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PART 1

INTRODUCTION

This handbook designed to introdusetsDirect. It assumes familiarity with Microsoft windows
and standard windows-based office productivity wafe such as word processing and

spreadsheets.

Why Use StatsDirect

StatsDirect is an easy-to-use package designed for medicahresers. It uses an interface similar
to Micro-soft Excel and is able to re&KCEL Workbooks. It has some procedures specifically
designed for medical researche®satsDirect has an extensiveelp Facility that can be accessed
by clicking on the local Help Tile. The help progdidepends on what part of the system is being

used.

StatsDirect is not suitable for analysis of larggadsets with many variables and missing data. If
your dataset is large and has missing data and wemmgbles, as you might have with a survey or
data base, you may find it easier to use SPSS ATATFor example in SPSS it is easier to select
subsets of data for a particular analysis. In SP&%bles can be labelled and text labels can be
added to numerical codes making statistical outputh more readable. This may be important
when analysing large data sets.

This tutorial will assume some familiarity with ampts in statistical inference including hypothesis
testing and confidence intervals. This was covénegkars 1 and 2 of the medical undergraduate
curriculum as part of the Information stream of ttmurse. If you are unfamiliar with these

concepts, it is suggested that you read an inttodydext in medical statistics such as Campbell
and Machin “Medical Statistics A Common Sense Appld. Some examples are given at the

Medical Statistics support web site at

http://research.bmh.manchester.ac.uk/biostatistmsiiing/statisticalsupport

StatsDirect has different type of analysis command
= Commands are based on raw data of individual stshj@mata needs to be entered into a
spread-sheet with each row representing each gubjéds might be into an Excel

spreadsheet that is opened by StatsDirect or it Ineagntered directly into the StatsDirect
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spreadsheet. We advise the former as you can ymterdata, even when you have not got
access to StatsDirect.
= Commands based on summary statistics. For this swynmatatistics data such as
frequencies, mean and standard deviation are eniei@ a separate panel associated with
that analysis. For example suppose one is compamegn outcome for two groups of
patients using a t-test. If one already has thenns&ndard deviation and number of patients
for each group of patients, just these six pied¢esformation can be entered. You can also
use StatsDirect to calculate confidence intervasgu proportions/ percentages using
frequency data. This is very useful where you dbhave access to the original data for
example where we are extracting data from publishedarch.
= StatsDirect also has commands for meta-analysig;hwis the statistical method used to
combine summary data from several studies to olataioverall result.
This tutorial will focus on analysis based on tistftype of data. Nevertheless you may wish to use
the second two forms of analysis particularly iuywant to use data from published research in
your study. A brief introduction is given for suramg statistic methods at the end of the tutorial.

No statistical package is completely comprehengtoe.example you may decide to use SPSS for
the analysis of your raw data, but you might ugeshmmary statistics methods for comparison of

your results with other.

The tutorial uses a set of data from a cross-saaltisurvey of respiratory function and dust levels
amongst foundry workers. The object of the surveg ¥o determine whether the dust levels found
in the foundries have any effect on the respirat@agith of the work force.

The purpose of this study was to examine whethst thcreased respiratory morbidity. In this
study the measure of respiratory morbidity are ‘fEvad asthma”, “Ever had bronchitis”,
“Measured FEV” and “Measured FVC”. The variable éBicted FEV” and “Predicted FVC” are
the values that are expected for a person’s dempbgraharacteristics including Age, Height and
Sex. Exposure to dust is measured by two varidBlegosed/Un-exposed” and dust level recorded
only for exposed workers. Because smoking is afocoming factor in this study, smoking
behaviour has been recorded in terms of currenksgmgatatus, smoking history, and consumption

and duration of smoking.

To make the most of this tutorial, work though gatiag the screens shown at each stage. There

are several short exercises in the text to allowtgoreinforce your skills.
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ACCESSING STATSDIRECT FOR WINDOWS XP

After logging on to Windows XP, the user will beepented with a screen containing a number of
different icons. StatatsDirect by clicking theStart button then selecting
2009 — > MHS —* Cluster — > StatsDirect.

StatsDirect will now start and the screen below will appear.

& Open or Create File

Cr
@ € Hew StatsDiest Workbnsk

-n_ll " Mew StatsDirect Repart

There are two sections:
Createwhich has two radio buttons:

* New StatsDirect Workbook

= New StatsDirect Report
Open which displays data files recently accesse®taysDir ect from whichyou may select a file.
Once you have made your choice clicking @ will complete start-up process. The default will
open the file highlighted in the Open window.

The file test.sdw which should be visible in the window is a workokdhat contains example data
prepared by the developersSiftsDirect to illustrate the analysis commands of the program

For the purpose of this tutorial you should seNe StatsDirect Workbook button and clickOK
button. A spreadshedBgok 1 highlighted) will be displayed for data entry &®wn below
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E3 StatsDirect - [Book 1]

T Fle Edt Insert Format Data Analysis Graphics Tooks Window Help E=IES

Book 1
DFH &8 i@ - 2|7

43 [\ Sheett el | o[

This has the following features at the top:

Title bar DisplaysStatsDirect and the name of the active document

Menu bar Contains a list of menus

Document Tabs Contains a list of worksheets and reports avalabth current one highlighted. If
you have more than one, then you can move betvinsen by clicking on the tab.

Tool bar Provides quick access with the mouse to frequensigd tools and commands for
formatting text and numbers.

Formula bar Contains a cell reference and value

Below the spreadsheet grid at the bottom theretabao select the work sheet within the work
book.

DATA ENTRY

Data can be entered directly irBatsDirect. Alternatively you can enter the data into an EXCE

spreadsheet and then read it into StatsDirect.erBhie data for each subject as a row of the
spreadsheet and enter the data for each variabést{gn or measurement). Add a label for each
variable the first row of each column. In case whould need to transfer the data to another
statistical package such as SPSS, it is suggebktaditie label naming each variable should be
alpha-numeric without punctuation as illustratetbtse The data should be anonymous, but there

should be a unique identifying number so that yam check your data against paper records.
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After inputting the first 10 subjects from the falmg workers study the screen might look like that

given below.

Fi StatsDirect - [Book 1]
T Fle Edit Insert Format Data Analysis Graphics Tools Window Help -8 %

Book 1
DEed & i@ < =7
Al [idna
A | B [ ¢ [ 0o [ E | F [ & | H 9 [ kK [ L wm [ N [ 0 [ P | i~
1 [Eno Jwowp g s nt fowrn fovpred__ emeas frcpred  asthma  br Smknow  smkever emprys cig ay »
2 o001 i 49 1 175 3.4 359 449 445 0 i 1 2 ] 0 ]
3 1002 1 5 1 188 283 338 L] 412 i 1 1 2 16 20 1
] 1003 1 u 1 180 3.93 428 48 5.14 0 i 0 [ 12 88 88
5 1004 a 4 i 180 401 425 457 512 a i 1 2 12 2 15
6 1005 i = i 183 475 452 65 542 i 0 0 0 7 88 8
7 1006 1 ) i 174 45 a3 582 454 a i 0 | El 20 15
8 1007 1 7 i 180 401 445 19 53 i i 0 0 El 88 88
9 1009 1 59 1 187 258 297 368 373 a i 1 2 2 a0 2
10 1010 1 2 1 175 45 418 568 497 i i 0 1 El 20 8
1
12
13
1"
15
16
17
18
19
20
21
2
p3]
2
2
2%
2
2
29
30
3
2
7
T
35
36
3
38
39
10
i
<[]\ Sheett [l | G

The first row of the spreadsheet contains the entariable names. Please note that the shaded
column on the left-hand side 8tatsDirect spreadsheet with a number from 1 onwards is tkee lin
number, it can not be copied or changed. Do notémn the grey row numbers on the left as an

identifier, as the relationship between data amdmamber will change if the data is sorted by row.

Missing Data

It is strongly recommended that you use the charattto represent a missing value. This is
different to other statistical packages such asSSW&re it is advisable to specify a numerical or
STATA where. (period) is used.

Opening an Excel Workbook

You can retrieve an EXCEL workbook containing tlaadfrom the study of foundry workers and
dust. This is stored on the Shared Data Area |dcatethe desk top. Double click on tBkared
Data icon which can be found on the left hand side of thektts, followHealth Methodology
Course Data and save the Excel file to your Work Space. Altinrely the File can be found by
going to the following internet address

http://research.bmh.manchester.ac.uk/biostatigtmsiing/statisticalsupport

click the link foundry.sav for the dataset followbky save and place it in your workspace. Under
the File menu select Open File and then find tlee fOnce open the screen will look like this
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Bl StatsDirect - [foundry.xls]

F File Edt Insert Format Data Analysis

Bock 1 foundry

Graphics Tools Window  Help

el & SB[z P
= TTEMPLHT
A B C D E F G H 1 J K L W N 0 4

1 IDHO! GROUP  AGE. DTEIRTH DTASSHNT) DTEMFLHT. SEX HT FEVHEAS FEVPRED FVCMEAS FVWCPRED  ASTHMA BRON  SHENO
2 1001 1 49 29 04 1946 12 06 1995 12.02.1972 1 175 340 389 4.49 4.45 (1] 1] ]
3 1002 35 46 12.10.1952 24 .12 1998 10.08.1982 1 168 2.83 3.39 o ] 4.12 1 1
1 1003 1 34 01.11.1956 31.10.1990 18.10.1978 1 1g0 3.93 4.26 4.80 5.14 0 1]
5 1004 0 34 D5.04.1956 09.09.1992  24.06.1980 0 180 401 425 4.57 5.12 0 0
6 1005 0 29 12 .03 1960 06.04 1989 05.05. 1382 0 183 4.75 4 52 6.50 5.42 0 L]
i 1006 1 43 25 061947 21.07 1990 24.03.1982 1] 174 4 60 3.73 5.82 4.54 1] 1]
8 1007 1 Z 10.02 1964 16.03 1991 24 .01 .1983 1] 1g0 4.01 4 45 4.90 5.30 1] 1]
9 1009 51 59 11.01.1928 10.02.1987 08.02.1965 =% 167 2.58 . 0 3.68 3,73 0 (1]
10 1010 123 01.01.1962 04.01.1991  04.02.1982 I 175 1.50 110 568 4,97 0 0
11 1011 % 31 08.02. 1957 07.05 1988 05.03.1979 1 177 4.19 4 21 5 61 5.03 n 1]
12 1012 1 35 31.03 1961 29 06 1996 24 .02 1981 (1 173 3.51 3.92 4 6BE 4.63 1] 1]
13 1013 1. 28 24 02 1966 31.03 1994 23.05.1986 1] 168 2.92 P 4.09 4.59 1. [1]
14 1014 1] 34 29.06.1958 12.07.1992 10.06.1984 1 175 3.18 4.03 3.6l 4.84 1] ]
15 1015 1] 51 31.01.1936  25.02.1987 23.03.1982 0 168 2.76 3.24 4.21 3:98 1] 1
16 1016 0 439 29.01 1946 19 .04 1995 10.04 1987 0 175 3.06 3.59 4 66 4.45 0 1]
1w 1017 1] 2% 02 .02 1967 07.01 1996 24.01.1988 1] 175 3.95 4.18 5.29 £, 93 1. (1]
18 1018 1 51 23.09.1939  20.10 1990 11.08.1967 1 168 3.77 3 24 4.40 g.95 (1] 1]
19 1019 35 34 05 061959 13.08 1993 24 (6. 1979 1 170 3.91 3.82 4.80 4.55 1 1]
20 ipzo 0 EH 20.02.1964 21.05.1996 18.03.1988 0 183 4.03 4.44 .14 5.35 0 L]
21 1021 160 16.10.1941 1B.12.1991  22.10.197¢ 0 185 404 3.99 5.38 4,99 0 1
22 1nzz 1 46 05.09.1943 03.10 1989 18.09.1980 1 170 3.81 3.47 5.13 4.24 0 L]
23 1023 1] 49 06 D6 1948 21 .07 1997 12.07.1982 1] 165 3.32 3.17 4 68 3.87 1] 1]
24 1025 1] 45 09.02 1949 16 .05 1994 12.05.1988 1] 170 3.40 3.50 4 34 4.26 1] 1]
25 10ze 51 46 17.04.1943 23.06,1995 25.06.1930 1] 175 4.01 PR ] 5.47 4.45 0 (1]
2 1027 166 10.01.1942 17.04.1998  18.03.1991 T 165 2.80 257 3.57 3.69 0 0
27 1n2a % 26 01.01.18700 10.01 1996 19.01.1988 1 172 4 37 4 14 4 .58 4.87 n 1]
28 1029 1 54 19.04.1934 12 .09 1988 23.07.1979 1 170 3.63 324 4. 51 4.03 1] 1
29 1030 1. 32 12 06 1958 28 .07 1990 14.06.1983 1 178 4 68 4.22 5.92 5.06 1. 1]
30 1031 1 34 20.01.1960 15.03.1994 24.01.1985 1 130 4.91 4.68 6.06 5.69 1] ]
31 1032 o 50 02.01.1942 20.01.1992 01.01.1976 1 170 2.47 3.36 3.88 4:13 1] 1
32 1033 1 83 10.10.1942 18.11 1995 16.10.1982 0 163 245 2 94 3.60 3.61 0 1]
33 1034 n 52 09 04 1945 26 .05 1997 20.01.1988 1] 185 3.53 3 94 4.70 4.94 n (1]
3 1036 1] 42 16 .02 1947 02 .04 1989 12.02.1977 1 162 3 64 3 24 4.59 3.88 1] 1]
35 1037 1] 34 17.01.1959 21.03.1993 28.02.1987 1] 177 3.69 4.12 5.12 4.95 1] 1]
36 1038 0 45 26.06.1947 19.09.1992 31.03.1983 0 170 4.31 3.50 5.50 4.26 0 1]
37 1039 138 15.01.1953 22.01.1991  25.01.1974 1 170 3.30 372 5.11 445 0 0
38 1040 (1] 47 09.01. 1946 20.03 1993 13.01 1971 0 180 3.97 3.87 5.18 4.78 0 L]
39 1042 1] 24 23.07 1966 30.09 1990 24 .07 1982 1 180 4. 80 4 51 6.27 5.36 i} 1]
40 1043 1] 35 11.07 1954 11.08 1989 12.06.1974 1 175 4. 16 4.00 4. 84 4.81 1 1]
41 1044 51 51 02.02.1944 13.01,.1995 13.04.1970 1] 170 2,72 3.33 3.90 4.11 0 (1]
12 1045 148 19.06.1949 27.09.1997  20.04.1980 T 175 3.39 363 417 447 0 0
43 1046 % 38 01.01.18500 12.03 1988 31.01.1981 1 190 4 81 4 56 5.490 5:59 n 1
4 1047 1 47 21 08 1945 10.06 1992 24 03 1986 1 175 3.59 3 66 4. 88 4.48 1] 1]
45 1048 1. 39 07.07 1955 04 .09 1994 25.06.1982 1 190 5.25 4 83 6. 74 5.5% 1] [1]
46 1049 1] 6Bz 16.03.1923 11.05.1991 13.03.1983 0 175 3.04 2.74 3.73 3.49 0 0
47 1050 1] 36 17.07.1961 23.09.1997 02.08.1991 1 173 3.68 3.83 4.69 4.67 1] 1]
48 1051 0 Eid 20.03 1955 17.04 1990 31.03.1982 o 170 3.97 3,80 397 3.80 0 1]
49 1052 1. 40 06 .09 1948 20 .11 1988 28.10.1973 31 130 .05 4 .50 6. 26 5.54 n (1]
50 1053 (1] 34 31.12.1959 11.12 1993 29.10 1976 0 182 4 54 4.33 5 65 5.24 (1] 1] -

« |7 I foundry ol | o

Using the cursor keys you can quickly examine @ det. Notice the

IDNO in column 1. There

are 136 subjects in this study (so there are 1&8 o the work sheet).

