7w
it e
ﬁn T g e
J AP RN T e

MCH/1 .14
Ciustr.:  LIMITED

PHYSICAL GROWTH AND
PSYCHOSOCIAL DEVELOPMENT OF CHILDREN:
MONITORING AND INTERVENTIONS

GROSTAT

A PROGRAMME FOR ESTIMATING AGE RELATED CENTILES
USING PIECEWISE POLYNOMIALS

Jon Rasbash
Huigi Pan
Harvey Goldstein

Instifute of Education, University of London

7N
)

CHILD HEALTH AND DEVELOPMENT
MATERNAL AND CHILD HEALTH AND FAMILY PLANNING
WORLD HEALTH ORGANIZATION
GENEVA, 1992




DISTR, : LIMITED

v ‘i ‘ WORLD HEALTH ORGANIZATION DISTR. ; LIMITEE
'.T‘::-:\
Y orRGANISATION MONDIALE DE 1 SANTE
MCH/91.14
ENGLISH ONLY
PHYSICAL GROWTH AND PSYCHOSOCIAL DEVELOPMENT OF CHILDREN
MONITORING AND INTERVENTIONS
GROSTAT )
A PROGRAMME FOR ESTIMATING AGE RELATED CENTILES
USING PIECEWISE POLYNOMIALS
John Rasbasgh
Huigi Pan
Harvey Goldstein
Institute of Education, University of London
CHILD HEALTH AND DEVELOPMENT
MATERNAL AND CHILD HEALTH AND FAMILY PLANNING
WORLD HEALTH ORGANIZATION
GENEVA, 1997
This document is not issued t the general public, and all rights Ce document n'est pas dasting 2 dre distribué au grand pubfic st tous
gre reserved by the World Health Organization (WHO), The les draits v afférents sont réservés per I'Organisation mondiate de la
dacument may not be feviewad, abstracted, quoted, reproduced or Santé (OMS). I ne paut Bue cammanté, rdsumé, citd, reproduit gy
transtated, in part or ip whale, without the prior written RErMission tradyit, partiellement ou en wtalité, sans une autorisation préalabla
of WHO, No part of this documant may be stored in & retrieval écrite de I'OMS. Aucune partie ne doit 2tre chargée dans un systéme de
system or tremsmitted in any form or by any means - alectronie, recherche documentaire ou diffyusée s0us quelque forme ou par quelgue
mechanical or other - without the priar written permission of MGYeN que ce soit - Blectronigye, mécanigue, qu autra - sans wne
WHG. autgrisation préalable écrite de I'OMS.
The views axpressed in documents by named authors arg solely the Les opinions exprimées dans les documents par des auteyrs cités

responsitiitity of those authars, nommeémant n'engagent que lesdits auteurs,




Table of Contents

PREFACE . ooeeccerescecrras e rrasessssessrersssssssresrssmmmmss s s s sseanas semsseessasssstassscrasasshab 441 rers eebrassemen et messt seos sessesstasas 3
1 INTRODUCTION 3
2 An apology. 3
3 Installation ‘ . 3
4 INPUENE DIAIA ..oveitsrmmimessrrmemssmsessesirms sesssremssmssssssss es st ass smsstas oot s b s SR AA AR S A ARE b brrr e s e s rem s raren 4
.1 ThE WOIKSRORE .. cinsirssnisrssnssssssstsssssissns rermsseerresssmsrsssssre s aremsssmsas sxsmeassases sessmes w4
4.2 Commands 2nd NOLBHOMN .....ceeceecsrmsesassssssscsmsssssersssssssssssssrssstmereessrrrersresssss sevesss ssmsmssss sessssssns 4
4.3 Reading in Data Fomt 8 FIIE s s st rrstsssinstersarersesseres sessaemeses sassses 5
4.4 Inl]lmtm E VECHITE 1ostvsnsessstessissniasssssittivesnmensessamsersssenass sosssmsarasnsassssnssmsnsnss . 5
4.5 Checking the Data Entered and CRANZING DMLY -.co.oceeceaesasiriricsreonrveorrrrreseresreessrms rersssess resesmssn 6
5 The Utility COMMIANAE .ovoreceorssesamesssiisssssssyanassasasssssshstetrrioreomrrras rrrassserress rrsssss sesseeasess sesssssseass sessastas 6
3.1 Reprganizing and Managing the Worksheet ... cceccnasescncanes 7
5.1.1 Selecting Casas and Daaling with Missing DA ........o.oceermmscesrsmeseressrsssssseers esssss e ssssssases 7
5.1.2 S0THNE CASES .ovvveerversrevsvarssssvevasmessssmssses sesanes .
5.1.3 Splitting Columns
5.1. cst Joining Colymns
5.1 Managm’ a Worksheet
5.2 Using Auxihar% Files .oeceveescvmemem mvssmsm mnee
5.2.1 Saving and Retrieving Worksheets
5.2.2 Saving Operations and Results to a Text File
52,3 Writing Diata Columns
5.2.4 Using Command Files
6 The Graphing CommMAands ... s s
6.1 Stem-and-Leaf Plows
6.2 BOXPIOLS .ovvvumveremmsses sams semsmsmessmesesssmsmssasmsn snssssmsumsess
6.3 Basic Seatterplots
6.4 High-resolution Plots of Points and Lines
6.5 ngh-Resnlunon Barcharts
6.6 Editing High-Resolution Graphs ... s s s ssssssssias
0.6.1 Printing a graph .....occceeeecomvssemsssssmss sesnaan
6.6.2 Adding Titles and Text to a Graph .........
6.6.3 Enlarging a Portion of a Graph ..............
6.6.4 Resealing a Graph/ AIEIng the AXES ......ccimircormeerrsrrrmssssesrresseresmsssesssraressemsssessarersnss 13
6.6.5 Altering Cursor Operation ... ceesseeseseees 14
6.6.6 Recording Graph Coordinates .....omsmmimmmssmsimsismsimrmissrism v 14
6.6,7 ldentifying POINES 0N 8 GFAPR L.viiimrersrm sseesressressessressastes sesemsressessssss resssesss sesssss ssssares 14
6.7 Saving and Retrieving a High-Resolution Graph 14
7 The Basic Arithmetie and Statstics Commands
7.1 The Algorithm Commands ..o
7.2 DESCTIPUVE SEAUSHCS .vverrerevereressiversrssvessamss sraraves semssees sosmssrass s srsss asss e s sesmmsssssemsssnssmsssasas smsasassn
7.3 Tabulation
T4 COPEIALONS .oovemucaessemresessermsns semsesesssmsssssssmsnsss senae » b b ettt s e rrencerrrnens 1T
7.5 Tail Probabilities .......-ewreeesmsscrsnseneansnes eersmmsremssitssn shtisa s 17
7.6 Multiple REGIESSION ...ocoeveeass essesensmsssnss sesssmsssnsaes 17
8 The Grawth Crrve Fiting COMMANS ....ceu e e scsesssssssssseansssssss s sssssssssssssssssssss sin 18
8.1 The comrnand CRBOX for Obtaining Baw Centiles e 18
8.2 Commands fOr FUNE CUIVES 1...iivirsmirramesrsmesrrrmssssssaressssms sessasassssess sus semssesss ussmssmsson saass sesms s 19
§.2.1 The command CPOL for Fitting Ordinary Folynomizls v 19
£.2.2 The Command PCWS for Fitting Piecewise POlYDOMIALS ........ccoveesssmsrseremssrmerrssmssressssnes 19
8.2.3 The Command SPLN for Fitting Piecewiss Polyniomials ..o oo secsssss s 21
8.3 Commandgs for Checking Goodness of Fit ......covocesserssssssssssmsssvssmsmrssnnss w 2

9 Examples of Growth Curve Fitting
9.1 Madels with Only Onie Groap
9.1.1 Using CROX to obtain raw centiles .,

9.1.2 Using CPOL i Fit Polynomials A e s b e 2D

9.1,3 Uzing PCWS 10 Fit Piecewiss POIYNOMIALE .. uvusmisssmrsiermin rrevssmssttrrsesereesersirsarsormsires 20

9.1.4 Using SPLN to Fit Piecewise PoIYROMIALS ...ovmmicrscsrmnssssnsssisssinsess osspisssssppssssmsssspnsass 31




9.2 Models with Subgroups. 32

9.2.1 Using CBOX ta Obtain Raw Centiles with Subgroups. ... smmssssssesnssassseens 32

9.2.2 Using PCWS to Obtain Piecewise Polynomials with Subgroups. .o e 33

9.2.3 Using SPLN 1o obtain Piecewise Polynomials with Subgroups . 35

10 Developmental Milestone Curve Fitting Commands . 33
10.1 The Commands for Obiaining RAwW CENBIES .o ererrec e mtrtsssssinss s ssmssssmsssaemssmsrass s semses la
10.2 The Command for SmOOhINg CUIVES ... s cersesresiisssssrssssssmsssss s semsrrsrssssemsnssrasssrersser 37

11 Exam%lm of Developmental Milestone Curve FIHNE ..o rermreresrmsitsssssssmnstassn s sossssnsrassas o n
11.1 Example for Cross Sectional daia .. 37
11,2 Example for Longitadinal data ...........cocoissrimssimmssmssssmmssms ssmsrssrses sessemsassrses s beb s it s s ap sia sisnas 38

12 Command Referefee ... veressreressisrsrssssnssssss snsnassasssars seses e 39
13 COMBIANA INGEX ......oorrerrrrrrrorsbrrsobr it s shss LomsEs 2825 8ER L £ S8 EE AR b7 8 R ER R Y 44828 SR A8 482 808 R 2 A 8 2 43

14 References . 46




MCHp1.14
Page 3

PREFACE

Wé are very grateful to Bob Prosser for providing extracts from the ML3 sofiware manual (Prosser et al, 199G).
We are also most grateful to Richard Lansdown for help with preparing this manual.

1 INTRODUCTION

This document describes the second release of GROSTAT, a package for estimating age related centiles (Rasbash,
1987). The theory underpinning GROSTAT is ontlined in Healy et al (1988), Goldstein & Pan (1991) and Pan
& Goeldstein (1990) this is itmplemented in GROSTAT, The kemel of Healy's NANOSTAT software (Healy,
1987), a general-purpose statistical package, provides the foundation and many of the utility feamires of the program.
The first version of GROSTAT was written by Jon Rasbash.

