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Abstract 

This special issue of Evaluation and the Health Professions is dedicated to methods for 

causal mediation analysis in Single Case Experimental Designs (SCEDs). Mediation analysis 

is used to identify intermediate variables that transmit the effect of the independent variable 

on the outcome. Until recently, mediation analysis was mostly confined to between-subjects 

designs and panel studies with few exceptions. Consequently, most of the developments in 

causal mediation analysis have also been restricted to such designs. In applied health 

research, SCEDs have been used to evaluate total effects of treatments on outcomes of 

interest. Providing researchers with the methods for evaluating causal indirect effects for 

individual participants can lead to important improvements in diagnosis, treatment, and 

prevention. This special issue includes articles that describe advanced quantitative methods 

for testing mediators in SCEDs, propose and test approaches that allow for relaxing statistical

assumptions that may not hold in real data, and illustrate mediation analysis for a single 

participant in a real and simulated SCEDs data. 



3

This special issue of Evaluation and the Health Professions focuses on causal mediation 

analysis in Single Case Experimental Designs (SCEDs), covering a range of topics from 

evaluations of new and existing methods to applications. Mediation analysis focuses on three 

primary effects: 1) the total effect, the effect of the independent variable on the outcome; 2) 

the indirect effect, the effect of the independent variable on the outcome through the 

mediator(s); and 3) the direct effect, the effect of the independent variable on the outcome not

transmitted through the mediator(s). Mediation analysis is used to identify intermediate 

variables that transmit the effect of the independent variable on the outcome, and to quantify 

the magnitude and test the significance of the indirect effect (MacKinnon, 2008). Since the 

publication of the seminal paper by Baron and Kenny (1986), mediation analysis has been 

used in thousands of studies in the health, social, and behavioral sciences. For example, it has

been the method of choice for identifying mechanisms through which an HIV/STD risk-

reduction intervention increases the probability of using condoms (O'Leary et al., 2008), how 

health workers’ resilience affects well-being (Maffoni et al., 2021), and how physical health 

affects mental health (Ohrnberger et al., 2017). 

Advances in (causal) mediation analysis have clarified the necessary assumptions and 

appropriate procedures for identifying causal direct and indirect effects. In particular, three 

key concepts in causal mediation analysis are relevant for the current special issue: temporal 

order, confounding variables, and latent variables. With regard to temporal order, it is crucial 

that the independent variable X precedes the mediator M which in turn precedes the outcome 

Y (e.g., MacKinnon et al., 2007; Mayer et al., 2014). This can best be achieved in longitudinal

designs. With regard to confounding variables, it is important that there are no unmeasured 

confounders for the X-M and the M-Y relationships (Judd & Kenny, 1981). While certain 
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designs such as randomization of X can ensure that the X-M relationship is unconfounded, 

researchers need to think carefully about potential confounders of the M-Y relationship, even 

in randomized experiments. More precise mathematical formulations of causality conditions 

have been termed sequential ignorability (Imai, Keele, Tingley, 2010; VanderWeele & 

Vansteelandt, 2009) or unbiasedness (Mayer et al., 2014). The plausibility of some, but not 

all, of these causality conditions can be checked via sensitivity analysis or statistical tests 

(e.g., Cox et al., 2013; Imai, Keele, & Yamamoto, 2010; Mayer et al., 2014; VanderWeele, 

2010). With regard to latent variables, it is important to consider reliability and construct 

validity of all variables involved in the analysis, including observed variables in the 

mediation model and (un)measured confounders (Gonzales & MacKinnon, 2021; Sengewald 

et al., 2019). Measurement error can seriously bias the total, direct, and indirect effects in 

causal mediation analysis (e.g., Hoyle & Kenny, 1999).

Modern approaches to causal mediation analysis define the effects of interest at the 

individual level. For example, the general approach to causal mediation popularized by Imai 

and colleagues (2010) in psychology defines individual (natural) direct and indirect effects 

using nested counterfactuals. However, only the average or conditional effects are routinely 

estimated in common designs such as pretest-posttest-follow-up control group designs. 

