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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 integration of the best-available evidence and individual clinical expertise [1]. Its practice rests on three fundamental
principles: 1) that knowledge of the evidence should
ideally come from systematic reviews, 2) that the trustworthiness of the evidence should be taken into account
and 3) that the evidence does not speak for itself and appropriate decision making requires trade-offs and consideration 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 systematic 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 collection 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, summarising 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 extraction errors have recently been summarised by Mathes
and colleagues [5]. They identified four studies that
looked at the frequency of data extraction errors in systematic reviews. The error rate for outcome data ranged
from 8 to 63%. The impact of the errors on summary results 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 mentioned, users of systematic reviews need sufficient information 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 systematic reviews of interventions did not provide the information required for treatments to be replicated in
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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 elements 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 accordance with the PRISMA statement as applicable [8].
Systematic reviews are conducted in a variety of different contexts – most notably as part of dissertations or academic 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 healthrelated 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 published 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 included textbooks from a broad range of disciplines including 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 International Network of Agencies for Health Technology
Assessment (INAHTA), Health Technology Assessment
international (HTAi) and the Health Technology Assessment 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 documents 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 conducted 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 evidence synthesis methods which was maintained until the
third quarter of 2017 and has been archived as a RefWorks 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. Finally, 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 databases 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). Disagreements were resolved by discussion or, if this was unsuccessful, arbitration with DP.
Inclusion criteria

To be eligible for inclusion in our review, documents
had to fulfil the following criteria:
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 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 extraction 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 processors, spreadsheets, database or specialised software)
or the use of pencil and paper versus electronic extraction 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 includes a much broader variety of sources (for example
we excluded “primers”, i.e. articles that provide an
introduction to reading or appraising a systematic review 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 categories 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 potentially 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 additional file 3 together with a proposed rationale for each
item.
We did not examine recommendations regarding the
specific information that should be extracted from studies, because this depends on a review’s question. For example, 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 researchers 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 instance, 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 extraction 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 additional 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 information 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 interest 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 arbitration 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 information is presented descriptively in the text.
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In our primary analysis we only included documents
that made recommendations for interventional reviews
or generic recommendations. We did this because almost 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 analysis to documents focussing on interventional reviews
and generic documents was made post hoc. Results for
other types of reviews (e.g. scoping reviews, umbrella reviews, economic reviews) are presented as a secondary
analysis.

Results
We identified and searched 158 webpages of HTA agencies via the member lists of EUnetHTA, INAHTA, HTAi
and RedETSA (see additional file 1). This resulted in 155
potentially relevant method documents from 67 agencies. 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 handbooks 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 documents 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 textbooks, 5 method documents from HTA agencies and 5
journal articles. Our secondary analysis on recommendations for non-interventional systematic reviews is included 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 recommendations 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 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
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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 extraction are that data 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).
To provide a more comprehensible overview and illustrate areas where guidance is sparse, we have aggregated
the results for definite recommendations (excluding optional 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.
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Category: piloting of extraction forms

Three handbooks recommended that authors pilot test
their data extraction form [17–19]. The Cochrane Handbook 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 recommendation 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

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]. Furthermore, three recommended that reviewers develop a customized 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 reports of the same study to avoid multiple inclusions of
the same data [16–19]. Three handbooks make statements on strategies for obtaining unpublished data [16–
18]. The Cochrane Handbook recommends contacting
authors to obtain additional data, while the CRD guidance makes a general statement in light of the chances
of success and resources available. The JBI manual
makes this optional but requires the systematic reviewers 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 provided with detailed instructions on how to complete the
form [17, 18]. The Cochrane Handbook also recommends 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 reviewers 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.

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 accuracy and completeness (double-checking) [17]. Furthermore, 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 reviewer [18, 19]. The Cochrane Handbook also recommends 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 hierarchical 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 remain 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

Item

3/4

2/11

1/5

3/5

9/25

Textbooks on
conducting systematic
literature reviews

Guidance documents
from HTA agencies

Recommendations
published in journal
articles

Total

Plan in
advance
which data
are needed

Handbooks from SROs

Source group

14/25

3/5

2/5

6/11

3/4

Develop a
customized
or adapted
form

1/25

0/5

0/5

0/11

1/4

Use generic
form

9/25

2/5

1/5

4/11

2/4

Ensure consistent
and clear coding
and response
options

Table 1 Recommendations for the development of data collection forms

10/25

2/5

3/5

3/11

2/4

Provide
detailed
instructions

3/25

1/5

0/5

1/11

1/4

Involve reviewers
with complementary
expertise

3/25

1/5

0/5

1/11

1/4

Involve reviewers
with experience in
systematic review
methods

8/25

0/5

1/5

3/11

4/4

Link multiple
reports of the
same study

3/25

2/5

0/5

0/11

1/4

Develop mechanism
for recording,
assessing and
correcting data
entry errors

8/25

1/5

2/5

4/11

1/4

Develop a
strategy for
obtaining
data
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4/5

