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1. Introduction – 5 min 

2. Case study: BORN-MND – 5 min 

Audience participation 5 min 

3. Considerations in choosing a study design – 10 min 

Audience participation 10 min 

4. Randomized designs – 40 min 

Audience participation 15 min 

5. Non-randomized designs – 10 min 

Audience participation 10 min 

6. Case study: BORN-MND – 5 min 

7. Future directions and wrap up – 5 min 
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OUTLINE 

  



OVERVIEW OF THE WORKSHOP 

▶ This workshop is intended to be interactive 

▶ We will introduce the BORN-MND study at the beginning of the workshop 

▶ As we progress through the workshop, we will pause several times to 
allow you to discuss the material, in particular, to discuss how to design 
an evaluation of the BORN-MND intervention 

▶ Crib-notes are provided! 

▶ We will ask 1-2 tables to report back on their discussions 

▶ At the end of the workshop, we will reveal the actual study design that 
was used 
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▶ Setting: 

• A&F being provided “in the real world” 

▶ Interventions: 

• Embedded into existing QI programmes 

• Complex (multiple interacting components) 

• Delivered at the level of the provider or site (“cluster”) 

▶ Outcomes: 

• Observed on multiple individuals (patients) per cluster 

• Usually obtained from routinely collected sources 

 

 
1. INTRODUCTION 

  

CONTEXT 
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PURPOSE OF EVALUATION 

▶ Program evaluation  

• Addressing local question, did our program appear to achieve our aims 

▶ Research evaluation 

• Addressing generalizable question, does audit and feedback work (it does, stop 
asking this question), how, when and why does audit and feedback work, how 
can we optimize audit and feedback within specific settings. 

• Research evaluation will (almost always) also address the local question 

▶ Implications for design choices 

• May need less confidence about causality when undertaking program evaluation 
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KEY CONSIDERATIONS IN CHOOSING A STUDY DESIGN 

▶ Can the delivery of the intervention be manipulated (i.e., can we use 
randomization)? 

▶ How many independent providers/sites are available?  

▶ Is there a requirement that the intervention be introduced at all sites (or 
can it be withheld from some sites)? 

▶ Is it logistically feasible to introduce the intervention simultaneously 
across all sites?  

▶ Are pre-intervention outcome data available to use in the evaluation? 

 

7 



8 

2. CASE STUDY: 
BORN-MND 

  



SETTING 

▶ BORN Ontario launched January 2012: “The Better Outcomes Registry & 

Network” (a provincial birth registry) 

▶ Involves all hospitals in Ontario providing maternal newborn care  

▶ November 2012: BORN launched an A&F intervention, called the 
Maternal Newborn Dashboard (MND) 

▶ MND embedded into the data collection process for the Registry 

▶ Population-level data available for all N=96 maternal newborn hospitals in 
Ontario from 2009-2015 

 

  



INTERVENTION 

▶ Maternal Newborn Dashboard (MND)  

• Near real-time feedback on 6 Key Performance Indicators (KPIs) 

• Compares performance to established benchmarks 

• Compares performance to peers 

• Provides alerts when performance is sub-optimal  

• Provides evidence summaries 



INTERVENTION 

▶ Maternal Newborn Dashboard (MND) 

    Target                Alert           Warning 



AUDIENCE PARTICIPATION – 5 MIN 

▶ How should we evaluate the effectiveness of the MND implementation? 

• Consider the “Key considerations in choosing a study design” with respect to the 

MND evaluation 

• Discuss possible ways to evaluate the BORN MND intervention 
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▶ General principle:  

• Choose the most robust design possible to minimize 
bias while maximizing generalizability 

 

▶ Minimizing bias (internal validity) 

• Is the observed improvement actually caused by the  
A&F?  

