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Author (Year) Method Method Description Number 

of time 

points 

Type of outcome 

used in study 

Software 

Used 

Assumptions 

Made/tested 

Advantages of method* Limitations of 

method* 

Cruz M., et al. 

(2017) [40] 

Robust 

interrupted 

time series 

model 

- The method is 

developed in two stages. 

- In the first stage, a set 

of plausible change 

points are established 

based on the research 

question. Based on these 

change points, the mean 

parameters are estimated 

using ordinary least 

squares with the 

likelihood approach.  

- The change point 

whose parameter 

maximizes the likelihood 

is then chosen as the 

optimal change point.  

- In the second stage, 

residuals obtained in the 

first stage are used to 

examine and determine 

the structure of the 

stochastic process.  

- If the residuals act as 

white noise, it implies 

there is no correlation 

and hence the variances 

before and after the 

estimated change point 

are compared using the F 

test.  

- Otherwise, an ARIMA 

process is fit on the 

residuals in each phase 

separately. From this 

process, estimates of the 

correlation and variances 

are obtained using 

- min. of 

5 per 

period 

plus the 

length of 

possible 

change 

points 

Continuous R Shiny 

toolbox 

- Data is linear. 

- There is no 

seasonality. 

- Data is stationary. 

- Allows the change point to 

be variable and different from 

the time of intervention 

- Provides a better model fit 

compared to traditional 

segmented regression with 

respect to mean squared error 

- Allows the easy assessment 

of the effect of intervention on 

the correlation structure 

- Ability to conduct variance 

comparisons in the absence of 

correlation allows for clear 

inference on the possible 

effects of intervention. 

- Method proposed has been 

developed into an interactive 

and user-friendly software" 

only applicable for 

continuous 

outcomes 



conditional likelihood 

methods. 

Duncan, T. E.et al. 

(2004) [39] 

Latent 

Growth 

Curve 

Modeling 

- The method involves a 

growth curve model  

- The growth model 

captures both the 

intercept and slope 

differences over baseline 

and treatment 

intervention periods in a 

single sample.  

- The added growth 

intercept and slope 

determines the 

intervention effect 

- The model gives linear 

and average level change 

for both phases of the 

study. 

- at least 

3 per 

period 

Continuous, 

Likert scale 

Mplus - Constraints are 

placed on specific 

model parameters, 

e.g. means of 

intercepts and 

slopes for both 

phases are 

constrained to be 

equal.  

 

- Individual level 

correlation is 

assumed to be 

sufficiently 

homogeneous 

- Any number of time points 

can be used once they can be 

modeled by the growth form. 

 

- Measurement errors in the 

model specification are 

incorporated in model. 

 

- Allows evaluation of 

treatment effects in the 

presence of different 

covariates. 

  

- Allows statistical tests of 

level and slope mean 

differences and prediction of 

changes in treatment 

outcomes and time-invariant 

and time-varying covariates. 

- An increase in 

measured variables 

results in longer 

time series, which 

may not be defined 

adequately by a 

linear growth 

form. 

  

- Longer time 

series increases 

random error 

variance estimated 

by the model. 

Park, J. H.(2012) 

[42] 

Intervened 

time series 

central 

mean 

subspace 

- This method involves 

the dimension reduction 

technique. 

- The dimension 

reduction technique is 

used to analyze 

univariate time series 

with interventions as a 

covariate.  

- Specifically, a central 

mean subspace for a 

univariate time series 

that includes several 

change points is built, 

where the reduction in 

dimension is focused on 

the conditional mean 

function. 

Not 

specified 

Continuous Not stated - The univariate 

time series and the 

conditional mean 

function are 

conditionally 

independent. 

 

- Their covariance is 

zero. 

 

- The conditional 

mean is a function 

of the subspace. 

- Supplements and strengthens 

the conventional ARIMA.  

 

- Can identify intervention 

effects even before model is 

specified. 

 

- Simple and intuitive and 

does not require initial 

assumptions or pre-

intervention modeling. 

 

- The method does not require 

specification of the model.  

 

- Requires large 

sample size to 

increase accuracy 

of the model, at 

least 100 was used 

in the study. 

Sun, P. et al. 

(2012) [38] 

Extended 

ARIMA 

- Involves a stochastic 

component and a 

structural or intervention 

component.  

- at least 

20 per 

period 

Continuous Not stated - Tested stationarity 

with the Dickey-

Fuller (ADF) test.  

 

- Allows the identification of 

immediate and gradual 

changes in the outcome. 