The present version of the software is based upon the theory described in Goldsiein and Fan (1991), and specifically
inciudes the following features. A long age range may now be fitted satisfactorily for centiles curves by use of
smoothly joining polynomials: Several populations or subgroups may be firted simultaneously: the percentiles may
be differentially weighted during estimation: individual data points may be differentiaily weighted and graphical
goodness of fit tests may be used.

In this document, Section 1 describes the installation of GROSTAT and is followed by sections showing how o
input data and carry out the necessary analyses. A HELP facility for the commands is available in the program.

2 An apology.

Our development priority with GROSTAT II has been to implement the new methodology presented in
Goldstein & Pan(1989). Consequently we have been using a rather skeletal command interface. The pro-
cedures are relatively complex and therefore require a powerful and amenable command interface - we aro
well aware of the package’s shortcomings in this area. We apologize in advance for any frustration this may
cause. It is our intention todesign a more accessible interface if the basic package proves sufficienty popular,

3 Installation

GROSTATIT uses a low level graphics package called G$X-86. Either Hercules or IBM CGA/EGA/VGA graphics
cards are needed (o use the program’s high-resolution graphics capabilities. Two forms of the program are available:
one requires 512k of RAM and the other 640k of RAM. Both need a hard disk.

You are required to create a subdirectory-call it ¢:\grostat, say-and move to it using the CD command. Place the
program diskette in your disk drive A and type ‘

cOpy av.
Users of IBM CGA/EGA graphics card, type
install ibm

Users of Hercules graphics card should first copy the file MGC.EXE to your root directory and usc an editing
program to put the commands

mge full
into your autoexec.bat file, then type
instail here

If you do not know what kind of graphics card you have, you could try both and see which works. If you experience
any difficulties with the installation of the program, please cottact us.
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To ran the program, in the subdirectory ¢l\grostat, type

Bs

The

-> prompt will appear on the scTeen.

To operate on data, type commands at this prompt. To exit from the program at the prompt, type

STOP
4 Inputing Data

This section simply describes the fundamentals about the software-the worksheet and the structure of commannds;
reading in data from a file and input vectors; checking the data,

4.1 The Worksheet

Data are stored by the program in a memory segment referred to as worksheer which has 100 columns and 100
boxes numbered from 1 to 100 respectively. Values for a given variable are contained in a single column, for
example, C1. A single number ¢an be held in a box, such as in K50. You can refer to consecutive colomns as,
for cxample, C1-C10 and boxes as K30-K35. For a microcomputer of 512k memory the worksheet is 25000
spaces and for 640k is 50000 spaces.

4.2 Commands and Notation

Every command of GROSTAT II must begin with a key word. This is followed by identifiers of the columns
or boxes or by numbers. You may include explanatory words if you like. For exarnple,

SUBTC1C2C3

is equivalent to

SUBTract C1 scores from scores in C2 and put the differences into C3
and

MULTNCIC2

is cquivalent o

MULTiply C1 by the value of N and put the product into C2

The symbols M and N in command expregsions means either an ordinary number(such 23 2 or 2.5) or 2 box
indicator. The P in command espressions means a proportion {such as 0.1). The symbol K in a command
expresses a box indicatwor and C a colomn.

The HELP facility iz available to assist you in using the correct syntax for each command. Typing

HELP XXXX

{where XXXX is the name of a command) shows a brief note about the command's format,

4.3 Reading in Data from a File
Twomodes of data-unformatied and formatied-can be read in by the command DREA with different syntaxes.
Suppose the WEIGHT.DAT is an informatted file containing three columns of number, An unfonnaited data

file is a file whexe the data columng are separated by one or more spaces. To read all celumns from the file
type
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DREAd C1-C3

You will be asked to type in the name of the file, and your response may refer to a drive indicator and for path
name as in CNGROSTAT\DATA\WEIGHT.DAT.

For a formatted data, it is convenient to read in data using a FORTRAN-style format statement. This makes it
possible to read data without separators between the items, to skip over some of the items in a record, and to
read data records consisting of more than one line. The syntax is

DREAGNC.C

where N is either 1 or 2, the number of lines of format you will be asked to type.

Suppose the HEIGHT.DAT is a formatted file in the current directory including the items of id, age, birthday,
height, ete. To read in id, age, height with one line of format, the work session is as follows

DREAd 1 C1-C3

Type: file name

HEIGHT.DAT

Type 1 line(s) of format

(F3.0, 1x, F5.2, 8x, F4.2)

NAME C1 ‘ID* C2 “AGE' C3 "HEIGHT"

4.4 Inputing Vectors

Suppose that you will ihput avector(l 3 3 5} into C1, you can type

8ETC1
1335

Note that you should type the numbers of the vector on the next kine with spaces between them, going on to
further lines as required and do not split a number between two lines.

To imput vectors with the same length into colurmns, you can use READ command. If yon type
READ C1-C3
123

456
789

Using the command PRIN C1-C3, you willsee 14 7areinC1,2 58in C2 and 3 6 9 are in C3.

4.5 Checking the Data Entered and Changing Data

Itig always a good idea to check that the program has stored your data properly with the command NAME or
FRINM. Typing

NAME

produces a display of the column identifiers together with each column’s kength, number of missing vatues,
maximum and minimuin. Typing . ‘

PRIMNtC..C

where C...C indicates the names or numbers of column of interest, The actual values in these columns can be
viewed together with the row numbers and column lengths.
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You can use the EDIT command to change a value in a column, The general form of the EDIT command is

EDIT element M in C toread N

Supposing that you discover an error in the 20th case's value of *AGE', you could input the right value, say,
6.20 by typing

EDIT 20 “"AGE’ 6.20)

You can change afl the instances of a particular value into a different value with the CHANge command:

CHANge N in C into M and put results into C

of you can change all the instances in a given range into a new value by typing
CHAN al values between Nand N in C w N resulis o C
5 The Utility Commands

The functions of the ulility commands are: selecting cases; sorting cases; spliting columng; joining columns;
managing a worksheet; saving and retrieving workshests; saving operations and results (o a text file; writing data
columns; and uging command files.

5.1 Reorganizing and Managing the Worksheet

3.1.1 Selecting Cases and Dealing with Missing Data
The CHOOse command can be used 1o select cases, The syntax is

CHOO cases with values of N in C carrying C...C resulis to C and C...C

or

CHOO cases between N and N in C carrying C...C resulis to C and C..C

The OMIT command has identical syntax and works in a complementary way, with the indicated rows of
data being omitted instead of being chosen. An important use of the OMIT command is to remove cases
with unkmown values. Suppose the measurement values are in column €2 with the ages in C1, type

OMITK100C1C2C1C2
OMITR® C2C1C2C1

where K100 or K99 is a indicator of missing value. If -1 indicates the missing value, you can also type

OMIT-1ClC2C1C2
OMIT-1C2C1C2C1

5.1.2 Sorting Cases
The SORT command can sort the valnes in the specified columns into ascending order.

In its bagic form, the SORT instruction reorders values in a single column into ascending order,

SORT the values in C putting the results into C




MCHpP1.14
Page 7

The second form is
SORT using C carrying C...C output into C and C...C

The rows in the carried set of columns C...C are reordered along with the values in the first column C,
The number of the output columns is equal to the number of carried colomns plas 1,

The third form is used w0 sort data by the ascending order of two columns. The Syméx is

SORT using C C carrying C...C vutput into C C and C...C 2

Suppose C1 contains codes of subgroups, C2 contains ages, C3 and C4 contziim growth measurements of
children, Typing '

SORTCIC2C3-CACS CACTCR 2

The rows in the carrried set of eolumos C3-C4 are reordered along with the ages of C2 in ascending erder
within the: ascending order of subgroups of C1. The numbcr of the oulput columns are equal 1o the nuraber
of the carrying set of C...C plus 2.

5.1.3 Splitting Columns

The SPLIt cosnmand separates a column of values into subcolumns using codes in an identifier colymn,
Suppose you have measurements in C1 and group codes 7, 1, 2, 5 in C2. You can subdivide C1 into €36,
Cases whose C2 value is the lowest (1, here) have their C1 values putinio C'3, and cases whase C2 value
is the highest (7, here) have theit C1 values put into C6.

SPLI C1 using codes in C2 results o C3-C6

Sometimes you would like to split a measu;éincnt column C1 by subranges of a continuous variable of
age in C2. First, the GROUp command can be.used to change a continuous variable into an ordinal
categorical variable. Type

GROUp values in C2 lower limits in C3 resuit to C4

The group limits must be in ascending order. Values sirictly below the first limit give the result 1, those
of the remainder strictly below the second limit the value 2, and so on, Then you split the measurement
column C1 by C4 with SPLIt command,

5.1.4 Joining Columns

You can join two columns into a single column using the instruction

JOIN values in C and C 10 form C

The numbers in the second input column are placed after those in the first.

More generally you can specify a string of bém and columns 1o be joined, for example

JOIN C1 C4 KI Cl0tobe C11




MCH~1.14

5.1.5 Managing a Worksheet

The command TIDY can recover all unoccupied space in the worksheet and give the message of space
available. As the worksheet size is limited, you may run out of space in a lengthy worksheet with a large
dataset. If space is tight, it is useful 1o get rid of unwanted columns by typing

ERASC.C
TIDY

You could make an entirely fresh start by typing WIPE.

5.2 Using Auxiliary Files

This subsection will describe; saving and retrieving worksheets; saving operations and results 1o a text file;
writing data columns; using command files.

5.2.1 Saving and Retrieving Worksheets
To save the current contents of the worksheet during a worksession, you can type

SAVE

The program prompte for the name of a worksheet storage file and you may give the name of a new file
or overwrite an existing worksheer fle.

By typing
RETR

the contents of a worksheet file can be retrieved at the start of 3 worksheet or during a worksession.

5.2.2 Saving Operations and Results to a Text File

You may wish to store your screen oatpat in a disk file which you can edit after exiting from GROSTAT.
When you type

LOGOn

for the first time in a worksession, GROSTAT prompts for the name of a log file. Typing

LOGOfE

later will suspend logging but the log file yon opened with LOGOR remains open. If the system crashes,
you'll have lost all the contents you have saved.