SCEDs, which can be considered a special case of interrupted time series designs (e.g., 

Kratochwill et al., 2010; Shadish et al., 2002), allow for investigating mediational processes 

at the individual level. 

One of the advantages of using SCEDs is that individual participants serve as their 

own controls (i.e., participants are repeatedly measured before, during and/or after the 

intervention). Therefore, an individual-specific intervention effect can be estimated without a 

matching comparison group. The most basic SCED design involves one baseline condition 
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(A-phase) that is “interrupted” by one intervention condition (B-phase). The effectiveness of 

the intervention can be evaluated by comparing intervention data with baseline (control) data 

(i.e., AB comparison). In order to increase the internal and external validity in SCEDs, it has 

been recommended to replicate the AB design tactic within individuals (i.e., ABAB reversal 

designs) and across individuals (i.e., replicated AB designs or multiple-baseline designs 

across participants). Numerous effect sizes have been developed to represent intervention 

effectiveness for AB comparisons in SCEDs (Jamshidi et al., 2021). These effect sizes 

include non-overlap indices (e.g., percent of non-overlapping data, Scruggs et al., 1987; 

improvement rate difference, Parker et al., 2009; non-overlap of all pairs, Parker & Vannest, 

2009; Tau-U, Parker et al., 2011; baseline corrected Tau-U; Tarlow, 2017), regression-based 

effect sizes (e.g., Moeyaert et al, 2014), the standardized mean difference (Hedges et al., 

2012), and the log-response ratio (Pustejovsky, 2018) and related statistics (e.g., percent of 

goal obtained, Ferron et al., 2020). The regression-based approach is most promising for 

answering (causal) mediation questions for SCEDs that involve AB comparisons (e.g., Loeys,

2022, current issue). 

Almost all methods for (causal) mediation analysis estimate the indirect effect at the 

group level. There are a few exceptions (Judd et al., 2001; Montoya & Hayes, 2017; Vuorre 

& Bolger, 2018) which still require data collection for more than one individual. Proposed 

methods for estimating indirect effects for a single individual in an AB design do not 

explicitly describe the required assumptions for making causal inferences about the indirect 

effect (Miočević et al., 2020). At the time of writing, there is only one proposed method for 

causal mediation analysis in SCEDs focusing on ABAB designs (Josephy et al., 2015). 

Causal mediation analysis methods have yet to be developed and tested for other kinds of 

SCED types, and this special issue aims to showcase current state of the art approaches and 



6

encourage further methodological developments in this area. The articles in this special issue 

describe the use of existing time series models, propose methods when statistical assumptions

are not met, and provide illustrations using real and simulated data.

Time Series Models 

SCEDs are essentially time series designs, where single individuals are assessed at 

many discrete time points. For the designs considered in this special issue, at least the 

mediator and the outcome are measured repeatedly at the individual level. Most methods in 

this special issue focus on the AB design; however, some of the proposed methods could be 

used when the independent variable is also a time series. In fact, the method described in 

MacKinnon et al., (2022, this issue) requires that the independent variable be randomly 

assigned at each time point. When analyzing time series data, we can draw on a large amount 

of literature from econometrics, biometrics, psychometrics and related fields. A key 

characteristic of time series data is autocorrelation between neighboring measurements or 

residuals (Ferron, 2002; Shadish & Sullivan, 2011). The most basic models are 

autoregressive models and moving average models (for an introduction to time series models,

see e.g., Cryer & Chan, 2008). These models can then be extended to also account for trends 

or seasonal components. Modeling trends and autocorrelation is especially important for 

analyzing data from SCEDs (e.g., Barlow, 2009; Ferron, 2002) and will be discussed in 

several articles in this special issue (Langenberg et al., 2022, this issue; Loeys, 2022, this 

issue; Somer et al., 2022, this issue). In principle, multiple time series could be analyzed 

separately using piecewise regression analysis techniques. However, mediation models for 

SCEDs not only require the modeling of a single time series but simultaneous modeling of 

several time series that are interrelated. There are different statistical approaches that allow 

for doing this such as vector autoregressive models, structural equation models and state-
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space models (see Chow et al., 2010, for a comparison). The latter two approaches also allow 

for incorporating latent variables via measurement models. Langenberg et al. (2022, this 

issue) discussed and empirically validated a method, based on the state-space modeling 

approach by Gu et al. (2014), that can be used to estimate direct and indirect effects. State-

space modeling is a flexible technique that can be used to estimate lagged effects among 

repeated measurements of multiple variables while also taking autocorrelation into account. 

