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FOREWORD

Foreword

For most of our history, data have been scarce and expensive to obtain,
and economic research has advanced at a slow pace, especially in data-
poor countries. The high cost of impact evaluations, for example, has
mainly been determined by the cost of collecting data. This is rapidly
changing because of recent advances in technology (see the World Bank’s
World Development Report 2021). Technology, like smartphones, mobile
networks, e-services, and e-government, has changed the process through
which data are generated and has created massive amounts of real-time
transaction-level data, with more data being generated in the last two
years than in all human history combined.

Yet most data are unused, especially in the public sector and in
low-capacity environments. The scarcity we now face is of a different
nature: we are limited by high-quality research skills and institutional
capabilities for making sense of all the data and turning them into a
resource for human progress.

Building knowledge takes time, and evidence, especially in develop-
ment economics, is scarce and difficult to generate. Realistically, evidence
informs only a tiny proportion of the policy decisions being made every
day. Making steady progress toward bridging the knowledge gap requires
taking research from a microentrepreneurial to a corporate mode of
delivery. At Development Impact Evaluation (DIME), we have invested in
a research production function and workflows that capitalize on scale and
specialization in the delivery of research. In so doing, we have lowered
the costs of research while optimizing the quantity and quality of research
output. We set up the DIME Analytics team as an institutional solution to
increase the quality of data collection and analysis for our research portfo-
lio. This has been a high-return investment. The team has helped trans-
form the way we work and, in the process, created a host of open-source
resources like the DIME Wiki, toolkits, and reproducibility protocols
that have been made available to the wider community of development
economics researchers and practitioners.

The provision of tools and innovations that help improve the global
production of development economics research is, we feel, part and
parcel of the responsibility of institutions like the World Bank and other
academic centers of excellence that have the organization and resources
to create and deliver public knowledge goods. In so doing, we hope to
contribute to building capacities both internally and in the rest of the
global research community, especially for those that may not operate with
the same level of organization and resources as we do.
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Although research is a great organizing principle for creating and
extracting value from data, it is very rare for data to be ready for use.
Identifying sources, obtaining permissions, integrating data from different
sources, and triangulating and ground-truthing to understand biases in
coverage and representativeness are all necessary steps to developing an
understanding of how data quality can be improved, what the data can
be used for, and how results should interpreted. A high level of technical
specialization and the right combination of disciplines brought into a
research team can significantly increase the quality of data and economic
research.

At DIME, as we have been making consistent advancements in the
great puzzle of creating and using data responsibly, investing in the
quality of data and research for development, we have made those tools
available and open source. Now we feel we should go one step further.
The idea behind this handbook is to provide a step-by-step guide to
high-quality, reproducible data work over the full life cycle of an empirical
research project. The book is directed to development researchers all over
the world, to be read cover to cover or as a desk reference as needs arise.

Arianna Legovini

Adviser, Development Impact Evaluation (DIME)
World Bank

FOREWORD



ACKNOWLEDGMENTS

Acknowledgments

This book is dedicated to all the Development Impact Evaluation (DIME)
team members who have wrangled data without being taught how, hustled
to get projects done on time, wondered if they really should get their PhD
after all, and in doing so made this knowledge necessary and possible.

We thank all the people who helped us get here, especially Arianna
Legovini, for her leadership at DIME, unending support of our work,

and detailed comments on this book, and Florence Kondylis, for her
leadership in founding and growing DIME Analytics and supporting this
project from the very first. We also thank the following members of DIME
Analytics for their contributions to the ideas in this book and their help
organizing them: Roshni Khincha, Avnish Singh, Patricia Paskov, Radhika
Kaul, Mizuhiro Suzuki, Yifan Powers, and Maria Arnal Canudo. This
work has been financially supported by the United Kingdom Foreign,
Commonwealth & Development Office (FCDO) through the DIME i2i
Umbrella Facility for Impact Evaluation at the World Bank.

