. L91 
APIIL 30 9  19d5 	rIATIOUIAL UNiVERSITY f1F SINGAPUPE - LOC&L VEFSIO4 02/12/1982 
STU'AGl AVAILASJLI 	49 ,30 

	

LINE'.S RE .ESSIJ4 AMALYSES OF 	MO°TALITY ON TIME 
MO)EL: LUG((K—M/MJ = A • iT 	K = 100 

COL'JN 	Ci 	C2 	C3 
L0UIT 	6 
ROlq 

1 	6. 	2. 	2.75154 
2 	18. 	3. 	1.5l65 
3 	55. 	4. 	—).200P7 
4 	79. 	5. 	—1.26561 
5 	5. 	6. 	—204444 
6 	97. 	10 	3.47610 

PLOT OF 	MOTALTTY VERSUS T!i 

Cl 
103.. 

'I 

80.. 

60.+ 

40. + 

20.. -. 

0. + 
• ---------+--------------------------------------- 

2.0 	1.0 	4.0 	5.0 	s..) 	1.0 

0 
'.3 



FiLE: DOSE 	OUTPUT 	Al VM/SP - CQvR5AT IONAL MONITOR SYSTEM 
	 PAGE 002 

PLOT OF LOGIlL03-4/MI VERSUS TLMF 

C3 
4.0' 

-M 

2 • 5' 

yj 

L.a. 

-0.5+ 

-2.0+ 

-3•5+ 
+ ------------------------------------------------- .C2 

2.0 	 11 	 4.0 	 5.0 	 .O 	 1.0 

0 
() 

THE 	RERSt3J 	EIUATI3 	IS 
L((Ic-M)/") 	= 3.2 	- 	i.o 

ST. 	DV. 
C 310 AN CO2Fi ICiT OF 

.2514 0.3621 
SLCP 1. 1 D244 0.07!4 

TH: 	ST. 	71EV. 	OF 	V .JJT 	R 	cS!I.J' 	LIMS 	[5 
S 	= 

ITH 	I 	- 	2) 4 OSES 	F E)'1 

= 	0.1 PPCT 
J3. AIJISTED 	.)P O.. 

AIALVSLS 	)F 	'I4.i.'CE 

OJ 	13 
tS!J! 	1 ).'12J 
ESIUUAL 	4 0.3 0 6fl 3.01101 

TC.TL 	 5 

tJIJRHLN-W4TSO STT1STIC = 2.44 

T-ATIO = 
C3c F/ . • 0. 

14.52  
-1 1 .31 



FE: LAL33E 	OUTPUT 	AL Vi/SP - CONVERSATIONAL MONITOR SYSTEM 	 PAGE 001 

IMINITAU IELEASE 61.1 	CJYUGI1T - PENN STATE UNIV. 191 
APRIL 30, 1035 	N*7I14%L tN!VR$ITY OP SINGAPORE - LOCAL VERSION 321121IQ92 
STJACE AVAILABLt 	4330 

1LNEAi RERSSt3N OF L01 ON RCIPR3CAL 0 9  TIME 
Mt)DEL: 	(J50 = * 	i'll 

COLU4N 	CL 	C. 	C3 
COUNT 	 5 
RO.4 

1 15. 1. 0.133333 
2 13. 6. 0.156667 
3 13. 1'. 3.0d3333 

12. 24. 0.041667 
5 11. 48. 0.020833 

°LOT 	Lv') VERSUS TIME 

CL 
L6.O 

1 S•Ø+ 

[4." 

[3.1. 

'A 

0 

•---------• --------- .------------------- + --------- 
1). 	'J. 	49. 	'fl. 



FILE: L483E 	OuTPUT 	AL Vi/5P - CONvERSTION*L MONITOR SYSTEM 
	

PAGE OOZ 

PLtT )F LJ 	YEuSuJS RCZP6CAL OF TIME 

CI 

15.0+ 

L4.O. 

13.0' 

	

- 	 0 
-4 

11.0' 
------•--+ -------------------- C3 

	

3.3 	3.030 	0.153 	O.',O 	0.320 

TH SGPS5T91 E04T1J. IS 
Y • 	11.. • 	14. 	(I/T) 

!T. 	v. 	T-QATL -u 
.JIJrJ 	 1C!P'T 	0 	 C'3EF/.2. 

SLCPF 	 1 6 .194 	 2.250 	S.2 

	

THE Sr. JEV. JF Y 	OlT iGP5S1.1'u LIL IS 
S = J.742 
1TI ( 	- 	) = 	3 )EG1S IF F:Jr'M 

• 	PCT 
• i0.i 	 •f'J')TE'1 e jq ru.c. 



FILE: LAUJE 	uLITPUT 	A I VM/SP - CO4VERSATIONAL MONITOR SYSTEM 	 PAGE 003 

AN4LYSLS OF VARII'CE 

O:J TJ 	UF 	SS 	SSS/t)F 
R E t; R;—z S S I J 1 4 	I 	13.')LO7 	13.0107 
RFSIJUAL 	3 	).93'2 	3.3297 
TOTAL 	4 	14.0000 

I 	3.333 	L6.tiOC 	I5.09 	 (1a4 

)URIt1—WATSO STATISTIC 

'UNITAl 	ST.TISTICS OE'T 4 PEN4 STATE Ii4IV. 	RELAf il.i 
STURAG= AVAILAJLII 	4330 



XA4 0 L 	OF PROfIT UhALYS!S USING P'lt2C 	PROJIT 	14 	SS 16:31 	TLJSQ.Y. AJRIL 	30, 	15 	t 
JIT AALYIS 	ON DOSE 

IT :RAT PIN I iT!EACT-PT SL)PE 'U 

,34634315 0.723714iT 4..3532405 1.37227965 
I I.645 005 .1I405O I.31iL1Lc 

4.J105673 1.3037317 
L.)3)1391 0.76U44Th 4.010'5433 1.31036358 

*Tt( CJVARIA'lCE 	MATI* 
1CPT SL3°. 1U 

-.0103A ) mij U.0?834 0  -3.U'306754 
]LJP6 0.0025111 SI(.44 -0.'JO06974 C.i0ThJ243 

9.6115 	4I7I 4 	Jr PRO3 	) CHI-SJ 

, 13T: 	Trll 	f,-j-SIJP 	IS 	SLL 	(? 	> O.t'), 	dIJCI4L LI4IS 	4LL 	3E CY4PUTE 	US(MG 	A T wLtAi OF 	1.9 	. 



X..1PL! (F PQUIIIT A'ALVStS uS [MO PROC PiOijIT IN S! 	 16:31 TUESDAY, APRIL 309 19d5 	2 
PtT &'IALYSIS OM 0SE PR0iI T 

10 

o • 

I 	 x 
1, 	t 

• x 

3 

0 
- . -------------------------------------- 

LF)01 	 Lr)35 	1310 	 L025 	 105) 
.3 	1.155 	2.132 	3.U' 	 4.011 

'I. 

•1•I• 

S.... 

x 
•e4.s 

. . X . . 

+ ---------------------------- 

1073 	 L090 	LOIS 	 1099 
4.395 	 5.693 	6.166 	 1.459 	 COSE 



XMPL OF PRo3;T A1ALYIS USING PjC PRC31T 14 SAS 	16:11 TUS3AY, .PR1L. 3a, LS 	3 
PRO 	.%1LiTY 
	 pjtir AJALYSIS 	M 

1.0 

	

I 	 .. 	. oX 
X..... 

X. 

0 • I * 

0.5 . 

U.? 

	

I 	 X 

0.5 + 

	

I 	 • 
0.3 

	

0-1  + 	 . 

	

I 	 •.• x 

0.1 

	

I 	 • x 

0.0 

	

+ - + 	 4' -+ -+ 
LD0 I 	 L05 	L)LO 	 L025 	 L65 	 L75 	L090 	1095 	 1094 

1.i5 	2.31? 	 3.127 	 .s.OLL 	 4.395 	 5.690 	6.166 	70059 	 C3SE 



EXA VLE OF PRJ}HT 41ALY1S USL'G P0C PC1T 1 01 SItS 	l:31 TIJ$3IY4 *PZL 30. 195 
P.V331T AMItLYSIS 314 3t13 

1 AJLITY Des s 9 5 	P:RiMT C IOUCIAL 	LItTS 
UPPER 

0.45225931 1.3L26I102 
0.32 1.31?43.50 0.g220? 1.82'1036 

1.L144124 1.'i450538 
0.34 L.715t02 1.3t0549q 2.3392433 
1.35 k.'o3' 1.477.272 2.164233J4 
0,30 1.)7)2337 L.601.3t134 2.27)15232 

2.36 ,334a4 
2.L6147321 L.322°110 2.,4326844 

1.Ji00435 2.52473015 
0.1) 2.311440)3 2.00535474 2.595232kL 

2.5214509 2.365311 
2.3031203? 2.44914J1 3.LZ8.,613 
3.1'7124,, 2.J14,)1 3.32772371 

3.[064C)32 A.5123750e  
3.i0357645 3..3660425 

fl.40 3.41)7075 3.4 0?d3j643 3.3537507' 
3.341215 3.06453539 4.J1701535 

0.0 4.31035433 3.33547104 4.152071o2 
1.53 4.1751751 4.0034.409 4.34597154 
0.4) 4.34213211 4.17165321 4.52133101 
0.53 4.51376666 9.3424073 4.7024E539 
r)•7'3 4.6 0 301275 4.51953258 

4.70771040 5.1020936 
5.113&38J5 4.11424 0 37 5.34724756 

3.35 5.34316453 5.1517036 5.6291847 
0.90 5.61)35973 5.44749156 5.95101615 

5.747 7 33Q 5.5I."41432 4.07394316 
5.85201645 5.5952)212 6.161155521 
5.94463502 5.67964035 6.212 16360 
5.04313120 5.77364059 6.35935234 
6.16421 0 33 5.30061342 5.52255739 

0.5 6.30439334 6.00401055 6.4,7133802 
".01 6 .4753 	7.7 6. 15930932 6.37244043  
0.95 b.71202254 6.3374303 1.1296257 
0.7? 7.0I22743 6.6342.!1J° 7.5339066 



FILE: S5S 	OUTPUT 	At VM/Sp - CQNEgSATION4L MONITOR SYSTEM 	 PACE 001 

MINITAi SELEASt 31.1 	'- C3PYIC4T - PIN.N STATE UNIV. 19I 
MAY 2, 1995 	.TIiiAL JHIVE°SITY OF SVIGAPOP.E - LOCAL VERSIOI 02/12/L962 
STtJPACE AVAILA!L 	's'DO 

EXAMPLE OF USIJG ,ALFOR() PUT roq OBTA!MI1( THE 
VON iERTAL.NlFY' GP.0TN 	)ATI3 FOR SSS 

COLUMN Cl C? 
COUNT 12 12 

i AT 	063 W 	AT 	1934 
1 14. 53. 
2 17. 60. 
3 .5. 49. 
4 30. ST. 
5 32. 67. 
6 1s . 5fl •  
7 46. 67. 
8 50. fl. 
9 52.  

13 5.  
II 58. 7. 
12 70. 

PLOT OF EIG1T IN t9134 VERSUS WFIGHT IN Ii3 

90.* 

a3. 
t 

1O.# 

-' 

--------------------------------------------------- C1 

10. 	25. 	40. 	55. 	10. 	69. 



1LE: SSS 	LJUTPUT 	'1 V4/SP - CU'IS.4TI'JN4t. 4ONITOR 	Y3TjM 
	

P4GE 002 

T-4 	SI)I 	J.T10'i 1 

ST. 	l)c'/. 
C3LJ e0ZCIT.IT OF 	C')F. 
TNT 43.135 6.4q 
SLOPE 0.5135 0.0132 

TH 	.T. 	3EV. "F Y ,\.CUT 	cST)I 	LLNI 	IS 
S 	= 	5.j3l 
WITH 	( 	12- 2) 	= 11 	'F 

1q •  

77.6 'c'C 	r, 	)J'JTO 	FOR 	fi.F. 

'4ALYSIS 	OF 'IA 	A'IC 

OU 	13 UP S. lSSS/flF 
REGSSI3N 1 1110.4 LLL1.4 
RESIDUAL 10 234.31 23.44 
TOT&L 11 

T-°,ATL1 
C)F/$. 3. 

10.51 
5.2 5 

DU&'31M_WATS0l TATISTI 	1.51 
	 a' 

LTEAT10: 	I 	i' = 	0.554054 X 	43.30104 
ITRAT10 	2 	Y • 	0..,00433 X 	42.356964 
SLJP 	0.6095 
LEVEL = 	42.2453 

THE REGQ 	I N 	UT L31 IS 
Y = 	51. 	0.0i07 XL 	J.0064 X2 

ST. 0EV. 
C0LUM1 	EFTCT'%IT 	OF COF. 
-- 	51.q76 	3.639 

Al 	CL 	0.0501 	0.454 
X2 	C3 	0.)('6416 	0.305621 

THE ST. JV. OF Y A'JIJT 	EQESSIJl LN 	IS 
S = 5.254 
WITH 1 	12- 31 • 	JG'E.S IF FRED1)9 

R-SQdAEO • .12.2 PE°CE)T 
S-SQUR1) • 73. 	0 RC1T, AflJUST') FOR O.F. 

1-RATIO 
CCEF/S.3. 

6.03 
0.11 
1.14 



C!L: S5 	uUT'JT 	Al '/i/P - C0IRS*TfQAL M0N1T3. SYSTEM 	 PAGE 003 

AI&LYSS OF V C 

DU Ti 	OF 	 MSSS/f)i 
:ESSIi'i 	' 	L1.5 

EiIiU.L 	'1 	 21.41 	 2 7 .60 
TorL 	U 

FURT1S 	9.1YSIS C 	'I!C 
5 	(PLAI) Tf E.C-4 V,.?1.\3L 	T:PE) IN T-1 	;ii: 

OU= TJ 
bE' 	S.tJN 	2 
CI 	 LLL'.9t 
C) 	 I 	 J5.?3 

	

XL 	 V 	''. V 

	

CL 	 C 2 	V4L'J 	P). V 	F.ESflflL 
1! 	7J. 3 	 )C' 	 -3.' 	 -).32 X 

X JEiOT. A l l J.5 • 	 ,( 1LI1E 3LVS IT LAt, 

3URit-44TSO1 STTLSTtC = 2.72 

PUT OF W = KU - EXP(JX)) 	WHFR X IS TIME IN YEAR 



PAGE 001 FIL 	R.%TIfl 	MI'41TB Al VM/SP - CO4V€p4SAT1OUAL MOMtTCR SYTM 

ST C. 
1.1 	2.54 6.)3 3.73 1.94 1.18 4.11 11.I1 2.2 4  2.39 1.34 5.35 	.Z') 
.71 2.15 [.725.75 1.52 3.97 1.42 
ST Cl,  
1.1 0 2.41 3.4) 2 .[4  1.65 0.$1 3,21 4.26 1 . 31 Q.'?' 4,06 3. 14 1•16 
3.45 I.(.T 0.83 2.2 	1.31 S.12 1.51 
LT Ct.C./C4 
PLOT CS VS C4 
LOGE C4, Cl 
LOGE C5, C3 
PLOT C3 'IS Cl 
PEG. C3 I Cl. Cl, Cc 
PLOT CT VS CS 
'IPLJT C3 IS Cl M:) CS V Cl 
LET KIrO. 7419 
L.ET K22.101 
1T K30.1 1!35 
1.ET K.KIK2"(3 
LET K5=Kl.Knc3 
PRINT KI K. '( 
LT Kl=-0.1695 
LET K30.134? 
LET 	Kl-K2' 1 3 
LET K5K[.K.P3 
PSIT KI K4 KS 
EXPO KI, 1 1 
EXP3 K4, (4 
EXPU KS, KS 
PRINT Ki K4 (5 
GENE 1, 0.2, 13, C'? 
LET C1O=C.3441(C'?(3. 7413-W 
?'PL')T Ct, VS C4 ANO do VS C? 
STOP 

'.0 



FILE 	.ATIO 	OUTPUT 	& 1 V:t/SP - COMVERSTIONAL MONITOa SYST Etl 	 PAGE 001 

tTNIT&3 RELEASE bl.1 	C3PYRIGT - PENN STATE UNIV. 1981 
MAY IC. 195 	TO'AL JNVPSITY OF SINCAPOR - LOCAL VESJO; 02/LZ/L92 
5TuAGa AV4ILA3L 	%8)O 

EXAM°LE OF L1As QECRESIO1 A14LYSIS Fjq  qArro VAPIAJLES 
THE HR:IIT CRALA P1JL4 

PLOT Or WEZIT JI SiFLL 	4Eè VERSUS WI21GT F CR(,,Cl  

C5 

- 

- 

• (J o, 
- 

2 • 70. 

- 

3.90. 

4 ------------------- 
1.') 	1.5 	6.0 	R.5 	11.0 

0 



Fil..: PATIO 	OUTPUT 	AL VM/SP - C0VERSATIONAL M04lTflR SYSTEM 
	

PAGE 002 

- 	 PLOT OF LJG31 VSUS LOG WCI 

C3 

1.20. 

- 
0.'l0. 

- 	 0* 
' 

0.0 

- 

4• ---------+ -----------------------------4 --------- ,ct 
0.3 	0.5( 	1.30 	1.50 	2.30 	2.O 

TE- RESSI0N CJ.TLQl  IS 
LO3tS1 = - 0.171 • 0.743 L03(14C1 

ST. 	OEV. T-QATL'l 
C3Lu'l C'EICItT rlF 	(/F. CJE/S.J. 

-t.2c, 
SLnPE ).7425 0.13" 15 

THE 	ST. 	UEV. 0 	Y 0JT 	iPSSi )' 	L'4.. 	IS 
S 	= 	0.2819  

20- 21 	= IR 	L)IGi.E5 	'F fPE3'M 

r.o PRC4T 
7'.5 P°.0 	T, 	AflJJSTP 

A'tYSi 	Or V4NC'I 

O'iF 	TJ OF SS 
RES3I3 L 4.297' 
ESI0UL 13 1.5173 

TOrAL 1° 5.3107 



FiLE RATIO 	OUTPUT 	AL V/SP - C0NVESATIONAL IIONITOiA SYSTEM 	 PAGE 003 

	

XI 	Y 	PE0. Y 

	

ROW 	CL 	Ca 	VALUE 

	

2.31 	1.443 	1.472 

	

19 	1.35 	1.4159 	1.342 

DENOTEi A 	 WITH A LkOCr ST. RE 
x uE1rES AN OOS. 4HOSi X VALUE GIVES 

ST .0EV. 

	

PRED. V 	PESI')U 4 L 	ST.RES. 

	

0.1177 	-0.0779 	-3.3 X 

	

0.0684 	0.5317 	2.06R 

IT L.GE INFLUENCE. 

0URIN-WAT.3'J STATISTIC • 1.60 

-- 	 LOT JF  RE5l.1U.LS VERSUS PPSE"ICTE3 
CT 

2.0. 

- 	 A 

1.0+ 

- 	 A 
- 

0.0+ 
- 

- 	 A 

- 	 4 

-2.04 

0- 4 
----------4- - - - - - - - - - - - - - - - - - - - 

- 	 CS 
5.0 	04' 	0 	l.) 	1.0 	2.00 

N.) 



FILE: RATIO 	3UtPT 	Al VM/SP - CONVERSATIONAL MONITOR SYSTEM 	 PAGE 004 

C3 
1 • àO+ 

	

- 	
ti 

	

— 	 A 	 A 	Fi 	A 

	

- 	 3 

	

1.20. 	 A 	A 	 A 

- 

	

- 	 4 	 B 

	

3.J0. 	 A 

	

- 	 B 

	

- 	 AA ' 

	

A 
	

ld 
- 

	

— 	 A 2 

	

- 	 3 A 	A 
- 

0.0 • 

	

- 	A 	 A 

	

- 	 A 

+ ---------4 ---------4 --------- •c1 

	

0.0 	 O.A') 	1.00 	1.50 	2.30 	2.50 

0. 741 30 
0.52,347 

tc5 	 5 14 

cl v_f  

A 	 3. ,339 

'Al 	0.54Aflj7 
A', 



5. ANALYSIS OF COVARIANCE 

5.1 Introduction: 

It originated as a procedure for improving an analysis of 

variance (to test for differences aong different groups, or 

treatments) by correcting for an uncontrollable variable which is 

influencing the variable of interest. Here we will consider it 

as a method for comparing bivariate relationships among different 

groups, or treatments. For those interested in a reference, the 

new (7th) edition of Snedecor and Cochran's "Statistical Methods" 

has good coverage (Chapter 18). 

Let us illustrate the analysis of covariance model by an assigned 

problem based on Walford Plot data. The size measurements are 

lengths at consecutive annual winter rings in shells of clams 

living in the intertidal zone on Hudson Bay, Canada, at two tidal 

levels: 

Om tide level 

Lx 	: 	2.7 3.0 3.2 3.3 3.4 3.6 3.9 4.3 4.3 48 5.6 5.7 6.0 6.6 

6.9 7.8 

Lx+1 	: 	5.8 6.3 5.4 5.1 6.1 6.4 5.9 7.9 8.1 7.5 8.9 8.5 9.2 9.0 

88 10.2 

Lx : 	8.7 9.1 9.1 10.2 12.3 

Lx+1 : 	11.5 11.2 12.3 12.0 14.3 

1.1 in tide level 

Lx : 	3.5 3.7 3.8 	4.0 4.1 4.2 	4.4 	4.5 	4.7 	4.8 	4.9 	5.0 

5.1 5.6 6.0 6.5 

Lx+1 : 	7.9 8.8 9.2 	8.6 7.9 9.5 	8,8 	8.6 	9.6 	8.3 	8.2 	9.3 

10.6 10.0 10.9 	11.0 

Lx 	: 	7.3 	7.7 	9.0 	9.4 112. 12.1 

Lx+1 	: 11.5 11.1 11.8 12.3 14.1 13.9 

125 
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We wish to plot the data, check the plot for linearity, estimate 

the Walford Plot regreesion models and the corresponding Von 

Bertalanffy models, plot the model, and test whether the slopes 

and intercepts of the Walford Plot models differ between the two 

tidal levels. 

5.2 Assigned problem: 

Use the SET command to put Lx values into Cl, Lx+1 values 

into C2, and a Oil code into C3 to represent tidal level. 

Use the command "PLOT C2 Cl, C3" to produce a Walford Plot of 

the Lx+l versus Lx data, with points labeled by tidal level. 

Check that the trend, for each tidal level, is linear. 

MINITAB does not have an "analysis of covariance" procedure, 

but we can do the necessary calculations using the REGR command. 

For 2 groups it is especially easy. 	What we want to do is 

regress Lx+l on 3 predictor variables: Lx in Cl, the tidal level 

code in C3, and the product of Lx times the tidal level code 

which we can put into C4 by 'MULT Cl BY C3, C4". Now do 

"REGR IN Cl C3 C4, ST. RESID. IN C5,PRED. I IN C6." 

If the regression coefficient for C4 is significant (check 

the tvalue) then the slopes of the Walford Plot models differ 

between tidal levels, and a test of intercepts has no meaning. 

Growth rate decreases with age faster at one tidal level than at 

the other. 	Asymptotic sizes probably, though not necessarily, 

differ. 

If the slopes were not significantly different (they should 

be) then you would proceed to test for differences in intercepts, 

by seeing if the regression coefficient for C3 is significant. 

If the intercepts differ then you have different initial growth 

rates but the same relative decrease in growth rate with age. 

Asymptotic sizes will differ. 	If intercepts do not differ, then 

there is no evidence that the growth curves differ between tidal 

levels. 
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For a SAS analysis of covariance run you would use PROC GLM as 

follows: 

TITLE 

DATA COLDCLAMS; 

INPUT YX YXP1 TL; 

CARDS; 

2.7 5.8 	0 

3.0 6.3 	0 

3.5 7.9 	1 

3.7 8.8 	1 

PROC GLM; CLASS TL; 	test of difference 

MODEL YXP1 = TL YX YX*TL; 
	between slopes 

PROC GLM; BY TL; 

MODEL YXP1 = YX; 

PROC GLM; CLASS TL; 

MODEL YXP1 = TL YX; 

es tima tes separate 

slopes 

estimates a common 

slope and tests for 

intercepts 

PROC PLOT; 	 does Walford Plot, 

PLOT YXPI*YX = TL; 	with points coded 

by tidal level 

For an analysis of covariance with more than 2 groups, the SAS 

package is probably the easiest. 

5.4 Covariance analysis as an alternative to ratio variables 

5.4.1 Assignment 

question: Do frogs differ in % water content between spring & 

fall? 	Since frogs sampled in spring and fall will probably be a 

mixture of sizes, one must also ask whether % water content 

varies with size of frog. 



water wt. 

A typical approach: 	Let Yi = ----------for frog i. 

total wt. 

Collect ni spring frogs and n2 fall frogs, determine water wt. 

and total wt, and calculate Yl for all ni + n2 frogs. Test 

against the null hypothesis Ho:"that the mean Y is the same for 

spring frogs and fall frogs", using a t-test or a 1-way ANOVA. 

This is a bad appraoch - difficult to test what you want, 

difficult to interpret, and based on a ratio variable. 

The covariance analysis approach: 	Let Y = water wt. and 

X = dry wt. Deal with the question of possible variation of 

water content" with size of frog first. The null hypothesis Ho 

is that as frog size varies the water wt. portion changes at the 

same % rate as does the dry wt. portion. For example, if a 10 

gram frog is 6 grams water and 4 grams dry wt. then a 12 gram 

frog will be about 7.2 grams water (a 20% increase) and 4.8 grams 

dry weight (also a 20% increase), and the % water content is 607. 

in both cases. The model is dY/Y = b dxix, and b=l if Ho is 

true. 

The nonlinear model is Y = AX which is Y = AX if Ho is true. 

Thus Y/X = constant value A. 

If b=1 then Y/X is not constant, but varies with size of frog. 

If b<1 then big frogs have lower % water, and if b>1 they have 

higher % water. If spring and fall frogs of similar size have the 

same % water then A should be the same for both seasons. 

The linear model is log Y = a + b log X (where a = log A). In 

covariance analysis one tests a sequence of hypotheses: 

128 



0 

spring frogs 

fall frogs 

129 

log X 

HI : that the amount of variation about the regression lines is 

the same for both groups. If this is accepted, then 

H2 : that the slopes (b-values) of the regression lines are the 

same. If this is accepted, then 

H3 : 	that the common slope b is some specified value (e.g., b=i) 

H4 : that the intercepts (a-values) of the two common-slope 

regression lines are the same. 

In this situation these hypotheses have the following biological 

interpretations: 

Hi : that variation in % water content among frogs of similar size 

does not differ between spring and fall. 

H2 : that any variation (or lack thereof) in % water content 

with size of frog is similar in spring and fall. 	If 

this is accepted, then 

H3 : for the common slope b=l, that % water content does not vary 

with size of frog. 

H4 : that the average % water content of frogs of similar size 

does not differ between spring and fall. 

Since a = log A, different a-values reflect different 

Y/X ratios. 



