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ABSTRACT

Background: Process-control systems are critical for infrastructure efficiency, yet robust longitudinal evidence of
their performance gains in developing contexts is limited. A seminal study on such systems in a Central African
nation provided initial evidence but used a conventional linear model, potentially mis-specifying the hierarchical
structure of site-level data.

Purpose and objectives: This study replicates and extends the original analysis by implementing a multilevel
modelling approach. The objectives are to verify the previously reported efficiency gains and to evaluate whether
accounting for data clustering yields different, more reliable inferences about system performance.
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Article Highlights Methodological Insight
* Replication study verifies direction of efficiency gains but | A three-level random intercepts model was fitted to account
finds original model overestimated effect size. for nesting of sites within regions, providing more reliable

+ Multilevel modelling reveals 32% of efficiency variance | inference than the original conventional linear model.
attrll:?utable.to regional-level cluster.lng.. This study offers a methodological reassessment with implications
* Hierarchical data structures, if ignored, can lead to | ¢, evaluating distributed engineering systems.

overstated precision in performance studies.

« Findings advocate for multilevel modelling as default for
nested engineering system data.



mailto:juwimana@outlook.com
https://doi.org/10.5281/zenodo.18967449

Jean de Dieu Uwimana et al.

1(1): 16-29 (2011)

ABSTRACT-ONLY

PUBLICATION

This is an abstract-only publication. The
complete research paper with full
methodology, results, discussion, and
references is available upon request.

B REQUEST FULL PAPER

Email: info@parj.africa

Request your copy of the full paper today!

SUBMIT YOUR RESEARCH

Are you aresearcher in Africa? We
welcome your submissions!

Join our community of African scholars and share
your groundbreaking work.

Submit at: app.parj.africa
EligiA

[=]

Scan to visit app.parj.africa

Open Access Scholarship from PAR]

Empowering African Research | Advancing Global
Knowledge


mailto:info@parj.africa
https://app.parj.africa/

