
An introduction to 
Propensity Score Matching 

Vanessa Botan



Definition and rationale

Types of propensity score matching

Applied example: Medical Student 
First Responder (MSFR) study



Definition and rationale



Propensity score matching is a statistical technique used to estimate 
the effects of a treatment, an intervention, or a program in the absence 
of a randomized controlled experiment. 

It is used on observational data that includes characteristics that can 
determine whether or not each individual received the treatment.

Propensity score matching addresses selection bias thus allowing 
researchers to mimic some of the characteristics of an RCT in the 
context of an observational study.



Treatment Group Control Group

Average life span: 15 years Average life span: 18 years

Average life span after PSM: 15 years Average life span after PSM: 11 years



Propensity score matching entails forming matched sets of treated and 
untreated subjects who share a similar value of the propensity score.

The propensity score is defined as the probability of a unit being 
assigned to the treatment condition given observed baseline 
covariates: 

ei = Pr (Zi = 1|Xi)



The distribution of measured baseline covariates (e.g. species) is similar 
between treated and untreated subjects. 

Thus, in a set of subjects all of whom have the same propensity score, 
the distribution of observed baseline covariates will be the same 
between the treated and untreated subjects (e.g. same species in both 
the control and the treatment group).



Types of propensity score 
matching



One-to-one (1:1) or pair matching: most common implementation in 
which pairs of treated and untreated subjects are formed, such that 
matched subjects have similar values of the propensity score. 

Many-to-one (M:1) matching: M untreated subjects are matched to 
each treated subject. 

Full matching: Involves forming matched sets consisting of either one 
treated subject and at least one untreated subject or one untreated 
subject and at least one treated subject. 



Matching without replacement: an untreated subject is selected to be 
matched to a given treated subject and is no longer available for 
consideration as a potential match for subsequent treated subjects. 
Thus, each untreated subject is included in at most one matched set. 

Matching with replacement: allows a given untreated subject to be 
included in more than one matched set. It must be accounted for the 
fact that the same untreated subject may be in multiple matched sets.



Greedy matching: A treated subject is first selected at random. The 
untreated subject whose propensity score is closest to that of this 
randomly selected treated subject is chosen for matching to this 
treated subject. 

Optimal matching: Matches are formed so as to minimize the total 
within-pair difference of the propensity score.



Nearest neighbour matching within a specified calliper distance: the 
absolute difference in the propensity scores of matched subjects must 
be below some prespecified threshold (the calliper distance). 

It is recommended to use callipers of width equal to 0.2 of the pooled 
standard deviation of the propensity score  to eliminate 99% of the 
bias due to the measured confounders.

Nearest neighbour matching: selects for matching to a given treated 
subject that untreated subject whose propensity score is closest to 
that of the treated subject. 



Continuous outcome (e.g. years): The effect of treatment can be 
estimated as the difference between the mean outcome for treated 
subjects and the mean outcome for untreated subjects in the matched 
sample using t tests or other test equivalents.

Dichotomous outcome (e.g. survival after 10 years): The effect of 
treatment can be estimated as the difference between the proportion 
of subjects experiencing the event in each of the two groups (treated 
vs. untreated) in the matched sample using proportion tests. 



Applied example: Medical Student 
First Responder (MSFR) study



Community First Responders (CFRs) are 
volunteers who are trained to attend certain 
types of emergency calls. 

Their aim is to reach a potential life threatening 
emergency in the first vital minutes and to help 
stabilise the patient and provide the 
appropriate care until the more highly skilled 
ambulance crew arrives.

Medical Student First Responders (MSFRs) are 
CFRs who are training to be doctors. 

First MSFR group established in 2013 at Oxford 
University



CFRs:

Attend more calls in rural areas (30-
40% vs 10-20%). 

Attend more cardiorespiratory and 
neurological conditions such as 
stroke, heart attacks, breathing 
problems etc. 



MSFRs: 

Attend less calls in rural areas (less 
than 2%). 

Attend more cardiorespiratory and 
neurological conditions

Attend more patients from more 
deprived areas and more patients 
from ethnic minorities. 

Rurality may be an important 
confounder of these results. 



New Sample
Rural Urban

MSFR 19 (1.46%) 1284 (98.54)

CFR 19 (1.46%) 1284 (98.54)

Ambulance 19 (1.46%) 1284 (98.54)

Matching was done based on 
rurality and on time of call.  

