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Living systematic reviews: 2. Combining human and machine effort
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Abstract

New approaches to evidence synthesis, which use human effort and machine automation in mutually reinforcing ways, can enhance the
feasibility and sustainability of living systematic reviews. Human effort is a scarce and valuable resource, required when automation is
impossible or undesirable, and includes contributions from online communities (‘‘crowds’’) as well as more conventional contributions
from review authors and information specialists. Automation can assist with some systematic review tasks, including searching, eligibility
assessment, identification and retrieval of full-text reports, extraction of data, and risk of bias assessment. Workflows can be developed in
which human effort and machine automation can each enable the other to operate in more effective and efficient ways, offering substantial
enhancement to the productivity of systematic reviews. This paper describes and discusses the potentialdand limitationsdof new ways of
undertaking specific tasks in living systematic reviews, identifying areas where these human/machine ‘‘technologies’’ are already in use,
and where further research and development is needed. While the context is living systematic reviews, many of these enabling technologies
apply equally to standard approaches to systematic reviewing. � 2017 The Authors. Published by Elsevier Inc. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

This is the second paper in a series of papers discus-
sing the emerging field of living systematic reviews
(Box 1). In this paper, we specifically focus on the ways

in which the use of new human and machine ‘‘technolo-
gies’’ can make the standard systematic review process
more efficient.

Systematic reviews are a type of literature review, which
adopt principles of scientific method to the task of finding
and summarizing research. They aim to answer prespecified
research questions using all relevant empirical evidence,
using explicit and replicable methods and minimizing bias.
They thus aim to provide trustworthy findings on which
policy and practice decisions can be made [1]. A living sys-
tematic review is a systematic review which is continually
updated in the light of new evidence as it becomes available
(Box 2) [2]. Living systematic reviews represent an oppor-
tunity to rethink conventional review processes and take
advantage of emerging approaches to reviewing which
promise to increase efficiency [3]. In this paper, we
describe how new ‘‘technologies’’ (which encompass both
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What is new?

� The need to maintain an up-to-date, dynamic sys-
tem for evidence synthesis can be facilitated using
new technologies which comprise both human and
machine effort.

� As well as standard review teams, systematic re-
view activities can be broken down into ‘‘micro-
tasks’’ and distributed across a wider group of
peopledincluding the involvement of citizen sci-
entists through crowdsourcing.

� Machine automation can assist with some system-
atic review tasks, including routine searching,
eligibility assessment, identification and retrieval
of full-text reports, extraction of data, and risk of
bias assessment.

� While the context is living systematic reviews,
many of these enabling technologies apply equally
to standard approaches to systematic reviewing.

computer technology and more efficient models of human
contribution) can increase the efficiency and sustainability
of the systematic review enterprise. We argue that human
effort is a scarce and valuable resource which should be ex-
pended only where automation is impossible, impractical,
or undesirable. Furthermore, for many of the repetitive
and labor-intensive tasks of evidence synthesis, automation
is increasingly preferable and viable [4e10]. Human effort
can contribute in two ways: either by undertaking tasks in a
specific review or by providing examples that can be used
to ‘‘train’’ machines which can then automate (or semi-
automate) the activity in questiondsometimes across many
reviews. We consider how human effort can be considered
not simply in terms of traditional author teams, but in terms
of communitiesdand ‘‘crowds’’dof people who come
together to curate knowledge in a given area. Rather than
organize the paper in terms of the two families of

technologiesdhuman and machinedwe consider each
stage of the systematic review process and discuss ways
in which these two technologies interact and operate in
mutually supportive ways.

2. Opportunities for a different workflow

Systematic reviews are conventionally undertaken by a
small team of trained researchers working in a highly la-
bor-intensivedbut time-limiteddway. New ways of work-
ing aim to replace this with a less labor-intensive model in
which the ongoing workflow is conducted by a wider com-
munity of individuals. The changes to review production we
describe here are not required for living systematic reviews
to be conducted, but are situated within a wider set of inno-
vations in evidence synthesis from which living systematic
reviews can draw to improve feasibility. For example, it is
possible that systematic review production will evolve away
from an individual, isolated endeavor, toward a dynamic and
continuous research curation system in which communities
of people work together to maintain an up-to-date evidence
base in their areas of interest. By breaking work into micro-
tasks, living systematic reviews may be conducted more
efficiently among a wider range of people. Microtasks are
discrete, small units of work, which can be done indepen-
dently from one another. We describe key living systematic
review microtasks alongside examples of new technologies
and innovative ways of working to help accomplish them in
Table 1. Breaking up the living systematic review workload
in this way allows the authorship team to take advantage of
emerging automation systems to reduce the workload. It
also makes more efficient use of the skill sets and time avail-
ability of contributors necessary for undertaking review
tasks. The formation of review teams can be assisted using
task-sharing platforms, such as Cochrane’s ‘‘Task Ex-
change’’ (taskexchange.cochrane.org/).

As Elliott et al. described [2], the work of a living sys-
tematic review begins with a traditional systematic review
(which can also benefit, of course, from many of the effi-
ciencies described here). We take the existence of the initial
systematic review as our starting point and outline below

Box 1 Series of papers on living systematic
reviews

� Living systematic reviews: 1. Introductiondthe
why, what, when, and how

� Living systematic reviews: 2. Combining human
and machine effort

� Living systematic reviews: 3. Statistical methods
for updating meta-analyses

� Living systematic reviews: 4. Living guideline
recommendations

Box 2 Living systematic reviews

� A systematic review which is continually updated,
incorporating relevant new evidence as it becomes
available

� An approach to review updating, not a formal re-
view methodology

� Can be applied to any type of review
� Use standard systematic review methods
� Explicit and a priori commitment to a predeter-

mined frequency of search and review updating
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