▶ Maximizing generalizability (external validity) 

• Will the A&F also work in other sites/providers and 
other patients? 
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3. CHOOSING A 
STUDY DESIGN 

  



TWO MAIN TYPES OF STUDY DESIGNS 

▶ Randomized controlled trials 

▶ Non-randomized (Quasi-experimental) studies 
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EVALUATING A&F 

▶ To evaluate effectiveness of an intervention, we need a comparator 

▶ Examples: 

• A&F versus no A&F (not ideal) 

• Usual A&F versus new A&F 

• A&F + something else versus A&F alone 
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RANDOMIZED DESIGNS 

▶ “Randomized controlled trial” (RCT) 

• Allocate an adequate number of independent units (e.g., sites,  providers) to 
different interventions (“study arms”) using a random procedure (preferably 

computer-generated) 

• Randomization serves to “equalize” the groups being compared 

• Differences observed between the study arms can be confidently attributed to 
the intervention 

▶ Randomized designs always preferable 
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NON-RANDOMIZED DESIGNS 

▶ “Observational” or “Quasi-experimental” design 

• Non-random distribution of sites / providers across the study arms (e.g., based 
on own preferences, logistical considerations) 

▶ Differences observed cannot be attributed to the intervention without 
making some strong assumptions 

▶ Should be used only when no other choice, e.g.: 

• All providers/sites must receive intervention at the same time 

• Only a small number of providers/sites available (not enough to randomize) 
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UNIT OF RANDOMIZATION 

▶ Two types of randomized controlled trials: 

• Patient randomized trial 

• Cluster randomized trial (CRT) 

 

▶ Patient randomization generally preferable (but not possible for site- or 
provider-level interventions such as A&F) 

 

   



WHAT IS A CRT? 

▶ A randomized trial in which intact groups (“clusters” of individuals, rather 

than separate individuals) are allocated to different study arms while 
outcomes are then observed on individuals within each cluster 

• Examples of clusters: providers, hospitals, nursing homes, primary care 
practices 

 

▶ Key characteristic of a CRT:  

• Unit of randomization  Unit of observation 
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UNIT OF RANDOMIZATION 

▶ At what level should we randomize: 

• LHINs (Local health networks)? 

 

• Individual hospitals? 

 

• Wards within hospitals? 

 

• Individual providers? 

 

• Patients? 
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RANDOMIZATION UNIT TRADE-OFFS 

▶ Local health networks? 

 

▶ Individual hospitals? 

 

▶ Wards within hospitals? 

 

▶ Individual health professionals? 

 

▶ Patients?  
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KEY IMPLICATION OF CLUSTER RANDOMIZATION 

▶ Responses of individuals in the same cluster usually more similar than 
responses of individuals in different clusters 

• Degree of similarity is measured by the “Intracluster Correlation Coefficient”  

▶ Standard statistical methods assume observations are uncorrelated 

▶ Adjustments to standard methods for sample size calculation and analysis 
are required 

▶ Need to work with a statistician who is experienced in cluster randomized 
trials 
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AUDIENCE PARTICIPATION – 10 MIN 

▶ How should we evaluate the effectiveness of the MND implementation? 

• Consider the two main types of study design with respect to the MND evaluation 

• Discuss possible ways to evaluate the BORN MND intervention 
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▶ Main cluster randomized trial (CRT) designs: 

1. Two arm parallel design 

2. Multi-arm parallel design 

3. Parallel arm before and after design 

4. Repeated measures parallel arm design 

5. Stepped wedge design 

6. Factorial trial design 
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4. RANDOMIZED 
DESIGNS 

   



   

 

 

 

▶ Advantages: 

• Simple to understand 

• Straightforward analysis  

Time 

Sites 1 

1 

… Intervention 

… Control 

… 

… 

N 

1. PARALLEL ARM DESIGN 

Randomization 

 

 

 

 

▶ Disadvantages: 

• Other more powerful designs are 
available (“power” = ability to 

detect an intervention effect) 

• Cannot assess baseline 
comparability in performance 



1. PARALLEL ARM WITH STAGGERED IMPLEMENTATION 

▶ Simultaneous implementation of 
the intervention at many sites may 
be logistically challenging 

▶ An alternative is to randomly 
allocate sites “in waves”  
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Intervention 
Control 
Wait-list 

N 
hospitals 



2. PARALLEL MULTI-ARM DESIGNS 

▶ Two arms                                                 Multiple arms 

Time Time 

Sites 1 Sites 1 

1 1 

… A&F intervention … A&F intervention 1 

… No intervention … A&F intervention 2 

… … A&F intervention 3 

… … 

N … 

… 

… 

N 

Does it work? 
Which version 
works the best? 