One to one matching using  
calliper. 

The “treatment” sample of 
1303 MSFRs was matched to 
1303 CFRs, and 1303 Other 
Ambulance Services.

Original Sample
Rural Urban

MSFR 19 (1.46%) 1284 (98.54)

CFR 6768 (34.1%) 13071 (65.9%)

Ambulance 176254 (21.17%) 656130 (78.83%)



New Sample
Rural Urban

MSFR 19 (1.46%) 1284 (98.54)

CFR 19 (1.46%) 1284 (98.54)

Ambulance 19 (1.46%) 1284 (98.54)

Original Sample
Rural Urban

MSFR 19 (1.46%) 1284 (98.54)

CFR 6768 (34.1%) 13071 (65.9%)

Ambulance 176254 (21.17%) 656130 (78.83%)

➢ Estimate. Logistic regression used 
regressing treatment on time of call 
and rurality. Propensity score was 
generated.

➢ Match. Pairs of MSFRs and CFRs and of 
MSFRs and Ambulance Services were 
created

➢ Evaluate quality of matching. New 
samples had the same percentage of 
attendances in rural areas and the 
same median time. 

➢ Evaluate outcomes. Direct 
comparisons between the results of 
the two samples



Condition Category MSFR CFR Ambulance

N % N %
N %

Cardiorespiratory** 488 37.51 423 32.49 219 17.11

Gastrointestinal/urinary 1 0.08 2 0.15 21 1.64

Infections/allergy/

ENT/ophthalmology 2 0.15 2 0.15 1 0.08

Injury/trauma 74 5.69 106 8.14 125 9.77

Neurological/endocrine(*) 216 16.60 203 15.59 127 9.92

Obstetric/gynaecological 0 0 0 0 5 0.39

Other** 519 39.89 562 43.16 771 60.23

Psychosocial/palliative 1 0.08 4 0.31 11 0.86

*p<0.05; **p<0.001.



Conditions MSFR CFR Ambulance
N % N % N %

Breathing Problems* 213 16.37 180 13.82 95 7.42

Chest Pain* 195 14.99 169 12.98 85 6.64

Unconscious/Fainting 119 9.15 118 9.06 62 4.84

Convulsions/Fitting 78 6.00 66 5.07 53 4.14

Falls 64 4.92 79 6.07 50 3.91

Sick Person 63 4.84 37 2.84 86 6.72

Stroke (CVA) 42 3.23 40 3.07 25 1.95

Traumatic Injuries 37 2.84 58 4.45 65 5.08

Haemorrhage/Lacerations 34 2.61 30 2.30 45 3.52

Cardiac/Respiratory Arrest/Death 34 2.61 25 1.92 9 0.70

Heart Problems/AICD 21 1.61 24 1.84 12 0.94

Overdose /Poisoning 19 1.46 15 1.15 36 2.81

Diabetic Problems 18 1.38 16 1.23 7 0.55

*p<0.05; **p<0.001.



MSFR
CFR Ambulance

N % N % N %

Ethnicity

BAME
142 14.49 68 6.76(*) 68 8.14

Mixed
35 3.57 6 0.60 19 2.28

Cum*
177 18.06 74 7.36 87 10.42

White**
803 81.94 932 92.64 748 89.58

MSFR CFR Ambulance

IMD Deciles
N % N % N %

1 369 28.74 224 17.19 263 20.18

2 236 18.38 176 13.51 192 14.74

3 154 11.99 186 14.27 164 12.59

4 131 10.20 136 10.44 155 11.90

5 87 6.78 123 9.44 84 6.45

Cum** 977 75.29

845 64.85 858 65.85

6 65 5.06 103 7.90 112 8.60

7 81 6.31 79 6.06 101 7.75

8 36 2.80 106 8.14 90 6.91

9 57 4.44 103 7.90 94 7.21

10 68 5.30 67 5.14 48 3.68

Cum* 307 24.71

458 35.15 445 34.15

*p<0.05; **p<0.001.



Conclusions

➢Propensity score matching is a statistical technique that addresses 
biases in observational studies. 

➢There are various types of PSM and choosing the right type for the 
analysis depends on the data that needs to be analysed. 

➢It is a straight-forward technique which allows direct comparison of 
results in the studied groups. 
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