Our gratitude to the many people who read and offered feedback as
the book took shape: Stephanie Annijas, Maria Camila Ayala Guerrero,
Kaustubh Chahande, Thomas Escande, Aram Gassama, Steven Glover,
Nausheen Khan, Robert Norling, Michael Orevba, Caio Piza, Francesco
Raffaelli, Daniel Rogger, Ankriti Singh, Ravi Somani, and Leonardo Viotti.
Although they number far too many to name individually, we also thank
all the members of DIME and its teams over the years for the innovative
work they have done, the lessons learned, and the team spirit that makes
our work so fruitful and rewarding.

This published version of the book has been revised repeatedly since
its internal release in June 2019, with extensive feedback from readers
and experts. We additionally thank Vincenzo di Maro (manager, DIME3)
for his support throughout this process, as well as peer reviewers David
McKenzie (lead economist, World Bank), Holly Krambeck (program
manager, World Bank), Alaka Holla (program manager, World Bank),
Jim Shen (senior manager, Abdul Latif Jameel Poverty Action Lab),
Federica di Battista (trialling lead, FCDO), and Gabriel Vicente, Rajee
Kanagavel, and Maksim Pecherskiy from the Development Data
Partnership team.

This book is a living product that is written and maintained publicly.
For the code and edit history, see https://github.com/worldbank/dime
-data-handbook; for online and PDF copies, visit https://worldbank.github
.io/dime-data-handbook/. The website includes updated instructions

Xiii


https://github.com/worldbank/dime-data-handbook
https://github.com/worldbank/dime-data-handbook
https://worldbank.github.io/dime-data-handbook/
https://worldbank.github.io/dime-data-handbook/

for providing feedback as well as notes on updates to the content.
Whether you work with DIME, the World Bank, or another organization
or university, we ask that you read the contents of this book critically.
We welcome feedback and corrections to improve the book. Please visit
https://worldbank.github.io/dime-data-handbook/feedback to provide
feedback. You can also email us at dimeanalytics@worldbank.org, and we
will be very thankful. We hope that you enjoy Development Research in
Practice!

Xiv ACKNOWLEDGMENTS


https://worldbank.github.io/dime-data-handbook/feedback
mailto:dimeanalytics@worldbank.org

ABOUT THE AUTHORS

About the Authors

Kristoffer Bjarkefur

Kristoffer Bjarkefur is a data scientist consultant with Development Impact
Evaluation (DIME). As a member of the DIME Analytics team, he works
to improve the reproducibility, transparency, and credibility of develop-
ment research. He combines his backgrounds in development economics
research and computer programming to make tools and best practices
from the world of computer science more easily available to practitioners
in development data. He supports teams at all stages in the life cycle of
data and particularly enjoys planning data workflows. In DIME Analytics,
he leads the work on data security and privacy.

Luiza Cardoso de Andrade

Luiza Cardoso de Andrade is a junior data scientist with DIME. Her work on
the DIME Analytics team focuses on promoting research transparency and
reproducibility practices through trainings and code review. She also works
across DIME’s portfolio of impact evaluations to incorporate nontraditional
data sources such as high-frequency crowdsourced and web-scraped data.
She has developed original software tools for research, including web-based
data interfaces and the ietoolkit and iefieldkit Stata packages. Her
research work has focused on agriculture, gender, and environmental policy.

Benjamin Daniels

Benjamin Daniels is a fellow at the Georgetown University Initiative
on Innovation, Development, and Evaluation. His research focuses

on the delivery of quality primary health care in developing contexts.
His work has highlighted the importance of direct measurement of
provider knowledge, effort, and practice. He has supported some of
the largest research studies to date using clinical vignettes, provider
observation, and standardized patients. He works with DIME Analytics
to improve the transparency and credibility of development research.
This work comprises research training and resources like the DIME Wiki
and software products like iefieldkit and ietoolkit, among other
Stata code tools.