5.2.3 Writing Data Columns

To write some of the columns from the worksheet onto a disk file, type

DWRIte C..C

The program will request the name of the file. If more than 10 columns are included, each row of the
worksheet will be split into more than one record. If the file is to be read back by GROSTAT,
FORTR AN-style formatted input should be used with the format (10G12.5). Missing values and unused
spaces on the worksheet will be output as -9.9999E+29,
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5.2.4 Using Command Files

If a set of instructions will be used on several occasions and retyping will cost much of your time, you can
use an editor to create a command file, lyping the comrmands as if you were using the program interatively,
You are restricted 1o the commands that do not prompt for information.. The instruction

ENDObey

must appear on the last line of your file.

To use the command file during a worksession, type
OBEY

Yon are requested 1o give the name of the command file.

6 The Graphing Commands

The graphing commands enable you to produce: stem-and-leaf plots, boxplots, basic scatterplots, high-resolution
barcharts, and high-resolution plots of points and lines. You can cdit, save, and retrieve high-resolution graphs;
saving and retrieving a graph,

6.1 Stem-and-Leaf Plots
The instruction of stem-and-leaf plots is

HISTogram of C [using interval width N) [midpeints to C, counts to C]

The program will choose the width of the histogram bars to svit the range of the data, The first option N allows
you to set the width of the intervals, and the second gives you a numerical sumimary of the plot, The midpoints
and frequency values can be used in obtaining high-resolution barcharts.

6.2 Boxplots

The boxplot of a sample has a central rectangle bounded by the quartiles, with the median marked by & star,
Ouatside the box, dotied lines extended (o readings which are less than a box length outside the quartiles. Values
that are between one and one and a half box length from a quartile are marked ag a +, and more extreme values
are recorded as X's. By typing

BOXPlots of data in €...C

6.3 Basic Scatterplots

‘The simple form of the instruction
PLOT y values in C against x values in C

will produce a scaiter plot, in which a single value iz marked as a *’s; 2 to 9 coincident values are plotted as
adigit and more than 9 of them are plotied as #.

The other forms allow yon to specify the ranges for y and » values:

FLOT wvalueg in C between N and N vs values in C between N and N
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The command MPLO will plot several Y columns against a single X colymn by

MPLOt y values in C.,.C against x values in C

Single points from the successive Y columns are plotted as A’s, B's, ete. The number of Y colomns must not
excesd 26,

The LPLOt command will produce a multiple plot using codes in 2 column. For example, given columns of
weight and height and codes for sex, we can plot weight against height for men ang women separately on the
same graph. Code values 1, 2, 3,...(1ess than 26) arc plotted as A B.C.... The instruction is

LPLCK values in C against vatues in C using codes in C

The scatterplots produced by the commands PLOT, MPLO, or LPOL can be saved in a text file with the
command LOGO,

6.4 High-resolution Plots of Points and Lines
A high-resolution scatterplot can be stored intemnally by typing

PLTP y values in C against x values in C

To see the actual plot on the sereen you must type

DISPlay

To leave the display mode at this siage, type Q and press the RETURN key,

You can plot more than one column of Y values against a single column of Xs by using a more general form
of the PLTP command

PLTP y values in C...C against x values in C [with symbols N, M]

The value 1 through 6 may be vsed for N in the optional part of the command,

The high-resolution plotting commands are comulative permitting superposition of plots. To start afresh you
can type

NEWGraph

al any stage,

You can connect the points with straight lines by using the PLTLines command, Type
PLTL. using y values in C and x values in C

Note that you may need 10 sort on the X column first so that the X-coordinates for successive points will be
in ascending order. ‘

The PL.TLines commands can also be giver more than two colamns
PLTL using y values in C...C against x values in C [line types in N..N]

By defanlt the Y-cotumns will use ling types 1 to 6 in rotation.
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Suppase that the graph you have obtained including some subgroups, say, subdistricts. If you want to print the
graphs for thess subgroups, type

PLTG codes of subgroups in C ¥ values in C...C x values in C

Note that within subgroups, cases must be sorted by their x values (say, ages), and the codes of the subgroups
must be in ascending order before the command PLTG being used,

6.5 High-Resolution Barcharts

The basic form of the command for plotting a barchart is

PL'TBars using bar lengths in C and x values in

As usnal you can specify more than one Y column, type

PLTBars for ys in C...C x5 in C [shading styles N..N]

Histograms can be ‘transformed” into barcharts by specifying 1o PLTB the columns containing interval
midpoints and bar lengths obtained with the HIST command,

6.6 Editing High-Resolution Graphs

Whei a graph has been displayed, it can be alterad interatively using a set of menu-driven subcommands. You
can select menu options simply by typing the initial etter (the capital one) and pressing the ENTER/RETURN
key. ‘

The main menu appears at the op of the screen when you type the DISPlay Command:
E (dit, U (Se cursor, C (onfigure, I (dentify, H (ard copy, Q (it

The Edit, Use cursor, Configure, and Identify options ¢ach lead you to one or more submenys, Several editing
operations use intérsecting horizontal and vertical lines to indicate 8 particular point on the screen, These cursor
lines can be moved around the screen using the amow keys. Movements can b in jumps or steps. A jump is
equal to 20 steps and a (default) siep is 0.005 of the width or height of the display. The step size can be altered
by C option of the main mena. :

6.6.1 Printing a graph

H (ard copy, option is shown in the main menu, Type H and press ENTER/RETURN to produce a hard
copy of the graph on a printer,

6.6.2 Adding Titles and Text to a Graph

The E {dit option on the main menu leads (o a submenu that provides access to the Title subcommand.
T (itles, A (dd text, B {low up, § (cale, E {rase, Q (uit

The T option has its own submenu:

X (title, Y (iitle, G (itle, Q {uit

Each of the title options will prompt you to enter some text and this will appear on the dizplay in the
appropriaie place when youtype RETURN, :




MCH/91.14
Page 12

The A option on the editing submenu enables you 1o label points on the sereen. It has a submenu
A (dd, Q (uit

and brings up the curser which can then be moved to a point on the screen. Whenever you select A you
will be prompted for some text, and this will be added to the display Lo the right of the cursor position
when you type RETURN,

6.6.3 Enlarging a Portion of a Graph

You can enlarge a rectangular section of a graph to fill the whole screen nsing the Blow up subcommand.
Choosing E from the main menu then B from the editing submenu presents the following submenu

P (oint, Q (uit .
and brings up the cursor. You define the rectangle you wish to magnify by marking two points on the

screen-the end points of one of the rectangle’s diagonals. Move the cursor to one of the points, type P,

then press RETURN key. Do the same for the other point. The Q option allows you to return directly to

the editing submenty,

6.6.4 Rescaling a Graph/ Altering the Axes

Initially, the graph is scaled automatically. You can make changes on either or both of the axes by sclecting
the ¥ option of the main menu then the § option of the editing submeny, This gives the submeny

X (scale, Y (scale, (3 (uit

Selecting either X or Y gives a further submeny
8 (egin, L (ength, G (ap, N (umber interval, F (ormat, Q {uit

call the tick submenu,

An axis consists of a line marked with a number of ticks, some of which have numerical tabels, The B, G,
and L options each prompt {or a number which specibies respectively

¥ the value at the Begining of the axis;
* the Gap between successive ticks;
* the Length of the axis in terms of the number of ticks.

The N option allows you to specify the number of labelled ticks. If you reply to the N prompt by Iyping
4, say, every 4th tick will be labelled.

The F option of the tick submenu allows you to change the format of the numeric labels on the axes. It
has a submenu

B (efore dp, A (fier dp, E (xponent, () (uit

The dp stands for decimal point. If you rescale a graph, and then quit and redisplay it later on by typing
DISP 1

You will produce a graph in which the aliered scaling is used. If you just type

Disp

the graph will b¢ avtoscaled and the rescaling information will be lost.
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6.6.5 Altering Cursor Operation
The C option in the main menu produces the configuration submenu

T (rack, O (pen file, H (orizontal, V (ertical, Q (uit

Of these options, H and V allow you to adjust the horizontal and vertical cursar step sizes, respectively.
Typing H produces a message asking for the size of horizontal step as fraction of screen width. (The
message for V iz similar,) In each case a reply of a number n will give a step size of 1/n of the display size.

The T option of the configuration submenu enables you to take measurements from a display on the screen.
Selecting it canses the coordinates of the cursor point to appear at the side of the display. It is a toggle;
repeating it turns the option off.

6.6.6 Recording Graph Coordinates

You can copy the coordinates of the points you mark on a gzaph to be recorded into a disk file. Sclocting
the O option on the configuration submeny will ask you for the name of a file, When this has been given
you should retemn 10 the main menu by typing Q. If you now select the U option, this will produce a small
submenn

P (oint, Q (it

The cursor will appear and can be moved around the screen. Whenever you select P, the current cursor
coordinates (which will appear at the side of the display if you have selected the T option) are addad to
the chosen file, Typing Q returns you to the main menu and also closes the file,

6.6.7 Identifying Points on a Graph

It is often useful to identify a plotted point by finding out which row on the worksheet its coordinates came
from. To do thisafter the graph has been displayed, selected the I option from the main menu. This produces
the submenn

F (oint, Q (uit

and brings up the cursor. If you now set the cursor on the required point and select P, the column of the
X and Y coordinates will be displayed along with the serial number of the point in these columns,

6.7 Saving and Retrieving a High-Resolution Graph

The commands are GSAVe and GRETrieve, both of which will prompt you for a file name. Note that the data
for a graph which has beent RETRieved will overwrile any existing data in the columns on the worksheet that
were originally used to make the graph.

7 The Basic Arithmetic and Statistics Commands

‘This section describes the arithmetic instructions and the commands for computing descriptive statistics, tabulating
data, obtaining correlations and tail probabilitics.

7.1 The Algorithm Commands
The one-operand instructions and their functions are as follows

LOGTenC C log to the base 10
LOGECC log to the base e
LOGItC C In(p / {1-p)) for Opl

ROUNACC round to the nearest integer
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NEDCC normal equivalent deviate of g, for O«zg<1
SINCC sine of an angle in radians
COSCC cosine of an angle in radians

The one-operand insauctions can werk with boxes as well as columns. For example,
LOGTCC

and

LOGTK K

arc the general forms.

