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METHODOLOGY

A methodology for systematic mapping 
in environmental sciences
Katy L. James1, Nicola P. Randall1* and Neal R. Haddaway2

Abstract 

Systematic mapping was developed in social sciences in response to a lack of empirical data when answering ques-

tions using systematic review methods, and a need for a method to describe the literature across a broad subject of 

interest. Systematic mapping does not attempt to answer a specific question as do systematic reviews, but instead 

collates, describes and catalogues available evidence (e.g. primary, secondary, theoretical, economic) relating to a 

topic or question of interest. The included studies can be used to identify evidence for policy-relevant questions, 

knowledge gaps (to help direct future primary research) and knowledge clusters (sub-sets of evidence that may be 

suitable for secondary research, for example systematic review). Evidence synthesis in environmental sciences faces 

similar challenges to those found in social sciences. Here we describe the translation of systematic mapping meth-

odology from social sciences for use in environmental sciences. We provide the first process-based methodology for 

systematic maps, describing the stages involved: establishing the review team and engaging stakeholders; setting 

the scope and question; setting inclusion criteria for studies; scoping stage; protocol development and publica-

tion; searching for evidence; screening evidence; coding; production of a systematic map database; critical appraisal 

(optional); describing and visualising the findings; report production and supporting information. We discuss the 

similarities and differences in methodology between systematic review and systematic mapping and provide guid-

ance for those choosing which type of synthesis is most suitable for their requirements. Furthermore, we discuss the 

merits and uses of systematic mapping and make recommendations for improving this evolving methodology in 

environmental sciences.
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Background
�e last decade saw increasing concerns that scientific 

research was not being used to underpin policy and 

practice in the fields of conservation and environmental 

science [1–7], with decisions generally being experience-

based rather than evidence-based [2, 8]. Methods for 

evidence-based decision-making are more developed in 

disciplines such as medicine and social science. In these 

sectors a suite of ‘systematic evidence synthesis’ meth-

odologies have been developed to gather and collate evi-

dence, and sometimes appraise studies and synthesise 

study results e.g. [9–11]. Evidence synthesis methods 

follow rigorous, objective and transparent processes 

that, unlike traditional literature reviews, aim to reduce 

reviewer selection bias and publication bias, and enable 

the reader to view all the decisions made for inclusion 

and appraisal of research, and how conclusions have been 

reached. Evidence syntheses are now receiving significant 

interest in environmental sciences, gaining increasing 

recognition from research funders e.g. [12, 13]. One of 

the most recognised evidence synthesis methods is sys-

tematic review, which is often regarded as the gold stand-

ard [2, 3, 8, 14, 15].

Systematic reviews use existing primary research to, 

where possible, answer a specific question by combin-

ing suitable data from multiple studies, either quantita-

tively (e.g. using meta-analysis) or qualitatively (e.g. using 

meta-ethnography) [11, 16]. In environmental sciences 
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‘meta-analysis’, a powerful statistical tool, is often used 

in quantitative reviews to combine the results of multiple 

studies [17]. �is improves precision and power through 

increased effective sample size, and allows additional 

sources of variability across studies to be investigated 

[18]. �is process of combining the results of multiple 

studies to answer a question is often called ‘synthesis’ 

[11]. However, ‘synthesis’ can also be used to describe the 

methodological process used to gather and collate evi-

dence, which may or may not include extraction of results 

and combining of study results to answer a question. 

Here we use the term ‘evidence synthesis’ to describe the 

whole methodology used to gather and collate evidence 

(e.g. systematic review, systematic mapping) and the term 

‘synthesis of results’ to describe the combining of results 

from multiple studies either quantitatively or qualita-

tively to answer a question.

Questions suitable for systematic review are struc-

tured to contain a number of key elements; explicit com-

ponents that specify the essential aspects of a primary 

research study to be able to answer the review question 

[19]. In environmental evidence, the most common ques-

tion type relates to the effects of an intervention or expo-

sure and generally has 4 key elements that need to be 

specified; population (P), intervention (I) or exposure (E), 

comparator (C) and outcome (O) commonly referred to 

the PICO or PECO elements [17]. Other types of ques-

tion structures exist [20] and may be developed for par-

ticular circumstances. For example, the European Food 

Safety Authority (EFSA) are often interested in questions 

related to the accuracy of a test method for detection or 

diagnosis, in which case the population (P), index test (I) 

and target condition (T) must be specified. �is struc-

ture is often called a ‘PIT’ question type. For questions 

regarding the prevalence of a condition, or occurrence of 

an outcome for a particular population, the key elements 

are the population (P) and outcome (O), often referred to 

as ‘PO’ question types [12, 19]. Some examples of PICO, 

PECO, PIT and PO question types are given in Box 1.