XV



Maria Ruth Jones

Maria Ruth Jones cofounded and now leads DIME Analytics, an initiative
to improve the quality, transparency, and reproducibility of empirical
research. Her research interests center on survey methods, innovations in
measurement, and technology adoption. She created and manages public
goods to benefit the global research community, such as Development
Research in Practice, the DIME Wiki, and the Manage Successful Impact
Evaluations course. She joined the World Bank in 2009. Previous roles
include coordination of the Global Agriculture and Food Security Program
impact evaluation portfolio (2012-16) and a program of impact evalua-
tions with the government of Malawi (2009-11).

XVi ABOUT THE AUTHORS



ABBREVIATIONS

Abbreviations

3ie
AEA
API
ATE
AWS
CAPI
CSL
DIME
DOI
EGAP
EPS
FDE
FSE
GPS
HFC
IAT
ID
IPA
IRB
v
J-PAL
MDE
MSIE
MSIES
ODK
OSF
PAP
PDF
PII
PNG
RCT
RD

International Initiative for Impact Evaluations
American Economic Association
application programming interface
average treatment effect

Amazon Web Services
computer-assisted personal interview
Citation Styles Library

Development Impact Evaluation
digital object identifier

Evidence in Governance and Politics
encapsulated PostScript

full disk encryption

file system encryption

global positioning system
high-frequency check

implicit association test

identifier or identification

Innovations for Poverty Action
institutional review board
instrumental variables

Abdul Latif Jameel Poverty Action Lab
minimum detectable effect

Manage Successful Impact Evaluations
Manage Successful Impact Evaluation Surveys
Open Data Kit

Open Science Framework

preanalysis plan

portable document format

personally identifying information
portable network graphic

randomized control trial

regression discontinuity

Xvii



xviii

RIDIE

SSC

URL
USB
VPN

Registry for International Development Impact
Evaluations

Statistical Software Components
uniform resource locator
universal serial bus

virtual private network

ABBREVIATIONS



INTRODUCTION

Introduction

Development Research in Practice: The DIME Analytics Data Handbook

is intended to teach all users of development data how to handle data
effectively, efficiently, and ethically. An empirical revolution has changed
the face of development research over the last decade. Increasingly,
researchers are working not just with complex data, but with original
data—data sets collected by the research team itself or acquired through

a unique agreement with a project partner. Research teams must carefully
document how original data are created, handled, and analyzed. These
tasks now contribute as much weight to the quality of the evidence as

the research design and the statistical approaches do. At the same time,
empirical research projects are expanding in scope and scale: more people
are working on the same data over longer time frames. For that reason,
the central premise of this book is that data work is a “social process,”
which means that the many people on a team need to have the same ideas
about what is to be done, when, where, and by whom so that they can
collaborate effectively on a large, long-term research project.

Despite the growing importance of managing data work, little
practical guidance is available for practitioners. There are few guides to
the conventions, standards, and best practices that are fast becoming a
necessity for empirical research. Development Research in Practice aims
to fill that gap. It covers the full data workflow for a complex research
project using original data, sharing the lessons, tools, and processes
developed within the World Bank’s Development Impact Evaluation
(DIME) department, and compiling them into a single narrative of best
practices for data work. This book is not sector specific; it does not teach
econometrics or how to design an impact evaluation. Many excellent
resources address those topics. Instead, it teaches how to think about all
aspects of research from a data perspective, how to structure research
projects to ensure high-quality data, and how to institute transparent and
reproducible workflows. Adopting these workflows may have significant
up-front learning costs, but these investments pay off quickly, saving time
and improving the quality of research going forward.

How to read this book

This book aims to be a highly practical resource so that readers can imme-
diately begin to collaborate more effectively on large, long-term research
projects using the methods and tools discussed. This introduction outlines
the basic philosophies that motivate this book and the approach taken to
research data. The central message is that research data work is primarily



about communicating effectively within a team and that effective collabo-
ration is enabled by standardization and simplification of data tasks. This
book provides a narrative outline of the data workflow at each stage of
an empirical research project, from design to publication, as visualized in
figure I.1. Chapters 1 and 2 contextualize the workflow and set the stage
for the hands-on data tasks described in detail in chapters 3 to 7.

