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T Tests and Related Statistics:  SPSS
 

 
One Sample T Tests Independent Samples T Tests 
Correlated T Tests Nonparametric Tests 

 
 Before you boot up SPSS, obtain the following data files from my SPSS Data Page:  
Howell.sav, Tunnel2.sav, W_Loss.sav 
 
One-Sample T-Tests 
 The Howell.sav data file is described in the document Howell&Huessy.pdf.  Read the 
description and then read Howell.sav into SPSS.  Among other scores, we have the measured IQ of 
each of 88 students in Vermont.  We want to test the null hypothesis that this sample was randomly 
drawn from a population in which the mean is 100.  First I obtain Descriptive Statistics, including 
skewness and kurtosis. 
 

 
N Minimum Maximum Mean Std. Deviation 

Statistic Statistic Statistic Statistic Statistic Skewness Kurtosis 

iq 88 75 137 100.26 12.985 .394 -.163 

 The t test assumes normality.  If the skewness statistic has an absolute value greater than 1 
then there is a problem with that assumption.  Here we are OK.  Now, on with the t test. 

• Click Analyze, Compare Means, One-Sample T-Test. 
• Scoot the IQ variable into the Test Variable(s) box. 
• Enter the value 100 in the Test Value box. 
• Click OK.   

 
 Look at the output.  Notice that in addition to the basic statistics and the t test, we get a 
confidence interval for the size of the difference between the true mean and the hypothesized value 
of 100.  As you can see, the mean IQ of students in Vermont is not significantly different from 100. 
 

 

 

http://core.ecu.edu/psyc/wuenschk/SPSS/SPSS-Data.htm
http://core.ecu.edu/psyc/wuenschk/SPSS/Howell&Huessy.pdf
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One-Sample Statistics 

 N Mean Std. Deviation Std. Error 
Mean 

iq 88 100.26 12.985 1.384 
 

One-Sample Test 

 Test Value = 100 

t df Sig. (2-tailed) Mean 
Difference 

95% Confidence Interval of the 
Difference 

Lower Upper 

iq .189 87 .851 .261 -2.49 3.01 

 
 As an alternative to conducting the t test, try clicking Analyze, Descriptive Statistics, Explore.  
Scoot IQ into the Dependent List and click OK.  Look at the output.  The 95% confidence interval for 
mean IQ spans from 97.5 to 103.  If we are 95% confident that the true means falls within that range, 
then we know we could not reject the null that µ = 100 at the 5% level of significance.  The plots and 
the measures of skewness and kurtosis indicate that the sample could reasonably be assumed to 
have come from a normally distributed population, which is an assumption we made when using 
Student's t distribution to obtain the confidence interval and the p value. 
 
 Compute d and construct a 95% confidence interval for the standardized difference 
between the true mean and the hypothesized mean, using the results of the t test you just 
completed. 
 The noncentral t SPSS scripts, which I obtained from M. J. Smithson, can be used to compute 
estimated d) and a confidence interval for d.  For the convenience of my students, I have included 
these in CI-d.zip, along with this document.  I have done some editing of Smithson’s scripts to make 
them easier for my students to use. 
 If you have not already done so, download the following files from my SPSS Programs Page: 

• NoncT.sav 
• T-d-1sample.sps 
• T-d-2samples.sps 

 You have conducted a one-sample t test and you want to report a confidence interval for 
Cohen’s d, the standardized difference between the true population mean and the hypothesized 
population mean.  Open the NoncT.sav file – Double click on the file name or open SPSS and then 
click File, Open, select NoncT.sav, and click Open. 

http://core.ecu.edu/psyc/wuenschk/SPSS/CI-d-SPSS.zip
http://core.ecu.edu/psyc/wuenschk/SPSS/SPSS-Programs.htm
http://core.ecu.edu/psyc/wuenschk/SPSS/NoncT.sav
http://core.ecu.edu/psyc/wuenschk/SPSS/T-d-1sample.sps
http://core.ecu.edu/psyc/wuenschk/SPSS/T-d-2samples.sps
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• You should see a one-row data sheet with 13 variables. 
• In the column for tval, enter the obtained t value, .189. 
• In the df column, enter the degrees of freedom, 87. 
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Starting with Release 24 of SPSS, Cohen’s d is included in the output. 
 

 
One-Sample Effect Sizes 

 Standardizera Point Estimate 

95% Confidence Interval 

Lower Upper 

iq Cohen's d 12.985 .020 -.189 .229 

Hedges' correction 13.098 .020 -.187 .227 

a. The denominator used in estimating the effect sizes.  

Cohen's d uses the sample standard deviation.  

Hedges' correction uses the sample standard deviation, plus a correction factor. 
 