Details of the numerical codes and the coding arengoelow.

Variable Name

Variable Description

Value Labels for each code

IDNO
GROUP
SEX
HT
FEVMEAS
FEVPRED
FVCMEAS
FVCPRED
ASTHMA
BRON
SMKNOW
SMKEVER
CIGNO
CIGYRS
EMPYRS
RESPDUST]

Identification No
Exposure Group

Height in cms
Measured FEV
Predicted FEV
Measured FVC
Predicted FVC

Ever had asthma

Ever had Bronchitis
Do you smoke now
Have you ever smoked
No of cigarettes per day
No of years smoked

No of Years with company

Current exposure to dust

1 = Exposed to dust, 0 = Unexposed
1= male, 0 = female

0=No, 1 =Yes, 2 =Don’t Know

0 =No, 1 =Yes, 2 =Don’t Know
1=Yes0=No

0 = No, 1 = Ex smoker, 2 el smoker
-88if never smoked

-88 if never smoked
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Moving around Data Editor

You may wish to try the following commands thathaisist you in moving around the Data Editor.

Key Description

Home First Variable of the same case
End Last Variable of the same case
Ctrl and (Up Arrow) First Case of the same variable
Ctrl and (Down Arrow) | Last Case of the same vagabl
Ctrl and Home First Value

Ctrl and End Last Value

INTRODUCING ANALYSIS COMMANDS
Descriptive Statistics

The first step in data analysis is to generatergase statistics. This will help you check thetaa
This will also give you a feel for the data andphgbu identify any inconsistencies that there may
be in the data. For example it is useful to lookhat maximum and minimum values to check that
they are in the range of acceptable values. Thesisetimes called data cleaning. Techniques that
are commonly used to do this include:

= Frequency Tables

= Descriptive Statistics

= Cross-tabulations

= Plots such as bar charts, histograms and scattesgra

The first three are in the analysis menu. Plotoatained from the graphics menu.

Analysis By Column Or By Identifier

When you select a command that uses raw datal itheth ask you to select columns of data in your
spreadsheet. Instructions as to which columns lectsappear at the top of the screen. Several
commands, including some of the descriptive stasistommands, give you the optionGooup by
column or Group by identifier. If you selectGroup by identifier you will be asked to select a
column that contains a variable that identifiesupid The data in columns that are subsequently
selected will be divided according to the valuegshe identifier. How this option works will be

illustrated by thd-requencies andDescriptive commands.
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Frequency Tables

For variables that are categorical or take intergéues it is useful to construct a frequency tabte.

do this inStatsDirect, first select the variables for which you wantgenerate frequencies. If the
variables are consecutive you can block them bgihgldown the left mouse button and drag the
mouse across the cells required. If they are nasecutive then select one by one by pressing
down thectr| key. Now choosénalysis from the Menu bar. From the drop down menu yoectel
Frequencies.

Alternatively you can choosgnalysis (without choosing the variables on the first) fréme Menu
bar. From the drop down menu you selécequencies. Since the variables are not chosen
previously, at this point a message will appear tlea top of the screen (just below the menu bar)
sayingSelect datafor FREQUENCY ANALYSIS[Minl: Max 200]. Shown below.

Ed StatsDirect - [foundry. xis] (S
E: — = x

Edt_mnsert _Formet Help

DK | Coneel | Select data for FHEUUENLY ANALYSIS [Min 1z Max 200)
I~ Batchmods (= Groups by colirn € Groups byidentir T cloot non adfoincd data, hold down Ci and uso the mouse,
1 [DTERFTHT
a ] o 0 E v & W ] J K T W W o .
1 IDNO  GROUP AGE DTEIRTH  DTassuvT[__DIENPTNT]  SEX HT FEVMEAS FEVPRED EVCMEAS FVCERED ASTHMA  BRON SHKNO.
2 1003 1785 z9ma34e 12.06.1395 TZ.02.1372 T 175 3.40 9.5y .43 4.4 o =
5 Tans. Toode i2A0A3R2 FE0SR3SR ihnavans b E TR - TR L —— F L ; 7
1 1603 136 ollllase ai.lo.ldmc  ls.l0.1are 1 B P T RO - —-— ' o o
5 Tou1 U 31 weluridoew Ususilosy  siluelduwn u Tou alui alss aler  oip u i
G Tane 0 35 12031560 0c.041sas  0s 08 1962 0 R PR — £i3 o o
7 1006 1 43 25.06.1947 21.07.1990 24.02.1902 0 174 4.00 3.73 5.0z 4.54 0 o
o Ta07 I 27 10021364 15.03.1391  24.01.1983 o Teo 401 345 alsa 530 0 a
9 1005 IS5 illeii1dss 10021387 0502 1365 £ 67 ziss 2.7 ksl 373 0 o
0 inin 2 nrniTars nenilasl 0 ns raa ] I 1 1B S TR TR o a
[T 121 Dwuzoades Urs.adme Ue.Udaue 1 7 R P (IR F S R U o
1013 IO36 310ii1sel 29.0¢195¢ 21021981 b} R TR Y-+ TR - R T — o o
1013 I8 2021566 31031955 2308 198¢ o Tes 283 a1 alma i€9 s o
T013 0 534 250061950 12.07.19 1006 1904 kS Tee 310 a3 2er 404 o a
1015 0 51 5ile113%6 zsi0ziiser  23l0319ez o Tésl  zi7e| 323 alzr 335 0 1
Taie 0 45 250011386 13.04.1395 1004 1987 0 7S 306 385 alke a4 o o
iy 00 23 R ianr foonllaar  seni tamm o A1 B ST TN L T— ] a
101 T4 Shwaantu 20rvoadey 13woauer £ EYTI R B R Y R— 1 — T u o
1015 131 DEI06 1965 13.08:1993  2L.06.1979 S EET IR DL+ AR HE S U8 — 1 1 o
1020 I Gi02 I9¢a 31.05.195¢  1g.03.198% o Tes 403 al4s s sl i a
1021 I 5o icla0i1941 10121901 22101976 o Tas  40s a0 Sian 495 0 i
1022 I 46 05031343 03101383 1509 1960 ks 3B 0 N 5 N — ' 0 o
054 0 i3 nane1a4n 217 1aar 15 ng iany o ELI IR B - N1 o n
inoa 0 48 M9 o laea (% NS Jaae 12 ns lamm o B TS T IR — o n
0z6 T a0 17uaadan ie.adws 2o o duwn u 577 B PR SR 54 R R— O 1 u o
107 I 66 100011543 17011958 1803 1951 s T6E zlen 28y 3iEr 38 o o
T8 I 26 010101570 10001185¢  1s01 1988 b o iy 44 ase 167 0 g
1025 I Gi 150041534 12.09.1%0 1973 I I 3lga alas alsr s0) 0 1
Ta%0 I 32 12051358 ze.07.1390  1s.06.1983 b I78 ales 422 s.az  s.ge 1 o
03 TA& nniiaan e nataad s Nt tass b T A - BT L o a
1032 0 S0 o2.ol.ladz zo.0i.lsa:  or.0l.laze 1 B 1 P N TS 11— Y o 1
1035 TCE 100003942 1e111uoe 1e3u1s U Tes 36 aa den dlen u G
Tais 0 €2 0904194k Sc0c1ssy 20011988 o RN Y- TR - S — T 0 o
1030 042 160021947 02041909 12031977 kS 62 36 a2 aEa 30 0 o
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If you select the Group by column option using thdio button, descriptive statistics will be
produced for all data for each variable selectedu ¥elect the data the same way as explained
above and then clicOK button. If instead you select the radio butéroup by identifiers the
screen below appears, you could have selectedegaratal variable. Separate frequency tables
would then be produced for each category. For el@anfip/ou chose GROUP as the identifier
variable separate frequency table would be prodémeexposed and non-exposed workers. Output

for this will be shown later.

Ed StatsDirect - [foundry.xis]

E:: IS Edit  Imsert Format | ar Gr It W Help
oK Lancel | Select GROUP IDENTIFIERS for FREQUENCY ANALYSIS (Min 1: Max 20)
™ Batchmode ¢ Groupsbycolumn % Groups by identifier  Ta select non-adisined data, hold down Ctl and use the mouse.
F1 [DTEMPLHT
A B [ D E F G H o J K L =
1 IDHO GROUP  AGE __ DTEIRTH DTASSHNT[ DTEHELHTL SEX HT FEVMEAS FEVPRED FVCMEAS FVCPRED
2 100 49 29.04.1946 12 .0&.199% 12 .02.1972 175 3.40 3.59 4.439 4,45
3 100z 1 46 12 .10.1952 24.12 1998 10.08.1982 1 163 2.83 3.39 3.91 4.12
4 1003 1 34 01.11.1956 31.10.1990 18.10.1973 1 180 3.93 1.26 4.80 5.14
5 1004 o 34 05.04.1958 09.09.1992 24.06.1980 1] 180 4.01 4.25 4.57 5.12
6 1005 o 29 12.03.1960 06.04 1989 05.05.1982 1] 183 4.75 4.52 650 5.42
7 1006 1 43 25.06.1947 21.07.1990 24.03.1982 ] 174 4.60 3.73 5.82 4.54
8 1007 1 2% 10.02.1964 15.03.1991 24.01.1983 1] 180 4.01 4.45% 4.90 5.30
9 1009 1 59 11.01.1928  10.02 1987 02.02.1965 1 167 2.58 2.97 3.63 3.73
10 1010 1 =29 01.01.1962 04.01.1991 04.02.1982 1 175 4.50 4.1a 5.63 4.97
11 1011 L BT 08.02.1957 07.05. 1988 05.03.1973 1 177 4.13 4.21 5.61 5.03
12 1012 135 31.03.1961 29.06.1996 24.02.1981 1] 173 3.51 3.92 4.66 4.63
13 1013 1 28 24.02.1966 31.03.1994 23.05.1986 1] 163 2.92 3.91 4.09 4.53
14 1014 U 34 29.06.1958 12.07.1992 10.06.1984 1 175 3.18 4.03 3.61 4.8¢
15 1015 0 51 21.01.1936 25.02.1987 23.03.1982 ] 163 2.78 2.24 4.21 3.99
16 1016 0 43 29.01.1946  19.04 1935 10.04.1987 1] 175 3.08 3.59 4.66 4.45
17 1017 o 29 02.02.1967 07.01.1996 24.01.1983 1] 175 3.95 4.18 5.249 4.97
18 1018 I 51 23.09.1939  20.10.1990 11.08.1967 1 163 3.77 3.24 4.40 3.99
19 1013 1 34 05.06.1959 13.08.1993 24.06.1973 1 170 3.91 3.82 4.80 4.55
20 1020 032 20.02.1964 21.05.1996 18.03.198% 1] 183 4.03 4.44 5.14 5.35
21 1021 il 50 16.10.1941  18.12 1991 22.10.197% 0 185 4.04 3.99 5.38 4.99
22 1022 1 46 05.09.1943  03.10.1989 18.09.1980 1 170 3.81 3.47 5.13 4.24
23 1023 0 43 06.06.1948 21.07.1937 12.07.1982 1] 165 3.3z 3.17 4.63 3.87
24 1025 0 45 09.02.1949  16.05.1994 12.05.1983 [1] 170 3.40 3.50 4.34 4.26
« ¥ [\ foundry Tl | G
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You will then be asked where to put the result. Yam either select existing outpudportl or

New report. If you chooseReportl your output will be appended with the existingpauit New

Report will open a separate page for this output. Fangxle, suppose the three varialdesup,

sex andasthma are chosen to run the frequencies, the outputawndill look like below

Ei StatsDirect - [Report 1]
§|Ei\e Edit Insett Format Anakysis Tools Window Help

r Book 1 T foundry T RepurH]

D & 24802 |9

[sial ~foF] @ B ru x| === #h
]é\n‘\w|w2|||3||w4|\|5||wgw|7|||3|\|3\|\1U|||11||wzl\|13||w14w\|15\||15|\|17w|w13|||‘
Erequencies

Frequency analysis for GROUR

Total = 136

Walug Freguency Relative % Curnulative  Curnulative Relative %
0 B3 45.323529 63 45.323523

1 73 53676471 1368 100

Erequency analysis for SEX:

Total = 136

Walue Frequency Relative % Curulative  Curmulative Relative %
o B3 46.323529 B3 45.323529

1 73 53676471 136 100

Frequency analysis for AZTHMA

Total = 136
Walue Frequency Relative % Curnulative  Curnulative Relative %
0 125 9.911765 125 91.911765

1 " 8.088235 1368

100

09/03/2006 1512

LM

If instead you hadcthosen theGroup by Identifier option, can only select oneiafle for the

frequency table. Suppose you wanted separate fnespsefor smoking status by gender, one would

selectsex as the group identifier variable and SMKEVEBRthe data getting the results below in the

output window.

Frequencies

Frequency analysis for SMKEVER_SEX 1:

Total =73

Value Frequency Relative %
0 24 32.8767

1 24 32.8767

2 25 34.2466

Frequency analysis for SMKEVER_SEX 0:

Total = 63

Value Frequency Relative %
0 20 31.746

1 14 22.2222

2 29 46.0317

Introduction to StatsDirect, 15/03/2017

Cumulative Cumulative Relative %
24 32.8767
48 65.7534
73 100
Cumulative Cumulative Relative %
20 31.746
34 53.9683
63 100
10



Exercise 1 Using the frequencies options find out

= what proportion of the foundry workers were expotedust?
= what proportions had ever suffered from bronchitis?
= what proportion had ever smoked?

what proportion smoked more than 20 cigarettesipg?

Descriptives

Thedescriptives menu in StatsDirect is useful for summarizing ditative data. It gives the most
important descriptive statistics. The output albtstyou the number of cases in the analysis aad th
numbers of missing values. To use this click onAhalyse tile choose th®escriptives option.

