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Discovering Statistics Using SPSS (2nd Edition, 
2005) Errata 

First Print Run (Pre December 2005): 
If!your!copy!was!printed!before!December!2005!it!is!likely!to!contain!these!errors:!

• Files&on&the&CD-ROM:!
o Some!syntax!files!are!missing,!these!can!be!downloaded!from!the!companion!website!for!the!latest!

edition!of!the!book:!http://www.uk.sagepub.com/field4e/default.htm!

• Page&19,&Figure&1.10:!
o Two!of!the!confidence!intervals!don't!include!the!mean!when!they!should!do!(samples!22!and!25).!It!

should!look!like:!

!
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• Section&3.4:!
o The! data! file! SPSSExam.sav! on! the! CDOROM! is! wrong.! The! correct! file! is! available! from! the!

companion!website!(see!above).!

o The!confusion!between!an!old!and!new!version!of!the!data!file!also!created!some!mistakes!in!section!

3.4.!A!corrected!version!can!be!found!at!the!end!of!this!PDF.!Please!note!the!page!numbers!do!not!

correspond!to!the!final!typeset!version!of!the!book.!!

o The!bars!on!one!of!histograms!on!page!92!are!also!missing!(see!the!end!of!this!file).!

• Page&275:!
o The!two!figures!on!this!page!are!the!wrong!way!around.!

• Section&8.5:!
o The!equation!for!omegaOsquared!and!resulting!calculations!are!incorrect.!A!corrected!version!can!be!

found!at!the!end!of!this!PDF.!Please!note!the!page!numbers!do!not!correspond!to!the!final!typeset!

version!of!the!book.!!The!differences!to!the!printed!version!are!highlighted!in!yellow!(anything!not!

highlighted!is!the!same!as!the!printed!version).![In!case!your!interested,!the!original!equation!I!used!

was!for!the!Random!effects!version!of!omegaOsquared;!but!for!most!people!using!the!fixed!effects!

version!will!be!more!appropriate,!so!the!correction!involved!replacing!the!random!model!equation!

with!the!equation!for!the!fixed!model!...!I!bet!you're!glad!you!asked!].!

• Page&539:!
o In!SPSS!Output!13.5,!Rank!table,!3rd!line!says!'Tiles',!should!be!'Ties'.!

The! errors! above!were! corrected! in! the! Reprint! (December! 2005).! If! your! book! says! 'Reprinted! 2005'! on! the! page!

before!the!contents!then!the!errors!above!do!not!apply.!

Post 2005 Errata: 
• Table&5.1,&p.&167:!

o value!should!be!O1.90,!not!O1.09!

• p.&197:!
o The!reference!to!Chapter!5!should!be!to!Chapter!6.!

• Table&6.2,&Page&246!
o '...!5%!should!lie!between!+O1.96!and!1%!between!+O2.58.'!should!read!'...!5%!lie!outside!+O1.96!and!

1%!outside!+O2.58!
• p.&655:!

o The! communalities! are! shown! in! SPSS! Output! 15.5! and! none! exceed! .7";! should! say! "The!

communalities!are!shown!in!SPSS!Output!15.5!and!only!one!exceeds!.7"!

• Page&646!
o Reference!to!section!15.2.4.!should!be!to!section!15.2.3.!

Thanks! to! the! various! people! who! have! spotted! these! and! alerted! me! to! them.! They! have! all! been! corrected! in!

subsequent!editions!of!the!book.!

!

!
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Can I analyse 
groups of 

data? 