 Example presentation of the results.  The mean IQ of students in Vermont (M = 100.26, SD 
= 12.98) was not significantly different from 100, t(87) = 0.189, p = .85, 95% CI [-2.49, 3.01].  The 
standardized difference of the mean from 100 was d = .02, 95% CI [-.19, .23]. 
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 Not Normal Data.  What if the data are not normally distributed?  One can try a monotonic 
transformation (such as a square root transformation or a log transformation) or use a procedure that 
does not require normal data.  One such procedure is bootstrapping.  With bootstrapping the 
sampling distribution is created by obtaining a large number of samples by random sampling of the 
observed data.  Bootstrapping is now available in SPSS.  On the main window I clicked Bootstrap and 
asked for 10,000 samples.  Here is the output: 
 

Bootstrap for One-Sample Test 

 Mean Difference 

Bootstrapa 

Bias Std. Error 

95% Confidence Interval 

Lower Upper 

iq .261 .011 1.386 -2.397 3.034 

a. Unless otherwise noted, bootstrap results are based on 10000 bootstrap 

samples 
 The confidence interval for the difference between the population mean and 100 runs from  
-2.397 to 3.034.  Since this CI includes the value 0, we do not reject the null hypothesis that the 
population mean is 100. 
 

 
 
Correlated T-Tests 
 In the first experiment of my doctoral dissertation, wild-strain house mice were, at birth, 
cross-fostered onto house-mouse (Mus), deer mouse (Peromyscus) or rat (Rattus) nursing mothers.  
Ten days after weaning, each subject was tested in an apparatus that allowed it to enter tunnels 
scented with clean pine shavings or with shavings bearing the scent of Mus, Peromyscus, or Rattus.  
One of the variables measured was how long each subject spent in each of the four tunnels during a 
twenty minute test.  Also measured were the number of visits to each tunnel and the latency to first 
visit of each tunnel.  Analysis of the data showed that the response of house mice to the scent of rats 
was altered by preweaning experience with rats (see the related article, “Wuensch, K. L., Fostering 
house mice onto rats and deer mice: Effects on response to species odors.  Animal Learning and 
Behavior, 1992, 20, 253-258.”).  House mice raised by house mice or deer mice avoided the rat-
scented tunnel, but those raised by rats did not. 
 There are several mechanisms which could be involved in this change in response to rat-
scents. 

• Habituation -- it may be that mere exposure to rat-scents across the nursing period leads to the 
habituation of a neophobic (fear of the unknown) response. 

• Counterconditioning -- the association of rat-scent with positive reinforcers (milk, warmth, 
contact comfort, tactile stimulation, etc.) may countercondition fear responses. 

• Parental Care -- the effects of being reared by rats may not depend at all upon associative or 
nonassociative exposure to rat-scents.  It may be that the parental care offered by a rat differs 
from that offered by house mice and deer mice in ways that produce lower emotionality and 
neophobia, or other changes that are more general, less stimulus-bound than just a change in 
response to the scent of rats. 

 Experiment 2 was designed to determine whether exposing Mus-nursed pups to rat-scents 
during their first 25 days of life would alter their responsiveness to rat-scents. 
 House mice and rats were bred, housed, and fostered as in the first experiment, with 16 litters 
being fostered onto Mus and 8 onto Rattus.  One half of the Mus-fostered litters were maintained in 

http://core.ecu.edu/psyc/wuenschk/Articles/AL&B1992/AL&B1992.htm
http://core.ecu.edu/psyc/wuenschk/Articles/AL&B1992/AL&B1992.htm
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cages atop the maternity rack in the Rattus-colony room (Group MR), with the other half in the 
Mus-colony room (Group MM).  All of the Rattus-nursed litters (Group RR) were maintained in the 
Rattus-colony room. 
 Each day, approximately 50 ml of bedding was removed from each maternity cage and 
replaced with bedding (including freshly excreted feces) collected from the nesting area of another 
mother and litter in the same stage of nursing (same number of days since birth of the pups) as the 
receiving mother and litter. 
 For Group RR and for Group MR the transferred bedding was collected from Rattus mothers 
and pups.  For Group MM the bedding was collected from Mus mothers and pups.  The transferred 
bedding was placed directly in the nesting area of each maternity cage.  The transfer was done on 
Groups MM and RR to control the degree of daily disruption among the groups. 
 Pups were weaned into a reversed light cycle isolation room, as was done in Experiment 1, 
and tested in the same apparatus as in Experiment 1, with procedural details remaining the same, 
except as here noted.  The test was a two-scent test, with Rattus-scented bedding being placed in 
two tunnels 180 degrees from one another, and Mus-scented bedding in the remaining two tunnels.  
Tests were not for a fixed 20 minute period as in Experiment 1, but rather continued for 15 minutes 
after each subject’s first entry into a tunnel.  Sixteen subjects from each group were tested. 
 The bedding transfer did disturb the mothers, but they did not remove the alien feces etc. from 
the nesting area, so the procedure was effective in producing long term exposure to Rattus-scents in 
Group MR. 
 The data from Experiment 2 are in the file Tunnel2.sav, which you should bring into SPSS.  
V_M and V_R are the number of visits to the Mus-scented tunnel and the Rattus-scented tunnel.  
Likewise, T_M and T_R are the amount of time spent in these two types of tunnels and L_M and L_R 
are the latency to first entry of each of these two types of tunnels.  To reduce positive skewness, I 
transformed the time data with a square root transformation and the latency data with a logarithmic 
transformation.  The transformed variables were named TT_M, TT_R, TL_M, and TL_R. 
 Conduct the analysis this way: 

