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Introduction

e \What Is an experiment?
 Components of an experiment

« Classification of experimental designs
e Types of non-randomised design

 Reasons for adopting non-randomised
experimental designs

* Disadvantages of non-randomised designs
e Case studies
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What is an experiment?

“In an experiment, one investigates the
relationship between two (or more) things
by deliberately producing a change in one
of them and looking at, observing, the
change in the other.”

Robson C (1973), Design and statistics in psychology, Penguin, Harmondsworth

www.lincoln.ac.uk




Components of the experiment

Experiments attempt to test causation rather than association

/\ £

Cause or
independent
variable

Hypothesis: change in A
leads to corresponding
change in B

> /\ BB

Effect or
dependent
variable
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Classification of experimental designs

Experimental
Mon-randomized Randomized
Confounding with o )
baseline imbalance Fiandom|_zat|on avoids
is a major problem confounding by known
and unknown factors
Changes over time
assessed using a
trol
Pre-experimental Control group conirol group
(Uncontrolled) (before and after) Matehing or stratification
may reduce baseline
imbalances
Cannot allow for Can account for secular
ba’*‘r’!m“r‘d changes changss in outcome
affecting outcomes
over time Cannot exclude bias
because of non-random

allocation

Stratifying clusters at the
design stage may reduce
effects of confounding
and prognostic factors
Cannet exclude can be controlled for in
confounding factors baseline analyses

Interrupted time serles

Ukoumunne OC et al (1999) Methods for evaluating area-wide and organisation-based
interventions in health and healthcare: a systematic review, Health Technol.Assess. 3
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Non-randomised experimental

designs

* Pre-experimental designs:

non-randomized experiments where a particular
outcome of interest is measured only in the
intervention group:-

— single group post-intervention design
— single group pre- and post-intervention design

e Quasi-experimental designs:

non-randomized experiments where a particular
outcome of interest is measured in intervention
and control group (or period):-

— non-randomized control group before and after
study

— Interrupted time series design
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Reasons for non-randomised

experimental designs (1)
e Such strong evidence for an intervention that a
placebo group may be unethical

o Strong preference for intervention prevents
control

 Educational or other interventions when active
participation required

e Less costly than RCTs

« Feasibility studies including Phase |l of MRC
framework for evaluation of complex
Interventions
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Reasons for non-randomised
experimental designs (2)

New service or health technology already
Introduced
 [ntrinsic
— area-wide change
— organization-based intervention
e External constraint
— policy decision to introduce a new service

— Imposed or natural change across a
geographical region.
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Disadvantages of non-randomised
designs

« Confounding (pre-experimental, interrupted time
series without control): alternative explanation
for change in outcome of interest

— Secular change (pre-experimental): background
change in outcome of interest due to increased
awareness of new technologies or processes, local
and national influences or demographic factors

— Hawthorne effect

— Regression to the mean
e Bias

— E.g. Volunteer bias
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Threats to internal validity

e History

 Maturation (secular trends)
e Testing/Hawthorne effects
e |nstrumentation
 Regression to the mean

« Selection bias
 Differential attrition

e Selection maturation interaction
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Threats to internal validity

Number of Observation period | Potential major sources of bias
groups
Intervention group | After Selection, attrition, maturation,
only external influences
Before and after maturation, external influences,
testing
Time series External influences, testing effect

on outcomes

Intervention and After Maturation, selection, attrition
non-equivalent
control group

Before and after Residual selection, selection-
maturation, regression to mean

Time series Residual selection, selection-
maturation, regression to mean
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Example 1. Pre-experimental

Pneumococcal vaccination in high risk groups: Minster Practice 1997-98

100.0%
80.0%
0, T
60.0% O Pneumococcal vaccination 1997(%)
Vaccination uptakg . | B Pneumococcal vaccination 1998 (%)
20.0%
Coronary ) COAD_/ Chronic renal
. Diabetes  Splenectomy  Chronic .
disease failure
asthma
Pneumococcal vaccination 5.8% 10.5% 50.0% 2.0% 0.0%
1997(%)
Pneumococcal vaccination 1998 46.2% 59.8% 100.0% 19.3% 55.6%
(%)

