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Abstract

Background: Data extraction forms link systematic reviews with primary research and provide the foundation for
appraising, analysing, summarising and interpreting a body of evidence. This makes their development, pilot testing
and use a crucial part of the systematic reviews process. Several studies have shown that data extraction errors are
frequent in systematic reviews, especially regarding outcome data.

Methods: We reviewed guidance on the development and pilot testing of data extraction forms and the data
extraction process. We reviewed four types of sources: 1) methodological handbooks of systematic review
organisations (SRO); 2) textbooks on conducting systematic reviews; 3) method documents from health technology
assessment (HTA) agencies and 4) journal articles. HTA documents were retrieved in February 2019 and database
searches conducted in December 2019. One author extracted the recommendations and a second author checked
them for accuracy. Results are presented descriptively.

Results: Our analysis includes recommendations from 25 documents: 4 SRO handbooks, 11 textbooks, 5 HTA
method documents and 5 journal articles. Across these sources the most common recommendations on form
development are to use customized or adapted standardised extraction forms (14/25); provide detailed instructions
on their use (10/25); ensure clear and consistent coding and response options (9/25); plan in advance which data
are needed (9/25); obtain additional data if required (8/25); and link multiple reports of the same study (8/25). The
most frequent recommendations on piloting extractions forms are that forms should be piloted on a sample of
studies (18/25); and that data extractors should be trained in the use of the forms (7/25). The most frequent
recommendations on data extraction are that extraction should be conducted by at least two people (17/25); that
independent parallel extraction should be used (11/25); and that procedures to resolve disagreements between
data extractors should be in place (14/25).

Conclusions: Overall, our results suggest a lack of comprehensiveness of recommendations. This may be particularly
problematic for less experienced reviewers. Limitations of our method are the scoping nature of the review and that
we did not analyse internal documents of health technology agencies.
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Background
Evidence-based medicine has been defined as the inte-
gration of the best-available evidence and individual clin-
ical expertise [1]. Its practice rests on three fundamental
principles: 1) that knowledge of the evidence should
ideally come from systematic reviews, 2) that the trust-
worthiness of the evidence should be taken into account
and 3) that the evidence does not speak for itself and ap-
propriate decision making requires trade-offs and con-
sideration of context [2]. While the first principle
directly speaks to the importance of systematic reviews,
the second and third have important implications for
their conduct. The second principle implies that system-
atic reviews should be based on rigorous, bias-reducing
methods. The third principle implies that decision
makers require sufficient information on the primary
evidence to make sense of a review’s findings and apply
them to their context.
Broadly speaking, a systematic review consists of five

steps: 1) formulating a clear question, 2) searching for
studies able to answer this question, 3) assessing and
extracting data from the studies, 4) synthesizing the data
and 5) interpreting the findings [3]. At a minimum, steps
two to five rely on appropriate and thorough data collec-
tion methods. In order to collate data from primary
studies, standardised data collection forms are used [4].
These link systematic reviews with primary research and
provide the foundation for appraising, analysing, sum-
marising and interpreting a body of evidence. This
makes their development, pilot testing and application a
crucial part of the systematic reviews process.
Studies on the prevalence and impact of data extrac-

tion errors have recently been summarised by Mathes
and colleagues [5]. They identified four studies that
looked at the frequency of data extraction errors in sys-
tematic reviews. The error rate for outcome data ranged
from 8 to 63%. The impact of the errors on summary re-
sults and review conclusions varied. In one of the studies
the effect size from the meta-analytic point estimates
changed by more than 0.1 in 70% of cases (measured as
standardised differences in means) [6]. Considering that
most interventions have small to moderate effects, this
can have a large impact on conclusions and decisions.
Little research has been conducted on extraction errors
relating to non-outcome data.
The importance of a rigorous data extraction process

is not restricted to outcome data. As previously men-
tioned, users of systematic reviews need sufficient infor-
mation on non-outcome data to make sense of the
underlying primary studies and assess their applicability.
Despite this, many systematic reviews do not sufficiently
report this information. In one study almost 90% of sys-
tematic reviews of interventions did not provide the in-
formation required for treatments to be replicated in

practice – compared to 35% of clinical trials [7]. While
there are several possible reasons for this – including
the quality of reporting – insufficient data collection
forms or procedures may to contribute to the problem.
Against this background, we sought to review the

guidance that is available to systematic reviewers for the
development and pilot testing of data extraction forms
and the data extraction process, these being central ele-
ments in systematic reviews.