Ei statsDirect - [foundry.xls]

T Fle Edt Insert Format Data Ly Graphics Tooks Window Hel -8 x
Baok 1 foundry Rer [eboneaite F
A L= chisquare Tests »
DEHE S Bt @ < oo »
H17 [f75 | Rates »
»
C Sample Size » 1 J K L M N a P Q =
1 AGE DTBIRTH oot , [PLHT SEX HT FEVMEAS FEVPRED FVCHEAS FYCPRED  ASTHHA ERON  SHENOU SMKEVER  EHP
2 13 25.04 1946 ortoies o 1572 1 175 3.40 3.59 4.48 4.45 [i] [i] 1 z = |
3 46 12 10 1952  Miscellaneous » liss2 1 168 2.83 3 33 3 91 412 1 1 1 2
1 34 01.11.195e - = — 3 93 126 480 5 14 o o o a
5 34 05 04.1958 = 1 [EECER 401 1.25 4.57 512 i a il z
6 23 12.03.1960 Parametric 3 4.75 1.52 6.50 5.42 a [ a ]
7 43 25.06.1947  Nen-parametric »| Quick Univariate Summary 460 3.73 5.82 454 i i i 1
i 27| 10.02.1964|  Analysis of Variancs » —— —roor  4.01 a.45 4.90 5.30 i i i o
9 S3| 11011928 o Tl e b |16 1 167 358 2,97 3.68 373 i il 1 7
10 29 D1.01.1962 1982 1 175 1.50 118 N 497 i i i 1
11 31 08.02 1957 | Aaresment * l1979 1 177 2.19 2.21 561 5 .03 i i 1 2
12 35 31.03.1961  Survival Anabysis » [1381 a 173 351 352 P T ies 0 a 1 5
13 28| 24 02 1966 | Meta-Analysis » 1986 i 168 2.92 391 4.09 459 1 0 1 2
1 34 29,06 1958 Croctabs 1984 1 175 318 1.03 361 4 84 o 0 o o
1 51 Fio1193e]| w0 1982 o 168 2778 324 421 3 a9 0 1 1 2
43 23011946 o 1987 a 175 3.0 3.53 4.66 4.45 a a (i 1
25 02021967 | options... 1988 i—=1 3095 418 5.29 497 1 il i o
51 23.09.1933 | P 367 1 Tes 3.77 3.24 44D 3,39 [ i i 1
34 05.06.1953 13 08.1933  24.06.1979 1 170 3091 3.8z 4.80 4.55 1 i 1 z
32 20.02.1964 21.05.193: 18 .03.1988 i 183 1.03 414 5 14 535 il i i 1
S0 16.10.1941 18 12.1991  22.10.1976 i 135 4.04 3.9 5. 38 439 i 1 i 1
46 05.09.1943 03.10.1983 12 .09.1980 1 170 3.81 3.47 513 424 il i i il
43 06.06 1948 21.07.1937  12.07.1982 o 165 332 3017 468 387 i 0 1 2
45 03.02.1943 15 D5.1394 12 05.1988 0 170 3.40 3.50 434 426 0 0 o a
5 46 17 04,1943 23 .06.1935  25.06.1930 0 175 101 3.53 5.17 445 0 0 0 a
26 56 10.01.1942 17.04.1998  18.03.1991 1 165 2.80 2.97 3.57 369 0 0 0 T
7 26 D1.01.1970 10.01.199  19.01.1988 1 172 4.37 4.14 4.589 4.87 a a a (]
54 19.04.1934 12.09.1988  23.07.1979 1 170 3.63 324 4.51 4,03 i 1 i 1
32 12.05.1958 28.07.1990 14 .06.1983 1 178 468 422 5.92 5.06 1 il i o
34 20.01.1960 15.03.1934 24 01.1985 1 130 491 168 .06 53 i i 1 3
50 02.01.1942 20.01.1932  01.01.1976 1 170 2.7 336 3.88 4.13 il 1 i 1
53 10.10.1942 18 11.199: 16 .10.1982 i 163 2.16 2.94 3.60 EN i il 1 2
52 09.04.1945 26 05.1997  20.01.1988 i 135 3.52 3.94 4,70 494 i i [ 1
42 16.02.1947 02.04.1983 12 .02.1977 1 162 364 324 4.59 388 i o 1 z
35 34 17.01.1953  21.03.1993  28.02.1987 o 177 363 112 512 4 a5 0 0 o o
36 15 26.06.1947 15.09.1992  31.03.1983 i 170 131 3.50 5.50 426 0 0 1 z
37 38 15.01.1953 22.01.1991  25.01.1974 1 170 3.98 3.72 511 446 0 0 0 1
47 09.01.1946  20.03.1993  13.01.1971 a 180 3.97 3.87 5.18 4.78 a [ a 1
24 23.07.1966 30.09.1930  24.07.1982 1 180 480 451 6.27 5.36 i i i o
35 11.07.1954 11.08.1983 12 .06.1374 1 175 4.16 4,00 4.84 4 B1 1 i il 1
51 02.02.1944 13.01.1935 13 .04.1370 (i 170 2,72 3.33 3.30 4,11 i il i 1
48 19.06.1949 27 09.1997  20.04.1980 1 175 3.33 362 4.17 447 i i i o
3@ D1.01.1950 12 03.1988  31.01.1981 1 190 1.81 156 5. 90 5. 59 i 1 1 2
47 21.08.1945 10.06.1352  24.03.1986 i 178 3.59 366 4.88 4 48 i o o o
33 07.07.1955 04.09.1994 25 06.1982 1 130 525 153 6.74 5. 57 0 0 1 2
16 62 16.03.1923 11 .05.1991 13 .03.1983 0 1758 3.04 2 74 3.73 349 0 0 o £y
a7 36 17.07 1981 23.09.1957  02.08.1991 1 173 368 ERCL) 469 467 0 0 a o
13 35 20.03.1955 17.04.1990  31.03.1982 (i 170 3.97 3.80 3.97 3.80 i i 1 2
19 40 06 09 1945 20 11.1988  25.10.1979 1 130 5.05 450 6.26 5.54 0 il i o
50 34 31.12.1953 11.12.1993  29.10.1376 i 182 4.54 4.33 5.65 5.24 il il i il -
< v [ foundr Tel | s

If you selectDescriptives Report the screen below will appear

ﬁ Cl= Edit Insert Format L A G s Help = | e
oK Select GROUP IDENTIFIERS [Min 1: Max 20)
[T Batch mode (" Groups by column % Groups by identifier To zelect nor-adjoined data. hold down Chl and uze the maouze.
H17 [175
€ | i | V=00 S 30 Y o e o1 o 1=
1 AGE DTEIRETH _DTASSHMNT| DTEMPLHT SEX HT FEVHMEAS FEVFEED FVCHEAS FWC
2 49 29.04.1946| 12.06.1995 12.02.1972 1 175 3.40 3.59 4.49 o]
3 16 12.10.1952] 24.12.1998 10.08.1982 1 168 2.83 3.39 3.91
4 34 01.11.1956| 31.10.1990 18.10.1978 1 130 3.93 4.26 4.80
5 34 05.04.1958 09.09.1992 24 .06.1980 0 180 4.01 4.25 4 .57
6 29 12.03.1960/ 0A.04.1989 05.05.1982 a 183 4.75 4.52 6.50
7 43 25.06.1947| 21.07.1990 24.03.1982 o) 174 4.60 373 £.82
8 27 10.02.1964| 15.03.1991 24.01.1983 a 1380 4.01 4.45 4.90
9 59 11.01.1928| 10.02.1987) 08.02.1965 1 167 2.58 2297 3.68
10 29 01.01.1962] 04.01.1991 04.02.1982 1 175 4.50 4.18 E.E8
11 31 0g.02.1957| 07.05.1988 05.03.1979 1 177 1.19 1.21 N
12 ag 31.03.1961] 29.06.199¢ 24.02.1981 o) 173 3.51 3.92 4 .EE
13 28 24.02.1966  31.03.1994 23 .05.1986] 0 168 2:92]| 3.91 4.09
14 34 29.06.1958| 12.07.1992 10.06.1984 1 175 3.18 4.03 3.61
15 t1 31.01.1936| 25.02.1987 23.03.1982 0 168 2.76 3.24 4.21
16 19 29.01.1946| 19.04.1995 10.04.1987 a 75 3.06 3.59 1 BB
17 29/ 02.02.1967| 07.01.1996/ 24.01.1988 ]| 75l 3.95 4.18 529
18 £l 23.09.1939] 20.10.1990 11.08.1967 1 [ 3.77 3.24 4.40
19 34 05.06.1959) 13.08.1993 24 . 06.1979 1 1700 3.91 3.82 4.80
20 | 32 20.02.1964] 21 .05.199¢ 18.03. 1988 i] 133 4.03 4. 44 5.14 -
| v ]\ foundry el | o[
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If you select the Group by column option using thdio button, descriptive statistics will be
produced for all data for each variable selected.example if you choose the variables FEVMEAS

and FVCMEAS, you get the following in the reporigow.

Descriptive statistics

Variables FEVMEAS FVCMEAS
Valid Data 136 136
Missing Data 0 0

Mean 3.793824 4.813456
Variance 0.546659 0.705058
SD 0.739364 0.839678
SEM 0.0634 0.072002
Lower 95% CL 3.668438 4.671059
Upper 95% CL 3.919209 4,955853
Geometric Mean 3.714979 4.738105
Skewness -0.241417 0.041158
Kurtosis 3.228908 3.037622
Maximum 5.61 7.21
Upper Quartile 4.285 5.3775
Median 3.79 4.805
Lower Quartile 3.3525 4.24
Minimum 1.45 2.68
Range 4.16 4.53
Variance coeff. 0.194886 0.174444
Sum 515.96 654.63
Centile 5 2.5885 3.4935

If instead you had selected group by identifien) yould have selected a categorical variable SEX
as the identifier. Separate descriptive statistvcsild then be produced for men and women as
shown below. It is only possible to obtain desdiviptstatistics for one variable at a time. Having
selected sex as the identifier and then FEVMEAShasdata you get the result below. The first
column give descriptive statistics where SEX =hht's men, and the second for SEX= 0 which is

women.

Descriptive statistics

Variables FEVMEAS_SEX_ 1 FEVMEAS_SEX_0
Valid Data 73 63
Missing Data 0 0
Mean 3.8033 3.7829
Variance 0.6703 0.4117
SD 0.8187 0.6416
SEM 0.0958 0.0808
Lower 95% CL 3.6123 3.6213
Upper 95% CL  3.9943 3.9444
Geometric Mean 3.7043 3.7274
Skewness -0.3677 0.0477
Kurtosis 2.9996 3.3013
Maximum 5.56 5.61
Upper Quartile  4.435 4.21
Median 3.81 3.78
Lower Quartile 3.24 3.4
Minimum 1.45 2.16
Range 411 3.45
Variance coeff. 0.2153 0.1696
Sum 277.64 238.32
Centile 5 2.428 2.728
Introduction to StatsDirect, 15/03/2017 12



If you selectQuick Univariate Summary, you cannot divide the data by an identifistatsDir ect

will then ask you to select a variable and prepasemmary in a separate window as shown.

Title: CIGHO

Valid data 136
Missing u}

S -13587

Mean -14.610294
Variance Z652.091449
Adtandard deviation 51.495461
Variation coefficient —-3.524507
Adtandard error of mean 4.415957
95% Upper CL of mean —-5.876891
95% Lower CL of mean —23.343697
Geomwetric mean *

Skewness -0.882363
Kurtosis 1.576957
Max iroam al

95ch percentile 30

Tpper dquartile 20

Median 16.5

Lower cuartile -85

S5th percentile -85
Minirmum -85

Fange 145

Note that the mean numbers of cigarettes giverdagris —14.6102. This is because data for non-

smokers is recorded as —88 to represent not apfdic®ealing with missing values will be

considered below.

Exercise: Use thedescriptive procedure to determine the mean median and rantiee @ges of

the workers. Using the group by identifier optiootaon the mean median and range of ages for

exposed and non-exposed workers.

Cross-tabulation, Chi-squared Test and Fisher’'s Exa

ct Test

To examine the relationship between two categorxiaabbles, a two way Frequency Table can be

used called a cross-tabulation. Rows of the dagacategories for one variable and columns are

categories for the second. Click AnalyzethenCrosstabs. The screen below will appear.

Fd StatsDirect - [foundry. xIs]
FH o Edit  Insert Format

Help

| oK

I~ Batch mode

select data for FIRST CLASSIFIER (ROWS] [1 column]

[=%] |CIGHO

(o] R S T
EMEPYRS[ cIcHol CIGYRS RESPDUST
23 20 31 66
1e
iz

1.71
1.62

"
N
|
w K
L=}
|
wH
mH

o= P

2
< | » [ foundr

)

"

i)
D e )00 00 1 2 40 10 0 N0 0

1 0 M 1000 e B R L @ N @0
Noomo0noo00onann

| |
RRRER RER

BFHD 0D NE RO o
100300 0D 00 U1/ ~J 00 13/ 0 00 O

N
-
m

[IEN]

5

Select the column SMKNOW then click OK. In the nsgteen select the column GROUP.
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Ed StatsDirect - [foundry.xis]

FH oo Edit Insert Format oo = o iy Help _ =
Cancel select data For SECOND CLASSIFIER[S]) [COLUMNS]) [Min 1: Max 100])
™ Batch mode To select non-adicined data. hold down Ciil and use the mouse.
o1 [SHEHOW
M| LI | (=] IO OO | Y Y R S SO O T o u 1 W | &=

1 ASTHMA ERON[__SHEHOUL SHEEVER  EMPYRS CIGHO CIGYRS EESPDUST

2 o il T 2 23 zo & S|

23 1 1] 1 Fl 15 zo 11 T

1 o o ] o iz —E8 —88 163

5 i} i] 1 2 iz 25 ie oo

6 o il o o 7 —88 —88 oo

T o ] ] 1 [} zo 1s 1.96

8 i} o ] o = —E8 —g8 1.z23

9 [i} i] 1 2 33 30 i2 £9

10 o il o 1 El zo ] SEEEL]

11 o il 1 2 El Zo 7 1zo

12 o o 1 2 15 z0 25 2.04

13 1 il 1 z E 40 3 1as

14 o i] i ] 8 —88 —88 oo

15 o 1 1 2 s zo 23 oo

16 o o ] 1] B zo ] oo

17 1 i] i] 0 S —E8 —88 fifs]

18 o i] i] 1 23 40 17 2. 04

19 1 il 1 2 14 2o is 2. as

20 | o o o 1 8 5 1 .oo =
< | » [ foundr IEN] | v

A third screen appears, which allows you to sedetiird variable for a three way table. Since we

do not wish to do this, click Cancel. The follownghappears.

v Show percentages
[ Show cel chi-square
|~ Specify trend scores

Help |

[ Show expected counts
[ Show trend scores

Click OK to get the results part of which are shdvehow

Crosstabs
Row variable (first classifier): SMKNOW
Column variable (second classifier): GROUP
0 1
0 43 39
1 20 34
Contingency table analysis
Observed 43 39 82
% of row 52.44% 47.56%
% of col 68.25% 53.42% 60.29%
Observed 20 34 54
% of row 37.04% 62.96%
% of col 31.75% 46.58% 39.71%
Total 63 73 136
% of n 46.32% 53.68%
TOTAL number of cells = 4
NOMINAL INDEPENDENCE
Chi-square = 3.106252 DF=1 P =0.078
G-square = 3.130666 DF=1 P =0.0768

Fisher-Freeman-Halton exact not calculated
From the table above it can be seen that the pagerof workers who currently smoke is higher
for those exposed to dust than those who are i@, @4/73) as compared to 32% (20/63). This is
not statistically significant with a 5% level tektis recommended that you report the p-valueerath
than just say significant or not significant. Sirtbe p-value is only slightly larger than 5%, you
might write “There was a slight suggestion that keos exposed to dust were more likely to smoke
(p=0.078)".
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If the cross-tabulation has more than 2 rows ool@rans, a different set of statistics are produced.
For example suppose one compared the two dust edparsd not dust exposed in terms of the
smoking status variable SMKEVER, using SMKEVER hs tow variable and GROUP as the

column variable one gets the following table antpat
Eil StatsDirect - [Report 2] E]@

§|Eile Edit Insert Format Analysis Toolks Window Help IR
f foundry T Repart 1 T RepollZ]

[ = b B =7

s e -l|@[e zo|=x|==5|E M
JéI'MI'Z'\'3'\'d'I'E‘I‘B‘I‘?'I'S'\'EI'I'W'I‘H‘I‘12'I'13'\'1=1'\'15'I‘1B‘I‘1T‘I'18'I'¢

Contingency table analysis

Observed 24 20 4

% of row 54.55% 45.45%

% of col 38.1% 27 4% 32.35%
Observed 19 19 i8

% of row 50% 50%

% of col 30.16% 26.03% 27.94%
Obszerved 20 34 54

% of row 37.04% B2.96%

% of col 31.75% 46.58% 3/I%
Total 63 73 136

% of n 46.32% 53.68%

TOTAL number of cells =6

HMOMIMAL INDEPEMDENCE

Chi-square = 3 2756582 DF=2 F=015944
G-sguare = 3299606 DF=2 P =01521
Fisher-Freeman-Halton exact not calculated
AN

Chi-syuare for egualitd of mean colurmn scores = 3.058527
OF =1 F=0X803

LINEAR TREMD

Sample correlation (1) = §.150518
Chi-sguare for linear trend (M%) = 3.058527
DF =1 P =0.08

Pearson's confingency = 0.19336
Cramér's ¥ =\155196

ORDIMAL

Goodman-kKruskkl gamrma = 0.345264

Approximate tes| of gamma =0 SE=0.133721 P=00655 95% Cl=-00155824 to 0.508351

Approximate test\of independende: SE =0137166 P =00726 95% Cl=-0.022577 to 0.515105 &

09/03/2005 16:39 | \ = INUM

If one considers\the categories, of smoking to haveorder None, Ex, Current, the appropriate

statistic isChi? with Linear Trend. If instead one did not consider them to be omlethe
appropriate test id'otal Chi? might be appropriate. From this table there idights suggestion
(p=0.0803) that those exposed to dust (the coluaiiifes) are more likely to smoke and less likely

to be non-smokers or ex-smokers.

