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Clinical Significance and Individual-Level Outcomes
o “…..clinically significant change as the extent to which therapy 

moves someone outside the range of the dysfunctional population 
or within the range of the functional population (Jacobson & Truax, 
1991, p.12).”

o “...the behavior of the target subject is compared with that of his or 
her peers who have not been identified as problematic....behavior 
changes can be viewed as clinically important if the intervention 
has brought the client's performance within the range of socially 
acceptable levels (Kazdin, 1977, p.427).”



Clinical Significance: Reporting Requirements in 
Parallel to Effect Size
o “Although effect sizes are useful ways of communicating the 

magnitude of a treatment effect, they do not necessarily 
communicate information about the clinical meaningfulness of 
an intervention....authors are encouraged to use one of several 
approaches that have been recommended for capturing clinical 
significance, including (but not limited to) the reliable change index 
(i.e., whether the amount of change displayed by a treated 
individual is large enough to be meaningful)..[or] the extent to 
which dysfunctional individuals show movement into the functional 
distribution (La Greca, 2005, p.3)



Clinical Significance: Conflation with Effect Size

o “...Is the amount of change exhibited by an individual participant 
large enough to be considered meaningful (e.g., reliable change 
index; Jacobson, Roberts, Berns, & McGlinchey, 1999; Jacobson & 
Truax, 1991), and are treated individuals as a group 
indistinguishable from normals with respect to the primary 
complaints following treatment (Kendall, 1999)



Clinical Significance: Conflation with Effect Size

Odgaard and Fowler (2010) in their recording of measures of clinical 
significance, effect size and confidence intervals from studies published in 
Journal of Consulting and Clinical Psychology from 2003-2008: 

o “Finally, we recorded whether each article reported any measure of 
clinical significance…..(a) no clinical significance found, because 
comparison groups were equivalent on whatever metric 
used;…..(d) the comparison of observed [effect sizes] with those 
previously published as clinically significant (p.289).” 



Clinical Significance v. Effect Size: Why the 
Distinction Matters
o Averaged treatment effects (e.g., raw/standardized mean 

differences in change) convey little-to-nothing about any 
specific individual (Jensen & Corralejo, 2017; Ogles et al., 
2001)

o Possible to have large effect sizes on average and a non-
trivial proportion of patients/participants who fail to improve or 
even get worse (Saavedra et al., 2021, 2022; Westen et al., 
2004)



Clinical Significance I: Movement Below a 
“Normative Threshold” (Jacobson & Truax, 1991)
o Distinguishing between the clinical and non-clinical 

distributions on a scale score

• Requires an agreed upon community standard/grouping 
variable against which “clinical” and “non-clinical” groupings 
are defined (e.g., DSM diagnosis*)

- Non-clinical examples:
 Non-disordered external comparison samples (Kendall et 

al., 1999)
 Patients that screened out of treatment RCTs (Saavedra 

et al., 2021, 2022)

*Criticisms of DSM dx notwithstanding (e.g., M-L et al., 2020, JAD; M-L et al., 2021, JTS; M-L et al., 2023, IJMPR)



Clinical Significance I: Movement Below a 
“Normative Threshold” (Jacobson & Truax, 1991)



Clinical Significance I: “Normative Threshold” = 
Weighted Midpoint of Two Distributions

o NT =

o CSC is achieved if post-treatment scale score for 
patient p < NT

𝜇𝜇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝜎𝜎𝑐𝑐𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐𝑛𝑛𝑐𝑐𝑛𝑛𝑛𝑛 + 𝜇𝜇𝑐𝑐𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐𝑛𝑛𝑐𝑐𝑛𝑛𝑛𝑛𝜎𝜎𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝜎𝜎𝑐𝑐𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐𝑛𝑛𝑐𝑐𝑛𝑛𝑛𝑛 + 𝜎𝜎𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐



Clinical Significance II: Reliable Change Index 
(RCI; Jacobson & Truax, 1991; La Greca, 2005)

o “....the reliable change index (i.e., whether the 
amount of change displayed by a treated individual is 
large enough to be meaningful)....”