 
2. PARALLEL MULTI-ARM DESIGNS 

▶ Advantages 

• Allows comparison of multiple 
interventions or levels of 
intervention under similar 
circumstances 

▶ Disadvantages 

• Need more sites to achieve the 
same power (due to use of multiple 
arms) 

• Small differences between arms 
implies larger sample sizes required 

• Analysis more complicated (need to 
account for multiple comparisons) 



Time 

Sites 1 2 

1 

… Intervention  

… Control 

… 

… 

N 

3. BEFORE AND AFTER PARALLEL ARM 

Randomization 

▶ Add a pre-intervention 
measurement in both arms  



3. BEFORE AND AFTER PARALLEL ARM 

▶ Advantages  

• Can assess whether sites in 
different arms are comparable 
before intervention 

• Utilizing the pre-intervention data in 
analysis can increase power 

• Can assess whether sites who are 
dropped from the analysis (e.g., 
due to closures, mergers, attrition) 
are similar to those who remain 

▶ Disadvantages: 

• More complex analysis  

• Different methods of analysis are 
possible which may give different 
answers 

• May extend the total study duration 
if no routine data available 

 



4. LONGITUDINAL PARALLEL ARM  

▶ Multiple measurements taken 

• Before intervention and/or 

• During intervention and/or 

• After intervention 



4. LONGITUDINAL PARALLEL ARM 

  A. Simple parallel arm B. Parallel arm repeated measures 

Time Time 

Site 1 Site 1 2 3 4 5 6 

1 1 

… Intervention … 

… Control … 

… … 

… … 

K K 

C. Parallel arm before and after D. Parallel arm before & after repeated measures 

Time Time 

Site 1 2 Site 1 2 3 4 5 6 7 8 9 10 11 12 

1 1 

… … 

… … 

… … 

… … 

K K 



ISSUES TO CONSIDER IN LONGITUDINAL DESIGNS 

  Single delivery Repeated delivery 

Time Time 

Cluster 1 2 3 4 5 6 Cluster 1 2 3 4 5 6 

1 1 

… … 

… … 

K K 

May need repeated delivery to 
ensure effect is sustained 

Intervention has an immediate effect  
which is sustained over time 



ISSUES TO CONSIDER IN LONGITUDINAL DESIGNS 

▶ Immediate change that persists through time 
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ISSUES TO CONSIDER IN LONGITUDINAL DESIGNS 
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▶ Immediate change on top of a 
secular trend 

• Outcomes already improving even 
before intervention 

• Intervention has an additional effect 
over and above the secular trend 



ISSUES TO CONSIDER IN LONGITUDINAL DESIGNS 

  Allowing for an implementation period 

Time 

Cluster 1 2 3 4 5 6 

1 

… 

… 

K 

May need to allow for implementation period,  
or a delay before any effect can be observed. 
 
During the implementation period, the site 
cannot be considered fully exposed to the 
intervention. 



ISSUES TO CONSIDER IN LONGITUDINAL DESIGNS 

  Decay effects Learning effects 

Time Time 

Cluster 1 2 3 4 5 6 Cluster 1 2 3 4 5 6 

1 1 

… … 

… … 

… … 

… … 

K K 

Intervention has an immediate 
effect which decays over time 

Intervention has a gradual effect 



ISSUES TO CONSIDER IN LONGITUDINAL DESIGNS 

▶ Gradual change 
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4. LONGITUDINAL PARALLEL ARM 

▶ Advantages:  

• Can study how outcomes change 
over time in response to 
intervention (learning, decay) 

• Can assess whether changes are 
sustained in the long-run 

• Can assess for presence of 
“secular trends” (improvements 
happening naturally over time)  

• Can increase power 

 Can check baseline comparability in 
level and secular trend 

 

 

▶ Disadvantages:  

• Can take longer to complete the 
study 

• May increase the risk of attrition 

• May increase the risk of 
contamination between arms 

• More complicated to analyze 

• Different methods of analysis can 
give different answers 

• Need a good understanding of how 
the intervention works 
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4. LONGITUDINAL TRIAL EXAMPLE 



4. LONGITUDINAL TRIAL EXAMPLE 

▶ Objective: Evaluate effectiveness of feedback on safety of prescribing in 
primary care 