5.4.2. Job Listing and Output. 
FILE: CCLM. 	MIIITA3 Al. V.1/I' - C9 0 V'iSATI)r13L MQ4'T0 svrIM 	 PAGE 001 

SET CL 
2.7 3.0 1.2 33 34 3.., 3•9  4.3  43 4.1 5.5 5.7 6.0 
6.6 6.9 7.q 3.7 1 .1 '.1 10.2 1.2.3 
3.5 3.7 3.1 4.0 4.1 4.2 4.f 4.5 4.7 4.3 4.3 5.1 

5.6 6.0 6.1 7.) 7.7 1.0 7.e 11.7 
SET CZ 
5.R 6.3 5.4 5.1 6.1 6.4 5.4 7.9 8.1 7.5 9.q 8.5 9.2 
9.0 2.5 13.2 U.S 11.2 1.2.5 12.0 14.3 
7.9 5.5 9.2 8.6 7.9 1.5 3.' 1.6 9.6 3.' 1.7 9.1  10.6 
10.0 10.9 11.0 11.5 1.1.1 11.2 12.3 14.1 13.7 
SET C3 
21(0) 22(1) 
P4I.N' Cl-CS 
PICK 1 21 CI, C 
PICK 22 43  CI. Cl.) 

'ICK 1 21 C29 C" 
'ICK 22 43 C2, Cit 
W1OT) 109, 50 
GENE 0, 0.5, 15, C12 
M?L'JT Cli VS dO 	Cl 'IS C8 8,'40 C12 VI CIZ 
MOLT Cl SY CS, C' 
PEGR C2 3 Cl C3 C4. C59 CS 
REO?. C9 I CS 
R E GR Cli 1 CIt) 
LET K1=LOGE(0. 322) 
LET KZ=3.12/(1-0.922) 
LET K3=LOGE(O.6?4) 
LET K45.74/(1-3.54) 
	

0 

PRINT Kl-K4 
LET C7=K2*(I-EXPU(K1 4C3)) 
PICK 1 21 CS, Cli 
PICK 22 439 CS, C12 
GENE 0, 0.5, 15, C14 
ML0T C14 VS Cl't AN') CU VS CS AN') C12 VS CLO 

LET C9=K4I1-EXP0(KY'Cl31) 
JOIN 0 C'? C?. C 
JOIN 0 CLO C), dO 
JOIN 3 C39 CS 
LPLOT C7 dO. C3 
STOP 
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FILE: CCLAp.3 	OUTPUT 	Al VM/SP - CONVERSATIONAL MONITOR SYSTEM 
	

PAGE 002 

PLOT 3c IXPI VERSUS LX, CODED BY TIDE LEVEL 
CII 

l .0. 

16.0. 

14.0. 

12.0. 

	

- 	 A 
A 	A 

	

- 	 A 	A 

	

- 	 B 

	

10.0+ 	 A 
A A 

	

- 	 A 	A 	B B 

	

- 	 AAA& 	B 	S 

	

- 	 AA 	B 	C 

	

!.O. 	A AZ 	C 

	

- 	 3 	C 

	

- 	 C 

	

- 	B B 	C 

	

6.0. 	3 B S 	C 

	

- 	3 	C 

	

- 	3 	C 

	

- 	 C 

	

4•fl. 	 C 

	

- 	C 
- 

	

- 	C 

	

2.0. 	C 

	

- 	C 

	

- 	C 

	

- 	C 

• --------- + --------------------------------------------------------------------- ----------4--------- 
0.0 	2.0 	4.0 	6.0 	!.O 	10.0 	12.0 	14.0 	16.0 	18.0 	20.0 



FILE: CCLAM3 	OUTPUT 	Al VM/SP - CONVERSATIONAL MONITOR SYSTEM 
	 PAGE 003 

THE REGRESSION EQUATIOH IS 
V 

	

	3.12 • 0.922 Xl • 2.81X2 
- 0.228 X3 

ST. 0EV. 1-RATIO = 
C0LU'14 COEFICIE9T 	OF COEF. COEFIS.0. 
INTERCEPT 3.1222 	0.3218 0.70 

Xl 	Cl 0.2235 	0.04955 18.62 
X2 	C3 2.133 	0.4703 5.98 
X3 	C4 -0.22 7 41 	0.07270 -3.13 

THE ST. 3EV. OF Y A.OUT REGRESSIJ 	LIr4 	IS 
S = 0.6019 
W ITH I 	43- 4) = 3 	DEGREES OF FPEEDOM  

R-SOUARED = 93.7 PERCEMT 
R-S9UAREE) = 93.3 PERCE:T, 	A0J'J3TD FOR 0.F. 

ANALYSIS OF VARIA4CE 

DUE TO 	OF SS 	MSSS/DF 
REGRESSION 	3 211.2982 	70.4327 
RESIDUAL 	39 14.1290 	0.3623 
TOTAL 	42 225.4272 

FURTHER ANALYSIS OF VAST 4CE 
55 EXPLAINE3 FY EACH VARIA3LE 	I-t.N E'TERE0 IN THE DROSR GIVEN 

DUE TO 	OF 55 
REGRESSION 	3 211.2932 
Cl 	1 184.595 
C3 	I 22.770 
C4 	1 3.5602 

XI V 	°R.G. 	Y 	51.0EV. 
ClRaw  C! 	VALUE 	PR!'). 	V RESID'J4L ST.RES. 

21 	12.3 14.3"30 	14.4672 	0.341 0  -0.1672 -0.34 X 
42 	11.2 14.1030 	13.7132 	0.3061 0.3862 0.75 	X 
43 	12.1 13.0J0 	14.332 	0.3531 -0.43!2 -3.90 	' 

X 	)ENOTES AN 0..S. W'-IOSC 	X 	ALu: 	GtS 	IT 	LR! IL'JENC!. 

DUR8IN-4ATSo' 	STATISTIC 	• 1.31 

THE REGRESSION 	tJATI0' 	(FJP 	'L) ONLY) 
V = 	3.12 + 0.922 	Xl 

ST. 	1EV. T-04TI 0  = 
COLUt'N C.JEFICIE?T 	l 	C3EF. CCF/3.'). 

3.122! 	0.3131 9.95 
Xl 	CS 0.92236 	0.04910 1 1 .13 



FILE: CCLAM3 	O'JTPUT 	Al VM/SP - CONVERSATIONAL MONITOR SYSTEM 	 PAGE 004 

THE ST. 0EV. OF V ASOUT REGRESSION LINE IS 
S • 0.5867 
WITH ( 21- 2) = 19 DEGREES OF FREEDOM 

R-SQUAREO = 95.0 PERCENT 
R-SQU*AED = 94.3 PERCENT, AOJUSTEO FOR O.F. 

ANALYSIS OF VARIANCE 

OUE 13 	OF 	SS 	MSSS/OF 
REGRESSI3H 	I 	125.5316 	12.5384 
RFSIOUAL 	19 	6.5399 	0.3442 
TOTAL 	20 	132.0736 

	

Xl 	 V 	FF20. V 	ST.OEV. 
ROJ 	CS 	C9 	VALUE 	PREO. V 	RESI0UL 
21 	12.3 	14.330 	14.'.67 	0.333 	-0.167 

X DE4OTES AN 0S. 4H9S2 X VALUE GIVES IT LARGE INFLUE10E. 

DUR3I-WATSO1 STATISTIC = 1.89 

THE REG.ESION EQUATION 	(OR TL=j 3NLY) 
V 	5.94 • 0.694 Xl 

ST. 	0EV. 1-RATIO = 
COLUMJ C0EFICIENT OF COEF. COEF/S.0. 
-- 5.9355 0.3510 [6.91 

Xl 	ClO 0.69444 0.35445 12.75 

THE ST. 0EV. OF V A3OUT RERESS!ON LINE 	IS 
$ = 0.0160 
WITH ( 	22- 2) = 	20 DEGREES OF FREEL)O 

R-SOUASED = 39.1 	PECE1T 
R-SQUAREO • 33.5 PèRCET, 	AOJUTEI FGR %F. 

A"ALYSIS OF VARIANCE 

NJE TO OF 	$5 
REESSION 1 	61.7174 61.7174 
RESIDUAL an 	7.531)3 33705 

TOTAL 21 	67.3-164 

UR9IN-4ATSO STATISTIC = 1.72 

EETIMATI!IC. THE GR04TH 6J&TI1I (VO :ERTALANFFY 403L) 
L 	= 	K(1 - 

KI -0.0312101 13 FOk TL 	2 

K2 40.J03O K C IL = 
K3 -0.365253 It FOA IL 	= I 
k4 1.4119 K FOR IL = 1 

ST .P ES. 
-0.35 X 



FILE: CCLA43 	3UTPUT 	Al V/5P - CONVSATIONAL MONITOR SYST8M 
	

PAGE OO 

PLOT JF PREJICTEO YXPL VERSUS YX, COO BY IL 

C14 
12.0. 

16.0. 

14.0. 

	

- 	 C 

	

10.0. 	 C C 

	

- 	 cc 

	

- 	 C2C 	8 

	

- 	 C2C 	8 

	

- 	 C2 
8.0. 

	

- 	 .3 

	

- 	 , 

	

- 	 3 

	

- 	 33 	 A 

	

6.0+ 	 A 

	

- 	 3 	 4 

	

- 	 A 

	

- 	 A 
A 

	

- 	 A 

	

- 	 A 

	

- 	 A 

	

2.0. 	 4 

	

- 	 A 

	

- 	A 

	

- 	 A 
0.0. A 

• --------------------------------- 
0.0 	20 	4.0 	6.0 

A 

C3 A 
A 

C A 
A 

C 8 A 
C A 

2 A 
CC 3 A 

B A 
A 

B A 
A 

A 
A 

A 
4 

I ---------- - ------------------- - --------- - --------- 

10.') 	12.0 	14.0 	16.0 	18.0 	20.0 

'J1 



FILE: CCLAMI 	OUTPUT 	Al VM/SP - CONVERSATIONAL 901ITOR SYSTEM 
	

PAGE 006 

PLOT OF ESTIMATEJ GROWTH CURVES (VON BERTALANFFY MUOL) 

C9 
27.0 

24.3. 

21.0. 

13.0. 
- 	 A A. Z 
- 	 A 	Z 
- 	 AAZA 
- 	 AA 	Z 

	

15.0. 	 2A 	Z 
- 	 2 	1 
- 	 A 
- 	 1 

	

12.0. 	 2 

- 	 1 
- 	 z 
- 	 1! 

	

9.0. 	 Z 
- 	 1 
- 	 z 

6.3. 

3.0. 

0.0. C 
------------------------------------------------- 

0.0 	1.5 	1.0 	4.5 

ts MI'flTAS *4 STATISTICS 02T ' PE.N STATE 'J4iV. 	ELE4SE 11.1 ' 
ST3CGE AVAILABLE 	4100 

z 

z 

2 
z 

A A 
Z A 	A 

*4 

ON 

- --------------------.-----------------------------.C10 
7.5 	9.0 	10.5 	12.0 	13.5 	15.0 



FILE: A.4C:3VA. 	SAS 	Al '11/5 0  - C0NvESATI0NAL xculTOR SY5T4 
	 PAGE 001 

TITLE EX i°LE 0 AALYSI5 OF C0VAU1C US!G SAS; 
OATA COLOCLAM; 
INPUT YX YX°L TL; 
CARDS; 

27.0w) 55 • J) 0.3 

30.001 63.030 1.0 

32.003 54.1)0 0.0 
31.030 51.3)0 

34.000 ol.330 0.) 

36.003 64.100 0.0 

39.000 53.330 0.0 

43.0.)0 79.030 0.) 

43.000 81.000 3.0 

48.000 75.0)0 0.0 

56.000 89.010 0.0 

57.030 35.0)0 
0.0 

66.000 90.030 3.) 

30.000 88.030 0.0 

78.000 102.030 ".0 

115.0)0 0.0 

91.000 112.000 0. 1) 
91.300 123.330 0.0 

102.000 120.000 0.0 

123.000 143.0)0 0.3 

35.000 70.000 1.0 130 
37.000 85.33') 1.030 

35.003 92.300 1.030 

40.300 86.000 1.000 

41.000 79.000 1.000 

42.000 95.000 1.000 

44.000 85.030 1.000 

45.000 36.000 1.330 

47.000 96.000 1.000 

48.030 83.000 1.00') 

49.000 82.030 1.000 

50.000 -.000 1.003 

51.000 106.000 1.030 

56.000 1)0.300 1.3.)') 

60.000 100 .000 1.030 

65.000 110.030 1.000 

73.000 115.030 1.00" 

77.')30 111.030 1.000 

90.000 118.000 1.000 

94.030 123.030 1.030 

112.000 141.130 1.300 

121.003 139.030 

PROC ;LM; CLASS TL; 
UODEL YXPE = TI YX YXTL; 

PROC &i',; 	BY TI; 
MODEL YXPE = Yx; 

PROC GLM; CLASS TI; 
MODEL YXPI. 	= TI Yx; 

PROC PLOT; 
PLOT YXPI*YX = TI; 



EX.iPLE OF ANALYSIS OF COVARIANCE USING SAS 
	

13:44 WEONESDAY, MAY Be 13 1 35 	2 
GENERAL LINZ-AA MODELS PoCEouaE 

CEPEMDE.'T V.PjL: VX'j 

SGUCE 
MODEL 3 
ERPUR 3• 
CPECT 	TUTM. 42 

SOURCE 
IL 1 
Yx I 
YX''TL I 

SUM OF SQUARES MEAl SQUAq6 F VALUE 
211!9.70567'V72 7043.23522364 194.41 
1412.9e324 36.223173Q 

22542. 03465116 

TYPE 	I 	55 F VALI 	> 	F 
2404.23421526 66.3b 	0.3031 1 
1349.44698053 507.05 	0.0001 1 
35.3344313 9.33 	0.0033 1 

PR > F 
0.0031 

ROOT MSE 
6.01698488 

TYPE UI SS 
12 96 • 570115 dO 
17915.8549293 
356.03446213 

R—SQUARE 	C.V. 
3.937323 	6.433!, 

YXP1 :'EAI 
93.55e13?5 3 

	

F VALUE 	PS ) F 

	

35.79 	0.0301 

	

494.53 	0.0001 

	

9.83 	0.0033 



EXAMPLE OF ANALYSIS OF COVARTRJCE USt'G $S 
	

13:44 WEGNESJAY, MAY 9 9  15 	3 

OE'ISAt. LINEAR M0)ELS PROCEYJRE 

PEMGNT VR°.ILE YX 0 1 

SOuC :;r 	SQUAPES  
'4 CCEL I I253.3I32L554 

6c3.9961027 
CcqREcT) T31.L 23 I3217.052381 

SOURCi TYPE I 	SS 
'U 1 12553.31321554 

T 	FOR 	'-los 
PARRMTEQ r_S'r;'lATZ DAR&'!ETERO 

INTESCEPT 31.2?1317 7.95 
'U '.'2?35754 1.10 

	

4EAI SpJA'.E 	 F VALUE 

	

12553.' I)15S4 	 364.72 
34.42035533 

	

F VALUE 	PR > F 	 OF 

	

164.72 	0.0001 	 1 

	

'- > ITI 	 ST3 ES 	OF 
EST!ATE 

3.L3'52-,L" 

	

0.0031 	 0.J62fl24 

PR ) 
0.3001 

ROUT MSE 
5. bo29zI 

TYPE LIZ 55 
125c3.e 1321554 

C. ,'. 
0.950434 	 6.3296 

'VXPI 'EAt, 
95.90476190 

	

F 1ALtJE 	PR > F 

	

34.72 	0.0001 

0 



EXAMPLE OF ANALYSIS OF COVARIANCE USPII. SAS 
	

13:44 .4EDNS0AY, MAY 8, 1985 	' 
TLI 

iEML 11NtR 400EL3 P1C1OUE 

OEPMOE'1T V0143LE YXPI 

Souc S1J' 	G= 	S)U,S 
0tEi I 5171.53323113 

E f, p OR 753.9)6719' 
C0PRCT) TOTAL 21 5930.5990939 

SQURC. TYPE 	I 	55 
YX I 6171.5323713 

7 FO1 HO; 
PARA 4 _=Ti_q ESTL'4T 

IMTRCE 0 T 5.35)q5 I6.91 
YX 0.53764 12.75 

	

4=A KI S.JAE 	 V.LUE 

	

5171.5323713 	 152.65 
37..5L 3360 

	

'IALIJE 	PO ) F 	 OF 

	

152.65 	0.0001 	 1 

	

PR ) ITt 	 STO 	OR 
STI'.TE 

	

0.0001 	 3.5043941 

	

0.0001 	 0.05445143 

PR > F 
0.0001 

0OT MSE 
6. 159214 

TYPE III SS 
6111.58323713 

R-SQU.E 	 C.V. 
6.1072 

YXPI '&N 
100.3636336 

V&LtJ3 	PR > F 
I6Z.65 	0.0'301 
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EXAMPLE OF AIAIYSZS OF COVARrANCE USPIG SAS 	13:44 WEQNESOAY, MAY 89 1985 	6 
G'IRAL 1I14S MC(EL! PR'CE)USE 

CEPENOEMT VARrALE: YXPI 

40 
42 

DF 
I 
1 

JM OF S8J4S ;jC1 	S!JAS: F YLJE PR > F RUiF C.V. 
20773.571'0719 tC136.335oO33 234.37 O.00Cl 0.92152 1.1079 
1763.3344337 44.2233303 RCOT HSE YXP1 	"A' 
2542.604651L' 6.6530S286 93.8E1393 

TYP= I 	SS F 	VALUE 	? I,, 	> jc TYPE 	III 	SS F 	'VALU PR > 	F 
240. 2)'p21 32, 3.0301 1 2277.97214935 51.51 C.000 1 
133.461'3 753 415.33 	0.3001 1 18369.46698953 415.3d 0.0)31 



X$.iP1E OF 	14ALV$IS OF COVARIANCE utr, SkS 	 13:44 	4tJ•'4SOAY. 	MY 	99 	19J5 	7 
GLUT Cc YXP1'YX SY430L 	IS VALU2 OF TL 

YXPL I 0 
I 

140 • 

130 

01 

120 • 
I I 
I 1 0 

I 0 
tIc + 1 	1 

I 1. 

I 0 
100 • I 

I I 	t 
I 1 
I 1 3 

90 • 0 3 
I 1 	1 0 
I 1. 	1 	 0 
I 1. 
I 1 

0 + 1 	10 

I 0 

.70 • 

I 0 	J 
3 

60 • 0 
I 0 

3 
I 0 

50 

-------- 	--------- --------- --------- 	--------------•----•----• ---------.__--+----•----•---------------- 
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EXAMPLE OF APIALYSIS OF COVARIANCE USING SAS 	 17:3 wEDNSUAY, MAY 8, 1985 
GENERAL LINEAR MOLELS PROCEDURE 

CLASS LEVEL INFDRMATION 

CLASS 	LEVELS 	VALUES 

TL 	 2 	01 

MUMUER OF 03SERV4TI3NS IN DATA SET = 22 

rl 
un 



EXAMPLE OF ANALYSIS OF COvAR!A10E USItG SAS 	17:39 WEDNESDAY. MAY B, 1985 	2 
GENERAL LINEAR MODELS PR10EOURE 

CEPEP1DE 014T VASIAULS: YXPI 

SOURCE OF 
0DEL 3 

ERRJP 18 
CORRECTED TOTAL 21 

SOURCE DC 
IL I 
Yx 1 
YxTL 1 

SUM OF SUADES MEAI SJUAE F VALUE PR > F R-SQUAR! C.V. 
12457.39328939 4162.63276270 92.86 3.0001 0.932477 7.5312 
932.10171191 50.11616117 RODT MSE YXPI MEAN 

13360.00000000 7.07931930 94.00000000 

TYPE I SS F VALUE 	PR > F OF TYPE 	III 	SS F VALUE PR 	> 	F 
16.54545455 1.29 	0.0005 1 622.75396700 12.43 0.0024 

11385.47459721 227.20 	0.0001 1 10307.3911266 2C5.67 0.0301 
154. 37 32 3633 3.09 	0.0958 1 154.87823633 3.09 0.0958 



EXAMPLE OF ANALYSIS OF COVA&I*NCE USING SAS 
	

17:39 WEONESDAY, MAY 8, 1985 	3 
TLO 

CENRAL LINEAR MODELS P0CEOURE 

OEPEN3EMT V*I*LE: YXPL 

SOURCE Or SQl LW SZIARES 
PCOEL I 5276.61566523 
ERROR 9 392.11160750 
CORRECTED TUTkL 10 8563.72727273 

SOURCE TYPE I SS 
YX I 3276.61566523 

1 FOR HO: 
PARAMCTER ESTII%TE PAR%IE'ER=O 

I?TcECEPT 30.03149403 6.50 
TX 0.5711553 13.71 

	

SEAN SQUARE 	VALUE 

	

5276.61556523 	187.97 
43.56795639 

	

F VALUE 	P11 >F 	OF 

	

18.9T 	0.0001 	1 

	

PI > ITI 	510 E*A0R OF 
tSTIMATE 

	

0.0001 	4.62311755 

	

0.0001 	0.06944192 

PR ) F 
0.0001 

SOOT PSE 
6.60060273 

TYPE III SS 
SZTb.eI 566523 

R-SOUAR 	C.V. 
0.9547o7 	7.5396 

'VXP1 NeAR 
87.54545455 

	

FV*LUc 	PR> F 

	

119.97 	0.0001 



PR > F 
0.0001 

ROOT MSE 
7.52765350 

TYPE III SS 
3264.73716832 

R-SQUARE 	C.V. 
0.864894 	7.436 

YXPL XEJU% 
100 .4 54 5454 5 

	

FVALUE 	PR>F 

	

57.61 	0.0001 

EXAMPLE OF ANALYSIS OF COVARIANCE USING SAS 
	

17:39 WEDNESDAY, MAY 89 1985 	4 
TL I 

GE1ERA1 LINEAR MOUELS PROCEDURE 

OEPEN3ET VAR.IAOLE: YXPI 

SOURCE OF 
IODEL 1 
ERRQ° 
CORRECTD TOTAL 10 

SOUC 
Yx 1 

PARAMETR FST14ATE 

INTERCEPT 56.92925343 
YX 3.74091O1 

S'JM OF S3UARES MEAN S UAR F V*LUE 
3264.73716932 324.73716S32 57.61 
509.99010441 56.56556716 

3774.72727273 

TYPE 	I 	SS F VALUE 	P4 > F 	OF 
3264.7371632 57.61 	0.0301 	1 

T FOR r10 > 	171 STO 	RRQR OF 
OARArIETER=0 ESTIMATE 

9.23 0.0301 6.16710065 
7.5 0  0.0001 0.09355736 



EXAMPLE OF ANALYSIS OF COVAIUANCE USING SAS 	17:39 WECNESDAY, MAY 8, 195 	6 
GENERAL LINEAR MODELS PROCEDURE 

DEP2NDENT VAR1A3LE: YXPI 

SOURCE OF 

MQDL 2 
ERROR 19 
CORRECTED TOTAL 21 

SOURCE Dr 
TL 1 
YX I 

SOil 0 0 	SUAES IEA'l 	SUARE F VALUE PR > F R-SOUARE C.V. 

12303.02305176 6151.51002585 110.58 0.0031 0.920885 7.9341 

136.97994324 55.6305235 ROOT MSE 'UP) MAN 
13363.00000000 7.45856724 94.000000CC 

TYPE 	I 	$5 F VALUE 	DR > F OF TYPE LIZ 	SS F VALUE PR 	> 	F 

916.54545455 16.43 	0.0007 1 1167.55551974 20.99 0.0002 

11336.474 1;721 7)4.68 	0.0001 1 11386.'.7459721 204.65 0.0001 



EXAMPLE OF ANALYSIS OF COVARIANCE USING SAS 
	

17:39 WEDNESDAY, MAY 89 1935 
PLOT OF YXPL*YX 	SYMBOL IS VALU€ Jr IL. 

Yxpi 
	

0 
I. 

40 

130 

I 

1 

I 

1 

0 
0 

1 0 

0 1 
1 

J 

50 • 
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FILE: FAGRUN 	51, Al VM/SP - COERSAT1OAL 	MONITOR SYSTEM 

COLUMN DRVWT WATER SEASON (F.1,52) 
COUNT 30 30 30 
ROW 

1 2.1300 1.6500 3. 
2 3.C60 2.6300 1. 
I 4.4900 4.970(1 1. 
6 2.3200 2.1030 1. 
5 1.5600 1.3CCO 1. 
6 4.4200 3.9900 1. 
7 .39C0 8.000 I. 
8 5.5600 5.8500 10 
9 4.4600 3.7100 1. 

10 11.49C0 10.7100 1. 
11 6.7800 7.5700 1. 
12 3.1200 3.0500 1. 
13 9.5500 9.4400 1. 
14 8.710 9.6100 1. 
15 1.3100 1.0303 1. 
16 2.8300 2.2200 2. 
17 2.9800 2.0400 2. 
18 3.1000 2.3600 2. 
19 2.C400 1.31C0 2. 
20 1.5900 1.C503 2. 
21 1.9300 1.5COO 2. 
22 1.SSCO 1.0700 2. 
23 £.75C0 3.5800 2. 
24 8.4100 7.0800 2. 
25 3.1200 2.1300 2. 
26 2.2400 1.7700 2. 
27 18.4300 16.030() 2. 
28 :1.2400 8.93N1 2. 
29 2.6600 1.5900 20 
30 1.2 0 00 0.9200 20 

HERE 	IS TME 	STA'S ON A 	RATIO VARIAbLE" APPROACH: 

LET PCTWDI'"ICO l'ATER'/IATCR'f'CkYwI'U 

COLUMN OPVUT WiTER SEASON PCTWAT 
COUNT 30 30 30 
ROW 

1 2.1300 1.6500 1. 63.65C8 
2 3.000 2.6300 1. 40.3845 
3 4.4CO 4.9100 1. 52.5370 
4 2.32C0 2.1000 1. 47.5113 
5 1.5600 1.1000 1. 45.4545 
6 4.4'CO 3.11900 1. 4743 

7 8.30fl 8.d00) 1. 50.6180 
8 5.5,00 5.'300 1. 51.1d53 
9 4•46C0 5.7100 1. 45.4100 

IC 11.400 10.75113 1. 46.i432 
11 6.700 7.5103 1. 52.7526 

P06C CCI 

U, 



FtLF: 	ERGAuN 	34 Al 	Vi/SP - CONVERSAT1OAL AGWOR SYSTEM 

12 3.1200 3.0500 1. 49.4327 
13 9•550Q 9.4400 1. 69.1104 
14 8.7100 9.6100 1. 52.4563 
IS 1.3100 1.0300 1. 44.C171 
16 2.8 1 00 2.2200 2. 43.6606 
17 2.900 2.0600 2. 40.6375 
12 3.1100 2.3600 2. 63.2234 
19 2.0400 1.3130 2. 39.1045 
20 1.5400 1.05)0 2. 36.7727 
21 1.9303 1.5030 2. 43.7318 
22 1.5500 1.0730 2. 63.8397 
23 4.7500 3.5800 2. 42.6772 
24 3.4300 7.0330 2. 45.7069 
25 3.1?Ofl 2.1300 2. 40.5714 
26 2.2401 3.7703 2. 64.1397 
27 11.41)1 16.C300 2. 46.5177 
28 11.2600 3.9300 2. 44.2737 
29 2.650fl 3.5900 2. 37.4118 
30 1.203 0.9200 2. 61.6290 

04EWAY ANALYSIS OF VARIANCE. ON 	'PCTT', 86T.EEN 	SEASONS 

ANALYSIS OF 	VANT3'10E 

CUE 	TO OF 55 MSSS/0F F-RATIO 

SEASON 1 284.04 284.04 35.39 
ERROR 23 224.73 8.03 
TOTAL 21 508.76 

SEASON A F a 14 51. 	0EV. 