Methods
This project was conducted as part of a dissertation, for
which an exposé is available in German. We did not
publish a protocol for this descriptive analysis, however.
As there are no specific reporting guidelines for this type
of methodological review, we reported our methods in ac-
cordance with the PRISMA statement as applicable [8].
Systematic reviews are conducted in a variety of differ-

ent contexts – most notably as part of dissertations or aca-
demic research projects, as standalone projects, by health
technology assessment (HTA) agencies and by systematic
review organisations (SROs). Thus, we looked at a broad
group of sources to identify recommendations:

1. Methodological handbooks from major SROs
2. Textbooks aimed at students and researchers

endeavouring to conduct a systematic review
3. Method documents from HTA agencies
4. Published journal articles making recommendations

on how to conduct a systematic review or how to
develop data extraction forms

While the sources that we searched mainly focus on
medicine and health, we did not exclude other health-
related areas such as the social sciences or psychology.

Data sources
Regarding the methodological handbooks from SROs,
we considered the following to be the most relevant to
our analysis:

� The Centre for Reviews and Dissemination’s
guidance for undertaking reviews in health care
(CRD guidance)

� The Cochrane Handbook of Systematic Reviews of
Interventions (Cochrane Handbook)

� The Institute of Medicine’s Finding What Works in
Health Care: Standards for Systematic Reviews (IoM
Standards)

� The Joanna Briggs Institute’s Reviewer Manual (JBI
Manual)

The list of textbooks was based on a recently pub-
lished article that reviewed systematic review definitions
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used in textbooks and other sources [9]. The authors did
not carry out a systematic search for textbooks, but in-
cluded textbooks from a broad range of disciplines in-
cluding medicine, nursing, education, health library
specialties and the social sciences published between
1998 and 2017. These textbooks included information
on data extraction in systematic reviews, but none of
them focussed on this topic exclusively.
Regarding the HTA agencies, we compiled a list of all

member organisations of the European Network for
Health Technology Assessment (EUnetHTA), the Inter-
national Network of Agencies for Health Technology
Assessment (INAHTA), Health Technology Assessment
international (HTAi) and the Health Technology Assess-
ment Network of the Americas (Red de Evaluación de
Tecnologías en Salud de las Américas – RedETSA). The
reference month for the compilation of this list was
January 2019, the list is included in additional file 1. We
searched these websites for potentially relevant docu-
ments and downloaded these. We then reviewed the full
texts of all documents for eligibility and included those
that fulfilled our inclusion criteria. The website searches
and the full text screening of the documents were con-
ducted by two authors independently (RBB and AW).
Disagreements were resolved by discussion. We also
planned to include the newly founded Asia-Pacific HTA
network (HTAsiaLink), but the webpage had not yet
been launched during our research period.
To identify relevant journal articles, we first searched

the Scientific Resource Center’s Methods Library (SRCM
L). This is a bibliography of publications relevant to evi-
dence synthesis methods which was maintained until the
third quarter of 2017 and has been archived as a Ref-
Works library. Because the SRCML is no longer updated,
we conducted a supplementary search of Medline from
the 1st of October 2017 to the 12th of December 2019. Fi-
nally, we searched the Cochrane Methodology Register
(CMR), a reference database of publications relevant to
the conduct of systematic reviews that was curated by the
Cochrane Methods Group. The CMR was discontinued
on the 31st of May 2012 and has been archived. Due to
the limited search and export functions of these archived
SRCML and CMR, we used pragmatic search methods for
these sources. The search terms that were used for the da-
tabases searches are included in additional file 2. The titles
and abstracts from the database searches and the full texts
of potentially relevant articles were screened for eligibility
by two authors independently (RBB and AW). Disagree-
ments were resolved by discussion or, if this was unsuc-
cessful, arbitration with DP.

Inclusion criteria
To be eligible for inclusion in our review, documents
had to fulfil the following criteria:

� Published method document (e.g. handbook,
guidance, standard operating procedure, manual),
academic textbook or journal article

� Include recommendations on the development or
piloting of data extraction forms or the data
extraction process in systematic reviews

� Available in English or German

We excluded empirical research on different data ex-
traction methods as well as papers on technical aspects,
because these have been reviewed elsewhere [10–12].
This includes, for example, publications on the merits
and downsides of different types of software (word pro-
cessors, spreadsheets, database or specialised software)
or the use of pencil and paper versus electronic extrac-
tion forms. We also excluded conference abstracts and
other documents not published in full.
For journal articles we specified the inclusion and

exclusion criteria more narrowly as this group in-
cludes a much broader variety of sources (for example
we excluded “primers”, i.e. articles that provide an
introduction to reading or appraising a systematic re-
view for practitioners). The full list of inclusion and
exclusion criteria for journal articles is published in
additional file 2.