▶ Design: Three arm CRT involving 262 primary care practices in Scotland 
with repeated quarterly pre and post measurements over 3 years  

▶ Interventions: (1) Usual care; (2) Feedback on high risk prescribing sent 
quarterly on five occasions; (3) Feedback plus behavioural change 
component 

▶ Primary outcome: Composite of six prescribing measures relating to 
high risk use of antipsychotics, non-steroidal anti-inflammatories, and 
antiplatelets  

▶ Primary analysis: Between-arm comparison in the final quarter (at the 
end of the trial). Secondary: Between-arm comparison of slope changes 
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4. LONGITUDINAL TRIAL EXAMPLE 

▶ Results: High risk prescribing declined in all three arms, but intervention 
arms had significantly more rapid decline after intervention 

 

42 



5. STEPPED WEDGE 

 

 

 

 

 

 

▶ All sites start in control and end in intervention condition 

▶ Sites cross to intervention sequentially and in random order 

▶ Outcomes are assessed repeatedly in each site over time 
43 

  Time 

Groups 1 2 3 4 5 6 

1       

2       

3       

4       

5       

 Intervention 

 Control 



5. STEPPED WEDGE WITH TRANSITION PERIOD 

▶ Can allow for a short transition period to allow the intervention to be put in 
place 

44 

  Time 

Groups 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

1       

2       

3       

4       

5       

  Intervention 

  Transition period 

  Control 



5. STEPPED WEDGE: ADVANTAGES 

▶ All sites receive the intervention during the study 

▶ Uses randomization – better than implementing the intervention at all 
sites without any randomization 

▶ May increase power over parallel arm designs 

▶ Delivery of the intervention can be spread out over time (e.g., by having 
only one site or a small number of sites cross over each time) 
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5. STEPPED WEDGE:  DISADVANTAGES 

▶ All sites must be ready to implement intervention at any time  

▶ Can increase the total duration of the study (increase risk that external 
events may influence outcomes) 

▶ Some sites have to wait a long time before receiving intervention 

▶ Heavy data collection burden (unless using routinely collected data) 

▶ More complex to analyze and interpret results (can be difficult to separate 
the effect of the intervention from the effect of secular trends) 
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5. STEPPED WEDGE EXAMPLE 



5. STEPPED WEDGE EXAMPLE 

▶ Objective: To evaluate a behaviourally designed and theory-informed A&F  
intervention to improve hand-hygiene compliance 

▶ Design: Three year stepped wedge CRT at 16 English/Welsh Hospitals;  
hospitals were randomized at 2 monthly intervals 

▶ Control: Routine implementation of a national “cleanyourhands” campaign 

(consisting of  bedside placement of alcohol hand-rub, posters, plus audit and 
feedback of hand-hygiene compliance at least once every 6 months) 

▶ Intervention: Repeated 4 week cycles of observation, feedback and 
personalised action planning  

▶ Primary outcome: Directly observed blinded hand hygiene compliance  

▶ Results: Moderate but significant improvements in hand-hygiene compliance 
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Figure 1. Flowchart showing study recruitment and attrition. 

Fuller C, Michie S, Savage J, McAteer J, Besser S, et al. (2012) The Feedback Intervention Trial (FIT) — Improving Hand-Hygiene Compliance in 
UK Healthcare Workers: A Stepped Wedge Cluster Randomised Controlled Trial. PLOS ONE 7(10): e41617. 
https://doi.org/10.1371/journal.pone.0041617 
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0041617 

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0041617
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Intervention 
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6. FACTORIAL DESIGN 

▶ 2x2 factorial design 

 

 

 

 A and B B only 

A only Neither A nor B 

Randomize 

B 

Not A 

Randomize 

Not B 

A 



6. FACTORIAL DESIGN: INTERACTIONS 

▶ Factorial design works best when there is no interaction 

▶ No interaction: 

• Effect of each intervention is the same, regardless of whether the other is 
present or absent 

▶ Interaction: 

• Effect of each intervention is different in the presence or absence of the other 

- Antagonistic: Effect of both interventions combined is smaller than the sum of their 
separate effects 

