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Chapter A - Introduction to the Guidelines

1. Introduction

A.1.  Population and housing censuses provide a wide range of statistical information on the
population — persons, households and housing units. They allow detailed disaggregation of data by
small geographic areas and small population groups. However, it is widely recognised that conducting
a population and housing census is one of the most expensive and complex data collection operations,
comprising of a series of many interrelated activities. The logistical effort required, and the difficulties
encountered in contacting and collecting information on the whole population within a limited period
of time, adds to the complexity.

A.2. National Statistical Institutes (NSIs) are increasingly facing a number of challenges in
conducting population and housing censuses, ranging from falling participation to increasing data
collection costs. Response rates have declined as citizens become increasingly concerned about
information security and privacy and the confidentiality of information given to the government.
Households are becoming more diverse, dynamic and mobile, making it a challenge to reach people
and assign them to a single unique location. These societal, demographic and budgetary trends are
making it harder and more expensive to locate individuals and solicit their participation through
traditional data collection methods. Moreover, each of these trends threatens the ability of NSIs to
deliver high-quality, timely and cost-effective census results.

A.3.  These challenges are compelling NSIs to investigate alternative ways of implementing the
census, and ultimately, to modernise and transform the traditional method of conducting a census.
Today’s information and communication technologies offer NSIs unprecedented opportunities to
innovate and transform their census operations, dramatically improving performance and census results
while reducing costs. Moreover, they can enhance the quality and accessibility of census results. With
proper planning, governance and vision, modern technology can help to improve the efficiency (as
measured in terms of cost and time savings, productivity gains, increased accuracy) and effectiveness
(by, for example, providing better products and service, improved analysis) of census processes.

A.4.  Recent advances in information and communication technology have changed how routine
statistical business processes. such as enumeration area (EA) design, data capture and validation, data
processing, and data dissemination, are being carried-out. The use of such technology has become an
integral part of many census processes critical for improving the cost, quality (coverage, accuracy,
timeliness) and efficiency of the census. The rapid expansion in mobile connectivity, and rapid progress
in technological innovation more broadly (such as cloud computing, smart mobile devices, GPS, web
GIS), provide new opportunities for increasing the quality and speed with which census data can be
collected and the statistics produced. Hardware and software as well as mobile data networks are
becoming cheaper and better, and infrastructure and capacity that enables effective deployments is
increasingly available in all parts of the world. This means that the immense progress in connectivity
(in terms of both speed and magnitude) and technology adoption has a large potential for modernizing
and complementing traditional statistical collection. New approaches are allowing the collection of data
with handheld electronic devices, the Internet and the telephone in a manner that is better, faster and
potentially cheaper.

A.5.  Data collection with a computer-assisted personal interviewing (CAPI) methodology on tablets,
PDAs (personal digital assistants) or laptops is becoming an increasingly attractive substitute for using
a paper questionnaire with personal interviewing (PAPI) approach in most parts of the world. The ability
of CAPI systems to instantly transmit data over mobile data networks provide a substantial advantage
over more traditional procedures and allows data to be captured, inspected and validated shortly after it
is collected, thus improving data quality. A CAPI system integrated with digital mapping and



operational management applications can improve the monitoring of census data collection operations,
and the coordination of field operations, logistics, and communications.

A.6. The CAPI technology is continuously improving and should be embraced, improved and
tailored by NSIs to strengthen data collection activities. The reduction in costs and improvements in
technology will likely see increased usage of CAPI in the 2020 round of population and housing
censuses. Similarly, the Internet has immense potential to improve the speed and quality of statistical
data collection and dissemination and is feasible in many parts of the world.

2. Purpose and scope

A.7.  The Guidelines is intended to assist NSIs and census officials to effectively plan and implement
their censuses with electronic data collection technologies, principally via handheld electronic devices
and the Internet. The publication focuses on some of the key considerations that should be taken into
account when planning the use electronic data collection technologies.

A.8.  The Guidelines emphasise the importance of having in place a sound decision-making process
for understanding the value of introducing a particular technology solution, evaluating its cost-
effectiveness and viability on the basis of key institutional, operational and social factors, and making
such a decision on the basis of the information gathered during this process. As census information
technology (IT) projects could become costly, risky, and unproductive, the Guidelines highlight the
importance of an effective and efficient management process for maximizing the value of IT
investments and minimize the risks, including in IT acquisitions and systems development.

A.9.  Toassist the NSl in its reorganization and capacity building efforts in order to carry out a census
that makes use of electronic data collection technologies, the Guidelines presents a range of
recommended actions. The document discusses, for example, the geospatial information and systems
that are considered as being critical for seamlessly integrating the census mapping, enumeration and
data analysis phases as well as for improving the efficiency and effectiveness of field work operations.
Another key issue addressed is effective security for IT systems and electronic data to prevent
inappropriate disclosure of sensitive information and disruptions in critical operations.

A.10. The Guidelines are meant to be a supplement to, and to be read in conjunction with, the
Principles and Recommendations for Population and Housing Censuses, Revision 3 and the Handbook
on the Management of Population and Housing Censuses, Revision 2. The latter two publications
discuss and elaborate general issues associated with planning out and managing census data collections,
while the present Guidelines focuses on a set of selected, essential and critical planning, management
and implementation issues and processes specific to the use of electronic handheld devices and the
Internet in census data collection.

A.11. The treatment of alternative sources to the traditional census is not in the scope of these
Guidelines. Information on the use of registers and administrative sources for censuses may be found
in the Principles and Recommendations for Population and Housing Censuses, Revision 3 and the
UNECE’s Guidelines on the use of registers and administrative data for population and housing
censuses (forthcoming).

A.12. These Guidelines were developed reflecting the practices and experience of countries that have
deployed electronic data collection technologies in recent censuses. However, it is recognized that the
material in this publication is not inclusive of the whole gamut of national experience. Success in
adopting technology depends on a wide variety of contextual and operational factors as well as
institutional strengths and weaknesses. It is suggested that countries should use the information in this
publication only to the extent that is relevant to their particular situation. Each NSI needs to evaluate
how available technology options fit into the context of its own census programme and organizational
structure and mission. Such issues as the availability of resources (human, financial, technological) and



the time frame allocated for census tasks as well as the goals of the census will determine the best mix
of technology and approaches.

3. Target audience

A.13. This publication aims to serve as a reference for NSIs and their census officials. It has two main

target audiences:

(1) census managers responsible for decision-making, planning and providing overall oversight to
ensure technology investments meet organizational needs and are implemented to predefined cost
and schedule expectations; and,

(i1) census operational and technical staff tasked with implementing aspects of the census plan,
including those staff responsible for program and project management, information system
development, and information and system security.

4., Structure

A.14. The remainder of the Guidelines is laid out in five chapters:

A.15. Chapter B provides an overview of the drivers of technological innovation in census data
collection as well as of the various data collection methods, including both interviewer-administered
data collection methods—consisting of paper questionnaire with face-to-face interview (PAPI),
computer-assisted personal interviewing (CAPI), computer-assisted telephone interviewing (CATI)—
and self-administered data collection—comprising paper questionnaire with self-enumeration (PASI)
and computer-assisted self-interviewing (CASI). Multi-mode data collection is also briefly discussed.

A.16. Chapter C emphasises the importance of having in place a sound process for introducing
technology solutions, evaluating the cost-effectives and viability of solutions on the basis of key
institutional, operational and social factors, and making decisions on the basis of the information
gathered and analysed during this process.

A.17. Chapter D presents the considerations to be taken when collecting census data with handheld
electronic devices (such as tablets, PDAs and laptops). The chapter weighs both the advantages and
challenges to using CAPI on handheld electronic devices. It discusses critical factors in planning data
collection with handheld electronic devices. An overview of handheld electronic devices, along with
important features, evaluating requirements for selection of devices and options for acquisition, are
elaborated. A section is dedicated to the discussion of the data collection application, including the
essential functional features of CAPI, evaluating requirements, acquisition/development options, and
questionnaire design and performance considerations. Another section deals with the testing of the data
collection application and systems. The section on data transfer details the means of data transmission
and some of the technical considerations that have to be made for data transfer via cellular networks.
Given the importance of transferring data collected in the field back to the head office quickly and
securely, a section on security provides an overview of the security threats and vulnerabilities in data
collection with handheld electronic devices along with measures that can be taken to overcome security
threats and vulnerabilities. The use of geospatial technology during enumeration is also described in the
chapter. Field operation management and monitoring is elaborated in the chapter. This section
elaborates on such topics as the organization of field enumeration, the roles and responsibilities of the
field staff and IT support teams, recruitment and training of field staff and the provision of technical
support to enumerators and supervisors during field operations. The importance of an efficient
management and monitoring system is also discussed as a key factor for a successful field enumeration
using CAPI. The chapter also discusses the need to have a device use policy and considerations for the
re-use and disposition of handheld electronic devices.



