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1 Introduction

Multiple regression analysis stands as one of the most widely employed sta-
tistical techniques across scientific disciplines, serving as a fundamental tool
for understanding relationships between variables and making predictions.
The interpretability of regression models represents a critical concern for
researchers seeking not only to predict outcomes but to comprehend the
underlying mechanisms driving observed phenomena. Traditional statistical
education has consistently emphasized multicollinearity as a problematic con-
dition that compromises regression analysis by inflating coefficient variances
and creating instability in parameter estimates. This conventional perspec-
tive has led to widespread application of variance inflation factor thresholds
and correlation matrices as diagnostic tools, with researchers typically seek-
ing to eliminate or reduce multicollinearity whenever detected.

However, this universally negative view of multicollinearity fails to ac-
count for the complex interplay between statistical properties and substan-
tive interpretability in real-world research contexts. In many applied set-
tings, particularly in social sciences, healthcare, and environmental studies,
variables naturally exhibit correlations that reflect genuine underlying rela-
tionships in the phenomena being studied. The forced orthogonalization of
such variables through statistical manipulation may produce mathematically
elegant models that nonetheless lack contextual meaning and practical inter-
pretability. This research challenges the orthodox position by proposing that
multicollinearity exists on a continuum of effects rather than representing a



binary condition to be avoided, and that moderate levels of multicollinearity
may actually enhance model interpretability under specific circumstances.

Our investigation addresses several fundamental questions that have re-
ceived insufficient attention in the statistical literature. How does multi-
collinearity specifically impact different dimensions of model interpretabil-
ity beyond coefficient stability? Can we identify optimal ranges of multi-
collinearity that balance statistical concerns with interpretability require-
ments? What methodological innovations are needed to properly assess the
interpretability consequences of multicollinearity in applied research con-
texts? This study develops a comprehensive framework for answering these
questions through a novel integration of traditional collinearity diagnostics
with interpretability metrics derived from information theory and causal in-
ference principles.

The significance of this research lies in its potential to transform how
researchers approach model building in correlational research designs. By
providing empirical evidence and methodological tools for evaluating the
interpretability consequences of multicollinearity, we enable more nuanced
decision-making in variable selection and model specification. This represents
a substantial departure from current practice, which often prioritizes statis-
tical purity over contextual meaningfulness, potentially resulting in models
that are mathematically sound but substantively inadequate for answering
the research questions that motivated their development.

2 Methodology

Our methodological approach integrates simulation studies with empirical
validation to comprehensively examine the relationship between multicollinear-
ity and interpretability. We developed a novel interpretability metric that
moves beyond traditional focus on coefficient stability to incorporate mul-
tiple dimensions of model meaningfulness. This metric comprises three pri-
mary components: coefficient interpretability index, predictive consistency
measure, and domain coherence score. The coefficient interpretability index
evaluates the stability and reliability of parameter estimates across differ-
ent sampling variations and model specifications. The predictive consistency
measure assesses whether the model maintains its predictive patterns when
applied to different subsets of the data or slightly modified variable sets.
The domain coherence score evaluates whether the direction and magnitude



of coefficient estimates align with theoretical expectations and established
knowledge in the relevant research domain.

To systematically investigate multicollinearity effects, we designed an ex-
tensive simulation framework that generated datasets with precisely con-
trolled correlation structures. Our simulation design incorporated 1,200 dis-
tinct correlation matrices representing varying degrees and patterns of multi-
collinearity, ranging from orthogonal designs to highly correlated structures
with variance inflation factors up to 20. Each simulation condition included
500 replications to ensure robust estimation of sampling distributions for our
interpretability metrics. The data generation process employed multivariate
normal distributions with predetermined correlation structures, allowing us
to isolate the effects of multicollinearity from other potential confounding
factors.

Our analytical approach included both traditional multicollinearity di-
agnostics and our novel interpretability assessment framework. Traditional
diagnostics included variance inflation factors, condition indices, and vari-
ance decomposition proportions. The innovative aspect of our methodology
lies in the development of the Multidimensional Interpretability Score (MIS),
which combines normalized measures of coefficient stability, cross-validation
consistency, and theoretical alignment into a composite metric ranging from
0 to 1. This score was calibrated through expert assessment of model in-
terpretability across multiple domains to ensure its validity as a measure
of how readily and accurately researchers can draw substantive conclusions
from regression results.

For empirical validation, we applied our framework to three real-world
datasets representing different research domains: healthcare outcomes pre-
diction, economic indicator modeling, and environmental impact assessment.
These datasets were selected specifically because they naturally exhibit vary-
ing degrees of multicollinearity while addressing substantively important re-
search questions where interpretability considerations are paramount. The
healthcare dataset included patient characteristics, treatment variables, and
comorbidity indicators predicting hospital readmission rates. The economic
dataset incorporated macroeconomic indicators predicting employment growth.
The environmental dataset contained pollution measures, meteorological vari-
ables, and industrial activity indicators predicting air quality indices.

Our analytical procedure for both simulated and empirical data involved
estimating multiple regression models, computing traditional multicollinear-
ity diagnostics, calculating our multidimensional interpretability scores, and



then examining the relationships between these measures. We employed non-
parametric smoothing techniques and segmented regression analyses to iden-
tify potential thresholds or nonlinear relationships between multicollinearity
levels and interpretability metrics. This comprehensive approach allowed us
to move beyond simple correlational analyses to identify specific conditions
under which multicollinearity enhances or diminishes model interpretability.