Both of these complexities need to be modelled in contexts such as causal mediation for 

SCEDs. The authors recommend using a combination of maximum likelihood and 

permutation procedures to estimate p-values and standard errors, and recommend including at

least 40 observations in the baseline condition and 40 observations in the intervention 

condition. Relatedly, Loeys (2022, this issue) and Somer et al. (2022, this issue) specifically 

focused on how to deal with the issue of autocorrelation (assuming a first order 

autocorrelation) in time series data using regression modeling techniques. Loeys (2022, this 

issue) compared three approaches, namely (1) transforming correlated errors into an 

uncorrelated sequence (also called “whitening”), (2) the Newey-West standard errors 

correction (i.e., correction that can deal with autocorrelation and heteroscedasticity in error 

terms), and (3) Feasible Generalized Least Squares estimation. They found small differences 

between the approaches for a small number of total observations (i.e., 15). However, for a 

larger number of observations (i.e., 30 and 90), the Feasible Generalized Least Squares 

approach is recommended. Findings from Somer et al. (2022) with complete data also 

suggest that the Feasible Generalized Least Squares approach outperforms alternative 

methods for handling autocorrelation in SCEDs.

Mediation in SCEDs when statistical assumptions are not met
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Existing methods for evaluating mediation in SCEDs rely on assumptions which may 

not always be met in real data collection contexts. Often researchers must deal with small 

samples, missing data, or violations of distribution assumptions. Multiple papers in this 

special issue evaluate methods to help address these types of situations which researchers 

may encounter in applied settings. 

MacKinnon et al. (2022, this issue) propose a new method, the Randomization 

Permutation test for mediation, where X is randomly assigned at each time point, and M and Y

are measured at the same measurement occasions. This new method extends the work of 

Edgington and Onghena (2007) from a single outcome to a single mediator model, which 

allows for the estimation of the indirect effect. This method randomly permutes residuals 

from the model, and when the autocorrelation is modeled appropriately, the power to detect 

large indirect effects is adequate with approximately 50 time points. Even though SCEDs 

have historically had fewer than 50 time points (Shadish & Sullivan, 2011), future studies can

attain the required sample sizes for adequate power using real-time monitoring technology 

(Bentley et al., 2019). 

While MacKinnon et al., (2022, this issue) only examine one method for handling 

autocorrelation, two papers in this current issue directly investigate methods for handling 

autocorrelation (Loeys, 2022, this issue; Somer et al., 2022, this issue). Somer et al. (2022, 

this issue) explore multiple methods for modeling autocorrelation in combination with 

missing data handling methods. The authors find that Feasible Generalized Least Squares and

the autoregressive model yield estimates of the indirect effect with the best statistical 

properties, and recommend multiple imputation for handling missing data. In addition to 

guiding readers through important use considerations for each method, all papers in the 

special issue contain empirical examples.
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Future directions for causal mediation analysis research in SCEDs

In August 2019 we held a workshop on Single Subject Causal Mediation Analysis at 

the Lorentz Center in Leiden, the Netherlands. The workshop was attended by approximately 

40 researchers who specialize in causal inference, mediation analysis, SCEDs, and clinical 

psychology. Many of the teams of co-authors who contributed to this special issue started 

developing their ideas at the workshop in the randomly assigned interdisciplinary groups of 

4-5 people. Less than 3 years later, we are publishing a special issue to disseminate novel 

insights that advance the methodological literature and applications of causal mediation 

analysis in SCEDs. The software and detailed example interpretations will allow applied 

researchers to conduct mediation analysis in several SCED types, ranging from AB designs to

models with random assignment of the intervention at each measurement occasion. 