Clinical Significance II: Index RCI 
(Jacobson & Truax, 1991, JCCP)

RCI: 𝑑𝑑𝑖𝑖
𝑆𝑆𝑆𝑆𝑆𝑆𝑑𝑑

o Assessment of whether an individual’s change is significantly 
different from 0 (i.e., an individual-level significance test)

- di = pre-post difference score for person i
- SEMd = standard error of measurement 

Usually (but not always) grounded in internal consistency



RCI Inference Groupings

o Group individuals based on statistical significance (p 
≤ .20, Wise 2004) and direction of effect:

• Statistically Significant Improvement (SSI) 
• Non-Significant Improvement (NSI) 
• Statistically Significant Deterioration (SSD) 
• Non-Significant Deterioration (NSD) 



RCI: Continuing Popularity and Limitations
o Total citations of JT (91) ~ 13K

• > 800 in 2023 alone

o Three specific limitations of the RCI

• di based on two timepoints
• di typically based on a total score psychometric model
• SEMd (i.e., reliability) is assumed to be universal across all 

persons and timepoints



RCI Limitation I: “What if I have multiple 
timepoints?”

o The numerator of the RCI estimate: “pre-post” 
difference scores
• limited to an arbitrary 2nd timepoint versus using all 

timepoints



Multiple Timepoint RCI under MLM

o Speer and Greenbaum (1995; see also Lovaglio & 
Parabiaghi, 2014)

• Proposed using MLM for the RCI
- “Raw” random slope for patient i under an MLM/LGM = 

Empirical Bayes estimate of di

• Not a lot of use in the literature (despite > 800 cites)

• Typical use is with sum scores assuming perfect reliability
- Fail to account for measurement bias and/or error



RCI Limitation II: Measurement Imprecision
in di using Total Scores
o Convenient to calculate (Curran et al., 2008)

o Seen largely as a “data management” problem moreso than an 
untested psychometric model (McNeish, 2022; McNeish & Wolf, 
2020; Morgan-López et al., 2020, 2023; Saavedra et al., 2021, 
2022) 

o Underlying psychometric model will rarely-if-ever fit psychiatric 
outcome data (Andrich, 1978; He et al., 2014; McNeish & Wolf, 
2020)



Total Score Model Assumptions

o The relative weight of each item/symptom must be equal
- In FA/IRT, equal factor loadings across items/symptoms

o Neither the relative weight nor prevalence of each 
symptom should differ across populations, time, 
reporters, etc., (above-and-beyond “true” 
differences/change in the construct)

- Measurement Invariance

o Testable psychometric model under factor 
analysis/item response theory (FA/IRT)

(McNeish & Wolf, 2020, BRM; Morgan-López et al., 2022, JTS)
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Generalized Factor Analysis (GFA)
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Relaxing the “Equal Weights” 
Assumption: (G)FA

o More “typical” factor analysis structure
• The relative weights (i.e., factor loadings) can vary across 

items/symptoms

o Still assumes measurement invariance across 
populations, time, reporters, etc., (above-and-beyond 
“true” differences/change in the construct)
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Conventional GFA



Measurement Non-Invariance in 
(G)FA
o Item thresholds and factor loadings can vary across 

items/symptoms

o Different thresholds and/or factor loadings may be 
necessary for some items/symptoms across:
• Time, Populations, Reporters, Studies

o Old-School Methods
• Multiple-Group GFA (& IRT)
• Multiple Indicator, Multiple Cause (MIMIC) models

o New-School Methods
• Moderated nonlinear factor analysis
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Advanced Scale Scoring under Moderated 
Nonlinear Factor Analysis (MNLFA; Bauer, 
2017)

“True” Differences in Y
Measurement Differences in Item “Severity”
Factor Loading/”Discrimination” Differences



“If sum/total scores and IRT/FA scores are so highly correlated, 
why can’t I just use total scores?” A cautionary graphic (M-L et al., 
R&R-a, Behavior Therapy)

rtotal, MNLFA = .94



“If sum/total scores and IRT/FA scores are so highly correlated, 
why can’t I just use total scores?” A cautionary graphic (M-L et al., 
R&R-a, Psychiatric Services)

rtotal, MNLFA = .95
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Sum/Total Scores versus MNLFA Scores: Real Implications for 
Inferences (McNeish & Wolf, 2020; McNeish, 2022)

o If the psychometric model underlying sum/total scores 
does not fit the data but they are used anyway 

• Effect size distortion (Type I or Type II errors)
- General between- and within-group differences

• Clinical decision-making errors at the individual-level
- “Over” and “Under” Diagnosis
- Premature Treatment Discharge

• Particular implications for distortion of outcomes among 
minoritized populations