- Synergistic: Effect of both interventions combined is larger than the sum of their 
separate effects 

 



 
6. FACTORIAL DESIGNS 

▶ Advantages 

• Multiple interventions tested in one 
trial (smaller sample size than if two 
separate trials) 

• Allows examining possibility of 
interaction effects 

• More participants exposed to 
potentially beneficial intervention 

▶ Disadvantages 

• More complicated to analyze (must 
pre-specify whether pooled or four-
arm comparison) 

• Very difficult to guarantee no 
interaction took place, so results 
can be difficult to interpret  

• Rarely sufficient power to detect 
interaction effects 

• Power diminished if antagonistic 
interaction between the 
interventions 



6. FACTORIAL DESIGN EXAMPLE: NEXUS TRIAL 

54 



6. FACTORIAL DESIGN EXAMPLE: NEXUS TRIAL 

▶ Background: Radiological tests can be overused by GPs and contribute 
little to clinical management. The NEXUS trial aimed to assess two 
methods of reducing GP requests for radiological tests in accordance with 
the UK Royal College of Radiologists' guidelines on lumbar spine and 
knee radiographs. 

▶ Interventions:  Audit and feedback, Educational messages attached to X-
ray reports sent to GPs 

▶ Design:  2x2 factorial design involving 240 family practices served by 6 
radiology departments across North East of England and Scotland 

▶ Outcome: Number of radiograph requests per 1000 patients per year  

▶ Results:  Educational messages reduced X-ray requests by 20%, but 
A&F had no impact. 
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6. FACTORIAL DESIGN EXAMPLE: NEXUS TRIAL 
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6. FACTORIAL DESIGN EXAMPLE: NEXUS TRIAL 

▶ “For both types of radiograph, interaction between interventions was not 

significant—i.e., there was no increased effect of receiving both  
interventions” 
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AUDIENCE PARTICIPATION – 15 MIN 

▶ How should we evaluate the effectiveness of the MND implementation? 

• Consider the 6 different randomized designs with respect to the MND evaluation 

• Discuss possible randomized designs to evaluate the BORN MND intervention 
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▶ Major study designs: 

1. Uncontrolled before and after 

2. Controlled before and after 

3. Interrupted time series (ITS) 

4. Controlled interrupted time series  

5. Multiple baseline interrupted time series 
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5. NON-
RANDOMIZED 
DESIGNS 

  



NON-RANDOMIZED DESIGNS 

  

60 

1. Uncontrolled before and after study 

Months                       12                       24 

Site                                                 

2. Controlled before and after study 

Months                       12                       24 

Site 1                                                 

Site 2                                                 

3. Interrupted Time Series                   

Months 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Site                                                  

4. Controlled Interrupted Time Series            

Months 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Site 1                                                  

Site 2 

      

Try to 
avoid 



1. UNCONTROLLED BEFORE AND AFTER 

▶ Major threat to validity 
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1. UNCONTROLLED BEFORE AND AFTER 

▶ Major threat to validity 
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3. INTERRUPTED TIME SERIES 
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Month 

Pre-intervention 
trend 

Immediate 
change 

Gradual 
change 

Projected trend 
assuming no 
intervention 

• Called "interrupted" time 
series because we look for 
an “interruption” in the line 

at the time of the 
intervention 

• Look for either an 
immediate change or 
gradual change 

• Can project what 
outcomes would have 
been had intervention not 
been introduced 



3. INTERRUPTED TIME SERIES 

▶ Sample size requirements: 

• Single site or multiple sites 

• Need relatively large numbers of observations per measurement (at least 50) 

• Need at least 8-12 measurement intervals pre and post 

▶ Generally more difficult to conduct power calculations 
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3. INTERRUPTED TIME SERIES 

▶ Advantages: 

• Can be used to evaluate 
intervention introduced at a single 
site or at the same time across the 
population 

• Easy to use with routinely collected 
data over many time periods 

• Can rule out pre-existing (secular) 
trends as an alternative explanation 

• Clear graphical presentation of 
results, easy to explain 

• Only need aggregate data 

▶ Disadvantages: 

• Cannot rule out possibility that 
another change occurred at the same 
time as the intervention 

