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ABSTRACT

Preprocessing strategy selection in business analytics typically relies on convention rather than
systematic evidence, despite consuming 60-80% of project effort. This study introduces REPROPREP
(v1.0), a methodological framework for validating preprocessing effectiveness assumptions through
statistical analysis and cost-benefit assessment. The framework applies Benjamini-Hochberg false
discovery rate correction, quality degradation protocols, and cost-effectiveness evaluation. A
demonstration across 10 UCI datasets, three preprocessing strategies, and gradient boosting classifiers
with 5-fold stratified cross-validation yielded no statistically significant performance differences
after multiple comparisons correction (mean effect size: 0.001 AUC), with implementation cost
differences ranging from $150-$800. Focused on numeric preprocessing, REPROPREP provides
organizations with a rigorous, context-specific methodology for evaluating preprocessing assumptions.
Generalizability requires validation beyond tested conditions. Reproducible code is publicly available.
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1. INTRODUCTION

Methodological rigor in data science research faces challenges that have implications for
academic inquiry and business practice. Recent systematic reviews have identified concerns about
reproducibility in computational research, including questions about validating analytical assumptions
that underpin published findings (Kapoor and Narayanan, 2023; Gundersen and Kjensmo, 2018).
These methodological considerations extend to business analytics, where preprocessing decisions
represent significant resource investments and potential sources of analytical variability.

Data preprocessing typically consumes 60-80% of analytical effort in business analytics
projects (Dasu and Johnson, 2003; Kandel et al., 2011), yet strategy selection often relies on
conventional practices rather than systematic validation within specific organizational contexts.
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Organizations frequently implement preprocessing approaches without comprehensively evaluating
their effectiveness relative to alternatives, representing a gap between resource allocation and
evidence-based decision-making. Understanding when simpler approaches may achieve comparable
results could inform more efficient resource utilization (Domingos, 2012).

The limited availability of systematic frameworks for preprocessing validation creates challenges
for researchers and practitioners. Current preprocessing research exhibits several characteristics
that may limit practical application. First, most studies focus on technique development rather than
comparative evaluation across diverse contexts (Garcia et al., 2016). Second, existing comparisons
typically examine methods within specific settings, which may limit generalizability across different
data characteristics and business domains. Third, statistical validation practices in preprocessing
research vary considerably, with inconsistent application of appropriate controls for multiple
comparisons (Ioannidis, 2005).

The machine learning community has recognized data leakage as a significant concern for research
validity (Kaufman et al., 2012), yet preprocessing-specific validation methodologies require further
development. Traditional approaches to preprocessing evaluation may not consistently incorporate
rigorous statistical validation practices, including proper train-test separation during preprocessing
decisions and appropriate statistical controls for multiple testing scenarios.

Business analytics practitioners face additional constraints that influence preprocessing decisions,
including computational resources, implementation timelines, regulatory requirements, and the
need for transparent cost-benefit analysis. However, existing research provides limited guidance
for translating preprocessing research findings into actionable business decisions with explicit
consideration of resource allocation trade-offs.

This study addresses these methodological gaps by introducing REPROPREP (Reproducible
Preprocessing Validation Framework), a systematic approach designed to enable rigorous validation
of preprocessing effectiveness assumptions.

1.1 Framework Scope and Research Contributions

REPROPREP follows agile development principles (Schroer et al., 2021), positioning this
work as the initial release (v1.0) of an adaptive framework designed for progressive enhancement
as new evidence emerges. This approach enables systematic framework development where each
version incorporates organizational feedback, emerging preprocessing techniques, and validation
evidence from diverse analytical contexts. The adaptive development philosophy treats findings as
context-specific evidence requiring organizational validation rather than universally prescriptive
recommendations, and organizations implementing REPROPREP should conduct pilot studies with
their own data to assess framework applicability before operational deployment.

This release deliberately delimits scope to establish rigorous methodological foundations while
enabling future extension. The current version encompasses three preprocessing strategies representing
different complexity levels (minimal, standard, and advanced), with a focus on numeric preprocessing
including imputation and scaling techniques. Validation employs a single algorithm family (gradient
boosting classifiers) across public benchmark datasets from the UCI repository, addressing binary
classification tasks with controlled quality degradation. This focused scope supports thorough
validation within defined boundaries and provides extensible architecture for systematic enhancement
based on accumulated evidence and organizational experience.

The framework is designed for progressive enhancement across subsequent releases. Future
versions will systematically expand coverage to include categorical encoding strategies, followed
by feature engineering validation, deep learning and neural network algorithms, and time-series
specific preprocessing approaches. More comprehensive extensions addressing text preprocessing,
NLP pipelines, multi-class classification, and regression task validation are planned for later releases.
This iterative enhancement approach balances immediate practical utility with long-term framework
development, enabling REPROPREP to evolve systematically as the business analytics community



24 more pages are available in the full version of this
document, which may be purchased using the "Add to Cart"
button on the publisher's webpage: www.igi-
global.com/article/reproprep/406288

Related Content

The Value of Data Quality

Robert Hillard (2014). Information Quality and Governance for Business Intelligence
(pp. 382-388).

www.irma-international.org/chapter/the-value-of-data-quality/96161

Enterprise Information System and Data Mining
Kenneth D. Lawrence, Dinesh R. Pai, Ronald Klimbergand Sheila M. Lawrence
(2010). International Journal of Business Intelligence Research (pp. 34-41).

www.irma-international.org/article/enterprise-information-system-data-mining/45725

Big Data Business Intelligence in Bank Risk Analysis

Nayem Rahmanand Shane Iverson (2015). International Journal of Business
Intelligence Research (pp. 55-77).
www.irma-international.org/article/big-data-business-intelligence-in-bank-risk-analysis/149262

A Comparison of Simultaneous Confidence Intervals to Identify Handwritten
Digits

Nicolle Clements (2014). International Journal of Business Intelligence Research (pp.
29-40).
www.irma-international.org/article/a-comparison-of-simultaneous-confidence-intervals-to-
identify-handwritten-digits/122450

The Impact of a BI-Supported Performance Measurement System on a
Public Police Force

Elad Moskovitzand Adir Even (2014). International Journal of Business Intelligence
Research (pp. 13-30).
www.irma-international.org/article/the-impact-of-a-bi-supported-performance-measurement-

system-on-a-public-police-force/108010



http://www.igi-global.com/article/reproprep/406288
http://www.igi-global.com/article/reproprep/406288
http://www.irma-international.org/chapter/the-value-of-data-quality/96161
http://www.irma-international.org/article/enterprise-information-system-data-mining/45725
http://www.irma-international.org/article/big-data-business-intelligence-in-bank-risk-analysis/149262
http://www.irma-international.org/article/a-comparison-of-simultaneous-confidence-intervals-to-identify-handwritten-digits/122450
http://www.irma-international.org/article/a-comparison-of-simultaneous-confidence-intervals-to-identify-handwritten-digits/122450
http://www.irma-international.org/article/the-impact-of-a-bi-supported-performance-measurement-system-on-a-public-police-force/108010
http://www.irma-international.org/article/the-impact-of-a-bi-supported-performance-measurement-system-on-a-public-police-force/108010