FALL 15 48.45 3008 
SPRING is 42.30 2.56 

POSE 002 

Li 

TNCIVTflU'l1, 91 °ACtENT C. I. FOA LEVEL MEAN.S 
(RASEII ni PJ ,lLFl SrANOAQO UEVIAIIONI 

-------------------+ ------------------- 4---------4 

FALL 	 I'.' '. . 1.-:, I 
jpq ENG 	! 	. I 

+ ---------4-------------------4-------------------+ ---------4 

40.0 	4?..) 	44.0 	46.0 	68.0 	50.0 	52.0 

NOW HEF IS rNe! L'JG-LQG ANALISIS OF COVAR1ANCE APPROACH: 

LET 'UVWI'.L3GEl'ORY11T' 
- IF? 'W)TERI_0GE('wPTER'I 

COLUl 	L4(0YdrI 	L'.IWTERI 	SEASON 
COUNT 	 3) 	 33 	 30 
ROW 



riLE: FRGRUN 	54 	Al VJ/SP - C0VEASAT10MAL MCNUO8 SYSTEM 	 PAGE 003 

I 0.75fF' 0.50078 1. 
2 1.11194 3.168 1. 
3 t.5018i 1.60342 1. 
4 0.84157 0.74194 1. 
S (1.44667 0.26236 1. 
6 1.48614 1.38377 1. 
7 2.12704 2.13176 1. 
8 1.?141 1.76302 1. 
9 1.49i15 1.31103 1. 

10 2.64143 2.37113 1. 
11 1.71178 '.02419 1. 
12 1.13793 1.11514 1. 
13 2.25454 2.26496 1. 
16 7.16447 2.26283 1. 
15 0.273C1 0.32956 1. 
16 1.111'1 3.19751 2. 
17 1.07192 3.71295 2. 
1! 1.13141 0.85866 2. 
19 (1.11715 0.27001 2. 
20 3.46113 0.04379 2. 
21 0.6175! 3.60547 2. 
22 3.43125 0.36766 2. 
23 1.55914 1.27536 2. 
24 2.12)47 1.5727 2. 
25 1.13785 3.75612 2. 
26 0.80445 0.57098 2. 
27 2.91191 2.77446 2. 
28 2.41745 2.18942 2. 
29 3.97 13 1 3.46373 2. 
30 0.2564 -3.08338 2. 

IN I h .1 T € R I 
2.10. 

• I . •14 

- A 
1.4(1. 

- 
- A 
- a 
- 

A 2 
- Au 
- (1 8 
- A 	a 

(1.00. 2 	s o 

a 

A 
AA a 

a 
A 8 
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FILE: FRGRUN 	54 	Al VMISP - C0VERsAT10tAL MONITOR SYSTEM 
	

PAU 004 

- + 	- 	 - + 	_-, 
0.0() 	0.70 	1.40 	2.10 	2.80 	3.50 

LN( DRYWT) 

LET 'DRji.5N 0 'LH1DRYW1I ' 'SEASON' 

COLUMN LNI0YUT1 LN(VATERI S€ASCN DRWT.SN 
COUNT 30 33 30 30 
ROW 

1 (.75617 0.50078 1. 0.75612 
2 1.11286 0.96693 1. 1.1116 
3 1.50185 1.60342 1. 1.50185 
4 0.84157 0.74194 It 0.84157 
S 0.44469 0.26236 1. 0.44469 
6 1.48614 1.38379 1. 1.48614 
7 2.12704 2.15176 1. 2.11704 
8 1.71560 1.76302 1. 1.73540 
9 1 0 49515 1.31103 1. 1.46515 

10 2.44148 2.37118 1. 2.44148 
11 1.91398 2.02419 1. 1.93368 
12 103783 1.11514 1. 1.13783 
13 2.25654 2.24496 1. 2.25654 
14 2.16447 2.26280 1. 2.16447 
15 0.27003 0.02956 1. 0.27003 
16 1.04023 0.79751 2. 2.08055 
17 1.09192 0.71295 2. 2.16385 
18 1.13140 0.85866 20 2.26280 
19 0.71295 0.27003 2. 1.42590 
20 0.46373 0.04879 2. 0.92747 
21 0.6575? 0.40547 2. 1.315C4 
22 0.43825 0.06766 2. 0.87651 
23 1.55814 1.27536 2. 3.11629 
24 2.12942 1.95727 2. 4.25884 

25 1.13783 0.75612 2. 2.27547 
26 0.80648 0.57096 2. 1.61295 
27 2.91398 2.77446 2. 5.82796 
28 2.41948 2.18942 2. 4.83696 
29 0.97833 0.46373 2. 1.75665 
It 0.25464 -).08336 2. 0.5C928 

REGRESS 	'LN(WATER)' 01.3 	PREDICTORS 	'INIOKYWI)' 'SEASON' 	DRWT.SN' 

ST. 0EV. 	i-RATIO 
COLUMU COEFFICIENT OF COEF. 	COEFIS.D. 
-- 0.0811 0.1180 

Xl 1NIDRYT) 1.16070 0.07586 
X2 S€ASOP -0.16729 0.04958 
X3 OWWT.SH -0.0606 0.34625 -0.38 	IP0.05I 	1.S 

CONCLUSION: 	'iO 	Si0E n!FFERINCE 	BETWEEN 5!ASONS9 
HICH MEANS 	THAI 	IF PERCENt WAVER 	VARIES 	WITH 

3 rzr OF 	FROG 	11.4.9 WITH 	DRY .1.) 	tHEN 	IT 

Ui 
Ui 
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ULE: FRGRUN 	54 	Al V/5P - COsVERSATI0NAL PIOliZIOR SSTA 	 P4G8 C06 

	

1.3(1+ 	3 3 
- 	----4 -, ---. 

0.0(1 	0070 	1.40 	2.10 	2080 	3.50 
LPI( ORYT) 

FALL: 
PREO. 11ATER = 1000.8063'l0RYitt1.1060$I/(0RYbT 4 PRC. bATERI 

= l000.3363IoyhT , .1.10634I/(RRYht • 
SPRING: 
PRED. 14UR = 1(1'0.64620RYT'1.10608)/(DRYhT 4 PRD. hATER) 

10370.6462(0R6T1.1060d)/(0QYuT • 0.6461'lDRY6T.v1.1C08II 
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fILE: FRURUM 	¶4 	AL VM/SP - COIIVEOSATIOhAL NONITOI SY5I8I 
	

PAGE C07 
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iit: FRGRUN 	54 	01 VN/SP - Ct1P4VE95ITIOAL MOtITOB SYSTN 
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6. INTODUCTION TO MIJLTIVARIATE ANALYSIS 

6.1 A priori structure in a data set: 

In general a data set has n observations (usually n samples) on 

p variables. 	Typically there are n rows and p columns, so the 

data matrix can be represented by 

X=n[ I 
Quite often the data matrix has a priori structure. 	That is, 	we 

perceive the rows and/or the columns to fall into groups which 

existed conceptually before we examined the collected data, and 

preferably before we collected the data. In fact, this a priori 

structure usualy represents the design of the data analysis 

which will be applied. 

The figure 6.2 shows the various types of a priori structure of a 

data matrix. The dashed horizontal or vertical lines represent 

partitions of rows or columns into groups of rows or of columns. 

Each example suggests a category of types of data analysis, and 

the univariate cases should be familiar to you. (Figure taken 

from Green (1979) with permission). 



PARTITIONING 	SYMBOLIC 	MULTIVARIATE MODELS 

variables 	principal components analysis 

0l factor analysis NONE 	 I 	cluster,analysis El 

variables 
0' 	I canonical correlation .1 

VARIABLES 	I 

] E 	
analysis L 	I  0 

0I 

0I 
variables MV analysis of variance 

SS 	- 	and discriminant analysis 
01 
01... 

variables 
MV analysis of covariance 

VARIABLES 	0 	I 
and discriminant analysis 

AND SAMPLES 	- - 
with covariance 
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factorial MV analysis of 

-.'----\ 
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DIMENSIONAL 	ME IN 	variance and covariarice 
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to one factor or 
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multiple regression 

and correlation 

analysis of variance 

analysis of covariance 
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cova r ian ce 

C.' 

FIGURE 62.Data matrices and statistical models 



on 

6.3 Types of data matrices and statistical analyses 

6.3.1 No a priori structure: 

We 	have 	simply collected an observational data 	set, 	n 

observations on p variables. The p variables are not divided 

into "predicted" and "predictor" types, and the n observations 

are not divided into a priori groups (such as different 

treatments, locations, times). If p = 1 we have the univariate 

case, and we would usually summarize the data graphically or do 

summary statistics appropriate for one column of data. These 

would be sample statistics such as x,s ,s,SE and .95 ci on x. 

If p>l we can of course do this for each variable, but besides 

looking at the pattern of variation of each variable we can also 

look at the pattern of covariation between each pair 	of 

variables. 	We speak of the "mean vector" and the "deviation 

cross-prodicts matrix" and the "variance - covariance matrix". 

For p = 3 these are: 
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[ i 1  x 
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If the data were standardized I(x - J)/sijwe would have the 
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1 r r 
12 13 

R= r 1 r 
23 

r 31  r32  1, 

1 r r 
12 13 

= 1 r 
23 

r 

r r 
12 	13 

r 
23 

In the univariate case, these are all quite trivial and boring: 

= [1] , D =[S2]and  R =[i] 

In the multivariate case we will: 

(1) locate the mean vector of the data in a p-dimensional space, 

x 
e.g., 

x l  

for p = 2; 

x 2 

(2) test the D or the R matrix for "structure" that is, against 

the null hypothesis that 

1 	0 	0 

R estimatesy= 	0 	1 	0 	= an identity matrix. 

0 	0 	1 

(all true correlations are zero) 

A confidence bound on a set of standardized observations, which 

yielded an R matrix that was an identify matrix, would be a 

sphere (for p = 3, a circle for p = 2, a spheroid for p > 3). 



Thus the usual test against Ho = "identity matrix" is called a 

test of sphericity, or the "spericity test". If "sphericity" is 

rejected, in favor of an elliptical shape then one is saying that 

at least some correlations appear to be non-zero, which is saying 

that the data "have structure"; 

(3) describe any structure, given that the Ho : "no structure" 

has been rejected. 	Some of the methods consist of identifying 

which variables are correlated. 	Other methods consist of 

finding, a posteriori, the partitions - of variables (vertical) 

or of observations (horizontal) - which "best" describe the 

structure in the data. 	Of course one can not turn around and 

test the "significance" of such partitions. 	It would make as 

much sense to separate a group of people into those shorter than 

the median height and those taller, and then test whether height 

differed between the groups. The only valid test, of "structure" 

versus "no structure", has already been done. Cluster analysis 

is a category of methods for partitioning observations into sets. 

If the n-by-p data matrix is partitioned so that the n 

observations are grouped into g<n sets of observations, the we 

have a cluster analysis solution which has reduced the data 

matrix from n-by-p to g-by-p. If it is a "best" cluster analysis 

solution then it has in some sense done so in a manner that has 

retained the maximum possible information about the structure in 

the original unreduced data matrix. Analysis by ordination 

similarly reduces the data matrix so as to retain maximum 

possible information in the reduced description, but it does so 

by partitioning the variables into "best" sets. Thus the 

original p-dimensional space is reduced to k<p - dimensional 

space. Again, tests of the "significance" of the partitioning 

are not very meaningful. 

6.3.2 	A priori structure is partitioning of variables into 

groups: 

Let us deal with the simplest and most common case where one 
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partition separates the variables into two sets, one on the left 

which is the criterion set and one on the right which is the 

predictor set. Here the a priori structure tells us that the data 

were collected in order to predict the left-hand variables from 

the right-hand variables. If a linear additive model is 

applicable (perhaps after transformation of the original 

variables) then we have the general linear model, or if neither 

set is clearly the predictor or the criterion variable set, then 

we have canonical correlation analysis. In the univariate case 

(one variable in the left-hand set), we have multiple regression 

and multiple correlation analysis, respectively. If, in the 

univariate case, the right-hand set also contains only one 

variable, then we have simple linear regression and correlation, 

respectively. 

6.3.3 	A priori structure is partitioning of observations into 

groups: 

Observations can be partitioned into any number of sets. They may 

be treatments, locations, times, or combinations of those, but 

this a priori structure tells us that the data were collected in 

order to predict values on the p variables from knowledge of the 

group membership of an observation (or vice versa). Of course a 

test of whether there is any predictive power (whether the groups 

in fact differ on the variables) is the first step, and in the 

univariate case (one column in the data matrix) that is the only 

possible step (an ANOVA). When p > 1, and the test for group 

differences on the variables is significant, we would usually 

proceed to describe the group differences in terms of the 

relative contributions by the different variables to the group 

differences. The test would be a MANOVA (an acronym with obvious 

meaning). The descriptive analysis goes by various names: 

discriminant analysis, 	multiple discriminent analysis, 	and 

canonical analysis. 

6.3.4 A priori structure which is a combination, or a multiple, 

of the above: 
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If partitioning is both vertical and horizontal then there is a 

predictor set of variables used to predict a criterion set of 

variables, but the observations on all these variables fall into 

dfferent a priori groups. This is univariate (one criterion 

variable) or multivariate (>1 criterion variable) analysis of 

covariance. If groups, or treatment levels, are defined for more 

than one factor then we have a factorial UV or MV analysis of 

variance or covariance. Any univariate linear additive model - 

any regression, ANOVA or covariance design in existence - is just 

a special case of multivariate model. 

6.4 	Example of some basic calculations for 	mu 1 t i var i ate 

analysis 

6.4.1 Description 

You have learned the necessary calculations and how to do them in 

MINITAB and in APL; matrix addition, multiplication, inversion, 

and transposition, and finding roots and vectors. 

MINITAB does not have a command to calculate a W matrix or a D 

matrix, but the MINITAB job file (section 	)shows how to do it. 

Enter these 3-variable data into Cl - C3: 

4.5 2.9 3.0 

4.9 4.1 3.1 

4.2 3.5 3.3 

4.1 3.8 2.9 

4.7 3.6 3.6 

4.4 3.7 3.5 

Obviously there are n=6 observations on p=3 variables. 

Calculate the mean vector by doing 

AVER Cl, Ki 

AVER C2, K2 



AVER C3, K3 

Now use the MINITAB job on the attached sheet to calculate W and 

D. You should find that 

0.0907 0.0280 0.0213 

D = 0.0280 0.1600 0.0100 

[ 	

0.0213 0.0100 0.0787 

Repeat this job run, but this time change lines 7-9, of the job 

file so the data are standardized on each variable. (Change to: 

LET Ci=(Ci-AVER(Ci))/STAN(Cj). Now D wil be the R matrix. Is it 

the same as you obtain by doing "CORR C1-C3, Ml"? 

Finally, with Ml containing the R matrix, do 

EIGEN 	Ml, C4, M2 

PRINT 	C4 

PRINT 	M2 

C4 contains the eigenvalues, which sum to 3 as did the diagonal 

of R. The columns of M2 contain the elgenvector coefficients 
associated with the eigenvalue above it. You have just done a 

principal components analysis! 

6.4.2 Program for calculating W and D : MINITAB 

1 NRAND 50, 10, 2, Cl 

2 NRAND 50, 12, 3, C2 

3 NRAND 50, 15, 4, C3 

4 SET C4 

5 3(49) 

6 LET C4=1/C4 

7 LET C1=C1-AVER(Cl) 

8 LET C2=C2-AVER(C2) 

9 LET C3-C3-AVER(3) 

10 COPY C1-C3 INTO Ml 

11 TRAN Ml, M2 

12 MULT M2 Ml, M3 

MU 



13 PRINT M3 

14 DIAG C4, M4 

15 MULT M4 M3, M4 

16 PRINT M4 

17 STOP 

6.5 Some MINITAB examples for inultivariate analysis 

6.5.1 Example of eigenanalysis of non-symmetric matrix 

PRINT Ml 

MATRIX Ml 4 ROWS BY 4 COLUMNS 

1.23981 1.11477 0.28177 0.32404 

1.70016 1.52869 0.38640 0.44436 = W I  A 

-0.52596 -0.47290 -0.11954 -0.13747 

9.21021 8.28137 2.09321 2.40721 

* MULT Ml BY M1,M2 

* MULT M2 BY M2,M2 

* MULT M2 BY M2,M2 "Powering" the matrix 

* MULT M2 BY M2,M2 

* MULT M2 BY Ml ,M3 

* COPY M2 TO C11-C14 

* COPY M3 TO C15-C18 

* LET K3-(SU] 1(C15))/(SUM(C11)) 

* PRINT K3 

K3 	5.05618 	= the first root 

* LET C10-C15/C11 

* PRINT ClO 

COLUMN 	ClO 

COUNT 	4 

5.05618 	5.05618 	5.05618 	5.05618 - check 

* LET C10=C11/10000 

* PRINT ClO 

COLUMN 	ClO 
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COUNT 	4 

4473961. 	6135180. 	-1897976. 	33235921. 

*LET C1O=C1O/SQRT(SUM(C1O*C1O)) 

*PRINT dO 

COLUMN 	ClO 

COUNT 	4 

10.131028 	0.179680 	-0.055586 	0.9733741 

= the vector associated with the 1st root 

6.5.2 Example of calculation of determinant of a matrix 

*PRINT Ml 

MATRIX Ml 
	

3 ROWS BY 
	

3 COLUMNS 

1.00000 0.70000 

0.70000 1.00000 

0.80000 0.60000 

• EIGEN M1,C1,M2 

• LET C2=LOGE(C1) 

• LET K1=EXP0(SUM(C2)) 

• PRINT Ki 

Xl 	0.182000 

0.80000 

0.60000 

1.00000 

- the determinant 

6.5.3 Test of sphericity ona correlation matrix. 

PRINT K1-K3 

K1 	0.182000 	= determinant of the matrix 

K2 	49.0000 	= number samples less one 

K3 	3.00000 	= number variables 

* LET K4=_(K2_(2*K3+5)/6)*LOGE(K1) 

* LET K5=K3*(K3_1)/2 

* PRINT K4-K5 

K4 	80.3601 = X2 

K5 	3.00000 = df 



7. ORDINATION AND CLUSTER ANALYSIS 

7.1 Tutorial/assignment 

The data set to be used will be 'SEDABC DATA'. 	These are 

sediment samples obtained by grabs from 10-20m depth (below mean 

low water) at 3 locations 1 km apart in the lower Bay of Fundy on 

the Atlantic coast of Canada (where these samples were taken, the 

tidal range is about 18rn). There are 60 samples (n=60), 20 from 

each of the 3 locations A, B and C. There are 4 variables: % 

sand, % silt-clay, % gravel, and organic content as % of total 

dry weight. The first 3 variables add to 100%. The 5th column 

of data contains "location codes": 1=A, 2=B, and 3=C. 

To begin with, we will ignore the fact that we know that the 

samples come from 3 locations. We will treat the data as 

"unpartitioned" for purposes of analysis, and we will apply a 

principal components analysis, a cluster analysis, and the 

"variable subset seection" FORTRAN program 'RSLCTIBM FORTRAN' 

(based on an algorithm originally proposed by L. Orloci). Each 

of these methods somehow "look for" partitions of the data in 

order to describe the structure in the data. After these 

analyses we will "remember" that the samples come from different 

locations and we will see whether the structure that has been 

described is related to the locations. 

We will use MINITAB, SAS, APL, and a FORT RAN program. The Orloci 

& Kenkel Apple DOS 3.3 BASIC programs also include programs 

analagous to those we will use. We will not use them as part of 

this tutorial/assignment. However some of you may wish to try 

them if you are going to be limited to BASIC programs "back 

home". 

7.1.1 MINITAB 

Run the MINITAB example of doing a PCA (a handout you have 

already been given). Include the "sphericity test" insert it 

just after you do the "EIGEN----" command. (Choose your own C, K, 

and M numbers so they do not conflict with the PCA analysis!) If 

you have problems with the sphericity test because one of the 
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roots is zero, then drop the 4th root which is zero and do the 

sphericity test using only the 3 non-zero roots. Run 

interactively first, then as a batch job, and then print out the 

'fn MINITAB' and 'fn OUTPUT'. 

7.1.2 APL 

Now go into APL. 	If you have not yet done so, read the 

descriptions 	of 	functions 	MATFORM, COVAR, CEIG, 	and 

ISOTROPY (by entering each name with "DES" appended). 

If that is unclear, enter "DESCRIBEFNS". 

The workspace UNESCO also contains the variable SEDABC. 

Enter 'SEDABC' and you will see the same data set as in the 

file 'SEDABC DATA'. The function MATFORM was used to enter 

the data and shape them into this 60-by-5 matrix. 

C. Run COVAR using the option to create a covariance matrix 

(enter '0 COVAR SEDABC[;1 2 3 41'). 	Do you understand the 

bracketed part? 	If not, just enter 'SEDABC1 2 3 4]' and 

compare the response with the response you get when you 

enter 'SEDABC'. Rename the covariance matrix from M to MC 

(enter 'MC(—M'). 

Run COVAR again, this time with the option to create a 

correlation 	matrix (enter 	'1 COVAR SEDABC[;1 2 3 

Rename it to MR (enter 'MR(—M'). 

Now run GEIG on the covariance matrix by entering 'GEIG MC'. 

Write down this root (which is for PC I) and its associated 

vector, then follow the instructions and continue by 

entering 'GEIG N'. 	Write down the root and vector for PC 

II. 	Again enter 'GEIG N' and write down the root and 

vector for PC III. Sum the 3 roots. Enter 'MC' and sum 

the diagonal elements (the variances) in the covariance 

matrix. Are they the same? If they are, then the 4th root 

is zero (as you know it is from the MINITAB analysis), so 

there is no point in doing 'GEIG N' again. 

Repeat (d) on the correlation matrix (stored in MR). Also do 

the sphericity test on the correlation matrix, by entering 

'60 ISOTROPY roots', where 60 is the number of samples from 

which the correlation matrix was calculated and "roots" is 

a vector containing the roots. 	Again, you can not include 
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a zero root so leave out the 4th root, which is zero. 

f. Compare all your APL results with those you obtained using 

MINITAB. 

7.1.3 SAS 
Now prepare a file named 'SEDABC SAS', using XEDIT. 	Your 

file should look like this: 

TITLE SAS ANALYSIS ON SEDIMENT DATA; 

DATA SEDABC; 
INPUT PERSAND PERSLTCL PERGRAV PERORG LOCATION; 

CARDS; 

(the SEDABC data go here - use the 'GET SEDABC DATA' command) 

PROC PRINT; 

PROC PLOT; PLOT PERSAND*PERSLTCL=LOCATION; 

PROC PLOT; PLOT PERSAND*PERGRAV=LOCATION; 

PROC PLOT; PLOT PERSAND*PERORG=LOCATION; 

PROC PLOT; PLOT PERSLTCL*PERGRAV=LOCATION; 

PROC PLOT; PLOT PERSLTCL*PERORC=LOCATION; 

PROC PLOT; PLOT PERGRAV*PERORG=LOCATION; 

PROC PRINCOMP OUT=COVPCS COy; VAR PERSAND PERSLTCL PERGRAV 

P ER ORG 

PROC PRINCOMP DATA=SEDABC OUT=CORPCS; VAR PERSAND PERSLTCL 

PERGRAV PERORG; 
PROC PLOT DATA=COVPCS; PLOT PRIN1*PRIN2=LOCATION; 

PROC PLOT DATA=CORPCS; PLOT PRIN1*PRIN2=LOCATION; 

PROC CLUSTER DATA=SEDABC OUTTREE=TREE; 

VAR PERSAND PERSLTCL PERGRAV PERORG; ID LOCATION; 

PROC PRINT DATA=TREE; 

PROC PLOT; PLOT ....CCC * _NCL_; 

Run the SAS job, and look at the output (enter 'TY SEDABC 

LISTING'). 	Compare the correlations between the variables 

with the bivariate plots of the variables. 	Compare the 

bivariate plots of the variables with the "PC I vs. PC II" 
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plots. 	How do the PCA and cluster analysis results relate 

to the three locations? 

7.1.4 FORTRAN 

Now we will run the FORTRAN program 'RSLCTIBM FORTRAN'. This is 

the algorithm which selects a subset of variables, such that the 

subset best represents (is most highly correlated with) the whole 

set. 

Enter 'TY RSLCTIBM DATA'and observe that the data are the 

same as 'SEDABC DATA'. 

Enter 'TY RSLCTIBM FORTRAN' and read the comment lines that 

proceed the program itself. 

C. Now run the program, by entering 'FORTVS RSLCTIBM'. 

Wait for the final "R; --------", and then enter 

'TY RSLCTIBM OUTPUT'. Read it and try to understand it. 

Note the first 2 variables "selected". 	What percent of the 

total correlation structure do they account for? 	What 

percent of the correlation structure did the first two 

principal components (PCs) account for (refer to MINITAB, 

'SAS or APL runs)? Are the 2 "best variables" almost as 

good at accounting for correlation structure as the 2 best 

linear combinations of all 4 variables (that is one way of 

saying what PCs are)? Look at the SAS bivariate plots. 

Does the bivariate plot of the 2 best variables against 

each other show the most information? Does it show low or 

high correlation? 

Look at the vectors associated with the first 2 PCs. 	Is the 

coefficient associated with the "best variable" in the 

PC I vector 	relatively large in magnitude? 	Is 	the 

coefficient associated with the "2nd best variable" in the 

PC II vector relatively large in magnitude? 

7.1.5 Overall evaluation. 

Now try to evaluate all this. 	You used 4 analytical approaches 

to evaluate the correlation structure in this n-60-by-p-4 

data matrix, and you ignored the information contained in a 

5th "location code" variable. 	Try to answer the following 



questions: 

Does "location t' appear to be reacted to, or involved in, the 
correlation structure you described when ignoring the 

location information? Try to interprete any relationship you see. 

You used 4 analytical methods or approaches: 	(1) the 

sphericity test of the Ho: "no nonzero correlations" which 

is 	equivalent to Ho:"no correlation structure"; 	(2) 

principal 	components analysis (PCA) which finds 	new 

variables (new axes) which most efficiently display the 

structure in the data;(3) RSLCT which selects the best of 

the original variables for display of the structure in the 

data; and (4) cluster analysis which finds the best groups 

of samples to describe the structure. Can you see how they 

are describing (testing in the case of the sphericity test) 

the same structure in this data set, though in different 

ways? Which do you think does the best job (go ahead and 

be subjective!)? 

C. You used MINITAB, SAS, APL, and FORTRAN program. (You may 

also have used some of the Orloci & Renkel Apple DOS 3.3 

programs.) Can you see that the results (e.g. PCA, 

sphericity test) are basically the same when done by the 

different languages or packages? Do you have likes and 

dislikes related to ease of use, clarity of output, or any 

other characteristic? 