I FIGURE 1.1 Overview of the tasks involved in development research data work
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Source: DIME (Development Impact Evaluation), World Bank.

Chapter 1 outlines the principles and practices that help consumers
of research to be confident in the conclusions reached and describes
the three pillars of a high-quality empirical research project: credibility,
transparency, and reproducibility. It presents three popular methods
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INTRODUCTION

of committing to the use of particular research questions or methods,
discusses how to apply principles of transparency to all research
processes, and provides guidance on how to make research fully
reproducible.

Chapter 2 teaches readers how to structure data work for collabora-
tive research while ensuring the privacy and security of research partici-
pants. It discusses the importance of planning data work and associated
tools in advance, long before any data are acquired. It also describes
ethical concerns common to development data, common pitfalls in legal
and practical management of data, and how to respect the rights of
research participants at all stages of data work.

Chapter 3 turns to the measurement framework, describing how to
translate research design into a data work plan. It details DIME’s data map
template, a set of tools to communicate the project’s data requirements
both across the team and across time. It also discusses how to implement
random sampling and random assignment in a reproducible and credible
manner.

Chapter 4 covers data acquisition. It starts with the legal and insti-
tutional frameworks for data ownership and licensing, examining the
rights and responsibilities of using data collected by the research team
or by others. It provides a deep dive on collecting high-quality primary
electronic survey data, including developing and deploying survey
instruments. Finally, it discusses how to handle data securely during
transfer, sharing, and storage, because secure data handling is essential to
protecting respondent privacy.

Chapter 5 describes data-processing tasks. It details how to
construct “tidy” data at the appropriate units of analysis, how to ensure
uniquely identified data sets, and how to incorporate data quality checks
routinely into the workflow. It also provides guidance on the process of
de-identifying and cleaning personally identifying data, focusing on how
to understand and structure data in preparation for constructing indicators
and performing analytical work.

Chapter 6 discusses data analysis tasks. It begins with data construc-
tion, which is the creation of new variables from the original data. It intro-
duces core principles for writing analytical code and creating, exporting,
and storing research outputs such as figures and tables reproducibly, using
dynamic documents.

Chapter 7 outlines the publication of research outputs, including
manuscripts, code, and data. It discusses how to collaborate effectively on
technical writing using dynamic documents. It also covers how and why
to publish data sets in an accessible, citable, and safe fashion. Finally, it
provides guidelines for preparing functional and informative reproducibil-
ity packages that contain all of the code, data, and metadata needed for
others to evaluate and reproduce the work.

Each chapter starts with a box summarizing the most important
points, takeaways for different types of readers, and a list of key tools and
resources for implementing the recommended practices. Each chapter
provides an understanding of which tasks will be performed at every stage



of the workflow and how to implement them according to best practices.
Each also provides an understanding of how the various stages of the
workflow tie together and what inputs and outputs are required and
produced from each. The references and links contained in each chapter
lead to detailed descriptions of individual ideas, tools, and processes

that will be useful when implementing the tasks. Box 1.1 describes the
Demand for Safe Spaces project, which is the basis for the examples given
throughout this handbook.

BOX 1.1 THE DEMAND FOR SAFE SPACES CASE STUDY

A completed project, Demand for Safe Spaces: Avoiding Harassment and Stigma, is used to illustrate
the empirical research tasks described throughout this handbook. Each chapter contains boxes with
examples of how the practices and workflows described in it were applied in this real-life example. All
of the examples of code and diagrams referenced in the case study can be accessed directly through
this book’s GitHub repository. Minor adaptations were made to the original study materials for
function and clarity. All of the original materials are included in the project’s reproducibility package.
The Demand for Safe Spaces study is summarized in its abstract as follows:

What are the costs to women of harassment on public transit? This study randomizes the

price of a women-reserved “safe space” in Rio de Janeiro and crowdsources information on
22,000 rides. Women in the public space experience harassment once a week. A fifth of riders
are willing to forgo 20 percent of the fare to ride in the “safe space.” Randomly assigning riders
to the “safe space” reduces physical harassment by 50 percent, implying a cost of $1.45 per
incident. Implicit association tests show that women face a stigma for riding in the public space
that may outweigh the benefits of the safe space.