18/25

Recommendations 3/5
published in
journal articles

Total

7/25

3/5

0/5

Guidance
documents from
HTA agencies

8/11

3/11

Textbooks on
conducting
systematic
literature reviews

3/4

Pilot test
form using
a sample
of studies

1/4

Train data
extractors
in using
the form

Item

Handbooks from
SROs

Source group

1/25

0/5

0/5

0/11

1/4

(Partially) repeat
piloting if major
changes are made
during the review

1/25

0/5

0/5

0/11

1/4

In case of modifications
to the data collection
form, re-check reports
that have already
undergone data
extraction

Table 2 Recommendations regarding the piloting of data collection forms

0/25

0/5

0/5

0/11

0/4

Involve
reviewers
with
complementary
expertise

0/25

0/5

0/5

0/11

0/4

Involve reviewer
with experience
in systematic
review methods

0/25

0/5

0/5

0/11

0/4

Quantify agreement
using a reliability
measure such as
Cohen’s kappa

0/25

0/5

0/5

0/11

0/4

If agreement
is quantified,
do this only
for critical items

0/25

0/5

0/5

0/11

0/4

Repeat the
piloting
process until
a specified
agreement
is reached

1/25

1/5

0/5

0/11

0/4

Informally
consider
reliability of
coding while
piloting
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Item

4/4

6/11

4/5

3/5

17/25

Textbooks on
conducting
systematic
literature reviews

Guidance
documents from
HTA agencies

Recommendations
published in
journal articles

Total

Data
extraction
should be
conducted
by at least
two
people

Handbooks from
SROs

Source group

11/25

3/5

1/5

4/11

3/4

Data
extraction by
at least two
people
independently
(parallel
extraction)

1/25

0/5

1/5

0/11

0/4

0/25

0/5

0/5

0/11

0/4

Data
Parallel
extracted
extraction
by one
for critical
individual
items and
accuracy
doublechecks by a checking
second
for non(doublecritical
checking)
items

Table 3 Recommendations regarding data extraction

1/25

1/5

0/5

0/11

0/4

Validation
of a
random
sample of
data by a
third
investigator

2/25

0/5

0/5

1/11

1/4

Data extraction
by reviewers
with
complementary
expertise

1/25

0/5

0/5

1/11

0/4

Data
extraction
by at least
one
reviewer
with
expertise in
systematic
review
methods

1/25

0/5

0/5

1/11

0/4

Quantify
agreement
using a
reliability
measure
such as
Cohen’s
kappa

1/25

0/5

0/5

0/11

1/4

If
agreement
is
quantified,
do this
only for
critical
items

3/25

1/5

0/5

0/11

2/4

Informally
consider
reliability of
coding
throughout
the review
process

14/25

2/5

3/5

5/11

4/4

Explicit
procedures or
rules for
resolving
disagreements

3/25

0/5

1/5

0/11

2/4

Report
who was
involved
in data
extraction

4/25

1/5

0/5

1/11

2/4

Document
disagreements
and how they
were resolved
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Cochrane Handbook considers this optional and recommends 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 recommendation [17]. Two handbooks recommend that reviewers document disagreements and how they were
resolved [17, 18] and two recommend reporting who
was involved in data extraction [18, 19]. The IoM Standards 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 textbooks is that reviewers should develop a customized extraction form or adapt an existing one to suit the needs
of their review (6/11) [20, 21, 23, 24, 26, 29]. Two textbooks consider the choice between customized and generic 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 unpublished data (4/11) [24–26, 29]. One textbook
makes an optional recommendation on obtaining unpublished data and mentions the alternative of conducting sensitivity analysis to account for missing
data [3]. Two textbooks make general statements regarding missing data without a compulsory or optional recommendation [22, 23].
Four textbooks recommend that reviewers ensure consistent 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 collection 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, depending on the number of included studies [22]. For reviews with a small number of studies it considers an
iterative process appropriate; for large data sets it recommends 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 extraction form to ensure important study aspects are included
[26]. None includes statements on the recording and
handling of extraction errors.
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Category: piloting of extraction forms