A.18. Chapter E details the considerations that have to be taken into account when collecting census
data with the Internet. It summarizes the main advantages of Internet data collection as well as the
challenges and risks. Based on the experience and lessons learned from countries that adopted this
method of collection, the chapter presents the requirements that are essential for Internet based data
collection. The section on planning the implementation process of Internet-based data collection also
includes a discussion on the importance of setting reasonable and reachable targets for Internet take-up
rate. The development of an optimal contact and communication strategy, which is an important element
in the enumeration phase, is discussed in detail. Also discussed is questionnaire design for Internet self-
response, as this plays a key role in ensuring a positive experience for respondents. The identification
and authentication of respondents is crucial to maintain the integrity of an Internet-based data collection
system and the security and confidentiality of the information supplied. Successful conduct of a large-
scale Internet-based self-response enumeration requires developing, testing and refining a proper IT
infrastructure and business rules to ensure the system has the capacity to handle the anticipated response
loads. These and related issues, including security measures to protect information and IT systems, are
covered in this chapter. Also covered is the provision of support to respondents—for technical problems
and on the content of the census questionnaire—which is an important consideration when
implementing Internet-based data collection. Additional topics discussed include those pertaining to
monitoring, controlling and tracking Internet response as well as the information needed for monitoring
and non-response follow-up.

A.19. Chapter F covers selected, critical planning and management issues to consider when adopting
electronic data collection technologies (handheld electronic devices and/or Internet). It includes a
section dealing with management structures and processes necessary to provide effective oversight to
ensure that the technology investments meet organizational needs and are implemented within planned
costs and schedule expectations. It discusses organizational restructuring, institutional capacity
development and management of IT systems acquisition to support electronic data collection. Topics
covered include considerations for use of geospatial information in support of census operations as well
as considerations for using multi-mode methods for data collection. IT systems development, including
IT systems testing, is covered to underscore the importance of IT systems in meeting the functional and
business requirements of a census operation. To emphasize the need to ensure adequate protection for
the integrity, confidentiality and availability of the NSI’s data and systems, sections are allotted to
information and system security, risk assessment and mitigation as well as contingency planning. The
evaluation of investment in IT, including key focus areas for the evaluation as well as information
requirements and decisions from the evaluation are also covered.



Chapter B - Overview of drivers of technological innovation and
data collection methods

B.1.  Among the main driving forces behind the adoption of new technologies by NSOs are the
potential savings to be realised and the possibility for automating laborious, repetitive manual tasks.
However, technology plays a far broader role than those and is critical for improving statistical
business processes and the effectiveness and efficiency of census operations. A review of recent
country experience with new technological approaches to data collection finds that new technologies
can substantially advance statistical capacity to produce data. Despite some limitations and risks,
electronic data collection technologies can improve the speed and quality of census data. With the use
of these technologies, data will be available for analysis much faster because data are transferred to a
central database immediately or soon after collection. Electronic forms reduce the amount of material
(such as questionnaires) to be printed, distributed and returned, and reduce data entry costs and errors.
Electronic forms can improve data quality by implementing validation rules.

1. Key drivers of technological innovation in census data collection

B.2.  Drivers of technological innovation in census data collection are many, although those that
have significant impact may vary from one county to another. However, there are certain drivers (see
list below) that motivate most countries to adopt modern technologies for improving the efficiency
and effectiveness of their census operations. The drivers are key to enhancing census operational
capability and data quality as well as to contributing to organisational transformation and
modernization of NSO business processes. Some of the key drivers include:

B.3.  Demand for timely data: The timing of the release of census results is a main consideration
for both data producers (NSOs) and users alike. There are several reasons for why census data is not
available to users timely including capacity, budget resources and even politics. However, a key
reason is the relative slowness of the traditional method of collection and production system. The
process of data capture, coding, editing, imputation and validation for Pen and Paper Interviewing
(PAPI) takes a long time. With the use of scanners for automatic data entry, there has been some
improvements in the data processing stage. Timeliness can be further improved through the adoption
of electronic data collection methods which allow for a significant decrease in processing time
through the use of automatic data capture and real-time consistency control during the interview.

B.4. Demand for quality data: The population and housing census is one of the most complex
and costly data collection operation due to the involvement of a large number of people and a
multitude of activities, many of which are conducted simultaneously. The requirement to enumerate
the whole population within a short period of time also lends to its complexity. Due to these factors, it
is a challenge to produce good quality data (in terms of coverage and item response). The adoption of
new technologies (for example for mapping, data collection, transmission and processing, and
operational management) has the potential to substantially improve the efficiency of the operations
and the quality of the outputs. The use of multiple modes of data collection (for example, face-to-face
interview followed by telephone interview) can improve coverage and response as this would give
respondents the option to be reached and provide information in the form which best suits them.

B.5. Demand for improving efficiency: The process burden is the effort, including in terms of
time and cost, required for statistical agencies to design census operations and carry out field
operations, especially activities related to mapping, enumeration and data processing. Designing
census operations using traditional approaches which are mostly dependent on manual work creates
many challenges, including for controlling the quality of the work done by the census staff. The use of
modern technology for these operations will improve the effectiveness and efficiency of census
processes.



B.6.  Demand for cost reduction and cost-effectiveness: Population and housing census is a
costly operation and census planners are always looking for ways to carry out a census as
inexpensively as possible without compromising other strategic objectives. A substantial portion of
costs associated with taking a census is due to field operations and the direct interview method which
is more costly. Costs can be minimized in several ways including by replacing direct collection of
data with use of administrative data, contracting out appropriate parts of the operation and through
cost recovery and income generation. However, one key way to reduce cost is the adoption of
technologies that lead to more efficient data collection, data capture and data-processing approaches.
The use of electronic means to conduct the census could reduce the costs. For example, the use of
Internet-based collection would result in employing fewer enumerators, and automating processes
could lead to savings from manually intensive collection and data entry operation.

B.7. Demand for minimizing respondent burden: The reasons for declining participation in
survey and censuses include the concerns citizens have about information security and the
confidentiality of information given to the government as well as the burden of lengthy and complex
questionnaires and discouragement place on respondents feel. This impacts the response rate and
undermines the quality of the data. It is in the interest of both data producers and respondents to
minimize the burden associated with providing information through data collection activities. The
adoption of technology for data collection can contribute to minimizing respondent burden.

B.8.  Availability of cheaper and better technology: A wide range of data collection methods and
sources have become available as a result of recent advances in information and communication
technology. Hardware and software as well as mobile data networks are becoming cheaper and better,
allowing newer and faster data collection approaches that either substitute or complement the
traditional pen-and-paper interviews (PAPI). For example, personal interviews carried out by an
interviewer using tablets for recording answers and direct data entry provides improvements to
traditional methods.

B.9.  Stakeholder and user expectations: Data producers strive to serve the needs of their users
and to retain the support and trust of stakeholders (comprising those that advise, oversee, and provide
data to the NSO) and the public at large. Engagement with stakeholders and users is crucial to
understand their requirements and to determine the range of data products and services. Increasingly
stakeholders expect the census to use technology innovation and data users demand advanced tools
for data delivery and data analysis (e.g. mapping tools based on a GIS database). To meet this demand
NSOs will need to assess and strengthen their internal operational capabilities and business processes.
In this context, the adoption of advanced technologies can provide operational capabilities to NSOs so
that they can be responsive to new demands and changing conditions and continue to deliver quality
data products.

