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Outline

• When to (not) use Idiographic Clinical Trials (ICTs)

• What are ICTs?

• Illustrations of ICTs

• Recent developments

• Power analysis software
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Motivations for Idiographic Clinical Trials

Small population or sample 

In-the-field research 

When withholding treatment is unethical

Active ingredients / processes 

Precision treatment

What works for whom 

Rapid program evaluation

Underserved populations
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When to Generally (not) Use ICTs

ICTs Generally Strong For:
N = 1 results (“impact”)

Comparative effectiveness

All participants get novel treatment

Engagement / attrition 

Intrapersonal processes / 
mechanisms

Real world effectiveness

“Active ingredients” research

Small population efficacy

ICTs Generally Limited For:

Large population efficacy

Acute illnesses

Change in traits / personality

Few “waves”

Surveys / prevalence

Long interviews / questionnaires

Note: Stigma among methodologists
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What are Idiographic Clinical Trials?

Within-subject 
Experimental 

Designs

- Each participant 
get 2+ phases

- Logical, flexible, 
causal designs

Time 
Series 
Data

- Per phase

- Sensitive to 
change

- Valid for 
detecting  
change

Stochastic 
Analysis 

for Small N

- Can yield 
aggregates 

- Efficacy-
like output

- Resolves 
sources of 
bias in  
WSEDs

Idiographic 
Clinical  
Trials
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Within-subject Experimental Designs
Most Common: Multiple Baseline Design
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Within-subject Experimental Designs
Most Common: Multiple Baseline Design
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Illustration 1: Rigorous Pilot Study

B

B
B

B

Note: Y-axis is blood glucose in mg/dL. B = baseline 
phases. The treatment instant impact (without slope) in 
mg/dL is -49.0 for A, -152.9 for B, -45.0 for C, and 
-73.0 for D.

Aggregate Results

Note: Average decrease in glucose immediately following Manual 
Pancreas = 77.13 mg/dL (p < .001). Smoothed model not shown.

From: Ridenour et al., 2013
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Analytic Strategy: Intensive Hierarchical Regression

𝑦𝑖𝑗 = 𝜋0𝑖 + 𝜋1𝑖𝑇𝑖𝑚𝑒𝑗 + 𝜋2 𝑇𝑖𝑚𝑒𝑗 × 𝑃ℎ𝑎𝑠𝑒𝑗  + 𝜋3𝑃ℎ𝑎𝑠𝑒𝑗 + 𝜀𝑖𝑗  

Where:
𝑦𝑦𝑖𝑖𝑖𝑖 represents outcomes for individual 𝑖𝑖 at time 𝑖𝑖 

𝜋𝜋0𝑖𝑖 represents random intercepts
𝜋𝜋1𝑖𝑖 𝑇𝑇𝑖𝑖𝑇𝑇𝑒𝑒𝑖𝑖  represents random slopes
𝑃𝑃ℎ𝑎𝑎𝑎𝑎𝑒𝑒𝑖𝑖 is dummy coded to estimate the effect of time separately by phase
𝜋𝜋2 𝑇𝑇𝑖𝑖𝑇𝑇𝑒𝑒𝑖𝑖 × 𝑃𝑃ℎ𝑎𝑎𝑎𝑎𝑒𝑒𝑖𝑖    is a fixed effect of time 
𝜋𝜋3𝑃𝑃ℎ𝑎𝑎𝑎𝑎𝑒𝑒𝑖𝑖  a fixed effect of difference in intercepts among phases 
𝜀𝜀𝑖𝑖𝑖𝑖 is residual variance term

Model assumes that during baseline the mean intercept = 0 and mean slope = 0; 
autoregression in data has been parsed out using the appropriate error covariance structure; 
and error is uncorrelated with random effects. 

Can add term(s) to test subgroup differences and analyze covariates. 
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Illustration 2: Comparative Effectiveness Research

Daily Tests = 1.9885 - 0.00501 (per day) + 0.9805 (effect of MI) + 1.3240 (change in  intercept at Treatment phase) - 0.06317 (per 
day of Treatment phase) + 1.0430 (additional intercept change for older teens during Treatment phase) + 0.6598 (additional 
intercept for CS) – 0.05378 (per day of Treatment phase for younger teens)

From: Raiff  et al., 2016
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Analytic Strategy: Unified SEM

Where:
ηi(t) are the variables to be “explained” for individual 𝑖𝑖
(Ai + Ag)ηi(t)  is a matrix of contemporaneous covariations among variables
(Φ1,i + Φ1

g) ηi(t-1)  is a matrix of lagged covariations among variables
ζl(t) is an error matrix 

Notation, assumptions, and modelling strategy are based on the Group Iterative Multiple 
Model Estimation (GIMME) programs.  