Items of interest
We looked at a variety of items relevant to three cat-
egories of interest:

1) the development of data extraction forms,
2) the piloting of data extraction forms and
3) the data extraction process.

To our knowledge, no comprehensive list of poten-
tially relevant items exists. We therefore developed a list
of potentially relevant items based on iterative reading of
the most influential method handbooks from SROs (see
above) and our personal experience. The full list of items
included in our extraction form is reported in add-
itional file 3 together with a proposed rationale for each
item.
We did not examine recommendations regarding the

specific information that should be extracted from stud-
ies, because this depends on a review’s question. For ex-
ample, reviewers might choose to include information
on surrogate outcomes in order to aid interpretation of
effects or they might choose not to, because they often
poorly correlate with clinical endpoints and the re-
searchers are interested in patient-relevant outcomes
[13, 14]. Furthermore, the specific information that is
extracted for a review depends on the area of interest
with special requirements for complex intervention or
adverse effects reviews, for example [15]. For the same
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reason, we did not examine recommendations regarding
specific methodological or statistical aspects. For in-
stance, when a generic inverse variance meta-analysis is
conducted, standard errors are of interest, whereas in
other cases standard deviations may be preferably
extracted.

Data extraction
One author developed the first draft of the data extrac-
tion form to gather information on the items of interest.
This was reviewed by DP and complemented and revised
after discussion. We collected bibliographic data, direct
quotations on recommendations from the source text
and page numbers.
Each item was coded using a coding scheme of five

possible attributes:

� recommendation for the use of this method
� recommendation against the use of this method
� optional use of this method
� a general statement on this method without a

recommendation
� method not mentioned

For some items descriptive information was of add-
itional interest. This included specific recommendations
on the sample of studies that should be used to pilot the
data extraction form or the experience or expertise of
the reviewers that should be involved. Descriptive infor-
mation was copied and pasted into the form. The form
also included an open field for comments in case any
additional items of interest were identified.
One author (RBB) extracted the information of inter-

est from the included documents using the final version
of the extraction form. A second author double-checked
the information for each of the extracted items (AW).
Discrepancies were resolved by discussion or by arbitra-
tion with DP.
During extraction, one major change was required to

the form. Initially, we considered quantifying agreement
only during the piloting phase of an extraction form, but
later realised that some sources recommended this for
the extraction phase of a review. We thus added items
on quantifying agreement to this category.

Data analysis
We separately analysed and reported the four groups of
documents (handbooks from SROs, documents from
HTA agencies, textbooks and journal articles) and the
three categories of interest (development, piloting and
extraction). We summarised the results of our findings
descriptively. We also aggregated the results across
sources for each item using frequencies. Additional in-
formation is presented descriptively in the text.

In our primary analysis we only included documents
that made recommendations for interventional reviews
or generic recommendations. We did this because al-
most all included documents focussed on these types of
reviews and, more importantly, to avoid inclusion of
multiple recommendations from one institution. This
was particularly relevant for the Joanna Briggs Institute’s
Reviewer Manual which at the time of our analysis had
10 separate chapters on a variety of different systematic
review types. The decision to restrict the primary ana-
lysis to documents focussing on interventional reviews
and generic documents was made post hoc. Results for
other types of reviews (e.g. scoping reviews, umbrella re-
views, economic reviews) are presented as a secondary
analysis.

Results
We identified and searched 158 webpages of HTA agen-
cies via the member lists of EUnetHTA, INAHTA, HTAi
and RedETSA (see additional file 1). This resulted in 155
potentially relevant method documents from 67 agen-
cies. After full text screening, 6 documents remained
that fulfilled our inclusion criteria. The database
searches resulted in 2982 records. After title and abstract
screening, 15 potentially relevant full texts remained. Of
these 5 fulfilled our inclusion criteria. A PRISMA flow
chart depicting the screening process for the database
searches is provided in additional file 2 and for the HTA
method documents in additional file 1.
In total, we collected data from 14 chapters in 4 hand-

books of SROs [16–19], 11 textbooks [3, 20–29], 6
method documents from HTA agencies [30–35] and 5
journal articles [36–40]. Additional file 4 lists all docu-
ments that fulfilled our inclusion criteria. In our primary
analysis we describe recommendations from a total of 25
sources: 4 chapters from 4 SRO handbooks, 11 text-
books, 5 method documents from HTA agencies and 5
journal articles. Our secondary analysis on recommenda-
tions for non-interventional systematic reviews is in-
cluded in Additional file 5 and the detailed results for
the primary analysis in Additional file 6.