The two-operand instructions specify two inputs and a destination for the output. The cormands have several
gencral forms, as illustrated here with the ADD command:

ADDCCC

ADDCNC

ADDNCC
and

ADDNNK

Recall that N can represent a number or a box. When both inputs are columns, the commands work row-wise.

‘The list of these is

ADD first to second
SUBTract first from second
MUL Tiply first by second
DIVIde first by second

7.2 Descriptive Statistics

The AVERage command can produce the number of the values in a columnn, their mean, the standard deviation
and the siandard error of the mean, The syntax is

AVERage valuesin C
If you provide box indicators, all four quantities will be stored. The general form of the instruction is
AVERage values in C [results 1o K X X K]

It is possible 10 get the averages and standard deviations of a whole set of columns by Lyping

AVER N column; C...C [méans to C and 5 devs to €]
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The MOMEnis command calculates the first four moments of the data in the indicated colomn. The instruction
i8

MOMERLs of data in C [store in K K K K]

Actually what are calculated are the k-statistics, estimates of the cumulants (Kendall & Stuart, vol. 1, section
- 12.6). Alzo given are Fisher's measures of skewness and kurtosis g1 and g2 together with their standard errors.
The k-statistics will be stored if boxes are provided.

7.3 Tabulation

The program can form two sorts of table-frequency tables, where each cell contains simply a count of the
number of cases failing in the cell, and means tables in which each cell contains, in addition to the count, the
mean and standard deviation of a particular variable. Each kind of table can. have either one or two factors
classifying the cases.

The general forms of the command for creating a frequency table are as follow: -

TABUlate with output mode N factor levels in C
TABUlate made N factor levels in Cand C

The output mode is a number or box which calls for extra output in addition 1o the simple counts. The number
13 built up from several one-digit codes. Three of thess call for percentages 1o be printad:

* 1 indicates percentages of row totals
* 2 indicates percentages of column totals
* 3 indicates percentages of the grand total

(these are all equivalent for one-way tables). Multiple codes are sitnple placed side by side, Thus an indicator

13 (31) calls for row percentages and total percentages to be printed. If no extrz output is nesded, the indicator
should be zero.

With a two-way table, a further code equal 1o 4 produced ¥ contributions. These are peneralized residuals of
the form (observed count - expected count)/(expected count) and are such that their sum of squares is the usvat
x* value for the table. (This value is also printed). You can get the value of the 2 statistic for the test of the
hypothesis of independence of the Factors in a multi-way table along with the significance probability by typing

CHISquared for table in ¢columns C..C

If the: table is 2 x 2, a continuity correction will be used.

The instruction for a onc- or two-way means table is very'similar:

TABUlate means and sds of values in C factors in C [and C]

When a means table is printed, the standard deviations in the margins of the table are obtained by pocling
within the appropriate cells of the table. Note that when a two-way table is output, the first factor mentioned

forms the columns, the second factor the rows..

Any two-way table can be restricted wem.rie.-; with a specified value {or with values bétween‘speciﬁed limits}
of a third values. The general form of the command are:

TABUlate (N or C} factor C and C with C equal to N
TABUlate (N or €) factor C and C with Cbetween N and N
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7.4 Correlations

If we have two columns of data, the instruction
CORRelate values in C and in C [result o K K K K K]

will produce the number of values, both means, both standard deviations and the correlation coefficient with
its significance probability. All these (except the Last) will be stored if box indicators are provided. A complete
correlation matrix of the data in tw or more columns can be obtained by the instruction

CORMatrix of N variates in C...C and store it in C

The means and standard deviations are also displayed. Note that a row of data containing one or more unknown
values is omitted. If an extra column is specified, the correlation coefficients (omitting the 1.0s on the diagonal)
will be stored in the sequence 121323 1424 34 15,

7.5 Tail Probabilities

The commands described here are for the tail probabilities of the standard Gaussian, . ¥?, and F distribations,
respectively using

NPRObability for value N

TPRObability for value N with N df
CPRObability for valus N with N df
FPRObability for value N with N and N df

These all give upper-tail probabilities. The probabilitics will be stored if a box indicator is provided.

7.6 Multiple Regression
You can do regression calculations, either simple or multiple, by using the instruction of the form

REGR responses in C on N predictors in C...C [yhats to C coeffs to C]

The value of N, the number of explanatory variables, must not exceed 20. The output from this instruction
ncludes the analysis of variance table and a List of the regression coefficients and their standard errors. Ry
specifying two extra columns in the instraction, it is possible to store the fitted values from the regression and
also the coefficients (with the intercept term coming last).

It is sometimes necessary to do regression analysis with no constant term-regression through the arigin, or
regression with zero intercept. This can be done by replace the REGRession keyword by OREG.

8 The Growth Curve Fitting Commands

This section describes the commands for growth centile curve fitting. The commands are for obtaining raw centiles,
fitting ordinary polynomials, fitting piccewise polynomials with constraints and fitting smoothly joined piccewise
polynomials.

8.1 The command CBOX for Obtaining Raw Centiles

The method of obtaining raw centiles is fully described in Healy and Rasbash(1987). Briefly, the data points
should be imagined as plotted in a scatter diagram, A ‘box” is superimposed on the left-hand end of the diagram
80 as 10 contain a fixed proportion of the data points, ‘A regression line is fitied to the points in the box, the
residuals are calculated and sorted, and mterpolated centiles are plotted against the median of the x-values in
the box. The box is then moved 1o the right by one point or some points (if *jump size* is specified) and the
process is repeated, moving the box across the diagram until all the data have been covered, In this way a set
of ‘raw’ centils curves are constructed. The instruction for obtaining initial centiles is

CROX using CCpCouput C..C [ using N ] [ using C output C |
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where the first two columns are the y and x data columns, holding the measurement and age values respectively,
Next comes a nunber p specifying the size of the box as a fraction of the total data. ‘The next column holds
the percentages defining the required centiles in ascending order. Last comes a set of columns C...C which
will hold the raw centile points. If m: centiles art: to be calculated, there should be m+1 columns specified with
the last one holding the median x-values. In the optiohal part, N'i§ the number of pointe between consecytive
box positions (specifted as 'jump size”) that is, the number of points omitted and new pomts entered into the
box each time the box moves along the age axis; the first C contains the codes of subgroups and the second C
is the output column for codes of subgroups corresponding o the centile estimares.
Note that before the command CBOX is used, the measurement data must be sorted on age, or age within
subgroup if centiles for subgroups are being estimated.
A jump size of three points reduces the number of points in the raw centiles by a factor of three and thereby
speeds up the time taken 10 smooth them threefold. If you experiment with this parameter you will often find
that centile esdmates produced with different jump sizes are almost identical when large samples are available.
The choice of box size it important. As the box size increases, flnctuations in the raw centiles become less
matked. If you make the box too large, however, real effects in the data may be smoothed over. For example
nuances of growth during the adolescent spurt may be lost You should experiment with the box size.
The magnitude of the most extreme centiles you wish to ¢stimate isacrucial factor in determining the appropriate
box. size. The more extreme they are the larger the box mast be. In terms of number of points, the minimura
box size that the program will accept is given by :

0.5 Q5
N= Max{ -E,_(l “P‘,)}

where P, is the proportion corresponding to the lowest centile to be estimated and P, is the proportion corre-

sponding to the highest centile to be estimated, Experience suggests that a reasonable box size is between 3
and 4 times the minimutm lirmit.

The age range spanned by the raw centiles produced by small boxes is wider than that by large boxes. This is
because the raw centiles begin one half a box width in from the lefimost data point and end one half 2 box
width before the rightmost data point. With small data sets, if you use the above rule to select the box size and
try to ¢stimate very extreme ceniiles you may find that the age range spammed by the raw centiles is unacceptably
nareow. In this case you will probably have 1o estimate less extreme centiles,

Some examples of experimenting with box size will be shown in section 9.1.1

8.2 Commands for Fitting Curves

This subsection describes the commands for fitting polynomials with ufdjnmy polynomials and piecewise
polynomials with smooth joins.

3.2.1 The command CPOL for Fitting Ordinary Polynomials

Figing centle curves with ordinary polynomials is described by Healy and Rasbash (1987). The mode!
will be reviewed in bxjief. -

First it is assumed that the curve for each of the centiles can be fitted by a polynomial of degree p. if t
denotes age and y; the smogthed vialues of the ith centile, we have

Vi= Gy et ta, A +a, &5

ey
Suppose that P; is the proportion labelling the ith centile and that 2, is the Normal Equivalent Deviate
(NED) of F; thus for the 50th centile 7, = 0.50, z, =0.00, for the 3rd centile P, = 0.03, z; = -1.88. We then
assume that the coefficients for a given j can be expressed as a polynomial in z;
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L)
a=b b2+ +bmjz“’

&
where the degree ¢, of the polynomial may differ from one value of j to another and will usually be higher
for the low-order coefficients and may be zero for the high-order ones. -

The command CPOL is

CPOL using N.NCC.Couput te C..CC

The first set of number specify p, 4o ¢y, ..., g,- Next comes the column holding the m required centiles,
that is, the m defining percentages, followed by the m + 1 columns holding the raw centile data (including
the ages). The next set of columns must be m in nomber and will hold the smoothed centile values, The
estimated polynomial coefficients are output to the fmal colurnn. First will come the coefficients of z for
the intercepis in ascending order (constant, lingar term, quadratic term,...), next will be the coefficients of
% for the linear term in age, and so on.

8.2.2 The Command PCWS for Fitting Piecewise Polynomials

The method is fully described by Goldstein and Pan (1990), which constructs two or more polynomials
joined in a smooth fashion a1 specified joint points. The procedure is flexible and efficient in studies of
child growth when estimates are required over a wide age range, where a single polynomial is inadequate.
The method allows estimation for all subgroups simultancously, ¢.g., for males and females, It is asspmed
that subgroups differ only in the intercept and linear coefficients,

The: syntax is

PCWS weing CC..C CC...C C omput to C...C C using [N] {C] {C] IC]

Suppose 5 centile curves are to be estimated with two joint points, Type, for example,
PCWS C11 C12-C14 €50 C1-C5 €6 C21-C25 €26

where CI1 contains 2 values which are the joint points of age in ascending order. C12-C14 ars columns
in each of which we have the value of p, the order of the polynomial, and gq..q,, the parameters of the

model for Z, C12 is for the first subrange, C13 for the second subrange and C14 the third. C50 contains
the required centiles, say, 3, 25, 50, 75 and 97. C1-C5 contain the unsmoothed centiles and C6 contains
their age values produced by the CBOX command. Smoothed centiles are output to columng C21-C25.
(NOTE-no column of x need be specified for this last group of cutput columns.) The coefficients of the
smoothed polynomialg are output to C26 for subranges of each subgroup ( from the first subgroup 1o the
last one). The g, coefficient of the polynomial fitted to the constant term is output first followed by the g,

coefficient and so on for each subrange.