Exercise: Using the cross-tabs procedure examine whetheg the relationship between current
smoking status and bronchitis symptoms.

Are the expected numbers greater than 5 for dié2el

Fill in the spaces and delete as appropriate iridb@ving statement:

“Amongst those that currently smoked % had egpeed symptoms of bronchitis whereas
____% of non-smokers experience such symptoms.Wassstatistically significant/non significant

at a 5% level using a two-tailed continuity coreetthi-squared test with p=
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Exercise: Now use the cross-tabs procedure to examine kaoreship between Exposure to dust
and symptoms of bronchitis and asthma. Record gonclusions below using either the continuity

corrected chi-squared or Fisher’s exact test asogpite.

You should find no statistically significant relatiship between exposure to dust and either asthma
or bronchitis symptoms. Whilst 15% (11/73) of tkpesed worker had symptoms of bronchitis and
only 6% (4/63) of non-exposed, this difference wad statistically significant at the 5% level
(p=0.169). There are several explanations for tfilsere may be no relationship between the
exposure to dust and respiratory disease. Alterglgtithe study may have lacked statistical power
to detect small differences. It should be noted #fst only 11% (15/136) of the sample reported
such symptoms.
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Saving The Work

FILE HANDLING

Worksheets andReports are all saved separately. To save the reporidtwaeated here:

Either:

a) Seleckave Report Asfrom the file menu,

Or: b) Click on theReport 1 tab with the right mouse button and seléate As from the menu of

commonly used options which appears below

e
[ foundy | Repot1 | Report2 |

EEE

DEFHE i@ - = |7

s I Je s

Ig| = ||EESEHMA
RARN

< CRAEAREINRE CNRE SARETNRT RREARRT CARE IR R TR N K IR NE T

Contingency table analysis

Obszerved 24 20 4
% of row 54.55% 45.45%

% of col 3B/BA% 27 4%
Observed 19 19 3
% of row 50% 60%

% of col 30.168% 26.03% 27
Observed 20 34 5
% of row 37.04% 62.96%

% of col 31.75% 46.58% 39
Total 63 73 1
% ofn 4B.32% 53.68%

TOTAL number of cells = &

NOMINAL INDEPEMDEMCE
Chi-square = 3.275682 DF=2
G-sguare = 3.299606 DF=2
Fisher-Freeman-Halton exact

ANOVA,
Chi-square for equality of mean column scal
DF =1 P =0.0803

LINEAR TREND

Save Report As

Savein | B9 ~
5
‘¢
My Recert
Documents
;",}
Desklop

My Documents

B3]

& of -

5
My Computer
“] Fle name: [Repart 2
=
My Network  Save as type: [RTF File .11
Flaces

~| Save
-l Cancel

Help \

Sarmple correlation (f) = 0.150518
Chi-square for linear trend (M9 = 3.028527
DF =1 P =0.0803

NOMINAL ASSOCIATION
Phi=0.155196

Pearson's contingency = 0.15336
Cramér's ¥ = 0165196

ORDINAL
Goodman-Kruskal gamma = 0246264

Approximate test of gamma=0:  SE=0133721 F=00655 95% Cl=-0.015824 to 0.508351
Approximate test of independence: SE=0137166 P =00726 95% Cl=-0.022577 to 0.515105

~

09/03/2008 1657

NI

The standard@ave As dialogue box will be displayed as above. You himvehoose a drive and a

suitable name of the file. For Report the fileesdion is.rtf (which stands for rich text format.

Files in that format can be opened\Wyrd to edit). Then click th&ave button. Say, you saved the

Report with the name callesdrveyl in the pen drive

Similarly, to save the WorkboolB6ok 1):

Either:

a) SelecBave Workbook As from the file menu,

Or:

b) Click on theBook 1 tab with the right mouse button and sefate As from the menu of

commonly used options

which appears below
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| " ; P
[ foundy | Repo1 | Fepoiz |
DEH| & tB ez 7

B1 GROUP
A B c D E F G H 1 J K L 1] N 0 -
1 IDNO  GROUP AGE DTBIRTH DTASSHHT DTEMPLMT SEX HT FEVHEAS FEVPRED FVCHEAS FVCPRED  ASTHNA BRON  SHINO
z 1001 1] 49]  29.04.1946 12.06.1995 12.02,1972 T 175 3.40 3.59 1.49 4.45 [ 0 7
3 1002 1] 46| 12.10.15952] 24.12.1998) 10.08.1982 1 168 2.83 3.39 3.91 4.12 1 1
4 1003 1] 34[ 01.11.195%6 $1.10.1990] 18.10.1978 1 1810 3.93 1.28 1.80 5.14 [ 0
5 Tona 1305 e e e 4 T7 1> 0 0
[ 1oos [IRFEIREYN save Workbook As 2% 5.42 1] 0
7 1008 1l 43 25 5.82 4.54 i 0
8 1007 127 10 Savein | 3 Voll on Uk-ac-man-serfs2 [L: - - B 4.90 5.30 0 0
9 1008 1 83 11 = Ll z] eBo 3.68 3.73 i i
10 1010 1 290 o1 y ] .68 4.97 [ 0
11 1011 FURE T 4 et 561 5.03 i i
12 1012 1 35 m Dpersan 1.66 4.63 [ 0
13 1013 1 28] 24 g‘yﬂm"‘ (Earive 1.09 453 1 i
14 1014 0 34 29 pouments. ey seTup 361 4.84 i 0
15 1015 o 51 31 F i 4.21 3.99 i 1
16 1016 0 43 29 - 1.66 4.45 i i
17 1017 0 23 0z Desktop £.29 4.97 1 i
18 1018 1 51 23 1.40 3.99 i 0
19 1018 1 34 o5 4.80 4.55 L 0
20 1020 o 32 20 5.14 5.35 i i
21 1021 1 51 1s £.38 4.93 [ 1
22 1022 1 46 0s My Documents 5.13 4.24 1] 0
23 1023 0 43 0e i.68 3.87 [ 0
24 1025 0 45 09 =3 1.34 4.25 i i
25 10256 1 48[ 17 1‘5 5.17 4.45 [ 0
76 1027 1 58/ 10 i 3.57 3.69 i i
27 1028 1 28 01 SRS 1.58 i.87 [ 0
28 1023 1 54/ 1% - ‘ 4.51 4.03 i 1
29 1030 1 32 12 B et iGunan s - Save 5.92 5.0 1 i
30 1031 1 34 20 "_é e El I—I 6.06 5.69 i i
31 1032 0 50 0z MyNetwork  Save a3 type: [Excel /37 *.uls) - Cancel 3.88 4.13 1] 1
32 1033 1 53 10 Places 3.80 361 i i
33 1034 o g2 09 Hep || a0 4.94 [ 0
34 1038 0 4z 16 4.59 3.88 i i
35 1037 1] 34 I3 0L ANk RS D 5t T ton L 1 L83 & Sald 4.95 1] 1]
36 1038 0 45 26.06.1947 19.09.1932 31 0% 1983 il 170 4.31 3.50 5.50 4.26 i i
37 1033 1/ 36 15.01.1953] 22.01.1991] 25.01.1974 1 170 3.98 3.72 5.11 4.45 i 1
38 1040 0 47 09.01.1946 20.03.1333  13.01.1971 [ 180 3.97 3.87 £.18 4.78 i 0
39 1042 0 24 23.07.1966 30.09.1990 24.07.1982 1 180 4.80 451 6.27 5.36 i 0
40 1043 0 35 11.07.1954( 11.08.1989] 12.06.1974 1 175 4.18 4.00 4.84 4.81 1 ]
£y 1044 1 51 02.02.1944 13.01.1995  19.04.1970 i 1710 2.72 3.33 3.90 4.11 i i
12 1045 1 48/ 19.06.1943 27.09.1937  20.04.1930 1 175 3.39 3.83 1.17 4.47 a ]
43 1045 1/ 38 01.01.1950) 12.03.1988) 31.01.1981 1 190 4.81 1.56 5.30 5.59 i 1
44 1047 11 47 21.08.1945] 10.06.1992] 24.0%.1936 1 175 3.59 186 1.88 4.48 [ i
45 1048 1 39 07.07.1955/ 04.09.1994 25 .06.1982 1 1910 5.25 4,53 6.74 5.57 i 0
16 1043 0 62 16.03.1929) 11.05.1991] 13.03,1933 [ 175 3.04 2.74 3.73 3.49 [ 0
4 1050 0 36 17.07.1961] 23.09.1997 02.08.1991 1 173 3.68 3.89 1.59 4.67 i 0
48 1051 G 35 20.03.1955 17.04.1990] 31.0%.1982 [ 1710 3.97 380 3.97 3.80 [ 0
49 1052 1 40  06.09.1948 20.11.1988  28.10.1973 1 1980 5.05 4.50 6.26 5.54 i i
50 1053 0 34 31.12.19%9 11.12.1993] 29.10.1976 [ 182 4.54 1.33 5,65 5.24 [ 0 -
o]y foundry el | i

The standard@ave As dialogue box will be displayed as above. You himvehoose a drive and a
suitable name. For Workbook file the file extemsis.sdw. Then click theSave button. Say, you

saved the workbook with the name calsadveyl in the pen drive.

Backup The Work

When saving Workbook or Report, make sure thatsaue onto at least two USB pen drives just in
case one of your USB pen drives fail. To make &ingacopy of your work repeat tifeave As

procedure.

Retrieving a StatsDirect File

Having returned to the computer, access the syatebefore and click on tH&le option from the

menu bar, then on ti@pen File sub-option.

To open a copy of thétatsDirect file on your pen drive, undérives: click on < in theLook in
window to generate a list of the drives. Seleetdbpropriaté®en Drive where you saved your file,
a list of file names will be displayed. Then chosseveyl.sdw and click Open button (shown

below)
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Open File @
Loak in; |_']| Data _'J r |‘=_‘5F Ef-
X _3- My Recert Documents
9 Mo
- i v Documents
oreem |5 o
= ® 83k Floppy (A1
B e Local Disk [C:)
|53 Program Files
Geskiop I StatsDirect
i) Data
e MNewWolume [D:)
-—j Lk CO-Rwf Drive [E:)
by Documents 52 Sys on 'Uk-ac-man-ser-f1° [K:)
_';*.l‘___ Wall on Uk-ac-man-ser-fz2' [L:]
" | :: Apps on 'Uk-ac-man-ser-fz145 s’ [M:]
3 —IT.- Wall on Uk-ac-man-serfz1' [M:]
My Computer 22 bbbwrdmaZ on 'Uk-ac-man-fee-f3% ol Wser
L 2 Odiive on 'Uk-ac-man-gerfs24all’ (3:]
-"il :: Mlz on 'Uk-ac-man-zerf1 45 ps\Public' (<] :J Open |
- z Public on 'Uk-ac-man-zer-fz145ps’ v
MyF'r;Jaect;usmk 2 Uil on 'Uk-ac-man-serfs14Sps\bpps’ [£:) j' Cancel
(53 Shared Documents
(=) My Documents i-p._‘.
[ T R W TR R T PR

MODIFYING THE DATA
StatsDirect contains the same functions for insgréind deleting rows and columns as a standard

spreadsheet such as EXCEL. These are found unddédh and Insert menus. It is possible to
move columns and rows using cut and paste. StasDatso contains some additional functions to

calculate new variables from old variables.

Modifying a new variable by Search and Replace

The Search and Replace option in the data menwslieore complex editing than that available in
the standard editing menu. It should be notedtthatis not as powerful as the recode procedures in
SPSS or STATA but it still allows you to do sommale recoding.

In the exercise above we noted that number of eitgs per day is recorded in the data set with —88
for missing. You might want to change this to thesimg value code *, if you want to calculate the
mean numbers of cigarettes smoked by smokers.nalieely you might change this to O if you
wanted to calculate the mean number of cigarettesked by each worker regardless of whether
they were a smoker. For this part of the tutorialwill change the “-88” in the variablesyno to *.

Select the column and search and replace.

Introduction to StatsDirect, 15/03/2017 19



Ed StatsDirect - [foundry.xls]

m File Edit Insert Format {2 Analysis Graphics Tools ‘window  Help - x
Transformations »
Sort 13
Random Mumbers »
Pairwise b
Grouping »
apply Function | F ! G H 1 J ! K | L M| 0 | P =t
1 et HT FEVMEAS FEVPRED FVCHEAS FVCPRED  ASTHMNA ERON  SHKNOW SHKEVEH CIGYRS ENPYRS RES
2z i e 177 5 61 4.21 7.21 5.03 i 1 1 2 5 i
3 Date & Time Intervals 160 4.51 3.45 5.08 4.02 a il i i -88 5
1 Dummy Wariables 165 4,62 3.72 5.31 4.36 0 i 1 2 i 7
g Fil Series 174 1.60 3.73 5.82 4.54 0 i i 1 15 8
185 5,56 i.67 6.22 5.53 0 0 i i -84 3
7 Horped scores 168 377 324 440 3.99 0 0 0 1 17 23
8 el 175 4.79 4.12 5.53 4.91 0 0 0 1 6 9
9 150 5.25 4.53 6.74 5.57 i i 1 2 E] 12
10 splace 175 4.26 3.69 5.42 4.52 1 i 1 2 5 8
11 | Sandardization 170 427 3.70 5.16 4.44 i il 1 2 i5 12
12 i 170 3.97 3.53 5.01 4.33 i 0 1 2 i5 13
1 1 TExkCaphmbers 150 I L ] [EOT N [ 0 i il BT 5
14 1023 1 54 1 170 3 83 324 4.51 4.03 a 1 1] 1 30 ]
15 1140 1 5e 0 168 3.43] 3.07 4.22 3.82 0 al i i -88 10
16 1025 1 46 0 175 1,01 3.59 5.17 4.45 0 i i i -88 5
17 1035 1 32 1 173 1.46 i.01 5.27 4.77 0 i i i ET] 6
18 1030 1 32 I 178 1.68 i.22 5.92 5.06 1 0 i i -84 7
19 1087 1 39 1 165 3.84 3.47 4.9 4.15 0 0 i 1 8 17
20 1022 1 46 1 170 3.81 3.47 5.13 4.24 0 0 i i -88 ]
21 1010 1 29 1 175 4.50 4.18 5.68 4.97 i i i 1 ] E]
22 1097 1 56 0 177 3.74 3.48 4.58 4.38 o i i 1 15 19
23 1038 1 38 i 170 3.98] 377 5.11 4.46 i il i 1 4 17
24 1065 i a7 il 178 4.19 3.95 .05 4.76 i 0 1 2 is 7
25 1028 1 26 1 172 4.37] 414 4.58 4.87 i i i i —88 8
26 1075 1 31 1 180 4. .58 4 34 5.39 5.20 a o 1 2 10 8
27 1046 1 38 1 130 481 4.56 5.30 5.53 0 1l 1 2 20 7
28 1031 1 34 1 130 1,91 .68 6.06 5.69 0 i 1 2 13 E]
29 1085 1 32 1 182 4.59 4.39 5.9 .23 0 0 i 1 10 8
30 1030 1 29 0 168 1.05 3.08 4.69 4.56 0 0 1 2 4l ]
31 1126 1 28 0 178 4,51 4.34 5.87 5.16 0 0 1 2 8 E]
32 1148 i 31 i 168 3.95 3.82 4.87 4.51 i i i 1 i1 5
33 1078 1 59 1 173 3.30 3.19 4.24 4.09 i i i i -88 7
34 1059 1 50 it 170 3.46 3.36 4.40 4.13 i i 1 2 32 22
35 1124 1 45 i 175 380 371 4.75 4.55 il il i 1 11 21
36 1018 1 a4 1 170 3,91 382 4.80 4.55 1 i 1 2 i@ 14
37 1021 1 50 i 1885 4.04] 3.93 .38 4.39 i 1 i 1 3z i
38 1094 1 50 1 163 3.08 3.08 3.68 3.73 a o 1] 0 —88 10
39 1054 1 43 0 170 3.40] 3.38 4.11 4.16 0 il i 1 16 16
40 1123 1 28 0 175 1,22 421 4.3 4.33 0 0 i i -88 E]
4 1114 1 39 0 178 1.01 i.02 4.81 4.88 0 0 i i -84 12
12 1011 1 a1 I 177 1.13 4.21 5.61 5.03 0 0 1 2 17 E]
3 1153 1 33 0 180 4.21 4.28 5.89 5.15 0 1 1 2 20 17
44 1047 1 47 1 175 3.59 3.66 4.88 4.43 i i i i -88 6
15 1131 1 49 1 172 3.39 3.47 4.05 4.27 i i i 1 24 24
16 1074 1 53 ] 175 3.39 3.48 5.30 4.34 i 0 1 F 37 7
" 1132 1 25 i 175 4.15 429 5.37 5.07 i i i 2 10 8l
18 1098 1 az il 171 3.78 392 4.55 4.86 i i 1 2 12 i
49 | 1123 1 37 1 170 3.70] 3.88 5.40 4 .59 a 1 £ & 25 8
50 | 1113 145 I 163 3.04 3.19 4.18 3.86 0 i il i -88 22~
< v ] foundry / [le] | L

