BMDS7010-05 Self-study issued 26 March 2026

The sync session focused on modelling, but these self-studies are continuing with essential SPSS practice. From the initial plan, we need to cover short run throughs of basic hypothesis testing (t-tests, Chi-square) to understand the concepts, interpret p-values and draw conclusions by simple examples.
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What is Hypothesis Testing? 
You are investigating a claim:
1. The Claim (The Null Hypothesis - H₀): is an initial idea, usually stating that nothing interesting is happening. For example: "This new medicine works exactly the same as the old one" or "There's no difference in recovery time between men and women." This is your starting assumption, like assuming a suspect is innocent until proven guilty. We call this the Null Hypothesis (H₀). It often represents the status quo or no effect/difference. 

2. The Hunch (The Alternative Hypothesis - H₁): You (the researcher) may have a hunch that the initial claim H₀ might be wrong, i.e. you suspect something is happening. For example: "This new medicine is actually better than the old one" or "Women recover faster than men." This is your Alternative Hypothesis (H₁). It's what you're trying to see if there is any evidence for it.

3. Gathering Evidence (=Collecting Data): a researcher collects data relevant to testing the Hunch. This could be patient recovery times, blood pressure measurements, survey responses, etc.

4. Evaluating the Evidence (Running the Test): Now you need to see if your evidence (data) is strong enough to challenge the initial claim (the Null Hypothesis H₀). This is where statistical tests come in. They produce a number called a p-value.

5. Interpreting the p-value:
The p-value is actually the crucial bit. Think of it as the probability of seeing evidence at least as strong as what you collected, IF the initial claim (Null Hypothesis) was actually true.

Small p-value (usually less than 0.05): This means your evidence would be very surprising if the initial “nothing going on” claim (H₀) were true. Thus a p value of <0.05 gives strong evidence for an effect. So, you reject the Null Hypothesis (H₀) - conclude there is evidence for your hunch (H₁). This is called "statistically significant."

Note that a large p-value (usually 0.05 or more) means evidence for the initial claim (H₀) is true. It's like finding weak, circumstantial evidence. It means you can’t really say it was not due to random chance. i.e. you fail to reject the Null Hypothesis (H₀). In this case, you don't have strong enough evidence to support your Hunch (H₁). Important: This doesn't prove the null hypothesis is true, just that you don't have enough evidence to say it's false.
In a Nutshell: Hypothesis testing is a formal way to use data to decide between two competing ideas: one is saying "nothing's happening" (H₀) and another is saying "something interesting is happening" (H₁), based on how likely your data is if "nothing's happening." 
Examples in SPSS
Consider a synthetic dataset – variables in bold)
· PatientID: Unique identifier for each patient.
· Age: Patient's age in years.
· Gender: Patient's gender (M/F/O).
· Treatment: Type of therapy received (Standard/New).
· RecoveryDays: Number of days until patient met recovery criteria (lower is better).
· SmokingStatus: Patient's smoking status (Never/Former/Current).
· RespiratoryComplications: Did the patient develop respiratory complications post-surgery? (Yes/No).
A dataset of 100 records is on Moodle as “hypothesistestingdata.csv”
Importing into SPSS:
1. Open SPSS.
2. Go to File -> Import Data -> CSV Data....
3. Navigate to and select your saved hypothesistestingdata.csv file
4. Click Open.
5. An import wizard will appear. Check that: 
· The preview looks correct.
· "Does the first row contain variable names?" is checked (Yes).
· The delimiter is detected as Comma.
6. Click OK. The data should now appear in the SPSS Data Editor.
Running through an independent samples t-test in SPSS
The research question here may be “does the average recovery time (in days) differ significantly between patients receiving the 'New' physiotherapy treatment and those receiving the 'Standard' treatment?”
Generate your hypotheses:
The Null Hypothesis (H₀) see above: There is no difference in the mean RecoveryDays between the 'Standard' and 'New' treatment groups (Standard = New).
The Alternative Hypothesis (H₁): There is a difference in the mean RecoveryDays between the 'Standard' and 'New' treatment groups (Standard ≠ New).
Do these steps in SPSS:
1. With the imported data open, go to the menu: Analyze -> Compare Means and Proportions -> Independent-Samples T Test...
2. A dialog box will open.
3. Select the RecoveryDays variable from the list on the left and click the top arrow button to move it into the Test Variable(s): box. This is the outcome we are measuring.
4. Select the Treatment variable from the list on the left and click the lower arrow button to move it into the Grouping Variable: box. This variable defines the two groups we want to compare.
5. Click the Define Groups... button. 
· For Group 1:, type Standard.
· For Group 2:, type New. (Make sure these match the text in your data exactly).
· Click Continue.
6. Click OK to run the analysis.
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Analysing the SPSS Output:
The SPSS Output window will show two main tables.
Table 1: Group Statistics
· What it shows: Basic descriptive statistics for each group. 
· Treatment: Shows the group names ('Standard', 'New').
· N: The number of patients in each group (e.g., 50 in Standard, 50 in New).
· Mean: The average RecoveryDays for each group. (e.g., Standard might be around 45 days, New around 29 days).
· Std. Deviation: A measure of how spread out the recovery days are within each group. A smaller number means less variability.
· Std. Error Mean: An estimate of how much the sample mean might vary from the true population mean.