73 
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A 	No redundancy in 4 dimensions 
= all 4 roots exactly equal 
= sphericity in 4 dimensions 

(all zero correlations) 

B : 	No redundancy in 3 dimensions 
= 1 root zero, rest exactly equal 
= sphericity in 3 dimensions 

(all zero correlations) 

C : 	Expected when random 
uncorrelated data are 
used (nonzero correlations 
by chance only). 
.95 cis on a single run 
are shown. 
(In 3 dimensions.) 

D 	RSLCT on sediment data. 

E : 	PCA on sediment data. 

F : 	Total redundancy 
= only 1 nonzero root 
= all perfect correlations. 



7.2. Job Listings and Outputs. 

FILE: PC42 	4I1T3 At V'l/SP - C0M'IESATI011AL MOMtT0 SYSTEM 	 PAGE 001 

RE*rj 1-05 

	

2.3 1 i 97.150 	0.0 

	

4.22 94.250 	1.123 

	

3.64 95.144 	0.472 

	

3.117 	°.'2 	0.11 

	

1.513 94.173 	4.317 

	

2.23 91.430 	3.0 

	

.i+ 	76.!J 	1•2q6 

	

.1.460 97.47 	0.073 

	

31.54 	60.732 	7.75 1 ) 

	

93.341 	0.'. 

	

2.365 95.163 	3.1 7 2 

	

3.561 9).3? 	1.341 

	

4.237 95.593 	0.170 

	

4.329 93.671 	3.0 

	

2.0d fl7.344 	0.53 

	

1.751 95.123 	0.166 

	

2.307 97.oql 	3.3 

	

4.33i 94.520 	0.'?). 

	

3.215 95.417 	1.223 

	

2.953 97.047 	0.3 

	

46.631 53.003 	3.31') 

	

14.374 24.583 	0.333 

	

90.096 19.211 	0.613 

	

81.447 17.401 	1.150 

	

7.150 23.90 	1.160 

	

49.475 49.3Q6 	1.127 

	

47.414 52.413 	0.168 

	

86.553 12.607 	0.535 

	

50.699 43.619 	0.692 

	

80.393 18.146 	1.466 

	

53.262 41.069 	3.673 

	

63.362 38.412 	1.206 

	

55.370 43.314 	0.816 

	

7'..645 23.567 	1.783 

	

74.699 23.591 	1.7!') 

	

42.257 57.207 	0.536 

	

41.767 57.94 	0.549 

	

72.371 27.343 	0.536 

	

76.056 23.502 	0.342 

	

80.534 18.572 	0.874 

	

3.50 99.350 	0.0 

	

0.600 99.400 	3.0 

	

0.550 97.450 	0.0 

	

0.985 99.018 	0.0 

	

0.704 99.2% 	0.0 

	

1.203 93.792 	0.0 

	

1.460 03 • 531 	0.0 

	

0.855 99.145 	0.0 

	

2.03 91.907 	3.0 

	

1.332 93.169 	0.0 

	

0.960 99.005 	0.035 

	

0.754 99.193 	0.053 

	

1.153 93.350 	0.0, 

	

2.073 97.922 	0.0 

'.825 1. 
1. 

'3.q4Q 1. 
5.753 1. 
5.451 1. 
6.37) 1. 
1.058 1. 
,.'3'4 1. 
6.1', o I. 
7.330 1. 
3.734 1. 
3.12 1. 
7.303 1. 
7.560 1. 
7.334 1. 
7.301 1. 
3.317  

5.•)72 1. 
3.601 1. 
5.235 2. 
2.356 2. 
2.412 2. 
2.236 2. 
2.559 2. 
5.073 2. 
5.709 2. 
4.360 Z. 
2.273 2. 
2.259 2. 
3.512 Z. 
3.133 2. 
2.243 2. 
2.6.33 2. 
!.7C5 .1.-
5.542 2.  
6.291 2.  
2.055 2. 
2.563 2. 
2.534 2. 
7.909 3. 
7.364 J. 
6.337 3. 
6.375 3. 
1.2"3 1. 
4.300 3. 
7.524 3 
7.l4 3. 
1.535 '8. 
7.2°3 3. 
6.396 3. 
6.353 3. 

11.762 J. 
1.526 3. 



fILE: 	 '/1/SP - cNVERSATr34L MmNrTl 9t svsrE4 	 P,tGE 002 

1.oE3 	9.347 	3.3 	7.-'u I . 

	

0.344 qq. 1 2h 	0.031) 	6.11 64 3. 
1.6e3 	73.332 	0.3 	3. 

	

1.C13.L7'3 	0.071 	. 
1.337 	03.)1) 	0.0 	0.62' 3. 

	

.304 97.301 	0.1'i 	5. 354 3. 
PRIIT Cl-CS 
COQR C1-C, 141 
PUNT Ml 
N3TE 11 IS THE CELTiO'i 1TL' 
EICEN MI, C'. MI 
°ICK 1 3 C'j, Cl 
MOTE C7 C TI4S THE F!ST T'4EE 	PUOTS OF THE CO.S '4TRIX 
LET Cd=L'1GE(C7) 
'lUTE C9 C)NT IriS T 4E Lr" '3C  T-IE FjQ5 	. F J TS OF THE CnRRELATIlv4 IATQIX 
LET 	LXIJ(SJU(Cd)i 
PI'1-  Kj 
MOTE U IS THE PFY'Y,CT 3F 7tlE 	3T T'1cE 	3'3TS G THE cELT10l 	1LtY 
LcT (2' 
NOTE K2 IS THE NtI'1'EP. OF .SEVTIONS 'IMJS OiE 
LET K3=4 
NOTE K) ES THE NJMER IF /AI3LES 
LET  
NOTE K4 IS THE C4I-S3UAE VAL'JE FOR SPHERICITY TEST 
LET K5K3(K1-1)/2 
M3TE 5 IS THE JEGREES IF FREEJOI 
PR!1T K4-K5 
PRIHT Cs 
NOTE 06 GIVES THE EIGE9VLUES OR kOJT ]F -IE CORRELATION 'ATR 1K 
SUM C6, KI 
NOTE Ki IS THE SUM OF THE EIGEVALJES, ANO SHOULD HAVE 'JALUE 4 
LET C700''C6/4 
PRI'IT Cl 
NOTE C'! ARE THE EENVLUES GIVEN IN PERCENTAGE 
PRINT "2 
NOTE '42 GIVES THE 21GENIVECTM O 	ME C0RRELT10M MATRIX 
LET C1=tC1-AvER(rt))/STM(C1) 
LET C2(C2-AVER(C2))/STAN(C2) 
LET C3C3-AVER(C 3) )/STAN(C3) 
LET C4=(C4-AVER(C4))/STA'HC4) 
NOTE C1-C4 NO4 CONTAIN THE L TRA?ISFJSMTI3N OF THE ORLGI'AL DATA 
COPY CI-C4 INTO 43 
PRINT M3 
NOTE 113 15 THE MATRIX CONT4INIIG THE STANQADISED V,LIJES OF THE DATA 
MULl 43 "2, 44 
COPY 44 INTO CS-Cu 
OESCRI'E C-C1t 
NOTE 0-C1t ARE THE PCI-PCIV 
WLCTH tOO. 50 
LPL'JT C3 CO. 05 
MOTE TWIS GIVES THE PLOT OF PEt VERSUS PEtE 
STOP 

-4 



FILE: SEOIENT OUTPUT 	Al Vi/SP - C0VERSATIONAL MONITOR SYSTEM 
	

PAGE 001 

IMINITA3 RELEASE U.l 	QOYGHT - PENN STATE UNIV. 1931 
MAY 4, 1055 	rIATI0AL LJ.IIVEPSITY OF SIGAPOQE - LOCAL VERSIO1 0211211952 
ST'IRAGI AVAILULE 	430 

PRINCIPAL CO.TS ANALYSIS 0'4 SE0I 4 T PAPAMTEP.S 
OP CANADIAN CR85 SAIPLES 'JSPIG MINIT2 

COL'JM1 Cl C2 C3 04 CS 
CO0T 60 60 60 6) 60 

SA"O SILT-CLAY I GRAVEL O.M. AREA CO)E 
1 2.803 97.1503 3.0 0 .325C I. 
2 4.6220 94.2533 1.12500 P.4790 1. 
3 3.5640 95.9440 0.49200 9.R400 1. 
4 3.1170 96.6920 0.19100 8.7530 1. 
5 1.5130 94.1703 4.31700 0.4510 1. 

2.5Z00 97.4300 0.0 6.87 0 0 1. 
7 2.R940 96.8203 0.28600 7.0583 1. 

2.6600 97.4670 0.01300 6.8940 1. 
31.5483 60.7020 7.75003 6.1900 1. 

13 5.650 93.8410 3.46400 7 . 1 300 1. 
11 2.350 96.93J 0.17200 3.734) 1. 
12 8.5610 90.073 1.34100 6.1920 1. 
13 4.2370 95.5930 0.17000 7.303 1. 
14 4.329u 95.6710 0.0 7.5603 1. 
15 2.0I80 97.3440 0.55300 7.0340 1. 
16 1.7610 93.1230 0.16600 7.5973 1. 
17 2.3390 97.6910 0.0 8.3770 1. 
12 4.3363 94.6200 3.9400 7.5300 1. 
19 3.2953 9.4770 1.22300 5. 0720 1. 
20 2.9530 91.0470 0.0 8.6910 1. 
21 46.6370 53.0030 0.39000 5.2353 2. 
22 74.474J 24.539 0.53300 2.560 2. 
23 30.0960 0.2110 3.30300 2.4120 2. 
24 81.4490 17.4313 1.15000 2.2360 2. 
75 75.1500 20.6900 1.16000 2.68 00 
23 49.4750 40.396) 1.1200 5.0730 2. 
27 47.4140 52.4130 3.16510 5.D73 2. 
73 S6.550 17.6070 0.31500 40600 7. 
21 50.6990 41.6190 .6200 2.2750 7. 
30 eO.33RI 13.1460 1.46600 1 .251 2. 
31 55.220 41.0ff) 3.57093 3.5920 2. 
32 60.332u 35.412 1.20503 .9530 
33 55.873o 43.3140 0.31613 2.2433 2. 
34 74.6450 23.5670 1.7300 2.63w) 2. 
35 7 4 .690 21.013 1.72000 2.700 2. 
36 42.2)70 57.20 7 0 0.53609 5.523 2. 
37 41.9370 57.4340 0.34903 6.2990 2. 
34 72.3710 27.0430 0.5600 2.0550 2. 
39 76.160 23.602) 0.34200 2.663) 2. 
40 d 3.5340 15.5720 0.39400 7.5343 2. 
61 0.00 97.3533 9. 7.9CR') 

4-2 0.6300 9.40fl0 0.0 7.640 3. 
41 0.5500 V'.450) 0.0 A.3370 3. 
44 0.9'JS0 01 .0153 0.3 6.P750 1, 
45 0.7040 49. 1 7.9 J.0 7.22P0 3. 

00 



FILE: 5OLMENT uUTPuT 	Al VM/SP - CONVERSATIONAL MONITOR SYSTEM 
	 PAGE 002 

- S&13 SILT-CLAY 1 GRAVEL 0.'. AE& COOE 
46 1.2390 98.7920 3.0 4.3000 3. 
47 1.4690 99.5310 0.0 7.5240 3. 
4d 0.9550 99.1450 0.0 7.9140 3. 
49 2.130 97.9070 0.3 7.5353 3. 
50 1.9320 95.1630 3.0 7.2980 3. 
51 0.9600 9.0053 3.03500 6.3960 3. 
52 0.7543 90 .1383 0.05503 6.3333 3. 
53 1.1500 93.50D 3.0 11.7620 3. 
54 2.0750 97.920 0.0 7.5263 3. 
55 1 .6530 09.470 0.0 7.4900 3. 
56 0.8440 9.1263 0.03000 6.0680 3. 
57 1.6690 93.3320 0.3 6.0960 3. 
59 1.8010 93.1790 0.02100 6.9973 3. 
59 1.037Ce 93. 0 130 3.0 6.6290 3. 
60 2.5040 97.3910 0.10500 5.8543 3. 

THE FOLLO'.41M4-  ARE THE CO°.ELATI0't CrEFtCIE'TS BETWEEN  
CI MW CJ 

Cl 	C2 
C2 	-0.999 
C3 	0.275 -0.309 
C4 	-0.901 	0.957 -0.194 

'Al IS THE CORRELATION MTR1X JF THE S0IUE1T PARAMETERS 

	

HAT.IX Ml 	 4 ROWS 3Y 	4 CDLUS 

	

1.0JflOO 	-0.79936 	0.2796 	-0.6114 

	

-0.7936 	1.00000 	-0.33915 	0.85901 

	

0.27496 	-0.3091R 	1.03030 	-0.19412 

	

- -0.36114 	0.95001 	-0.19412 	1.00000 

KI 	3.469345 	0ETRMIMAT OF THE 3-ROOT OtA0L MTR1X 

4.7897 	C4I-SJA.E V4LJO FOR SDHERICITY E$T 
5.103O' 	ASS0CI.TEJ 	 C FP.E3M 

C6 GLIES THC EIt 	VLU 	Uk ;,O ,ITS 0c THE C .LATt 	4 ,TRIX 

CCL.JMN 	Co 
4 

	

2.Q2C73 	0.13"9 	fl.17q3T 	0.03100 

JT 	THAT TH SU'1 O TI-1 	IJTS 0)LS 1-IE S'J OF T 
DLG0L 	4C1TS OF TH- CO?.LATL3M MATRIX, I.E. 

	

• 	'.0O33 



FILE: SEO1ENT LJUTPUT 	Al VM/SP - CONVER.SATIONAL MONITOR SYSTEM 
	

PAGE 003 

Cl GIVES THE ROOTS OR EIGENVLIJcS P1 PERCENTAGE 

COLUMN 	Cl 

COuNT 	4 

	

73.0103 	22.5223 	4.4593 	0.0000 

12 13 TH 94TLY OF I0NVECT0RS OF THE C0RE1ATIO4 4ATPI 

	

M4RIX M2 	4 ROWS SY 	4 COLUMNS 

	

-3.572el 	0.11612 	0.405130 	0.702779 

	

0.55171 	-C.0 7 9)65 	-C.3"72d7 	0.71071° 

	

-0.2238.18 	-0.96375 	-0.091743 	0.025452 

	

0.537211 	-3.234421 	3.313331 	-0.000014 

M3 GIVES THE ST3ARJI3E0 VALUES CF THE ORflINAL DATA 

	

MAT,UX 43 	60 qaws JY 	4 C3LU4S 

-0.(,75c4 0.63755 _0.C2371 1.43570 

-0.613.7 0.59555 0.43673 1.05141 
-0.65256 0.64934 -0.10471 1.22112 
-0.669 0.67304 -0.3b105 1.13486 

-0.71E23 0.59312 3.15279 1.04902 
-0.51601 0.691)1 -0.52371 0.35352 
-0.67403 0.67110 -0.23014 0.43272 

-0.5(3794 0.69760 -0.46154 0.3616 

0.24404 -0.46752 6.07645 0.34969 

-0.51429 0.53?619 -0.12355 0.55306 
-0.67496 0.58133 -0.37721 1.17 4 23 
-0.4'2..5 0.46407 0.61933 0.04957 

-0.63100 0.5321 -0.27893 0.54111 
-0.62805 0.b4069 -0.52371 0.65432 

-0.699)3 2.937) -0.04350 0.42710 
-0.71031 0.7139 -3.3234 3.30391 

-0.69277 0.704 70 -0.?371 I.C1(32 

-0.62623 0.50739 0.32231 0.64154 

-0.56119 0.53454 0. 112210 -0.04776 

-0.'u7214 0.64' -0.2371 1.15520 
0.72653 -0.711E1 -0.1 1 157 -0.37250 

1.63221 -1.61201 -0.0.553 -1.4266 

1.79952 -1.79241 0.06(347 -1.62230 
!.4237 -1.5377 0.45567 -1.7057 

1.73717 -1.73554 0.4041° -1.50025 
0.1142 -0.12532 0.43779 -0.44550 
0.75237 -.73005 -0.33063 -0.15412 
2.006 -1.19170 0.19740 -0.75095 

0.5754 -.35344 0.05710 -1.63141 

t.FJ83 -1.41516 0.7Z47 1..7040 

1.0970(3 -1.03774 C.04(39 -1.10074 

1.16715 1.17101 O.)136 0.04927 

1.02332 -1.0L36 0.17122 -1.6Q757 
1.h2467 -1.64436 0.91 001  
1.62660 -1.64 1 92 0.94110 -1.49317 
3•547 

- 1 .5733 -9.Oo7?3 _0.23 1 00 



FILE: SEOIMENT 0TPUT 	Al VM/SP - CONVERSATIONAL MONITOR SYSTEM 
	

PACE 004 

0.57787 -3.56950 -0.056 0.09691 
1.55201 -1.53421 -0.02465 -1.78075 
1.67008 -1.64325 -0.23245 -1.51175 

1.81355 -1.80256 '.23765 -1.54670 

-0.74593 0.75729 -0.2371 0.80878 

-0.74753 0.75986 -0.52371 0.78931 

-0.74913 0.75345 -3.52371 0.11373 

-0.73519 0.14666 -0.52371 0.36060 

-0.74420 0.75557 -0.52371 0.50793 

-0.72805 0.73059 _0C2371 -3.78750 

-0.71969 3.73132 -0.52371 0.63989 

-0.73036 0.75078 -0.2371 0.81144 

-0.6964 0  0.70338 -0.2371 0.64376 

-0.70506 0.710.2 -0.371 0.5390 

-0.73600 0.74634 -3.43*0 0.13933 

-0.74260 0.75214 -0.41431 0.11196 

-0.72991 0.74143 -0.52371 2.51390 

-0.70018 0.71202 -0.52371 0.3977 

-0.11379 0.72549 -0.52371 0.62305 

-0.73971 0.70 13 -0.47916 -0.00529 

-0.71331 0.7Z52 -0.52371 0.0026! 

-0.73905 0.12014 -0 • 5)532 0.40573 

-0.73193 0.74343 -0.5371 0.24292 

-0.63653 0.6951. -3.43429 -0.07997 

Cd-Cll ARE TH p'P.INCIAL COIDONENTS, I.c. CIPCIV 
THE OESCRIDT!Vr STATISTICS FOS TNE FOJR PINC1PAL C01P0JE1TS A: 

C9 	N = 60 	'EAN = J.000011224 	ST.OEV. • 	l.l 

C7 	N = 60 	MA$ =-0.D0J03957 	S1.DEV. = 	0.949 

ClO 	N = 63 	MEAN = 0.000010253 	$T.OEV. = 	0.422 

Cli 	0 	lEAN = 0.300007924 	ST.DEV. = 0.300144 



FILE: 5EDIMcNT OUTPUT 	Al VM/SP - COVERSATI0NAL M0IT0R SYSTEM 
	

PAGE 005 

PLCT OF PCY VEFSUZ PCII, CODED iv AREA 

A 

A 

Ce 
2. JO. 

2.10. 

1.40+ 

0.70+ 

0.0 

_L.4r. 

-2. 104 

-J.5 34 

[U 

A 
2A 

A 	A4 

7 
4 	25 

A 	A4 	23 
C 

A 
A 

S 
U 

3 

B 

e 

55 I 
3 

3.3 	a o 
S 

3 

 --------------------. -------------------* -----------------------------+-----------------------------+
c4 -1.30 	_540 	_4.j 	-.z0 	-1.30 	-J.90 	0.0 	O.0 	1. 

tA MI 41Ta5 	STArlsrics '.r'T ' PE44 STT UIv. 	1EA; 	31.1 
STUFAGE 4VAILA6L 	4300 



FIL 	SE0AiC 	SAS 	31 	- C04vFRS4T13AL ;•tONITO SYSTIM 	 PAGE 001 

TITLE SS Ai'ALYS!.jJ 	I 4 E)T )473; 
DATA SD33C; 
IPU7 P3M0 PR3LTCL 	V4/ P(34 1)C.Tt1i; 

	

3.353 	97.15) 	0.3 	, .325 1. 

	

,.b23 	94.350 	1.121 	1.4711. 

	

3.564 	93.944 	0 • 4')7 	8.33 1. 

	

3.117 	9..2 	.0.191 	3.71 1. 

	

1.513 	9•'.17) 	4.317 	3.4511. 

	

2.23 	1 7.-.E0 	3.) 	6. 3 7 9 1. 

	

2.l4 	76.J2) 	0.246 	7.053 1. 

2 . 	q7.,67 	0.073 	4•304 1. 

	

31.543 	63.702 	1.751 	0.1 ,70 1. 

	

5D5 	3.J4j 	J.45s 	7.310 1. 

	

2.365 	g6.63 	3.172 	5.7341. 

	

3.561 	cl ).39$ 	1.341 	6.1' 	1. 

	

4.217 	95.503 	0.L 	7. 303 1. 

	

4.329 95. ~ % 	3.3 	7.560 1. 

	

97 • 34 4 	3 • 5c3 	7.034 1. 

	

1.761 	93.123 	3.156 	7.37 1. 

	

2.30? 97.51 	3.0 	3.377 L. 

	

4.395 94.623 	0.974 	7.c'3 1. 

	

3.223 	95.477 	1.273 	5.'72 1. 

	

2.753 	77..)47 	0.0 	3.691 1. 

	

46.601 	53.303 	3.30 D 	5.230 0. 

	

74.S74 24.633 	0.515 	2.356 2. 

83.09 	19.311 	0.503 	2.4122. 
	

00 

	

81.449 	11.401 	1.150 	2.235 2. 

	

73.150 23.590 	1.16) 	2.389 2. 

	

49.475 41.396 	1.129 	5.073 2. 

	

47.414 52.113 	0.153 	5.709 Z. 

	

35.553 12.107 	0.335 	4.360 2. 

	

50.699 43.s19 	0.532 	2.275 2. 

	

30.333 13.146 	1.466 	2.2572. 

	

58.262 41.063 	0.673 	3.572 Z. 

	

60.382 33.412 	1.206 	3.733 2. 

	

55.370 43.314 	3.31 	2.2432. 

	

74.645 23.567 	1.783 	2.633 2. 

	

74.697 23.591 	1.720 	2.735 2. 

	

42.257 57.207 	0.536 	5.542 2. 

	

41.767 57.484 	0.549 	6.2992. 

	

72.31 1 27.043 	3.536 	2.055 2. 

	

76.056 23.oOZ 	0.342 	2.663 2. 

	

80.534 13.572 	0.894 	2.5R4 2. 

	

3•C3 97.353 	0.3 	7.703 3. 

	

0.600 	9.,03 	0.0 	7.364 3. 

	

0.550 90.439 	3.0 	6.337 3. 

	

0.185 q9.115 	0.0 	5.395 3. 

	

0.704 97.305 	0.0 	7.223 3. 

	

1.209 93.793 	0.0 	4.300 3. 

	

1.457 98.531 	0.0 	7.524 3. 

	

0.355 99.145 	3.0 	7.914 3. 

	

2.13 97.837 	0.0 	7.535 3. 

	

1.332 	913.168 	0.0 	7.323 3. 

	

0.960 99.005 	0.035 	6.396 3. 



F11: SzDC 	SAS 	A I V/S - C)4V4S3TLr,AL 	y;14 	 P-GE 002 

0.75-, 	'),IÔJ 	0.053 	•.333 1. 
L.Lu q.5O 	3.0 	tt.76! 3. 
2.073 97.'22 	3.0 	7.526 3. 
1.53 9.347 	3.0 	7.4 1 0 3. 
0.34' 	9.I2z, 	0.03) 	.063 3. 
1.063 93.33 	.0 	J. 
t.dOL 9'.L" 	0.0I 	6.991 3. 
L.37 	0.0 	1. 
2.504 	)7.3?1 	0.135 	5.3S4 3. 

PROC PRINT; 
PROC P131; P131 PPA'40-PEO.SLTCL=L0CATTYI; 
PROC P131; P131 ;P V=11C.1i3; 
PROC P131; P1)1 PRSNxP3PG=LflC4TtJ; 
ROC PLOT; R LO1 PER  

PROC P131; PLT PjLTCLPR1R5=13CaTI0'$; 
°ROC ?13T; PUT 
PROC Pj.'C(ji' I.7IJT=C.JVPCS C'v; V,9 2 S5AJD PSLTCL PF.VV 	0SG; 
PROC PII.01 )AT.3C JY'CiJ°PCS; V,P PER5A0 PLTCL 2RA/ 

PE°C°G; 
PiOC PLOT oA'r=CovP:s; P131 P1PI2.1JCflI0;; 
PROC PL3T DAT=CtJRDCS; PLOT PRI'411!I2L3CA'I0i; 
PROC CLUSTER OATASDA1C CJTTSFrTRE; 

VAR ?ERSA'JO PESLTCL PRGRAV Pu°3; 13 LOCATION; 
PROC P°.INT 0ATA=TRE; 
PROC PLOT; PLOT _CCC__lCL_; 



SAS APIALYSIS 04 SEOIMEMT DATA 	 17:09 TUESDAY, NAY 79 1985 
OSS 	PERSAPID 	PRSLTCL 	PEGDAY 	PERORG 	LOCATION 

I 2.550 97.150 3.300 0 .325 	1 
2 4.622 74.250 1.128 8.479 	1 
3 3.564 )5.944 0.492 8.840 	1 
4 3.117 96.692 3.191 8.158 	1 
5 1.513 94.17C 4.317 8.451 	1 
6 2.520 17.430 0.330 6.879 	1 
7 2.894 9.2' 0.256 7.058 	1 
8 2.463 97.467 0.773 6.894 	1 

31.548 S.732 7.750 6.190 	1 
10 5.695 13.541 0.464 7.330 	1 
11 2.65 6.°3 0.172 8.734 	1 
12 3.561 90. "it 1.341 6.192 	1 
13 4.237 95.593 3.170 7.303 	1 
14 4.329 9.671 0.300 7.560 	1 
IS 3.3q 97.344 0.558 7.334 	1 
16 1.761 9.113 0.166 7.597 	1 
17 2.309 97.691 0.30G 8.377 	1 
15 4.356 14.6Z 0.994 7.533 	1 
19 3.295 95.477 1.225 5.72 	1 
20 2.953 97.047 3.300 8.671 	1 
21 1.6.607 53.033 0.390 5.235 	2 
22 74.874 24.58 0.538 2.P56 	2 
23 80.396. 19.211 0. 03 2.412 	2 
2' 81.449 17.431 1.150 2.736 	2 
25 78.150 2fl.690 1.163 2.689 	2 
26 49.475 49.396 1.129 5.073 	2 
27 47.414 52.411 0.168 5.770 	2 
2 86.558 12.6.77 0.835 4.360 	2 
29 50.a99 48.69 C.682 2.275 	2 
30 60.358 13.146 .966 2.259 	2 
31 53.262 41.95! 3.6 70 3.59! 	2 
32 50.352 3Q.4LZ 1.100 3.933 	2 
33 55.373 43.314 0.316 2.243 	2 
34 74.445 2.567 1.7 2 3 2.418 	2 
35 74.691 23.551 1.720 2.105 	2 
36 42.257 57.207 0.536 2 
37 41.957 57.454 3.49 6.'V 	2 
35 72.371. 7.43 C.i56 2.055 	2 
39 76.056 2.672 0.34! 2.553 	2 
41 53.534 1q.S7z 3.50' 2.584 	2 
41 0.657 70.3W 0.700 7.908 	3 
42 0.690 9'.4Y 0.703 7.254 	3 
43 0.550 94.450 0.930 6.337 	3 
44 0.985 C1.115 0.900 6.!95 	3 
45 13•74 '.296 0.000 1.228 	3 
46 1.Z8 7.7?2 3.303 6.'00 	3 
47 1.469 1.S31 3.100 7.524 	3 
45 0.5 9'.145 0.790 7.914 	3 
49 Z.1 0 3 17.807 6.000 7.535 	3 

1.532 98.145 0.300 7.295 	3 
it 0. 0 40 1 13 . 1315 0.335 6.76 	3 
52 0.754 1 13 .13' 3.Q53 6.333 	3 
53 1.150 '2.850 0.300 11.752 	3 
5' 2.310 ".122 0.700 7.526 	3 
55 1.653 95.347 0.303 7.490 	3 
56 0.844 19.Uls 3.030 6.01 	3 



SAS A'IALYSIS ON SEOIMMT OATA 
	

17:09 TUESDAY, MAY 79 1935 
O35 	PERSANO 	DERSLTCL 	PERRAV 	PEROG 

	
LOCATION 

57 	3.668 	78.332 	0.000 	6.086 
58 	1.801 	79.179 	0.21 	6.997 
59 	1.051 	95.913 	0.000 	6.629 
60 	2.504 	71.391 	0.105 	5.354 

410 



SAS AP4LYSZS ON SEorPEIT DATA 	 17:09 TUcSQAY, MAY 79 1985 	3 
PLOT OF PRS4MOMPERSLTCL 	SYMBOL IS VALUE OF LOCATION 

2 
222 

2 

2 
22 

2 

PER SA NO 

90 

12 

80 	+ 

70 	+ 

60 	4 

50 	+ 

40 

30 	4 

20 	+ 

10 

2 

2 

22 
2 
2 

22 

1 

1 
I 	 I 
I 	 1111 
t 	 I 	1113 
• 	 33 
--+ ------- + ------- 4  ------- • ----------------------- • -------+-------4 ---------------4-------4 ---------------4 ------- 4 -------•- 

12 	19 	Z 4 	 30 	36 	42 	43 	54 	66 	72 	Ta 	84 	90 	6 	1C2 

PERSLTCL 

N3TE: 
	

27 085 i-IT00EI 



SAS AALY'IS ON SEOTMENT OATA 	 17:09 TUESDAY, MAY 79 	1985 	's 

PLOT OF DERSA40*PcPGRAV 	SYMBOL IS VALUE OF LOCATION 

P&SAN!) 