For this category, the most frequently made recommendation 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 piloting, 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 recommendation on their use [27].
One textbook recommends that reviewer agreement
for extracted data is quantified using a reliability measure [25], while two mention this possibility without making a clear recommendation [22, 26]. Two of these
mention Cohen’s kappa as possible measures for quantifying agreement [22, 26], one also mentions raw agreement [22].
Five textbooks recommend that reviewers develop explicit procedures for resolving disagreements, either by discussion or consultation of a third person [22, 24–26, 29].
Two textbooks suggest a hierarchical approach using discussion 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 textbook also recommends that reviewers document disagreements and how they were resolved [26].
One textbook makes recommendations on the expertise of the data extractors [24]. It suggests that data extraction is conducted by statisticians, data managers and
methods experts with the possible involvement of content 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 documents 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 collection 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 documents specifies how this may be done, for example regarding the number or types of studies involved. One of
the documents makes a vague suggestion that all reviewers ought to be involved in pilot testing.
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should be ensured and detailed instruction provided to
data extractors [37, 40]. Furthermore, two articles recommended 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 recommendation [37]. One of the articles also makes recommendations 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

Category: data extraction

In most documents it is recommended that data extraction should be conducted by two reviewers (4/5) [30, 31,
34, 35]. Two make an optional recommendation for either 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 disagreements 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 inclusion 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 environmental 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 customized extraction form (or adapting one) for the specific 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

Four articles recommend that reviewers should pilot test
their extraction form [36–38, 40]. Three articles recommend training of data extractors [37, 38, 40]. One recommends 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 recommendation or specifying any thresholds [40].
Category: data extraction

Three articles recommend that data are extracted by two
reviewers, in each case using independent parallel extraction [36–38]. Citing the IoM standards, one article
also mentions the possibility of a using independent parallel extraction for critical data and a double-checking
procedure for non-critical data [37]. One article recommends that the principle reviewer runs regular logic
checks to validate the extracted data [37]. One article
also mentions the possibility that the reliability of extraction 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 person [36] or by discussion and review of the source document [37]. One article recommends that disagreements and
consensus results are documented for future reference [37].
Finally, one article mentions advantages of having data extractors with complementary expertise such as a content
expert and method experts, but does not make a clear recommendations on this [37].

Discussion
We reviewed current recommendations on data extraction methods in systematic reviews across a different
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range of sources. Our results suggest that current recommendations 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 reasonable to assume that clear and comprehensive recommendations 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 textbook 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 reviewers 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 information provided by HTA agencies. Only very few HTA
agencies had documents with relevant recommendations
at all. Since many HTA agencies publish detailed documents 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 development and testing of extraction forms and the data
extraction process. One reason is that data extraction is one of the most resource intensive parts of a
systematic review – especially, when the review includes a significant number of studies and/or outcomes. 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 extensive revisions during the review process and may require reviewers to go back to the original sources or
repeat extraction on some included studies. Furthermore, some methodological standards such as independent 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 accommodate 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, heterogeneous or international review team and several data
extractors may differ in some requirements from a
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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 minimum standards on data extraction methods in systematic 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, authors of reporting guidelines for systematic reviews
of various types can use our results to consider elements worth including.
To some extent the results reflect the empirical evidence from comparative methods research. For example, 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 recommendation that additional data should be retrieved
if necessary, which reflects selective outcome reporting [42]. At the same time, we found few recommendations on reviewer expertise, for which empirical
studies have produced inconsistent results [11]. Arguably, some items in our analysis have theoretical rather than empirical foundations. For instance, we
would consider the inclusion of content experts in
the development of the extraction forms to be important 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 downsides of expert involvement – notably that experts
often have conflicts of interest and strong prior opinions 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 empirically [44]. Thus, in addition to providing more indepth recommendations for systematic reviewers, empirical evaluations of extraction methods should be
encouraged. Such method studies should be based on
a systematic review of the current evidence and overcome some of the limitations from previous investigations 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 include enhanced study selection using learning algorithms (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 validated 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, including for example extraction of outcome data, are no
yet available [48]. For example, a recent systematic review 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 metadata and better integration of software tools to automatically exchange data between different software. Thus,
much work is still to be done in this area. Furthermore,
when automation tools for data extraction become available, 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 randomised trials [46]. For these reasons we believe that traditional 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 discussions between the authors, but no formal search was
conducted to identify other potentially relevant organisations [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 generalisability of the findings. The search strategy for our database 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
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documents. It is likely that at least some HTA agencies
have internal documents that provide more specific recommendations. Our focus was the usefulness of the
HTA method documents as a guidance to systematic reviewers outside of HTA institutions, however. For this
purpose, we believe that the assumption is appropriate
that most reviewers are likely to depend on the information directly accessible to them.
Thirdly, it was difficult to classify some of the recommendations using our coding scheme. For example, recommendations 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 difficult 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 independently, 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 referenced more comprehensive guidance such as the
Cochrane Handbook. We have not formally extracted information 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 extraction forms and the data extraction process. In the future,
developers of learning resources should consider providing 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 agencies may consider describing in more detail their published methods on data extraction procedures to
increase transparency.
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12874-020-01143-3.
Additional file 1. List of HTA websites searched.
Additional file 2. Information on database searches