B.10. National and global commitments to modernise statistical systems: National legal and
political factors (e.g. digital government or e-Government initiatives) as well as global commitments
made by countries are important driving forces for the modernisation of statistical systems. Several
international initiatives—for example, the 2030 Agenda with the Sustainable Development Goals
(SDGs) at its centre and the National Strategies for the Development of Statistics (NSDS)—make
statistical capacity-building and modernization endeavours a key priority for the production of data
for evidence-based policy- and decision-making.

2. Overview of data collection methods

B.11. The United Nations Principles and Recommendations for Population and Housing Censuses,
Revision 3 describes two major methods for enumerating populations and housing units in a
traditional census. In the face-to-face (or enumerator) method, information for each individual (in a
population census) and for each set of living quarters and the occupants thereof (in a housing census)
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is collected and entered in the questionnaire by a census official designated to perform this operation
in a specified area. In the self-enumeration method, the major responsibility for entering the
information is given to a person in the unit being enumerated (usually the reference person of the
household), although the questionnaire may be distributed, collected and checked by a census official.

B.12. Until recent years, the face-to-face and/or self-enumeration methods were applied with paper
questionnaire across most countries. However, as a result of advances in technology, new ways of
enumerating populations have been introduced. The traditional method of enumerating the population
with face-to-face interviews can now be applied with the use of handheld electronic devices or the
telephone to automatically capture data during the interview. On the other hand, the self-enumeration
method can now also be applied using the Internet. These approaches can either substitute or
complement the traditional face-to-face, pen-and-paper interviews (PAPI) as well as be used in a
variety of combinations (multi-mode method).

B.13. The mode of data collection includes the way in which respondents are contacted and how
their responses are obtained. The modes of data collection used by national statistical offices vary
across countries. One mode of data collection or a combination of two or more methods may be used
in a census operation. Each mode of data collection has inherent advantages and disadvantages, and
there is no one best data collection mode for all situations. The mode of data collection has
implications in terms of logistical requirements for the survey operations, number and qualifications
of the enumerators, training needs, and, consequently, the cost of the data collection operation.
Therefore, a decision on the mode of data collection should be made by countries early in the
planning stage of the census, based on the strategic objectives the census (e.g. improving coverage),
previous experience in data collection, available resources, characteristics of the population such as
literacy rates and coverage of phone and internet services, and availability of frames (e.g. address
frame for mailed questionnaires). When selecting mode(s) for data collection, NSOs should
specifically consider to number of factors, both statistical (coverage, response rates and measurement
errors) and non-statistical (timeliness, cost, population of interest).

B.14. This section provides an overview of commonly used data collection modes and describes
their key characteristics along with some of the strengths and limitations of each mode.

2.1 Interviewer-administered data collection

2.1.1  Paper questionnaire with face-to-face interview (P API)

B.15. Face-to-face paper-and-pencil personal interviewing (PAPI) is a mode of data collection in
which an enumerator typically visits a respondent at their home and collects data through an interview
using a paper questionnaire. Face-to-face interviews are the most common method of census data
collection, particularly in developing countries and in population groups with significant illiteracy
rates. Given adequate time and numbers of contact attempts, in-person interviews typically have the
highest response rates. Data obtained in face-to-face interviews are also more complete and accurate
because of the potential for interaction between the enumerator and the respondent, and the
opportunity to clarify some of the questions and probe for more adequate answers. However, face-to-
face interviews require highly trained enumerators and are likely to be more costly than other data
collection modes, mostly due to traveling to respondents’ residences.

B.16. The primary disadvantage of in-person interviews is the high cost associated with sending an
interviewer to households to collect the data. Also, the data collection phase of the survey may take
longer (or require a larger interviewing force) compared to other modes of collection. In-person
interviewers may also face barriers in completing their assignments because some addresses may be
less accessible to interviewers, e.g., high rise buildings and gated communities, or be in high crime
areas with greater risk to interviewer safety. Because in-person interviewers typically operate alone
with much less supervision and control, there may be greater interviewer variance in in-person



interviews and there are also greater opportunities for interviewer falsification of some questionnaire
items or entire interviews. As a result, some re-interviews or independent verification of interviewers’
work to detect and minimize falsification may be needed.

2.1.2  Computer-assisted personal interviewing (CAPI)

B.17. In computer-assisted personal interviewing (CAPI), the enumerator obtains information from
one or more household members through an interview using an electronic questionnaire (CAPI
software application) loaded on a tablet or other handheld electronic device (e.g. PDAs and laptops).
The enumerator asks the respondent questions in a face-to-face interview and the responses are
recorded by the enumerator directly into the electronic device. Following the interview, the data are
sent to a central computing network electronically via internet or other means of data transfer. CAPI
offers several advantages over the traditional paper-and-pencil method. These benefits translate into
cost savings in data processing, improved quality of data, and shorter timelines for completion of data
processing. Additionally, CAPI can capture a range of operational information that can be used to
monitor operations and analyse responses. For example, use of CAPI allows for a detailed analysis of
the time duration for completing the questionnaire. CAPI also enables more efficient management of
interviewers, including updating enumerators’ assignments and checking of the completed
questionnaires by the supervisors.

B.18. However, there are also costs and risks associated with using CAPI instead of a paper
questionnaire. When considering the CAPI method, the cost of providing all interviewers with the
electronic device used to administer the questionnaire must be incorporated into the project budget.
Each interviewer must have her or his own tablet computer for data collection, which can represent a
substantial initial investment. Less expensive tablets and notebooks are becoming widely available,
however, meaning that computer costs may be offset by savings derived from eliminating the printing,
editing and transport of the questionnaires and the transfer of data from paper forms to an electronic
database. These devices can also be reused on future surveys. Additional costs when using CAPI may
refer to the human resources and time related to programming, additional training on CAPI for
interviewers, field supervisors and headquarters staff; cost of access to server hardware, software and
server maintenance; and technical support. Furthermore, more preparation time is needed before
starting data collection in the field. The additional time to be allocated to field preparation activities
should not be underestimated. It also should be emphasized that when not enough time is allocated to
the development and testing of the CAPI questionnaire data quality may be severely compromised.

2.1.3  Computer-assisted telephone interviewing (CATI)

B.19. Computer-assisted telephone interviewing (CATI) is a mode of data collection in which the
interviewer records the respondent’s answers to questions asked over the telephone (either a fixed-line
telephone or mobile phone). The responses are recorded directly into a computer. Compared to paper-
and pencil methods, CATI system offers a number of advantages. Telephone interviewing can provide
lower costs and shorter data collection times compared to in-person interviews. CATI based data
collection are often conducted in large, centralized facilities that include careful supervision and
monitoring of interviewers (although with advances in technology, CATI systems could be employed
in a decentralized manner enabling interviewers to plug into the CATI system and conduct interview
with respondents remotely). In CATI calling centres, interviewer variance is likely to be less than for
in-person interviews. Social desirability concerns may also be less than is the case for in-person
surveys. Just like CAPI systems, CATI capabilities include branching, skips, and real-time validation
of data based on in-built logic checks and other advanced features that enhance data quality.

B.20. There are also disadvantages to telephone interviewing. Even when telephone coverage is
high, some groups, such as those with low incomes, are more likely to be excluded from the frame.
Cell phones may not be covered by existing frames, and there are some legal restrictions on calling
these phones. The number of households with only mobile phones is growing and may present further
coverage problems for telephone surveys. Increasing use of technologies including answering
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machines, voice-mail, and caller ID is making it harder to reach households. Conducting an interview
over the telephone also imposes more constraints on the length of the questionnaire and complexity of
the questions compared to some other modes. Some response effects, such as response order, are more
likely to occur in telephone surveys than self-administered surveys. For example, respondents are
more likely to select the last response option (recency effect) in a telephone survey than a mail survey.

2.2 Self-administered data collection

2.1.4  Paper questionnaire with self-enumeration (PAST)

B.21. Inthe paper questionnaire with self-enumeration (PASI) approach, paper questionnaires are
handed or mailed to respondents and completed without interviewer involvement. Filled
questionnaires are retuned by mail or handed to enumerators. Self-administered questionnaires are
more often used in developed countries, as a high level of literacy is a requirement for this mode of
data collection to succeed. This method is most appropriate when there is a good address list for a
frame, especially if the questionnaires are mailed. It also requires a longer data collection phase than
other modes. PASI by mail have relatively low cost, and self-administration of the questionnaire
improves response to sensitive questions, minimizing social desirability and interviewer biases.