• Click Analyze, Compare Means, Paired-Samples T Test. 
• Highlight V_M and V_R and then click the right pointing arrowhead to scoot that pair into the 

Paired Variables box. 
• Check “Estimate effect sizes” and select “Average of variances.” 
• Click OK and the analysis is done. 
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 Mean N Std. Deviation 

Pair 1 
v_m 22.73 48 10.443 

v_r 13.29 48 10.466 
 

Paired Samples Correlations 

 N Correlation Sig. 

Pair 1 v_m & v_r 48 .381 .008 
 
 

 Note:  The paired samples correlation is not generally reported.  It should be positive due to 
the design being correlated samples.  If it is not positive, something may be amiss. 
 

 Paired Differences 

Mean Std. Deviation Std. Error Mean 95% Confidence Interval of the 
Difference 

Lower Upper 

Pair 1 v_m - v_r 9.438 11.634 1.679 6.059 12.816 

 
t df Sig. (2-tailed) 

5.620 47 .000 

 
Paired Samples Effect Sizes 

 Standardizera Point Estimate 

95% Confidence Interval 

Lower Upper 

Pair 1 v_m - v_r Cohen's d 10.454 .903 .563 1.236 

Hedges' correction 10.539 .896 .558 1.226 

a. The denominator used in estimating the effect sizes.  

Cohen's d uses the square root of the average variance of measures.  

Hedges' correction uses the square root of the average variance of measures, plus a correction factor. 

 
My favorite method for putting a confidence interval on d, which was developed by James 

Algina at the University of Florida, is not available in SPSS. 
 
 Look at the output.  The paired samples t test and the mean difference score clearly show that 
the mice visited the Mus-scented tunnels more often.  They also visited the Mus-scented tunnels 
sooner and for a greater period of time than they did the Rattus-scented tunnels – if you wish to see 
the analysis on the time and latency variables you can highlight TT_M and TT_R and scoot them into 
the paired variables box and then highlight TL_M and TL_R and scoot them into the box, and then 
click OK.  The analyses on the time and latency data are not, however, part of this assignment. 
 
 As you know, the correlated t test is really just a one-sample t test conducted on difference 
scores.  I used Transform, Compute Variable to create new variable Diff as the difference between 
V_M and V_R and then conducted a one sample t test on those difference scores: 
 

http://plaza.ufl.edu/algina/
http://plaza.ufl.edu/algina/
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One-Sample Test 

 

Test Value = 0 

t df Sig. (2-tailed) Mean Difference 

95% Confidence Interval of the 

Difference 

Lower Upper 

Diff 5.620 47 .000 9.43750 6.0592 12.8158 

 
 The normality assumption for the correlated t test is that the difference scores are normally 
distributed.  To check this assumption I used Descriptives to get the skewness and kurtosis of the 
difference scores.  No problem: 
 

Descriptive Statistics 

 
N Skewness Kurtosis 

Statistic Statistic Std. Error Statistic Std. Error 

Diff 48 -.091 .343 -.614 .674 

 
 I also conducted a bootstrapping test: 
 
 

Bootstrap for Paired Samples Test 

 Mean 

Bootstrapa 

Bias Std. Error Sig. (2-tailed) 

95% Confidence Interval 

Lower Upper 

Pair 1 v_m - v_r 9.438 -.023 1.678 .000 6.104 12.688 

a. Unless otherwise noted, bootstrap results are based on 10000 bootstrap samples 

 
 Since the CI excludes the value 0, the difference between means is significant. 
 
 What we were really interested in is how the early experience (the nurs variable) affected 
response to the tunnels.  Accordingly, what we really need to do is make these same comparisons 
within each level of the nurs variable.  Here is how to do this: 

• Go to the Data Editor window and click on Data on the command bar. 
• From the drop-down menu, click on Split File. 
• In the dialog box, select "Organize Output by Groups" and scoot the Nurs variable in the 

"Groups Based on" box. 
• Click OK. 
• Now any analysis you do will be done within each nurs group.  Go back to Analyze and redo 

the Paired Samples T Test. 
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nurs = MM 
 

Paired Samples Statisticsa 

 Mean N Std. Deviation Std. Error Mean 

Pair 1 
v_m 22.44 16 12.816 3.204 

v_r 7.56 16 5.887 1.472 
 

Paired Samples Correlationsa 

 N Correlation Sig. 