 

- The threats to 

internal validity of 

ITS model, such as 

effect of 

concomitant 



- The stochastic 

component is modeled 

by ARIMA. 

- The intervention 

component of the model 

is divided into 4 

subcomponents: a) 

marginal change in 

outcome before 

intervention b) marginal 

change in outcome in the 

presence of intervention 

c) short-term change in 

outcome and d) 

additional impact of 

intervention initiation 

over the observed time. 

- Assessed residuals 

with Kolmogorov-

Smimov and Ljung 

Box test. 

 

- Assessed 

homoscedasticity 

using Levene test  

-  Allows the assessment of 

the number of post 

intervention time points 

before the offset point after 

which the outcome after 

intervention was at or lower 

than the pre-intervention 

phase. 

interventions 

cannot be 

accounted for. 

Gebski, V. et al. 

(2012) [6] 

Pooled and 

Stacked 

ITS 

analysis  

- The pooled analysis fits 

a separate segmented 

regression for each unit.  

- The overall effect is 

then obtained by 

calculating the weighted 

average of the estimates 

of the parameters (level 

and slope) for each unit.  

- The weights are the 

inverse variances of the 

unit-level estimates. 

- The second method, 

stacked analysis, 

involves fitting a single 

model involving all the 

units. 

- The unit effect is 

accounted for by adding 

parameters to the model 

to represent the different 

units. 

- One unit is used as 

reference.   

Not 

specified 

Count (rate) Not stated - Assessed 

autocorrelation 

using Dublin 

Watson approach 

- Pooled analysis allows 

statistical adjustment for each 

unit. 

 

- Modelling individual units 

provides individual estimates, 

which allows for the 

evaluation of individual units. 

 

- Pooling overall effect using 

weighted analysis accounts 

for heterogeneity between 

units. 

 

- Accounts for extra 

variability due to the inclusion 

of the unit effect in both 

analysis. 

 

- Increase in units 

leads to increase in 

parameters 

required and may 

lead to over 

dispersion. 

 

- Increase in 

number of 

parameters for the 

stacked ITS 

analysis leads to an 

increase in Type 1 

error. 

 

Huitema, B. E. et 

al. (2014) [30] 

Extended 

time series 

regression 

model 

- The method comprises 

a within and between 

unit analysis.  

At least 

20 per 

period 

Count Not stated - Accounted for 

autocorrelation 

using autoregressive 

parameters included 

- If an effect is identified, the 

function estimated from the 

regression on penetration can 

be used to predict the outcome 

- Time consuming 

and cumbersome. 

 



- The within analysis is 

performed for ITS 

designs where 

intervention is rolled out 

over time across multiple 

units 

- The model includes a 

penetration variable used 

to evaluate the degree of 

intervention penetration 

present during any 

timepoint.  

 - The penetration 

variable is a continuous 

variable indicating the 

extent of intervention 

penetration.  

- The variable is 

calculated as the ratio of 

the number of sites with 

intervention to overall 

number of sites and 

ranges from 0 to 1.  

in the intervention 

model. 

from the degree of 

intervention penetration.  

 

- Intervention need not be 

fully introduced right after 

baseline since the penetration 

variable accounts for this. 

 

- Allows the unknown 

external events occurring at 

the same time as the 

intervention (confounders) to 

be identified or accounted for. 

- Model does not 

account for 

heterogeneity 

among unit. 

Kong, M. et al. 

(2012) [41] 

Extended 

Logistic 

Regression 

Model 

-The method is an 

extension of the logistic 

regression approach. 

- The method follows the 

quasi-likelihood 

approach. 

- It involves including 

variables in the logistic 

regression model to 

account for intervention 

effect. 

- Harmonic functions are 

also included to account 

for seasonality. 

-Autoregressive 

parameters are 

incorporated to account 

for serial correlation. 

-Estimation procedure 

for parameters is based 

on the fishers scoring 

method. 

Not 

specified 

Count and 

dichotomous  

R -Autocorrelation 

was assessed using 

Durbin Watson 

 

-Suitable for ITS studies with 

count or binary outcomes. 

 

-Accounts for seasonality and 

serial correlation. 

 

-Provides different procedures 

for estimating parameters and 

associated variances. 

-Does not account 

for the variability 

introduced due to 

summarized 

(aggregated) 

outcome. 



Velicer, W. F. 

(1994) [32] 

Pooled 

time series 

analysis 

- The method is an 

extension of a previous 

analysis involving a 

single unit to multiple 

units.  

- Method involves using 

a patterned 

transformation matrix 

which transforms the 

serially dependent 

variables to serially 

independent variables. 