When the panel below appears insert the valueb@asrs It is worth clicking orCount, to check

how many values satisfy the condition

. Then cligpRce to complete the change.

-
-~
-
-
~
-
=

LCount | Beplace | Delete | Help ‘ E xit |
Search for entries
equal to
Search for:

greater than Search mode
less than -8B

" Mumerical
greater than or equal to Fleplens il
lezs than or equal to H— (o Test
not equal ta
match expression

You can also code a numeric value to a string valug vice versa by thiSearch and Apply

method. Suppose you want to code the varisgde0 as male and 1 as female. The screen below is

an example.

Bl Search

-
=
-~
~
-~
~
-~

Count ‘ Beplace | Delete ‘ Help | E xit |
Search for entries
equal to
Search for:
areater than Earch for o —
lezz than 0
" Numerical
areater than or equal to Replace with:
lezz than or egual to o Text
mald
not equal to
match expression

This recoding is very useful for some analysesgmaghs, such as crosstabs boxplots etc.
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Creating a new variable by calculation
It is recommended that you store your data to fliskin case you make a mistake. Suppose you
want to convert the variable HT in meters. To dat ou highlight the variable HThen clickData

thenApply Function. The following screen will be displayed.

&l Apply function to data E|
ok Help | LCancel |
¥1: HT
Enter an expression using ¥1 etc.
[¥1/100

You can see a little window calledefiter an expression using V1 etc." You have to write the
mathematical expression there. In our case itlghbeVV1/100 (V1 representddT). Then press
OK button.

Then you have options where to put the variableghbelow).

Select worksheet for output

Cancel ‘

Output destination:

Book 1 Sheetl
Mew Sheet in Book 1

foundry. xls foundry
Mew Sheet in foundm, xls
Mew Book

It is always advisable to put the new variablehi@ ¢éxisting data sheet, so chob@endry.xls, then
pressSelect button. The new variable name will BE /100 and it will be placed right at the end of
the variable list. You can replace the variabléecaH T/100 by any suitable name (sayT meter).

Exercise 1: A variable FEV ratio is need for a later part bisttutorial. This is defined as FEV
Measured/ FEV Predicted. Block these two columnghenspreadsheet and then Ba then

Apply Function to construct this new variable.

Exercise 2: Use the integer divide operator \ to create a nawiable agegp grouping ages by
decade

[Hint The integer divide operator is SelectAGE then use Apply function in the Data menu with
the formula v1\10. Compare theGE andAGEGP to check your result]
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PART I

CONTINUOUS OUTCOME MEASURES

Perhaps the first step in analysing a continuouisbig is to examine its distribution. This can be
done graphically using a histogram. Histogramalan be used to detect outlier, that is values very

different from the other data points.

Histogram

Histograms are produced for interval variables ege, height etc. Here we will produce a
histogram of measured FEV. To do that, clizikaphs on the menu bar and selétistogram from
drop down menu. Then select the data and @ik You will get a little window asking for the

title for the histogram.

Ed Histogram

Histogram title
Hiztogram for FEYMEAS

Choose the title and clidRK button. Then you will get another window like tih&low.

Ed Histogram Bin Setup

Data masimurn: 561

Data minimum:  1.45

Mumber of binz: |12 Auto Bing
Mirimurm bin mid-paint: | 1.4 Ak bid-pts
Bir mid-paint interval: |04 tanual Feset

Bin walues:

Low Mid-point High ~
1.2 1.4 1.6

1.6 1.8 2

2 2.2 2.4

2.4 2.6 2.8

2.8 3 32

3.2 34 36

36 38 4

4 42 44

44 4.6 4.8

48 L h2

5.2 hiy 56 b

Help | LCancel |

Click OK then you will be asked whether you want to ovetteynormal curve. If you say “yes” it
will overlay the normal curve, otherwise it willg@uce only the histogram. Then select the title of
the axis and the output destination and you willtge histogram (shown below)
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Histogram for FEVMEAS Histogram for FEVMEAS

309 301
14 18 22 26 3.0 34 38 4.2 4.6 5.0 5.4 5.8 14 18 22 26 3.0 34 38 42 46 5.0 54 58
Mid-points for FEVMEAS Mid-points for FEVMEAS
Without Normal Curve With Normal Curve

Exercise: Draw a histogram of AGE or of HT

We will now consider the lung function measuremen@ven that lung function is age and size
dependent it is usual to divide measured lung fandiy the expected lung function.

We now want to examine whether workers exposedust dave reduced lung function. First you
might examine this graphically with a box plot als@led a Box-and-Whisker plot. To examine
whether dust exposure affects lung function youtveaseparate Box-and-Whisker for exposed and
not exposed separately. Make sure no variablekightighted. Go to the graph menu, selBok

& Whisker. Then the following screen will appear. Whethesubject is exposed is given by the
identifying variableGroup. UseGroups by Identifier rather tharGroups by Column. Select the
radio button forGroups by Identifier if necessaryYou will then be asked for the column for the

group identifier which in this case is the varia@leoup. Then select the variable for FEV Ratio.

E:: | Edit Insert Format A Help

oK Select GROUP IDENTIFIERS (Min 1: Max 20)

[ Batch mode © Growps by column % Groups by identifier  To select non-adioined data, hold down Chil and use the mouse.

Bi JGROUF
A D E F | 6 | H [ J K L M | N | 0 P B
1 DN SEX HT FEVHEAS FEVERED FVCMEAS FVCERED ASTHMA ERON  SMENOW SHKEVER|  CIGNG CIGYRS EMFYRS RES
2 1070 0 177 561 4.21 7.21 5.03 0 1 1 2 10 5 17]
3 1091 1 160 4.51 3.45 5.08 4.02 i 0 0 i x -88 5
1 1134 0 165 4.62 3.72 5.31 4.36 [ 0 1 2 15 4 7
5 1008 i 174 4.60 3.73 5.82 4.54 i i i 1 20 15 E]
6 1086 1 185 5.56 4.67 6.22 5.59 i i 0 0 * -88 E]
7 1018 1 168 3.77 3.24 4.40 3.99 i 0 i 1 40 17 23
8 1133 1 175 1.79 1.12 5.53 4.91 [ 0 0 1 10 6 )
g 1048 1 130 5.35 1.53 6.74 5.57 i i 1 2 3 E] 12
10 1061 1 175 4.26 3.69 5.42 4.52 1 i 1 2 20 5 ]
11 1099 1 170 4.27 3.70 5.16 444 i 0 1 2 15 15 12
12 1135 0 170 3.97 3.53 5.01 4.29 [ 0 1 2 30 25 13
13 1052 1 130 5.05 4,500 6.26 5.54 i i i i = —88 3
14 1029 1 170 3.63 3.24 4.51 4.03 i 1 0 1 20 30 E]
15 1140 0 168 3.43 3.07 4.22 3.82 i 0 i 0 x -88 10
16 1026 0 175 4.01 3.59 5.17 4.45 [ 0 0 0 = -88 5
17 1095 1 173 4.6 4.01 5.27 4.77 i i i i = —88 3
18 1030 1 178 4.68 4.22 5.92 5.06 1 i 0 0 * -88 7
19 1087 1 165 3.84 3.47 4.96 4.15 i 0 i 1 20 ] i7
20 1022 1 170 3.81 3.47 5.13 4.24 [ 0 0 0 = -88 ]
21 1010 1 175 4.50 1.18 5.68 4.97 0 0 0 1 20 ] 9
22 1097 0 177 3.74 3.48 4.58 4.38 i i 0 1 60 15 14
23 1039 1 170 3.98 3.72 5.11 446 i 0 i 1 13 4 17
2 1065 0 175 4.19 3.95 5.05 4.76 [ 0 1 2 20 15 7
25 1028 1 172 1.37 1.14 1.58 4.87 0 0 0 0 = -88 E]
2 1075 1 180 4.58 434 5.39 520 i i 1 2 30 10 ]
27 1046 i 190 4.81 4.56 5.90 5.59 i 1 1 2 25 20 7
29 1031 1 190 4.91 4.68 6.06 5.69 [ 0 1 2 12 13 ]
29 1085 1 182 4.59 1.39 5.96 5.29 0 0 0 1 20 10 E]
30 1050 i 168 4.05 3.68 469 4.56 i i 1 2 i5 i L]
31 1126 i 178 4.51 4.34 5.87 5.16 i 0 1 2 3 ] 9
32 1148 0 168 3.9 3.82 4.67 4.51 [ 0 0 1 20 11 5
33 1078 1 173 3.30 3.19 1.24 4.09 0 0 0 0 = -88 7
3 1059 1 170 3.46 3.36 4.40 4.13 i i 1 2 25 EE] 22
35 1124 0 175 3.80 3.71 4.75 4.55 i 0 0 1 10 11 21
36 1019 1 170 3.91 3.62 4.60 4.55 1 0 1 2 20 18 14
37 1021 0 185 4.01 3.99 5.38 4.99 i 1 0 1 10 32 15
38 1094 1 163 3.08 3.05 3.68 3.73 i i 0 0 x -88 10
39 1054 0 170 3.40 3.38 411 4186 i 0 i 1 20 16 16
10 1129 0 175 4.22 4.21 1.96 4.99 [ 0 0 0 = -88 ]
11 1114 0 178 4.01 1.02 1.81 4.88 i 0 0 0 = -88 12
12 1011 1 177 4.15 1.21 561 5.03 i i 1 2 20 17 9
13 1153 0 180 4.21 4.28 5.89 5.15 i 1 1 2 25 20 i7
u 1047 1 175 3.59 3.66 4.68 4.49 [ 0 0 0 = -88 [1
15 1131 1 172 3.39 3.47 1.05 4.27 i 0 0 1 ] 24 24
16 1074 0 175 3.39 3.48 5.30 4.34 i i 1 2 EL] a7 7
a7 1132 1 175 4.15 4.29 5.37 5.07 i 1 1 2 20 10 []
48 1039 0 171 3.78 3.92 4.55 4.686 [ 0 1 2 20 12 16
19 1123 1 170 3.70 3.88 5.40 4.59 i 1 1 2 10 26 F]
50 1113 1 163 3.04 3.19 418 3.86 i i i i * -88 22 -
<% [\ foundry Lel | [
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Next you will be asked for the statistics useddnstruct the boxplot. The usual choicenedian

and quartile. Select this then provide titles as requested fegitaph and the groups as requested.

Box & whisker plotting options

Ok ‘ Help ‘ Cancel ‘

Title: |BD:-: & whisker plot from found.«ls

Series labels:

|N0n—exposed

Expozed -
Hon-exposed

Outlier gate walues [limits for plotting whiskers):

Lower: Leave these boses blank if pou want the

whizkers to reprezent the range, which is

Upper: 0438066 to 1.332542.

[ Use fence values to define outiers for each data set individually.

Type of plat:
(« Median, guartiles and range

" Mean, standard deviation and range

™ Mean, confidence interval and range

The boxplot is displayed below.

FEV Ratio Exposed and Non-Exposed Workers

Non-exposed

.

Exposed [ 4 H

T T T !
0.4 0.6 0.8 1.0 1.2 14

min -[ lower quartile - median - upper quartile ]- max
From this one can see that the groups have simiglian and quartiles although the range is much
larger for the exposed subjects. Descriptive stegigor each exposure group can be obtained using
the Descriptive option in theAnalysis menu. Before you do this make sure no variables are

highlighted in order that you can select groupsibyndicator variable.
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Exercise: Use theDescriptives options to compare lung function of exposed with-eaposed
workers using fvcratio and fevratio. Record tasults below.