Synthesis of the primary analysis
In sum, we analysed recommendations from 25 sources
in our primary analysis. The most frequent recommen-
dations on the development of extraction forms are to
use customised or adapted standardised extraction forms
(14/25); provide detailed instructions on their use (10/
25); ensure clear and consistent coding and response op-
tions (9/25); plan in advance which data are needed (9/
25); obtain additional data if required (8/25); and link
multiple reports of the same study (8/25).
The most frequent recommendations on piloting ex-

tractions forms are that forms should be piloted on a
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sample of studies (18/25); and that data extractors
should be trained in the use of the forms (7/25).
The most frequent recommendations on data extrac-

tion are that data extraction should be conducted by at
least two people (17/25); that independent parallel ex-
traction should be used (11/25); and that procedures to
resolve disagreements between data extractors should be
in place (14/25).
To provide a more comprehensible overview and illus-

trate areas where guidance is sparse, we have aggregated
the results for definite recommendations (excluding op-
tional recommendations or general statements) in Tables 1,
2 and 3. To avoid any misconceptions, we emphasise that
by aggregating these results we by no means suggest that
all items are of equal importance. Some are in fact mutually
exclusive or interconnected.
The following sections provide details for each groups

of documents sorted by the three categories of interest.

Handbooks of systematic review organisations
Category: development of extraction forms
Three handbooks recommend that reviewers should
plan in advance which data to extract [16–18]. Further-
more, three recommended that reviewers develop a cus-
tomized data extraction form or adapt an existing form
to meet the specific review needs [17–19]. In contrast,
the JBI recommends use of their own standardised data
extraction form, but allows reviewers to use others, if
this is justified and the forms are described [16]. All four
handbooks recommend that reviewers link multiple re-
ports of the same study to avoid multiple inclusions of
the same data [16–19]. Three handbooks make state-
ments on strategies for obtaining unpublished data [16–
18]. The Cochrane Handbook recommends contacting
authors to obtain additional data, while the CRD guid-
ance makes a general statement in light of the chances
of success and resources available. The JBI manual
makes this optional but requires the systematic re-
viewers to report whether authors of included studies
are contacted in the review protocol.
Two handbooks recommend that the data collection

form includes consistent and clear coding instructions
and response options and that data extractors are pro-
vided with detailed instructions on how to complete the
form [17, 18]. The Cochrane Handbook also recom-
mends that the entire review team should be involved in
the development of the data extraction form and that
this should include authors with expertise in the content
area, review methods, statisticians and data extractors.
The Cochrane Handbook also recommends that re-
viewers check compatibility of electronic forms or data
systems with analytical software and ensure methods are
in place to record, assess and correct data entry errors.

Category: piloting of extraction forms
Three handbooks recommended that authors pilot test
their data extraction form [17–19]. The Cochrane Hand-
book recommends that “several people” are involved and
“at least a few articles” used. The CRD guidance states
that “a sample of included studies” should be used for
piloting. The Cochrane Handbook also recommends that
data extractors are trained; that piloting may need to be
repeated if major changes to the extraction form are
made during the review process; and that reports that
have already been extracted should be re-checked in this
case. None of the handbooks makes an explicit recom-
mendation on who should be involved in piloting the
data extraction form or their expertise. Furthermore,
none of the handbooks makes a recommendation on
quantifying agreement during the piloting process or
using a quantified reliability threshold that should be
reached before beginning the extraction process.