B.22. There are a number of disadvantages of PASI by mail. Mail based collections could suffer
from low response rates, therefore, they are often used in mixed mode collection deign with follow-
ups done via telephone or in-person. It is important that mail questionnaires have clear instructions,
easy to follow layouts, and clear question wording because there is no interviewer present to provide
clarification. The items on PASI questionnaires are more likely to be incomplete than those on
questionnaires that employ other modes (higher item nonresponse).

2.1.5 Computer-assisted self-interviewing (CASI)

B.23. Computer-Assisted Self Interviewing (CASI) is a data collection technology where
respondents access the electronic questionnaire by means of an internet browser application. The
questionnaire is self-administered by respondents who read the questions on the computer screen and
enter the responses without interviewer involvement.

B.24. CASI has several benefits over CATI and CAPI. CASI provides respondents with more
privacy and anonymity and allow respondents to report sensitive information, such as household
income, with more comfort. Self-administration eliminates interviewers’ ability to influence responses
or register them according to personal biases. This removes the effect of interviewer bias that is often
associated with CATI and CAPI surveys. Some studies also suggest that data collected using CASI is
of higher quality than CATI or CAPI methods due to the flexibility of completion at convenient times
and elimination of time pressure giving the respondents more time to think through the questions
before answering. Like other modes that use computer administration, data processing time and cost
may be reduced compared to paper and pencil surveys because data can be uploaded or captured
directly into databases without additional keying. Data quality may also be higher because the
instrument can contain built-in edits and prompts.

B.25. There are a number of disadvantages to Internet surveys. Respondents need to be “computer
literate” and have access to the Internet. Self-administered questionnaires can successfully be used
only with populations with high literacy. Low household coverage rates for Internet access and
differences between households with access and those without access means that the Internet could
not be used as the sole mode for census data collection.

2.3 Multi-mode data collection approaches



B.26. A multi-mode approach to data collection entails the use of two or more data collection
modes. The two main reasons to consider using more than one mode of collection simultaneously are
cost and response rates. The typical multi-mode approach is to use a less costly method for initial
contact and a more-costly mode for follow-up with non-respondents, such as using a PAPI, CAPI or
PASI method with telephone nonresponse follow-up (this is known as sequential design). Using
multiple modes often yields a higher response rate by offering alternative means to respond, so
respondents may choose the mode that is most convenient for them; for example, some households
may prefer to respond via the Internet rather than complete a paper questionnaire. Mixed-mode
designs can be either sequential or concurrent (where different collection modes are offered
simultaneously). Which option is best depends on the situation. In general, the sequential design
might be preferable, where one mode is offered, and another used only if needed.

B.27. Data collection modes vary with respect to factors such as the cost and speed of fieldwork,
and their impact on data quality. Mixing modes could minimise both the costs and errors associated
with using any given single-mode approach. Mixed-mode designs are, therefore, becoming
increasingly popular as a means to tackling the problem of coverage, nonresponse and measurement
errors, as well as a way of reducing costs. For example, an additional mode can help provide access to
a group of respondents that would otherwise be hard or impossible to contact using the principal
collection mode. NSOs planning mixed mode collections should carefully design their questionnaires
to minimize potential mode effects—the bias caused by the mode of the data collection. Section 6 in
Chapter F discusses in detail the considerations that have to be made when using of mixed-mode data
collection.
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Chapter C - Decision-making in the adoption of electronic data
collection

1. Introduction

C.1.  Apopulation and housing census is perhaps the single most complicated and expensive exercise
that a statistical agency can undertake, consisting of a series of extensive operations in terms of the
numbers of people involved and records processed. Numerous processes have to be carried out in a
prescribed and very limited time period, involving the employment of large numbers of persons
covering a wide range of activities such as mapping, enumeration and data processing. Due to high
dependency on manual intervention, census data is exposed to different types of human error. In order
to decrease such errors, the census operation usually includes additional procedures for monitoring and
controlling errors to produce good quality data. More importantly, a dependency on manual input
creates pressure on the provision of timely dissemination of census data.

C.2. It is therefore always going to be a matter of some interest to census managers in seeking to
benefit from the use of modern technology to basically replace manual labour for a variety of reasons,
but especially for improving the quality and timeliness of the resulting statistical outputs. Recent
developments in technology and subsequent access to electronic devices and the Internet more generally
has created much interest in the use of these technologies for electronically collecting and capturing
census data and monitoring such processes. While on the one hand, the use of technology has largely
eased the way in which the business of a population and housing census is undertaken, on the other
hand it has also introduced new challenges and risks.

C.3.  As in the adoption of any other new technology, the understanding of the value of electronic
data collection technologies is a critical step in making an informed decision on whether or not to use
these technologies in censuses. As the introduction of these technologies can be an expensive and risky
exercise, it is important for any country to ensure that there is sufficient value in its introduction in a
census by taking into account the particular national conditions prevailing.

2. The decision-making process

C.4. Decision making on whether to use a particular technology or not should be organised as a
process with the objectives of understanding the value of introducing such a new approach, evaluating
its cost-effectives and making the choice on the basis of the information gathered during this process.
A step-by-step decision-making process will help to make more deliberate and thoughtful decisions on
the feasibility of introducing any new approach and potential risks of doing so. The following steps are
suggested for this process:

(1) Developing strategic objectives

(i1) Identifying key factors affecting decision

(iii) Gathering information required for decision making

(iv) Analysis of information

(v) Decision making

(vi) Documenting decisions and evaluation

2.1 Developing strategic objectives

C.5.  Establishing a set of strategic objectives can be used to set success criteria and a rationale for
adoption of new technology in censuses. The starting point for developing such objectives should be
a combination of: an evaluation of information derived from previous census experience (both national
and international); an understanding changes in a society and technology; and from assessing the cost-
benefits of the use of the technology in censuses. Strategic objectives would also help to inform
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stakeholders and the Government about the success criteria for the use of electronic data collection
methods to be used in any consultations about the benefits of adoption of these technologies in censuses.

C.6.  The specific strategic objectives will differ from one country to another depending on their
local circumstances. However, among the most important, common to most countries, would be:

(1) Improving census coverage and data quality

(i1) Reducing costs

(iii) Disseminating census results more timely

(iv) Modernisation of business processes of other statistical operations

(v) Meeting public expectations

2.2 Identifying key factors affecting decision

C.7.  In making the decision a number of key factors will need to be considered in order to determine
whether a particular technological solution is viable and cost-effective. There are many factors that may
affect the successful adoption of any new technology in a census. Given the fact that a very large number
of people are involved in data collection, either as enumerators or face-to-face interviewers, or, of
course, as respondents, the institutional and operational factors, as well as environmental and social,
cultural conditions, will have an impact on the successful use of these technologies in the field, and
should be considered during decision making process.

Key factors can be categorised into the following five groups:

(i) Institutional factors refer the capacity and capability of the statistical agency to adopt the new
technology and to apply it more strategically. These should be examined to determine if there are
any barriers to the agency meeting the internal requirements for adoption of technology such as
handheld devices and/or Internet in a timely manner. Therefore, these factors should encompass a
range of aspects including the technical and technological capacity of staff, the scope of statistical
legislation to allow the use new technology, the commitment of the government and potential
stakeholders, and the extent to which the census methodology will be impacted by the
introduction of new technology. For example, adoption of CASI would be much easier in case of
having an experience on self-enumeration method. It should be kept in mind that the investment
required for the adoption of electronic data collection will differ depending on the agency’s
existing capacity including its experience in using these technologies in other statistical areas. It is
important therefore to carefully evaluate this capacity to fully assesses the resource and other
requirements for establishing a new system. Moreover, the past experiences of other agencies in
transferring to a new technology would provide a good base for understand the institutional
capability for change management. Furthermore, it is likely that there will be insufficient
knowledge and culture with the agency to provide a fully in-house solution to the challenge of
electronic data collection, in which case outsourcing parts (or the whole) of the operation will be
an option. Good knowledge of contract management for appointing and working with suppliers
will be necessary.