Mean Standard Median Max Min N

Deviation

Exposed

Non Exposed

Comparison of Means Using a t-test

The t-test procedure can be used for statisticalpawison of the mean FEV ratio of the exposed
compared to non-exposed workers. It will also ghe confidence interval for the difference of the

two means. Undeknalysis selectParametric thenUnpaired t

Bl StatsDirect - [foundry.xIs]
F File Edt Insert Formst Data [0

[ foundry T Repatl | Exact Tests on Counts »l

Graphics  Tools  Window  Help -

= Chi-5quare Tests 3
DEH 8 BIB * e g
T FEVratio Riates ’
Distribut » i
A B C F G H 1 J K L L} N (1] P s
Sample Size » -
1 IDNO  GROUP &G Ra”snmizam , {EVMEAS FEVPRED FVCMEAS FYCPRED ASTHMA BRON  SMENOW SMEEVER  CIGNO CIGYRS EMPYRS RES

2 1070 13 5.61 21 7.21 5.03 i 1 2 10 5 12 =
3 1091 17 3| Miscelaneous P esi] 3.45 4.02 a i i i * -88 5
14 1134 1 3 1.62 3.72 1.36 0 0 1 2 15 1 7
5 1006 1 || Deskie S - - 4.54 0 0 il 1 20 15 8
6 1086 1 2| 3 0 raredt 5.53 i i 0 0 * —88 E]
7 1018 1 5 Non-parametric »|  Single Sample t 3.93 0 0 i 1 10 17 23
g }éi; 1 g Analysis of Variance [ Unpaired g g% 3 g S % 12 S 12
10 1061 £y 4 Regression & Correlation ¥ Summary Data t » I 15 i i ) 5 30 € g
1 1099 13 Agresment ¥ F{variance Ratio) i Fy 0 ] i 5 15 ic 7
12 1135 1 4| Survival Analysis b Single Sample 2 I 4.29 0 ] 1 2 30 25 19
13 1052 14 Mete-Analysis ¥ Unpairedz 554 i ] i 0 * —88 E]
Mo 1029 18 crosstabs Reference Fiangs I 4.03 0 1 0 1 20 30 9
] LT4] L 3 Frequendies Poisson Confidence Interval B B g I 0 0 2 =i 2
16 1026 14 . i 4.45 0 i 0 0 ® -88 5
17 1095 13 opons Shapirc-Wik 4.77 1 a [ 0 ® -88 6
18 1030 F R L S S Y- V- AR 5.06 1 0 0 0 = —88 7
19 1087 1 39 % 165 3.84 3.47 : 4.15 0 0 [ 1 20 3 17
20 1022 1 46 T 170 3.81 3.47 4.24 0 i [ 0 * -88 9
21 1010 129 1 175 4.50 416 4.97 i i 0 1 20 ] E]
22 1097 1 56 0 177 3.74 3.48 4.38 0 0 0 1 60 15 19
23 1039 1 38 it 170 3.98 372 4.46 0 0 [ 1 13 4 17
24 1065 i3 o 175 4.19 395 4.76 i i 1 2 20 15 7
25 1028 1 26 1 172 4.37 4.14 4.87 i 0 i i - —88 8
2 1075 1 31 1 180 4.58 4.34 5.20 0 0 1 2 30 10 8
27 1046 1 38 1 190 4.81 4.56 5.59 0 1 1 2 25 20 7
28 1031 1 34 1 150 4.91 466 5.63 i o 1 2 iz 13 9
29 1085 1 32 1 182 4.59 4.39 5.29 i 0 0 1 20 10 8
30 1090 i 29 0 168 4.05 3.88 4.56 0 0 1 2 15 4 9
31 1126 i 28 i 178 4.51 434 516 i i 1 2 3 ] E]
32 1146 131 [ 168 3.96 382 4.51 i i i 1 0 11 5
13 1078 1 &3 1 173 3.30 3.19 4.09 i 0 0 0 - —88 7
M 1059 150 1 170 3.46 3.36 4.13 0 0 1 2 25 32 22
35 1124 145 [ 175 3.80 371 4.55 i i i 1 10 11 21
36 1019 1 3 1 170 3.91 3.82 4.55 1 0 1 2 20 18 14
k4 1021 1 50 0 185 4.04 3.99 4.99 i 1 [ 1 10 32 15
38 1094 150 1 163 3.08 3.05 3.73 0 0 0 0 ® -88 10
39 1054 1 49 i 170 3.40 338 416 i i 0 1 20 16 16
40 1129 1 28 0 175 4.22 421 1.99 0 0 0 0 = —88 9
11 1114 139 1] 178 4.01 4.02 4.88 i 0 0 0 ® -88 12
12 1011 13l 1 177 4.19 421 5.03 i [ 1 2 20 17 9
13 1153 1 33 0 180 421 4.28 515 0 1 1 2 25 20 17
T} 1047 1 47 1 175 3.59 3.66 1.43 0 i i 0 = -88 6
45 1131 1 43 1 172 3.29 3.47 4.27 i 0 0 1 8 24 24
46 1074 1 53 [ 175 3.39 3.46 4.34 i [ 1 2 30 37 7
47 1132 1 25 1 175 4.15 4.29 5.07 0 1 1 2 20 10 8
48 1098 1 32 0 171 3.78 3.92 4.66 0 0 1 2 20 12 16
49 1123 137 1 170 3.70) 3.88 4.59 i 1 1 2 10 26 8

50 1113 145 1 163 3.04 319 3.86 i [ i 0 * —88 23]

« [ v ]\ foundry ol | i

To compare mean FEV ratio for exposed and unexpsskett GROUP as the identifier variable
then FEVRATIO. This gives the following in the repwindow.
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Unpaired t test

Mean of FEVRAT_GROUP_1 = 1.0003 (n = 73)
Mean of FEVRAT_GROUP_0 = 1.0158 (n = 63)

Assuming equal variances
Combined standard error = 0.0239
df =134

t= 0.6467

One sided P = 0.2595

Two sided P = 0.519

95% confidence interval for difference between means = -0.0627 to 0.0318

Assuming unequal variances
Combined standard error = 0.0236
df = 133.999

t(d) = 0.6536

One sided P = 0.2572

Two sided P = 0.5145

95% confidence interval for difference between means = -0.0622 to 0.0313

Comparison of variances
Two sided F test is not significant
No need to assume unequal variances

Two analyses are given. The first assumes variaaeegqual and the second are unequal. It also
gives the results of statistical test comparingwheance. Unfortunately it just summarizes thes a
significant or non-significant without specifyingpet values of the magnitude of the variances,
standard deviation or the significance level. Tikian omission of the software. Above we saw that
the standard deviation was 0.1479 for exposed atzi’8 for non-exposed. As the F-test suggests
that they are not significantly different, we tatkke unequal variance analysis as the t-test results
although in this case it makes little differencéeTdifference of the two means is —0.0155. The
result can be summarised as “there was no evidenioereased FEV ratio for workers exposed to
dust (mean diff=-0.0155, 95% c.i - 0.0627 to 0.09£8.519)"

Exercise: Compare mean FVC ratio for the exposed and nonsedgsubjects using a t-test

REARRANGING DATA
From the analyses there appears to be no evideatexposure to dust affects respiratory function.

It may be argued nevertheless that being categbase"exposed” or "not exposed" is a crude
assessment for exposure. Dust exposure has bemded for subjects in the exposed group. You
will now carry out some analysis on just the explosebjects, but to do this you need to select just

those subjects.

Sorting Data
There are several ways you can do this. You coattl the data by group then delete the non-

exposed subjects. Before you do this on your owa,d@ake sure it is saved to disk in case
anything goes wrong. Data in the spreadsheet easolied using th&ort option underData.

Check the help to find details of this procedur¢hisis a little complicated.
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Highlight all the data involved excluding the colotabels. Then

selectData thenSort thenM anipulate Wor ksheet the panel (right) S

v Bows

will appear. Change the cell reference under KefgiiRrace to select | | ¢ Columns _ Ceresl|
the column by which the data is to be sorted. drothe data by Keps

exposure group insert put B1. If a nested sordsiired, i.e. sort by vl x| Ascendng

Fey Reference: " Descending

exposure group then by sex within each exposungpg@ter Key 1 24

to Key 2 and enter the appropriate Key referencéhis case enter
G1.
Exercise:

(1) Sort the rows of data by group.

(2) By using two Keys sort the data first by group #meh by age within group.

Group Split

Alternatively a new spreadsheet can be createchinohathere are separate columns for exposed and
non-exposed workers for each variable. Se@obup split on theData menu. Then select the
column that identifies the groups into which younivéo split the data, in this case the variable
group. It then asks us to choose the variables to whiehwant to applyGroup split. For this
exercise select all the columns RESPDUST and FEVRATyou need to select columns that are

not adjacent you need to use @izl key.
il StatsDirect - [foundry.xls] E@@

E:: | Edit Insert Format Help =R

r

Cancel | Select data to SPLIT BY GROUP (Min 1: Max 200)

I~ Batch mode To select non-adsined data, hold down Cil and use the mouse

a1 RESPDUST
F G H ] J K L 1] N 0 =

1 | FEVHEAS FEVPRED FVCHEAS FVCPRED| ASTHMA  BRON GHKNOW SHKEVER  CIGNO CIGYRS
2 5.61 421 7.21 5.03 ] 1 1] 7 10 5 1.332541568
3 451 3.45 5.08 102 o 0 i 0 * 88 6 1.307246377
[} 162 3.72 5.31 1436 1] 0 i z is 1 1.241935484
5 4,60 3.73 5.82 454 i 0 il 1 20 15 1233243368
6 5.56 467 6.22 5.59 i 0 0 0 * -88 1.190578158
7 3.77 3.24 1,40 3.99 0 0 i i 10 17 1.163580247
8 1.79 412 5.53 191 0 0 0 1 10 6 1.162621359
9 5.25 4.53 6.74 5.57 i 0 1 F 3 9 1.158940397
10 426 3.69 5.42 4.52 1 0 1 H 20 5 1154471545
1 427 3.70 5.16 444 ] [ 1 2 15 15 1.154054054
2 3.97 353 5.01 423 i 0 i i} 30 25 1.124645692
13 5.05 450 6.26 5.54 i [ 0 ] * -88 1.122222222
" 3.63 3.24 1.51 1.03 i 1 0 1 20 30 1.12037037
15 3.43 3.07 4.22 3.82 0 [ i 0 * 88 1.117263844
16 4.01 3.59 5.17 4.45 1] 0 0 ] * -8 1.116991643
17 1.4% 4.01 5.27 1.77 ] 0 il ] x -89 1.112215451
18 168 422 5.92 5.06 1 0 0 0 * -88 1.109004739
19 3.84 3.47 1.96 115 [ 0 0 il 20 8 1.106628242
20 3.81 3.47 5.13 1.24 0 0 0 0 - -88 1.097982709
21 4.50 418 5.68 4.97 0 0 0 1 20 8 1.076555024
2 374 3.48 4.50 4.38 ] 0 0 1 60 15 1.07471264¢
px] 398 3.72 5.11 145 ] [ 0 1 13 1 1069092473
21 413 3.95 5.05 4.76 0 0 i 7] 20 15 1.060759494
25 1.37 414 1.58 187 i i 0 0 * -88 1.055558556
2 158 434 5.39 5.20 i 0 1 2 30 10 1.055299539
2 181 456 5.90 5.59 0 1 T 2 25 20 1.054824561
28 491 4.6 6.06 5.63 o 0 1 z 12 13 1.049145239
29 159 439 5.96 5.29 i 0 il 1 20 10 1.045558087
30 4.05 380 4.69 4.56 ] [ 1 z 15 4 1.043014433
31 451 434 5.87 5.16 0 0 1 2 3 8 1.039170507
32 3.96 3.82 .87 151 i 0 [ 1 20 11 1.036649215
3 3.30 3.19 .24 4.03 i 0 i i * E T 1.034482759
34 3.46 3.36 4.0 4.13 i 0 1] 2 25 32 1.029761905
3 380 371 4.75 455 ] 0 0 1 10 i1 102425676
36 391 3.2 4.80 4.55 1 0 i z 20 18 7/ 1.023560209
37 404 3.99 5.38 4.93 0 1 [ 1 an 32 1.012531328
38 3.08 3.05 3.68 3.73 i [ 0 0 - -88 1.009836066
39 3.40 3.38 411 116 0 0 0 1 20 16 100591716
10 1.22 421 4.96 4.93 i 0 i 0 * 88 1.002375297
41 401 402 4.1 488 i 0 0 ] * -8 1.780.9975124378
2 4.13 421 5.61 5.03 ] 0 1 z 20 17 1.77 09952434062
13 421 428 5.89 5.15 0 1 1 2 25 20 1.8 09836446598
] 3.59 3.66 1.88 1.13 i [ [ 0 * -88 1.75/0.9808743169
15 3.33 3.47 1.05 127 i [ 0 1 8 24 1.72] 0.976945245
16 3.33 3.48 5.30 1.34 i 0 1 2 30 37 1.75/ 0.974137931
47 4.15 429 5.37 5.07 ] 1 1 F 20 10 1.75 09673659674
13 378 3.92 4.55 1,66 o 0 i z 20 12 1.710.9642657143
19 370 3.80 5.40 453 0 1 1 2 a0 26 1.7 09536082474
50 3.04 3.19 1.18 3.86 i i 0 ] * -88 z 23 1.63( 09529780564

«| o [ foundry T | [
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Group split then confirms the number of groups in

the panel below.

Group Splitter E| Lancel ‘

Dutput destination;

\_? Murmber of groups = 2

Mew Sheet in foundry. xls
M ew Book,

Cancel ‘ Help ‘

Click OK to give the panel to the right. To save
confusion it is suggested that you put the spkada

into a new worksheet in the same work book. A n

worksheet is now created as shown below

Eid StatsDirect - [foundry. xIs] g@gl

ﬂﬁlle Edit Inmsert Format Data  Analysis Graphics Tools Window Help PRE=UE 4

foundry Report 1
DEEH & i@ = |7

E26 |
| A + B ! C i D E | F | G Ho ] J | K | L 4

1 | RESPDUSTGROUP=1 FEVRATGROUP=1 RESPDUST~GROUP=0 FEVRAT~GROUP=0

2 1.15  1.332541568 il 1.23325062 =

3 0.29 1.307246377 1) 1.23255814

4 2,34 1.241935484 0 1.231428571

5 1.96 1.233243968 0 1.211530462

6 1.68 1.190578158 o 1.182897862

7 2.04 1.163580247| o 1.180974478
|8 1.83  1.162621354 0 1.177464789

] 1.45  1.156940397 0 1.188341709

10 2.43 1.154471545 1) 1.164983165

11 0,55 1.1E40540E54 0 1.1£3507109

12 1.03  1.124645692 0 1.158501441

13 0.76 1.122222222 o 1.152631579

14 1.5 1.12037037, 0 1.145539906

15 1.19 1117263644 0 1.130573248

16 0.72  1.116931643 i 1.12345679

17 0.91 1.112219451 1) 1.111398964

18 1.73  1.109004739 0 1.10972568%

19 2.72  1.10862B242 0 1.109489051

20 0.29 1.097982709 o 1.099502488

21 1.18 1.076555024) o 1.073979592

22 0,86 1.074712644 il 1.06670229

23 1.1z 1.065832473 0 1.067092652

24 0.4 1.060759494 1] 1.064301552

25 1.88  1.055555556 0 1.05088495E

26 2,29 1.055299539 0 1.esozssess[——1

27 1.66 1.054824561 1) 1.048498845

28 1.12  1.049145299 0 1.047318612

29 1.51  1.045558087 0 1.044736842

30 1,45 1.043814433 i 1.04

31 1.27 1.039170507, 0 1.028277635

3 0.77  1.03664921F 0 1.025839733

k] 1.39  1.034482758 0 1.02122641%

34 1.74 1.029761905 1) 1.017191977

35 0.83 1.02425676 0 1014336918

36 0.4 1.023560209 0 0.9950617284

37 1.22 1.012531328 o 0.9896193772

38 0.97 1.009836066/ o 0.9842105263

39 Faid 1.00591716 0 09836065574

10 L. 1.002375297 0 0.978552278%

41 3.31 0.9975124378 1) 0.9714285714

42 1.2 0.3952494062 0 0.9702702703

5] 0.6 0.9036448598 0 096307216439

44 1.95 0.9808743169 o 0.9626168224

45 1.9 0.976945245) o 0.9625360231

15 1.65  0.974137931 0 0.9535687332

4 1,39 0.9673659674 0 09510703364

48 0.9 0.9642857143 o 0.9460154242

49 0.29  0.9536082474 0 0.945175438¢ | | | | |

50 | 1.29  0.9529780G64 0 0.9449760766 -
< | v\ Sheet1 Tl | W[

Either the split work-sheet or the original canskécte e tab at the bottom of the screen.
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EXAMINING THE RELATIONSHIP BETWEEN TWO CONTINUOUS
VARIABLES

Scatter Plots

The first step in examining the relationship betwé&so continuous variables such as respiratory
dust and lung function is to construct a scattet. plThis can be obtained from the graphics menu
and is shown below.
Scatter plots have two axes:

the value of the dependent or response variabthey axis

the value of the independent variable on the lbotel axis.
Since we expect respiratory dust to affect FEVerathan the other way round you should choose.
FEVRATIO as the y-axis and RESPDUST as the x-alkisiou have not already created the
variable FEVRATIO, return to on page 721 (Creatiwegv variables) to create it. You will also need
to sort the data so that you can select just thesxsubjects (Group 1) as described on page 28.

