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SYNOPSIS

Development interventions such as the recently adopted Sustainable Development Goals
(SDGs), at least to the year 2030 and its predecessor the Millennium Development Goals
(MDGs) play a crucial role in motivating world leaders to commit to global development.
However, the success in achieving landmark initiatives like the SDGs, to a large extent will
depend on country level ability to design, implement and evaluate the performance and
achievement of initiatives aligned to the development intervention. The objectives of these
guidelines are to a) define the reproducibility principle, b) discuss the various pieces of software
that can facilitate the application of reproducibility principles in evaluation contexts, and c)
propose the next steps for applying the reproducible principles in the evaluation of development
interventions. This guide is based on a synthesis of existing literature and software packages to
demonstrate how the reproducible principles can be used to facilitate effective assessment of the
performance of development interventions across Africa. Using information from secondary
sources, the paper provides a step-by-step approach for applying reproducible principles,
delineates the key capacity requirements that can foster easy adoption and implementation of
reproducible principles. The paper demonstrates that the reproducible principles can facilitate
consistency in data generation, analysis and coherence in assessment of development
performance and achievements of results over a period of time. It also underscores the potential
of reproducible principles in improving the design, conduct and reliability of quantitative program
evaluation and highlights some of the applicable softwares. In conclusion, the document alludes
to the fact that, although reproducible principles have been around for a while, the concept has
not taken root among evaluators. Findings from evaluation studies often lead to
recommendations with direct policy implications. Therefore, pushing the reproducibility principles
will change how practitioners approach program evaluations and forces them to systematically
manage data collection processes, develop rules for archiving data before transforming i,
sharing code used for data analysis, and developing and lodging pre-analysis plans before
collecting and analyzing data. The main recommendations proffered are that there is a need to
build capacities of members of the African Community of Practice on Managing for Development
Results (AfCoP/MfDR) about the application of the reproducible principles. Furthermore, the
paper suggests developing user friendly software that will facilitate the management of complex
workflows, and educate AfCoP members and practitioners on how to explore, adopt and use
such approaches and methodologies.

Introduction capacities aimed at strengthening the conduct and

use of evaluations to guide policies and programs
Over the last two decades, there has been an across African countries. More and more
increase in the demand for and investment in stakeholders are investing in initiatives aimed at
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enhancing evaluation capacities of development
actors especially the public sector. The effort is
partly motivated by the increased appreciation of
the value of quality, relevant and timely evidence-
based information by program managers and public
sector decision makers to improve policy decisions
and programmatic choices as well as to enhance the
efficiency and effectiveness of development
interventions and their impact on the citizenry
(McCall 2009). The drive for accountability in
development interventions is currently motivated
by the call from both the internal and external
development stakeholders for good governance
including transparency and accountability of
governments and public sector office holders as
well as duty bearers of the impact of their
stewardship and use of financial resources (Chan et
al. 2010).

Learning from the data management challenges
encountered during the implementation of the
Millennium Development Goals (MDGs) (Sanga
2011), this African Community of Practice (AfCoP)
knowledge product seeks to provoke evaluators and
members of the AfCoP to apply the reproducibility
principles when undertaking country level
evaluations. The Sustainable Development Goals
(SDGs), which were approved in 2015, carry a lot of
aspirations in terms of stimulating a more
encompassing development strategies that will
improve the well-being of all mankind especially the
poor and the marginalized (Dereck Osborn, Cutter
Amy, and Ullah Farooq 2015). However, the ability
to transform the SDGs into real improvements in
people’s lives depends on the countries’ ability to
design, implement and assess the progress and
achievement of the expected results. This is an
element that brings to life the reproducible
principles framework as countries are expected to
domesticate and monitor the progress and the
impact of the SDGs over the next fifteen years.