(ii) Technological factors are those that have a direct effect on establishing the infrastructure needed
for the use new technology more widely, particularly for data transfer and the use of Internet.
General availability and use of Information and Communication Technology (ICT) in a country is
one of key considerations for evaluating the feasibility of this technology. Therefore, the
technological infrastructure within a country should be assessed carefully based on relevant
indicators such as the proportion of population who can access the Internet and have exclusive use
of ICT devices. Moreover, a widely available and reliable supply of electricity and broadband
coverage in a country are also important environmental factors for ensuring the effective use of
devices in the field. These indicators should be disaggregated by geographical area and by sex and
age category where possible, to assess if these technologies are universally available or applicable
only in some parts of the country such as metropolitan areas and cities.
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(iii) Economic factors refer to those that have to be considered for securing the financial resources for
establishing a system for the use of the new technology - be it handheld devices and/or Internet.
Close cooperation with government and stakeholders is essential for ensuring resource
mobilisation, therefore there is a need to carefully study the benefits of adoption of technology
against its associated costs. If there is a pressure for purely reducing census costs, the relatively
high initial cost of purchasing the hardware and establishing a technological infrastructure might
be a major concern of funding providers. However, for the purposes of a cost-benefit analysis, a
comparison with the costs of the current census methodology should not be undertaken without a
similar comparison of the benefits of the new technology in terms of its long-term advantages in
modernisation of statistical system and meeting users’ needs and expectations.

(iv) Operational factors refer to the parameters that specify the necessary conditions for adoption of
electronic data collection technologies in terms of time required and the workforce needed.
Adoption of new technology in conducting a census usually requires additional time for planning
and redesigning of new systems and testing appropriately. Operational factors are critically
important for making a decision since any deficiencies in the required conditions will create a risk
which may not be resolved until after making the decision. Analysis of the operational factors
should be carried out taking into consideration any diversity within a country in the ability to
apply the technology to every part of the country. This assessment would also help to understand
if there is a necessity to adopt a multi-mode data collection approach.

(v) Social, cultural and environmental factors refer to those that are related both to public's general
exposure to, and acceptance of, new technology, and the perception of the impact of its specific
application to the census itself. These would influence the levels of acceptance and capability of
a society to use such technology within their own environment. The education level of
population, its experience in the use of ICT devices, the availability of electricity, level of public
trust and confidence, and response rates to other official surveys would be among the most
important factors. For example, the education characteristics of population (particularly its
literacy rate) will have a significant impact on the level of use of Internet for self-response and on
the recruitment of enumerators and supervisors with the basic skills required for the use of
electronic devices. More generally, self-enumeration as a method of data collection (whether or
not by electronic means) creates a potential risk of increasing levels of non-response. Also, a lack
of public trust in government generally may have negative impact on the use of technology due to
confidentiality concerns. The perception of increasing levels of cybercrime raises the level
discomfort amongst respondents as technology is often seen as easy target for personal
information theft. Ideally, having a well-established e-government' system in a country for
providing services would have positive impact on public acceptance, particularly for the use of
Internet.

C.8.  Figure 1 presents general framework for determining key factors affecting decision making on
the use of new technology. It should be noted that there may be other factors that are equally relevant
in the national context that might also need to be taken into consideration.

! E-government can be broadly defined as the use of information and communication technologies (ICTs) and the Internet to
enhance the access to, and delivery, of many facets of government services and operations for the benefit of citizens,
businesses, employees, and other stakeholders
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Figure 1. Key factors affecting decision on the use of new technology

Institutional factors

. Experience in (and/or
knowledge of) change
management and contract
management

. High level and senior
managerial support

. Level of application to meet
wider strategic aims

. Government commitment and
support

. Technical skills and capacity for
good understanding of benefits
and requirements

. Previous experience in
electronic data collection
technologies in, for example,
conducting small scale statistical
operations

. Data collection method (face-
to-face or self-interview) used in
previous census

. Stakeholder support

. Appropriate legislative

Technological factors

. ICT infrastructure

. Internet accessibility
(both nationally and at
the individual household
level)

. Use of social media

. Cellular/mobile phone
coverage

technology

Operational factors

. Time required for

- redesigning

- capacity building

- establishing IT
infrastructure

- procurement
. Hardware requirements
. Human resource needed
. Stakeholders’
requirements
. Assessment of

- costs

- benefits

- risks
. Plans for reuse
. Evaluation

Decision on use of

. Public trust

. Level of education

. Transportation availability
. Availability of electricity

geographic, etc.
. Survey response

Social, cultural, environmental factors

. Availability of broadband connectivity
. Diversity - such as socio-economic,

operation

Economic factors
. Pressure for cost reduction of census
. Resource mobilisation

. Support from Government and other
stakeholders for resource allocation
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2.3 Information required for decision making

C.9.  As noted above, there are many factors that should be considered in making a sound decision
on whether new technology should be adopted in conducting the census. Information can be generated
in different formats such as quantitative data, qualitative data, assumptions, good country practices and
international experience (and even anecdotal experience and the occasional hunch). All sources of
information are important. However, as the basis for a sound judgment on existing capacity and possible
risks, more emphasis should be given to clearly documented quantitative and qualitative information.
On the other hand, other types of information are also necessary especially for understanding the
feasibility of electronic data collection technologies and risks of using these technologies.

(i) Quantitative and qualitative information

C.10. Qualitative and quantitative information can be generated for some factors described before.
This guideline provides some examples of the type of data that can be used for assessing whether or not
national circumstances are conducive to the option of using electronic data collection technologies.

C.11. The following data/indicators are given as examples of quantitative information:
Population size and density

Literacy rate

Proportion of population with highest level of education

Proportion of persons living alone

Proportion of population having basic computer skills

Proportion of population using social media

Percentage of population living in urban/rural areas

Percentage of population living in multi-occupied dwellings
Number and proportion of population who can access to the Internet
Number and percentage of households with Internet connection
Proportion of households with electricity

Cellular/mobile phone coverage

Pattern of non-response rates for previous censuses and surveys

C.12. Such indicators should be disaggregated by geographical area to illustrate local variations, and
also (where it is appropriate) by sex, age and special population groups (such as ethnic communities).
The main objective of collecting this information is to assess whether or not the adoption of the new
data collection technology would not be viable in any particular parts of the country or population.

C.13.  Qualitative information can be collected through cognitive research, user and other stakeholder
consultations, individual interviews, observation, market and academic research, and other expert
opinion. Information on the following questions might be considered as examples of qualitative
information:
e What is the public’s reaction to adoption of Internet as the medium for self-response?
e How ready is the statistical agency to adopt new technology for enumeration?
e How will Government and main stakeholders (particularly data users) react to the use of new
technology?
e Does existing legislation allows for a change in the method of enumeration, and, if not, is a
requisite change practicable?
What are main expected challenges? What would be strategies to achieve these challenges?
e  What are the risks in procuring hardware and outsourced services?

(ii) Information needed for operational aspects
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C.14. In the same way that the census agency needs to decide on the number of Enumeration Areas
in order to determine staffing requirements, so must it consider the type of technology that will be
required in any electronic data collection to meet the needs of enumerators, supervisors, regional and
HQ staff as well as respondents throughout the enumeration process. Particularly with the adoption of
handheld devices, the key questions to be answered are what are the number and type of devices needed,
while on the other hand, the key question for adoption of the Internet is to answer what will be the size
of the infrastructure needed for adoption of the Internet such as servers, storage devices and
communication vehicles.

C.15. It should be noted that components of estimating total cost for adoption of handheld devices
and Internet differ significantly especially for building necessary IT infrastructure. However, there are
also some common areas with regard to organisation of the field work considering that adoption of the
Internet requires multi-mode data collection approach in an integrated way with other methods such as
PAPI and/or CATI and/or CAPL

C.16. In general, the agency needs to consider several factors including:
o the extent of the geographic area to be covered (square kilometres or miles and constraints to
accessibility -terrain/elevation, security, weather, etc.)
number of days/weeks estimated to complete the enumeration
total population (in terms of person and households) to be counted
number of Enumeration Areas (EAs)
size of field force (enumerators and all supervisory staff) depending on method of data
collection including multi-mode approach
Availability and the quality of address frame or address registers
technology constraints (online/offline, bandwidth, power access)
e outsourcing

C.17. By understanding the size and scope of the work needed, as well as the characteristics of the
geography and households, the census agency can begin to determine the number and type of handheld
devices that will be required in case of adoption of CAPI and specifications of the infrastructure
necessary for the CASI.