90 + 

I 2 

I 2 

80 + 
I 

2 	2 	2 
2 

I 	2 

I 22 

2 
70 4 

60 + 2 
2 I 

I 2 

50 • 2 	2 

2 - Co 
Co 

I 2 
40 

30 + 

20 

10 

Ii 	11 ' 1 	1 	1 

lIlt 	1 1 1 

0 •33 
- ---------------- 4 ------- 4 -------.----------------------------------------------- 4 --------------- 4--------------- 4---------- 

0.0 0.6 	1.2 	IA 2.4 	3.0 	'.6 	4.2 	4.3 	S.4 	6.0 	6.6 	7.2 	TA 	tl .4 	9.0 

AV 

NCT: 	23 03 HI00N 



SAS &NALVSIS ON SEDIMENT DATA 	17:09 TUESDAY, MAY 7, 1985 	5 
PLOT OF PERSANDPER0RC 	SYMBOL IS VALUE OF LOCATION 
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SAS ANALYSIS ON SEZMENT DATA 	17:09 TLjESCAY, MAY 79 1q85 	7 
PLOT OF PERSLTCL*PERORG 	SYMBOL 15 VALUE OF LOCATION 
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SAS AALY5I$ ON SEIM'T nATA 	 17:09 TUESDAy, MAY 7, 1985 	8 
PLOT OF PRCRAV*PEROqG 	SY.40L IS VALUE OF LOCATION 
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SIMPLE STATISTICS 

PERSAPI) OERSLTCL PERGPAV 

A'I 23.93125 7 5.45463 0.614953 
ST )V 31.21133 31.55473 1.174217 

COVARI ANC.ES 

PERSAND PERSLTCL PEGRAV 

ERSk') 074 • 13 -984.2 10.077 
PERSLTCL -984.2 9 0 5.7 -11.46 
PERGRAV 10.077 -11.46 1.3188 
PRORG -50.75 61.266 -.5152 

TOTAL VARIANCE = 1976.315 

EIGENVAL'JE D1FR4CE PROPTIQ 

°RL41 1973.05 1911.150 
PRT42 1.948 3.577 3.001 
PRP43 1.270 1.270 0.001 
PRI6 0.000 • 3.000 

PERORG 

6.379983 

2.260263 

PERORG 

-bO. 75 
61.266 
- .5152 
5.1088 

CUMULATIVE 

0.998 

0. 99 
	

¼0 
1.000 
1.000 

SAS ANALYSIS ON SEJIMNT DATA 
	

17:09 TUESDAY, MAY 7, 1985 	5 
PR! C1PAL C04?ONr'1T ANALYSIS 

60 OBSERV&TIONS 
4 VAgIA8LES 

EIGEVECT3RS 

	

PRI'1 	.'RINZ 	PRIN3 

	

-.702525 	-.3 3S56 	0.148396 
PESLTCL 	0.710263 	-.343550 	0.085707 

-.234269 
0 :p.3qc 	C.04303 	I .2J7137 	3.956373 

PRIN4 

0.577315 
0.571315 
0.577421 
-.030170 



60 OBSERVAT1OIS 

4 VARIABLES 

45 AN 
ST 0EV 

SAS ANALYSIS ON SE3IME:4T DATA 
PRINCIPAL COMPONENT ANALYSIS 

Sl*4PLr= STATISTICS 

PERSAND 	PERSLTCL 	PERCRAV 

23.31 7 5 	75.45463 	0.614953 
31.21103 	31.5573 	1.174217 

P€P.OR C 

6.079983 
2.260263 

17:09 TUESDAY, NAY 7, 1965 	IC 

PSA4t) 

PRSLTCL 
PERCRAV 
PEROPS 

PERS ANt) 

1.0000 
-.9994 

0.275) 
-.5611 

CORRLATIJNS 

PEQ SLTCL 

-.9994 
t.0C0) 
-.'o'z 
0.8593 

PER CR A V 

0.2753 
-.3392 
1.0)00 
-. 1941 

PERORG 

-.8611 
0.8590 
-. 1941 
1.0000 

PR I'I I 
PRI:4 
PRIM) 
PRIN4 

FE S A MD 
PER SLTCL 
PER GR AV 
PEP 0° 

S IC EMV A LUE 

2.920733 
0.900892 
0. 178375 
0.000000 

PRIII 

-.572831 
0.5751'l 
-. 225510 
0.537211 

0IFSREMCE 

2.019341 
0.722i 18 
0.173375 

El C ENV ECT DR S 

-.116183 
0.07 0 66* 
Q.9(s3 759 

0.204'22 

PROPORTION 

0.730133 
0.225223 
0.044594 
3.000000 

P°1M3 

0.405131 
- .37286 
-. 091744 
0. 1!331 

CUMULATIVE 

0.730183 
0.955406 
1.300000 
1.000000 

PRIN4 

0.702978 
0.710719 
0.326452 
-.000015 
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SAS AIALYSIS 01 £0iH!IT 03T4 
PLOT OF PR11PRfN2 	SYMBOL IS VALUE OF LJCATION 
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17:09 TUESDAY, MAY 7, 1985 	11 
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SAS ANALYSIS ON SEJIME'IT DATA 	 17:09 TUESDAY. MAY 79 1985 	12 
PLOT OF PS1110PRI2 	SYM31 IS VALUE 0 9  LOCATION 
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SAS ANALYSIS ON SEDIMENT DATA 
WARDS MINIMUM VARIANCE HIERARCHICAL CLUSTER ANALYSIS 

EIGENVALUES OF THE COVARIANCE MATRIX 

ELGENVALtJE DIFFERENCE PROPORTION CUMULATIVE 

1973.098 1971.150 0.993 0.998 
1.948 0.677 3.301 0.999 
1.270 1.270 0.301 1.000 
0.000 • 0.000 1.003 

RO3T-4EAfl-cQUARE TOTAL-SAMPLE 	STAflAR0 OEVIATION = 22.279 
R0r)r_MEA_SUARE 3!STAMCE BcT4EN O8SERVATIJNS 	= 44.4558 

FRUENCY RMS SID APPROXIMATE 
OF OC NEW SEMIPARTTAL EXECTE0 

CUSTZRS CLUSTER CLUSTER R-SOUAEO P-SQUARED RSQUAREO 

10 8 1.57967 0.000335 Q.98L45 0.992461 
31 0.927458 0.000383 0.997762 0.990491 

8 6 2.02742 0.0005°7 O.97184 0.967673 
7 6 2.70773 0.000976 0.796139 0.83463 
6 39 1.47425 0.001349 0. 0 94840 0.076815 
5 11 2.93514 0.002092 3.992148 0.965504 
4 7 4.24037 0.002444 0090304 0.944134 
3 10 5.85651 0.006683 0.983621 0.896731 
2 21 11.5844 0.073526 0.935075 0. 7 57624 
1 60 22.2279 0.905095 0.000000 0.000003 

17:09 TUESDAY, MAY 79 1985 	13 

CU8IC 
C LUSTER I 
CRITERION 

7.7405 
8.0046 
8.1599 
8.1911 
8.4546 
8.8937 
10.2639 
11.4793 
7.1540 
0. 00 30 

'-1 



S*S 	ANALYSIS 014 SE31MNT OATA 17:09 TU5Q*Y9 NAY 	79 	1985 	14 
OSS _1AME_ _PARNT_ 	_NCL_ _FREO_ _AMSSTO._ _OIST_ 	_VLI'H_ ..SRSQ_ 

1 3 CL59 60 1 0.000000 0.0000030 	0.3000300 0 
2 3 0159 60 1 0.000003 0.0000000 	0.0000000 0 
3 1 C159 60 1 0.000300 0.0300030 	0.0003003 0 
4 1 C159 60 1 0.000000 0.0300000 	3.3000000 0 
5 2 CL57 60 1 0.000000 3.0300003 	0.3003000 0 
6 2 C157 F0 I 0.030001 0.0033000 	0.00)0000 0 
7 3 C156 60 1 0.03030) 1.3303033 	0.0001300 0 
8 3 0156 60 1 0.030003 0.0300030 	0.1000000 0 
9 1 CL55 60 1 0.00000) 0.0000000 	0.0033000 0 

10 1 Ct.35 60 1 0.00300) 0.0300000 	0.0030001 0 
Li 3 C154 60 1 0.03300%i 3.0000000 	0.3003000 0 
12 3 CL54 63 1 0.003303 3.0003003 	0.0030000 0 
13 3 C153 60 1 0.00300') 0.0003000 	0.3C00000 0 
14 3 C153 60 1 0.033003 0.0000000 	0.0000000 0 
15 3 C132 60 1 0.00030) M.000JO33 	0.3030000 0 
16 3 CL52 60 1 0.000000 0.0300030 	0.0000000 0 
17 3 CLSI 60 1 0.000003 0.0000000 	3.0330003 0 
18 3 CL51 60 1 0.000300 0.0000000 	0.0003000 0 
19 1 CISC 63 1 0.003003 0.0300003 	3.333030) 0 
20 1 C150 bO 1 0.003003 0.0300000 	0.3000303 0 
21 CL59 C149 59 2 0.029445 3.0313734 	3.0018734 2.97420E-03 
22 3 C14° 60 1 0.030003 3.0303033 	3.0030003 0 
23 3 C1.48 60 1 0.000003 0.0000000 	0.0001000 0 
24 CL53 C148 93 2 0.100067 0.0063666 	0.0063666 3.43514-07 
25 1 CL47 60 1 0.000001 0.0000000 	0.0030003 0 
26 CL55 C147 55 2 0.075021 0.034837 	3.0348367 1.99250E-07 

03S _RS_ _SSQ_ _PATIG_ _LOGS_ _CCC_ PEPSA0 	PSLTCL 	PEGRv PEORG LOCATION 

1 1.00330 . . . . 0.5500 	99.3500 	0.00000 7.9C8C0 3 
2 1.00030 . . . . 0.6000 	0 .4o00 	0.00000 7.36400 3 
3 1.3000'3 . . . . 2.5200 	97.4900 	0.00300 6.97900 1 
4 1.J0.00 . . . . 2.4600 	97.4670 	0.07300 6.99400 1 
5 1.00000 . . . . 74.6450 	23.5670 	L.700 2.63900 2 
6 1.00)0) . . . . 74.6990 	23.5310 	1.72000 2.70500 2 
7 1.00300 . . . . 2.1930 	97.9070 	0.00000 7.53500 3 

2.•790 	?7.220 	0.03103 7.52600 3 
9 1.30300 . . . . 2..S0 	96.9610 	3.17203 6.73400 1 

10 1.30000 . . 4.530 	97.0470 	0.30000 8.69100 1 
ii 1.00000 . . . . 1.4693 	9.5310 	0.00000 7.52403 3 
12 1.30030 . . . . 1.330 	98.3470 	0.0030C 7.49000 3 
1 1.00)03 . . . . 0.633 	9.C50 	0.03503 6.39600 3 
14 1.00000 . . 1.0870 	43. 0 130 	0.00000 6.62900 3 
15 1.30300 . . . . 0.7540 	9 0.l93 	0.00j 5.33330 3 
16 1.00000 . . . . 0.544 13 	99.121 	0.03000 6.0bS00 3 
17 1.3000) . • . . 1.3320 	98.1630 	0.00300 7.29930 3 
19 1.JJOO . . . . 1.)013 	99.1793 	3.02130 6.99700 3 
1° 1.33300 . . . . 4.2370 	95.5930 	0.17033 7.30303 1 
20 1.3303) . . . . '.320 	99.6710 	0.00000 7.56000 
21 t.J3'00 1.3)003 	14.3934 2.6663! !'.2ô23 0.5250 	0.37Q 	0.0000u 7.8600 
22 1.30001 . . . . 0."50 	9.1460 	0.00Yr 7.91400 3 
33 1.0")O3 . . . . 0.'7!0 	9?.nic) 	3.0.000 6.99500 3 
2 4  1.00000 0.9993' 21.066! 3 • 31737 28.5759 1.023' 	99.0590 	0.01750 6.51250 
25 1.0000) . . . . 3.1170 	6.6920 	0.1)1OJ 0 .7500 
26 1.30)00 ).9979 35.931) 3.25347 30.5255 2.'30 	97.0050 	c.oe.03 8.71250 



SAS A'IAIYSIS ON S0IMENT DATA 	 17:09 TUESDAY, MAY 79 	1985 	15 
_N4M_ _PA5NT_ 	_NCL_ _FRE_ R'S5TO_ _OIST_ 	 _SPRSQ_ 

27 3 	CL46 60 1 0.000003 0.0300000 	0.0000000 	0.0000000000 
25 CLS2 CL46 52 2 0.101827 0.0364787 	0..30547a7 	0.0000003557 
29 1 	CL45 60 1 0.300003 0.0003003 	0.00JOuOD 	0.0000000000 
3) CL54 CL ,45 54 2 0.092782 0.30531 	3.0059031 	0.0000002953 
31 CL58 C144 58 2 0.03413 0.0321719 	0.3021719 	0.0000000403 
32 1 	C144 60 1 0.01)0300 0.0000000 	0.0000003 	0.0000000000 
33 1 CL,3 60 1 0.03000J 0.300.j300 	u.30'J3000 	0.3000000000 
34 2 	C143 60 1 0.030300 0.0000000 	0.0000000 	0.0000000000 
35 CL49 0142 49 3 0.09617 3.0373438 	0.0074032 	0.0000006094 

3 	CLs2 óO 1 0.303300 0.0000000 	0.0000000 	0.0000000000 
37 1 	CL41 60 1 0.01000.) 0 .0000000 	0.0003000 	0.0000)000)0 
35 C147 0141 47 3 0.125533 0.30$353 	0.0091617 	0.0000008824 
37 CLSa CL40 56 3 0.05758 O.003D639 	0.0036639 	0.0000001138 
43 C151 C140 51 2 0.107295 3.0060267 	0.0068267 	0.0000003949 
1.1 2 	C139 60 1 3.030003 0.0303030 	0.3007000 	0.0000000300 
42 2 	C139 60 1 0.000001 0.0000000 	0.0000000 	0.0000000000 
43 CL46 CL33 46 3 0.13563, 0.0392314 	0.0097832 	0.0000009629 
44 0148 C133 43 3 0.132700 0.0387477 	0.0093089 	0.0000008647 
45 CL44 0137 44 3 0.18147 0.0153251 	0.0153635 	0.0000026538 
46 1 	0L37 53 1 0.030300 0.0000000 	0.0000000 	0.0)00000000 
47 CL4 0136 45 3 0.1758 70 0.0127150 	0.0130531 	0.0000018268 
48 1140 C(.36 40 4 0.13326) 0.0131851 	0.0137453 	0.0000029479 
49 1 	0135 60 1 0.000003 0.0000000 	0.0000000 	0.0000000000 
50 1 	CL35 60 1 0.300003 0.3003000 	0.0000000 	0.0000000000 
51 2 	CL34 60 1 0.000300 0.3303003 	3.0030000 	0.0000000000 
52 2 	CL4 60 1 0.0303 0 ) 3.0)03000 	0.3000000 	0.0000000000 

035 _FS3 _EPSO 	_RATIO_ J0G_ _CCC_ 	PE°SN3 	PERSLICL 	PERCRAV 	PE0RG LOCATION 

27 1.30000 . 	 . . . 0.5500 	9.4500 	0.00000 	6.33700 3 
28 1.013)0 0.9997 	23.9433 3.04180 2q•8235 0.790 	99.1570 	0.04400 	6.20050 
27 1.00000 . 	 . . . 1.7613 	95.1230 	0.16600 	7.89700 
30 1.00300 0.9195 	22.45°) 1.11211 2°.48 0 2 1.5610 	93.4393 	0.00000 	7.50700 
31 1.00300 1.00000 	24.8404 3.21247 30.4397 2.4900 	91.4735 	0.03650 	6.88650 
32 1.00000 . 	 . . . 2.0o0 	97.3440 	0.55500 	7.03400 
33 1.00030 . 	 . . . 1.3530 	18.1460 	1.46600 	2.25900 2 
34 1.30003 . 	 . . . .50.5340 	0.572) 	0.09400 	7.58400 2 
35 1.30303 0.°7996 	20.333- 3.01167 28.585 0.7017 	99.2923 	0.00000 	7.59533 
36 1.00010 . 	 . . . 0.7n40 	99.7953 	0.00003 	7.22300 3 
37 1.33303 . 	 . . . 2.503 	97.j53 	0.30000 	Q.325)0 
13 1.0)o30 0.99'72 	1.221 2.90280. 22.403 2.?73 	95.1337 	0.12100 	8.72767 
37 1.31030 2.'19'19 	30.0917 1 • 4044a 3'.253 2.1355 	3'.'645 	0.00013 	7.53350 
43 1.30000 0.990)6 	21.0501 3.04604 345735 1.16; 	3-.1733 	0.01050 	7.14750 
41 1.30030 . 	 . . . 42.2577 	57.2270 	0.S35'0 	5.54200 2 
42 1.00000 . 4t.97 	57.440 	0.54700 	6.29900 2 
43 J.7°909 3.07013 	17.. 1694 2.. 87745 22.

. 

2643 0.7163 	99.2541 	0.02933 	6.24600 
'4 1.33030 fl,29993 	18.5949 2.93500 22.7392 1.3107 	95 • 9777 	0.01167 	6.64000 
45 3 • 09 0.0)157 	13.37 3.c5947 20.C2°i 2.3393 	97. 4 313 	0.21033 	6.93561 
46 1.000)0 . 	 . . . 2.'4D 	Q.2rL 	0.28500 	7.05500 

0.90909 0.9095 	15.424! 2.74"i2 21.?.b'7 1.217 	.?37 	0.35533 	7.637op 
43 2.99913 7.9)7C 	10.4317 2.3 4 4'5 lr.1462 1.)750 	93.3137 	0.00525 	7.3000 

1.OAuOO . 	 . . 
. 4.221 	94.2500 	1.12800 	5.4700 

5) 1.00000 . 	 . . . 4.3°0 	94.6200 	(,.99400 	7.53330 
1.0310') . 	 . . . 48.6070 	5.0330 	0.39000 	5.23800 2 

52 1.03)03 . 	 . . . 47.4140 	52.413 	0.160O 	5.70900 2 



16 5A3. ANALYSIS 04 S0IM4T DATA 17:09 TU3SDAY, MAY 79 	1985 

035 _NA'4E_ _PARENT_ 	_NCL... _FE0_ .RMSSTD.. _DIST_ _AVLTNK_ SPRSCL _RSL 

2 	CL33 60 1 0.00000 0.000000 0.000000 0.000003000 1.00000 

54 CL43 CL31 63 2 0.2137 0.017933 0.317933 0.030002726 C.99499 

55 3 	CL32 60 1 0.00000 0.000000 0.000000 0.000003000 1.00000 
56 3 	C132 60 1 0.00000 0.000300 0.000000 0.000000000 1.30300 

57 CL41 C131 41 4 0.19655 0.015091 0.015779 0.030002895 0.99998 

59 1 	CL31 60 1 3.00000 0.000003 0.000003 0.000000000 1.00000 

59 2 	CL30 50 1 0.00000 0.030000 0.000000 0.000000000 1.30000 

43 2 	CL30 60 1 0.03030 0.030000 0.030003 0.000000000 1.00000 

61 CL35 CLZO 35 2 0.37269 0.023711 0.023711 0.000304765 C.99996 

52 I 	012° 60 1 0.00030 0.030033 C.000000 0.000300300 1.00000 
6 C131 CLZQ 31 5 0.2 0 731 0.024583 0.025745 0.030008196 0.99993 

54 1 	0128 50 1 0.00030 0.000300 0.003000 0.000000000 1.30000 

65 C137 CLZT 37 4 0.26195 0.0L6537 3.019914 0.000004368 0.99997 

66 CL32 CL27 32 2 0.45404 0.028853 0.029833 0.000007072 0.99994 

57 CL33 CL26 33 3 0.36206 0.023553 0.025203 0.000006269 0.90995 

68 2 	CL26 60 1 0.00000 0.030300 0.000300 0.000000000 1.0030u 

60 CL30 CL25 30 2 0.55233 0.035173 0.035113 0.300310484 0.999°2 

70 CL57 CL25 57 2 0.03909 0.002487 0.002487 0.000000052 1.00000 

71 C150 CL24 50 2 0.11699 0.037443 0.007443 0.000000470 1.00000 

72 1 	CL2 6  60 1 1.00300 0.030003 0.003000 0.000000000 1.30300 

7 C142 CL23 42 4 0.15451 0.015011 0.316424 0.000032865 0.9999 

74 CL3R C123 35 6 0.19663 0.012707 0.014531 0.030004105 0.99997 

75 CLZT CL22 '7 6 0.42943 0.C27325 0.032970 0.000017497 0.99987 

76 CL36 CL22 3b 7 0.22221 0.012561 0.015821 0.000004584 0.99996 

77 2 	CL21 60 1 0.00030 0.000003 0.000000 0.000000000 1.00300 

2 	0121 60 1 0.00000 0.000000 0.000000 0.000000000 1.30000 

03S _ESQ... R&TTJ. _LOOR_ _CCC_ PRSAN0 PP.SLTCL P2R0t.v PEQORG 	LOCATION 

53 . . . . 80.0960 19.2110 0.69330 2.4120 	2 

54 0.9998, 12.021 7  2.48671 19.2424 50.4610 19.3590 1.13000 2.4215 

55 . . . . 1.6680 92.3320 0.00000 6.0860 	3 

54 . . 2.5040 97.3910 0.13500 5.9540 	3 

57 0.9993) 13.7150 2.37192 18.3544 2.0463 °6.9630 0.09075 8.8710 

59 . . . . 2.33°0 97.5910 0.00000 8.3170 	1 

59 . . . . 14.8740 24.5830 0.538)0 2.9560 	2 

601  16.0360 23.6020 0.34200 2.6e30 	2 

ol J.9°6t 7.1194 2.20111 17.1036 4.5340 0 4.43..0 t.0100 8.0045 

52 . . . . 5.6950 93.841' 0. 4 5430 7.3330 	1 

53 .9.3 .212 2.10S70 11.5774 2.3135 97.10'b 0.O7?51 .7770 

c.4 . . . . 3.560 °.9440 0.49200 5.5400 	1 

sS 0.4°79 c. 7.43. 2.24 3 1 11.41)° 2.4933 °7.2'77 0.22°25 6.9662 

4 0.91943 5.4P39 2.11353 1..554 2.0360 7.66t5 0.35250 5.9703 

5 J.J2963 8.7130 2.15432 16.73) 30.3393 18.6430 1.31767 2.4193 

31.4.90 17.4010 1.15000 2.2360 	2 

Q 0.99)17 7.3239 2.05679 11.2634 75.4650 24.05O 3.44030 2.7595 

70 1.30000 32.2953 32.9259 74.6123 23.5740 1.75400 2.6735 

71 .9 1 °°5 23.956° 3.04247 25.3135 4.2330 05.6330 0.35500 7. 4 315 
3.2050 95.4770 1.22500 5.9720 	1 

73 0.92 11.20.33 2.415°4 13.6953 0.703 97.2 0 77 0.00000 7.72°5 

74 0.0°97 °.7" 2.28236 17.6539 0.9633 97.1162 0.32050 6.4430 

73 1.11911 ¶ 6.4754 1. 	' 1 1 10.229 2.3573 q7.47 7 3 0.1733 6.5342 

16 o.1965 7.2531 2.2255) 17.2252 1.3257 '.1537 0.02671 7.467 

77 . . . 
. 49.4753 47.39,0 1.12°OC 5.0730 	2 

50.6910 43.61 4 0 0.68200 2.2750 	2 



S&S 	ANALYSIS ON SE3IMENT OATA 17:09 TUSOAY, 	MAY 7, 	1935 
005 _NAM_ _PARENT_ ..NCL_ _FREQ_ _RMSSTO_ _OIST_ _AVLINK_ .SPRSQ_ _RSO_ 

79 CL29 0120 29 3 C.5335 0.03615 0.03804 0.000015 0.99991 
30 CL24 CLZO 24 3 0.6137 0.04738 0.04753 0.000325 0.99981 
81 2 	0119 60 1 0.000 0.00000 0.00000 0.300300 1.00300 
82 2 	C119 60 1 0.0000 0.00000 0.30000 0.0003OO 1.00000 
33 C123 CL15 23 tO 0.3833 0.02943 3.03135 0.000035 0.99977 
54 3 	CLLS 60 1 0.0000 0.03000 0.00000 0.000000 1.00000 
35 CL26 CL17 26 4 0.5137 0.03731 0.04003 0.000018 0.99985 
36 2 	CL1 7  60 1 0.0003 0.00000 0.30000 0.300000 1.00000 
37 CL23 C116 25 6 0.3976 0.03253 3.03467 0.000015 0.97989 
53 3 	CL16 63 1 0.0000 0.00000 0.00000 0.000000 1.00023 
57 C125 CL15 25 4 0.5674 0.03651 0.04055 0.000023 0OQQ 