Büchter et al. BMC Medical Research Methodology

(2020) 20:259

Additional file 3. List of items and rationale

Page 13 of 14

8.

Additional file 4. List of included documents
Additional file 5. Recommendations for non-interventional reviews

9.

Additional file 6. Primary analysis
10.
Abbreviations
CMR: Cochrane Methodology Register; CRD: Centre for Reviews and
Dissemination; EUnetHTA: European Network for Health Technology
Assessment; HTA: Health Technology Assessment; HTAi: Health Technology
Assessment international; HTAsiaLink: The collaborative research network of
Health Technology Assessment agencies in the Asia-Pacific region; INAH
TA: International Network of Agencies for Health Technology Assessment;
IoM: Institute of Medicine; JBI: Joanna Briggs Institute; PRIMSA: Preferred
Reporting Items for Systematic Reviews and Meta-Analyses; RedETSA: Red de
Evaluación de Tecnologías en Salud de las Américas (Health Technology
Assessment Network of the Americas); SRCML: Scientific Resource Center’s
Methods Library; SROs: Systematic Review Organisations

11.

12.

13.

14.
Acknowledgments
We thank information specialist Simone Hass for peer reviewing the search
strategy and conducting searches.
Authors’ contributions
Study design: RBB, DP. Data extraction: RBB, AW. Data analysis and
interpretation: RBB, DP, AW. Writing the first draft of the manuscript: RBB.
Revisions of the manuscript for important intellectual content: RBB, DP, AW.
Final approval of the manuscript: RBB, DP, AW. Agree to be accountable for
all aspects of the work: RBB, DP, AW. Guarantor: RBB.

15.

16.

17.
18.

Funding
No funding was received. Open Access funding enabled and organized by
Projekt DEAL.

19.

Availability of data and materials
The datasets used and analysed for the current study are available from the
corresponding author on reasonable request.

20.

Ethics approval and consent to participate
Not applicable.

22.

Consent for publication
Not applicable.

24.

21.

23.

25.
Competing interests
The authors declare that they have no competing interests.

26.

Received: 11 June 2020 Accepted: 7 October 2020

27.
28.

References
1. Sackett DL, Rosenberg WMC, Gray JAM, Haynes RB, Richardson WS.
Evidence based medicine: what it is and what it isn’t. BMJ. 1996;312:71–2.
2. Guyatt G, Rennie D, Meade MO, Cook DJ, editors. Users’ guides to the
medical literature: a manual for evidence-based clinical practice. 3rd ed.
New York: McGraw-Hill Education Ltd; 2015.
3. Khan KS, Kunz R, Kleijnen J, Antes G. Five steps to conducting a systematic
review. J R Soc Med. 2003;96:118–21.
4. Montori VM, Swiontkowski MF, Cook DJ. Methodologic issues in systematic
reviews and meta-analyses. Clin Orthop Relat Res. 2003;413:43–54.
5. Mathes T, Klaßen P, Pieper D. Frequency of data extraction errors and
methods to increase data extraction quality: a methodological review. BMC
Med Res Methodol. 2017;17:152.
6. Gøtzsche PC, Hróbjartsson A, Maric K, Tendal B. Data extraction errors
in meta-analyses that use standardized mean differences. JAMA. 2007;
298:430–7.
7. Glasziou P, Meats E, Heneghan C, Shepperd S. What is missing from
descriptions of treatment in trials and reviews? BMJ. 2008;336:1472–4.

29.

30.

31.

32.

33.