Square Root of Hygiene Scores for Glastonbury Day 1

1.88
1.75

1.63
1.50

1.38
1.25

1.13
1.00

.88.75.63.50.38.25.13

Fr
eq

ue
nc

y

100

80

60

40

20

0

Square Root of Hygiene Scores for Glastonbury Day 2

1.88
1.75

1.63
1.50

1.38
1.25

1.13
1.00

.88
.75

.63
.50

.38
.25

.13
0.00

Fr
eq

ue
nc

y

50

40

30

20

10

0

Reciprocal of Hygiene Scores for Glastonbury Day 1

.975
.925

.875
.825

.775
.725

.675
.625

.575
.525

.475
.425

.375
.325

.275
.225

Fr
eq

ue
nc

y

120

100

80

60

40

20

0

Reciprocal of Hygiene Scores for Glastonbury Day 2

1.00
.95

.90
.85

.80
.75

.70
.65

.60
.55

.50
.45

.40
.35

.30
.25

Fr
eq

ue
nc

y

40

30

20

10

0

Figure 3.9: Distributions of the hygiene data on day 1 and day 2 after various 
transformations 

3.4. Exploring Groups of Data  

Sometimes we have data in which there are different groups of people 
(men and women, different universities, people with depression and 
people without for example). There are several ways to produce basic 
descriptive statistics for separate groups of people (and we will come 

across some of these methods in the next 
section). However, I intend to use this 
opportunity to introduce you to a function 

called split file, which allows you to repeat any 
analysis on several groups of cases. The split file 
function allows you to specify a grouping variable 

(remember these variables are used to specify 
categories of people). Any subsequent procedure in 

SPSS will then be carried out, in turn, on each 
category specified by that grouping variable. 

You’re probably getting sick of the hygiene data from the Glastonbury 
festival so let’s use the data in the file SPSSExam.sav. This file contains 
data regarding students’ performance on an SPSS exam. Four variables 
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were measured: exam (first-year SPSS exam scores as a percentage), 
computer (measure of computer literacy in percent), lecture (percentage 
of SPSS lectures attended), and numeracy (a measure of numerical 
ability out of 15). There is a variable called uni indicating whether the 
student attended Sussex University or Duncetown University. To begin 
with open the file SPSSExam.sav (see section 2.8 for a reminder of how 
to open a file). Let’s begin by looking at the data as a whole. 

3.4.1. Running the Analysis for all Data  

To see the distribution of the variables, we can use the frequencies 
command, which we came across in the previous section (see Figure 
3.6). Use this dialog box and place all four variables (exam, computer, 
lecture, and numeracy) in the Variable(s) box. Then click on  to 
select the statistics dialog box and select some measures of central 
tendency (mean, mode, median), measures of variability (range, 
standard deviation, variance, quartile splits), and measures of shape 
(kurtosis and skewness). Also click on  to access the charts dialog 
box and select a frequency distribution of scores with a normal curve 
(see Figure 3.6 if you need any help with any of these options). Return to 
the main dialog box by clicking on  and once in the main dialog 
box, click  to run the analysis. 

3.4.2. SPSS Output for all Data  

SPSS Output 3.2 shows the table of descriptive statistics for the four 
variables in this example. From this table, we can see that, on average, 
students attended nearly 60% of lectures, obtained 58% in their SPSS 
exam, scored only 51% on the computer literacy test, and only 5 out of 
15 on the numeracy test. In addition, the standard deviation for 
computer literacy was relatively small compared to that of the 
percentage of lectures attended and exam scores. These latter two 
variables had several modes (multimodal). The other important measures 
are the skewness and the kurtosis, both of which have an associated 
standard error. We came across these measures earlier on and found 
that we can convert these values to z-scores by dividing by their 
standard errors. For the SPSS exam scores, the z-score of skewness is 
−0.107/0.241 = −0.44. For numeracy, the z-score of skewness is 
0.961/0.241 = 3.99. It is pretty clear then that the numeracy scores are 
positively skewed, indicating a pile-up of scores on the left of the 
distribution (so, most students got low scores). Try calculating the z-
scores for the other variables. 



 Exploring Data 101 

The output provides tabulated frequency distributions of each variable 
(not reproduced here). These tables list each score and the number of 
times that it is found within the data set. In addition, each frequency 
value is expressed as a percentage of the sample (in this case the 
frequencies and percentages are the same because the sample size was 
100). Also, the cumulative percentage is given, which tells us how many 
cases (as a percentage) fell below a certain score. So, for example, we can 
see that 66% of numeracy scores were 5 or less, 74% were 6 or less, and 
so on. Looking in the other direction, we can work out that only 8% 
(100−92%) got scores greater than 8. 