Therefore, reproducible principles can help improve
traditional monitoring and evaluation workflows.
The guide outlines details on how to wuse
reproducible

principles when conducting
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development evaluations, presents the software
used when undertaking reproducible work,
proposes a road-map for enhancing the use of
reproducible principles in development evaluations
and offers recommendations on the way forward.

Methodology

The material presented in this guide is based on an
extensive review of secondary literature on the role
of reproducible principles and how they can be
used to enhance the conduct of development
evaluations. Among the literature reviewed,
Gandrud (2013) provides a comprehensive
workflow for undertaking reproducible work, and
the software needed to manage the files and
organizing analysis code. Kipf et al. (2016) discusses
the need to develop platforms that are user friendly
for non-ICT" professionals in order to integrate data
collection and analysis for impact evaluations. The
work of Peng (2011) shows how improvements in
computer science make it possible for other
disciplines to develop new methods for conducting
research work and reporting research results and it
provides appropriate technologies for implementing
reproducible principles in many fields.

What is the reproducible principle?

The view that “Science advances faster when
people waste less time pursuing false leads.... No
research paper can ever be considered to be the
final word, but there are too many that do not
stand up to further study” is widely shared among
the scientific community. The reproducibility
principle is the idea it is not adequate to publish
research findings alone without sharing the raw
data and the code used to process the all raw data
(Peng 2011). One of the first major reproducible
projects was conducted in the field of Psychology. It
sought to replicate the findings from more than 100
studies. However, the process of conducting
reproducible work was documented as early as
1992 (Kipf et al. 2016). The project faced challenges
in accessing data from older studies (Collaboration
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2012) as most of the studies for which data was
requested, data could not be availed. A similar
project in cancer biology found that on average, it
took more than two months for authors to avail the
data used in their publications (Collaboration 2012).

Reproducibility therefore, is about allowing other
people to independently follow through the analysis
steps and procedures used in deriving research
findings and assess whether a similar result can be
obtained (Monya 2016). Replicating studies requires
that the initial study carefully documents all the
protocols, statistical tests, and analysis plans. The
documentation of data, code, clear documentation,
and sharing the data is often considered a key
benchmark in undertaking reproducible work (Peng
2011). Sharing data generated from research or
evaluations is often the most challenging but once
clear data access policies are defined, some
organizations and researchers end up availing their
data online (Vines et al. 2013). Sharing data is
always a challenge as discussed earlier as raw data
needs to be processed further and anonymized
before it is shared. The final version of any dataset
will then be accompanied by the code used to clean
the data. While this process could be cumbersome,
if done properly, it will increase the credibility of
the findings and allow other researchers to verify
the pathways used to arrive at conclusions (Wadern
2016).

Software for conducting reproducible
work

The advances in Open Source Software has allowed
researchers and scientists to communicate across
multiple software platforms and this fostered the
spirit of collaboration and reproducible science
(Hampton et al. 2015). Some of the key tools for
collaborative open and reproducible science are
listed in Table 1. Software for conducting
reproducible research can be classified in four ways
namely: literate programming, version control,
complex workflows, and automation of the research
process.

Literate programming is a way of automatically
generating statistical reports by combining the data,
code, and text. Literate documents comprise of
steps for preparing the data, computing the results
and readable text that describes, explains and
presents the analysis (Martinez and Clark 2014).
Version control software on the other hand, allows
users to track changes to their documents using
such software as Github and Gitbucket. The
complex workflow software is used to keep track of
types and versions of software used in producing
research reports. The fourth set of tools allow for
automation of the entire research process including
the formulation of hypothesis and changes from the
initial plan.

Table 1: List of Reproducible research software

Name of Description

Software

Git and This is a file versioning system that
Gitbucket can be used to keep track of the
Dropbox changes to the survey tools and

Google Drive | analysis plans.

Knitr (Xie
2016) dynamic report generation in R

This is a general-purpose tool for

allowing users to generate MS
Word, HTML and PDF files.

Packrat This is used to manage software
dependencies and to ensure that
local files will be archived/saved
when the software is upgraded.