The Demand for Safe Spaces study used novel original data from three sources. It collected infor-
mation on 22,000 metro rides from a crowdsourcing app (referred to as crowdsourced ride data in the
case study examples), a survey of randomly sampled commuters on the platform (referred to as the
platform survey), and data from an implicit association test. The research team first elicited revealed
preferences for the women-reserved cars and then randomly assigned riders across the reserved
and nonreserved cars to measure differences in the incidence of harassment. Researchers used a
customized app to assign data collection tasks and to vary assigned ride spaces (women-reserved
cars vs. public cars) and the associated payout across rides. In addition, the team administered social
norm surveys and implicit association tests on a random sample of men and women commuters to
document a potential side effect of reserved spaces: stigma against women who choose to ride in the
public space.

This handbook focuses on the protocols, methods, and data used in the Demand for Safe Spaces
study rather than on the results. A working paper by Kondylis et al. (2020) provides more information
about the findings from this study and how it was conducted.

For materials for all of the examples in the book, see https://github.com/worldbank/dime
-data-handbook/tree/main/code. For access to the Demand for Safe Spaces study repository, see
https://github.com/worldbank/rio-safe-space. For the working paper, see https://openknowledge
.worldbank.org/handle/10986/33853.
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The DIME Wiki: A complementary resource

The handbook contains many references to the DIME Wiki, a free online
collection of impact evaluation resources and best practices. This hand-
book and the DIME Wiki are meant to go hand in hand: the handbook
provides the narrative structure and workflow, and the DIME Wiki offers
specific implementation details, detailed code examples, and a more
exhaustive set of references for each topic. The DIME Wiki is a living
resource that is continuously updated and improved, both by the authors
of this book and by external contributors. All readers are welcome to
register as DIME Wiki users and contribute directly to it at https://dimewiki
.worldbank.org.

Standardizing data work

In the past, data work was often treated as a “black box” in research.

A published manuscript might exhaustively detail research designs,
estimation strategies, and theoretical frameworks, but typically reserved
very little space for detailed descriptions of how data were collected and
handled. It is almost impossible to assess the quality of the data in such
a paper and whether the results could be reproduced. This situation is
changing, in part because more publishers and funders are requiring
researchers to release their code and data (Swanson et al. 2020).

Handling data and producing documentation are key skills for
researchers and research staff. Standard data processes and documenta-
tion practices are important throughout the research process to convey
and implement the intended research design accurately (Vilhuber 2020)
and to minimize security risks: better protocols and processes lower the
probability of data leakages, security breaches, and loss of personal infor-
mation. When data work has been done in an ad hoc manner, it is very
difficult for others to understand what has been done—readers simply
have to trust that the researchers have performed these tasks correctly.
Most important, if any part of the data pipeline breaks down, research
results become unreliable (McCullough, McGeary, and Harrison 2008) and
cannot be accepted at face value according to the intended research design
(Goldstein 2016). Because “laboratory” settings almost never exist in
this type of research, such a failure has a very high cost (for an example,
see Baldwin and Mvukiyehe 2015): failure wastes the investments made
in knowledge generation and wastes the research opportunity itself
(Camerer et al. 2016).

