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Summary
E2P Simulator (Effect-to-Prediction Simulator) allows researchers to interactively and quanti-
tatively explore the relationship between effect sizes (e.g., Cohen’s d, Odds Ratio, Pearson’s r),
their discriminative ability (e.g., ROC-AUC, Sensitivity, Specificity, etc.), and real-world predic-
tive value and clinical utility (e.g., PPV, NPV, PR-AUC, Net Benefit, etc.), while accounting
for measurement reliability and outcome base rates (Figure 1).

Figure 1: E2P Simulator interface with a high-level summary of its use. The left panel allows users
to adjust parameters such as effect size, reliability, and base rate. The middle panel displays the
resulting distributions with the adjustable threshold. The panel on the right displays Receiver Operating
Charactersitic (ROC) and Precision-Recall (PR) curves with corresponding Area Under the Curve (AUC)
metrics, as well as Decision Curve Analysis (DCA) plot. The panel at the bottom displays the most
common predictive metrics.

E2P Simulator has several potential applications:

1. Interpretation of findings: It helps researchers move beyond arbitrary “small/medium/large”
effect size labels and misleading predictive metrics by grounding their interpretation in
estimated real-world predictive utility.
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2. Research planning: Being able to easily derive what effect sizes and predictive performance
are needed to achieve a desired real-world predictive performance allows researchers to
plan their studies more effectively and allocate resources more efficiently.

3. Education: The simulator’s interactive design makes it a valuable teaching tool, helping
researchers develop a more intuitive understanding of how different abstract statistical
metrics relate to one another and to real-world utility.

This tool has been designed with biomedical and behavioral sciences in mind, particularly areas
such as biomarker research, precision medicine, epidemiology, and biostatistics. However, it
may be just as useful for any area of research that is focused on predictive modelling and
personalization, such as within forensic, education, and sports sciences.

Statement of Need
In biomedical and behavioral sciences, the predominant focus on statistical significance, which
reflects the likelihood that an observed effect is not due to chance, often comes at the expense
of sufficient attention to effect sizes, which quantify the practical significance of the effect
(Wasserstein & Lazar, 2016). This emphasis, combined with a methodological disconnect
between classical statistics and predictive modeling, frequently leads researchers to misinterpret
any statistically significant finding as clinically meaningful, regardless of its effect size (Funder
& Ozer, 2019; Wasserstein et al., 2019). This misinterpretation is particularly problematic in
areas such as biomarker research, precision medicine, and precision psychiatry, where the goal
is to find robust predictors of disease state or treatment response for individual patients (Abi-
Dargham et al., 2023; Monsarrat & Vergnes, 2018). Furthermore, factors such as measurement
reliability, which attenuates effect sizes (Karvelis et al., 2023; Karvelis & Diaconescu, 2025),
and outcome base rates, which limit predictive power in real-world contexts (Abi-Dargham &
Horga, 2016; Baldessarini et al., 1983; Brabec et al., 2020; Large, 2018; Ozenne et al., 2015),
are often overlooked in evaluating both individual predictors and predictive models, leading to
unrealistic expectations, ineffective research planning, and resource misalocation.

E2P Simulator addressess these challenges by providing an interactive platform where researchers
can explore the relationships among all of these factors. Similar to how GPower (Faul et al.,
2007) is used to explore the relationships between effect size, sample size and significance levels
to perform power analysis, E2P Simulator can be used to explore the relationships between
effect size, predictive performance, and real-world predictive utility to perform predictive utility
analysis. By making the relationships between effect sizes, reliability, base rates, and predictive
metrics explicit, E2P Simulator enables researchers to interpret findings more accurately, design
more impactful studies, and communicate results more clearly to broader audiences.

Implementation
E2P Simulator is implemented using HTML, CSS, and JavaScript. The tool leverages several
open-source libraries:

• D3.js for data visualization (Bostock et al., 2011)
• Plotly.js for interactive plots (Inc., 2015)
• Chart.js for additional charting capabilities (Contributors, 2013)
• MathJax.js for rendering mathematical expressions (Consortium, 2009)

The application is designed to be accessible without installation, running entirely on the web
(www.e2p-simulator.com). This implementation ensures broad accessibility across different
operating systems and devices. Alternatively, the tool can also be run on a local node. The
instructions and examples of usage are included in the tool on the Get Started page.
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