(Hien et al., 2023; M-L et al., 2020a/b, 2021, 2022a/b/c, 2023; Ruglass et al., 2020; Saavedra et al., 2021, 2022a/b)



RCI Limitation III: Imprecision with SEMd

o SEMd for conventional RCI (under classical test theory) = 

• S (√1 – r )
- S = standard deviation of the scale scores, r = reliability
- Assumed constant for everyone at every timepoint

o SEMdi under NLFA/IRT

• 1 / (√TIFi )
- Test Information Function (TIF) value for observation I (SEMdi in factor 

analysis/IRT scale score output dataset)



Limitations of the Original RCI
o di is based on two timepoint difference score

- Individual MLM/LGM slopes (Speer & Greenbaum, 1995; Lovaglio & 
Parabiaghi, 2014)

o di is biased under CTT; SEMd biased and presumed 
equal across participants and time

- Estimate scores and SEMs under advanced factor analysis or IRT 
(Brouwer et al., 2013; Saavedra et al., 2021)

o Can lead to 25-55% RCI misclassification
- Jabrayilov et al., 2016; M-L et al., 2022; M-L et al., post-R&R; 

Saavedra et al., 2021, 2022



Multiple Timepoint, Multiple Error Source RCI Model (M-L 
et al., 2022a, R&R; Saavedra et al., 2022)
o Based on (a modification of) the measurement error-

corrected multilevel model (Wang et al., 2019; Zhang et al., 
2021)

o Estimate RCIs accounting for measurement error AND
measurement bias:
• Variation in item parameters (i.e., MNI/DIF) across time, 

populations, etc. (prior to MLM/LGM)

• Accounting for multiple sources of error:
- Prediction error (“Conventional” MLM/LGM Level-1 residual)
- Uncertainty in the score estimate for θ across multiple 

timepoints and patients



Unconditional 2-Level Longitudinal MLM

Level-1 Model: 𝑌𝑌𝑐𝑐𝑛𝑛 = 𝛽𝛽0𝑐𝑐 + 𝛽𝛽1𝑐𝑐 (Timeit) + 𝑟𝑟𝑐𝑐𝑛𝑛

Level-2 Model: 𝛽𝛽0𝑐𝑐 = 𝛽𝛽00 + 𝑔𝑔0𝑐𝑐
𝛽𝛽1𝑐𝑐 = 𝛽𝛽10 + 𝑔𝑔1𝑐𝑐



MEC-MLM (adapted for the RCI) (Diakow, 2013; 
Wang et al., 2019)
Level-1: 𝒀𝒀𝒊𝒊𝒊𝒊 = �𝜽𝜽𝒊𝒊𝒊𝒊 + 𝒔𝒔𝒊𝒊𝒊𝒊
Level-2: �𝜃𝜃𝑐𝑐𝑛𝑛 = 𝛽𝛽0𝑐𝑐 + 𝛽𝛽1𝑐𝑐 (Timeit) + 𝑟𝑟𝑐𝑐𝑛𝑛
Level-3: 𝛽𝛽0𝑐𝑐 = 𝑔𝑔0𝑐𝑐

𝛽𝛽1𝑐𝑐 = 𝑔𝑔1𝑐𝑐
𝑟𝑟𝑐𝑐𝑛𝑛 = deviation of Yit from the predicted trajectory for person I

𝑠𝑠𝑐𝑐𝑛𝑛 = Drawn from fixed person- and time-specific SEM2(SE2 from 
MNLFA scale scores. Similar to reading in fixed variances in meta-
analysis; Sheu & Suzuki, 2001)

(M-L et al., 2022, IJMPR; M-L et al., R&R, BT; Saavedra et al., 2022, BT)



MEC-MLM (adapted for the RCI) (Diakow, 2013; 
Wang et al., 2019)
Level-1: 𝑌𝑌𝑐𝑐𝑛𝑛 = �𝜃𝜃𝑐𝑐𝑛𝑛 + 𝑠𝑠𝑐𝑐𝑛𝑛
Level-2: �𝜃𝜃𝑐𝑐𝑛𝑛 = 𝛽𝛽0𝑐𝑐 + 𝛽𝛽1𝑐𝑐 (Timeit) + 𝑟𝑟𝑐𝑐𝑛𝑛
Level-3: 𝛽𝛽0𝑐𝑐 = 𝑔𝑔0𝑐𝑐

𝛽𝛽1𝑐𝑐 = 𝑔𝑔1𝑐𝑐
𝑔𝑔0𝑐𝑐 = “Raw” intercept for person I

𝑔𝑔1𝑐𝑐 = “Raw” slope for person i - 𝑔𝑔1𝑐𝑐 / SEg1i is the RC estimate

o *No fixed effects in this model(!!)