- The choice of matrix 

and number of units 

varies by research 

interest. 

- The design matrix is 

defined based on the 

parameters of interest 

(level and trend) and 

differences between 

units. 

Not 

specified 

Not stated GENTS and 

TSX 

- All units are 

assumed to have a 

common 

transformation 

matrix 

- Avoids the model 

identification step in ARIMA 

models. 

 

-  It can be easily adapted to 

other modeling approaches. 

 

-  It can be easily. 

implemented with slight 

modifications in existing 

computer programs. 

- Requires 

substantial 

understanding of 

the transformation 

approach. 

 

- Units are 

assumed to have a 

common 

transformation 

matrix which may 

not always be the 

case. 

Fretheim, A. et al. 

(2015) [29] 

Controlled 

segmented 

regression 

- For this method, the 

differences in outcome 

between control and 

intervention groups are 

calculated for each time 

point. 

 - The new set of values 

are then used to find the 

difference in slope and 

level changes between 

the treatment and control 

groups using segmented 

regression modeling. 

At least 6 

per period 

Count 

(proportion or 

frequency) 

STATA 

(REGRESS, 

PRAIS, 

ESTAT 

DWATSON

, XTGEE) 

- Assessed first 

order 

autocorrelation 

using Durbin 

Watson and 

adjusted using 

Prias-Winston 

method 

- Allows the detection of 

anomalous effects and 

identification of co 

interventions. 

  

-  Allows the detection of 

important dynamics that 

enables the understanding of 

effects over time and triggers 

further qualitative 

explorations. 

- Less than 6 

timepoints per 

period is too small 

for reliable ITS 

estimates. 

Linden, A. et al. 

(2011) [23] 

Propensity 

score-based 

weighted 

ITS 

- A weighted modelling 

technique of time series 

analysis following three 

steps; 

- First, the propensity 

score is estimated for the 

treatment group and all 

controls.  

- Second, weights are 

constructed based on 

At least 

15 per 

period 

Count STATA - First order 

autocorrelation was 

assumed and tested 

using Durbin 

Watson and 

adjusted using 

Prias-Winston. 

- It is technically less 

complicated to implement and 

rooted in regression 

techniques. 

 

- Can be implemented using 

any stats software without 

elaborate programming. 

 

- The assumption 

that all biases and 

confounding have 

been adjusted for 

in the model 

cannot be tested. 

 

- Control groups 

must have 

substantial overlap 



these scores and the 

treatment assignment. 

- Third, the weights are 

used in a regression 

framework to provide the 

treatment effect 

estimates.  

- The ATT weighting 

approach was used to 

calculate the weights. 

- May accommodate any 

number of treatment units. 

 

- Allows for greater flexibility 

in the choice of treatment 

effect estimators (i.e. ATT or 

ATE or ATE on controls)" 

with treatment 

group for 

weighting to be 

effective. 

Pechlivanoglou, P. 

et al. (2015) [34] 

State-space 

approach 

- The model consists of 

an observation equation 

and a system or state 

equation.  

- The state equation 

contains the level and 

trend parameters that are 

affected by the 

intervention and can vary 

over time.  

- The model consists of a 

pulse variable which 

captures the 

instantaneous effects of 

specific events. 

- It also consists of the 

permanent and temporary 

level and trend variables 

to capture the level and 

trend effects of the 

intervention.  

- The model allows the 

addition of other 

variables to capture the 

effect of cointerventions. 

Not 

specified 

Count/ 

continuous 

R - Assessed 

Independence, 

heteroscedasticity 

and normality of 

residuals using 

Durbin and 

Koopman 

procedures.  

 

- Handles non-stationarity 

issues in a straight forward 

way and do not require unit 

root testing procedure. 

 

- Suitable for studying 

multiple interventions.  

 

- Can deal with missing 

observations easier.  

 

- Allows large models to be 

estimated without 

disproportionate increase in 

computational times. 

 

- The specification of 

explanatory variables in either 

or both the observation and 

state equations allow for 

controlling for external 

parameters that might impact 

the studied variables.  

 

- Available in standard 

statistical software and hence 

convenient and easy to 

implement. 

- Co-interventions 

are difficult to 

disentangle and 

might affect 

overall results. 

 

- Assumptions 

made about the 

comparability of 

the control group 

cannot be tested by 

the model.  

 

- Requires the 

control group to be 

as comparable as 

possible for 

optimum results. 

*Includes advantages and limitations as reported in the articles by the authors. 
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