Pair 1 v_m & v_r 16 .581 .018 
 
 

 Paired Differences 

Mean Std. Deviation Std. Error Mean 95% Confidence Interval of the 
Difference 

Lower Upper 

Pair 1 v_m - v_r 14.875 10.551 2.638 9.253 20.497 

 
t df Sig. (2-tailed) 

5.639 15 .000 

 
nurs = MR 
 

Paired Samples Statisticsa 

 Mean N Std. Deviation Std. Error Mean 

Pair 1 
v_m 22.31 16 10.209 2.552 

v_r 7.56 16 5.738 1.435 
 

Paired Samples Correlationsa 

 N Correlation Sig. 

Pair 1 v_m & v_r 16 .682 .004 
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 Paired Differences 

Mean Std. Deviation Std. Error Mean 95% Confidence Interval of the 
Difference 

Lower Upper 

Pair 1 v_m - v_r 14.750 7.567 1.892 10.718 18.782 

 

 

t df Sig. (2-tailed) 

7.797 15 .000 
 
nurs = RR 

 
Paired Samples Statisticsa 

 Mean N Std. Deviation Std. Error Mean 

Pair 1 
v_m 23.44 16 8.509 2.127 

v_r 24.75 16 8.095 2.024 
 

Paired Samples Correlationsa 

 N Correlation Sig. 

Pair 1 v_m & v_r 16 .489 .055 

 

 Paired Differences 

Mean Std. Deviation Std. Error Mean 95% Confidence Interval of the 
Difference 

Lower Upper 

Pair 1 v_m - v_r -1.313 8.404 2.101 -5.791 3.166 

 

t df Sig. (2-tailed) 

-.625 15 .542 

 
 Look at the new output.  We see that in the MM and the MR groups, the mice preferred the 
Mus-scented tunnels over the Rattus-scented tunnels, but in the RR group there was no significant 
difference between the two types of tunnels.  It appears that it is being reared by a rat mother that 
causes the loss of the fear of rat-scented spaces which is observed in normal mice (keep in mind that 
in the wild, rats eat mice), and that mere exposure to the scent of rats early in life is not sufficient to 
remove this fear. 
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 Example presentation of results for the MM group.  Male mice (Mus musculus) whose 
foster mother was Mus and who were never previously exposed to the scent of rats spent significantly 
more time (seconds) in the Mus scented tunnel (M = 22.44, SD = 12.82) than in the rat scented 
tunnel, (M = 7.56, SD = 5.89), t(15) = 5.639, p < .001, 95% CI [9.25, 20.50].  The standardized 
difference between means was d = 1.49, 95% CI [.759, 2.201]. 
 

 
 
Independent Samples T-Tests 
 David Howell has given me permission to employ the data from a little exercise that appeared 
in an earlier edition of his text.  Twenty subjects enrolled in each of two weight loss programs, 
program 1 and program 2.  The loss variable is the amount of weight lost by those who completed six 
months of the program.  Conduct the analysis: 

• Bring the W_LOSS.SAV data into SPSS. 
• Click Analyze, Compare Means, Independent Samples T-Test. 
• Scoot the Loss variable into the Test Variable(s) box and the Group variable into the Grouping 

Variable box. 
• Click Define Groups and tell SPSS that Group 1 has the code 1 (enter the number 1 in the box 

for Group 1) and Group 2 has the code 2. 
• Click Continue, OK. 

 

 
 
 Look at the output.  Given the greatly disparate sample sizes, and following Zimmerman's 
advice, we should use the separate variances test here, even though the two sample variances are 
not greatly disparate.  Look at the df for the separate variances test – note that they are not integer.   
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Group Statistics 

 group N Mean Std. Deviation Std. Error Mean 

loss 
1 6 22.67 4.274 1.745 

2 12 13.25 4.093 1.181 

 
 t df Sig. (2-tailed) 

loss 
Equal variances assumed 4.538 16 .000 

Equal variances not assumed 4.469 9.708 .001 
 

Independent Samples Test 

 t-test for Equality of Means 

95% Confidence Interval of the Difference 

Lower Upper 

loss 
Equal variances assumed 5.018 13.816 

Equal variances not assumed 4.702 14.131 

 
 The means differ significantly.  Using the results of the t test you just conducted, compute d 
and construct a 95% confidence interval for the standardardized difference between the 
population means.  In my example below I have used the results from the analysis of a different set 
of data. 
 You have conducted a two independent samples t test and you want to report a confidence 
interval for Cohen’s d, the standardized difference between the two population means.    Note that I 
have employed a separate variances t but that I have used the pooled t and df when estimating d and 
the confidence interval about d.  Why?  See Confidence Intervals, Pooled and Separate Variances T.  
Even if it is the separate variances t that you use to test the null hypothesis, when you 
compute the confidence interval for d you must give it the pooled variances t and df. 
• Open the NoncT.sav syntax file.  You see a one-row data sheet with 13 variables. 
• In the column for tval, enter the obtained t value, 4.538. 
• In the df column, enter the degrees of freedom, 16. 
• In the conf column, enter 0.95 (for a 95% confidence interval). 
• In the n1 column, enter 6. 
• In the n2 column, enter 12. 