Statistics

100 100 100 100
0 0 0 0

50.7100 58.1000 59.7650 4.8500
.8260 2.1316 2.1685 .2706

51.5000 60.0000 62.0000 4.0000
54.00 72.00a 48.50a 4.00

8.2600 21.3156 21.6848 2.7057
68.2282 454.3535 470.2296 7.3207

-.174 -.107 -.422 .961
.241 .241 .241 .241
.364 -1.105 -.179 .946
.478 .478 .478 .478

46.00 84.00 92.00 13.00
27.00 15.00 8.00 1.00
73.00 99.00 100.00 14.00

Valid
Missing

N

Mean
Std. Error of Mean
Median
Mode
Std. Deviation
Variance
Skewness
Std. Error of Skewness
Kurtosis
Std. Error of Kurtosis
Range
Minimum
Maximum

Computer
literacy

Percentage
on SPSS

exam

Percentage
of lectures
attended Numeracy

Multiple modes exist. The smallest value is showna. 
 

SPSS Output 3.2 

Finally, we are given histograms of each variable with the normal 
distribution overlaid. These graphs are displayed in Figure 3.10 and 
show us several things. First, it looks as though computer literacy is 
fairly normally distributed (a few people are very good with computers 
and a few are very bad, but the majority of people have a similar degree 
of knowledge). The exam scores are very interesting because this 
distribution is quite clearly not normal, in fact, it looks suspiciously 
bimodal (there are two peaks indicative of two modes). This observation 
corresponds with the earlier information from the table of descriptive 
statistics. Lecture attendance is generally quite normal, but the tails of 
the distribution are quite heavy (i.e. although most people attend the 
majority of lectures, there are a reasonable number of dedicated souls 
who attend them all and a larger than ‘normal’ proportion who attend 
very few). This is why there are high frequencies at the two ends of the 
distribution. Finally, the numeracy test has produced very positively 
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skewed data (i.e. the majority of people did very badly on this test and 
only a few did well). This corresponds with what the skewness statistic 
indicated. 

Descriptive statistics and histograms are a good way of getting an 
instant picture of the distribution of your data. This snapshot can be 
very useful: for example, the bimodal distribution of SPSS exam scores 
instantly indicates a trend that students are typically either very good at 
statistics or struggle with it (there are relatively few who fall in between 
these extremes). Intuitively, this finding fits with the nature of the 
subject: statistics is very easy once everything falls into place, but before 
that enlightenment occurs it all seems hopelessly difficult! Although 
there is a lot of information that we can obtain from histograms and 
descriptive information about a distribution, there are more objective 
ways in which we can assess the degree of normality in a set of data (see 
section 3.5). 
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Figure 3.10: Histograms of the SPSS exam data 

3.4.3. Running the Analysis for Different Groups  

If we wanted to obtain separate descriptive statistics for each of the 
universities, we could split the file, and then proceed using the 
frequencies command described in the previous section. To split the file, 
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simply use the menu path Data⇒Split File … or click on . In the 
resulting dialog box select the option Organize output by groups. Once 
this option is selected, the Groups Based on box will activate. Select the 
variable containing the group codes by which you wish to repeat the 
analysis (in this example select Uni), and transfer it to the box by 
clicking on . By default, SPSS will then sort the file by these groups 
(i.e. it will list one category followed by the other in the data editor 
window). Once you have split the file, use the frequencies command (see 
previous section). I have requested statistics for only numeracy and 
exam scores), you can select the other variables too if you want. 

 
Figure 3.11: Dialog box for the split file command. 