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. BMJ. 2009;
339:b2535.
Krnic Martinic M, Pieper D, Glatt A, Puljak L. Definition of a systematic
review used in overviews of systematic reviews, meta-epidemiological
studies and textbooks. BMC Med Res Methodol. 2019;19:203.
Van der Mierden S, Tsaioun K, Bleich A, Leenaars CHC. Software tools for
literature screening in systematic reviews in biomedical research. ALTEX.
2019;36:508–17.
Robson RC, Pham B, Hwee J, Thomas SM, Rios P, Page MJ, et al. Few studies
exist examining methods for selecting studies, abstracting data, and
appraising quality in a systematic review. J Clin Epidemiol. 2019;106:121–35.
Elamin MB, Flynn DN, Bassler D, Briel M, Alonso-Coello P, Karanicolas PJ, et
al. Choice of data extraction tools for systematic reviews depends on
resources and review complexity. J Clin Epidemiol. 2009;62:506–10.
Ciani O, Buyse M, Garside R, Pavey T, Stein K, Sterne JAC, et al. Comparison
of treatment effect sizes associated with surrogate and final patient relevant
outcomes in randomised controlled trials: meta-epidemiological study. BMJ.
2013;346:f457.
Haslam A, Hey SP, Gill J, Prasad V. A systematic review of trial-level metaanalyses measuring the strength of association between surrogate endpoints and overall survival in oncology. Eur J Cancer. 2019;106:196–211.
Pfadenhauer LM, Gerhardus A, Mozygemba K, Lysdahl KB, Booth A,
Hofmann B, et al. Making sense of complexity in context and
implementation: the Context and Implementation of Complex Interventions
(CICI) framework. Implement Sci. 2017;12:21.
Aromataris E, Munn Z, editors. Joanna Briggs Institute reviewer's manual:
The Joanna Briggs Institute; 2017. https://reviewersmanual.joannabriggs.
org/. Accessed 04 June 2020.
Centre for Reviews and Dissemination. CRD’s guidance for undertaking
reviews in health care. York: York Publishing Services Ltd; 2009.
Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. Cochrane
Handbook for Systematic Reviews of Interventions version 6.0: Cochrane; 2019.
www.training.cochrane.org/handbook. Accessed 04 June 2020.
Institute of Medicine. Finding what works in health care: standards for
systematic reviews. Washington, DC: The National Academies Press; 2011.
Bettany-Saltikov J. How to do a systematic literature review in nursing: a
step-by-step guide. Berkshire: McGraw-Hill Education; 2012.
Booth A, Papaioannou D, Sutton A. Systematic approaches to a successful
literature review. London: Sage Publications Ltd; 2012.
Cooper HM. Synthesizing research: a guide for literature reviews. Thousand
Oaks: Sage Publications Inc; 1998.
Egger M, Smith GD, Altman DG. Systematic reviews in health care: metaanalysis in context. 2nd ed. London: BMJ Publishing Group; 2001.
Foster MJ, Jewell ST. Assembling the pieces of a systematic review: a guide
for librarians. Lanham: Rowman & Littlefield; 2017.
Holly C, Salmond S, Saimbert M. Comprehensive systematic review for
advanced nursing practice. New York: Springer Publishing Company; 2012.
Mulrow C, Cook D. Systematic reviews: synthesis of best evidence for health
care decisions. Philadelphia: ACP Press; 1998.
Petticrew M, Roberts H. Systematic Reviews in the Social Sciences: A
Practical Guide. Malden: Blackwell Publishing; 2008.
Pope C, Mays N, Popay J. Synthesizing Qualitative and Quantitative Health
Evidence. Maidenhead: McGraw Hill; 2007.
Sharma R, Gordon M, Dharamsi S, Gibbs T. Systematic reviews in medical
education: A practical approach: AMEE Guide 94. Dundee: Association for
Medical Education in Europe; 2015.
Fröschl B, Bornschein B, Brunner-Ziegler S, Conrads-Frank A, Eisenmann A,
Gartlehner G, et al. Methodenhandbuch für health technology assessment:
Gesundheit Österreich GmbH; 2012. https://jasmin.goeg.at/121/. Accessed
19 Feb 2019.
Gartlehner G. (Internes) Manual Abläufe und Methoden: Ludwig Boltzmann
Institut für Health Technology Assessment (LBI-HTA); 2007. http://eprints.
aihta.at/713/. Accessed 19 Feb 2019.
Health Information and Quality Authority (HIQA). Guidelines for the retrieval
and interpretation of economic evaluations of health technologies in Ireland:
HIQA; 2014. https://www.hiqa.ie/reports-and-publications/health-technologyassessments/guidelines-interpretation-economic. Accessed 19 Feb 2019.
Institute for Clinical and Economic Review (ICER). A guide to ICER’s methods
for health technology assessment: ICER; 2018. https://icer-review.org/
methodology/icers-methods/icer-hta-guide_082018/. Accessed 19 Feb 2019.