In the optional part, the first N is a value from 1 to 7. This number indicates how many and which of the
optional columns will follow. The subgroups codes column would procede the centiles weightes column,
which in term would precede the ages weights column.

N codes for subgroups weights for centiles weights for ages
1 yes no no

2 yes yes no

3 yes no yes

4

yes yes yes
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5 no yes o
6 no no yes
7 no yes yes

If you are using centile weights, the column containing them must contain one eniry for each centile, If
Yyou are using age weighis the column containing them must contain one eniry for each age point.

Note that the raw centiles must be sorted on age, tut NOT on age within subgroup before the command
PCWS is used, It means that if raw centiles are obtained by CBOX, using the optional subgroup columa,
they must be sorted again only by age before this command is used,

Limitation: The maximom numbers of subranges and subgroups are 4 and 10 respectively. No more than
60 coefficients may be used.

Sometimes you may fail to obtain smooth centile curves and you will need 10 experiment with chosing
orders of polynomials. Here are some suggestions describing what orders of p, go, gy,...should be fitted

across the centile distribution in neighbouring age ranges if the curves for each range are to join smoothly.
The suggestions are:

For add numbered ranges(the first, third, fifth etc) -

The order of polynomial fitied across the centile distribution to the intercept and at least one
other of the coefficients of the age polyromial, must be one less than the total number of centiles
being estimated,

For even numbered ranges you may specify any model you like.

8.2.3 The Command SPLN for Fitting Piecewise Polynomials

You can alzo fit‘smoothly joining picm“dSe polynomials using *grafted polynomials’ to obtain smoothly
joining centile curves,

It 15 assumed that all the curves can be firted by a polynomial of degree p, If t denotes age and ¥, the
smoothed value of ith centile, we have

Yi =a0"'+a1.‘-t + ... +aﬁ"f" +alp+‘1_,.(t —’Cl)i+ e +ap+_.,,_'l,1-(t _Cm-l)i

(H

where

(t~c={t—c)f when t=c
0 when 15¢ (=1,2..,m=1

¢; is the Ith joint point between the age groups and ¢, <o, < ... < ¢, _;. Of course, when m = 1, the new
method 13 the same as that presented by Healy et al. For example, with one joint point and polynomials

of degree 3 we obtain
Y, =a.;,.,-+q:z,_l-t+f.zg_,‘t2+aa,_‘-z‘3 , - when t<¢
=ay;+a, ¢ +a2‘,-t2+a3',-r3+a4'i(t —c) when t>c¢

It is clear that the two compom:irs of the curve Jjoin smoothly at the joint point, and this is generally tme
for curves of the form (1). The value of m and ¢ can be chosen after inspection of the  data using existing
knhowledge.

The coefficients in {1} are now regressed on a polynomial function of the NED's Z; of degree 4.

where the Z, the degree p, and the degree g; of the polynomial hold the same meaning as in 82,1,
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a;;=b;o+b; \Z + ...+bj.q!Zf"+ej.,- Ji=01,...p+rm-1

(2)

In gencral the vatue g, will usually be higher for the low-order coefficients and may be zero for high-order
ones, Some exploration will generally be needed 10 oblain optimum vatues for p and g,
The instruction SPLN has the form

SPLN using N.NCCC..CCouput C..C CIC]

Suppose 5 centile curves are to be estimated with two joint points, type
SPLN32110C11C50C1-C5C6C21-C25C26

The first set of number 3 2 1 1 0 specify p. gp Giy =y q, respectively. C11 contains the joint points in

ascending order. C50 containg the required centiles, say, 3, 25, 50, 75, 97. The columns C1-C5 contain
unsmoothed centiles and C6 age values related to the unsmoothed contiles produced by the CBOX
command. Smoothed centiles are output to C21-C25. The estimated cocfficients are output to C26.

The optional column contains the codes for subgroups.

Note that the raw centiles must be sorted on age, but NOT on age within subgroup before command SPLN
being used. ‘This means that if raw centiles are obtained by CBOX with subgroup column, they must be
sorted again only by age before command SPLN iz used.

Limitation: The maximum numbers of subranges and subgroups are 4 and 10 respectively. No more than
60 cocfficients may be used. Sometimes the procedure may fail to fit the curve properly at adulthood where
growth ceascs. In this case it may be possible to use the PCWS command.

8.3 Commands for Checking Goodness of Fit

There are several ways to check the goodness of fit. Visnally, you can plot the smoothed centile curves with
the unsmoothed centile points superimposed or plot the smoothed centile curves with measurement data
superimposed. A test of fit can be obtained by coumting the number of data points that fall between the centile
curves for abox in the way done with CBOX command and comparing these counts with their expected values.
The counting can be obtained by the command CONT with the coefficients estimated by the commands CPOL
or PCW5 but not by SPLN. The CONT instruction is

CONT using CCp CC C...C C output C...C C [using N] [using C]

Suppose we use CONT to check goodness of fit of the above PCWS procedure, that is, 5 smoothed centiles
with two joint points. Type,

CONT CBC90.1 C50C11 C12-C14 €26 C31-C35C36

where C8 comtains the ongmal measrements. C9 contains age values. 0.1 is the box size as a proportion of
the dataset, C50 contains the requested centiles, say, 3, 25, 50,75, 97. C11 contains the joint points in aseending
order, C12-C14 comtain the values p, ¢;...¢,for Zs in each subrange. C26 contains coefficients cbtained by

PCWS. The proportion in ¢ach centile group are output into €31-C35 and related ages into C36.
In the optional part: N is jump size, and C is the column containing the codes of the subgroups.
The selecting of the box size and jump size is important and will be illustrated in section 9.1.2.
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Note that the measirement data must be sorted by age NOT by age within subgroup before the command
. CONT is used. This means that if raw centiles are obtained by CBOX using the subgroup column, they must
be sorted again only by age before this command is used. -

The command CVAL is also available to check the goodness of fit for CPOL and PCWS.
CVAL using CCC C..C Conput C {using C ]
Suppose we use the CVAL 1o check goodness of fit for the above PCWS procedure with two joint points. Type

CVAL CEC9 C11C12-C14 CZG €30

where C8 containg the original meagurements. C% contains age values. €11 contains joint points. €11-Cl14
contain values p. g...q, for Zs in each subgroup. C26 containg coefficients obtained by PCWS. The values
of the propartions in each centile group are output into C30.

In the optional part is the column C which contains the codes for subgroups,

Note that you mnst be sure that the raw centiles are sorted by age NOT by age within subgroup before the
command CVAL is used. This means that if raw centiles are oblained by CBOX with the subgroup colarmn,
they must be sorted again by age before this command is used.

9 Examples of Growth Curve Fitting

The file weightdat contains three variables: age, weight, and sex, respectively. It includes 425 boys and 442 girls
aged from birth to 72 months, and il is a cross-sectional dataset. ‘The codes for sex, that is, subgroups are 1 for
males ;nd 2 for females, Read the data into columns 1-3 of the worksheet and save the worksheet by

DREAAC1C2C3
WEIGHT.DAT
SAVE
WEIGHT. W3

This section details a number of different smoothing models of increasing complexity,
9.1 Models with Only One Group

This subsection will show the estimation of centile curves with the commands CPOL, PCWS and SPLN when
there is only one group, and checking the goodness of fit for these models. The example used in this subsection
uses only males, You can choose the data for males from the worksheet you bave just produced by typing

CHOQO all values of 1 in C3 C1 C2 output to C3 C1 C2 {pick males}
If there are some missing values in your data, you should delete the records of the missing data with the

cornmand OMIT. There are no missing values in weight.dat.
9.1.1 Using CBOX to obtain raw centiles

If you type

NAME

you will find there are 3 columns in the worksheet. You can name each column as follows
NAME C1 'AGE’ C2 ‘WEIGHT' C3 “MALR'

Suppose you wish 10 obtain 5 raw centiles, such as, 3rd, 25th, 50th, 75th and 97th, type
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SET C50

325507597 (store list of centiles to be estimates in C50]
SORT C1-C3 C1-C3 {sor data into ascending age order)
CBOX C2C10.05C50C4-C93

The last parameter on the CBOX command is optional, It specifies the *jump size” for the counting box.
If this parameter is omitted a jump size of one data point is used. If you experiment with this parameicr
you will often find that centiles estimates produced with different jump sizes are almost identical when
large samples an: available, The full syntax of the CBOX command is described in subsection 8.1,

The choice of box size is important. As the box size increases, fluctuations in the raw centiles become less
marked. To demonstrate this first plot out the raw centiles you have just estimated by typing

PLTLC4-C911111
DISP

which will produce the following graph.

Fio | 1 CBOX with 2 small box width
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Now try doubling the box size and plotting out the resulting raw centiles :

CBOXC2C10.1C50C4-C93
NEWG

PLTLC4CO911111

ISP
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Fipg 2 ¢t CBOX with a large box width
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Studying these two figures it is clear that the raw centiles produced by the larger box size are less jagged.
If you make the box too large then real effects in the data may be smoothed over, For example nuances
of growth during the adolescent spurt may be lost. You should experimient with the box size. More details
have been discussed in subsection 8.1.