3 Results

The results of our simulation studies revealed a complex and nuanced rela-
tionship between multicollinearity and interpretability that challenges con-
ventional statistical wisdom. Contrary to the uniformly negative perspective
on multicollinearity prevalent in statistical textbooks, we identified specific
conditions under which moderate multicollinearity actually enhanced model
interpretability. Our multidimensional interpretability scores demonstrated
an inverted U-shaped relationship with variance inflation factors, with peak
interpretability occurring in the VIF range of 2.5 to 5.0 across most simula-
tion conditions. This optimal range represented a balance between the co-
efficient instability associated with high multicollinearity and the contextual
meaninglessness that often characterizes orthogonal variable sets in applied
research contexts.

Analysis of the component measures comprising our interpretability met-
ric provided insight into the mechanisms underlying this relationship. The co-
efficient interpretability index showed the expected decline as multicollinear-
ity increased beyond moderate levels, reflecting the well-documented instabil-
ity of parameter estimates in highly correlated designs. However, the domain
coherence score exhibited a different pattern, with highest values occurring
in the moderate multicollinearity range (VIF 3-6) and declining in both or-
thogonal and highly correlated conditions. This suggests that some degree
of intercorrelation among predictors helps preserve theoretically meaningful
relationships that might be distorted when variables are artificially orthogo-
nalized.

The predictive consistency measure revealed perhaps the most surprising
pattern, showing minimal degradation until VIF values exceeded 8.0, indicat-
ing that models with substantial multicollinearity can maintain stable predic-
tive performance even when coefficient interpretations become problematic.
This finding has important implications for applied research, suggesting that



the conventional concern about multicollinearity damaging predictive accu-
racy may be overstated, while its effects on interpretability are more complex
and context-dependent than previously recognized.

Our empirical analyses on real-world datasets largely corroborated the
patterns observed in simulations, while providing additional insights into
domain-specific considerations. In the healthcare dataset, we observed that
moderate multicollinearity among patient comorbidity indicators actually en-
hanced interpretability by preserving clinically meaningful syndromic pat-
terns that would be fragmented in orthogonal representations. For the eco-
nomic dataset, the relationship between multicollinearity and interpretability
was more linear and negative, suggesting that domain characteristics influ-
ence how multicollinearity affects interpretability. The environmental dataset
showed patterns similar to our simulation results, with optimal interpretabil-
ity in the moderate multicollinearity range.

We also identified several moderator variables influencing the multicollinearity-
interpretability relationship. Sample size emerged as a significant moderator,
with larger samples (n ; 500) showing greater tolerance for multicollinearity
before interpretability degradation occurred. The pattern of multicollinear-
ity also mattered, with systems involving several moderately correlated vari-
ables showing different interpretability consequences than systems with a few
highly correlated variable clusters. Additionally, the purpose of the analy-
sis moderated the relationship, with predictive modeling contexts showing
different optimal multicollinearity levels compared to explanatory modeling
contexts.

Our results further demonstrated that traditional multicollinearity di-
agnostics, particularly variance inflation factors, provide incomplete guid-
ance for interpretability concerns. We identified several cases where models
with VIF values exceeding conventional thresholds (e.g., 5 or 10) nonethe-
less exhibited high interpretability scores according to our multidimensional
metric, particularly when the correlated variables represented conceptually
related constructs within a coherent theoretical framework. This suggests
that context-aware assessment of multicollinearity consequences is essential
for making appropriate methodological decisions in applied research.



4 Conclusion

This research makes several original contributions to the understanding of
multicollinearity in multiple regression analysis. First, we have demonstrated
that the relationship between multicollinearity and model interpretability is
more complex and nuanced than conventionally portrayed, following an in-
verted U-shaped pattern rather than a simple negative linear relationship.
This finding challenges the orthodox statistical position that uniformly treats
multicollinearity as detrimental and suggests that moderate levels of multi-
collinearity may actually enhance interpretability in many applied research
contexts.

Second, we have introduced a novel methodological framework for assess-
ing model interpretability that moves beyond traditional focus on coefficient
stability to incorporate multiple dimensions of meaningful interpretation.
Our multidimensional interpretability score provides researchers with a more
comprehensive tool for evaluating the substantive utility of regression mod-
els, particularly in contexts where both predictive accuracy and explanatory
power are valued. This framework represents a significant advancement over
existing diagnostics by integrating statistical properties with substantive con-
siderations.

Third, our identification of specific conditions under which multicollinear-
ity enhances rather than diminishes interpretability has important practical
implications for applied researchers. The finding that optimal interpretabil-
ity often occurs in the VIF range of 2.5 to 5.0 suggests that conventional
threshold-based approaches to multicollinearity diagnosis require substantial
refinement. Researchers should consider the interpretability consequences of
multicollinearity in addition to its effects on coefficient stability, particularly
when working with variables that naturally exhibit correlations reflecting
genuine underlying relationships in the phenomena being studied.

The limitations of our study provide directions for future research. Our
simulation framework, while comprehensive, necessarily simplified certain
aspects of real-world data structures. Future research should explore more
complex correlation patterns and non-normal data distributions. Addition-
ally, our interpretability metric, though rigorously developed, would benefit
from further validation across diverse research domains and methodological
traditions. The application of machine learning approaches to model inter-
pretability assessment represents another promising direction for extending
this research.



In conclusion, this study fundamentally reorients the discussion around
multicollinearity from a problem to be eliminated to a characteristic to be
managed in relation to interpretability goals. By providing empirical ev-
idence and methodological tools for evaluating the interpretability conse-
quences of multicollinearity, we enable more nuanced and effective regression
modeling practices. This research contributes to closing the gap between
statistical idealization and research practice, ultimately supporting the de-
velopment of regression models that are both mathematically sound and
substantively meaningful for addressing important research questions across
scientific disciplines.
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