To run the scatter plot clic&raphs from the menu bar an8catter from the drop down menu.

Then a little window will appear like below

Ei Scatter Plot E

0k Help | LCancel

How many XY senes to plot on graph? [Max=10]

Type the number “how many xy series to plot on bragnd clickOK. (In our case it will be 1)
followed by selecting the Y and X axis data (FEWand RESPDUST respectively). Then you see
another window with chart setting options. When ymend your options then cli€k.

] ‘ Help | LCancel ‘

Title: |Ec:atter plat from foundry, sz

Y axis
Label: |FEVHAT

Label position: ™ Top (horizontal test] @ Left [vertical text]

. aris
Label: [RESPDUST

Axiz data type: % Numerical i

[V Use automatic scaling of axes
[ Bowin axes (lines top and right)

[ Join markers with lines
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The scatter plot of FEV ratio compared to dust gobjects for the exposed group is displayed

below.

Scatter plot from foundry.xls

1.4
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] o
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1.2 [e)
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] o Bogw 0,0 ©
1.0 o g o) o o
= | o O o o o ®
< i %o & o o o
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0.8
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J o
1 o
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RESPDUST

There is some suggestion from this that respiraftiengtion may be reduced for those with higher

exposure.

Linear Regressions

To test this we will use linear regression to feteaight line of the form Y=A + BX. Where Y is the
dependent variableevratio and X is independent variabtespdust. If the gradient B is negative,
this would indicate reduced respiratory functiothwincreased dust. To do this in StatsDirect go to
Regression & Correlation in the Analysis menu tlseect simple linear regression. And the
following screen should appear.

i StatsDirect - [foundry.xis] (5]
H Fie Edt Insert Format Data Graphics  Tools Window Help - B x
Exact Tests on Counts 13 |
Chi-Square Tests >
Froportions |
Rates »
Distributions [
Sample Size » G H ! J K L M N o [ Q L
1 e , | FEVPRED FVCMEAS FVCPRED ASTHHA ERON  SHENOW GSHKEVER  CIGNO CIGYRS  EMPYRS RESEDUST
2 o 4.21 7.21 5.03 [i] 1 1 2 10 5 12 1.15
3 1 32 Metelanenie: ¥ 3.45 5.08 a.02 i i] 0 i * -88 s 23
4 1 30 § 3.72 5.31 4 .36 o o 1 2 15 4 7 2.34
5 113 Dl 3.73 5.82 1.54 i 0 0 z 20 15 8 1.96
[ 127 Parametric 2 167 6.22 5.59 0 i i i = -88 9 168
7 1 51 -ametric » 3:24 4.40 3:99 o a 1] 1 40 17 23 2.04
8 1 31 o Wriancs: > 4 4.91 ] 0 i 1 10 3 3 1.83
9 1 39 R Y d o o 1 = 3 9 12 1.45
10 1 16 . i2 1 i 1 2 20 5 8 2.43
11 1 38 Agreement » Multiple: Linear |y o 0 1 2 15 15 e 25
12 1 a4 Survival Analysis v GroupedLinear » s i 0 1 2 30 25 15 103
13 10 Meta-pnalysis »| Principal Companents.. A a i i i} * —88 ] 76
iE) 1 54 Crosstabs Linearized Estimates 2 a 1 0 1 20 30 3 1.50
15 FHT) 2 [ o 0 i = -88 10 1.13
1 i Frequencies Polynomial... E 3 5 5 = 5 =t o 5
17 132 Optiars. Logistic... 7 a i i 0 = -88 3 91
18 i 32 ——— Conditional Lagistic 6 1 il i 0 * “88 7 1.73
;g 1 39 1 165 3.8:  Ppoisson 5 1} 0 0 bE 20 8 17 2.72
1 46 1 170 3.87 M o o 0 o * -88 9 &g
21 1 29 1 175 a.s] obcandis 'k a 0 0 1 20 8 E] 1.18
22 1 e 0 177 3.7] KerndelRark Coneletion 8 a i i 1 60 15 19 26
23 138 1 170 3.3 Spearman Rank Correlation 3 i 0 0 I 13 1 17 112
2 137 o 175 417 Nonparametric Linear Regression 6 il i 1 2 20 15 7 40
25 1 26 1 172 2.31  CoxRegressien i ] 0 0 [0 = —88 8 1.28
26 1 31 1 180 L L] o o 1 2 30 10 8 2.29
21 i 38 1 190 4.81 4.56 5.90 5.59 i 1 1 2 25 20 7 1.66
28 134 1 130 491 4.68 6.06 565 0 i 1 2 12 13 E] 1.2
29 1 32 1 182 4.59 4.39 5.96 5.29 o a 1] = 20 10 8 1.51
30 1 2D o 168 4.08 3.88 4 .69 4.5 o o 1 2 15 4 2 S 1.45
31 1 a8 0 178 451 1.34 5.87 5.16 [ 0 1 2 3 8 9 1.27
32 13 i 168 3.96 3.82 487 4.51 0 0 i 1 20 11 5 77
33 1 59 1 173 3.30 3.19 4.24 4.09 o o 0 o = —-88 7 1.39
34 1 &0 1 170 3. 46 3.36 4.40 4.13 o o 1 2 25 32 22 1.74
35 1 45 o 175 3.80 3.71 4. .75 4 .55 o o o 1 10 11 21 83
36 134 1 170 3.91 3.62 4.80 4.55 1 0 1 2 20 10 14 16
37 1 5o i ias 4704 3.59 5.38 435 o 1 i i 40 32 is 1.22
38 1 50 1 163 3.08 3.05 3.68 3.73 o a o o -88 10 97
39 1 49 o 170 3.40 3.38 4.11 4.1 o o o 1 20 16 16 2::22
10 1 28 0 175 1.22 1.21 4.36 1.99 i 0 0 i = -88 9 1.77
1 138 i 178 4201 4.02 4.61 1.88 a i i i = -88 i2 331
12 1 31 1 177 4.19 4.21 5.61 5.03 o o 1 z 20 17 o 1.z0
43 1 33 o 180 4.21 4.28 &.89 Boib o 1 1 2 25 20 17 &0
44 1 47 1 175 2.59 3.66 4.88 4 .49 o o 0 o * —-88 & 1.95
45 149 1 172 3.39 3.47 4.05 1.27 i i 0 T a 24 21 1.90
46 153 0 175 333 3.48 5.30 434 [ i 1 2 30 37 7 165
47 1 25 1 178 4.15 4.29 & .37 £.07 o 1 1 2 20 10 g 1.39
48 1 32 o 171 3.78 3.92 4 .55 4. BE o o 1 2 20 12 16 90
49 137 1 170 370 3.80 5.0 1.59 i 1 1 2 40 26 8 29
50 i 45 i 163 304 319 418 3.86 a i o i = —88 22 1.25 »
< 7r s foundry Iel | o
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When requested select FEVRATIO as the Outcome aaable. Select RESPDUST as the
Predictor or X variable. The following output shd@ppear. This gives an equation for the line.

Ed Regression and Correlation |Z|@@

Simple linear regreszsion Calculate | Help ‘ Cloze |

{* |nterpolate » ta Y
Interpolate ¥ to Y

" Interpolate v bo Tupe walue for ¥ and press Enter to calculate

(" Analysiz Ii

" Confidence intervals

" Plaot regression
" Plot residuals

Clear Besults

Simple linear reqgression

Equation: FEVRAT~GROUP=1 = -0.0368595 RESPOUST~GROUP=1 + 1.054884

Standard Error of slope = 0.022004
95% Cl for population value of slope = -0.08047 to 0.007279

Correlation coefficient (r) = -0.19364 (* = 0.03749E)

95% Clfor r (Fisher's z transformed) = -0.405635% to 0.033126
t with 71 DF = -1.663118
Two sided P =010

Power (for 5% significange) = 37.09%

Correlation coefficient is not shyficantly different from zer

\

It also gives the correlation coefficient r arﬁis@
significantly different from zero. It gives a p-ual of 0\LOO7 for the test that the gradient differs

test of whether the gradient of the lise i
from zero. There is some suggestion of a negatraeldgnt, but this is not significant at the
conventional 5% significance level. Note that theput States “Correlation coefficient is not
significantly different from zero”. This assumestione is using a two-tailed test with a 5%

significance level.

The result forTis also useful. This is an estimate of the praporof thé variance explained by the
model. A line that fits the data perfectly will fean f equal to 1. WheXe as a line that does not
explain anything in the data will have &mof zero. The value of requal to 0.037 is therefore not at

all good — only 3.7% of the variation in the datdeing explained by the regression line
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Model Checking

The linear regression model described by the aoeffis allows one to estimate a predicted value.

The difference between the observer value and tediqgied value is called a residual. Where a

model fits badly the regression line will have Emgsiduals. If you consider the scatter plot above

for FEV ratio compared to respiratory dust thedweals will be large. It is possible to get a plbt o

the regression line with the data by selecihg regression shown below.

1.49
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RESPDUST~GROUP=1

From the plot above two points appear to have |laggative residuals suggesting that they are

outliers. One of the assumptions

of a regressiodein that the residuals will have a normal

distribution. In StatsDirect this may be carried by plotting the residuals. Just select plotdeal

options.

| Regression and Correlation El@g\

Simple linear regression
" Interpolate X to Y

£ Interpolate Y to X

" Analysis

™ Confidence intervals
 Plot regression

{« Plot residuals

Clear Results

Plot | Help ‘ o ‘

Residuals (¥ - y i)

Residuals vs. Fitted ¥ [linear regression]

T 1
1.008 7.048
Ftted FEVRAT-GROUP=1

T T
0.928 0.963

Residuals vs. Predictor [linear regression]
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This gives three plots, the first two are of theideals against the fitted values and residualghaga
predicted values. From this it can be seen thatetlage two observations with large negative
residuals. The second plot is a normal probabplitt shown below. If the residuals are normally
distributed the plotted points are in a straigheli Unlike SPSS StatsDirect does not show a line
through the normal probability plot so that it iffidult to assess this plot. If one covers up tive
points with large negative residuals in the ploiobe it suggests that the data are approximately
normally distributed. If the data were skewed thafs would bulge away from the line.

Normal Plot for Residuals [linear regression]

van der Waerden normal score

-0.6 -0.4 -0.2 0.0 0.2 0.4
Residual (Y -y fit)

Large negative residuals.

To check the robustness of the analysis it coulddran excluding the two points with large
residuals. The multiple regression procedure (rathan the simple regression) is required to

calculate residuals and carry-out more complexssizdl analyses.

Exercise: Examine the relationship between FVC ratio and thvels using the methods above.
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NON-PARAMETRIC METHODS

Where data is not normally distributed, statisteahlyses that assume a normal distribution may be
inappropriate. This is especially a concern whaeedample size is small (<50 in total). Variables
that are discrete (take only integer values) orehaw upper or lower limit are by definition non-
normal. Sometimes the distribution of the datappraximately normal so this is not a problem,
particularly where the sample size is large, butsiame variables it may be unreasonable to treat
the data as normally distributed. To illustratestywu can compare the number of cigarettes smoked

by "exposed" and "non-exposed” workers who curyesitioke.

Either sort the data in the main work sheet so timy current smokers can be selected or use
Group split to create a new work sheet. Return to the Foumamk sheet. In the Group split

option under Data select SMKNOW as the variablespbt the data then select the variables
GROUP and CIGNO to create separate columns foecusmokers and current non-smokers as

shown below.
Bl StatsDirect - [foundry.xIs] g@@

] Fle Edit Insert Formet Data Analysis Graphics Toolks Window Help g%

foundiy Report 1
Ded & dB v |x|9

Fe2 [

A B C D
GROUP™SHMENOUW=1 CIGHOVSHKNOW=1 GROUP™~SHMENOW=0 CIGNO~SHMKNOW=0
10
1 15 1 20

40
10

20

~
tadd
-
¥

« |+ [ Bheell A Sheet2 A foundry 7 el | o[

The two left-hand columns are related to the cursemokers. You may wish to replace the column

headings to prevent confusion.

Exercise: Use Descriptive and Frequencies to generate summary statistics for the numbers of

cigarettes smoked by current smokers for exposddiarexposed workers separately.
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From theDescriptive command you should obtain the following f tables

Descriptive statistics

Variables CIGNO (Group=1) CIGNO (Group=0)
Valid Data 34 20
Mean 20.7059 18.75
Variance 76.9412 33.8816
SD 8.7716 5.8208
SEM 1.5043 1.3016
Lower 95% CL 17.6453 16.0258
Upper 95% CL 23.7664 21.4742
Geometric Mean 18.2073 17.5964
Skewness 0.0916 -0.5262
Kurtosis 3.1335 3.3146
Maximum 40 30
Upper Quartile 26.25 20
Median 20 20
Lower Quartile 15 15
Minimum 3 5
Range 37 25
Variance coeff. 0.4236 0.3104
Sum 704 375
Centile 5 3 5.25

Examining this data one might wish to test if smekexposed to dust were more likely to smoke
more as the mean is larger and the upper qualsibe(although the medians are the same). To test
these use the Mann-Whitney U-test. Select Non-pattaenfrom the Analysis menu then select
Mann-Whitney. Choose GROUP as the group identified then select CIGNO. This should

generate the following output.

Mann-Whitney U test

Observations (x) in CIGNO~SMKNOW=1_GROUP~SMKNOW=1_1 =34 median =20 rank sum =976
Observations (y) in CIGNO~SMKNOW=1_GROUP~SMKNOW=1_0=20 median =20
U=381 U =299

Exact probability (adjusted for ties):
Lower side P = 0.225 (H4: x tends to be less than y)

Upper side P =0.775 (H;: x tends to be greater than y)
Two sided P = 0.4499 (H;: x tends to be distributed differently to y)

95.1% confidence interval for difference between medians or means:
K =231 median difference =0
Cl=0to 5

In the tables above note the median for each gemgpthe significance level. Hence, one can
conclude that there is no difference between theianenumber of cigarettes smoked by "exposed"
and "non-exposed” workers. The output also givsrénce in the medians (0) and the confidence
interval for the difference of the median (0 to Bpte also that the coverage is given as 95.1%
rather than 95%.
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COMPARISONS OF RELATED OR PAIRED VARIABLES

For most of the analysis above you have compared'dkposed” and "non-exposed” groups of
workers. In some circumstances one wants to camperasures within the same subject. Such
comparisons are sometimes referred tpaased or pair-matched comparisons.

Continuous Outcome Measures
One might want to compare the mean of a continmoegsure at one time point with the mean of

the same measure at a different time point. Whiist may not be a sensible analysis for this data,

we can illustrate this for a continuous variablecbynparing FEV measured with FVC measured.