Open the T-D-2sample.sps syntax file. 
• On the command bar, click Run and then All. 
• Look back at Nonct.sav.  The lower limit of the confidence interval is in the lowd column and the 

upper limit in the highd column.  In the d column is the point estimate of d. 
 

http://core.ecu.edu/psyc/wuenschk/docs30/CI-T-Pooled-Separate.docx
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 Starting with Release 27, SPSS now gives you Cohen’s d (and related statistics) when doing 
an independent samples t test.  If you are using a earlier release, you will need to use the syntax file 
presented above. 
 
 

Independent Samples Effect Sizes 

 Standardizera Point Estimate 

95% Confidence Interval 

Lower Upper 

loss Cohen's d 4.150 2.269 .995 3.499 

Hedges' correction 4.358 2.161 .948 3.332 

Glass's delta 4.093 2.301 .910 3.639 

a. The denominator used in estimating the effect sizes.  

Cohen's d uses the pooled standard deviation.  

Hedges' correction uses the pooled standard deviation, plus a correction factor.  

Glass's delta uses the sample standard deviation of the control group. 

 
 What SPSS reports as “Cohen’s d” is actually an uncorrected version of Hedges g, but most 
researchers refer to it as d.  The “Hedges correction” g (corrected for bias) is actually Hedges and 

Olkin’s 𝛿𝛿 = 𝑔𝑔(𝑁𝑁−3)
𝑁𝑁−2.25

= 2.269(15)
15.75

.  See this document for details. 

 
 I also want you to look at the various statistics given by SPSS for the two groups:  Mean, 
standard deviation, sample size, and standard errors of the mean.  I want you to identify just one of 
those statistics as being the most important statistic, important in terms of interpreting these 
results. 
 Example of writing up the results of an independent samples t test (using different 
data).  Among students in Vermont, girls’ GPA (M = 2.82, SD = .83, N = 33) was significantly higher 
than boys’ GPA (M = 2.24, SD = .81, N = 55), t(65.9) = 3.24, p = .002, d = .72, 95% CI [.27, 1.16]. 
 

http://core.ecu.edu/psyc/wuenschk/StatHelp/d-g-r.pdf
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 Evaluating the Normality Assumption.  I should have done this first.  I split the file by group and 
used Descriptives to get the skewness and kurtosis: 
 
group = 1 
 

Descriptive Statisticsa 

 
N Skewness Kurtosis 

Statistic Statistic Std. Error Statistic Std. Error 

loss 6 1.082 .845 .997 1.741 

Valid N (listwise) 6     
a. group = 1 

 
group = 2 

Descriptive Statisticsa 

 
N Skewness Kurtosis 

Statistic Statistic Std. Error Statistic Std. Error 

loss 12 -.492 .637 -.121 1.232 

Valid N (listwise) 12     
a. group = 2 

 Oh my, the skewness in the first group exceeds 1.  I should have done a bootstrapping 
analysis.  Here is such an analysis: 
 
 

Bootstrap for Independent Samples Test 

 Mean Difference 

Bootstrapa 

Bias Std. Error Sig. (2-tailed) 

95% Confidence Interval 

Lower Upper 

loss Equal variances assumed 9.417 -.008b 2.062b .001b 5.646b 13.750b 

Equal variances not assumed 9.417 -.008b 2.062b  5.646b 13.750b 

a. Unless otherwise noted, bootstrap results are based on 10000 bootstrap samples 

b. Based on 9994 samples 

 The CI excludes zero, the difference in means is significant. 
 

How to Bootstrap Without a Computer 
 
 You have 50 scores in each of two groups.  You want to test the significance of the difference 
in their means.  For the first group you write the scores on 50 index cards, one score per card.  You 
do the same thing with the scores in the second group.  You know have two piles of 50 cards each. 
 For the first group, you shuffle the cards and then randomly draw one.  You write down the 
number on the card that was drawn.  You put the card back in the deck, shuffle, and randomly draw a 
second card.  You write this number down too.  You do this 50 times.  You now have 50 scores 
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randomly drawn from the scores in the first group.  You find the mean of these 50 scores and write it 
down. 
 Now you do exactly the same with the cards in the second group, obtaining 50 randomly drawn 
scores.  You compute the mean of those 50 scores.  Now you have two means, one for Group 1 and 
one for Group 2.  You compute M1 – M2 and write down that difference in means. 
 Now you return to the Group 1 pile and obtain 50 randomly drawn scores and calculate the 
mean.  Then you do the same thing with the Group 2 pile and calculate the difference between the 
two means.  Now you have two differences between means, (M1 – M2)1 and (M1 – M2)2 .  You repeat 
this a large number of times (usually at least 10,000 times), so you have 10,000 differences in means.  
The distribution of those differences in means is a resampling distribution.  You mark off the middle 
95% of that distribution.  This is the bootstrapped confidence interval for the difference in means.  If 
the confidence interval excludes zero, then the difference between means is significant. 
 You do not need to stick to means.  You could use any statistic, such the median or the 
standard deviation. 
 Clearly, constructing a resampling distribution in this way would take an unreasonably large 
amount of time.  But now we have machines that can do this much more quickly.  David Howell was 
of the opinion that resampling statistics will, in time, replace most if not all of traditional statistics. 