C.18. For example, in a country of, say, I m square kilometers, with a population of 100 million, the
agency might estimate that it would need 150,000 enumerators based on a total number of 30 days to
complete the fieldwork with an estimated 15,000 supervisory staff needed to manage the operation at
the local area level, giving a total field force of 165,000. However, this does not necessarily help to
determine the type of device(s) needed. Would a smart phone be appropriate, or would a tablet be more
suitable, for field personnel?

C.19. On the other hand, for adoption on CASI, the agency should consider the important factors for
determining the cost of IT infrastructure such as: (i) the average number of pages/questions, (ii) average
time spent for self-interview, (iii) number of simultaneous users and (iv) total number of persons
expected to use the Internet.

C.20. In addition, census agencies need to factor in other considerations such as:

e The physical environment: Are ruggedized devices needed (that is, does any account need to
be taken of temperature extremes, heavy rainfall or screen brightness for example?

e Variations in geography: What are the percentages in urban and rural. The degree of
remoteness and inaccessibility is important as this may impact on battery charging and
storage needs, travel time and transportation costs.

o Issues of device distribution: What types of devices will be used for field operation such as
for enumeration and supervisions and in case of failures what will be replacement plans.
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e Outsourcing opportunity: What tasks or activities can be outsourced to increase efficiency of
the use of new technology? What extent total cost can be reduced through a competitive
selection process?
Issues of connectivity: the capacity to upload data/download work assignments.
Data storage: the capacity to handle online and offline work requirements.
Connectivity: the degree of broadband coverage and speed of response
Workforce and respondent characteristics: How familiar are field staff with the technology?
This will largely depend on the extent of training/support provided. What is the level of
educational attainment (particularly the level of literacy) of the population being enumerated?
e Respondent attitudes: To what extent should the publicity specifically address issues of
concern such as safety/security/privacy of data submitted electronically?
Survey characteristics: How long is the question and how complex are the questions?
Non-response follow-up: What is the anticipated level of non-response and how many re-
visits will be required.

C.21. By better understanding these factors the specification of IT infrastructure -for CAPI, number
and type of devices and specification- may become clearer. But there are other issues that should also
be understood in order to get a clear estimate of total cost involved of adopting to the new technology.
These include:

e Support needs: What investment is needed to provide a technical support call center to assist
enumerators (and respondents) during data collection? What skill and training does that staff
need? What technology is required for the support center? Is there a requirement for staff
with different specializations to be more effective in assisting different callers (for example,
in responding to queries about the questionnaire on the one hand and about specifications of
the hardware or connectivity issues on the other)?

e Security needs: What type of security will need to be implemented both in downloading and
uploading the data, in ensuring confidentiality of data on the device, in transferring data and
in protecting the hardware itself?

e Training needs: What additional investment needs to be made to train not only the field staff
(the regional managers, supervisors and enumerators) but also the staff of the agency in the
use of new technology.

C.22.  Such costs — referred to here as the ‘total cost of ownership’ - are discussed in more detail in
the following section.

(iii) Estimate of Total Cost of Ownership (TCO)

C.23. The concept of the ‘total cost of ownership’ (TCO) refers to the estimate of the direct and
indirect costs of developing and applying a particular product or system. There are three key
components to calculate TCO: software/hardware costs, operational costs and personnel costs.

C.24. To make a true total cost of ownership (TCO) comparison, agencies should assess the full costs
in both the existing or previous census workflow and the proposed new workflow. It should be noted
that some fixed costs will be offset by reductions in some of the variable costs.

Fixed costs cover:
» Tablets/Handheld/Mobile devices
* Servers
*  Global Positioning System (GPS)
* Capacity development (training, hiring temporary staff, etc.)
*  Building technological infrastructure
*  Maintenance

While variable costs cover:
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* Double data entry (relevant when a PAPI methodology is adopted — see
Chapter B)
*  Paper questionnaire costs:

¢ Data transfer

C.25. An example of a template for calculating total cost of ownership for possible alternatives
methods for data collection methods and data collection method(s) used in previous census is shown

below:

Paper storage (PAPI)
Printing costs (PAPI)

Items

Method of Data
Collection 2010

Method of Data Collection 2020

PAPI PASI

PAPI

PASI

CAPI

CASI

CATI

Number of EAs

Number of questions

Number of households

Fixed costs:

Hardware

Software

Technical support/services

Other Electronic
equipment

Maintenance Fees

Variable costs:

Recruitment of temporary
staff

Training/workshops, etc.

Enumerator salaries

Supervisor salaries

Data entry (PAPI/PASI
only)

Data cleaning

Printing paper
questionnaire (PAPI/PASI
only)

Data transfer fees
(CAPI/CASI only - cost of
data plan from carrier)

Logistics costs

Other (describe)

Total cost per household:
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C.26. The total costs of the multi-mode data collection method can be simply assessed by adding the
cost estimate of each possible method. To reliable estimate of the total costs of ownership, there should
be a clear understanding of what types of data collection methods are feasible and what is the estimated
number of households that are expected to be enumerated through a specific method of data collection.

(iv) Benefits

C.27. One of the main benefits of CAPI/CASI over PAPI/PASI is an improvement in data quality. It
has been found that the percentage of interviews containing erroneous data for CAPI interviews is lower
than PAPI (Zhang et al, 2012; King et al, 2013, Caeyers et al, 2010), and that this might be also similar
for CASI. Improvements in coverage and timeliness of delivery of census outputs can also be achieved,
together with reductions in manpower requirements and respondent burden with its concomitant cost
savings. In utilizing CAPI/CASI, agencies can also expect some other positive impacts such as
reduction in interview duration which, in turn, will results in further savings in field costs.

C.28. The CAPI mode also offers benefits for field staff, including:
e less weight to carry around
reduced concern on correctly following skip patterns
e more effective organization, including real time analysis of data to inform any necessary
change in workload allocation or follow-up visits
o less risk of damage to completed questionnaires in bad weather conditions

C.29. A key benefit in adopting an Internet-based solution for self-enumeration is that respondents
generally prefer the flexibility offered in filling out the questionnaire both in terms of when, and the
time taken, to do so, and the greater level of privacy provided in submitting personal and sometimes
sensitive ¢ information. A more detailed discussion of the benefits of Internet-based data collection is
set out in Chapter F.

(v) Risks and challenges

C.30. Whenever considering a change of field methodology, and particularly when adopting new
technologies, the risks and challenges must also be taken into consideration. A full assessment of the
impact (both positive and negative) on existing systems and workflows must be undertaken. The
activities particularly prone to risk often include procurement, IT, recruitment, operations, and training
and support, as well as the technical, managerial and statistical processes.
The most common risks and challenges might be:

e Building a capacity for planning, designing and implementation of field operation

e In case of using multi-mode data collection (a combination of use of handheld devices and/or
Internet-self response, with or without paper questionnaire) the linkage of data collected from
different modes, and creating a reliable link with household addresses in order to prevent
double counting and follow up non-response
Resource mobilisation
Loss of/damage to handheld devices and/or loss of the data itself
The training of staff skilled enough to use handheld devices for data collection
Reliance on power supply and sufficient network/broadband coverage
Public trust in data security and confidentiality

(vi) Timetable

C.31. The necessary revisions (usually extensions) to the timetable required for planning and
decision-making also need to be well understood in order to allow sufficient time for procurement,
system development and integration, the training of all necessary staff at the various operational and
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geographic levels, conducting various types of tests throughout development of census operations
including pilot census, and evaluation.

(vii)  Reuse of technology

C.32. Consideration also needs to be given to the potential for the reuse, for other applications, of
hardware devices and associated software once the census fieldwork has been completed. Such re-use
becomes practicable if there is potential for statistical agency to adopt corporate strategic solutions for
a variety of data collection operations, and particularly if a directory of standardised questions with
common definitions and concept can be adopted across a range of national surveys. This helps to
increase the cost-benefit of the initial purchase of (usually) large quantities of hardware for initial use
in the census.