3.4.4. Output for Different Groups  

The SPSS output is split into two sections: first the results for students at 
Duncetown University, then the results for those attending Sussex 
University. SPSS Output 3.3 shows the two main summary tables. From 
these tables it is clear that Sussex students scored higher on both their 
SPSS exam and the numeracy test than their Duncetown counterparts. In 
fact, looking at the means reveals that, on average, Sussex students 
scored 6% more on the SPSS exam than Duncetown students, and had 
numeracy scores twice as high. The standard deviations for both 
variables are slightly higher for Sussex, but not greatly so. 
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Duncetown University Sussex University 
Statisticsb

50 50
0 0

40.1800 4.1200
1.78032 .29227
38.0000 4.0000

34.00a 4.00
12.58877 2.06664

158.47714 4.27102
.309 .512
.337 .337

-.567 -.484
.662 .662

51.00 8.00
15.00 1.00
66.00 9.00

Valid
Missing

N

Mean
Std. Error of Mean
Median
Mode
Std. Deviation
Variance
Skewness
Std. Error of Skewness
Kurtosis
Std. Error of Kurtosis
Range
Minimum
Maximum

Percentage
on SPSS

exam Numeracy

Multiple modes exist. The smallest value is showna. 

University = Duncetown Universityb. 

 

Statisticsb

50 50
0 0

76.0200 5.5800
1.44321 .43433
75.0000 5.0000

72.00a 5.00
10.20502 3.07120

104.14245 9.43224
.272 .793
.337 .337

-.264 .260
.662 .662

43.00 13.00
56.00 1.00
99.00 14.00

Valid
Missing

N

Mean
Std. Error of Mean
Median
Mode
Std. Deviation
Variance
Skewness
Std. Error of Skewness
Kurtosis
Std. Error of Kurtosis
Range
Minimum
Maximum

Percentage
on SPSS

exam Numeracy

Multiple modes exist. The smallest value is showna. 

University = Sussex Universityb. 
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Figure 3.12: Distributions of exam and numeracy scores for Duncetown 
University and Sussex University students 

Figure 3.12 shows the histograms of these variables split according to 
the university attended. The first interesting thing to note is that for 
exam marks, the distributions are both fairly normal. This seems odd 
because the overall distribution was bimodal. However, it starts to make 
sense when you consider that for Duncetown the distribution is centred 
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Did someone say 
Smirnov? Great, I 

need a drink after all 
this data analysis! 

around a mark of about 35%, but for Sussex the distribution is centred 
around a mark of around 75%. This illustrates how important it is to 
look at distributions within groups. If we were interested in comparing 
Duncetown to Sussex it wouldn’t matter that overall the distribution of 
scores was bimodal, all that’s important is that each group comes from a 
normal distribution, and in this case it appears to be true. When the two 
samples are combined, these two normal distributions create a bimodal 
one (one of the modes being around the centre of the Duncetown 
distribution, and the other being around the centre of the Sussex data! 
For numeracy scores, the distribution is slightly positively skewed in the 
Duncetown group (there is a larger concentration at the lower end of 
scores); Sussex students are also slightly skewed but have higher scores 
in general than Duncetown students. Therefore, the overall positive 
skew observed before is due to the mixture of universities. When you 
have finished with the split file command, remember to switch it off 
(otherwise SPSS will carry on doing every analysis on each group 
separately). To switch this function off, return to the split file dialog box 
and select Analyze all cases, do not create groups. 

3.5. Testing whether a Distribution is Normal  

It is all very well to look at histograms, but they tell us little about 
whether a distribution is close enough to normality to be useful. 
Looking at histograms is subjective and open to abuse (I can imagine 
researchers sitting looking at a completely distorted distribution and 
saying ‘yep, well Bob, that looks normal to me’, and Bob replying ‘yep, 
sure does’). What is needed is an objective test to 

decide whether or not a distribution is 
normal. The skewness and kurtosis 
statistics that we saw earlier tell us a bit 
about deviations from normality, but they 

deal with only one aspect of nonnormality 
each. Another way of looking at the problem is to see 

whether the distribution as a whole deviates from a 
comparable normal distribution. The Kolmogorov-

Smirnov and Shapiro-Wilk tests do just this: they 
compare the scores in the sample to a normally distributed 

set of scores with the same mean and standard deviation. If the test is 
non-significant (p > .05) it tells us that the distribution of the sample is 
not significantly different from a normal distribution (i.e. it is probably 
normal). If, however, the test is significant (p < .05) then the distribution 
in question is significantly different from a normal distribution (i.e. it is 
non-normal). These tests seem great: in one easy procedure they tell us 
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whether our scores are normally distributed (nice!). However, they have 
their limitations because with large sample sizes it is very easy to get 
significant results from small deviations from normality, and so a 
significant test doesn’t necessarily tell us whether the deviation from 
normality is enough to bias any statistical procedures that we apply to 
the data. I guess the take home message is, by all means use these tests, 
but plot your data as well and try to make an informed decision about 
the extent of non-normality. 