90 2 	CL15 60 1 0.0000 0.00000 3.30300 0. '."1fl3 
91 CL1Q CL14 19 2 1.2223 0.07777 3.37777 0.59755 
12 2 	CL14 60 1 0.0300 0.00000 0.000i fl.000t)Q3 L.CO300 
93 CL20 CLI3 20 6 0.7283 0.04242 O.'l .€)'6 Q • 4'4 
94 1 	CL13 60 1 1.300,3 0.03000 0.00000 0.000" 
95 C122 CL12 22 13 0.4473 0.02715 0.03369 0.000040 '."'07 
96 CL1S CL12 is 11 0.5473 0.06113 0.06325 0.000058 3.9' 
97 CL34 CLII 34 2 0.9Th 0.0530 0.02530 0.000305 0.99995 
93 CL2I Clii 21 z 1.1253 0.0710 0.07160 C.000043 0.99569 
°9 CLI3 CLIO 13 7 1.1333 O.lO°ZO 0.11323 0.000173 0.993$ 

103 1 	CLIO 63 1 0.0000 0.00000 0.00000 0.003000 1.00000 
101 CL16 019 16 7 0.8,49 0.03949 3.3Q097 0.003116 0.59934 
102 CL12 CLS 12 24 0.6741 0.04143 0.05143 0.000173 0.99871 
103 C117 CL8 17 5 0.8364 0.07712 0.07965 0.0000 51 0.9°145 
104 2 	013 60 1 0.0000 0.03000 3.03000 0.000030 1.00300 

OSS _84S.. _R&TZ0_ _LOGP_ _CCC PEPSA'O PESLTCL PESG4V PERORG LOCATION 

79 0.991315 1 .2338 1.97577 13.5341 4.9010 94.2370 0.86203 7.7797 
30 0.99 3907 5.6574 1.3296 O 4929 3.9537 95.5503 0.6600 6.9450 
51 56.2620 41.0630 0.67003 3.5920 2 
82 . . . . 60.3520 35.4120 1.20600 3.9330 2 
81 3.98793 5.2300 1.66393 9.1169 3.7 1?$7 9.1883 0.01230 6.9572 
84 . . . . 1.2050 98.7920 3.30300 4.3000 3 
85 0.999076 6.2156 1.82755 10.037 00.617 18.3325 1.05375 2.3128 
16 . . . 75.1500 20.6900 1.16000 2.6390 2 
37 3.999249 6.5474 1.92357 Ii.534j 2.9430 9.9145 0.14250 8.1375 

1.1!)) 98.5500 0.30000 11.762C 3 
9 0.9°9137 5.0143 1.77746 .7355 .5.0635 23.'345 1.09100 2.7152 

72.30 27.0413 0.5500 2.0550 2 
°1 0.993150 4.tI'3 1.50513 q•68 57.322r' 39.7400 0.9300 3.7625 
92 . . . . .9733 43.140 0.314°') 2.2430 2 
93 0.995345 4.6129 1.63573 9.53) 4.4273 94.9087 0.66400 7.3623 
94 . . . . i.13O 94.1700 4.31700 5.4510 1 
95 0.905665 4 • 91 3 1.60217 Q.7793 2.0716 ° 7 .8392 0.0Q300 7.3825 
96 3.90 7917 4.45°6 1.40507 8.1Q15 0.8361 99.1527 0.01118 6.7156 
97 0.990572 3. 9 311 2.15 7 54 16.°415 41.31)5 52.7105 0.27900 5.471 
Q8 0.193518 4.7444, 1 .55436 9•5327 3J.(fl79 4 0 .0) 7 5 0.90550 3.5740 
)° C.0)57.3 3.7932 1.33520 7.1337 4.0110 94.8331 1.15556 7.5170  

100 . . . . 3.2610 91.0950 1.341)0 S.192C 1 
1)1 0.9)7107 4.957 1.40013 7.545 2.'5a9 97.1"LO 0.12114 9. 1 124 
135 0.97, 1751 3. 1)1)0 1.3642 0  7.S3Qj 1.503 92.4412 0.3o53 6.9143 
1)3 0.9 0 7641 400°5 1.463(31 5.)[33 50.1234 1°..8043 1.07260 2.43o0 
13' . . . 3,.5530 12.6373 0.33533 4.3600 2 

17 

0 



AVL I NI( 

3.12250 

0.01927 

0.07914  

0 • 15750 

0.091165 

0.20870 

0.00000 

0.21766 

0.42493 

0.12321 

0.47224 

0.23250 

0.13645 

0.98124 

2.04331 

0.000230 

0.000003 

0.000383 

0.000335 

0.000125 

0.000597 

0.000000 

0. O(09 76 

0.002444 

0.000 154 

0.006683 

0.002092 

0. 00134Q 

0.078526 

0.905095 

0.99848 

0.99999 

0.99776 

0.99514 

0.99921 

0.99716 

1.c0003 

0.99619 

0.99030 

0.99906 

0.98362 

0.99275 

0. 9°484 

0.90310 

0 • OC 000 

17:09 TUESDAY, MAY 79 19d5 	18 

SPRS0_ 	_RSQ_ 
SAS ANALYSIS ON SEDIME1T DATA 

_NAME_ _PAREMT_ _NCL_ _FREQ_ RMSSTD_ _1)IST_ 

Clii C17 11 4 1.6453 0.11647 

CL39 CL7 39 2 0.1029 0.01927 

C19 CLO 9 31 0.9275 0.06459 
CLIO CL6 10 5 1.5797 0.15026 
11.15 CL5 15 5 1.0740 0.09614 

CL8 CL5 8 5 2.0274 0.20563 

1 CL4 60 1 0.0000 0.00000 

CL7 CL4 7 6 2.7077 0.20773 

11.4 C13 4 7 4.2409 0.41.018 

CLI'. CL3 14 3 1.7315 0.LI6QI 
CL3 C12 3 13 5.5568 0.43331 
CLS CL2 5 11 2.93S1 0.21273 
CLS Cli 6 39 1.4742 0.11137 
CL2 CLI 2 21 11.5344 0.04347 

Cli 1 60 22.2279 1.97791 

085 

105 

106 

107 

105 

109 

110 

111 

112 

113 

114 

'Ic 

11'. 

117 

11.5 

11° 

_ERS'O_ _QATIO_ _LOGR_ _CCC... DcRSAND PSLTCL PE.G5AV PERORG 	LOCATION 

3.901857 4.0206 1.3914 4  7.6652 45.5437 50.859. 3.59225 4.57375 
3.991743 10.2192 2.32427 17. 0 373 42.1120 57.3455 0.54250 5.92050 
(.90091 4.2433 1.44652 3.0046 1.7721 9.1589 3.07055 7.43326 
0.992461 4.0539 1.40213 7.7405 4.5798 94.2150 1.20525 7.35212 
3.995031) 3.9271 1.36790 7.5112 74.5290 24.4762 0.99450 2.53340 
0.987673 4.3473 1.4o956 3.1599 51.1 10 58 17.7712 1.03300 2.75567 

. . . . 31.5430 60.7020 7.7533J 6.19000 
0.153461 4.3390 1.46764 5.1911 46.4032 53.0212 0.57567 5.02267 
0.944134 5.7617 1.75123 10.2639 44.2310 54.1184 1.60357 5.13943 
0.9'6397 3.510 1.33974 7.3510 58.1713 40.9313 0.9733 3.25600 
0.8 14, 6 7 31 6.3049 1.84133 11.4793 48.4431 50.1623 1.35963 4.6J°40 
0.955504 4.7569 1.55959 5.5037 73.1655 20.8181 1.0164 2.67791 
0.976515 4.4033 1.50259 1.4546 2.3451 97.3409 0.31331 7.41662 
u.77624 2.5539 0.13761 7.1543 64.3143 34.7923 1.1 0371 3.54757 

0.00000) 1.010 0.00000 0.0300 23.9312 75.454b 0.61495 6.07998 

OBS 

1)5 

136 

137 

1 ) S 

10 0  
110 

Ill 

112 

113 

114 

113 

116 

117 

115 

ill 

0 



36 

SAS AALYSXS ON SE0MENT DATA 
	

17:09 TUS)AY, MAY 7. 1985 	19 

PLOT DC _CCC_j4CL_ 	LEGEND: A = 1 OS, 3 z 2 0859 ETC. 

33 

0 

A A4 
A A*A 

A 
A A A A 	A 4 	8 A 

A 

30 

C 
U 27 

I 
C 

24 
C 
L 
U 
S 21 
T 
C 

R 
I is 
N 
C 

C iS 
S 
I 
T 
E 1! 
S 
I 
0 
. 	 . 

A 
A 

A 	A 

AA 
A A A A 

A 

A A A 

A 
A 

A 
A 

A A A A A A A A 	 0 

4* 

a 

O 	A 
----------- -----------.---. -----------------------------------------------------------A.---.-------A----------- A. ---------- 

1 	3 	 7 	) 11 1., 15 17 19 21 23 25 27 2 1 31 	33 35 37 37 41 43 45 47 49 51 53 55 	57 55 

)F CLUSTSS 

AQ 015,13 '4!iS:PUG v8L'5 
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EXAMPLE CF SELECTING THE 	ESTw VAQIABLES FROM A MULTI VARIATE DATA SET 

N = 60 	P = 	4 	CYCLE = 4 	SRIEF z 1 	CPCT =130. 

THE N SAiPLES-BY-P VAR1a5LES INPUT JATA ARE: 

SAND SILT-CLAY GRAVEL Z0.M. 
2.550 97.150 3.003 9.375 
4.2Z 94.50 1.123 8.479 
3.54 9. 044 0.492 8.540 
3.11T 96.092 0.191 8.758 
1.513 94.173 4.317 3.451 

46.607 53.003 0.390 5.233 
74.374 24.59s 0.538 2.856 
30.395 19.211 0.693 2.412 
81.441 17.401 1.150 2.236 
78.150 20.590 1.160 2.689 

0.650 99.350 0.000 7.908 
0.603 99.400 0.000 7.86'. 
0.550 99•4cQ 0.303 6.337 
0.995 09.015 0.000 6.895 
0.704 99.295 0.000 7.228 
2.520 97.480 0.003 6.579 
2.374 96.320 0.286 7.058 
2.463 77.457 0.073 6.394 

31.543 60.732 7.753 6.190 
5.s95 93.41 3.464 7.330 

49.475 49o3co 1.129 5.373 
47.414 52.413 0.168 5.709 

0 .53 1Z.07 0.835 4.360 
53.699 43.611 0.632 2.275 
80.333 18.146 1.466 2.259 
1.203 9.792 0.000 4.303 
1.469 °3.351 0.300 7.524 
0.555 99.143 0.300 7.914 
2.193 97.507 0.)00 7.535 
1.132 9d.166 3.000 7.273 
2.366 0.963 0.172 3.134 
3.561 Q3.391 1.341 
4.27 95.3 1 3 0.17) 1.303 
4.12) 06.671 0.300 7.560 
2.'J°6 77.344 0.568 7.034 

52.262 4 1.063 0.673 3.592 
63.382 30.412 1.206 3.933 
55.370 43.314 0.815 2.243 
7.645 23.367 1.781 2.633  
74,Q 23.131 1.17) 2.705 
0.0 99.3"5 0.315 
0.154 q 4. Ile 0.353 6.333 
1.150 O 	53 3.000 11.762 
2.073 97.12. 0.300 7.516 
1.563 94.347 ).tJO3 7.491 
1.761 i).[23 0.t6 7.697 
2.30) .7.61 1.300 8.377 

0 



FILE: RSLCT!'l JUTPIT 	31 VM/; - CONV cPSATICNAL voilTr'4 SYSTEM 
	

PAGE 002 

'SANO tL1-L3Y R3VE(. • 3 • 4. 

'.386 0.94 7.3-3.) 
3.29 •..,77 1.221 5.972 
2.453 07.341 0.)03 3..Y7 1 
42.57 57.207 0.53 
4.'7 57.49. 0.541 
72.1 7 1 27.343 J.?6 2.05, 
76.056 23.o'2 3.342 2.663 
90.534 3. 2 14 2.4 
0.44 99.126 3.330 

03.332 3.300 
1.301 93.17 3.321 
1.07 93.31) ).)13 
2.504 77.3 3 1 0.1 1)3 5.154 

	

T1E -5y-P 	coRP :i ATIO1 	IX T 
1.000) -0.)3)3 3.275) -.11 

-O.Q3 1.030) -0.3002 0.353) 
0.2750 -0.3OZ 1.0303 -0.141 
-O.611 0.3503 -0.19 4 1 1.0030 

THE VA°E3L.ES (TOP) 	ARE 0EE0 	cy  TqE SliM-OF- QUED 	C;UTE1UJ4 (30TT3M) 

	

2 	1 	4 	3 

	

2.632 	2.3153 	2.cl7L 	1.2099 

1 VA.kI.3LES C TH€IR CORISLATIONS HAVE BEEN .EM3VEr). 

THE P-9Y-P CORRELATION 4AT'(IX 15: 

0.0013 0.0000 -0.0343 -0.3327 
0.0000 0.0000 0.0000 0.0000 

-0.0340 0.0000 0.')'t4 0.0715 
-0.0027 0.0000 0.0715 3.221 

THE VARIA3LES (T'P) 	ARE (-'RDRE0 	PY THE SUM-3-RS0UARE3 	CRITCR!3N (iOTTOM) 

	

3 	4 	1 	2 

	

0.9242 	0.0733 	0.3312 	0.0003 

2 VARIA3LES C THEtA CORRELATIO:'4S HliVtE 5EP! SEMOVEO. 

THE P-BY-P C0RSLATI0N MATRIX 13: 
0.0000 0.0001 -0.0000 0.3000 
0.0000 0.000) 0.r'OOD 3.0000 
-0.0300 (3• )30) 0.0000 0.0303 
0.0000 o.nto.j 3.003) 0.256 

THE VAPIA3LES (TP) 	AM7 OR)EREO 	'ly THE SlJ9-3F-S0UARFD 	CITR1ON ( 30TT)) 

	

4 	1 	3 	2 

	

0.0658 	0.0003 	0.0000 	0.0300 

3 vaRIaBLES €. T-ltR 0REL&'I0'S HAVE SEEM REMOVEO. 

0 
Ui 
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TI 	-Y-? CO.QL 'I04 'T 	X t : 
0.0003 0.0300 -0.0001 0.000.) 
0.00 ,13 0.0000 0.0000 0.0000 

-0.000U 0.0000 0.000) 3.0000 
0.030J C.0)0,) 0.101) 0.9 -j0) 

THE 1A51*3LES TP) AAF GR)RD Vt THi SUM-3-')UA3 	R1TT)I C..OTT0 4 ) 

1 	3 	4 	2 
0.0000 	0.0000 	(.0O01 	0.0000 

4 VARTA?L 	t TIfEL. C'DSE1TI0S AAVE 32J QEM0VD. 

THE Ct3RRLA1I04 IATIX IS 13W FX4%JSTE). 

THE iEST 3R21? 1?' WriIC4 TO cH.J:JSr VA 0 I3LS, FOR :1AXT'4ii LN0'1A"ICJ 3.OUT STUCT'JR 	IN T'-I OATA 5T. IS: 

2 	3 	4 	1 

THE TRACES ASSOCIATEn  4114 T 14E 	StJUAL C0RR.LAT ION •1A'1CS A 7 2 	rN1:iG 4111 0 VAIASLS ,..0VE0): 

4.000 	1.163 	0.293 	0.000 

TIE TRACES, AS A PRCEITA 	OF P, Ai(E 
100.0 	29.2 	6.4 	0.0 

N) 
C a' 
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8. 	MULTI VARIATE ANALYSIS OF VARIANCE (MANOVA) AND DISCRIMINANT 

ANALYSIS (PA) 

8.1 Introduction 

We will use the data set 'SEDABC' again but this time our 

analysis will be based on the a priori partitioning of the 

samples into 3 groups (the 3 locations). Thus the data matrix 

leads to the MANOVA and DA 

p= 4  
ni = 20 

n=60 	n=20 
2 

n = 20 
3 

We will do the analysis in APL and MINITAB. 

In principle MANOVA and DA is simple: 

We calculate the deviation squares and cross-products matrix 

for each of the 3 groups, and then we sum them (matrix 

addition). That is, we calculate W 1 , W 2  and W3  and then 

W=W + W 
2 
 + W. Then we calculate the deviation squares and 

cross products matrix for all the data regardless of group 

	

membership, to get the T matrix. 	Then the among-group 

matrix A is obtained by A=T-W. 

We can think of a ANOVA table, as in the univariate ANOVA: 



P  

T = 

Total 

pxp covariance 

matrix 

Total 
	

n-i 

Source 	df 	SS 

	

Among groups 	g-1 	A= { 	I 

	

Within groups 	n-g 	W= P I 
P  

MS 

Among group 

pxp covariance 

matrix 

Within group 

pxp covariance 

matrix 

In MANOVA we test for group differences by evaluating the 

ratio of W to T and seeing whether it is significantly less 

than one, instead of evluating the ratio of the among-group 

to the within-group variance and seeing whether it is 

greater than one as we do in the univariate ANOVA. 	To be 

specific we evaluate 'Wilk's lambda" which is A = IWI/ITI, 
which is the determinant of W divided by the determinant of 

T. One test is 

X 2 (p(g-i)df) = -(n-1-p+g/2)log.A. 

If the null hypothesis H 	= "groups have similar mean 

vectors" is rejected, and we conclude that the groups are 

different, then we proceed to do a DA to describe that 

differences. 	In matrix algebra the calculations for a DA 

are simple: we find the roots and vectors of W 1  A. 	That 

is, we invert the matrix W to obtain W 1  . 	Then we do the 

matrix multiplication to obtain W 1  A. 	Then we find the 

roots and vectors of the W 1  A matrix (which is not 

symmetric). The vectors contain the coefficients in the 

"discriminant functions" which describe the relationships 

between the new rotated axes and the original axes, much as 

the principal component vectors did. However in PCA we 

were 	attempting 	to "most efficiently" describe 	the 
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variation and covariation in the data, and to do that we 

found the roots and vector s of either the covariance or the 

correlation matrix. In DA we want to most efficiently 

describe the ratio of amon g-group to within-group variation 

and covariation, and to do this we find the roots and 

vectors of W 1 A. 

8.2 	Assignment 

To save you the time and bother, here are the matrices and 

parameters: 

g = 3 
	n = 60 
	p = 4 

796.46 -987.11 190.50 -51.69 

Wi = -987.11 1244.40 -257.10 62.99 

190.50 -257.10 66.56 18.83 

-51.69 62.99 -11.29 18.83 

W2 = 4358.21 -4413.81 55.60 -284.32 

-4413.81 4473.19 -59.38 289.04 

55.60 -59.38 3.78 -4.72 

-284.32 289.04 -4.72 36.77 

W3 = 6.49 -6.58 0.085 -0.97 

-6.58 6.67 -0.099 1.20 

0.085 -0.099 0.014 -0.23 

-0.97 1.20 -0.23 37.82 

T = 57473.6 -58069.2 594.53 -3584.21 

	

-58069.2 
	

58746.3 -675.90 
	

3614.69 

	

594.53 	-675.90 81.35 	-30.40 

	

-3584.21 
	

3614.69 -30.40 
	

301.42 

8.2.1 Calculate W and A using APL. Then calculate L (use PDET to 

find the determinants) and then the X 	and the degrees of 

freedom. Calculate W 	and the 	W A. 	Then use CEIG to find 

at least the first two roots, and the associated vectors, of 

W A. 



8.2.2 Now do it all in SAS: 

TITLE 	MANOVA AND DA ON SEDIMENT DATA; 

DATA SEDABC; 

INPUT PERSAND PERSLTCL PERGRAV PERORG LOCATION; 

CARDS; 

(the SEDABC data go here - use the 'GET SEDABC DATA' command) 

PROC GLM; CLASS LOCATION; 

MODEL PERSAND PERSLTCL PERGRAV PERORG=LOCATION; 

MANOVA H=LOCATION/PRINTH PRINTE; 

PROC CANDISC OUT-DISC; CLASS LOCATION; 

VAR PERSAND PERSLTCL PERGRAV PERORG 

PROC PLOT; PLOT CAN2*CAN1=LOCATION; 

8.2.3 Try to interpret these results. Compare your APL results 

with the SAS results. Also compare this MANOVA/OFA analysis with 

the PCA analysis. 
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8.3. Job Listings & Outputs. 

F115: MA13VA 	SAS 	Al V4/5P - C0N'SATIONAL MONITOR SYSTEM 
	

PAGE 001 

TITL= 545 A44LY5!S J1 S IENT 0AT4; 

OATA SEJAOC; 
IfIPUT ESAV P[OSLTCL PCRAV PR.3C LOCATION; 
C AF 35 

	

2.30 91.15J 	0.0 	9.325 1. 

	

4.522 94.20 	1.121 	3.47? 1. 

	

3.554 9,.944 	3.492 	J.d40 1. 

	

3.117 	96.92 	3.191 	8.753 1. 

	

1.513 	94.170 	4.317 	5•4C1 j 

	

2.5') 91..50 	0.0 	6.79 I. 

	

2.3'14 	9.32J 	0.236 	7.053 1. 

	

2.463 Q7.467 	3.073 	5.594 1. 

	

31.543 60.722 	1.750 	0.10 1. 

	

5.65 93.341 	3.464 	7.330 1. 

	

2.565 96.963 	0.172 	5.734 1. 

	

3.541 	90.01)t 	1.341 	5.102 1. 

	

4.237 05.593 	0.173 	7.303 1. 

	

4.32? 95.571 	0.0 	7.560 L. 

	

2.3 0 3 	Q7 • 34, 	0.553 	7 • :- 34 1. 

	

1.751 	9 3.123 	0.165 	7 • 307 j 

	

2.3C9 0 7.00 1 	3.0 	3.371 1. 

	

't.3fl5 94.620 	0.904 	7.510 1 . 

	

3.25 95.471 	1.223 	5.972 1. 

	

2.953 0 7.047 	0.0 	3.0[ 1. 

	

45.607 53 • 303 	0.30 	5.233 2. 

	

74.374 24.5?3 	0.533 	2.556 2. 	 F'.) 

	

80.0Q6 10.211 	3.b°3 	2.412 2. 

	

51.4 4 9 17.401 	1.150 	2.230 2. 

	

75.150 29.690 	1.163 	2.61°9 2. 

	

49.5 49.396 	L.12 	5.073 2. 

	

47.14 52.-,1 ti 	O.L61 	5.729 2. 

	

F6.553 12.07 	0.835 	4.350 2. 

	

50.6 09 43.619 	3.552 	2.275 2. 

	

3.383 	15.1 4 	t.S5 	2.257 2. 

	

55.A2 41.363 	3.673 	3. 3 2 2. 

	

60.3C2 	3I.412 	1.20 ED 	3. 1 3 2. 

	

55.57J 43.31, 	3.515 	2.243 2. 

	

74.45 23.557 	1.731 	2.633 2. 

	

74.0 	23.511 	1.7?9 	2.7252. 

	

42.257 	57.291 	C. S At, 	5.42 '. 

	

41.67 57., 	0.541 	5.2" 2. 

	

72.371 27.41 	0.536 	2.055 2. 

	

7.J5 234502 	3.3'2 	2.663 2. 

60.5 	13.12 	0.594 	2.534 2. 

	

0 .35) 	0.0 	7.99 3. 

	

0.a03 9.'s0C 	0.0 	1.364 1. 

	

3.5) 	) ?.45C 	0.0 	'.317 7• 

	

2.!3 	9.015 	0.0 	6."' 5 3. 

	

3.7''p 	0 9.29D 	0.0 	7.2 7 3 3. 

	

1.2C5 93.72 	0.3 	4.303 3. 

	

1.+60 QU.,31 	0.0 	7.524 A. 

	

).55 	Q).1 4 5 	0.0 	1.QL4 3 . 

	

2.103 	07317 	0.0 	7.5353. 

	

1.312 	3 8.15s 	3.0 	7.2's 3. 

	

I. 96Z 	9 1?.30 	).J5 	.315 3. 



FjL: MANOVA 	SAS 	Al VM/5P - CcNVERSA1I3AL M04!TOR SYSTEM 	 PAGE 002 

0.754 99.183 	0.353 	D.333 3. 
1.150 9.550 	0.0 	t1.72 3. 
2.079 97.122 	0.0 	7.526 3. 
1.53 q3 • 367 	3.0 	7.4')o 3. 
3.544 °9.126 	0.033 	o.063 3. 
1.668 95.332 	0.0 	6.086 3. 
1.801 93.178 	0.021 	6.9073. 
1.387 93.13 	0.0 	6.629 3. 
2.504 97.391 	0.105 	5.854 3. 

PROC GIM; CLASS LOCA1I1; 
MOOEL PCRSAND PE?S1TCL P:RGAV 	Q3SG=L0T13 ; 
4A40A '-1LJCATI0tJ/P rJT1 PR!NT; 

PROC CA40XSC 0UT=O!5C; CLASS LOCATION; 
VAR PERSAN3 PERSLTCL PERGRAV eRoG; 

PROC PUT; PLOT CAt2*CA:1=LoCATI3; 



5*5 ANALYSIS ON SEDIMENT DATA 
	

13:57 THURSDAY, MAY 99 1985 	2 
GEMERAL LINEAR MODELS PROCEDURE 

OPEP.4)FNT VARIAL 	PERSAN 

souc 
MCI?_L 
ERROR 57 
CORRCTO TJTAL 5 

UUSCE iF 
L5CATION 2 

SUM OF S0'JRES MEAN SQUARE F VALUE PR ) F R—SOUARS 	C.V. 
52312.4!725440 26155.21462720 258.37 i.00J1 0.910199 	39.722 
5161.15760285 40.5466246L ROOT MSE PRS4NO MEAI 

57473.5885725 9.51559901 23.93125000 

TYPE I SS F VALUE 	PR ) F OF TYPc 	III 	SS F VALUE 	PR > 	F 
52312.42254-.0 288.37 	0.0001 2 52312.42925440 288.57 	0.0001 



SAS ANALYSIS ON SEDIMENT DATA 
	

13:57 THURSUAY, MAY 9 9  19d5 	3 
GENERAL LINEAR MODELS P*OCEDURE 

OEPNDENT vAgIL.: PERSLTCL 

SOURCE OF 
MO0L. 2 
ERROR 57 
CORRECTED TUTL 59 

SOURCE OF 
L3CATI0Ii 2 

SUM OF S3UARES MEAN SQUARE F VALUE PR > F R—SQUAE 	C.V. 