9.1.2 Using CPOL to Fit Polynomials

Before moving on we'll attempt a piscewise moded in which the age range is split by join points. To begin
with, we will try fitting a single age range model with the CPOL command which is also available in
GROSTAT L. This will serve two purposes. Firstly, a single age range may provide a satisfactory solution,
in which case we need go no further, Secondly, if the resulting curves are unsatisfactory studying them
should give some insight as to where to position age ranges in a more complex, model,

Studying the raw centile curves indicatcs that they could be summarized by fitting a cubic polynomial
along the age axis and that the centile distribution is very asymmetric and varied markedly along the age
axis. The worksheet used here is from section 9.1.1. A suitable model might then be fitted by

CPOL 321110C50C4-C9C14-.C19

plot out these curves with the-original measurements superimposed:
NEWG

PLTLC14-C18C911111

FLTPC2C1
DISF
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Fig 2 1 Single age renge with reasursment data super {meosed
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Itis clear from Figure 3 that these centiles fit the data poarly at the lower end of the age range, they should
be increasing much more sharply. We could fit higher order polynomials 1o allow for this, Trying this docs
produce some improvement, but unfortunatety some of the exira flexibility is used up at the higher end of
the age range and there is a tendency for the centiles w start decreasing(as children get older) at the higher
end of age range (not illustrated here), Prior knowledge of the way children grow tells us such centiles arc
very improbable. You can experiment further to demonstrate to yourself the limitations of these single age
range models.

The command CONT will show you, graphically, the goodness of fit of any given set of centiles. The
command needs the orders of the polynomials fitted to be placed into a column. To execute the command
type

SET C5)
32111 (putorders into column 51)
CONTC2C10.1 C50 CROCS1C19C24-C29 3

The first two columns contain the measurement values and age at measurement. The third nomber is the
box width expressed as 2 propontion of data set size. The fourth parameter is a column containing the
centiles for which counts are desired. The fifth patameter is a column specifying what age ranges were
uscd when estimating the centiles. If a single age range was used just put any empty column here, say,
C80. The sixth and seventh paraméters contain the polynomial orders of the fitted model and the cstimated
coefficients. The output is written to the next group of columas; there should be one column for cach
centile involved plus an extra column for the age values associated with the connts. The last parameter
specihies the box jump size. The full syntax of the command is given in section B.3.

Flot the proportions less than each centile, superimposed on their cxpectations;

NEWG

PLTLC24.C25 11111
READ C44-C49

003 0.250.500.750.97 3
0.03 0.250.500.75 0.97 59
PLTL C44-C49

DISP
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Fig 4 1| Proportion of points bDelaw #ach centlls
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At ages where these centile checking curves(solid lines) are below their expectations {dashed lines) the
actual centile curves are too low. Conversely where they are above their expectations the actual centile
curves are too high. Studying such graphs in conjunction with graphs of the actual centiles with the
measurement data superimposed can reveal systematic errors of fit which may need correcting. Note that
the variation of the counts aboat their theoretical values will decrease as the box size gets larper.

1t is worth noting that these checking cutves are produced by moving a counting box through the smoothed
centiles which themsetves are produced by a similar process. Therefore at both ends the checking curves
are now a full box width short of the entire age span of the data. This means the centiles are not fitted at
both ends or they can not be adequately checked in the end regions. One solution to thig problem 13 to
collect data over a greater age range than that for which you wish 1o estimate centiles, Of course this
stategy breaks down at one end if you wish to estimate centiles from birth, and it will be necessary to
collect large sampies at birth and just afier birth to obtain accurate estimates there. In general, if you have
a large number of measrements at an extreme age then one box wotth of points corresponds to a very
small distance on the axis, and minimizes the axis length of the regions effected by inadequate end point
estimation,

You eould derive a figure for an overall goodness of fit, to help you compare madels, by taking the sum
of the squares of the estimates from their expectations, Do not set oo much store by such summarizing
statistics becauwse the model which minimizes them may produce unrealistic centiles which are simply
following the contours of sampling error. It is far better to use graphical techniques to give a broad idea
of goodness of fit combined with knowledge of how children grow in deciding what models are appropriate.

The danger of fitting high order models which produce undulating centiles that merely trace out the
idiogynerasies of 3 sample has already been described in gection 2.2,

9.1.3 Using PCWS to Fit Piecewise Polynomials

As noted carlier the centiles in Figure 3 are poor at the bottom end of the age range. We will divids the
ae range intd two sections 0-12 months and 12-60 months and fir separate smoothing polynomials o each
range, constraining them 16 join smoothly, Hopefully thig will provide centile estimates which fit the data
betterin the first age range. We start with a simple model fitting a cubic to the first age range and a quadratic
to the second. The worksheet used here is from section 9.1.1. The commands 1o set up this model are
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SET C51 {put join point of ranges in column €51}

12

SET{C52 {pat model for the first age range in C52)
34410

SETC53 {put model for the second age range in €53}
2110

PCWS C51 C52 €53 C50 C4-C C24-C28 C29  {fit model}

The first column of the PCWS contains the join point(s} which define the subranges to be fitted. The next
set of colomns(C52, C53 in this example) contain the model to be fitted to each range, one column per
range, The next column(C30) contains the required centiles, Then come the raw centiles which are to be
smoothed and their associated age values(C4-C9). Next, output columns for the smoothed centiles(C24-
C28), No column for age values is required here since they have the same ones as the raw centiles. Finally
a colamn(C29) for the estirnated coefficients,

Sometimes you may fail to get smoothly joining curves. In that case, you can refer to our suggestions on
selecting orders of polynomials (in subsection 8.2.2 ) with PCWS ar you can use the command $PLN to
fit piccewise polynomials. To graph the smoothed centiles type:

NEWG
PLTLC24-C28CO911111
PLTPC2CI

DISP

Fig 5 t Piecewise polynomials (model-3441@, 2110)
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This s clearly an improved fit at the lower age range. Try using the B{low up facility, in the graphics E(dit
sub-menu to examine the fit at the lower end more closely. Do this for each model and compare results.

Type

NEWG
PLTLC24-C28C911111
PLTPCI4-CIECO11111
DisP
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b
Figure 6 shows the single age range modsl superimposed on the piccewize model, Unguestionably, the
piccewise model allows the curves to rise more sharply at the beginning of the age range, Figure 7 is an
enlargement of the area of interest to illustrate this point more clearly.

Fig & 1 Single age range (dots)} with piecewiss (1ines) Smoothing
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Fig 7 1 Enlargerent of bottom left hand corner of figure 6.
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We can get an idea of an idea of how well these centiles describe this sample by uging the CONT command
and graphing the results :

CONT C2C1 0.1 C50-C53 C29 £34-C39 3
NEWG '
PLTLC34-C3011111
PLTLC44-C49222212
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Fig B t Proportion beneath each centileé, curve for plecewize model
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Compare this with the equivalent graph for the single age range smoothing model (Figure 4). The patiern
i¢ different for the {irst age range and quile similar for the second. Try fitting other piccewise models o
see if you can produce even better fitting curves,

9.1.4 Using SPLN to Fit Piecewise Polynomials

The command S5PLN is used to fit piecewise polynomials. With the worksheet from section 9.1,1, you can
put join point/points in one column, Suppose 12 months is selected to be the join point 1o split the whole
age range into two subranges, Type

SETC51  {input joint point}
12
SPLN 321 10C51 C50 C4-09 C22-0727

The syntax of command $PLN above is similar 1o CPOL except for the inclusion of C51 in SPLN. You
can plot the smoothed centiles with the raw centiles superimposed by typing

NEWG

PLTL C22-C26 C911111
DISF

PLTP C4-C9

DISP

The graph is similar 1o Figure 5.

Also you can select other parameters of p, go, ¢y..... and perhags, join point/points. For cxample, you may
Pul two join points by typing

SETC51
1236
SPLN 3210051 C50 C4-C8 C22-027
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9.2 Models with Subgroups.

Now try fitting the boys and girls simultaneously. The advantage of this approach, as mgntiouad earlier, is that
because there is some commonality between the way boys and girls grow, both sets of curves can be made
more precise than if they were estimaied separately, sharing this common information.

The dataset weightdat mentioned at the begin of section 9 will be used here. Read the data from weight.dat
into coluran 1-3 (we omitted the girls’ measurements in section 9.1) or retrieve weight ws with the command
RETR

9.2.1 Using CBOX to Obtain Raw Centiles with Subgroups.

¥ou myst reissue the CBOX commang specifying the subgroup information. When working with subgroups
CBOX requires the data to be sorted by age within group.

RETR

WEIGHT. WS  {the worksheet saved at the begin of section 9]
SORTCIC1C2C3CIC22 {s0med by age within subgroups)
SETCS0

325507597

CBOX C2C10.1 C50C4-C9 5C3 C20

The firal 2 on the SORT command means sort on the first two ¢columns as opposed to the first column
only(the defauly), The CBOX command now has an extra two columns tagged on the end. The first contains
the group information and this column muast be the same leagth as the columns holding the measurement
data. The last column containg the codes specifying whether each raw centile ouiput point belongs to a
boy or a girl,

This command now gives us two sets of raw centiles one for each group. We can plot these out using the
PLTGroup command : ‘

NEWG
PLTG groups in C20 data in C4-C9
DISP
Fig 9 1 GBOX ocutput for two subgroups (boys: and piris)
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Here you can see the two sets of centiles, the ones for the males spanning a slightly shorter age range.
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A quick word on the PLTGroup command. ‘The data (0 be plotied must be sorted =o that all members of
& group are together and the x values within a group are in ascending order. In this case we have already
sorted on age within group 50 no re-sorting is required. ‘

9.2.2 Using PCWS to Obtain Piecewise Polynomials with Subgroups.

For each subgroup, we first fit the mode! we ended up with for the boys in section 9.1. The PCWS command
requires the data to be sorted in age order. This facilitates fitting around the cut points. At the moment the
data are sorwed by age within subgroups. To re-sont the data and fit the model :

SETC51

12

SET 52

34410

SETC33

2110

SORT C9 C4-C8 C20 CH C4-C8 C20

PCW3 C51-C53 C50C4-C9 C14-C19 1 C20

The syntax for the PCWS command is the same as before with an extra couple of parameters, specifying
the subgroup information, added at the end. The last colymn €20 contains e group codes. There are
several extensions to the basic PFCWS command (scc section 8.2.2), You may fit subranges, weight the
centiles, weight individual age points or any combination of all or some of these. Each cornbination is
given a number as in section 8.2.2. The number for "subgroups only” is 1. Hence the penultimate parameter
in this case is 1.

To plot out both sets of centiles on one graph using the PLTG command we must re-sort the data : age
within subgroup.