Risk group

Siriwardena AN. Targeting pneumococcal vaccination to high-risk groups: a feasibility study in one
general practice. Postgrad Med J 1999; 75: 208-212.
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Example 2: Non-randomised
control group design

Cannulation rates before and after the educational mtervention

Significant reduction in cannulation
— rates intervention vs control area
o MoHingham chim (p<0.001)

2:5.00%

20.00% 1 19.1%

Reduction in cannulation-

§1ﬁ.uu%- 15.5% intervention area from 9.1% to
6.5% (OR 0.7, 95% CI 1.15 to 1.90,
Em.nn%- 3.1% p<001)

.50

Increase in cannulation - control
area from 13.8 t0 19.1% (OR 1.47,
95% CI 1.15 to 1.90, p<0.01)

5.00% 1

0.00%
Praintervention Portintervention

Siriwardena AN, Banerjee S, Igbal M et al. An evaluation of an educational intervention to
reduce inappropriate cannulation and improve cannulation technique by paramedics.
Emerg Med J 2009;26;831-836
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Example 3: Time series

Example of a simple model
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Siriwardena AN et al. Investigation of the effect of a countywide protected
learning time scheme on prescribing rates of ramipril: interrupted time series study. Family
Practice 2006 (18 October 2006) doi: 10.1093/ fampra/cmI051.
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QOF: Interrupted time series

90+

85

—

'r" —
4 Diabetes
7/

80
Coronary

75 heart disease

70—

Score

65

Asthma

T T T T | T T T T |
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Year

Campbell S. et al. Effects of Pay for Performance on the Quality of Primary Care in
England N Engl J Med 2009;361:368-78.
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TARGET: Time series

e To Investigate the effect of a large scale
educational intervention to primary health care
teams to increase prescribing of angiotensin
converting enzyme inhibitors for prevention of
cardiovascular outcomes in patients with
diabetes.

Siriwardena AN et al. Investigation of the effect of a countywide protected
learning time scheme on prescribing rates of ramipril: interrupted time series study. Family
Practice 2006 (18 October 2006) doi: 10.1093/ fampra/cmi051.
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TABLE 2 Moaodel for number of prescriptions of 10 mg of ramipril
including predictors

Effect Estimate 5% Conhdence
interval

(Intercept) 17.53 7.91] 27.15
P attended ~1.63 —6H.93 3.67
Time 1.27 (.93 1.61
Timepost 1.50 1.07 1.93
Total patient list 00000629 0000658 (0.000784
Training .24 -7.12 h.63
Single handed (.83 ~3.89 71.54
Dispensing (.85 —4.43 6.13
Lincolnshire South West f. 05 (.08 12.08
West Lincolnshire 0. 78 3.89 15.68
Nurse attended 0.61 3.11 16.12

(Warwick) diabetes course

Siriwardena AN et al. Investigation of the effect of a countywide protected
learning time scheme on prescribing rates of ramipril: interrupted time series study. Family
Practice 2006 (18 October 2006) doi: 10.1093/ fampra/cmI051.
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Transported (%

85.0
80.0
75.0
70.0
65.0
60.0
55.0
50.0
45.0

All: control blue; intervention red

1 3 57 9111315171921 2 4 6 81012141618 20
Weeks




Key Issues

* Pre-experimental and quasi-experimental vs.
RCT designs

e Importance as potential applications for
assessing and evaluating health technologies,
Interventions and services

 Modelling prior to RCTs, particularly of complex
Interventions.
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Summary

e EXxperiments in health research
 Non-randomised experimental designs

« Applications, advantages and disadvantages of
non-randomised designs
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