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Abstract

This article presents a hypothetical clinical scenario to illustrate interpretive ambiguities frequently encountered in mixed-design ANOVA. While based on a fi ctional dataset, the 
scenario serves to illustrate methodological challenges that arise when interaction eff ects are signifi cant, but post-hoc tests yield non-signifi cant results. The objective is to provide 
insight into this discrepancy and off er guidance for clinical researchers navigating similar situations.
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To test the hypothesis of a potential dose–response 
relationship, a split-plot ANOVA (also known as mixed-design 
ANOVA) was employed, as it was deemed the most appropriate 
method for addressing the outlined analytical framework. The 
justifi cation for using this design is as follows:

• Between-subjects factor: GROUP (Placebo, Dose1, 
Dose2)

• Within-subjects factor: TIME (Baseline, 2 months)

The Split-Plot ANOVA was selected as it enables (1) testing 
the main effects of both the Group factor and Time, and (2) 
examining the Time × Group interaction, which is the key 
component of the analysis.

Post-hoc comparisons: Tukey’s test was used to determine 
differences between means. Tukey’s HSD, one of the most 
conservative post-hoc tests, is less likely to detect smaller 
effect sizes [1,2], but only under specifi c conditions:

• When a signifi cant interaction is present (to explore 
specifi c time points or groups)

• Or when a signifi cant main effect is detected for any 
factor level

Advantages of this approach include:

Introduction

Statistical analyses, such as mixed-design ANOVA, are 

powerful tools for evaluating treatment effi cacy in clinical trials. 

Mixed-design ANOVA is widely used in biomedical research 

for analyzing both within- and between-subject factors [1,2]. 

Yet, interpretive ambiguities often arise, especially when 

statistically signifi cant interaction effects are not mirrored by 

post-hoc comparisons. These scenarios can puzzle researchers 

and potentially lead to misinterpretation. This editorial aims 

to clarify the rationale behind such inconsistencies, using a 

hypothetical example constructed specifi cally for this purpose.

Study description

The clinical scenario discussed here is entirely hypothetical 

and was conceived to illustrate a methodological issue. 

Consequently, no real-world patient data, treatment details, or 

ethical protocols are applicable since this is a fi ctional scenario.

Results

In our illustrative case, participants were assigned to three 

groups (placebo, treatment at 300 mg, and treatment at 450 

mg) and evaluated at baseline and at the two-month follow-up 

using the SF-12 Quality of Life questionnaire [3].
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• Properly accounting for the experimental design 
structure

• Correctly managing the longitudinal nature of the data 
(repeated measures)

• Providing statistically sound and clinically interpretable 
results

The statistical analysis revealed a signifi cant interaction 
effect between Treatment and Time (p = 0.0400), indicating 
that treatment effects are time-dependent and that at least one 
specifi c combination differs meaningfully from the others.

In contrast, both main effects—Treatment and Time—were 
clearly non-signifi cant (p > 0.90 and p ≈ 0.80, respectively), 
indicating no overall difference when these factors were 
considered independently.

Subsequent Tukey’s post-hoc comparisons, applied to 
explore the nature of the interaction, did not identify any 
specifi c pair of group-time combinations as statistically 
signifi cant.

Statistical discussion

A signifi cant interaction without signifi cant post-hoc 
differences can occur when the global F-test captures subtle 
shifts spread across multiple conditions. Post-hoc tests like 
Tukey’s test is conservative and may fail to detect subtle, 
distributed differences. The interaction F-test examines 
overall variance, while pairwise comparisons target specifi c 
group contrasts.

While an interaction plot is not included in this version, 
we suggest clinical researchers interpret such outcomes 
cautiously, integrating statistical and clinical insights, using 
clinical reasoning and alternative metrics like effect sizes 
or Bonferroni-adjusted LSD comparisons effect sizes or 
Bonferroni-adjusted LSD comparisons where appropriate [4-
6], where appropriate.

Conclusion

This article highlights how statistically signifi cant 

interactions in ANOVA can coexist with non-signifi cant post-
hoc results, emphasizing the need for careful interpretation. 
Researchers should:

1. Clearly report and interpret interaction effects.

2. Recognize the limitations of conservative post-hoc 
tests.

3. Use graphical representations and clinical context to 
enhance understanding.

Although hypothetical, this example mirrors real-world 
statistical challenges and underscores the value of integrating 
statistical insight with clinical judgment. These dilemmas are 
well-documented in literature, reinforcing the importance of 
precise statistical interpretation in biomedical research [1,2].

Disclaimer

No real patient data were used. The scenario is entirely 
hypothetical and intended for educational illustration only.
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