 
Figure 3.13: Andrei Kolmogorov, wishing he had a Smirnov 

3.5.1. Doing the Kolmogorov-Smirnov test on SPSS  

The Kolmogorov-Smirnov (K-S from now on) test can be accessed 
through the explore command (Analyze⇒Descriptive 
Statistics⇒Explore…).7 Figure 3.14 shows the dialog boxes for the 
explore command. First, enter any variables of interest in the box labelled 
Dependent List by highlighting them on the left-hand side and 
transferring them by clicking on . For this example, just select the 
exam scores and numeracy scores. It is also possible to select a factor (or 
grouping variable) by which to split the output (so, if you select uni and 
transfer it to the box labelled Factor List, SPSS will produce exploratory 
analysis for each group—a bit like the split file command). If you click on 

 a dialog box appears, but the default option is fine (it will 
produce means, standard deviations and so on). The more interesting 
option for our purposes is accessed by clicking on . In this dialog 
box select the option , and this will produce both the K-S 
test and some graphs called normal Q-Q plots for all of the variables 
                                                            

7 This menu path would be Statistics⇒Summarize⇒Explore… in version 8.0 
and earlier. 
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selected. By default, SPSS will produce boxplots (split according to 
group if a factor has been specified) and stem and leaf diagrams as well. 
Click on  to return to the main dialog box and then click  to 
run the analysis. 

  

 
Figure 3.14: Dialog boxes for the explore command 

3.5.2. Output from the Explore Procedure  

The first table produced by SPSS contains descriptive statistics (mean 
etc.) and should have the same values as the tables obtained using the 
frequencies procedure. The important table is that of the Kolmogorov-
Smirnov test. This table includes the test statistic itself, the degrees of 
freedom (which should equal the sample size) and the significance value 
of this test. Remember that a significant value (Sig. less than .05) 
indicates a deviation from normality. For both numeracy and SPSS 
exam, the K-S test is highly significant, indicating that both distributions 
are not normal. This result is likely to reflect the bimodal distribution 
found for exam scores, and the positively skewed distribution observed 
in the numeracy scores. However, these tests confirm that these 
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deviations were significant. This finding is important because the 
histograms tell us only that our sample distributions deviate from 
normal; they do not tell us whether this deviation is large enough to be 
important. The test statistic for the K-S test is denoted by D and so we 
can report these results in the following way: The percentage on the 
SPSS exam, D(100) = 0.10, p < .05, and the numeracy scores, D(100) = 
0.15, p < .001, were both significantly non-normal. The numbers in 
brackets are the degrees of freedom (df) from the table. 

 
Tests of Normality

.102 100 .012 .961 100 .005

.153 100 .000 .924 100 .000

Percentage on
SPSS exam
Numeracy

Statistic df Sig. Statistic df Sig.
Kolmogorov-Smirnova Shapiro-Wilk

Lilliefors Significance Correctiona. 

 
As a final point, bear in mind that when we looked at the exam scores 

for separate groups, the distributions seemed quite normal, now if we’d 
asked for separate tests for the two universities (by placing uni in the 
box labelled Factor List as in Figure 3.17) the K-S test might not have 
been significant. In fact if you try this out, you’ll get the table in SPSS 
Output 3.4, which shows that the percentages on the SPSS exam are 
indeed normal within the two groups (the values in the column labelled 
Sig. are greater than .05). This is important because if our analysis 
involves comparing groups then what’s important is not the overall 
distribution, but the distribution in each group.  