· How to interpret: "Looking at the sample, patients receiving the Standard treatment took an average of [Mean for Standard] days to recover, while those receiving the New treatment took an average of [Mean for New] days. On average, patients in the New treatment group recovered [Difference in Means] days faster in this sample. We also see the variability in recovery times within each group (Std. Deviation)."
Table 2: Independent Samples Test
· What it shows: The results of the actual t-test. This table has two rows: "Equal variances assumed" and "Equal variances not assumed". 
Levene's Test for Equality of Variances: Levene's test checks if the spread or variability of your data is roughly the same across the different groups you are comparing.

· i.e. if the spread (variance) of recovery days is similar between the two groups. 
· F: The test statistic for Levene's test – i.e. the result of comparing the variance 
· Sig.: The p-value for Levene's test. If this p-value (Sig.) is less than 0.05, it suggests the variances are significantly different, and you should read the results from the "Equal variances not assumed" row below it. If this p-value is greater than or equal to 0.05, the variances are considered similar enough, and you should read the results from the "Equal variances assumed" row. (For our synthetic data, let's assume p > 0.05 for simplicity here, so we use the top row).

· t-test for Equality of Means: This is the main test result. 
· t: The calculated t-statistic. A larger absolute value generally indicates a bigger difference between the groups relative to the variability within the groups.
· df: Degrees of freedom. Related to the sample size.
· Sig. (2-tailed): This is the crucial p-value for the t-test. It tells you the probability of observing a difference in means as large as (or larger than) the one found in your sample, if the null hypothesis were true (i.e., if there was actually no difference in the population).
· 95% Confidence Interval of the Difference: This gives a range of values within which we are 95% confident the true difference in mean recovery days lies in the wider population. If this interval does not include zero, it's another indication the difference is statistically significant.
· 
How to interpret: Because the p-value is less than our conventional threshold of 0.05, we reject the null hypothesis and conclude that there is a significant difference in recovery times, with the New treatment being associated with faster recovery.
If p > 0.05 we would have failed to reject the null hypothesis, not having sufficient evidence to conclude that the treatments led to different recovery times in the population.


Run-through of a Chi-Square Test in SPSS
Research Question: Is there an association between smoking status (Never, Former, Current) and the occurrence of respiratory complications (Yes, No)?
Hypotheses:
· Null Hypothesis (H₀): There is no association between SmokingStatus and RespiratoryComplications. The proportion of patients experiencing complications is the same across all smoking status groups.

· Alternative Hypothesis (H₁): There is an association between SmokingStatus and RespiratoryComplications. The proportion of patients experiencing complications differs depending on their smoking status.
Steps in SPSS:
1. With the data open, go to the menu: Analyze -> Descriptive Statistics -> Crosstabs...
2. A dialog box will open.
3. Select SmokingStatus from the list on the left and click the arrow to move it into the Row(s): box.
4. Select RespiratoryComplications from the list on the left and click the arrow to move it into the Column(s): box. (It doesn't strictly matter which goes in Row vs Column, but this is conventional).
5. Click the Statistics... button. 
· Check the box for Chi-square.
· Click Continue.
6. Click the Cells... button. 
· Under 'Counts', ensure Observed is checked (it usually is by default).
· Under 'Percentages', check Row, Column, and Total. This helps greatly with interpretation.
· Click Continue.
7. Click OK to run the analysis.
Analysing the SPSS Output:
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The SPSS Output window will show several tables.
Here's a simplified explanation of those SPSS output components:
1. Table 1: Case Processing Summary
· What it tells you: Simply put, this table shows how many participants (or cases) were included in this specific analysis and whether any had to be left out because of missing information . It's a quick check to see that your data is complete.