(M-L et al., 2022, IJMPR; M-L et al., R&R, BT Saavedra et al., 2022, Behavior Therapy)



Advanced RCI Selective Prevention Example: The 
Coping Power Intervention (M-L et al., R&R, BT)

o “Standard” CP delivered in group format (GCP; Lochman & 
Wells, 2002a/b; Lochman et al., 2013)

o Other CP formats:
• CP with Mindfulness (Boxmeyer et al., 2021; Miller et al., 2020)
• Internet-delivered CP (Lochman et al., 2017)

o Individual CP (ICP; Lochman et al., 2015, 2019)
• Developed to counteract concerns regarding potential iatrogenic 

peer contagion effects in GCP
• Shown comparative efficacy versus GCP on average



Child Externalizing RCTs: Overreliance on 
Comparisons of Group-Averaged Trajectories? 
Dodge, Dishion & Lansford (2006) quote:

o “Reporting only the average effects masks variability in 
responses to an intervention. Some interventions, especially 
those that aggregate [conduct disordered] youth, might result in 
average improvement across youth, but serious deterioration for 
a sub-group of youth. This possibility cannot be evaluated unless 
individual responses are summarized in scientific reports 
(p.14).”

o Summaries of individual responses = Clinically Significant Change 
(CSC)



Purpose of the Current Study

o Comparison of RCI classification %s on broadband 
externalizing between ICP and GCP (Lochman et al., 
2015, 2019)

• Part of an 11-study Integrative Data Analysis (IDA) examining CP’s 
distal effects on reductions in risk for suicidality and completed suicides
- (McDaniel et al., 2022, PS; Morgan-López et al., 2022, CCT; Saavedra et 

al., 2024, D&P)



Participants
o Youth from 20 schools identified as at-risk for aggressive 

behavior in 4th grade (> 75%ile on ABS)
- Post-baseline assessments in summer of 5th grade and 

roughly yearly thereafter through 11th grade (Wave 8)

o 360 parent-child pairs

o School-level randomization
• 10 schools randomized to ICP, 10 to GCP (6 youth per group 

within schools)

o Equal number of sessions (ICP = 28.96, GCP = 28.54; out of 32)



Measures
o Demographics (serve as a) predictors of MNI/DIF and b) 

auxiliary variables for multiple imputation)
• Baseline age, Gender, Race/Ethnicity, SES

o Intervention Condition (ICP = 1, GCP = 0)

o Teacher-Reported BASC Externalizing

• Estimated under bifactor MNLFA (Eid et al., 2016; Hussong et 
al., 2020)
- Item parameters reported in Saavedra et al., (2024)



CONFIDENTIAL

Baseline Descriptives



Analysis Plan
o BASC Externalizing Scale Score Estimation

• Bifactor MNLFA model (Saavedra et al., 2024, D&P)
• Alternative model: single factor NLFA with equality constraints 

across all factor loadings (which fit the data poorly....)
- Tests the formal psychometric model underlying total/mean scores 

(McNeish & Wolf, 2020; McNeish, 2022; M-L et al., 2022c, 2023)

o Multilevel MI (Keller & Enders, 2021)
• 50 MI datasets
• MAR versus “R x T” NMAR

- Graphical evidence suggesting youth who were a) in GCP and b) 
were lost to follow-up earlier were headed down worse externalizing 
trajectories



Final BASC Externalizing Item Parameters



CONFIDENTIAL

Dataset (note that ‘ext’ and ‘ext_se’ were output from Mplus
measurement models)



“Easier” RCI Estimation under MEC-MLM 
(Cheung, 2008; McNeish, 2016)

o Estimate a “weight” based on the inverse of the SE2 of the 
(MNLFA) score from your Mplus output dataset

o Estimate an RCI model with no measurement error
• Save growth parameter variances/covariances and residual 

variances

o Fit MEC-MLM
• Use GPV/Cs and RVs as start values
• Constrain the level-1 measurement error variance to 1
• Use the 1 / SE2  as a weight



“Easier” RCI Estimation under MEC-MLM 
(Cheung, 2008; McNeish, 2016)