However, it is beyond the scope of the current special issue to provide a 

comprehensive overview of mediation analysis across all possible SCEDs. There are other 

designs for which causal mediation analysis for a single participant has yet to be described 

and tested, e.g., parallel and sequential mediation models, moderated mediation models. 

Furthermore, methods for combining the results of several SCEDs via meta-analysis (see, 

e.g., articles in the special issue in Evidence-Based Communication Assessment and 

Intervention edited by Schlosser & Sigafoos, 2008) could be extended to causal mediation 

models. Thus this special issue will hopefully serve as a catalyst for more interdisciplinary 

collaboration, the proliferation of applications of mediation analysis in the fields of 

evaluation and the health professions, and novel methods for causal mediation analysis in 

SCEDs. 



10

References:

Barlow, D. H.(2009). Single case experimental designs: Strategies for studying behavior for 

change. Boston: Pearson.

Baron, R.M. , & Kenny, D.A. (1986). The moderator- mediator variable distinction in social 

psychological research: Conceptual, strategic, and statistical considerations. Journal 

of Personality & Social Psychology, 51, 1173-1182. https://doi.org/10.1037/0022-

3514.51.6.1173 

Bentley, K. H., Kleiman, E. M., Elliott, G., Huffman, J. C., & Nock, M. K. (2019). Real-time 

monitoring technology in single-case experimental design research: Opportunities and

challenges. Behaviour research and therapy, 117, 87-96. 

https://doi.org/10.1016/j.brat.2018.11.017 

Chow, S. M., Ho, M. H. R., Hamaker, E. L., & Dolan, C. V. (2010). Equivalence and 

differences between structural equation modeling and state-space modeling 

techniques. Structural Equation Modeling, 17(2), 303-332. 

https://doi.org/10.1080/10705511003661553

Cryer, J. D., & Chan, K. S. (2008). Time series analysis: with applications in R. New York: 

Springer.

Cox, M. G., Kisbu-Sakarya, Y., Miočević, M., & MacKinnon, D. P. (2013). Sensitivity plots 

for confounder bias in the single mediator model. Evaluation Review, 37(5), 405-431. 

https://doi.org/10.1177/0193841X14524576 

https://doi.org/10.1037/0022-
https://doi.org/10.1177/0193841X14524576
https://doi.org/10.1080/10705511003661553
https://doi.org/10.1016/j.brat.2018.11.017


11

Ferron J. (2002). Reconsidering the use of the general linear model with single-case data. 

Behavior research methods, instruments, & computers : a journal of the Psychonomic

Society, Inc, 34(3), 324–331. https://doi.org/10.3758/bf03195459 

Ferron, J., Goldstein, H., Olszewski, A., & Rohrer, L. (2020). Indexing effects in single-case 

experimental designs by estimating the percent of goal obtained. Evidence-Based 

Communication Assessment and Intervention, 14, 6-27. 

https://doi.org/10.1080/17489539.2020.1732024 

Gonzalez, O., & MacKinnon, D. P. (2021). The measurement of the mediator and its 

influence on statistical mediation conclusions. Psychological Methods, 26(1), 1–

17. https://doi.org/10.1037/met0000263

Hedges, L., Pustejovksy, J., & Shadish, W. (2012). A standardized mean difference effect 

size for single case designs. Research Synthesis Methods, 3, 224-239. 

https://doi.org/10.1002/jrsm.1052

Hoyle, R. H., & Kenny, D. A. (1999). Sample size, reliability, and tests of statistical 

mediation. Statistical strategies for small sample research, 1, 195-222.

Imai, K., Keele, L., & Tingley, D. (2010). A general approach to causal mediation analysis. 