From: Beltz et al., 2016; Gates et al., 2012
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Illustration 3: Testing Mechanisms of Action

Hypothesized model of Emotion Focused Therapy outcomes

From: Wittenborn et al., 2019; Ridenour et al., 2016 
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Illustration 3: Outcomes for the Men

From: Wittenborn et al., 2019
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USEM: Testing of Fit to the Data

Source: 
https://www.researchgate.net/publication/268146083_Demonstration_of_Two_Traditional_Statistical_Techni
ques_for_Use_with_Small_Sample_within-
Person_Experiments_Unified_Structural_Equations_Modeling_and_Mixed_Model_Trajectory_Analysis15

https://www.researchgate.net/publication/268146083_Demonstration_of_Two_Traditional_Statistical_Techniques_for_Use_with_Small_Sample_within-Person_Experiments_Unified_Structural_Equations_Modeling_and_Mixed_Model_Trajectory_Analysis
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USEM: Differential Treatment Responses

Source: 
https://www.researchgate.net/publication/268146083_Demonstration_of_Two_Traditional_Statistical_Techniques_for_Use_with_Small_Sam
ple_within-Person_Experiments_Unified_Structural_Equations_Modeling_and_Mixed_Model_Trajectory_Analysis

From: Wittenborn et al., 2019
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(Some) Recent Advances for ICTs

Understanding ICT outcomes as “factuals” & “counterfactuals”:  
Daza et al., 2018

Simulations to inform study design: Blackston et al., 2019; Duan 
et al., 2013; Percha et al., 2019; Tueller et al., 2022 

Understanding patient preferences for study designs (by 
illness): Cheung et al., 2020; Sacristán et al., 2021

Alternative designs and analytic strategies: Howe et al., 2010; 
Liao et al., 2021; Nahum-Shani et al., 2015

Causal mediation analysis: Special issue (2022) in Evaluation & 
the Health Professions: Miočević et al., 2022
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Some Resources

Stats-of-1: Inference for the Individual 
References, links to useful tools
https://statsof1.org/resources/#sample-size--statistical-power

International Collaborative Network
https://www.nof1sced.org/

Single Case Design Masked Visual Analysis 
Data visualization and sharing apps 
https://singlecasemva.app/

Ksana Health data visualization apps
https://ksanahealth.com/ears/
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Evolving Resource: PersonAlytics™

Statistical and power analysis programs to support ICTs

Automate certain analytic processes

Support simulation research 

Provide GUI interface for users that don’t code in R

Evolve with methodological developments

Website: https://personalytics.rti.org/
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PersonAlytics R Package

• Analytics for N-of-1 and small N  intensive longitudinal designs, 
idiographic clinical trials (ICT), and interrupted time series 
https://github.com/ICTatRTI/PersonAlytics

• Single subject data: Linear ARMA models

• Small N data: Mixed effects models (MLM/HLM/GCM)
– Linear mixed effects model
– Generalized additive models for location, scale and shape (70+ 

distributions)

• Mixed effects modeling options
– Standard MLM/HLM with polynomial orders of time (time, time2, time3)
– Piecewise growth model
– Simultaneous estimate of phase and group specific MLM/HLM/GCM

• Data visualization
• Finite population correction (FPC)
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Visualizing ICT Data
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Mixed Effects and Time Series Modeling for 
N=1, small N, and ICT
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Modeling Process Automation Features

• Model selection using AIC or BIC

• All model selection uses ML, final model is fit with REML

• Automated tasks
– Residual correlation structure selection

• ARMA(p, q) for all possible combinations of p & q 
• User specified p & q

– Time structure selection
• Polynomial (time, time2, time3, etc.)
• Pending feature: estimating polynomial time structure within each phase

– Standardization of outcomes, predictors, or both
– Centering of the time variable 
– Outcome distribution selection
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PersonAlyticsPower R Package

• Power Analysis for N-of-1 and small N  intensive longitudinal
designs, idiographic clinical trials (ICT), and interrupted time
series

• Simulation based power analysis for any number of phases
or groups

• Binary and normal outcomes (other distributions in
development)

• User inputs are average intercepts and slopes in each phase
and each group with standardized effect size differences

• Web based GUI in development
• https://github.com/ICTatRTI/PersonAlyticsPower
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PersonAlytics Power Analysis 
 Small Effect Size (d=0.2) Medium Effect Size (d=0.5) Large Effect Size (d=0.8) 

Intensive 
Hierarchical 

Model 

   

Piecewise 

Model 
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