C.33. However, re-use need not be restricted solely to within the statistical agency itself.
Consideration should also be given to the use of the hardware by other organisations in the public sector,
such as schools. This provides the opportunity of such organisations to acquire much needed equipment
at lower costs. For such external reuse, however, a number of issues need to be addressed, in particular:
e understanding which devices can be effectively re-used or refurbished and which need to be
recycled or disposed
e monitoring the location of all assets using bar-code technology or similar structure logging of
the devices
o the removal all stored data and software, including operating systems and applications, in
accordance with all relevant commercial agreements and statutory requirements

(viii) Best practices of other international statistical agencies

C.34. Many countries have made the progression from a paper questionnaire methodology to an
electronic data capture technology. Best practices and valuable lessons can therefore be learned from
those statistical agencies that have already gained much experience from such a move, particularly
where countries have similar demographic, geographic and cultural characteristics.

Census agencies may have already established either formal or informal links with those in
neighbouring or regional countries, and these can be utilised as a forum for discussion of best
practices and an exchange of ideas and experiences on technological solutions — not only for data
collection but other census operations as well. Meetings of the UN’s regional member states can
provide similar opportunities for benefiting from the experience of electronic data collection gained
by the member states.

2.4 Decision making

C.35. The decision on what data collection methodology to adopt and how it will be implemented
will only be one of many to made in planning and carrying out the census. Similar processes will usually
be adopted for each of these so that there is a consistency of approach. Thus, the methods described in
this section may already be familiar in other applications but, it should be noted, are particularly relevant
where a change in census methodology is being considered.

(i) Analysis of information

C.36. The analysis of existing census/demographic and contextual data is a critical step in the
decision-making process, and several types of approach may need to be conducted. Two key
approaches are described here either (or both) of which can be used as the basis for making a decision
on new technology. The results would also provide valuable information for preparing a justification
for transferring to new technology, and especially for convincing the government and stakeholders
about the value of the new approach.
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a. SWOT (Strengths, Weaknesses, Opportunities and Threats) Analysis

C.37. SWOT analysis is commonly undertaken and is a widely recognised tool for gaining a better
understanding of the balance between the benefits, risks and challenges present in the introduction of a
new process, and one that is particularly relevant when faced with the rapid changes taking place today
in technology. The four elements of the analysis encompass the concepts of:
o Strengths: those characteristics of the new process or methodology that give it an
advantage over others
o Weaknesses: those characteristics which put the process or methodology at a
disadvantage compared to others
e Opportunities: those elements of the process or methodology that can be exploited to its
advantage or the advantage of others
o Threats: those elements that create risks, or present challenges, to the process or
methodology

C.38. Inapplying this analysis, agencies should identify the strengths and weaknesses of the adoption
of either handheld devices or an Internet-based approach on the basis on the information collected of
the type described in the previous section. Also, the potential opportunities and threats that could arise
from either internal or external factors should be identified in order to assess if the new technology is
viable and practicable, and what challenges and risks are incurred.

SWOT analysis might be the most appropriate method for evaluating the pros and cons of the
adoption of electronic data collection technologies compared to the current data collection mode. This
analysis should give a clear idea about comparative advantages and disadvantages of adoption of new
technology throughout whole census processes by considering its impact on cost and time required for
each phase of the census operation. This analysis should also take into consideration the benefits of
such technological investment in modernizing the national statistical system more generally and its
possible impact on other government programmes and services.

b. Cost-benefit analysis

C.39. Cost-benefit analysis is very useful method to compare the total costs of a project with its
benefits. This method is often used when different options are being appraised and compared, as a
means for choosing the best approach. The method assumes that a monetary value can be placed on all
the costs and benefits of a programme, including tangible and intangible returns to other people and
organisations (stakeholders) in addition to those immediately involved. As such, a major advantage of
cost-benefit analysis lies in forcing decision makers to explicitly and systematically consider the various
factors which will influence the strategic choice. Cost Benefit analysis take into consideration other
factors beyond just monetary such as societal benefit, risk, impact on participants as well as survey
result.

C.40. Cost-benefit analysis can be used as a tool for explaining the benefits of adopting an electronic
data collection technology by comparing its cost with the costs of current data collection mode but also
including an assessment of benefits and risks. If a multi-mode data collection methodology is an option,
the cost estimates, benefits and risks should be determined for each type of data collection method under
consideration.

C.41. Cost-benefit analysis can be undertaken based on the information collected or generated in the
way described in the previous section. While some of the benefits generated through the use of a
technology - or multi-mode option - can be readily quantified such as the reduction in questionnaire
printing costs, the improvement in data quality and timeliness, the value of other benefits (such as the
positive impact on the agencies reputation) can be more difficult to measure but are nonetheless
important and should also be assessed.

C.42. Countries can use a variety of items for calculation of costs. An example from the 2017
Ethiopian census case is shown in Box 1 below.
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Box 1. Cost-benefit analysis for conducting a digital census: The Ethiopian Case

(ii) The components of decision making

C.43. Based on the results of the analyses above, once all the facts have been assessed, the decision
can be made on the technological option(s) that provides the most appropriate and cost-effective
solution for the country.

C.44. Main components of the decision are:

(1) Data collection mode(s): Understanding the data collection mode (or modes if a multi-mode
approach is decided) is one of the first considerations. Where the data is to be collected via a
household interview, will PAPI, CAPI, CASI, CATI or some combination of these be adopted?
And, what devices will be most suitable for each mode (for more information about data
collection modes, see Chapter B).

(i1) Selection of hardware and software: Types of hardware (such as servers, handheld devices,
tables or smartphones) needed for census operations should be decided. Hardware will usually be
acquired from external suppliers through a procurement process, but agencies may wish to build
appropriate software and applications in house rather outsourcing. Commercial off-the shelf
(COTS) or open source software is, today, typically configurable to particular work flow
requirements and may be a more cost-effective that an in -house solution. Agencies may wish to
weigh the pros and cons of alternative solutions for data collection application. In doing so they
should consider the following questions before making their decision:

- Can COTS or open source software meet the needs?
- Can the COTS or open source solutions integrate with existing systems?

22



- Is the COTS or adoption of open source applications within budget?

- Does the staff have sufficient technical proficiency?

- What are time constraints? Remember building software takes time.

- Does custom-built software offer increased productivity compared with COTS or open

source software?

- Will the system be scalable?
Building customized software can unlock benefits, but agencies should only pursue this strategy if
they can spread the cost of a proprietary system over a large number of users, have the ability to
maintain the system and be able to provide appropriate security, stability and scalability needed
for the organization.

(iii) System development: Understanding and balancing an investment in refreshing or updating
existing systems compared to modernizing and replacing these with a new system will be a key to
success. Also, consideration should be given to the method of application development and the
capacity to take on technology work such as building customized applications from scratch to suit
census purposes that are not otherwise available. It is important to consider modern IT
architectures and platforms that offer configurable application environments which can often help
avoid costly customized application development (For more information, see section 4 on IT
systems and development in Chapter F).

(iv) Organisational structure: In this stage, there should be decision on how to manage census
project. Is there a need for restructuring organisation? What would be management structure of
census project? What new skills are needed? How can the existing capacity be developed (For
more information, see section 2 on Institutional Capacity Development in Chapter F).

2.5 Documenting decisions and evaluation

C.45. Decision-making is a fundamental part of adoption of any new technology in the census, as the
overall census design will be affected and other processes necessarily reconfigured and implemented as
a result of the decision made. Therefore, statistical agencies should clearly document the discussions
and procedures followed at each stage during the whole of the decision- making process from start to
finish. Each stage of this process should be described by linking all decisions with relevant documents.
For more information about documentation of census experience, see UN Principles and
Recommendations (UN, 2015, paragraphs 3.468-3.472)

C.46. Systematic recording of this process will be very useful document for designing and
implementation other census operations affected by the decisions, and crucial if there is a need for
revising the decisions during later stage of census planning if the conditions/requirements underlying
particular decisions change. As important (if not more so), such documentation provides a vital
component in the subsequent evaluation of overall census operation, and for recording the lessons
learned for the next census.