5307.1.98620523 26510.9310412 263.9 0.0031 0.902559 	13.2812 

5724.26648170 130.42572775 ROOT MSE PERSLTCL MEAtS 

58746.25268993 10.02126378 75.45463333 

TYPE I SS F V&L!JE 	PR > F OF TYPE 	III 	$5 F VALUE 	PR > 	F 

53021.95620823 253.99 	0.0001 2 53021.9562023 263.99 	0.0001 

Ui 



5*5 'NALYSIS ON SJTMT OT* 
	

13:57 T4(JR5QAY, 4 AY 9, 1985 	4 
GENEQAL LIIEAR i3.3ELS PROCE)UE 

OEPEMJE.'1T VARIALE: PES,PAV 

SOURCE 	OF 
MODEL 	 2 

5 .,  
COPECTED TOTAL 	51 

SOURCE 	JF 
LOCATIO'l 	2 

tJA 	DC 	S.)UADS 5IJ%Q. F VALUc PR > F R-5QUA, C.V. 
1).7Qt9110 5.49509555 4.45 0.010 0.135115 ldO.59 
70. 3.S875 1.23433 140 RCOT VSF P€RGV 

1.11100462 0.o149500C 

TYPE 1 	SS F VALUE 	PA ) F OF TYPE 	III 	55 F VALUE PA > 	F 
10.9913)110 4.45 	0.0160 2 10.99139110 4.4ti 0.016C 



2 
jo 

s4c9 

ioc'oo 	 c9c600OPD 

	

( Vd 	fl1VA J 	SS Ill ?AJ. 

€ct.6LO9 	 07LZ1 
qv 	 3Sr. 100 

	

ccci 	'LCCt6 	 100C.0 
( bd 

	

1003C 	 C9,6cOCO! 

	

( Vd 	=-nI%A d 	SS ! 	Al 

Z114 . oc 
iO9 I 	 1LLIt'C 

?LcCCOot 
bvflrS kY 	 scnr.s =10 WAS  

bs 1i51 CJ.dD3 

z 1OOn 

iCo :1dA .LPcNa3o 

rJ 

t Afr 'AV3Sfli Lc:t 
	 L%TO jNWIQ3S fX S1SA1VPV SYS 



SAS AI4LVSIS 	01 SEOIMEiT 	DATA 13:57 THURSDAY, 	MY 9, 	1985 	6 
CeNEqAL LINEAR 40DELS pqCouRE 

E =Eqq.OR 	SSCP M&TRI.( 

PERS.'ifl PRSLTCL PRPAV PECG 

PlSAI) 511.157025 -5407.42334 11 246.L79955 -336.97633555 
SLTL -5407.42384)C 5724.Z548170 -31 .5758043) 353.2300445 

Pk(AV 266.173'3'55 _316.375430 70.35638975 -16.24251370 
-3c,.9"33555 3'3.230044 -16.2 6 57370 03.41757835 

PASTIAL 	CCELATIJN COFFLCL'IS 	FPJM TIE 	ESP3R SSCO MATStX 	/ 	PROa > tI 

FSáD 	?ESLTIL PE9RAV PRO 

PRSA!J 1.)0000 -0.43t 3.40530 -3.435301 
3.0030 	3.00)1 0.3015 J.00U1 

PERSLTCL -3.94 	1.)00)C -J.4 1 3844 0.43043 
).,3fl.fl 	0.0000 0.0031 0.0t 

PE&RAV 0.405530 -3.4 0 3544 1.000030 -0.200349 
0.3015 	3.30)1 3.0030 0.1316 

PERCIRD -0.455331 	0.453040 -0.200349 1.033030 
0.00U1 	0.3001 3.1316 0.3000 

00 



nil 

F 
I 

SAS ANALYSIS ON 	 E0IMNT DATA 13 ,7 TrIURSCAY. 	AY 99 	1935 	7 
GMR4L LI 	403LS PAOCEUURE 

I  

1 = TY*E III 	SSC' 	4*TRXX FOR: 	LOCATI34 

OF=2 P.SLTCL 	PRGAV 

PPSA13 5231 	.s2 ?25440 -57561. T2'5710 	34d.34764720 -3.47.23331 ZO 
PESLTCL -i'o#i.72)57LSC 1  53321.13520523 	-3.215105 3261.464d333 
PWA1 343.34761720 -3.3'151030 	10.9139113 -14.15430135 

-347.23)15120 3261.S,333° 	-14.13430135 203.00093433 

CHARACTERISTIC °OOTS aNO VECTORS 3F:  E VIVéSE * He 	HRE 	4 = TYPZ III SSSCP .4ATRIX FOR: LCCAT!Oh = ERROR SSCP MATUX 

CIAAACTE°ISTIC PC9T CsAqacTqISTIC VECT33 	V'EVI 
ROOT 

0=0 °ESLTCL 	GRAY PERC?G 

t1.5669'1295 	77.12 -0.34232934 	-0.33741347 	-0.43504314 0.00243515 

0.?5f)5753 	2.13 -!.G1161177 	-!.01463641 	-3.10503352 -0.07043563 

0.300)3003 	0.00 13.97276143 	13.97411355 	13.96771705 -0.03315553 

0.00033000 	0.30 3.35334420 	0.05223041 	-0.02554545 0.09013353 

'C 

I L 3 - 	 --"-- - 	 - 



SAS A44LYSIS ON SEOPIENT CATA 	 13:57 THURS3AY. MAY 99 1985 	8 
oNaR4L LINEAA IOOELS PWCEOOAE 

'010V&i TEST CPITERIA 9OR THE HYPJTMESIS OF flO :)VRALL LOCATION EFFECT 

H = TYP III SCC° 4TX( FOR: LCATI0Ii 
E = 	SSC? MTIX 

	

P = )EP. VILE! = 	4 
= 	OF = 	2 

57 
S = MIi(?.') 	= 	2 

	

= .5(AJS('-)-t) = 	0.5 
= 	 a 	46.0 

LLI.-L.4Li TqAC5 = TR(S-1.M) 	ll.°2771!3 	(SEE PILLI'S TA3LE 3) 

F 	= 2jSr.LtTAth=_ 	)/(5*54,5.) 	WITH S(Z'liS.lI AND 2S4.11 OF 

PRIS > F = 3.1001 

LLLAIS TRACE 	V = rcNr14v(4.E)) = 	1.L27T6525 	(StE PILLAI'S TA3LE 021 

F APp°)XP'ATION m (2N.S+l)/(2MS.1) v V/(S-V) 	AITH S(?M'$•L) AO S(ZN.S'I) OF 

	

F(89110) z 	17.7 	%Roi ) F = 3.0001 

WILXS' CITRI34 	L 	OET(fl/OET(H.E) 	0.06225e0 	(SEE RAG 1973 p 555) 

EXACT F • 	 ITH !P AMO 2(NE.Q-P-1) OF 

	

F(8913) = 	40.45 	pqoa ) F z 0.0001 

0V'5 A'IJM ROOT CITEPIN 	 11.5662lS 	(SEE AiS VOL 31 P 6251 

FIRST CANONICAL VARIABLE YIELO5 AN F 'JPPER 8OU4,) 

	

F(2957) = 	332.51 	(UPPER 301JM0 

0 

I 	 - 



SAS A'ALYSIS ON SEO1MEiT 0T4 	 13:57 THuRSDAY. 14 AY 9v 195 	S 
CAM3NICAL OISCI414ANT A'IALYSIS 

60 DB$ER'lATIfl1S 59 OF TOTAL 
4 VAR!a31- 7 5 S T OF WITNI.4 CLASSES 
3 CLASSES 2 	OF &3ETI1E5N CLASSES 

CO.ICL 	R:LATIOIS AlO PESTS 	DF 	1Q: 	THE 	(;Aif3:TCL CC?LTI0N 	4 Tr 	CURET RJd 	AND ALL THAT 	FOLLOu4 A.E ZE 

CAIO1!Ca A0J'J5T) 113 	'iI'cE CA:0t'4ICAL 	LIKELIHOOD 
C J R F, E L -1  T 101 CAN Sit) 	 rio R-S0U.kEJ 	RATIO F 	STATISTIC NU.M 	CF 	OE.'1 Cr PFUP> c  

1 	0.15)71537 0.14743941 0.11)73 	 .66D 0.9213541)4 	0.062626899 40.4453 9 10 J.3000 
2 	0 .4454173 J.3696677)3 0.103277412 	 0.2606 0.206111149 	J.793238951 4.7772 3 55 C.005C 

MULTIVARIAT TEST ST'I5iICS AND c 4PPDXIATI0NS 

STAT!51C 	 VLUE 	 F 	 N:JM OF 	 ON CF 	 P.O>r 

WIL'(S' 	LA1',0A J.962969 40.44529 8 103 4.0'T91-?9 
OILLAIIS TCE 1.127795 17.7721 3 110 E. 0 357E-17 
H 1JTELLIIL_LA4Lcy 	TRACE 11.92743 79.0194 3 106 3.75164E-4 1 
Ro'•S CEATEST R3JT 11.6669 160.4199 4 55 1.2,C25;-:-2 10  

'IDlE: 	F 	STTISTIC FOR ROY'S GETST AOt3T 	IS AN UPPER BJUNO 
F STATISTIC CJR 	41LKS 	LA0A IS EXACT 

TOTAL CANONICAL STRUCTUIE  

	

CM1 	 CANZ 

PERSA;40 	 3.9933 	 0.0841 
RS1TCL 	 -0.9385 	 -0.1103 

PEPGRAV 	0.1322 	 0.7324 
PERCRG 	 -0.8575 	 0.2493 

SET4EEN CA'IJNICAL STtJCTURE 

	

CAU 	 CAN2 

PRSA'O 	 0.999 	 0.0401 
PEQSLTCL 	-0.9986 	 -0.0523 
PEPSRAV 	 0.4234 	 0.935 
PER0R 	 -0.9907 	 0.1363 

TH1N CA404ICAL STRUCTI.ME 

CANL 

PEPSAND 	0.9313 	 0.2499 
PE°SLTCL 	 -0.3393 	 -0.3143 
°ERGPAV 	 0.0490 	 0.7015 
PERORG 	 -0.4323 	 0.3984 



SAS AMALYSTS 0 SE)IMENT DATA 	 13:57 THURSDAY, MAY 9 9  1935 	LC 
CAP'ONICAL DISCPIMINAMT A'4.LYSIS 

STAD)IE) CA40IICL. COEFFIC IEMTS 

	

CAMI 	 CANZ 

	

-30.5952 	13.49 
P:RSLTCL 	-55.14!3 
?ER.'CAV 	-3.30 	71.3523 
PERR 	 0.0425 	1.2020 

RA4 CAfI0I1C4L C0EFFICIE.'TS 

	

CANI 	 CAN2 

P é S 	 -2 • 5 2 2A 5143 	6J.539147745 
PESLTCL 	-2.53435433 	6.).,)69J7759 
P.GV 	-3.)5905354 	41.191655247 
PER.G 	0.0137)264 	0.531777736 

CLASS MMS ON CAM0ICAL VARA'3LES 

	

LGCATIDN 	 CAMI. 	 CANZ 

	

1 	-2.3143 	0.5125 

	

2 	4.7)80 	-0.0069 

	

3 	-2.3737 	-0.6059 	 NJ 



SS 0ALYS1! 0 14 51MEIT OATA 	 13:57 THURSDAY, MAY 9, 15 	11 
PLT OF CA42*CA9L 	SY0L IS VALUE OF LOCATION 

CAN2 I 
I 	 I 

	

5 	4 

	

4 	4 

	

3 	• 	 1 	 1 

	

2 	• 
I 	 3 

	

I 	• 	 1 
I 	 I 
I 	 I 	 2 	2 
I 	 11 	 2 
I 	 1 	 2 	2 

	

0 	• 	 11 	 2 
I 	 1311 	 2 
I 	 1 31 
I 	 3 11 

3 

	

-1 	• 	 3 	 2 
I 	 333 	 2 

-2 
3 

-3 

	

-4 	• 

---4--------------4 --------------4 -----------------------------. ------------------------------- 

-5.0 	 -3.5 	 -2.) 	 -0.5 	 1.0 	 2.5 	 4.0 

CANt 

2 

2 

2 p.) 
2 2 

2 

2 

------- . ------------------ 

5.5 	 7.0 

NOTE: 	14 35S HIO0N 
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9. PRINCIPLES OF SAMPLING DESIGN 

9.1 Ten Principles 

Be able to state concisely to someone else what 

question you are asking. 	Your results will be as coherent 

and as comprehensible as your initial conception of the 

problem. 

Take replicate samples within each combination of time, 

location, and any other controlled variable. 	Differences 

among can only be demonstrated by comparison to differences 

within. 

Take an equal number of randomly allocated replicate 

samples for each combination of controlled variables. 

Putting samples in "representative" or "typical" places is 

not random sampling. 

To test whether a condition has an effect, collect 

samples both where the condition is present and where the 

condition is absent but all else is the same. 	An effect 

can only dbe demonstrated by comparison with a control. 

Carry out some preliminary sampling to provide a basis 

for evaluation of sampling design and statistical analysis 

options. Those who skip this step because they do not have 

enough time usually end up losing time. 

Verify that your sampling device or method is sampling 

the population you think you are sampling, and with equal 

and adequate efficiency over the entire range of sampling 

conditions to be encountered. 	Variation in efficiency of 

sampling from area to area biases among-area comparisons. 

If 	the area to 	be 	sampled has 	a large-scale 

environmental attern, break the area up 	into relatively 

homogeneous subareas and 	allocate samples to 	each 	in 
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proportion to the size of the subarea. 	If it is an 

estimate of totasi abundance over the entire area that is 

desired, make the allocation proportional to the number of 

organisms in the subarea. 

Verify that your sample unit size is appropriate to the 

size, densities and spatial distributions of the organisms 

you are sampling. 	Then estimate the number of replicate 

samples required to obtain the precision you want. 

Test your data to determine whether the error variation 

is homogeneous, normally distributed, and independent of 

the mean. If it is not, as will be the case for most field 

data, then (a) appropriatelyd transform the data, (b) a 

distribution-free 	(nonparametric) 	procedure,(c)use 	an 

appropriate sequential sampling design, or (d)test against 

simulated H data. 
0 

Having chosen the best statistical method to test your 

hypothesis, stick with the 	result. An 	unexpected 	or 

undesired result is not a valid reason for rejecting 	the 

method and hunting for a "better" one. 

9.2 Estimation of sample number 

9.2.1 Based on preliminary sampling: 	
2 

Say that preliminary sampling estimates X=18 and S1=236. If you 

wish to collect enough samples to estimate X so that the true 

mean ,u lies within +20Z of X with a chance of oc =0.05 or less 

that it doesn't, then 

X ± t (S.E.) = 	± t/n = X ± t S /,f—n  

which should equal X ± 0.2X. 
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Therefore t S//ii = 0.2 X and, if n is fairly large, 

(2) 15.36//iT 	(0.2)(18) and ne73. 

(The value of t 
o< 
=0.5 for 72 df is almost exactly 2.) 

9.2.2 Without preliminary sampling, but assuming Taylor's Power 

Law: 

2 	-b 
S = aX , with a= 1 and bz 2: 

Define D = S.E./X = SI /i. 
0 	 - x 

2 	b 	_2 	- 
If a1 and b2, then S = aX z X 	and SX. 

Therefore D 	= S/liT 	X//ii = 1 and n. 1 
o 	- 	- 	- 	—2 

	

x 	x 	liT 	D 
0 

If we want a precision of +20% withcx=0.05, 

	

(2) (S.E.) 	0.2 X as before, and 

(2) S.E./X = 2 D 	0.2 
0 

Therefore D 	0.1 and 
0 

1 

n = 

D 2  
0 

1 

= 100 
2 

(0.1) 
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APPENDIX II -- PROGRAMS 

FILE: ANCJV% 	PS!C 	AL Vl/S' - CQPIyESArIOrJAL 40t;TTOa SYSTEM 
	

PAGE 001 

100 QcM 

11) 	A 14C5VA PJGR. 	4PITTE'I 3Y (EIT' S.ME 0 S. JAN. 133. 
120 REl 
130 RE m THIS PSORA1 REA)S DATA R04 . SERIES 00 F!LFS AND THN 
140 RE' C31P4&ES THE SLOS All INEOCETS IN AN ."4ALYSIS OF 
L) REM C0VAPi4E AS 	TLt') j ZAR 117 	- PP. 2?-35. 
160 qE4 
170 PRINT ".104 'ANV RE(RE5SI0IE AR 	IV C0PAEO'" 
10 IPUT 'I 
190 	PRI:4T 
203 FOR 1=1 Ti N 
210 	P,INT iIO4 .MAIV  O.TR 'AIS AIii IN REGESS1C.1 	;I 
220 INPUT NICE) 
230 NEXT I 
2 4 0 	DRI.T 	I 	V 1J W4NT '40 TF 	I1'1 or X I\°LJ  
250 	'INT 	YJJ 4'1T A L( X) TRSFr !ATIr 	INPJT 1" 
260 	?RI;JT "IF V0'J '.ANT 4 L11(X1 	TRA4SF'RS!ATiC;4 I'JT 	" 
270 INPJT TX 
280 2RI'IT "jF YOU WA 14T NO TR SFORATIO4 OF V INPuT 0" 

290 PRP4T "IP YOU WANT A LOG(Y) T tS RTI.JN INPUT 1" 
300 PIIT "IF YOU 4ANIT * LO(Y.L) TRA:4SFOR4ATI0N INPUT 2" 
310 INPJT TV 
320 	DII XC 500) ,Y(50)J 
330 FOR 1=1 TO '4 
340 LET C5=N1(I) 
350 PRI17 "INP'JT;9ttI);' X,Y PTRS cCqRRESSIGN;! 
350 FOR C=1 TO CS 
370 INPJT X(C),Y(C) 
330 IF TX1 Tu4EI'4 X(C):LOG(X()) 
390 IF TXTE'4X(Ci=L30XC)*1I 
400 IF TV1 T:-IEt'4 V(C)=LJG(V(C)) 
410 IF TV2 THEN Y(C)=L0G(Y(C).1) 
420 LET A4.X(C) 
430 LET 53.X(C)2 
440 LET 0'i.Y(C) 
450 LET E=E.Y(C)2 
460 	LET F1F1.XIC)*Y(C) 
470 NEXT C 
480 LET G(I):3-A2/C5 
490 LET H(L)F1-(A)/C5 
500 	LET S!iu1(I)/0(I) 
510 LET Jl(11A1C 6  
520 LET Kl(I.0/C5 
530 	LET L8U)41(!)-SB(I)'J1(IP 
540 	LET .4(11H(I1-2/G(I) 
550 LET Et(I)=E-r)-z/Cc 
560 	LET  0(I)E1(I)_ 1 1t) 
570 LET  P(I)C-Z 
500 	LET 	(I)=0(!)/P(1) 
50 LET 59)rS0R('j(I)/Gffl) 
600 LET I9Ct)=S0?(QCI)C1/C5.JL(1)2/GCtfl) 
610 LET A1I•A 
620 LET 3113 
630 LET CLCI•CS 
640 LET 0101•0 

e. 
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PAGE 032 

650 LET E2=2._ 
6o0 LET F22.F1 
670 LET A343.OtI) 
650 LET i33•H(1) 
670 LET C3CJ.Eit1) 
700 LET S4=S4.Q(I) 
710 LET F4F4.0(I) 
720 LT A0 
730 LET 	0 
740 LET D0 
750 LET E=O 
76' LET FjJ 

770 ;xT I 
750 LET 3C3-J3-.2/%3 
7 "(l LET F3C1-N-L 
ejo LET A631-A1-/C1 
810 LET 3S2-(&1•Oi)/C1 

820 LET C6E2-01-2/CL 
830 LET S1=CS-6-2/A3 
P 
	

LET F2C1-2 
850 LET RlB/A6 
860 LET R2(O1/C1)-CR1(A1/C1JJ 
870 LET M754/F4 
P 
	

LET t13*S3/F3 
890 LET F8( (S3-S4)f(N-1) )/u7 
900 LET F9( (51-53)/(N-I) )/93 
910 LET F5'4-1 
920 P°INI 
930 IF <>! THEH 1170 
Q40 PRI'4T "Ts-iE AIALYS!S OF COVARIANCE ETWEE'" 
950 PRI9T 	EGE$St01 JME AM() REGRESSION TWO" 
960 PRINT 1AS RO0'JCED THE F0LL0WlG: W 

970 LET J2S4/F4 
930 LET J3=SRtJ2J(ti).J2/G(2)) 
970 LET J4A35(55(  1)-SS(2) )/J3 
lO0 ) LET J353/A3 

131k 
	

LET J5A35(K1( 1)-Ki(!) )J3*( A8S(J1(1)-Jt(2)) 
102 ( ) LET J S0R((S3/F3UI(1/Nl(L).1/N1U)tJL(I)-JL(!) 1-2/43)) 

103 ) LET J7=45/J5 
104 ) 	PI,IT 
105 ) PRIT "THE STUOEWT'S 7 ST4TISTI FOR 51r92 AITH A 
106 
	

PRU4T "TWO-TAILED ALPHA Of 0.05 AD ";F4;" 0E 0 EES OF FREEDOM" 
197 ) P4IT "1$: ";J4 
1 0' 3 PPJT 
109. 3 PRI 1 1 "IF 5132 ES FALSE. T4EN TWO 0IFFE°ET DflPLATIyJ5 

	
E€ SAM?IEO." 

110 3 PRIPT "iF 61=37, THEN TEST FOR CONMON INTEPCEP'." 

111 3 PRINT 
112 3 P4.1T "TH STUDEfT3 7 STATISTIC FOR C3MMC! I'T CE?TS 41T'4 A 
111 3 PRXUT "TWJ-TAILEt) ALPHA OF 3.05 AND ";F3;" OEZ.REES OF FREEDOM" 
114 0 PR1,T "IS: 	';J7 
115 3 PRINT 

116' O GO TO 1230 
117 O PRiiT "THE MIALYSIS OF COVARIANCE HAS SEEN COMLETE0 
115 O 	PRI',T FO.( THE 	; 	REqES5I04 LINES." 

I 19 3 	P,4!7 



CILE: ANCOVA 	&ZC 	Al V.'i/SR - C3WERSATIOWAL MO4IT0R 5YST:4 
	 P*c€ 003 

1203 PSI4T "T 	ANCII% TST 'S 	L!EO 1' ZAR (1)14) CMAPTER 17," 
1210 PRIiT "PCuCES 140 F—STATISTICS THT DETEQMI:'IE IC THE CIHEO" 
1220 DRINT "SL.PS Ar') C"iIH) PITERCEOTS *R C:FFET." 

12110 PRIHT 
1240 PRIUT "TiE F—VALJE POR THE SLOPES IS: ";F8 
1250 PRItIT "THE F—VALJE FJ THE INTERCEPTS IS: ";F9 
1?6') PPINT 'i)Td /LJS A'JE A jJ'iERAT 	I. JF F. 	: ";5 
1270 PRINT "LO A )EM0MIJAT) '. OF F. F: ";F3 
1240 PRINT 
L20 PRIHT "Ic TH 	L3PES ARE "OT S1O , IFICAaTLY CIFFE'T, 
1300 PRINT "PIE C3MMO4 RER SS74 SLOPE Is: ";P1 
1310 PRIJT 
13!0 PPIHT ".D IF T.4z 11TRCETS ARE 140T SIGNIFICANTLY OIFCERE'iT, 
130 Op* 	"THE C'40.1 RE.FESSJMIlliTERCEPT IS: ";RI 

X 4=2 THE.1 2030 
1350 PIT 
13) P2Ifl• "IF TNE SLOPES OR INTERCEPTS ARE 	FFE;T, THEN 
137r 	PRIMT "4 'JLTIPLE R'IGE TE.T CAN IE JSE!) TO I)ET!FY PIE 
1330 PRINT "0IFFERE10ES ET4EEN THE SET OF REGRESSIONS. " 
1390 PRI'IT 
1400 PRINT "00 YOU 44NT T 313 PIE MULTIPLE RANGE TESTS?" 
141 	PRINT "TYE Y OR H. 
1420 INPUT A9 
143 0  IF 	S"N" THEN 2030 
1440 REM TO C3PLETE THE 41JL— IPLE RANGE TESTS. SEVEAL PRJCEOURES 
1450 REM ARE RVAILA6LE. TYPICALLY THE NE4HAN_EULS MULTIPLE RANGE 

	 p-. 
1460 REM TEST IS JSEO IF EACH EGRESSI0N 15 CGPARED 4TTH EACH 
1470 REM OTHER REGRESSIJN (rJPTIJN 1). H04EVER, IF THE RERESSI3NS 
140 REM AQE tiASCG ON OIFFERENT X—VALUES THEN A OIFFERET FORMULA 
1490 RE.M MUT SE USEO (OPTiON 2). ALTCRNATIVELY, IF ONE OF THE 
1500 REM REGRESSION LINES IS A CONTROL AN) ALL CTHERS ARE TO OE 
1510 REM CO4AREO TO IT, OUNNEIT'S TEST IS APPPGPRIATE (oPTIa, 3). 
1520 REM AGAIN, If THE X—VALIJES ARE OIFFERENT, AN ALTERNATIVE 
1530 RFM FORMULA IS REOJ!REO (0TI0N 4). 
1590 PRiNT "CHOOSE A MULTIPLE RANE 'EST FROM THIS LIST: 
1530 PRINT "(1) MEWMA.N—KEJLS WITH THE SAME X—VALUES" 
15O.. PRINT "(2) MEWMAM—EU1S 4IT4 OICERENT X—VALUE5 
1570 PRINT "(31 OUNMETT'S TEST NITH THE SAME X—VALUES" 
1530 PRiNT "(4) OUNNETT'S TEST 4ITH OIFFERENT N—VALUES" 
1590 INPUT 43 
1600 PRINT 
1610 PRINT 
1620 PRIMT "PIE RESULTS OF THE 11 1J1T!PL2 RANGE TESTS" 
1630 PRINT "*RE AS FOLLOWS: . 
16*0 PRiNT 
1650 REM TO ACCURATELY DEF!NC T,.r Q—ST$TISTIC GIVEN .'ELOW, 
1660 REM YOU MuST RANK THE SLOPES AND INTERCEPTS FIR EACH 
1610 REM REGRESSION. THE DIFFERENCE IN IRER 	TWEEN PAIRS 
1630 REM OF PEG4ES!I)NS DROVIJES A P—VALUE FOR 0. OF F. 
1690 REM NEEDED" IN THE Q—TALE (I.E. 3(0.05)(OF;I)(OF;P)). 
1700 REM IF 4I—Tc1—IOV RANKING SEPARATES REGS. I AMO 4 RY 3 VALUES, 
1710 REM THEN P.5 (I.E. POR 1352469 REGS. I • 4 HAVE R=51 

1720 PRINT • REGRESSION 	SLOE 	ELEVATION—( tNT)" 
1731) PRINT 
1740 FOR 11 TO H 
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I750 	PR1T" 	;I;' 	 ;Su1); 	";13(y) 
1?C AEXT I 
1770 ?PINT 
1783 PI!T 	 SLfl?E— 	 ELEVATI0— 	D.F.(v)" 
ITqO PNT 
1800 FOR 1:1 TO (-1) 
1310 LET 	Ii 
1320 FOR J< TO 'J 
1q30 LET  
1841) IF *3)1 Tf4zN 13O 
1850 	LET X S'(17/G( I)) 
Lo0 IF A3<>2 IclE 	1330 
1371) lET 
180 IF 43<>3 T4E'I t'JO 
18 	LET x -1:S,JP(2_MT/;(; 
1930 	IF A3<>4 TiE i 1 1 2? 
1910 LET XuP( 1 7t1!GU).[f(J))) 
1920 LET 3AeS(S3(I)—S3(J))/X3 
1930 IF A31 THI': [95) 
1941 	IF A3<)! TrlF' L1) 
1950 LET  
L°0 IF *3<3 THEN 19 1 3 
1970 IF *3)4 THEN 1993 
1930 LET YSSJP(3(1/'11( I)'L/NUJ).J1(I)—JL(J) )-2/.(I)G(J3)3 
[Q90 	LET 	8=A3Sc(K1(r;—KI(J) P—E3'(J1(I)—J[(JJi)/Y3 
2000 	PRINT 	';I;" 	'4O 	;J;'. 	N;23; 	0 ;R3; 	:F4 
2010 NT 3 
2020 NEXT I 
2030 E1O 
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1OJ RE 
11') REM LIiaR ASGPESLIj4 PROGqA.14 WITTE ly KITp1  S'MES, lay 1 ,432. 
t!r.J 
133 A EM SIM?LE LIA 	CE5SI3 PD.3rA1 T9*T FEC/ 	)ATA FR1 THE 
143 	EM KEYjOArU A"I) C'9 0 J'rES *10E0 5TAISTItS 93P T-IAT D.TA. 
15) 0  EM 
l) R.'4 TI STATZ3TXC: ''O R 	S!3M %'ALYSTS FOLLJ'J TIE CIAP"R 
17) R z-0 04 T4AT S'Y3JEC' TI "3I3STATITIAL ANA1YSI' 3Y ZAP  
130 	RE 14  

170 	'JI'4 '((20)),(2Y)) 
200 	J!'l YI2C,O),Y21201) 
213 PRINT 	HAJY X-Y PAIqj JO YO'J WA!IT  TO ENTER" 
220 	1 1 PUT '1 
230 ?RINT 

2 4 .) 	PI'jT 	"J'i 	TR*'ISFATI0I Cr ( INPUT ',.' 