 
 

 
Three Practice Exercises 

The Howell Data 
 In the Howell data file are four dichotomous variables:  Gender, Socprob, Repeat, and 
Dropout.  Choose one of these.  There are also three continuous variables, ADDSC, IQ, and GPA.  
Choose one of these.  Use SPSS to conduct a t test testing the null hypothesis that there is no 
relationship between the dichotomous variable and the continuous variable.  See Howell Variables . 
 In addition to using the t test procedure, I want you to analyze these data a second way: 

• Click Analyze, Correlate, Bivariate. 
• Scoot your two variables into the variables box 
• Ask for the Pearson r correlation coefficient 
• Click OK. 

 When r is computed between a dichotomous variable and a continuous variable, as we have 
done here, it is called a point-biserial correlation coefficient.  One can use t to test the null 
hypothesis that a sample r was computed on data randomly drawn from a bivariate population in 
which ρ is zero.  The t is computed this way: 

 
21
2

r
nrt
−

−
=   n = number of pairs of scores 

http://core.ecu.edu/psyc/wuenschk/SPSS/HOWELL.sav
http://core.ecu.edu/psyc/wuenschk/SPSS/Howell-Variables.htm


16 
 
 Compute that t and compare it to the pooled variances independent samples t SPSS 
computed for you.  You will demonstrate that the pooled variances independent samples t-test is a 
special case of a correlation/regression analysis! 
 The point biserial r can be used an effect size estimate.  The absolute value of r is an index of 
effect size – the larger it is (maximum possible is 1), the larger the effect.   Cohen’s guidelines for r 
are .1 is small, .3 is medium, and .5 is large.  Since you have already computed that r, report it (rather 
than d) as your effect size estimate.  It is possible to put a confidence interval about r, but I have not 
taught you how to do that yet.  
The INTROQ Data 
 Download the IntroQuest.xlsx file from the web.  These are the data from the little 
questionnaire we completed early in the semester.  We have data from many years of my classes.  
Your assignment now is to compare men and women (your grouping variable) on one of the 
continuous variables:  Ideal mate’s height in inches, Statophobia, Nucophobia, SATMath, or Year the 
course was taken.  Conduct an independent samples t test comparing men with women.  Write a 
short summary statement (describing the results and your conclusions).  Compute d as the effect size 
estimate and present a 95% confidence interval for d. 
 The data file here is an Excel file rather than an .sav file.  Here is the information you need 
about the coding of the data:  Each line of the data file has the data from one student.  First comes 
the student's score on Gender (1 for female, 2 for male), then the score on height (in inches) of each 
student’s Ideal mate, then Eye color (1 for brown, 2 for blue, 3 for green, 4 for other), then 
Statophobia (fear of the course, on an 11 point scale, 0 through 10), then Nucophobia (subjective 
probability of nuclear war from 0% to 100%), then SATM (score on the math section of the Scholastic 
Aptitude Test), and, finally, Year the course was taken. 
 
Red State, Blue State  See IQ, Income, and the 2004 US Presidential Election 
 Download the data from Bush-Kerry2004.sav .  The data were extracted from the page at 
http://www.sq.4mg.com/stateIQ-income.htm by Jim Clark, who kindly posted them on the Teaching in 
the Psychological Sciences listserv.  The subjects are states in the US.  The first variable is the 
average IQ in the state (estimated from SAT and ACT means), the second is the name of the state, 
the third is the average income in the state (in thousands of dollars), the fourth is a dummy variable 
representing how the state voted (0 = for Kerry, 1 = for Bush), and the fifth is simply the name of the 
candidate for whom the state voted. 
 These data can be used to explore the relationships among income, IQ, and voting.  For this 
assignment compare the two groups of states (Voted for Kerry, Voted for Bush) on income and on IQ.  
Conduct the t tests and write a short summary statement (describing the results and your 
conclusions).  Compute d as the effect size estimate and present a 95% confidence interval for d. 
 
Nonparametric Tests, Two Independent Samples 
 Sometimes your data not fit well with the assumptions of your desired analysis.  For example, 
earlier we used an independent samples t test to compare the amount of weight lost by participants in 
one program with that lost by participants in a second program.  Look at these descriptive statistics: 
  

http://core.ecu.edu/psyc/wuenschk/StatData/IntroQuest.xlsx
http://core.ecu.edu/psyc/wuenschk/StatData/Bush-Kerry2004.doc
http://www.sq.4mg.com/stateIQ-income.htm
http://www.collegeboard.com/splash/
http://www.act.org/aap/
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loss 

1 
N 

Valid 6 

Missing 0 

Skewness 1.082 

2 
N 

Valid 12 

Missing 0 

Skewness -.492 

 The skewness within the first group casts some doubt on the assumption that the population 
distributions are normally distributed.  Accordingly, one might wish to employ a procedure that does 
not make such an assumption.  The Mann-Whitney U test is such a procedure.  This procedure is 
equivalent to the Wilcoxon Rank Sum test.  To conduct the Mann-Whitney test in SPSS, click 
Analyze, Nonparametic Tests, Legacy Dialogues, 2 Independent Samples.  Scoot loss into the Test 
Variable List and group into the Grouping Variable List.  Define group as having values 1 and 2.  Click 
Exact and select Exact.  Continue.  OK. 
 