Tests of Normality

.106 50 .200* .972 50 .283

.073 50 .200* .984 50 .715

.183 50 .000 .941 50 .015

.155 50 .004 .932 50 .007

University
Duncetown University
Sussex University
Duncetown University
Sussex University

Percentage on
SPSS exam

Numeracy

Statistic df Sig. Statistic df Sig.
Kolmogorov-Smirnova Shapiro-Wilk

This is a lower bound of the true significance.*. 

Lilliefors Significance Correctiona. 

 
SPSS Output 3.4 
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Using the benchmarks for effect sizes this represents a large effect (it is 
above the 0.5 threshold for a large effect). Therefore, the effect of Viagra 
on libido is a substantive finding. 

However, this measure of effect size is slightly biased because it is 
based purely on sums of squares from the sample and no adjustment is 
made for the fact that we’re trying to estimate the effect size in the 
population. Therefore, we often use a slightly more complex measure 
called omega squared (ω2). This effect size estimate is still based on the 
sums of squares that we’ve met in this chapter, but like the F-ratio it 
uses the variance explained by the model, and the error variance (in 
both cases the average variance, or mean squared error, is used): 

( )
RT

RMM

MSSS
MSdfSS

+
−

=2ω  

The dfM in the equation is the degrees of freedom for the effect, which 
you can get from the SPSS output (in the case of the main effect this is 
the number of experimental conditions minus 1). So, in this example 
we’d get: 

( )

60.
35.

70.45
19.16

97.173.43
97.1213.202

=
=

=

+
−

=

ω

ω

 

As you can see this has led to a slightly lower estimate to using r, and 
in general ω is a more accurate measure. Although in the sections on 
ANOVA I will use omega as my effect size measure, think of it as you 
would r (because it’s basically an unbiased estimate of r anyway) and 
apply the same benchmarks for deciding how substantial an effect is. 

Most of the time it isn’t that interesting to have effect sizes for the 
overall ANOVA because it’s testing a general hypothesis. Instead, we 
really want effect sizes for the contrasts (because these compare only 
two things and so the effect size is considerably easier to interpret). 
Planned comparisons are tested with the t-statistic and, therefore, we 
can use the same equation as in section 7.5.5: 

dft
trcontrast +

= 2

2
 

We know the value of t and the df from the SPSS Output 8.7 and so we 
can compute r as follows: 



402 Discovering Statistics Using SPSS 

58.0
12.18
12.6

12474.2
474.2

2

2

1

=

=

+
=contrastr

 

If you think back to our benchmarks for effect sizes this represents a 
large effect (it is above 0.5—the threshold for a large effect). Therefore, 
as well as being statistically significant, this effect is large and so 
represents a substantive finding. For contrast 2 we get: 

51.0
12.16
12.4

12029.2
029.2

2

2

2

=

=

+
=contrastr

 

This too is a substantive finding and represents a large effect size. 

8.6. Reporting Results from One-Way Independent ANOVA  

When we report an ANOVA, we have to give details of the F-ratio and 
the degrees of freedom from which it was calculated. For the 
experimental effect in these data the F-ratio was derived from dividing 
the mean squares for the effect by the mean squares for the residual. 
Therefore, the degrees of freedom used to assess the F-ratio are the 
degrees of freedom for the effect of the model (dfM = 2) and the degrees 
of freedom for the residuals of the model (dfR = 12). Therefore, the 
correct way to report the main finding would be: 

 There was a significant effect of Viagra on levels of libido, F(2, 
12) = 5.12, p < .05, ω = .60. 

Notice that the value of the F-ratio is preceded by the values of the 
degrees of freedom for that effect. Also, we rarely state the exact 
significance value of the F-ratio: instead we report that the significance 
value, p, was less than the criterion value of .05 and include an effect size 
measure. The linear contrast can be reported in much the same way: 

 There was a significant linear trend, F(1, 12) = 9.97, p < .01, ω = 
.62 indicating that as the dose of Viagra increased, libido 
increased proportionately. 

Notice that the degrees of freedom have changed to reflect how the F-
ratio was calculated. I’ve also included an effect size measure (have a go 
at calculating this as we did for the main F-ratio and see if you get the 
same value). Also, we have now reported that the F-value was 
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