2. Percentages (Usually found within the Crosstabulation table)
· What they show: These help make sense of the counts by turning them into proportions . They make it easier to compare groups. For example, a percentage might tell you "What proportion of smokers had complications?" or "Out of all the people with complications, what proportion were smokers?" .

3. What the Chi-Square Test Shows (Found in the Chi-Square Tests table)
· Its purpose: This test looks at your two categorical variables (like 'smoker'/'non-smoker' and 'complication'/'no complication') and helps determine if the relationship you see between them in your sample data is likely a real association or if it could have just happened by random chance . It essentially checks if knowing someone's status in one category gives you a hint about their status in the other .

4. Pearson Chi-Square (The main result in the Chi-Square Tests table)
· What it is: This is the primary result of the Chi-Square test . Think of the "Value" as a score that measures how much your actual observed counts differ from those hypothetical "Expected Counts" (the ones assuming no relationship) . A bigger score suggests a larger difference between what you saw and what you'd expect if there were no connection . However, as described earlier, the most crucial part associated with this value is the p-value often labelled "Asymptotic Significance (2-sided)” . This p-value tells you the probability that the observed difference happened purely by chance . If the p-value is very small (typically less than 0.05), you can be more confident that the relationship is statistically significant (likely real).
As you should be seeing now these tests are always trying to determine if there is a statistically significant effect between two groups, e.g. non-treatment v treatment, simpler v complex, before v after – this pattern can be applied to any type of quantitative comparison problem if it arises in your own research. 
===
This almost concludes the basic necessary practical understanding of SPSS through self-studies. Next time we will deal with Correlation and Linear Regression. Bear in mind these can only be examples of the large functionality available in SPSS and other functions would be accessed in much the same way with recommended targeted video tuition on specific functions. The only way to learn is to practice. 
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Group Statistics

Std. Error
Treatment N Mean Std. Deviation Mean
RecoveryDays Standard 50 45.12 3.409 482
New 50 29.08 4.365 617

Independent Samples Test

Levene's Test for Equality of

Variances t-test for Equality of Means
95% Confidence Interval of the
Significance Mean Std. Error Difference
F Sig. t df One-Sided p Two-Sided p Difference Difference Lower Upper
RecoveryDays Equal variances assumed 2.926 .090 20.479 98 <.001 <.001 16.040 .783 14.486 17.594
Equal variances not 20.479 92.559 <.001 <.001 16.040 .783 14.485 17.595

assumed

Independent Samples Effect Sizes
95% Confidence Interval

Standardizer®  Point Estimate Lower Upper
RecoveryDays Cohen's d 3.916 4.096 3.398 4.786
Hedges' correction 3.946 4.064 3.372 4.749
Glass's delta 4.365 3.675 2.845 4.494

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 (i.e., the second)

group.
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=% Crosstabs

Case Processing Summary

Cases
Valid Missing Total
N Percent N Percent N Percent
SmokingStatus * 100 100.0% 0 0.0% 100 100.0%

RespiratoryComplications

SmokingStatus * RespiratoryComplications Crosstabulation

RespiratoryComplications

No Yes Total
SmokingStatus Current Count 6 26 32
% within SmokingStatus 18.8% 81.3% 100.0%
% within 8.8% 81.3% 32.0%
RespiratoryComplications
% of Total 6.0% 26.0% 32.0%
Former Count 26 4 30
% within SmokingStatus 86.7% 13.3% 100.0%
% within 38.2% 12.5% 30.0%
RespiratoryComplications
% of Total 26.0% 4.0% 30.0%
Never  Count 36 2 38
% within SmokingStatus 94.7% 5.3% 100.0%
% within 52.9% 6.3% 38.0%
RespiratoryComplications
% of Total 36.0% 2.0% 38.0%
Total Count 68 32 100
% within SmokingStatus 68.0% 32.0% 100.0%
% within 100.0% 100.0% 100.0%
RespiratoryComplications
% of Total 68.0% 32.0% 100.0%
Chi-Square Tests
Asymptotic
Significance
Value df (2-sided)
Pearson Chi-Square  52.958% 2 <.001
Likelihood Ratio 55.258 2 <.001
N of Valid Cases 100

a. 0 cells (0.0%) have expected count less than 5. The
minimum expected count is 9.60.