 
 

Ranks 
 group N Mean Rank Sum of Ranks 

loss 

1 6 15.25 91.50 

2 12 6.63 79.50 

Total 18   
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Test Statisticsa 

 loss 

Mann-Whitney U 1.500 
Wilcoxon W 79.500 
Z -3.233 
Exact Sig. (2-tailed) .000 

 The z given here is for an approximate statistic, which would be employed if the sample sizes 
were large, which would require too much computing to get the exact p value.  Our sample sizes are 
not large, so we use the exact probability, which is less than .001. 
 
 If you select Analyze, Nonparametrics, Independent Samples, you can get a confidence 
interval for the difference between medians in addition to the Mann-Whitney U. 
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 Click Run and you get output like this: 
 

 
 To get more details on the output, you need to double click the output object (shown below) 
and get this: 
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 On the bottom of the left pane in the Model View you can change view to “Confidence Interval 
Summary View” and get this output. 
 

 
 
Nonparametric Tests, Two Related Samples 
 Bring the Tunnel2.sav data into SPSS and get descriptive statistics on the latency variables – 
latency to first entry for the mouse-scented tunnel and latency to first entry of the rat-scented tunnel. 
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Statistics 
 l_m l_r 

N 
Valid 48 48 
Missing 0 0 

Mean 92.629688 270.539063 
Median 80.325000 199.237500 
Mode 3.1500a 96.0750a 
Std. Deviation 82.2836080 269.7316688 
Skewness 2.186 1.583 
Kurtosis 6.694 1.955 
a. Multiple modes exist. The smallest value is 
shown 
 Notice that the two sets of scores differ considerably in location and dispersion, and both sets 
are distinctly skewed.  The correlated t test would not be appropriate with such badly skewed data, so 
we conduct a Wilcoxon Signed Ranks test. 
 Analyze, Nonparametric Test, Legacy Dialogs, 2 Related Samples.  Select variables l_m and 
l_r.  Wilcoxon.  Use the Exact button to get an exact probability.  OK. 
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Ranks 
 N Mean 

Rank 
Sum of 
Ranks 

l_r - 
l_m 

Negative 
Ranks 14a 12.93 181.00 

Positive 
Ranks 34b 29.26 995.00 

Ties 0c   
Total 48   

a. l_r < l_m 
b. l_r > l_m 
c. l_r = l_m 
 
 For 14 mice, the latency to the rat-scented tunnel was less than to the mouse scented tunnel.  
For 34 mice the latency to the rat-scented tunnel was greater.  There were no ties. 
 

Test Statisticsa 
 l_r - l_m 
Z -4.174b 
Asymp. Sig. (2-
tailed) .000 

Exact Sig. (2-
tailed) .000 

Exact Sig. (1-
tailed) .000 

Point Probability .000 
 
 Whether we use the normal approximation or the exact test, p < .001.  We conclude that 
latency to enter the rat-scented tunnel was significantly greater than latency to enter the mouse 
scented tunnel. 
 What we were really interested in is how the early experience (the nurs variable) affected 
response to the tunnels.  Accordingly, what we really need to do is make these same comparisons 
within each level of the nurs variable.  Here is how to do this: 

• Go to the Data Editor window and click on Data on the command bar. 
• From the drop-down menu, click on Split File. 
• In the dialog box, select "Compare Groups" and scoot the Nurs variable in the "Groups Based 

on" box. 
• Click OK. 
• Now any analysis you do will be done within each nurs group.  Go back to Analyze and redo 

descriptive statistics and the Signed Ranks Test. 
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Statistics 

nurs l_m l_r 

MM 

N 
Valid 16 16 

Missing 0 0 

Mean 89.085938 365.203125 

Median 58.275000 320.512500 

Mode 7.8750a 252.0000 

Std. Deviation 102.7820250 248.8838070 

Skewness 3.058 1.624 

Kurtosis 10.604 2.461 
 

MR 

N 
Valid 16 16 
Missing 0 0 

Mean 77.667188 372.093750 
Median 82.687500 280.350000 
Mode 130.7250 39.3750a 
Std. Deviation 46.8518380 315.3507672 
Skewness -.096 1.163 
Kurtosis -1.214 .227 

RR 

N 
Valid 16 16 

Missing 0 0 

Mean 111.135937 74.320313 

Median 85.050000 54.337500 

Mode 14.1750 3.1500a 

Std. Deviation 88.5311946 70.3473798 

MM mice were raised by mice 
in a room that contained no 
rats.  They were very reluctant 
to enter the rat-scented tunnel. 