The It combines several packages that
Reproducible | ensure that codes are run
R Toolkit
(RRT)? version of your software is

successfully  especially  when

continuously updated.

Source: Compiled by author

Compared to the various desktop pieces of software
described earlier, there are new platforms that
offer an integrated environment for managing
reproducible workflows. The Open Science

thtps://cran.rproject.org/web/packages/checkpoin
t/vignettes/checkpoint.html
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Framework is one such platform currently hosting
the psychology and cancer replication studies. It
offers an easy to use interface that allows
researchers to register the research plans and
document the entire research process. The visTrails
also offers a unified interface for data analysis and
visualization interface that seeks to address the
problem of integrating varied tools as well as
automatically documenting the methods and
parameters employed (Koop, Freire, and Silva
2013). Pre-registration of analysis plans is also
important in eliminating the biases in results
interpretation. Several research sites such as
“Experiments in Governance and Politics” also offer
platforms for researchers and evaluators to register
evaluation plans before conducting their studies.
While there are several tools of undertaking
reproducible research, these guidelines focuse on
software that is used within the R-Statistics
programming environment.

Proposed steps for applying
reproducible principles in evaluation
of development programs

This section delineates a step-by step approach and
guidance on how the principles associated with
reproducible research can be implemented in
undertaking evaluation studies or used by other
target audience. It delineates the key principles and
the procedures involved at each stage of the
process. As shown in Table 2, the reproducible
principles can be incorporated into the ten step
traditional workflow for conducting development
evaluations as follows:

Table 2: Step for applying reproducible principles in
evaluation of development programs

THE REPRODUCIBLE PRINCIPLE

STEP2:
Engage
stakeholders

This stage is intended to stimulate
stakeholder buy-in and
ownership. It is critically
important to  ensure that
stakeholders are committed to
and are likely to use the findings
and recommendations from the
evaluation

- No changes required

STEP 3:
Assess the
scope and
resource
requirements

An assessment of the scope of the
evaluation and resources required
will  help determine if the
proposed effort and allocated
resources are adequate

This will also require allocating
resources to ensuring that the
evaluation is conducted in a
reproducible manner. Measures
should be put in place to ensure
timely collection and analysis of
data that is intended to be
repetitive overtime (electronic
tools where feasible) and
achieved/hosted in a secure

database.

STEP 4:
Determine
evaluation
questions

This process involves identifying
and determining the questions
that will facilitate the
achievement of the goal and
specific  objectives of the
evaluation.

No major changes required as
these will be consolidated into an
evaluation plan that will be
locked or registered on a file

versioning system.

Step Procedures

STEP 1: This assesses the evaluability of a
Clarify what program or project

is to be - No changes required
evaluated
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STEP 5:
Determine
appropriate
methods of
measurement
procedures

This involves defining appropriate
methodologies and approaches
that will be feasible for securing
the required evidence in line with
the evaluation objectives.

No changes required
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STEP 6: The evaluation plan details how properly. An analysis script will
Develop an initiatives will be monitored and be an important deliverable at
evaluation evaluated and often provides this stage in addition to integral
plan transparency to stakeholders and survey records on the database.
funding agencies
This needs to be lodged into a file
versioning system in order to
ensure that any changes are
tracked.
STEP 7: This process involves data STEP 9: Step 9 involves sharing the
Collect data collection, selection and training Interpret and | findings with stakeholders and
of enumerators, pilot tests, disseminate tease out the recommendations.
modifications to tools, analysis of results If Step 9 is done properly, it will
pilot data to further refine tools be easier to demonstrate to other
There is need to use electronic stakeholders how data has been
data collection tools in order to used to derive the results. If
keep a permanent record of the changes are suggested, it will be
original data set and a file easier to reconstruct the data
versioning system that analysis with updated changes. In
accompany the changes to the addition to the evaluation report,
tools the datasets and the analysis
STEP 8: In traditional data collection, this code can also be shared - this
Process data | involves monitoring data does not need to be done
and analyze collection, entering data after concurrently.
results collection, cleaning and validating STEP 10: This involves identifying the
data before analysis. Data is also Apply actionable outcomes and
organized into a format for evaluation developing action plans.
visualization and archiving. findings This will also involve refining the