3. Management structure for decision making

C.47. Another important issue to settle during the decision-making process is to determine how
and by whom the decisions on new technology will be made. These should never be the sole
responsibility of a single person or single group of people. Instead such decisions should be reached
after discussion and consultations both with managers within the agency and with a variety of
external stakeholders including technical experts, subject specialists and end users (both in the
public and private sectors) who can offer diverse strengths and expertise. With this approach,
multiple individuals/teams will participate actively in assessing the current situation, in evaluating
the needs, and in determining the costs and benefits of the use of electronic data collection
technologies.
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C.48. The adoption of new technology in censuses requires strong project management expertise
and capacity for change management. Therefore, adequately competent, experienced, motivated
and knowledgeable staff should lead discussions on the benefits of such technology weighted
against its costs and risks.

C.49. Managing the decision-making process is a challenge in any census, but particularly so when it
involves technological decisions being made for the first time, and even more so if there is no experience
in other statistical operations. Managing this process with staff who themselves have never had
experience using handheld devices and Internet for data collection purpose will require a significant
amount of time to determine whether this option is viable. Thus, there is a strong need for the agency
to develop both the capacity to understand the needs for the adoption of new technology and the means
for establishing a good collaboration with external stakeholders.

C.50. The management structure will vary significantly from one country to another depending on
the existing organisational structure of the national statistical agency. A generic management and
administrative structure of a typical census operation is set out in some detail in the UN Handbook on
the Management of Population and Housing Censuses, Revision 2 (see paragraphs 2.92-2.176). This
highlights that it is important that the management structure for the decision-making process should be
based around a small group of experienced or knowledgeable senior staff. Preferably, there should be a
three-level structure consisting of a high-level decision-making body, an advisory board, and technical
working groups consisting of specialists in different areas. Their composition should include:

(1) The high-level management group would be responsible body for making the decision
whether or not to use handheld devices and/or Internet and/or paper questionnaire. This group
should consist of managers/specialists on IT, census methodology, field operation, mapping,
procurement/outsourcing, budget, logistics and representatives from related stakeholders.

(i) An advisory board on technology would be responsible for reviewing types of technology
available in respect of both hardware and software, good practices in the use of such
technology, and market research for possible technological options and costs.

(iii) Technical working groups would be formed for specific areas such as IT, census methodology
and field operation, census legislation, budget, procurement/outsourcing, logistics, etc. These
groups would be responsible for undertaking the more detailed research for possible
alternatives, evaluating the impacts of using handheld devices and/or Internet on census
procedures, testing, estimating costs, evaluating challenges/risks, making suggestions to high
level management group.

C.51.  Another issue that might be relevant to the management structure of the census is to decide if
there is a need to change organisational structure itself. It is sometimes the case that the adoption of a
radically different methodology offered by the application of new technology has a significant influence
on organisational structure because of change in job description and roles of staff involved. Therefore,
a need for reorganisation of the statistical agency — or at least the census office components of this -
and how to structure it should be discussed in good time for any necessary implementation.

C.52. It should also be highlighted that having a vision at the high level for the modernisation of the
statistical system in a country is likely to exert a positive influence on any decision to adopt the use of
electronic data collection technologies in its population and housing census. It is generally accepted
that use of new technology is a strategic enabler of all modernization activities, such as process
automation, method innovation, and information and data-management capabilities. In this context,
building a vision for paperless data collection would help to develop a sustainable programme for the
national statistical office including its census programme. This could then provide a good opportunity
for building infrastructure and capacity for the adoption of advanced technology in all relevant statistical
areas, bearing in mind that whatever method is used in the census operation requires a big budget.
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Chapter D - Data Collection with Handheld Electronic Devices>

1. Introduction

D.1.  Rapid advances in information and communication technologies are revolutionizing the way
data, and particularly census data, are collected in the field. Recent advances, particularly in handheld
computing devices and mobile connectivity, have resulted in new approaches for collecting data in
ways that are faster and collect data that is of higher quality than traditional paper-based methods,
offering a large potential for integrating these new methods to strengthen national statistical data
collection programmes. Handheld electronic devices, such as tablets, PCs, smartphones and Personal
Digital Assistants (PDAs), have demonstrated potential to improve data quality and reduce data
collection time. These technologies show promise for improving data quality and timeliness even in
environments with challenging institutional capacity and with limited infrastructure in terms of
electricity and mobile connectivity. They are rapidly becoming the standard in field-based data
collection.

D.2.  The transition from the traditional data collection method of using paper and pencil (PAPI) to
Computer-Assisted Personal Interviewing (CAPI)—which entails the use of electronic questionnaires
administered via handheld electronic devices in face-to-face interviews—is motivated by the
advantages derived from the use of these technologies in terms of efficiency, effectiveness and data
quality. Compared to the traditional paper-based process with subsequent transcription to a centralised
computer system, the use of handheld electronic devices offers immediate digitization of data at the
point of collection. This allows for faster and automated data aggregation.

D.3.  For statistical agencies planning large scale data collection operations such as the census,
CAPI has become an alternative with sizeable benefits to the traditional PAPI techniques in terms of
improving the quality, relevance and timeliness of the census. However, the introduction of CAPI will
have an impact on the entire census process, and its implementation will create various challenges in
census operations. The benefits associated with the successful introduction of CAPI-based data
collection in the census cannot be realized without a strong commitment from the statistics agency to
move tactically and strategically towards technological systems. As has been noted in Chapter C, the
decision to use CAPI instead of PAPI is an important one and should not be taken lightly. The
decision should begin in the initial census planning stages and be made in consultation with all
stakeholders and with a clear understanding of the technology and assessment of the operating
environment in terms of institutional capacity, infrastructure and terrain. Census agencies should
undertake an evaluation well in advance of the census to determine whether these technologies are
appropriate for their own situation. To the extent possible, the determination as to whether this
technology meets the needs of a census operation should be based on information generated by hands-
on experience and field tests.

D.4.  There are both advantages and challenges to using CAPI which should be weighed carefully.
It is important to consider the practicalities of using handheld electronic devices, such as cost,
institutional readiness, electricity supply, Internet availability and speed, and how much time is
available for the census enumeration. Preparations for a census using handheld electronic data capture
may require more time than for a paper-based census, especially if the technology is being used for
the first time.

2 Note: Presently we are using the term “handheld electronic devices” but the use of the term “mobile devices” is also under
consideration. A decision as to which term to use will be made after additional consultation.
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1.1. Advantages of using handheld electronic devices for data collection

D.5.  There are many benefits to using CAPI via handheld electronic data collection devices. First
and foremost is the improvement of data quality due to such factors as the ability to apply internal
validation checks and automated routing. When data are readily available for assessment by field
supervisors and the data processing team at headquarters immediately after collection, errors in
fieldwork can be corrected and changes in procedures, if needed, can be implemented quickly. The
most important benefit to using tablets or PCs for data collection is that the software guides the
interview and generally improving the interview experience for both interviewer and respondent
primarily because it is easier to administer the questionnaire and ensures better data quality.
Experience has shown that CAPI enhances the quality of data and delivers benefits in several ways
including through:

(i)  Validation checks in the questionnaire. Internal validation checks lead to more accurate data
capture as the real-time checks enable errors and inconsistencies to be resolved with the
respondent at the time of the interview. They also enforce basic business rules for data collection
by ensuring all compulsory fields are captured and violations of the questionnaire’s routing
scheme are rectified through error messages that allow the interviewer to investigate
inconsistencies.

(ii)  Automated routing. This leads to a more accurate and speedy progression through the
questionnaire and to the reduction of errors due to missed responses, the avoidance of irrelevant
questions or incorrect skip patterns, and reduces the time spent correcting data after the fieldwork.
With each enumerator being able to conduct more consistent interviews following the same
sequence of questions, a more consistent set of responses will result.

(iii) Automated coding. The provision of response options, where appropriate, in the form of pre-
coded drop-down menus can speed up the interview time as well as lead to the capture of more
precise responses. Drop-down menus that are altered dynamically, depending on previous
responses, can ensure that the interviewer is never presented with an impossible response eede.

(iv)  Customisation of questions. This and the ability to preload responses can make the interview
smoother and shorter. The ability to “fill in’ a piece of data from the device’s memory by the data
capture software and the insertion of that data, such as a name or a date, in the response to a
subsequent question can improve the accuracy of collected data.

(v)  Reduced data entry errors. Such errors that inevitably occur when capturing, coding and
transferring data collected paper questionnaires during data processing can be eliminated.

(vi)  Time and cost reduction. This can be achieved by reducing the amount of post-enum