Büchter et al. BMC Medical Research Methodology

(2020) 20:259

34. International Network of Agencies for Health Technology Assessment
(INAHTA). A checklist for health technology assessment reports: INAHTA;
2007. http://www.inahta.org/hta-tools-resources/briefs/. Accessed 19 Feb
2019.
35. Malaysian Health Technology Assessment Section (MaHTAS). Manual on
health technology assessment. 2015. https://www.moh.gov.my/moh/
resources/HTA_MANUAL_MAHTAS.pdf?mid=636.
36. Furlan AD, Malmivaara A, Chou R, Maher CG, Deyo RA, Schoene M, et al.
2015 Updated Method Guideline for Systematic Reviews in the Cochrane
Back and Neck Group. Spine. 2015;40:1660–73.
37. Li T, Vedula SS, Hadar N, Parkin C, Lau J, Dickersin K. Innovations in data
collection, management, and archiving for systematic reviews. Ann Intern
Med. 2015;162:287–94.
38. Munn Z, Tufanaru C, Aromataris E. JBI’s systematic reviews: data extraction
and synthesis. Am J Nurs. 2014;114:49–54.
39. Pullin AS, Stewart GB. Guidelines for systematic review in conservation and
environmental management. Conserv Biol. 2006;20:1647–56.
40. Stock WA, Goméz Benito J, Balluerka LN. Research synthesis. Coding and
conjectures. Eval Health Prof. 1996;19:104–17.
41. Moher D, Schulz KF, Simera I, Altman DG. Guidance for developers of health
research reporting guidelines. PLoS Med. 2010;7:e1000217.
42. Kirkham JJ, Dwan KM, Altman DG, Gamble C, Dodd S, Smyth R, et al. The
impact of outcome reporting bias in randomised controlled trials on a
cohort of systematic reviews. BMJ. 2010;340:c365.
43. Gøtzsche PC, Ioannidis JPA. Content area experts as authors: helpful or
harmful for systematic reviews and meta-analyses? BMJ. 2012;345:e7031.
44. Agoritsas T, Neumann I, Mendoza C, Guyatt GH. Guideline conflict of
interest management and methodology heavily impacts on the strength of
recommendations: comparison between two iterations of the American
College of Chest Physicians Antithrombotic Guidelines. J Clin Epidemiol.
2017;81:141–3.
45. Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan—a web and
mobile app for systematic reviews. Syst Rev. 2016;5:210.
46. Marshall IJ, Kuiper J, Wallace BC. RobotReviewer: evaluation of a system for
automatically assessing bias in clinical trials. J Am Med Informatics Assoc.
2016;23:193–201.
47. Beller E, Clark J, Tsafnat G, Adams C, Diehl H, Lund H, et al. Making progress
with the automation of systematic reviews: principles of the International
Collaboration for the Automation of Systematic Reviews (ICASR). Syst Rev.
2018;7:77.
48. O’Connor AM, Glasziou P, Taylor M, Thomas J, Spijker R, Wolfe MS. A focus
on cross-purpose tools, automated recognition of study design in multiple
disciplines, and evaluation of automation tools: a summary of significant
discussions at the fourth meeting of the International Collaboration for
Automation of Systematic R. Syst Rev. 2020;9:100.
49. Clark J, Glasziou P, Del Mar C, Bannach-Brown A, Stehlik P, Scott AM. A full
systematic review was completed in 2 weeks using automation tools: a case
study. J Clin Epidemiol. 2020;121:81–90.
50. O’Connor AM, Tsafnat G, Thomas J, Glasziou P, Gilbert SB, Hutton B. A
question of trust: can we build an evidence base to gain trust in systematic
review automation technologies? Syst Rev. 2019;8:143.
51. Cooper C, Booth A, Britten N, Garside R. A comparison of results of
empirical studies of supplementary search techniques and
recommendations in review methodology handbooks: a methodological
review. Syst Rev. 2017;6:234.
52. Cooper C, Booth A, Varley-Campbell J, Britten N, Garside R. Defining the
process to literature searching in systematic reviews: a literature review of
guidance and supporting studies. BMC Med Res Methodol. 2018;18:85.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 14 of 14