Category: data extraction
All handbooks recommend that data should be extracted
by at least two reviewers (dual data extraction) [16–19].
Three handbooks recommend that data are extracted by
two reviewers independently (parallel extraction) [16, 18,
19], one also considers it acceptable that one reviewer
extracts the data and a second reviewer checks it for ac-
curacy and completeness (double-checking) [17]. Fur-
thermore, two of the handbooks make an optional
recommendation that independent parallel extraction
could be done only for critical data such as risk of bias
and outcome data, while non-critical data is extracted by
a single reviewer and double-checked by a second re-
viewer [18, 19]. The Cochrane Handbook also recom-
mends that data extractors have a basic understanding
of the review topic and knowledge of study design, data
analysis and statistics [18].
All handbooks recommend that reviewers should have

procedures in place to resolve disagreements arising
from dual data extraction [16–19]. In all cases discussion
between extractors or arbitration with a third person are
suggested. The Cochrane Handbook recommends hier-
archical use of these strategies, while the other sources
do not specify this [18]. Of note, the IoM Standards
highlights the need for a fair procedure that ensures
both reviewers judgements are considered in case of a
power or experience asymmetry [19]. The Cochrane
Handbook also recommends that disagreements that re-
main unresolved after discussion, arbitration or contact
with study authors should be reported in the systematic
review [18].
Two handbooks recommend to informally consider

the reliability of coding throughout the review process
[17, 18]. These handbooks also mention the possibility
of quantifying agreement of the extracted data. The
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Cochrane Handbook considers this optional and recom-
mends it only for critical outcomes such as risk of bias
assessments or key outcome data, if done [18]. The CRD
guidance mentions this possibility without making a rec-
ommendation [17]. Two handbooks recommend that re-
viewers document disagreements and how they were
resolved [17, 18] and two recommend reporting who
was involved in data extraction [18, 19]. The IoM Stan-
dards specify this in that the number of individual data
extractors and their qualifications should be reported in
the methods section of the review [19].

Textbooks on conducting systematic reviews
Category: development of extraction forms
Regarding the development of data extraction forms, the
most frequent recommendation in the analysed text-
books is that reviewers should develop a customized ex-
traction form or adapt an existing one to suit the needs
of their review (6/11) [20, 21, 23, 24, 26, 29]. Two text-
books consider the choice between customized and gen-
eric or pre-existing extraction forms optional [3, 25].
Many of the textbooks also make statements on

unpublished data (7/11). Most of them recommend
that reviewers develop a strategy for obtaining un-
published data (4/11) [24–26, 29]. One textbook
makes an optional recommendation on obtaining un-
published data and mentions the alternative of con-
ducting sensitivity analysis to account for missing
data [3]. Two textbooks make general statements re-
garding missing data without a compulsory or op-
tional recommendation [22, 23].
Four textbooks recommend that reviewers ensure con-

sistent and easy coding rules and response options in
their data collection form [3, 22, 25, 29]; three to provide
detailed instruction on how to complete the data collec-
tion form [22, 24, 25]; and three to link multiple reports
of the same study [3, 24, 26]. One textbook discusses the
impact of including multiple study reports but makes no
specific recommendation [23].
Two textbooks recommend reviewers to plan in advance

which data they will need to extract for their review [24,
28]. One textbook makes an optional recommendation, de-
pending on the number of included studies [22]. For re-
views with a small number of studies it considers an
iterative process appropriate; for large data sets it recom-
mends a thoroughly developed and overinclusive extraction
form to avoid the need to go back to study reports later in
the review process.
One textbook recommends that clinical experts or

methodologists are consulted in developing the extrac-
tion form to ensure important study aspects are included
[26]. None includes statements on the recording and
handling of extraction errors.

Category: piloting of extraction forms
For this category, the most frequently made recommen-
dation in the analysed textbooks is that reviewers should
pilot test their data extraction form (8/11) [3, 20, 22–26,
29]. One textbook makes a general statement on pilot-
ing, but no specific recommendation [27].
Three textbooks recommend that data extractors are

trained [22, 24, 25]. One textbook states that extraction
should not begin before satisfactory agreement is
achieved but does not define how this should be
assessed [22]. No recommendations were identified for
any of the other items regarding piloting of extraction
form in the analysed textbooks.

Category: data extraction
Six textbooks recommend data extraction by at least two
reviewers [22–26, 29]. Four of these recommend parallel
extraction [23–26], while two do not specify the exact
procedure [22, 29]. One textbook explains the different
types of dual extraction modes but makes no recom-
mendation on their use [27].
One textbook recommends that reviewer agreement

for extracted data is quantified using a reliability meas-
ure [25], while two mention this possibility without mak-
ing a clear recommendation [22, 26]. Two of these
mention Cohen’s kappa as possible measures for quanti-
fying agreement [22, 26], one also mentions raw agree-
ment [22].
Five textbooks recommend that reviewers develop expli-

cit procedures for resolving disagreements, either by dis-
cussion or consultation of a third person [22, 24–26, 29].
Two textbooks suggest a hierarchical approach using dis-
cussion and, if this is unsuccessful, arbitration with a third
person [25, 29]. One textbook also suggests the possibility
of including the entire review team in discussions [24].
One textbook emphasizes that educated discussions
should be preferred over voting procedures [26]. One text-
book also recommends that reviewers document disagree-
ments and how they were resolved [26].
One textbook makes recommendations on the expert-

ise of the data extractors [24]. It suggests that data ex-
traction is conducted by statisticians, data managers and
methods experts with the possible involvement of con-
tent experts, when required.