SORT C20 C9 C14-C18 C20C9 C14-C18 2
NEWG

PLTG C20 C14-C18 C9

DISP

Fig 1& t Pircewise estimation for subgrours (bous and glrlx)
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You can use the CHOO, OMIT or SPLIt commands to put the boys and girls centile eurves into separate
columns,

Just as we did with the model for a single group, we ean use the CONT command to check the goodness
of fit for the model with subgroups. An exira column is added to the CONT command containing the
subgroup information :

SORTC1C2C3C1C2C3  (sort data by age)
CONTC2C10.1 C50-C53 C19C24-C295C3

When counting the measurement points within a box to assess the proportion below a given centile, the
boys model is used if the point belongs to a boy and the girls model if the point belongs w a gil. The
checking curves produced by this command give an indication of the goodness of fit far both subgroups.
Before you use the command CONT you must sart the data in age order. To graph the checking curves,

type:

READ C44-C49
0.030.250.500.750.97 3
0.03 0.25 0.50 0.750.97 59
NEWG
PLYLCMC2911111
PLTL C44C4922222
DISP

Fig Il t Proportion of points penesth gach centile for subgroup mode)
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You may have noticed that subgroup codes were output along with the checking curves. This is becanse
you may wish to separate the checking evrves for boys and girls 50 you can examing the goodness of fit
for cach subgroup individually.

You may wish to experiment with other subgroup models.

9.2.3 Using SPLN to obtain Piecewise Polynomials with Subgroups

The worksheet is from section 9.2.1. The syntax of the SPLN command with subgroups is same as with
one group with an extra column of codes. Before nsing SPLN, the raw centiles should be sorted by age,
by typing
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SORT €89 C4-CR C20 CO C4-L8 C20

SET C51

12

SPLN32110C51C50C4-C9C14-C19 C20

To plot the centiles for both boys and girls, first sort the smoothed centiles by age within subgroup and
then use the PLTG command,

SORT C20C9 C14-C18 C20C9 C14-C18 2
NEWG

PLTG C20 C14-C18 C9

DISP

10 Developmental Milestone Curve Fitting Commands

Data for developmental milestones such as ‘walking’, *self feeding’ cic. are taken and curves are producced which
show the percentage of individuals not achieving the milestone at differcnt ages. The commands MILE and DBOX
in section 10.1 are for calculating a raw unsmoothed centile curve for longitadinal data and cross sectional data
respectively. The command BPOL in section 10.2 is for smoothing the raw centile obtained by the commands in
section 10.1.

10.1 The Commands for Obtaining Raw Centiles

Two aliernative commands are available for this purpose. This first command is designed to operate on
longimdinal data and the second command is designed for cross sectional data.

The command MILE is for longimdinal data.

Suppose data for a group of individuals are recorded on a number of occasions, and on cach occasion it is noted
whether or not the subject has achieved the milesione, The data for each subject are scanned and the age at
which the subject is first recorded as achieving the milestone is noted. Since the subject could have achizved
the milestone at any time between the noted age and the previous age the transition age is recorded as being
half way between these two ages. If we had data on 50 subjects each measurad on 10 oceasions we would have
500 data records. After the data had been scanned we would have 50 transition ages. These transition ages arc
then sorted into ascending age order,

This procedure can be used for mixed longitudinal data where some cases are recorded just once. We assumc
that all such cases are selected at random with respect to age. In general the ages for such a case will fall
between 2 consecutive ages determined from the longitudinal data. The case is ingerted into the age sequence
at that age. Where such a record isa ‘not achieved' record, it does not enter into the computation of *proportion
achicved’ at subsequent ages. Where it is an *achieved’ record it is retained at subsequent ages. Thus, for cach
age, we obtain an estimate of the proportion who have achieved the transition by that age. For longitudinal
data where a transition is not observed, either all records are ‘not achieved® or *achieved”. The last or first
record only is used and this is equivalent to treating each record as 2 cross sectional one.

For each of the 50 transition ages the percentage of subjects not achieving the milestone is calculated. In this
example, with 50 values, 98% will have not achieved the milestone at the first transition age, 96% at the second
and s0 on, In the event of two or more individuals having the same transition age the percentage not achieving
at that age is adjusted aceordingly.

The command to form these milestone centile curves for longitudinal data is

MILEstone using C C C output into CC

The first column contains case identification codes. The second column contains the developmental data and
the third colurnn contains ages of subjects when recordings were made, Mote that in the second column
signifies that the milestone has not been achieved while 1 signifies that jt has. The list of transition ages is
outpust 1o the: last column and the percentage of individuals not achieving the milestone ai each age is output
to the fourth column.
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The coramand DBOX is for cross scctional data.

With purely cross sectional data a different method is employed., The dat: must be sorted into age order using
the SORT command. A box of fixed size is then moved through the data one point at a time (as with the CBOX
command). Within each box position the perceniage of individuals not achieving the milestone is calenlated.
This percentage is plotied against the median age value of the poinis in the box. The command to perform this
operation is

DEQX using C CN output into € C

where the first column contains developmental data, in which 0 signifies that the milestone has not been
achieved while 1 signifies that it has. The second column contains ages of recordings. Then comes a number
N specifying the size of the box as & fraction of total data set size, The output is written to the last two colymns
which contain, for each box position, the percentage of individuals not achieving the milestone and the age
median,

10.2 The Command for Smoothing Curves

The output produced by both the MILEstone and DBOX commands will be very irregular and will require
smoothing. Reasonable smoothing can usually be achieved by fitting a polynomial, The command to do this
is

DPOL N y data in C x dama in C of degree N predicted values to C

If the first number is set to 0 the y data is untransformed. If it is set to 1 a logit wansformation is used. The y
and x data are the columns of percentage not achieving the milestone and age tuncated to 100 and predicted
values less than 0 are ouneated o 0. 1f the command is followed by another column then the coefficients of
the fitted polynomial are output to this column. In practice a logit transformation genetally gives better results.

11 Examples of Developmental Milestone Curve Fitting
This section will describe how to estimate milestone centiles with the commands in section 10,

11.1 Example for Cross Sectional data

This section deseribes estimationof milestone centiles with the comimands DEOX and DPOL for cross sectional
dara,

In the cross sectional dataset “lift.dat’, with 880 children under 6 months, there are two columns, The first
column C1 containg the ages in months. The second column C2 ¢ontains the developmental variable *1ift head
steady’, in which 0 signifies that the milestone has not been achisved while 1 signifies that it has, There are
no missing values in gither column.

The data must be sorted into age order by typing
SORTCIC2CIC2
and then

DBOXC2C10.15C3C4

Whers (0,15 is the box size selected. The percentages of individuals not achieving the milestone within each
box are output into C3 and the median age values of each box are outpat into C4, Yeu can plot the pcmcmages
against the ages estimated and this plot will halpyuutosale.cta mode.l Type

PLTPC3CA
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Suppose you wish to use a logit ransformation of the y data and fit a linear model. Yon can set the first N in
DPOL equal to 1 and the second N 1. Type

DPOL1C3C41C5
To look at the smoathed curve, Fignne 12, type

NEWG
PLTLC5C4
DISp

Fig 12 : Percentages of not achieving ‘Lift head steady”
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11.2 Example for Longitudinal data

This section will describe how o estimate milestone centiles with the commands MILE :and DPOL for
longitudinal data,

Suppose you wish to calculate the milestone centiles for males on the developmental variable “smile' in the
longitudinal dataset ‘smile.dat” which contains ID, the developmental variable and age. First you should use
the DREAd command to read the data into columns 1 to 3 and deal with missing data with the OMIT command
anit then type

MILE C1-C5

to produce the unsmoothed centile estimates, You can look at the plot of the estimates by typing

PLTPC4 C5

The plot will help you to select the model, that is the choice of Ns in the DPOL command. For example, the
model in which the first N is equal to 1 and the second N is 1 fits a linear model with a logit transformation
of the centile proportions in column 5. To do this, type

DPOLICAC51CH
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12 Command Reference

Commangd
STOP

HELP

BREA

SET

READ

NAME

PRIN

EDIT

CHAN

CHOO

OoMIT

S0RT

SPLI

GROU

JOIN

Notes
STOP
Ends a work session,
HELF xox
xxxx is a command name, display a reminder about a command's syntax
DEREA C..C
Readsfrom a file you name (when prompted). Requires noformat statement,
but columns in data file must be separated hy spaces. You must read in all
data cotymng from your data.

DREAANC..C

where N is either 1 or 2, the lines of format you will be asked to type, Enables
you to skip variables.

SETC

Then type numbere into the column,

SETHK N

Put a number into a box

READC

READC..C

Then you must type the correct number of entries on each line.

NAME

Provides a list of variables, their ranges, and the number of rows and missing
values,

NAME C ‘YARNAME’

Allowsg you to name columns.

PRINC...C

Shows the contents of the named columns.

EDIT element M in C toread N o
Enables you to alter a particular element in a column.
CHAN N in C into M and put resolts into C

ar ‘
CHAN all values between N and Nin C to N resulis to C

CHOO cases with values of N in C, carrying C.,.C results to C...C

CHOO cases between N and N in C, carrying C...C‘ i'ﬁults to C and C...C
Selects cases based on one or more specified values.

OMIT cases with values of n in C, carrying C...C results to C...C

OMIT cases between N and N in C, carrying C...C results to C and C...C
The complement of the CHOO command.

SORT values in C putting resultsinto C

SORT using C, carrying C...C output into C atid C...C

SORT using C C .carrying C...C output into C C and C...C 2

The: first forn writes the first colurn into ascending order. The sceond form
sorts the carrying C...C along with the ascending order of the sort variable (the
first column). The third form sons C...C on two variable.

SPLI C using codes in C results to C..C - ‘

Separates a column into subcolpmns using codes in an identified column.

values in C lower limits in C resulis to C
C'hanges a contintious variable into an ardinal categorical variable.

JOIN values in C and C to form C

Saction

4.2

43

4.4

4.4

4.5

4.5
4.5

4.3

511

5.1.1

512

5.1.3
513

il4
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ERAS
TIDY
WIPE

SAVE

RETR

LOGO

DWRI

ENDO
OBEY

HIST

ROXP

PLOT

MPLO

LPLO
PLTP
PLTL

PLTG
DISP
NEWG

PLTR

GBAV

GRET

ERAS C..C

Erase the named columns.

TIDY

Recovers empty spaces on a worksheet

WIPE

Removes all data from the worksheet.