MR mice were raised by mice 
but in a room that housed many 
rats.  Also, every day some rat-
scented bedding was added to 
their cage.  Although they never 
interacted directly with rats, they 
were exposed to their scents 
since birth.  They were very 
reluctant to enter the rat-
scented tunnel. 

RR mice were raised by rats.  
They entered the rat-scented 
tunnel sooner than the 
mouse-scented tunnel. 
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Skewness .877 1.646 

Kurtosis .069 2.993 

 
 Notice that in the first two groups the latency to the rat tunnel is considerably greater than to 
the mouse tunnel, but for the third group the latency to the rat tunnel is less than to the mouse tunnel. 
 

Ranks 
nurs N Mean Rank Sum of Ranks 

MM l_r - l_m 

Negative Ranks 1a 1.00 1.00 

Positive Ranks 15b 9.00 135.00 

Ties 0c   

Total 16   

MR l_r - l_m 

Negative Ranks 1a 1.00 1.00 
Positive Ranks 15b 9.00 135.00 
Ties 0c   

Total 16   

RR l_r - l_m 

Negative Ranks 12a 9.17 110.00 

Positive Ranks 4b 6.50 26.00 

Ties 0c   

Total 16   

a. l_r < l_m 
b. l_r > l_m 
c. l_r = l_m 
 

Test Statisticsa 
nurs l_r - l_m 

MM 

Z -3.464b 

Asymp. Sig. (2-tailed) .001 

Exact Sig. (2-tailed) .000 

MR 
Z -3.464b 
Asymp. Sig. (2-tailed) .001 
Exact Sig. (2-tailed) .000 

RR 

Z -2.172c 

Asymp. Sig. (2-tailed) .030 

Exact Sig. (2-tailed) .029 
a. Wilcoxon Signed Ranks Test 
b. Based on negative ranks. 
c. Based on positive ranks. 
 
 In each of the three groups there is a significant difference in latencies to the two tunnels. 
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 As with independent samples, you can get a confidence interval for the difference between 
medians.  Here I shall do so with the data for the RR mice.  Analyze, Nonparametric Tests, Related 
Samples.  Check “Customize analysis.” 
 

 
 Click the “Fields” tab.  Select “Use custom field assignments.”  Scoot l_m and l_r into the “Test 
Fields” pane. 
 

 
 
 Click the “Settings” tab.  Select “Customize tests,” “Wilcoxon matched pair signed-rank,” and 
“Hodges-Lehman.”  Then click “Run” at the bottom of the window. 
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 Here is the output when using SPSS Version 26: 
 
 

Hypothesis Test Summary 
nurs Null Hypothesis Test Sig. Decision 

MM 1 The median of differences 

between l_m and l_r equals 0. 

Related-Samples Wilcoxon 

Signed Rank Test 

.001 Reject the null hypothesis. 

MR 1 The median of differences 

between l_m and l_r equals 0. 

Related-Samples Wilcoxon 

Signed Rank Test 

.001 Reject the null hypothesis. 

RR 1 The median of differences 

between l_m and l_r equals 0. 

Related-Samples Wilcoxon 

Signed Rank Test 

.030 Reject the null hypothesis. 

Asymptotic significances are displayed. The significance level is .050. 
 

Confidence Interval Summary 

nurs Confidence Interval Type Parameter Estimate 

95.0% Confidence Interval 

Lower Upper 

MM Related-Samples Hodges-

Lehman Median Difference 

Median of the difference between 

l_m and l_r. 

221.288 135.450 432.338 

MR Related-Samples Hodges-

Lehman Median Difference 

Median of the difference between 

l_m and l_r. 

215.775 103.950 491.400 

RR Related-Samples Hodges-

Lehman Median Difference 

Median of the difference between 

l_m and l_r. 

-32.681 -73.237 -3.150 

 
 The test is significant for each group.  All three confidence intervals exclude zero.  The RR 
mice entered the rat-scented tunnel significantly more quickly than the mouse-scented tunnel.  The 
other mice entered the mouse-scented tunnel significantly more quickly than the rat-scented tunnel. 
 
 
 
Back to Wuensch’s SPSS Lessons Page 
 

http://core.ecu.edu/psyc/wuenschk/SPSS/SPSS-Lessons.htm
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• Power Point Shows 
o Correlated Samples, SPSS  
o Independent Samples, SPSS  

 Examples of how to present the results of t tests 
 
Karl L. Wuensch, East Carolina University, Greenville, NC. November, 2020. 
 

 

http://core.ecu.edu/psyc/wuenschk/PP/Tmatched-SPSS.pptx
http://core.ecu.edu/psyc/wuenschk/PP/T-SPSS.pptx
http://core.ecu.edu/psyc/wuenschk/SPSS/T-SPSS-Output.pdf
http://core.ecu.edu/psyc/WuenschK/KLW.htm
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