Accurate and reproducible data management and analysis are
essential to the success and credibility of modern research. Data-handling
processes need to be standardized and documented for the data work to
be evaluated and understood alongside any final research outputs. Process
standardization is an important component of this effort. Process stan-
dardization is an agreement within a research team about how all tasks of
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a specific type will be approached. It means that there is little ambiguity
about how something ought to be done and therefore that the tools to do
it can be set in advance. Standard processes help other people to under-
stand the work and make the work easier to document. Process stan-
dardization and documentation allow readers of code to (1) understand
quickly what a particular process or output is supposed to be doing, (2)
evaluate whether or not it does that task correctly, and (3) modify it either
to test alternative hypotheses or to adapt it in their own work. This book
discusses specific standards recommended by DIME Analytics, but the
goal is to convince readers to discuss the adoption of a standard within
research teams rather than necessarily to use the particular standards
recommended here.

Standardizing coding practices

Modern quantitative research relies heavily on statistical software tools,
written with various coding languages, to standardize analytical work.
Outputs like regression tables and data visualizations are created using
code in statistical software for two primary reasons. Using a standard
command or package ensures that the work is done right and that the
procedure can be confirmed or checked using the same data at a later
date or implemented again using different data. Keeping a clear, human-
readable record of these code and data structures is critical. Although it is
often possible to perform nearly all of the relevant tasks through an inter-
active user interface or even through software such as Excel, this practice
is strongly discouraged. In the context of statistical analysis, the practice
of writing all work using standard code is widely accepted. To support
this practice, DIME now maintains portfolio-wide standards about how
analytical code should be maintained and made accessible before, during,
and after release or publication.

Over the last few years, DIME has extended the same principles to
preparing data for analysis, which often constitutes just as much (or
more) of the manipulation done to data over the life cycle of a research
project. This book encourages research teams to think about the tools and
processes they use for designing, collecting, and handling data just as they
do for conducting analysis. To this end, DIME Analytics has contributed
tools and standard practices for implementing these tasks using statistical
software.

Although most researchers do nearly all data work using code, many
come from economics and statistics backgrounds rather than computer
science backgrounds, and they often understand code to be a means to
an end rather than an output itself. This attitude needs to change: in
particular, development practitioners must think about their code and
programming workflows just as methodically as they think about their
research workflows; they need to think of code and data as research
outputs, similar to manuscripts and briefs.
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This approach arises because code is the “recipe” for the analysis.
The code tells others exactly what was done, explains how they can
do it again in the future, and provides a road map and knowledge base
for further original work (Hamermesh 2007). Performing tasks through
written code creates a record of every task performed (Ozier 2019). It also
prevents direct interaction with the data files that could lead to nonrepro-
ducible processes (Chang and Li 2015). DIME Analytics has invested a lot
of time in developing code as a learning tool: the examples written and
the commands provided in this book are designed to provide a framework
for common practice, so that everyone working on these tasks in DIME is
able to read, review, and provide feedback on the work of others, starting
from the same basic ideas about how various tasks are done.

Most specific code tools have a learning and adaptation process,
meaning that researchers will become most comfortable with each tool
only by using it in the real world. To support the process of learning to
create and use reproducible tools and workflows, this handbook refer-
ences free and open-source tools wherever possible and points to more
detailed instructions when relevant. Stata, a proprietary software, is the
notable exception because of its persistent popularity in development
economics and econometrics (StataCorp 2021). Appendix A presents two
guides: the DIME Analytics Coding Guide, which provides instructions on
how to write good code and how to use the examples of code in this book,
and the DIME Analytics Stata Style Guide. DIME project teams are strongly
encouraged to adopt and follow coding style guides explicitly in their
work. Style guides harmonize code practices within and across teams,
making it easier to understand and reuse code, which ultimately helps
teams to build on each other’s best practices. Some of the programming
languages used at DIME already have well-established and commonly
used style guides, such as the Tidyverse Style Guide for R and PEP-8 for
Python (see van Rossum, Warsaw, and Coghlan 2013; Wickham, n.d.).
Relatively few resources of this type are available for Stata, which is why
DIME Analytics has created and included one here. For the complete
DIME Analytics Coding Stand