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NIH Definition of a Clinical Trial

"A research study in which one or more human 
subjects are prospectively assigned to one or 
more interventions (which may include placebo 
or other control) to evaluate the effects of those 
interventions on health-related biomedical or 
behavioral outcomes."

Interventions may be: 
preventive care, diagnostic, medical 

treatments, surgeries, behavioral health, 
delivery system
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Experimentation vs Quasi-Experimentation

Experimentation Quasi-Experimentation
Researcher randomly assigns 
intervention to a treatment and 
control group

Intervention assigned in non-
random ways (eg, allowing 
clinicians and patients to select), 
creating an intervention and 
comparison group

Researcher and participants are 
concurrent

Researcher and participants may 
be concurrent or non-concurrent
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Explanatory – Pragmatic Continuum (see precis-2.org)
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Study Validity: Internal Validity
Are the inferences about the intervention effects 

correct and credible?

Extent to which a study establishes a credible 
cause-effect 

• Validity is demonstrated with evidence and 
claimed through logic.

• Not an all or nothing proposition
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Study Validity: External Validity

Can the inferences about the intervention 
effects be generalized to other groups and 
settings

How generalizable results are to the real-
world?

Pragmatic clinical trials (effectiveness 
studies) are designed to be more 
generalizable than explanatory trials
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Threats to Study Validity
Internal
• History
• Maturation
• Testing
• Instrumentation
• Selection
• Regression
• Diffusion
• Attrition

External
• Population 

validity
• Ecological 

validity
• Complex 

interventions
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Internal: Historical Effects
Externalities that alter true intervention effects, 
the event occurs between pre- and post-test

Examples
• Recessions
•New guideline

Solutions
• Comparison group (carefully chosen); if not 

comparable, historical effects may vary by 
characteristic (selection-history effect)

• Repeated measures
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Internal: Maturation Effects
Within-person changes that can alter intervention 
effects

Examples
• Growth
• Developmental change; learning
• Fatigue and loss of interest

Solutions
• Comparison group (carefully chosen); if not 

comparable, maturation effects may vary by 
characteristic (selection-maturation effect)

• Repeated measures
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Internal: Testing Effects

Pre-intervention assessment affects post-
intervention assessment

Examples
• Same questions - if used pre/post may 

change responses 

Solutions
• Comparison group
• Computerized adaptive testing
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PROMIS Short Forms



Physical Functioning - Mobility
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•I could run a mile.
•I could ride a bike.
•I could walk more than one block.
•I could walk across the room.
•I could stand up by myself.
•I could get out of bed by myself.



Physical Functioning - Mobility Item Bank
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•I could run a mile.
•I could ride a bike.
•I could walk more than one block.
•I could walk across the room.
•I could stand up by myself.
•I could get out of bed by myself.
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Computerized Adaptive Testing



Internal: Instrumentation Effects
Effects result from different measures used before 
and after OR a change in internal scales (aka 
response shift)

Examples
• Life satisfaction measured before an intervention 

using Cantril ladder (single item displayed on 
ladder) and PROMIS life satisfaction afterwards

Solutions
• Use same measure
• Statistically equate measures
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Longitudinal Study Design Issues
For studies when adolescents will transition into 
young adults (>= 18 years)

• Likely best to keep with the same PROMIS pediatric form if study will 
stop when the participant is +2/3 years beyond age 17. 

• Emotional Distress measures (depressive symptoms, anger, anxiety) 
for PROMIS Pediatric and Adult measures were linked. (Reeve et al 
2016)

• Physical Function measures (physical function, pain, fatigue) also were 
linked, paper in development



Internal: Selection Effects
Allocation to intervention results in non-
comparable groups, creating systematic bias

Examples
• Clinicians choose which medication to use in 

a study that contrasts ACEi in patients with 
hypertension

Solutions
• Random allocation of intervention
• Multivariable (high dimensional) matching

18



Internal: Regression Effects
Groups identified by high or low scores will 
regress to mean over time

Examples
• Early disease management studies used 

pre/post design and showed major cost 
savings

Solutions
• Comparison group matched on pre-test 

score
• Randomization
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Internal: Diffusion (Social Interaction) 
Effects
Participants compare what each has received and 
figure out aim or hypothesis or become resentful

Examples
• Improvement intervention in a primary care 

practice where some clinicians are randomized 
to work with an improvement coordinator but 
others assigned to usual care

Solutions
• Cluster randomized trials
• Wait list randomization / Steeped wedge design
• Masking, when possible
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Internal: Attrition Effects
Participants drop-out, loss to follow-up, or death

Examples
• Individuals randomized to tight BP control drop 

out of study because of adverse effects at a 
higher rate than those assigned to usual care

Solutions
• Enhancements to retention
• Adaptive trial design
• Intention-to-treat analyses
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External: Population validity
Can results from a sample be generalized to a 
different group of people

Examples
• New antiepileptic shows benefit in adults, but 

there is no evidence for children; can we 
adopt this “hand me down” evidence?

Solutions
• Probability sampling to ensure diverse 

samples

22



External: Ecological validity
Effects depend on context such as time of day, 
location, research team, historical events, 
knowledge of a research study (Hawthorne effect)

Examples
• A cognitive behavioral therapy trial shows 

reduction in anxiety symptoms measured over 
eight weeks in clinic settings; can we generalize 
these findings to other contexts such as 
assessment of anxiety in the home?

Solutions
• Replication
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External: Complex interventions
Intervention has multiple parts that may not be 
readily replicated

Examples
• A health coach, phone app, text messaging, 

and clinic visit intervention improves 
nutritional intake; can this intervention be 
replicated elsewhere

Solutions
• Detailed protocols; publish protocols
• Process evaluation
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Summary

All intervention studies, even those with 
randomization, have several threats to their 
validity that should be considered during 
design, conduct, and reporting

Think about how these threats to validity 
may apply to your work

Be prepared to discuss these threats as 
applied to a variety of quasi-experimental 
study designs.
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Thank you.