SAVE

Frompts for a name of the file into which the current contents of the worksheet
will be saved.

RETR

Retrieves a saved workshest

LOGO

Tums recording of your worksession on (and off).

DWRIC,..C

Wrile the specified columns 1o a file. The program prompts you for a filename.

ENDO

This must appear at the end of a command file,

OBEY

Calls a macro (file) into operation.

HIST of C [using interval width N] [midpoints to C, counts to C]
Produces a stem-and-leaf plot of the values in the named column.

BOXP of data in C...C

Produces a boxplot of the values in the named column(s).

PLOT y values in C against x values in C

PLOT values in C between N and N vs vatues C between N and N
Produces a basic scatierplot.

MPLO y values in C...C against x values in C

Produces a scatterplot with myliiple y variables.

LPLO values in C against vafues in C using codes in C

Produces a scatterplot in which different letters are used for the poinis from
different groups.

PLTP y values in C against x values in C

PLTP y values in C...C against x values in C [with symbols N_N]
Produces a high-resolotion plot of points.

PLTL using y values in C and x values in C

PLYL using y values in C...C against x values in C [lines types in N...N]
Produces a high-resolution plot of lines,

PLTG codes of subgroups in C y values in C...C x values in C
Produces a high-resolution plat of tines for diffcrent groups.

DISP

Make high-resolution plots appear on (he sereen.

NEWG

Ermasc contents of a graph being constructed.

PLTE using bar lengths in C and x values in

PLTB for ys in C...C xs in C [shading styles N...N]

Produces a high-resolution bar chart.

GSAV

Save a graph in a file.

GRET

Retrieves a saved graph.

521

52.1

522

5.2.3

524

524

6.1

6.2

6.3

6.3

6.3

64

64

6.4

64

64

6.5

6.7

6.7
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LOGE

LOGI

ROUN

NED

SIN

COSs

ADD

SUBT

MULT

nIvi

AVER

MOME

TABU

CORR

CORM
NPRO

TPRO

CPRO

FPRO

REGR
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LOGTCC

Log to the base 10

LOGECC

Logto the base e

LOGICC

En (p/(1-p)) for O<p=l

ROUNCC

Round to the nearest integer.

NEDCC

Mormal equivalent deviate of q, for (Q<g<1

SINCC

Sine of an angle in radians.

cCosCcC

Cosine of an angle in radians.

ADDCC

Add the first o the second. More forms can be used.

SUBTCC

Subtracts the fust from the second. More forms available.

MULTNC

Multiply the first by the second. More forms available.

DIVINN

Divide the first by the second. More forms available.

AVER valuesin C

AVER values in C [results to K K K K]

AVER N columans C...C {means to C and s devs to C]

Calculates mean(s) and standard deviation(g) ete.

MOME of data in € [store in K K K K]

Provides the first four moments of the data in the column,

TABU mode N factor levels in C [and C]

TARBLU mode N factor levels in C and C

TARLU means and sds of values in C Factors in € [and €]

The firgt or the second form prints a means table and the Third form prints a one-
or two-way frequency table. For more forms see the section.

CORR valvesin C and in C [results to KKK K K)

Provides the correlation coefficient and its significance probability. The two
means, the standard deviations and the correlation may be stored.

CORM of N variates in C...C and store it in C

NPRO for value N

Gives upper-tail probabilities for the valuye N in relation to the CGaussian
distribution.

TPRO for valye N with N df

Gives upper-tail probabilities for the value N in relation to the t digtribution.
CPRO for value N with N df

Gives upper-tail probabilities for the value N in relation to the 4 distribution.

FPRO for value N with N and N df

Gives upper-tail probabilities for the value N in relation to the F distribution.
REGR responses in C on N predictors in C...C [yhats to C coeffs to C]
Performs an QLS regression,

7.1

71

7.1

7.1

71

71

7.1

1.1

7.1

T.1

7.1

7.2

12

13

74

74
7.5

7.5

7.5

1.5

76




MCHPM1.14
Page 38

CBOX CBOX using C C P € output C...C C [using N] [using C output C) 8.1

measurement data in € and corresponding age values C
box size as proportion of dataset P

reqquired centiles in C

raw centiles and their age values output o C..C C

{N points between consecutive box pasitions|

(input group codes in C output group codes to C]

CROX cstimates raw centiles.

N.B. The measurement data must be sorted on age or age within subgroup if
centiles for subgroups are being estimated.

CPOL CPOL using N.NC C..C output t0 C..C C 821

orders of polynomials p, g,, ¢, Gzu..in NN
requined centiles in C

raw centiles and their ages in C...C
smoothed centiles ouput 1o C.,.C

estimate coefficients output to C

CPOL cstimates centile curves with ordinary polynomials,
PCWS PCWS wsing C C...C C C...C C output C...C C wsing [N] (C] [C]{C] 8.22

join points in C

model for each subrange in C...C

required centiles in C

raw centiles and their age values in C...C C
smoothed centiles output to C...C
coefficients for all subranges output to C

fmode Nj

{subgroup codes in CJ

[centile weights in C)

[age weights i C}

mode subgroups centile weights . age weights
1 Yes No, No
2 Yes Yes ‘ Mo
3 Yes No Yes
4 Yes Yes Yes
3 No Yes No
6 No No Yes
7 Mo Yes Yes

If you are using centile weights the column containing them must contain one entry
foreach centile, If you are using age weights the column containing them must contain
one eniry for each age point.

FCWS5 produces smoothed centile curves with piecewise polynomials.

N.B. The raw centile data set must be sorted on age, bt not on age within subgroup.




SPLN

CONT

CVAL

MILE
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SPINusingNNNCCC.CCoutput C.CC[C] 823

madel of p g gy, In NN

joint point/points in C

required centiles in C

raw centiles and their age values inC...CC
sraoothed centiles output to C...C
coefficients output to C

[subgroup codes in C]

SPLN produces centile curves with piecewise polynomials (spline or grafted
polynomials)

N.B. The raw ceniile data set must be sorted by age, but not by age within subgroup.

CONT using € C P C C C...C C output C...C C [using N [using C] 83

meastrement data in € and their corresponding age values C
box size as proportion of dataset P

required centiles in C

joint points in C

model for each subrange in C...C

coefficients for all subrmges in C

checking curves and their age values output to C...C C

[N points between consecutive box positions]

[subgroup codes in C}

CONT counts percentages of estimated centile points with the coefficients obtained
by CPOL or PCWS (but not by SPLN} to check the goodness of fitting,

N.B. The measurement data must be sorted on age, but not on age within subgroup.

CVAL using C C C C...C C output C [using C] 83

measurements in C and their corresponding age values in €
joint points in C

model for tach subrange in C...C

coefficients for all subranges in C

percentile transformations output to €

[subgroup codes in C)

The CVAL command nses a set of estimated centiles 10 calculate a percentile valye
for a given szt of measurement points,

You can transform the percentile valoes w0 Z seores nging the NED command,

N.B. The measurement data must be sorted on age, but not on age within subgroup.
MILE using C C C output into C C 10.1

ID of subjects in C

developmental data in C

age in C

percentage of individuals not achieving the milestone to C
related transiton ages in C

MILE calcutates raw centiles of developmental milestones for longitudinal data,
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DBOX

DPOL

DBOX using C C N output CC 10.1

developmental data in C

ageinC

box size as a fraction of total dataset size in N

percentage of individuals not achieving the milestone 1o C
age median to C

DBOX calculates raw centiles of developmental milestones for cross-sectional data,

DPOL using N, y-data in C x-data in C of degree N predicated values output to 10.2
C

when N=0, y-daia is uniransformed; when N=1, y-data iz logit wansformed.
percentage not achieving the milestone in C

age related to y-data in C

degrec of polynomial in N

predicated values output to C

DPOL calculates smoothed curve for developmental milestone raw centiles.
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13 Command Index

ADD  AVERage 7.1
BOXPlows 7.2
CBOX 6.2
CHANge %.1
CHOOs: 4.5
CONT 511
CORMatrix 8.3
CORRlelate 74
Cos 14
CPOL 7.1
CPRObability 821
CVAL 15
DBOX 83
DISPlay 10.1
DIVide 6.4
DPOL 7.1
DREAd 102
DWRIie 4.3
EDIT 523
ENDObey 4.5
ERASe 524
FPRObability 515
GRETrieve 75
GROUp 6.7
GSAVe 5.1.3
HELP 6.7
HISTogram 4.2
JOIN 6.1
LOGE 514

LOGh
LOGOn
LOGT
LPLO:
MILE
MOMernts
MPLOt
MULTiply
NAMEs
NED
NEWGroup
NPRObability
OBEY
OMIT
PCWS
PLOT
PLTBars
PLTLines
PLTPoints
FLTG
FRINt
READ
REGRess
RETRieve
ROUNA
SAVE
SET

SIN
SORT
SPLIt

7.1
522

7.1

10.1
72
6.3
7.1
4.5
71
6.4
7.5
524
5.1.1
822

6.5
64

6.4
4.3

7.6
52.1
1.1
321
44
7.1
512
5.1.3

$PLN

STOP
SUBTract
TABUlate
TiDY
TPRObability
WIPE
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C B3

.1
7.3
5.1.5
13
5.1.5




MCHM1.14
Page 42

14 References |

Goldstein H,, & PanH, (1990) Percentile smoothing using piecewise polynomials with covariates. Manuscript
submitted for publication.

Healy, M.J.R. (1989). Nanostat users’ guide. London: Alphabridge Lid.

Healy, M.J.R., Rasbash, I., & Yang, M. (1988). Distribution-free estimation of age-related centiles. Annals
of Human Biology, 15, 17-22.

Kendall, M., & Stuart, A. (1958). The advanced theory of statistics. (Vol. 1). London: Griffin,

Pan, B, Goldstein, H & Yang, Q., (1990). Non-parametric estimation of age-related centiles over long age ranges.
(In press, Annals of Human Biology). .

Prosser, R, Rasbash, J., & Goldstein, H (1990), ML3 software for 3-level analysis: Users’ guide. London: Institute

of Education.

Rasbash, J. (1987), The GRANDSTAT manual, London: Institute of Education/ Geneva: World Health Organ-
ization.

Rasbash, J., & Healy, M.I.R. (1988). Diata management for growth studies. Annals of Human Biotogy, 15,269-273.