CONFIDENTIAL

RCI Output Dataset from MEC-MLM (M-L et al., 2022; Saavedra 
et al., 2022)

g1i
SEg1i

p-valuei



Individual-Level Longitudinal Cohen’s d (Feingold, 
2019)

𝑔𝑔1𝑐𝑐 𝑥𝑥 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑟𝑟 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑛𝑛𝑛𝑛𝑡𝑡𝑜𝑜𝑡𝑡𝑛𝑛𝑡𝑡𝑠𝑠 − 1
𝑆𝑆𝑆𝑆𝑌𝑌 𝑐𝑐𝑛𝑛 𝐵𝐵𝑐𝑐𝐵𝐵𝑛𝑛𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛



RCI Results: Agreement Across Scoring Methods
o Bifactor MNLFA models versus Total Scores

• Only 43.6% agreement in RCI inferences
• Test of Symmetry, χ2(15) = 31.23, p=.008
• Weighted Kappa: .009 (95% CI: -.082, .100)

o Bifactor MNLFA models versus Bifactor NLFA (assuming MI)

• 82.5% agreement in RCI inferences (still 1 out of 5 kids misclassified)
• Test of Symmetry, χ2(15) = 7.99, p=.92
• Weighted Kappa: .829 (95% CI: .788, .869)



RCI Results: ICP/GCP Differences by Scoring 
Method

Random effects multinomial logit models (school-level RIs):
From RCI/NMAR Bifactor MNLFA model: χ2(5) = 17.01, p=.005, φ = .22



Conclusion from M-L et al., (R&R, BT)
o There have been long-standing calls for:

• Examination of individual-level improvement/deterioration in RCTs, 
particularly for youth who are at early risk for conduct problems

• Improvements in accuracy/precision/flexibility in estimating CSC more 
broadly

o In this reexamination of the IGCP trial using “modernized” 
CSC methods:
• The proportions of youth who saw meaningful reductions in 

externalizing were at least as great for ICP compared to GCP
- ICP > GCP under the NMAR model

• 20-30% of youth failed to improve/got worse (not an atypical finding)
- Significantly higher % in GCP, underscoring concerns regarding 

iatrogenic effects in some youth



Advanced RCI Treatment Example: COPE versus 
Relapse Prevention (Saavedra et al., 2022, BT)
o Assessment of whether each individual patient’s change 

in PTSD severity is a) significantly different from 0 or b) 
below a normative threshold

• All-VA sample from RCT comparing COPE and RP (Back et al., 
2018; n = 81)

• Normative comparison sample that were screened out of the 
RCT because they did not meet for PTSD (“normative” n = 48)

o Are RCI/NT inferences (e.g., sig improvement, sig 
deterioration) affected by:
• Use of CAPS-IV total scores versus (MNL)FA scores

- MNI/DIF across multiple factors (including R/E)
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Saavedra, M-L, Back et al., (2022, BT)

RCI Inference (at p<.20) CAPS MNLFA CAPS Symptom Counts

RP (n = 27) COPE (n = 52) RP (n = 27) COPE (n = 52)

Significant Deterioration 0.0 0.0 0.0 0.0

Non-significant Deterioration 37.0 17.3 3.7 1.9

Non-significant Improvement 22.2 7.7 7.4 9.3

Significant Improvement 40.7 75.0 88.9 88.9



Saavedra, M-L, Back et al., (2022, BT)

o Using total symptom counts, COPE and RP had an 
equal impact on a) the % of patients with significant 
improvement and b) reductions in the number of 
symptoms

o Using MNLFA scores, 
• COPE reduced a set of symptoms that were more “difficult” 

to treat than RP 
• Higher %s of patients with SSI when considering the 

relative weighting of symptoms



Overall Conclusion
o Consequences for inference if measurement is treated simply 

as “data management”
• Particularly critical for estimation of clinical significance 

trajectories

o Novel methods for RCI estimation
• Advanced scale score estimation under MNLFA (e.g., in Mplus

or R)
• Adaptation of MEC-MLM (in SAS, SPSS, R/’lme4’, Mplus*)

o An “old”/new way of characterizing RCT results (Kazdin, 
1977; Jacobson & Truax, 1991)
• Differences in the % of patients who improve, fail to improve, get worse (RCI)
• % of patients who, by EOT, resemble patients who were not eligible in the first place 

(“Normative Threshold”; Saavedra et al., 2021, 2022a)
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