To compare the mean measured FEV with mean meadtvé&l select aPaired T in the
Parametric submenu. Then chose Group by Column and selectdhenns FEVMEAS and

FEVPRED as shown below.
i StatsDirect - [foundry.xls] E@@

E:: ] Edit Insert Format Help & %

oK Lancel | Select 2 matched columns (or 1 of differences) (Min 1: Max 2)

I~ Batchmode & Groups by column " Groups by identifir o select non-adjoined data, hold down Ot and use the mouse.
Hi1 FUCHEAS
A B c D K L M [ N | 0 P B
1 IDNO  GROUP AGE SEX ERON  SMENOW SHKEVER| EMPYRS  CIGNG  CIGYRS RES
2 1001 1 49 1 0 1 2 23 20 9]
3 1002 1 46 1 1 1 2 16 20 11
1 1003 134 1 0 0 0 12 = =
5 1004 o 34 i i 1 2 12 E 16
6 1005 o 29 0 i i 0 7 ® ®
7 1006 143 0 0 0 1 ] 20 15
[ 1007 i 27 i i i i = =
[ 1009 i 59 1 i 1 2 22 a0 12
10 1010 123 1 0 0 1 F] 20 [
1 1011 1 31 1 0 1 2 9 20 17
12 1012 i 36 i i 1 2 is 20 25
13 1013 1 28 i 0 1 2 ] 40 3
it} 1014 0 34 1 0 0 0 ] = =
15 1015 o 51 i 1 1 2 5 20 29
16 1016 o 49 0 i i 1 a 20 3
17 1017 a 23 0 0 0 0 ] = =
18 1018 151 1 0 0 1 23 10 17
19 1019 i 34 1 0 1 2 14 20 18
20 1020 o 32 0 i i 1 ] 5 1
21 1021 150 0 1 0 1 15 40 32
22 1022 1 46 1 i i 0 E] = =
23 1023 o 49 i 0 1 2 i5 20 3L
2 1025 0 45 0 0 0 0 6 = =
25 1026 1 46 0 0 0 0 5 = =
2 1027 i 56 1 i 0 1 7 20 EL]
27 1028 i 2 1 0 i i ] ® =
29 1029 154 1 1 0 1 g 20 EL
29 1030 i 32 1 i i i 7 = =
30 1031 134 1 i 1 2 E] 12 13
31 1032 o 50 1 1 0 1 16 30 17
37 1033 183 0 0 1 2 13 20 25
33 1034 052 i i i 1 9 40 a0
3 1036 o 42 1 i 1 2 12 10 15
35 1037 0 34 0 0 0 0 [ * =
36 1038 o 45 i i 1 2 E] 20 12
37 1039 i 38 1 i i 1 17 13 4
39 1040 o 47 0 0 0 1 22 20 10
39 1042 0 24 1 0 0 0 8 = =
10 1043 o 36 1 i i 1 is 20 3
11 1044 1 51 i 0 i 1 25 10 12
12 1045 1 48 1 0 0 0 17 = =
13 1046 i 38 1 1 1 2 7 3 20
4 1047 i 47 1 i 0 i 6 x =
15 1048 1039 1 0 1 2 12 J 9
16 1049 0 &2 0 0 0 1 ] 10 5
a7 1050 0 3 1 0 0 i 6 x =
48 1051 o 35 0 i 1 2 ] 25 19
19 1052 140 1 0 0 i g = =
50 1053 0 34 i i i i 17 = = -
| [ Sheet )\ faundn | N

Results are given below

Paired t test

For differences between FEVMEAS and FVCMEAS:
Mean of differences = -1.0196 (n = 136)

Standard deviation = 0.373

Standard error = 0.032

95% Cl =-1.0829 to -0.9564

df = 135
t=-31.8789

One sided P < 0.0001
Two sided P < 0.0001
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It is readily apparent that meameasured FVGs greater than meameasured FEV You could
report this as “Measured FVC was significantly ®ghhan measured FEV (diff=1.02, 95% c.i.
0.96 to 1.08, p<0.0001)”

Exercise: Compare the mean FEV ratio with the mean FVC ratio.

The above method of analysis compares the meame vatuhe two variables. It does not tell one
how close individual values are for the same subfewisual way in which one can do this is with

a scatter plot of the two variables as shown befdomne gets a visual impression that FEV and FVC
are quite strongly correlated. By choosing the saomeerical range for both axes we can see also

that the values for FVC are systematically largantfor FEV.

Scatter plot from foundry.xls
FVCMEAS
8-

2 T T T T T T T T T T T T T T ]
0 2 4 6

FEVMEAS

Analysis of Binary Outcomes that are Related

Suppose we wish to compare the proportion of warkeno had bronchitis symptoms with the
proportion who had asthma symptoms. Data are paretl the appropriate method statistical
inference is McNemar’s test. First one should tmics the Crosstabs procedure inAnalysis
menu. Select ASTHMA as th&irst Classifier Row and BRON as th&econd Classifier row to
get a 2x2 cross-classification. We obtain the foifgy screen from which we can see that only 3
workers had symptoms of both and 8 had symptomssbfAsthma or 12 just Bronchitis. From this
table we can calculate that 11% (15/136) of workeported bronchitis whilst only 8% (11/136)
had asthma. These two proportions can be compaiad McNemar’s test, which takes account of
the pairing of the variable, by selectivgs.
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Crosstal
Row variable (frst classifisr) ASTHMA
Column variable (second classifier: BRON
[ 1
[ 113 12
1 8 3

10/03/2008_16:34 HUM

By clicking Analysis, Exact Test on Counts thenMatched Pairs the panel below will appear. In
this select Matched pair’s radio button then clidculate to obtain the results for McNemar's test

comparing the proportion of workers with Asthma gyoms as compared to Bronchitis symptoms.

Exact Tests

Lalculate ‘ Help ‘ Close ‘
 Sign
i Eisher's Cantral/reference category [press F1 for an example);
® Brewd Rt Present Abzent Casefindex category;

113 12 E——
" 1by cFisher's | [ resen

* Matched pairs ] [3 Absent
» bR 95 ~ | Confidence [%]

" Paisson rate Cl

Clear Results
McNemar and exact {Liddell) test for a paired fourfold table
Input table:
12
3 3

Uncarrected Chi#=08(1 DF) P=0.3711
Yates' continuity corrected Chi#=0.45 {1 DF) P =0.5023

After Liddell {1983):
Fuoint estimate of relative risk (R)=1.5

Exact 95% confidence interval = 0.563526 to 4.230397
F=1333333
Two sided P = 0.5034

The p-value for the McNemar test with Yates contynoorrection is 0.5023. This is not significant

at a 5% level so we conclude that symptoms of bribiscare no more common in this population
than symptoms of asthma.

Related Ordinal Data

For ordered categorical or quantitative variableat tare not plausibly normal the suggested
procedure is to use ttWe¢ilcoxon procedure.
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SUMMARY STATISTIC METHODS

StatsDirect has a set of procedures that are b@sedmmary statistics. These methods are based
on statistics obtained from previous analysis. Example 0.11 or 11% (15/136) workers had
symptoms of Bronchitis. A confidence interval that proportion using StatsDirect follows. In the
Analysis menu, choosé@roportions then Single to obtain the following screen in to which the

numerator and denominator of the proportion haen lentered.

Eil Tests on proportions |L|@EJ
Proportion Tests Calculate | Help | Close |
= Single
" Paired 15 Total number of obgarvations
I lal dent

LD BB 136 Mumber responding
.5 Probability of success on each tial
95 + | Confidence [%)
Clear Results

Single proportion

Total = 136, response =15
Proportion = 0.110294

Exact (Clopper-Pearson) 95% confidence interval = 0.06306 to 0.175353
Using null hypothesis that the population proportion equals 0.5

Binornial one sided P < 0.0001

Binornial two sided P < 0.0001

Approximate (Wilson) 25% mid-P confidence intereal = 0.067988 to 0174011

Binornial one sided rid-P < 0.0001
Binorial two sided mid-P < 0.0001

The 95% confidence interval is 0.0631 to 0.1754e @mght report this as “the proportion of
workers who have experienced symptoms of Bronchvitis 11% (15/136, 95% c.i. 6% to 17%)”

t-test Using summary Data

Summary methods are particularly useful where watwa compare data from different studies
where the raw data is not available. Suppose weaesan compare the data in this study with that
reported in say that from workers exposed to pdpet. Let us assume that the summary statistics
reported for the FEV Ratio for workers in a studytlze effects of paper dust are: mean=0.97,
standard deviation=0.14, sample size n=115. FroenDiscriptives option the corresponding
values for workers exposed to dust are: mean=1,08@ndard deviation=0.1479, sample size
n=73). To carry out a t-test comparing mean FEVidRfar the foundry workers with the paper

workers on selects the opti®arametric thenSummary Datat thenUn-paired.
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1 | FEVMEAS FEVPRED & oo , A BRON SMKNOW GSMKEVER EMPYRS  CIGND CIGYRS RESPDUST EEVratio
2 3.40 3.59 0 i T 2 23 20 a1 s6[0 75723830731 =7l
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13 2.92 3.91 | Metaanalyss » Unpaired 2 3] g 40 3 1.88 0.7139364303
EERT AR oo s s e 10 11
16 3 06 3 59 Frequencies Poisson Confidence Interval 1 3 20 3 00, 0 6566523605
17 3.95 418 Options. Shapiro-ik i 8 * * 00 0 7466918715
18 3.77 T | sl g il 23 40 i7 2.04[ 0 856181618
19 3.91 382 1.80 1.58 1 0 i 2| 14 20 ig 246/ 0. 8145833333
20 4.03 4.4 5.14 5.35 0 0 i 1 g 5 1 00 0.7840466926
21 4.04 3.39 5.38 4.33 i 1 0 1 15 40 32 1.22 0.750929368
22 3.61 3.47 5.13 4.24 0 i i i El = * 29| 0.7426300585
23 332 317 1.68 3.87 i 0 i 2| 15 20 aL 000.7094017094
2 3.40 3.50 1.34 1.2¢ 0 0 i ] 3 = = L0010, 7834101382
25 4.01 3.59 5.17 4.45 0 0 i a 5 = = .72 0.7756286267
26 2.80 2.57 3.57 3.63 0 0 0 1 7 20 38 74/ 0.7843137255
27 4.37 4.14 4.58 1.87 i 0 0 0 g * * 86/ 0.9541484716
28 3.63 321 4.51 1.03 i 1 i 1 9 20 a0 1.50/ 0.8048780488
29 4.68 4,22 5.92 5.06 1 i i il 7 = = 1.73/0, 7505405405
30 4.91 4.60 6.06 5.69 0 0 1 2 9 12 13 1.12 0.8102310231
31 2.47 3.36 3.88 4.13 i 1 i 1 16 30 7 00/ 0.6365979381
32 2.16 2.54 3.60 3.61 i i i 2 13 20 25 1.07
33 3.53 3.94 1.70 1.94 i 0 i 1 9 0 a0 00/ 0.7510638298
3 3.64 3.24 41.59 3.88 0 i i 2| 12 10 15 00 0.7930283224
EE) 3.69 412 5.12 1.9 0 0 [i a 6 = = .00 0.72070312%
36 4.31 3.50 5.50 4.26 i 0 T 2 E] 20 12 00, 07836363636
3T 3.98 3.72 5.11 4.46 i 0 i 1 17 13 4 1.12{0.77886497086
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39 4.80 4.51 6.27 5.36 i 0 i il 8 * = 00/ 0.7655502392
10 116 4.00 1.84 1.81 1 0 i 1 15 20 [4 00/0.8595041322
It} 2.72 3.33 3.90 4.11 i 0 0 1 25 10 12 2.27/0.6374358974
12 3.39 3.63 4.17 1.47 0 0 i 0 17 * = 76/ 0.8129496403
43 481 4.56 5.90 5.59 i 1 ik 2 7 25 20 1.66[0.8152542373
u 3.59 366 4.88 1.49 i i i i 3 x x 95/ 0.7356557377
15 5.25 4.53 6.74 5.57 i 0 T 2| 12 3 3 1.45/ 07789317507
16 3.04 2.74 3.73 3.49 0 0 i 1 ] 10 5 .00 0.0150134048
47 3.68 3.89 4.69 467 i 0 i i 6 * * 00/ 0.7846481676
48 3.97 3.80 3.97 3.80 i i h 2 8 25 19 0o 1
9 | 505 4.50 6.26 5.54 i i 0 ol 9 * = 76/ 08067092652
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This gives the following panel into which the suamn

statistics can be entered as shown. Sample 1 size:[115

Sample 1 mean: IEIEl?'i
Sample 1 standard deviation: |0.74

Sample 2 size: |73

Sample 2 mean: |1.007
Unpaired t test Sample 2 standard deviation: |0.1473

Mean of * sample 1 from summary = 1.007 (n = 115)
Mean of * sample 2 from summary = 0.97 (n = 73)

Clicking on OK gives the output

ok LCancel ‘

Assuming equal variances
Combined standard error = 0.0214
df = 186

t= 1.7277

One sided P = 0.0429

Two sided P = 0.0857

95% confidence interval for difference between means = -0.0792 to 0.0052

Assuming unegual variances
Combined standard error = 0.0217
df = 147.1343

t(d) = 1.7065

One sided P = 0.045

Two sided P = 0.09

95% confidence interval for difference between means = -0.0798 to 0.0058

Comparison of variances
Two sided F test is not significant
No need to assume unequal variances
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As the standard deviations are very similar (0.4d @.1479) and this is confirmed by the F-test,
one considers the results under Assuming EquabWes. Whilst it is tempting to present the One-
sided P because it is statistically significard &% level rather than the Two-sided P, usual pect
in Medical research is to report the latter unkssng arguments can be made for a One-sided test
a priori. Based on these results one might repiine difference in mean FEV ratio for paper
workers exposed to dust as compared to foundry everkxposed to dust was -0.04 (95% c.i. —
0.079 to 0.005, p=0.086).

Comparison of Proportions

Suppose now that for the paper workers it had lveported symptoms of Bronchitis was 22%
(25/115). For dust exposed workers in the founitiy percentage is 15% (11/73). A z-test
comparing these two proportions/percentages caratyeed out using the summary data. Going to
Proportions thenTwo independent on theAnalysis menu one gets the following panel into which

the data is entered.

Bl Tests on proportions |._|@@
Proportion Tests Lalculate | Help | Close |
" Single
" Paired 5 Total observations in SAMPLE 1
& .

9 J0213 (VBRG] 115 Mumber responding in SAMPLE 1
1 Tatal obzervations in SAMPLE 2
73 Mumber responding in SAMPLE 2
9% + | Confidence [%]
Clear Results

Twe independent proportions
Total 1 =115, response 1 =25
Froportion 1= 0217391

Total 2 =73, response 2=11
Froportion 2 = 0.150685

Proportion difference = 0.066706

Approximate (Miettinen) 95% confidence interval = -0.052548 to 0175028
Exact two sided (mid) P = 0.2622

Standard error of propartion difference = 0.058882

Standard normal deviate (z) = 1.1326872

Approximate two sided P = 02573
Approximate one sided P = 01256

The difference in proportions is 0.0667 with coefide interval —0.0525 to 0.175. This might be
reported as “The percentage of foundry workers witmptoms of Bronchitis was 15% (11/73)
compared to paper workers in study X of 22% (25/1T%is difference was not statistically
significant at the 5% level (Diff.=7%, Exact twaded p=0.26, 95% c.i. —=5% to 18%) . “In making
comparison with published data one should of cowmasidered whether the method of data
collection were comparable. For example were symptof Bronchitis ascertained in the same

way.
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CHOOSING THE APPROPRIATE STATISTICAL PROCEDURE

In this tutorial we have illustrated some of theibastatistical procedures availableSiatsDir ect.

These are summarised in the table below.

Plausibly Continuous | Ordinal or Ordered Binary and
and Normal Categorical Unordered
Categories
Comparison of Box-plot Box-plot or Cross- Cross-tabulation

Independent Two
Groups

Independent groups t-
test

tabulation of ordered
categories
Mann-Whitney U-test

Chi-squared test+
Fisher's exact test+

Comparison of more

than Two groups

Analysis of variance*
(ANOVA)

Kruskal Wallis

analysis of Variance

Cross-tabulation

Chi-squared test+

Comparison of two

related outcomes

Paired samples t-test

Wilcoxon Matched

Pairs*

McNemar's Test+

Relationship between
a dependent variable
and oneor more
independent

variables

* Not illustrated

Scatter plot
Regression
Pearson's correlation

coefficient

Spearman correlation
or Kendall's

correlation coefficient

+ Method that can be used with summary statistics

For a more comprehensive chart for selecting metisee
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Phi coefficient

http://www.graphpad.com/www/book/choose.htm