Psychological Methods, 15(4), 309-334. https://doi.org/10.1037/a0020761 

Imai, K., Keele, L., & Yamamoto, T. (2010). Identification, inference and sensitivity analysis 

for causal mediation effects. Statistical science, 25(1), 51-71. 

https://doi.org/10.1214/10-STS321 

https://doi.org/10.1214/10-STS321
https://doi.org/10.1037/a0020761
https://psycnet.apa.org/doi/10.1037/met0000263
https://doi.org/10.3758/bf03195459


12

Jamshidi, L., Heyvaert, M, Declercq, L., Fernández-Castilla, B., Ferron, J., Moeyaert, M., 

Beretvas, S. N., & Van den Noortgate, W. (2021). A systematic review of single-case 

experimental design meta-analyses: Characteristics of study designs, data, and 

analyses. Evidence-Based Communication and Intervention.

Josephy, H., Vansteelandt, S., Vanderhasselt, M. A., & Loeys, T. (2015). Within-subject 

mediation analysis in AB/BA crossover designs. The international journal of 

biostatistics, 11(1), 1-22. https://doi.org/10.1515/ijb-2014-0057 

Judd, C. M., Kenny, D. A., & McClelland, G. H. (2001). Estimating and testing mediation 

and moderation in within-subject designs. Psychological Methods, 6(2), 115–134. 

https://doi.org/10.1037/1082-989X.6.2.115

Judd, C. M., & Kenny, D. A. (1981). Process analysis: Estimating mediation in treatment 

evaluations. Evaluation Review, 5, 602-619. 

https://doi.org/10.1177/0193841X8100500502 

Kratochwill, T. R., Hitchcock, J., Horner, R. H., Levin, J. R., Odom, S. L., Rindskopf, D. M. 

& Shadish, W. R. (2010). Single-case designs technical documentation. Retrieved 

from What Works Clearinghouse website: 

http://ies.ed.gov/ncee/wwc/pdf/wwc_scd.pdf 

MacKinnon, D. P. (2008). Introduction to statistical mediation analysis. New York, NY: 

Routledge.

MacKinnon, D. P., Fairchild, A. J., & Fritz, M. S. (2007). Mediation analysis. Annual Review

of Psychology, 58, 593-614. https://doi.org/10.1146/annurev.psych.58.110405.085542

https://doi.org/10.1146/annurev.psych.58.110405.085542
https://doi.org/10.1177/0193841X8100500502
https://doi.org/10.1515/ijb-2014-0057


13

Maffoni, M., Sommovigo, V., Giardini, A., Velutti, L., & Setti, I. (2021). Well-being and 

professional efficacy among health care professionals: The role of resilience through 

the mediation of ethical vision of patient care and the moderation of managerial 

support. Evaluation & the Health Professions. 

https://doi.org/10.1177/01632787211042660 

Mayer, A., Thoemmes, F., Rose, N., Steyer, R., & West, S. G. (2014). Theory and analysis of

total, direct, and indirect causal effects. Multivariate Behavioral Research, 49(5), 

425-442. https://doi.org/10.1080/00273171.2014.931797 

Miočević, M., Klaassen, F., Geuke, G., Moeyaert, M., & Maric, M. (2020). Using Bayesian 

methods to test mediators of intervention outcomes in single-case experimental 

designs. Evidence-Based Communication Assessment and Intervention, 14(1-2), 52-

68. https://doi.org/10.1080/17489539.2020.1732029 

Moeyaert, M, Ugille, M., Ferron, J., Beretvas, S., & Van den Noortgate, W. (2014). The 

influence of the design matrix on treatment effect estimates in the quantitative 

analyses of single-case experimental design research. Behavior Modification, 38(5), 

665-704. https://doi.org/10.1177/0145445514535243 

Montoya, A. K., & Hayes, A. F. (2017). Two-condition within-participant statistical 

mediation analysis: A path-analytic framework. Psychological Methods, 22(1), 6-27. 

https://doi.org/10.1037/met0000086 

O'Leary, A., Jemmott, L. S., & Jemmott III, J. B. (2008). Mediation analysis of an effective 

sexual risk-reduction intervention for women: the importance of self-efficacy. Health 

Psychology, 27(2S), S180. https://doi.org/10.1037/0278-6133.27.2(Suppl.).S180 

https://doi.org/10.1037/0278-6133.27.2(Suppl.).S180
https://doi.org/10.1037/met0000086
https://doi.org/10.1177/0145445514535243
https://doi.org/10.1080/17489539.2020.1732029
https://doi.org/10.1080/00273171.2014.931797
https://doi.org/10.1177/01632787211042660