• Long study duration 

• Difficult to interpret when there are 
few events per time period  

• Difficult to interpret when data 
collection methods change over time 

• Difficult to separate independent 
effects of different components of an 
intervention implemented close 
together in time 
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4. CONTROLLED INTERRUPTED TIME SERIES 

▶ Two major threats to validity of interrupted time series: 

• Possibility that another change, occurring at the same time, is an alternative 
explanation for the observed changes 

• Major shift in the characteristics of the population which coincided with the 
intervention 

▶ Can be strengthened by adding one or more controls 

• External control: adding an interrupted time-series analysis for a comparison site 
which did not implement the intervention 

• Internal control: adding an interrupted time series analysis for an outcome not 
targeted by the intervention 

▶ Compare changes in the control with changes in the intervention series 
66 



5. MULTIPLE BASELINE INTERRUPTED TIME SERIES 

 

 

 

 

▶ Multiple intervention sites with staggered implementation of intervention 

▶ Look for an interruption at a particular time where intervention was 
introduced, accompanied by absence of an interruption at other sites 

▶ Conduct an ITS analysis in each and pool the results (where possible) 

▶ Looks like a stepped wedge design (but too few sites for stepped wedge) 
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Multiple baseline Interrupted Time Series      

Months 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Site 1                                                  

Site 2 

Site 3 

Site 4 
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MULTIPLE BASELINE INTERRUPTED TIME SERIES 



5. MULTIPLE BASELINE INTERRUPTED TIME SERIES 

▶ Advantages: 

• Can be used to evaluate 
intervention introduced at a small 
number of sites (too few for a 
randomized design) 

• The greater the number of sites 
showing a change corresponding to 
the time at which the intervention 
was introduced, the more confident 
one can be that the intervention 
produced the observed changes 
(as opposed to some other 
influences) 

▶ Disadvantages: 

• Can increase the overall study 
duration 

• Can be difficult to interpret when sites 
are heterogeneous 

• Works best when different sites 
operate independently of each other 
(no contamination) 

• Can be difficult to interpret when 
interventions are implemented close 
together in time 

• More difficult to produce a single 
estimate of intervention effect 
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AUDIENCE PARTICIPATION – 10 MIN 

▶ How should we evaluate the effectiveness of the MND implementation? 

• Consider the 5 different non-randomized study designs with respect to the MND 
evaluation 

• Discuss possible designs to evaluate the BORN MND intervention 
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▶ Randomization not desirable 

▶ MND introduced at all 96 hospitals at the same time 

▶ Selected study design: Controlled interrupted time 
series analysis 

• Two internal control indictors not targeted by MND 

• Four indicators from external control (British Columbia) 

▶ Study time period 

• 3 years pre-MND implementation and 2 years post-
implementation. 

• 5 month implementation period 

▶ BORN registry data 2009-2015 used for all 6 KPIs 
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6. CASE STUDY: 
BORN-MND 

  



RESULTS 

▶ A statistically significant effect of the MND was found for 4 out of 6 KPIs 

 

▶ No significant effects were identified for the internal control indicators or in 
the external control dataset 

 



RESULTS: KPI 4 
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RESULTS: KPI 6  
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RESULTS: INTERNAL CONTROL 
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7. FUTURE 
DIRECTIONS 
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IMPLEMENTATION LABORATORIES TO OPTIMISE 
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IMPLEMENTATION LABORATORIES TO OPTIMISE 
AUDIT AND FEEDBACK 



Affiliated with  •  Affilié à 

▶ Benefits for health system – learning organisation; 
demonstrable improvements in its quality improvement 
activities; linkages to academic experts 

▶ Benefits for implementation science – ability to test important 
(but potentially subtle) variations in audit and feedback that 
may be important effect modifiers 

IMPLEMENTATION LABORATORIES TO OPTIMISE 
AUDIT AND FEEDBACK 
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IMPLEMENTATION LABORATORIES TO OPTIMISE AUDIT 
AND FEEDBACK – RAPID TRIAL 
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▶ Many possible study designs that have strengths 
and weaknesses 

▶ Choice of a particular design depends on research 
question and logistical considerations 

▶ Generally, prefer a cluster randomized design 

▶ Need special expertise to design and analyse 
appropriately 

CONCLUSIONS 

  