Documents from HTA agencies
Category: development of extraction forms
In two documents from HTA agencies it is recommended
that a customised extraction form is developed [31, 35].
One of these roughly outlines the contents of extraction
forms that can be used as a starting point [31]. Three doc-
uments recommend that detailed instructions on using
the extraction form should be provided [30, 31, 34]. Two
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documents recommend that reviewers develop a strategy
for obtaining unpublished data [30, 31].
The following recommendations are only included in

one method document each: planning in advance which
data will be required for the synthesis [30]; ensuring
consistent coding and response options in the data col-
lection form [31] and linking multiple reports of the
same study to avoid including data from the same study
more than once [31].

Category: piloting of extraction forms
For this category the only recommendation we found in
HTA documents is that data collection forms should be
piloted before use (3/5) [30, 31, 33]. None of the docu-
ments specifies how this may be done, for example re-
garding the number or types of studies involved. One of
the documents makes a vague suggestion that all re-
viewers ought to be involved in pilot testing.

Category: data extraction
In most documents it is recommended that data extrac-
tion should be conducted by two reviewers (4/5) [30, 31,
34, 35]. Two make an optional recommendation for ei-
ther parallel extraction or a double-checking procedure
[30, 31], one recommends parallel extraction [34] and
one reports use of double-checking [35]. Three method
documents recommend that reviewers resolving dis-
agreements by discussion [30, 31, 35]. One method
document recommends that reviewers report who was
involved in data extraction [34].

Journal articles
We identified 5 journal articles that fulfilled our inclu-
sion criteria. This included a journal article specifying
the methods used by the Cochrane Back and Neck
Group [36], an article describing the data extraction and
synthesis methods used in JBI systematic reviews [38], a
paper on guidelines for systematic review in the environ-
mental research field [39] and two in-depth papers on
data extraction and coding methods within systematic
reviews [37, 40]. One of these used the Systematic
Reviews Data Suppository (SRDS) as an example, but
the recommendations made were not exclusive to this
system [37].

Category: development of extraction forms
Three journal articles recommended that authors should
plan in advance which data they require for the review
[37, 39, 40]. A recommendation for developing a cus-
tomized extraction form (or adapting one) for the spe-
cific purpose of the review was also made in three
journal articles [36, 37, 40]. Two articles recommended
that consistent and clear coding and response options

should be ensured and detailed instruction provided to
data extractors [37, 40]. Furthermore, two articles rec-
ommended that mechanisms should be in place for
recording, assessing and correcting data entry errors [36,
37]. Both referred to plausibility or logic checks of the
data and/or statistics.
One article recommends that reviewers try to obtain

further data from the included studies, where required
[39], while one makes an optional recommendation [36]
and another a general statement without a specific rec-
ommendation [37]. One of the articles also makes rec-
ommendations on the expertise of the reviewers that
should be involved in the development of the extraction
form. It recommends that all members of the team are
involved including data extractors, content area experts,
statisticians and reviewers with formal training in form
design such as epidemiologists [37].

Category: piloting of extraction forms
Four articles recommend that reviewers should pilot test
their extraction form [36–38, 40]. Three articles recom-
mend training of data extractors [37, 38, 40]. One rec-
ommends that reviewers informally assess the reliability
of coding during the piloting process [37]. One article
mentions the possibility of quantifying agreement during
the piloting process, without making a specific recom-
mendation or specifying any thresholds [40].