53 	PP.111 "1 	YJ 	*'IT A LT( ) I 	SFO'MATIZ' 	i"?'E 1' 
26) '.IHT 	Y.J WHT A LOC(X.1) TANSFC 9ATiQI P"'T Z 
273 I'UT TX 
283 PRIIT "IF YOU 4MT 'ifi TRASF0RMATI0.4 OF V I'PUT (N  
270 PIIT 	YJU atT 4 L0GY) 	 FORM 	INPUT L 
300 PRI4T "Ir YOU W4IT 4 LOG(Y'l) TRA'ISF0ATI0N I , JT 2" 
310 I'PUT TV 
320 PRLIT 
330 PRINT "EtTER THE DATA AS X-Y °AIRS. 
340 PRIHT 
353 FOR Cl TO M 

360 INPUT X(C),VIC) 
370 IF TX1 THE4 XC)=L)G(X(C)) 
3d0 IF TX2 THE4 XIC)L0G(X(C).1I 
390 IF TY1 THEI Y(C)=L')G(V(C)) 
430 IF TY! THEN Y(C)L3G(YLCI+1J 
410 NEXT C 
420 LET Z5"M-2 
430 PRINT 
4-tCl °RiiT 	IAT IS TE T-VALJE FOR THE 95 COCT3E'C5 LIMITS" 
450 ?RINT "'4ITII ";5;" OEi4EES OF FREEJOM'" 
460 INPUT TI 
470 PRIflT 
430 PRINT 
470 FOR C1 TO N 
500 REM A IS THE SUM OF THE X VALUES 
510 ICT  A=A , X(C) 
520 REI S IS THE SUM OF S9UARE3 X VALUES 
533 REt ZR5 AIG X-QUARE0 
540 LET 6.X(C)-2 
550 REM 0 IS THE S'J' )f THE V VaLUES 
560 LET O0+Y(C) 
570 REM E IS THE SUM OF SOJARE) V VALUES 
590 REt LAS'S 3IG Y-SUARE3 
570 LET Eé•YIC)Z 
600 REM F IS THE SUM OF XY 
610 REt LAS'S SIG XV 
620 lET FF.X(C)MY(C) 
A3() NEXT C 
640 REM G IS THE SU OF SJ'JARES O 
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650 REf 	. 	LITTLE -Z3UA:0 
6O LET 	-A/i 

670 	'i 4  S TtiP  si r 	s;- "OUCT oii*ri'as 
630 SEe ZSS LITTLE XY 
690 LET 4-(A0)/1 
130 kEl I IS 1-I! SLOPE 
710 LET I=.t/; 
720 	El J IS T 	M.A I 3C X 
TiO LET J/N 
740 SEl I'. IS T'iE 	JF V 
750 LET X=iln 
1.,0 REA L IS THE Y- TTERCE." 
770 LET L-IJ 
730 qE'i '1 IS TJiE S 1r4  nF  11JARr; ,C  THE SE.RSSIC4 

k =-v 4 IS ALSO THE RESE!.)4 4E41 S'JARE 
800 LET 
ato A F 1. El IS THE T1IaL 	OF SJ'JAE 
320 k Ef ZA5 LIrTLE V-S'.REF 
C LET E1=E-.!/'i 

840 REM 1 IS R-SQUASEO, T.I! COEFICIEMT OF 	TERMPIATI.3'I 
850 LET I1=/El 
860 1,E4 42 IS R, THE C)SAEL*TI31 CCEFFICIE'1T 
870 LET 2=SR(l1J 
BiC REf 0 IS THE RESIOtJAL S'J'j 1= SJES 
390 LET 01- 
9J0 REM P IS THE REI0J1L OECSEcS CF FREEP)M 
910 LCT P'4-2 
920 REM 	IS THE REStfljL 'iERH S)'JAE 
930 LET 0J/P 
940 REM R 15 THE -TATl5TlC TJ )ETERMlE 1 9  THE SLOPE E0U.L3 ZERO 
950 LET Ri/'J 
960 REM S IS THE STA:1OARU ERROR OF THE ESTIMATE IEPS1LOU 
970 LET S3Qk(Q) 
950 REl It IS THE STAHOARD ERROR D THE SLOPE 4HIC4 IS USEO TO TEST 
910 SEe F04 StC1IF1CACE F TilE ZLPE AS P.ELATEO TO A 5PI) VALUE 
106 LET I1EUR()/) 
1)1.) REM 12 A'I.) £3 AlE 95 1. CYFI)!.'CE UMITS AROulD THE SLOPE 
1020 LET I2=1-TII1 
1030 LET I3ITlll 
1343 REM U £5 THE STAHOARD EQROR OF THE INTERCEPT 
1053 LET L1S0R(Q(1/ 14.i2/C)) 

1060 RE.'4 L2 AND Li ARE THE 95 C.L. F3P THC !MTERCEPT 
1070 LET L21-TPLl 
1030 LET L3L•T1L1 
10'13 PRFIT "THE RECR'S5131 STATISTICS ARE AS FOLLOWS:" 
LIJO PRIMT 
1110 LET 1543!(I) 
1120 	IF 15-1=0 THE3 11511 
1130 PP.INT TIE E'I(rA!LON OF THE IPIE IS: Y=";1;-;15;X" 
1140 00 13 1160 
1153 PRINT "THE EIIUATION OF THE IPIE IS: Y=";1;".;1; 
1160 PPIMT 
1170 PRI'IT WHERE TE SLOP! IS: "; 
1130 PRINt A9 THE Y-I:ITERCPT 15: ";L 
1140 PRINT "THE STANOARO ERROR OF THE IECIESSION 15: I. OR -) 	;s 
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0 PRINT "T,l' STNO3 ZPA 11 2  J c  TkE 	IS: 	(. OR-) ";It 
1210 	P°I.T 111r  951 C.L. FnA T 4E SLPE 	E: 	'.12" 	0 ;I3 
1210 PP.t"T ITHE SIA:0AR.) ERc'i ]c THE !4TECCPT 15: 	(. 1 -) 	;L1 
1230 'RINT "Ti 95 C.L. FCR T' 	TESFEPT *RE: 	";L?;" 	";L3 
120 00  INT "TW C)REL.tTIJ?'t CEF1C1E9T (U 13 	142 
1250 	P"INT "Ti4.' CJEFFICE jT OF iFTR"INTI1N tR''Z) IS: 	;ii 
1243 	11INT 
1271 PRiNT 
12ZO PRINT - rj Y0'J 4A4T J'E STATIST!C5 p1NrEr?- 
1290 PRINT "TY'E Y OR ii." 
1300 	I'P'JT S5I 
1310 	IF 55"'j" 'rN 
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I.4PL I T.Tj).1 OF T ,-4r  AL.ITI 	14 FC'TR'I IS )Y A . P. 
C 
C 
	

IS 4 Cr('T'KC.. C..'). i'If 	3'IU'JL" 	FL1W!' 	Y T": ')T 
C 
	

CAJS. T}4 _ i-.Y-' rT, 	55'JM) 12 IE I' FFE C34ATI. 
C 
r 	THE CJNTS)L CA) S40 1 JL 	AVE IN IT (I 	CJIAT) 	I- 
C 
	

V4RIAL'... M, P, CYCLE, 	,(IEF. A13 CDTC, wIE"E: 
C 
	

(A) 	= 	IJ'l'E' IF SI'LES ( 1134 DI 	I3E) F° 210) 
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APPENDIX III - COUNTRY REPORTS 
111.1 Indonesia 

THE APPLICATION OF COMPUTER AT THE INDONESIAN 

INSTITUTE OF SCIENCES AND THE UNIVERSITIES IN INDONESIA 

Tri Sur.ja Kreshnawati 

(LIPI Jakarta) 

S. Djalal Tandjung 

(UGM Yogyakarta) 

Introduction 

LIPI is a Government body which provides guidance in the 

field of scientific and technological research. It reports 

directly to the President of the Republic of Indonesia. 

LIPI has ten national research Institutions situated in 

Jakarta, 	Bogor, Bandung, and Serpong which are conducting 

research in the natural, technological and 	social science. 

There is also a National Scientific Documentation Centre. 

The national research institution administered by LIPI are: 

National Biologica L Institute 

National Institute of Oceanology 

National Institute of Geology and Mining 

National Institute for Chemistry 

National Institute for Physics 

National Institute for Metalurgy 

National Institute for .Electrotechniques 

National Institute for Instrumentation 

National Institute for Economic & Social Research 

National Institute for Cultural Studies 

Computer in LIPI 
The rapid advance of Science and Technology in the last 

two decades can be attributed mostly to the intelligent use of 

computers in data handling and analysis. 

xxii 



xxiii 

A computer is used because it does certain task and ability 

better and more efficiently than mankind. The characteristics of 

this machine are speed and capacity to handle large volumes of 

data in a very short time. It is far from exaggeration that 

computers in the advancement of Science and Technology are 

Indispensable. 	Each of the national research institute use 

computers for R & D activities. 	In this case, we describe one 

of the Institute Is National Biological Institute, and In 

addition some information on the usage of computers In higher 

education Institutions in Indonesia. 

National Biology Institute - LIPI 

The National Biology Institute has an Apple II computer 

with 48 K. capacity and a silent type printer. The printer can 

print 132 characters and has the capacity to print graphics. 

Available computer programmes are as follows: 

Visifile for Information on management data. 

Visitrend for analysis and graphics. 

Visicaic for genetic pool collection. 

Abstat for statistic analysis. 

Utilities for visifile. 

DOS 3.3. 

At the present time the National Biology Institute has 

computerised diskettes for: 

Documental ethnobotany collection. 

Botanical Garden collection. 

Genetic pool garden collection. 

Herbarium Bogoriense collection. 

Zoology Museum collection. 

Ecology research. 

Taxonomy. 

The data discrete programme storage specifications are: 

One data sheet. 

24 column for one file, with 232 characters. 



Example : 

Ethnobotany collection 

Registration 	number 	collector 	collector number 	date 

location 	region 	Name of thing 	material 	plant 	useful 

The steps are: 

formulate the format. 

data entry. 

data storage. 

The data storage can be used at any time. Based on the 

example, the data can be processed as it is needed, for example: 

- 	What kind of matter at the vitrin 7 

- 	What kind of collection from West Kalimantan 

- 	For what purpose the rotten are used, etc. 

Botanical Garden Collection 

Family 	Species 	type/variety 	Island 	Location 	Altitude 

No. of plan Date of plan 	Herbarium 	Blooming Fertilization 

From the data entry can be used for: 

- 	What is the number of Herbarium material. 

- 	What kind of collection from Sumatra. 

- 	How many Pterospermum javanicum is grown. 

- 	When was the Eucalyptus alba planted. 

Plant Ecology 

Plotting 	species 	family 	diameter 	basal area 	unbranched trunk 

Total high 	topography 	soil 

The data can be used to determine: 

- 	What kind of species has diameter of 50cm. 

- 	What kind of species belong to the group of Myrtaceae. 
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Herbarium specimen 

Registration Number 	Family Number 	Species 	Local name 	Island 

location 	height 	habitat 	collector 	Number 	Date 

- 	How many genus and species are kept in the Herbarium 

Bogoriense. 

- 	What species are collected from Sumatra Barat. 

- 	What species are found only at high elevation e.g. 750 

meters above sea level. 

- 	What are the Orchidacea family fund in Sumatra. 

The computer Is also used for finalised legume data sheet 

as below. 

Legume data sheet 

Collection Data 

Accession 	number 	Scientific 	name 	Local/English 	name 

Collection number Collection date 	Collection site 	Material 

collected 	Occurrence 	Uses 

Evaluation Data 

Habitat 	Plant type 	Life duration 	leaf type 	leaflet shape 

Flower colour Pod type 	Pod shape 	Pod texture 	Pod colour 

Seed shape 	Seed colour Tuber 	Flowering time 	Age of first 

flower 	Pod setting 	Pod length Number of seeds per pod 	100 

seed weight 	Disease resistance 	Pest tolerance 	- 
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Additional notes 

Those are examples of several usages of computer in the 

National Biology Institute of LIPI. 
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The Application of Computer in the Universities in Indonesia 

This is not an official Information based on any research 

or survey. To the authors knowledge, some big universities such 

as Gadjah Mada University In Yogyakarta and Indonesia University 

in Jakarta have used computers in their work. 

Gadjah Mada University has a computer center, which can 

be used for education and research by students and teaching 

staffs. Student from Faculty of Mathematics and Science have to 

take subjects on computer. Other students from other faculty use 

the computer as it is needed for data processing of their 

research. So far, computers have been used In many universities 

for education and research. 

While the new generation of students (started with the 

year 1975) have the ability to operate the computers, their 

professors are left far behind, because in their age, when they 

were students, they did not get any computer training. Now the 

professors have to catch up today's computer technology. 

Conclusion 

LIPI and higher education institutions in Indonesia have 

started using computers In their work. More staff have to be 

trained to handle and be familiar with the computer. 
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111.2 Malaysia 

THE STATUS OF COMPUTER HARDWARE AND SOFTWARE FACILITIES 

AND THE USE OF COMPUTERS FOR RESEARCH IN ENVIRONMENTAL BIOLOGY 

IN MALAYSIA 

Kam Suan Pheng 

(Universiti Sains Malaysia) 

Roslan bin Ismail 

(Forest Research Institute) 

A. COMPUTER HARDWARE FACILITIES 

A number of universities and research institutions in Malaysia 

are involved in biology and applied biology, and most of these 

institutions are equipped with some model of mainframes. The 

following table summarises the mainframes available at the 

various institutions, to the best of our knowledge. Therefore, 

this list is not exhaustive. 

Institution 
	

Mainframes and superminis 

FRI Data General Eclipse S140 

MARDI IBM 

PORIM HP 3000 

RRIM HP 3000 

UM IBM 

UKM IBM, PRIME 

UPM UNIVAC 

USM IBM 4331 & IBM 4381 

UTM IBM 

IMR IBM 

FRI Forest Research Institute 

MARDI Malaysian Agricultural Research and Development 

Institute 

PORIM Palm Oil Research Institute of Malaysia 
PRIM Rubber Research Institute of Malaysia 
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UM Universiti Malaya (University of Malaya) 

UKM Universiti Kebangsaan 	Malaysia 	(National 

University of Malaysia) 

UPM Universiti Pertanian Malaysia (Agricultural 

University of Malaysia) 

USM Universiti Sains 	Malaysia 	(University 	of 

Science, 	Malaysia) 

UTM Universiti Teknologi Malaysia (University of 

Technology Malaysia) 

IMR Institute for Medical Research 

Apart 	from the mainframes and super-minis, 	some of 	the 

institutions have mini-computers and micro-computers. Besides 

the government and quasi-government bodies listed above, there 

are also private research laboratories, such as those associated 

with the plantation and pesticide companies, which utilise 

computers In their research activities. 

B. SOFTWARE AND PROGRAMS 

The main frames available in the institutions listed above are 

normally used for large projects with big data sets. Programs 

are either written, in FORTRAN or BASIC, or software packages 

such as SAS, SPSS, BMDP, and GENSTAT are used. In a number of 

research organisations we know, the SAS package Is preferred by 

scientists, especially biologists, because of its greater utility 

for analysing scientific data. 

Specifically, we know of the use of computers for research 

purposes for the two institutions which we come from: 

1. Forest Research Institute 

Prefelling and post-felling inventorisatlon 

Growth and yield studies 

C. Numerous other aspects of forestry research 



111.3 Philippines 

STATUS OF COMPUTER APPLICATIONS 

TO ECOLOGICAL RESEARCHES/PROJECTS 

WITHIN THE MAB PROGRAMME IN THE PHILIPPINES 

Christian P. Dizon 

Jesus P. Bayrante 

(Man & the Biosphere Inter-Agency Committee on Ecological Studies) 

The Man and the Biosphere Inter-Agency Committee on Ecological 

Studies (MAB-ICES) in the Philippines implements its programme of 

research through cooperation and collaboration with its fourteen 

(14) government member-agencies and three (3) cooperating 

agencies which are all involved in resource management (see 

Attachment). As of March 1985, the MAB-ICES has continued to 

undertake at least nine (9) national ecological field projects 

for cooperative research all within the framework of the MAB 

Programme. Such researches are classified under UNESCO-MAB's 

International themes (i.e. forest areas, coastal zones, 

pollution, energy utilization, environmental impact assessment 

and biosphere reserves). 

Quantitative analyses of significant ecological/environmental 

data generated from the various researches/projects within the 

MAB programme using the computers have not been widely used due 

to the lack of computer hardwares/machine/gadgets and technical 

personnel with the proper training who could easily process the 

data with the computers using the various 

quantitative/statistical 	packages 	being utilized by 	other 

countries. 

An Inventory of the kinds/types of mainframe computer hardwares 

and the corresponding softwares used by MAB member-agencies in 

which MAB researchers/scientists could have access to, revealed 

that there are more or less five (5) agencies with the mainframe 

computer hardwares. These hardwares are of the IBM (e.g. IBM 

1130, etc.) and in most cases, the FORTRAN language is used. 
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In terms of micro or minicomputers, the Apple II-E, Apple Il-Plus 

and IBM PC Compatible are the most common. The operating systems 

utilized are the TRS-DOS by Tandy, CP/M, COMMODORE DOS and MS-

DOS. 

Based on the foregoing, 	there is a need to expose 	the 

reseachers/scientists within the MAB Programme in the Philippines 

to the current and perhaps advanced statistical packages using 

the above mentioned computer s especially the micros. 	With this, 

data handling, 	storage, 	processing and analysis would be 

facilitated. 

NAB PHILIPPINES GOVERNMENT MEMBER AGENCIES 

 Bureau of Plant Industry 

 Bureau of Animal Industry 

 Bureau of Soils 

4, Bureau of Lands 

 Bureau of Mines and Geosciences 

 Bureau of Fisheries and Aquatic Resources 

 Bureau of Forest Development 

 Bureau of Coast and Geodetic survey 

 National Institute of Science and Technology 

 National Museum 

 Philippine Atmospheric, 	Geophysical, 	and Astronomical Services 

Administration 

 National Irrigation 	Administration 

 Ministry of Public Works & Highways 

 Philippine Coast Guard 

COOPERATING AGENCIES 

National Pollution Control Commission 

Forest Research Institute 

National Water Resources Council 



111.4 Singapore 

THE USE OF COMPUTERS IN THE SCHOOLS OF SINGAPORE 

AND IN THE DEPARTMENT OF ZOOLOGY, NUS 

Choo Bee Li 

(National University of Singapore) 

Tan Siok Cheng 

(Curriculum Development Institute of Singapore) 

The 	Singapore government started promoting computer 

awareness in the schools in 1980. 	Ample funds were allocated to 

be various educational institutions to purchase computers and 

train 	personnel 	to meet the demands 	of 	a 	sophiscated 

technological era. 	This report touches on the present computer 

situation in the various educational, institutions of Singapore. 

TEACHER TRAINING 

The Institute of Education has a computer laboratory and 

conducts computer literacy courses for primary school teachers. 

It also has two terminals attached *to  the mainframe computer at 

the Ministry of Education for the use of its staff, trainee 

teachers and M Ed students. 

The 	Curriculum Development Institute of Singapore's 

computer department has a computer laboratory which Is well 

stocked with many IBM and a few Apple micro-computers. It 

conducts computer literacy lessons In BASIC to secondary school 

teachers and courses on the use of various software packages such 

as Logo for primary school teachers and Superpilot and dBasell 

for secondary school teachers. 

THE SCHOOLS 

The junior colleges have their own computer laboratories 

and student can opt to take computer science as an 'A' Level 

examination subject. 

Each secondary school in Singapore has three to ten 

micro-computers. Some SAP (Special Assistance Plan) schools have 
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as many as twenty-five. 	These computers belong to the schools' 

computer clubs which normally conduct computer appreciation 

courses for their members. Some SAP schools give compulsory 

computer literacy lessons to their students. 

The staff of some schools use computers to compute their 

school records and examination results. 

Most of the primary schools do not have computers. 	The 

CDIS 	CAl (Computer Assisted Instruction) Project Team 	is 

preparing, for a start, a computer laboratory in one primary 

school. 	It should be ready by this July. 	It will have a 

mainframe computer and twenty-four on-line terminals. The 

project team intends to introduce CAl packages in mathematics, 

mainly of the drill and practice type to the weaker students in 

the primary schools. 

THE DEPARTMENT OF ZOOLOGY, NUS 

The Department of Zoology of the National University of 

Singapore has about eighteen micro-computers and two mainframe 

terminals. The micro-computers are used mainly for teaching. 

For example, the fisheries courses for third and honours year 

students make extensive use of the computers. As micro-computers 

have small memory spaces, they are only used to analyse simple 

and small data sets. 	The micro-computer is also used to catalog 

the specimens In the Zoological Record Collection of 	the 

department. 
The mainframe terminals with their more powerful software 

packages such as SAS and Minitab are well utilised by the staff 

and students of the department. The software packages can 

perform 	complex 	data manipulations such 	as 	multivariate 

statistical analysis. 
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111.5 Thailand 

A REPORT FROM THE PARTICIPANTS OF THAILAND 

Santad Koompalum 

(National Environment Board) 

Rojchai Satrawaha 

(Khon Kaen University) 

Air and noise pollution section, environmental quality 

standard division, office of the National Environment board 

(ONEB) is responsible for technical data, policy determination 

and management of air and noise pollution in Thailand. 

In a field of technical data, involved the monitoring of 

ambient air. There are 8 monitoring stations located in Bangkok 

area and a mobile monitoring unit is used to monitor air quality 

in other main cities and other areas which have air pollution 

problems. 	Other data include air pollution emission from motor 

vehicles. 	From industrial plants, noise and vibration data. 

Most of the analyzed data are assessed to provide input to the 

special committee for the determination of air quality standards 

for ambient air quality. 	Emission from motor vehicles and 

emission from industries. 	Some of the data is also used as 

information for other government unit and public sector which are 

concerned with air and noise pollution problems and control. 

Raw data are collected continuously by automatic air 

pollutant analyzers for carbon monoxide, hydrocarbons, sulfur 

dioxide, oxides of nitrogen, oxidants and suspended particulate 

matter as charts from recorders and as data cassette tape 

recorder from dataloggers. Other raw data are from the 

meterological 	department. 	Traffic volume and 	Industrial 

information are also obtained. 

There are three microcomputer systems used in ONEB at the 

present. Now a Fujitsu micro-8 computer system and data cassette 

recorder are used in air and noise pollution section. 	Some of 

the software are developed In F-Basic language. 	Other packages 

include DBase II, Supercaic, Wordstar and Fortran-86 (16 Bit) 
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under CP/M. 	There are two programmers with B.Sc. in statistics 

who operate the computer. 

The Apple lie and victor 4 system are used in water 

quality section and solid waste section respectively, ONEB Is 

about to purchase the two 16 bit microcomputer systems under 

eastern seaboard project and ONEB also plans to have a mini 

computer to be used as environmental information center and data 

base for Thailand in the near future. 

At the Faculty of Science, Khon Kaen University, there 

are fifteen Apple II microcomputers which can be used by the 

university staff. 	Environmental biologists usually do not have 

much background on computers. 	Analysis of biological data Is 

mostly done with assistance from the mathematics and statistics 

department staff. However, Khon Kaen University has a plan to 

set up a computer center with mainframe facilities in the near 

future. 
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APPENDIX IV - LIST OF PARTICIPANTS 

Jesus P. BAYRANTE 

Man and the Biosphere Inter-Agency 

Committee on Ecological Studies (MAB-ICES) 

4th Floor, Asia Trust Bank Building 

1424 Quezon Avenue 

Quezon City 

Philipines 

Tran Thanh BINH 

Institute of Physics 

Ngihia Do Liem 

Hanoi 

Vietnam 

Bee Li CHOO 

Department of Zoology 

National University of Singapore 

Kent Ridge 

Singapore 0511. 

Christian P. DIZON 

Man & the Biosphere Inter-agency Committee on 

Ecological Studies (MAB-ICES) 

4th Floor Asia Trust Bank Bldg 

1424 Quezon Avenue 

Quezon City 

Philippines 

Roslan bin ISMAIL 

Forest Research Institute 

Kepongi 

Selangor 

Malaysia 
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Suan Pheng KAM 

School of Biological Sciences 

Universiti Sains Malaysia 

Penang 

Malaysia 

Jeong Gyu KIM 

Korea National Environmental Protection Institute (NEPI) 

#280-17 Buikwang-dong, Eunpyung-ku, 122 

Seoul 

Korea 

Santad KOOMPALUM 

(National Environment Board) 

60/1 Soi Pibol Wattana Bid 

Rama VI Rd 

Samsen 

Bangkok 

Thailand 

Tri Suria Kreshnawati MOEIS 

Indonesia Institute of Sciences 

Bureau of Coordination & Science Policy 

Widya Graha LIPI 

ji Gatot Subroto 

Jakarta 

Indonesia 

Sinapi MOLI 

Department of Education 

Malifa 

Apia 

Western Samoa. 
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Rojchai SATRAWAHA 

Department of Biology 

Faculty of Science 

Khon Kuen University 

Khon Kaen 

Thailand 4002 

Siok Cheng TAN 

Curriculum Development Institute of Singapore 

465-E Bukit Timah Rd 

Singapore 1025. 

S. Djalal TANDJUNG 

Gadjah Mada University 

Bulaksumur 

Yogyakarta 

Indonesia 

Bennan WANG 
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