There is need to adopt electronic
data collection platforms
particularly for quantitative
surveys. Some softwares allow
mobile devices to write the data
directly to the database and will
not permit edits to the initial
submissions. Data needs to be
exported into statistical software
for analysis. It will be important
to also document the steps and
procedures used to clean the
original data into the final
dataset used to derive evaluation
findings. In some cases, there is a
tendency to delete outliers
without documenting them

evaluation methodology and
data analysis procedures. This is
also a key resource from which
other evaluators can learn from
and improve on the procedures

used to collect and analyze data.

Source: Adapted from: At a glance: The ten steps for

conducting an evaluation. Toronto, ON: Queen’s
Printer for Ontario; 2015.

The following three key reproducible principles are

critical for conducting reproducible development

evaluation or research work.
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1. Sharing the analysis code

Sharing the analysis code that accompanies a given
dataset is critically important for the conduct of
reproducible development evaluation or research
work. Mandating that the data and code are shared
will force individuals and organizations to carefully
document all the procedures used in arriving at the
final decisions. This will facilitate further processing
of the data when compiling regional and universal
indicators. The goal of sharing the code is not only
to ensure that it can be re-run and reproduce the
same results, but also to ensure that users are able
to understand and apply it appropriately (Peng
2011).

2. Reproducible

Reproducible refers to the ability to replicate the
findings using the available methods, data and
code. In computational statistics, the focus is on
literate programming, which is a way of connecting
the text and analysis code to reproduce a paper or
manuscript. This could be a steep curve for the
evaluation community. However, having access to
the data and code used for the assessment will be a
reasonable starting point (Gandrud 2013).

3. Online Archiving

The third principle is the establishment of a
repository that will facilitate the publishing and
dissemination of reproducible evaluations (Peng
2011). This is important considering that some of
the data for evaluation will be collected by
stakeholders who have not traditionally collected
regular monitoring and evaluation data such as
private companies.

These three reproducibility principles do not need
to be met at once but any effort toward meeting
any one will improve the implementation of
reproducible evaluations. It will also increase
transparency and accountability and minimize the
chances of misreporting.
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Conclusions and policy implications

This paper concludes that, reproducibility does not
address results accuracy but allows for greater
learning among practitioners and leads to improved
policy decision making. While reproducible
principles offer a unique potential for transforming
how evaluations of development programs are
conducted and managed, there are limitations that
currently exist. Key among them is the ownership of
data and the availability of user friendly software
that makes it possible to apply reproducible
principles in the evaluation of development
programs. In order to promote the use of
reproducible principles, there is a need for
additional partnerships  between  software
developers and evaluators to create user friendly
tools to clearly document the evaluation process
and archive it in ways that can be beneficial to
others. At organizational level, data management
and sharing policies need to be upgraded
mandating that data is shared with the community

of practices such as the AfCoP.

Further, to ensure that development actors are fully
empowered and fully equipped to apply the
concept of reproducibility and use the findings from
such research oriented development evaluations,
there will be the need to build their capacity in
terms of skills and competencies in data collection,
analysis and use of evaluation findings.

It is also essential to advocate and sensitize critical
mass of development actors on the relevance and
value of reproducible research  oriented
development evaluations, especially as the
continent accelerates the implementation of the
Sustainable Development Goals as well as other
country specific strategies.

Last but not the least, AfCoP/AfriK4R through its
annual conferences and knowledge sharing
engagements are called to educate its members on
how to explore, adopt and use such approaches and
methodologies in enhancing the conduct and use of
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evaluations for decision making in their respective
countries.
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