Category: data extraction
Three articles recommend that data are extracted by two
reviewers, in each case using independent parallel ex-
traction [36–38]. Citing the IoM standards, one article
also mentions the possibility of a using independent par-
allel extraction for critical data and a double-checking
procedure for non-critical data [37]. One article recom-
mends that the principle reviewer runs regular logic
checks to validate the extracted data [37]. One article
also mentions the possibility that the reliability of extrac-
tion may need to be reviewed throughout the extraction
process in case of extended coding periods [40].
Two articles mention the need to have a procedure in

place for resolving disagreements, either with a hierarchical
procedure using discussion and arbitration with a third per-
son [36] or by discussion and review of the source docu-
ment [37]. One article recommends that disagreements and
consensus results are documented for future reference [37].
Finally, one article mentions advantages of having data ex-
tractors with complementary expertise such as a content
expert and method experts, but does not make a clear rec-
ommendations on this [37].

Discussion
We reviewed current recommendations on data extrac-
tion methods in systematic reviews across a different
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range of sources. Our results suggest that current rec-
ommendations are fragmented. Very few documents
made comprehensive recommendations. This may be
detrimental to the quality of systematic reviews and
makes it difficult to aspiring reviewers to prepare high
quality data extraction forms and ensure reliable and
valid extraction procedures. While our review cannot
show that improved recommendations will truly have an
impact on the quality of systematic reviews, it seems rea-
sonable to assume that clear and comprehensive recom-
mendations are a prerequisite to high quality data
extraction, especially for less experienced reviewers.
There were some notable exceptions to our findings.

Among the most comprehensive documents were the
Cochrane Handbook for Systematic Reviews, the text-
book by Foster and colleagues and the journal article by
Li and colleagues [18, 24, 37]. We believe that these are
among the most helpful resources for systematic re-
viewers from the pool of documents that we analysed –
not only because they provide in-depth information, but
also for being among the most current sources.
We were particularly surprised by the lack of informa-

tion provided by HTA agencies. Only very few HTA
agencies had documents with relevant recommendations
at all. Since many HTA agencies publish detailed docu-
ments on many other methodological aspects such as
search screening methods, risk of bias assessments or
evidence grading methods, it would seem reasonable to
provide more information on data extraction methods.
We believe there would be many practical benefits

of developing clearer recommendations for the devel-
opment and testing of extraction forms and the data
extraction process. One reason is that data extrac-
tion is one of the most resource intensive parts of a
systematic review – especially, when the review in-
cludes a significant number of studies and/or out-
comes. Having a good extraction form can also save
time at later stages of the review. For example, a
poorly developed extraction form may lead to exten-
sive revisions during the review process and may re-
quire reviewers to go back to the original sources or
repeat extraction on some included studies. Further-
more, some methodological standards such as inde-
pendent parallel extraction could be modified to save
resources. This is not reflected in most of the
sources included in our review. Lastly, it would be
helpful to specify recommendations further to ac-
commodate for systematic reviews of different sizes,
both in terms of the number of included studies and
the review team. While the general quality standards
should remain the same, a mega-review with several
tens or even hundreds of studies, a large, heteroge-
neous or international review team and several data
extractors may differ in some requirements from a

small review with few studies and a small, local team
[12, 37]. For example, training and piloting may
need more time to achieve agreement. We therefore
encourage developers of guidelines documents for
systematic reviews to provide more comprehensive
recommendations on developing and piloting data
extraction forms and the data extraction process.
Our review can be used as a starting point. Formal
development of structured guidance or a set of mini-
mum standards on data extraction methods in sys-
tematic reviews may also be useful. Moher and
colleagues have developed a framework to support
the development of guidance to improve reporting,
which includes literature reviews and a Delphi study
and provides a helpful starting point [41]. Lastly, au-
thors of reporting guidelines for systematic reviews
of various types can use our results to consider ele-
ments worth including.
To some extent the results reflect the empirical evi-