14

Ohrnberger, J., Fichera, E., & Sutton, M. (2017). The relationship between physical and 

mental health: A mediation analysis. Social science & medicine, 195, 42-49. 

https://doi.org/10.1016/j.socscimed.2017.11.008 

Parker, R. I., & Vannest, K. J. (2009). An improved effect size for single case research: 

NonOverlap of All pairs (NAP). Behavior Therapy, 40, 357-367. 

https://doi.org/10.1016/j.beth.2008.10.006 

Parker, R., Vannest, K., & Brown, L. (2009). The improvement rate difference for single case

research. Exceptional Children, 75, 135-150. 

https://doi.org/10.1177/001440290907500201

Parker, R. I., Vannest, K. J., Davis, J. L., & Sauber, S. B. (2011). Combining nonoverlap and 

trend for single-case research: Tau-U. Behavior Therapy, 42, 284-299. 

https://doi.org/10.1016/j.beth.2010.08.006

Pustejovsky J. E. (2018). Using response ratios for meta-analyzing single-case designs with 

behavioral outcomes. Journal of school psychology, 68, 99–112. 

https://doi.org/10.1016/j.jsp.2018.02.003

Schlosser, R. W. & Sigafoos, J. (2008) Meta-analysis of single-subject experimental designs: 

Why now?, Evidence-Based Communication Assessment and Intervention, 2, 117-

119. https://doi.org/10.1080/17489530802520429

Scruggs, T. E., Mastropieri, M. A., & Casto, G. (1987). The quantitative synthesis of single-

subject research: Methodology and validation. Remedial and Special Education, 8, 

24-33. https://doi.org/10.1177/074193258700800206

https://doi.org/10.1177/001440290907500201
https://doi.org/10.1016/j.socscimed.2017.11.008


15

Sengewald, M. A., Steiner, P. M., & Pohl, S. (2019). When does measurement error in 

covariates impact causal effect estimates? Analytic derivations of different scenarios 

and an empirical illustration. British Journal of Mathematical and Statistical 

Psychology, 72(2), 244-270. https://doi.org/10.1111/bmsp.12146 

Shadish, W., Cook, T. D., & Campbell, D. T. (2002). Experimental and quasi-experimental 

designs for generalized causal inference. Boston, MA: Houghton Mifflin.

Shadish, W. R., & Sullivan, K. J. (2011). Characteristics of single-case designs used to assess

intervention effects in 2008. Behavior research methods, 43(4), 971–980. 

https://doi.org/10.3758/s13428-011-0111-y

Somer, E., Gische, C. & Miočević, M. (2022). Methods for modeling autocorrelation and 

handling missing data in mediation analysis in single case experimental designs 

(SCEDs). Evaluation & the Health Professions, this issue.

Tarlow, K. R. (2017). An improved rank correlation effect size statistic for single-case 

designs: Baseline Corrected Tau. Behavior Modification, 41(4), 427-467. 

https://doi.org/10.1177/0145445516676750 

VanderWeele, T. J. (2010). Bias formulas for sensitivity analysis for direct and indirect 

effects. Epidemiology, 21(4), 540-551. 

https://doi.org/10.1097/EDE.0b013e3181df191c 

VanderWeele, T. J., & Vansteelandt, S. (2009). Conceptual issues concerning mediation, 

interventions and composition. Statistics and its Interface, 2(4), 457-468. 

https://doi.org/10.4310/SII.2009.v2.n4.a7 

https://doi.org/10.4310/SII.2009.v2.n4.a7
https://doi.org/10.1097/EDE.0b013e3181df191c
https://doi.org/10.1111/bmsp.12146


16

Vuorre, M., & Bolger, N. (2018). Within-subject mediation analysis for experimental data in 

cognitive psychology and neuroscience. Behavior Research Methods, 50(5), 2125-

2143. https://doi.org/10.3758/s13428-017-0980-9 

https://doi.org/10.3758/s13428-017-0980-9