dence from comparative methods research. For ex-
ample, among the most frequent recommendations
were that data extraction should be conducted by two
reviewers to reduce risk of errors, which is supported
by some evidence [11]. This is also true for the rec-
ommendation that additional data should be retrieved
if necessary, which reflects selective outcome report-
ing [42]. At the same time, we found few recommen-
dations on reviewer expertise, for which empirical
studies have produced inconsistent results [11]. Argu-
ably, some items in our analysis have theoretical ra-
ther than empirical foundations. For instance, we
would consider the inclusion of content experts in
the development of the extraction forms to be im-
portant to enhance clinical relevance and applicability.
Even this is a somewhat contested issue, however.
Gøtzsche and Ioannidis, for instance, have questioned
the value of involving content experts in systematic
reviews [43]. In their analysis, they highlight the lack
of evidence on the effects of involving them and in
addition to the possible benefits raise potential down-
sides of expert involvement – notably that experts
often have conflicts of interest and strong prior opin-
ions that may introduce bias. While we do not argue
against involvement of content experts since conflicts
of interest can be managed, the controversy shows
that this in fact may be an issue worth exploring em-
pirically [44]. Thus, in addition to providing more in-
depth recommendations for systematic reviewers, em-
pirical evaluations of extraction methods should be
encouraged. Such method studies should be based on
a systematic review of the current evidence and over-
come some of the limitations from previous investiga-
tions including the use of convenience samples and
small sets of reviewers [11].
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As a final note, some parts of systematic reviews can
now be assisted by automation methods. Examples in-
clude enhanced study selection using learning algo-
rithms (e.g. implemented in Rayyan) and assisted risk of
bias assessments using RobotReviewer [45, 46]. However,
not all of the software solutions are free and some are
still in their early development or have not been vali-
dated yet. Furthermore, some of them are restricted to
specific review types [47]. To the best of our knowledge
comprehensive tools to assist with data extraction, in-
cluding for example extraction of outcome data, are no
yet available [48]. For example, a recent systematic re-
view conducted with currently available automation
tools used traditional spreadsheet-based data extraction
forms and piloting methods [49]. The authors identified
two issues regarding data extraction that could be
assisted by automation methods: contacting authors of
included studies for additional information using meta-
data and better integration of software tools to automat-
ically exchange data between different software. Thus,
much work is still to be done in this area. Furthermore,
when automation tools for data extraction become avail-
able, they will need to be readily available, usability
tested, accepted by systematic reviewers and validated
before widespread use (validation is especially important
for technically complex or critical tasks) [50]. It is also
likely that they will complement current data extraction
methods rather than replace them as it is currently the
case for automated risk of bias assessments of rando-
mised trials [46]. For these reasons we believe that trad-
itional data extraction methods will still be required and
used in the future.

Limitations
There are some limitations to our methods. Firstly, our
review is not exhaustive. The list of handbooks from
SROs was compiled based on previous research and dis-
cussions between the authors, but no formal search was
conducted to identify other potentially relevant organisa-
tions [51, 52]. The list of textbooks was also based on a
previous study not intended to cover the literature in
full. It does, however, include textbooks from a range of
disciplines including medicine, nursing, education and
the social sciences, which arguably increases the general-
isability of the findings. The search strategy for our data-
base search was pragmatic for reasons stated in the
methods and may have missed some relevant articles.
Furthermore, the databases searched focus on the field
of medicine and health, so other areas may be
underrepresented.
Secondly, searching the websites of HTA agencies

proved difficult in some instances, as some websites have
quite intricate site structures. Furthermore, we did not
contact the HTA agencies to retrieve unpublished

documents. It is likely that at least some HTA agencies
have internal documents that provide more specific rec-
ommendations. Our focus was the usefulness of the
HTA method documents as a guidance to systematic re-
viewers outside of HTA institutions, however. For this
purpose, we believe that the assumption is appropriate
that most reviewers are likely to depend on the informa-
tion directly accessible to them.
Thirdly, it was difficult to classify some of the recom-

mendations using our coding scheme. For example, rec-
ommendations in the new Cochrane Handbook are
based on Cochrane’s Methodological Expectations for
Cochrane Intervention Reviews Standards (MECIR)
which make a subtle differentiation between mandatory
and highly desirable recommendations. In this case we
considered both these types of recommendations as
positive in our classification scheme. To use a more dif-
ficult example, one HTA method document did not
make a statement on the number of reviewers involved
in data extraction but stated that a third investigator
may check a random sample of extracted data for
additional quality assurance. This would imply that
data extraction is conducted by two reviewers inde-
pendently, but since this method was not stated, it
was classified as “method not mentioned”. While
some judgements were required, we have described
notable cases in the results section and do not believe
that different decisions in these cases would affect
our overall results or conclusions.
Lastly, we note that some of the included sources ref-

erenced more comprehensive guidance such as the
Cochrane Handbook. We have not formally extracted in-
formation on cross-referencing between documents,
however.

Conclusion
Many current methodological guidance documents for
systematic reviewers lack comprehensiveness and clarity
regarding the development and piloting of data extrac-
tion forms and the data extraction process. In the future,
developers of learning resources should consider provid-
ing more information and guidance on this important
part of the systematic review process. Our review and
list of items may be a helpful starting point. HTA agen-
cies may consider describing in more detail their pub-
lished methods on data extraction procedures to
increase transparency.
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