�ese questions where all the key elements are clearly 

specified are termed ‘closed-framed’ [19] and help ena-

ble systematic review teams to envisage the type of pri-

mary research study designs and settings that would be 

included [12], Sometimes all elements of the question are 

not explicit in PICO or PECO type questions because the 

intervention or exposure and comparator elements are 

considered together, for example when comparing differ-

ent levels of exposure to a chemical and the effects on the 

outcome, but these questions are still considered closed-

framed [19].

Despite being ‘gold standards’ in evidence synthesis, 

systematic reviews are not always feasible. �e ability of 

systematic reviews to produce a quantitative answer to 

a review question using meta-analysis can be hampered 

by data availability [21]. High quality quantitative data 

is not always abundant in environmental science [22] 

and methodological detail and results are often poorly 

reported, unreported, and/or unrecorded [23–25].

Often, multiple options for key question elements (e.g. 

multiple populations, interventions or exposures) are 

needed to answer questions. Also, policy-makers fre-

quently ask questions relating to barriers to effective-

ness of interventions (e.g. cost of implementation; lack 

of awareness of intervention) and how these can be over-

come. �e studies collated for these type of questions are 

often highly heterogeneous (mixed) including different 

methodologies and outcomes or a mixture of quantita-

tive and qualitative research. �is may make synthesising 

the results of individual studies (e.g. via meta-analysis), 

to answer the question, challenging or impossible. In 

these cases, a means of collating the evidence to identify 

sub-sets of evidence or questions suitable for systematic 

review would be beneficial, particularly where the evi-

dence base is extensive [11, 16].

Questions posed by user groups in policy and practice 

are sometimes ‘open-framed’ (questions that lack specifi-

cation of some key elements) and may not readily trans-

late into closed-framed questions suitable for systematic 

review. Decision makers often ask questions relating 

to the state of evidence on a topic: How much evidence 

is there? Where is the evidence? What interventions or 

exposures have been studied? Which outcomes have been 

studied? How have the studies been undertaken? An 

example question relevant to environmental sciences 

might be: ‘What are ‘integrated landscape approaches’ 

and where and how have they been implemented in the 

tropics?’ (adapted from [26]). For this type of question 

it is difficult to define inclusion criteria for specific key 

elements (to decide what studies are relevant) and an 

iterative approach may have to be taken. �e evidence 

gathered may be used to inform the development of 

new theories, conceptualisations or understandings [11, 

16, 26]. In environmental sciences, a method of collat-

ing studies to address these types of question is often 

needed.

Sometimes the aim of collating evidence may be 

to inform secondary synthesis other than systematic 

review. For example, to gather data for modelling [27]. 

Stakeholders may also be interested in research activity 

already captured in existing systematic reviews either to 

ask questions about the nature of the research field or 

to identify primary research that could be used in fur-

ther secondary synthesis [11]. Again, this highlights the 

need for a means of cataloguing all the available evidence 

in a comprehensive, transparent and objective manner 

to describe the state of knowledge, identify sub-sets of 
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evidence or topics suitable for further secondary synthe-

sis or identify where there is a lack of evidence.

In the social sciences, ‘systematic mapping’ methodol-

ogy was developed in response to the need to adapt exist-

ing systematic review methodology for a broader range of 

circumstances including some of those mentioned above 

[10, 28–30].

Systematic mapping does not aim to answer a specific 

question as does a systematic review, but instead collates, 

describes and catalogues available evidence (e.g. pri-

mary, secondary, quantitative or qualitative) relating to a 

topic of interest [10]. �e included studies can be used 

to develop a greater understanding of concepts, identify 

evidence for policy-relevant questions, knowledge gaps 

(topics that are underrepresented in the literature that 

would benefit from primary research), and knowledge 

clusters (sub-sets of evidence that may be suitable for 

secondary research, for example using systematic review) 

[10, 11, 30–32].

Systematic mapping follows the same rigorous, objec-

tive and transparent processes as do systematic reviews 

to capture evidence that is relevant to a particular topic, 

thus avoiding the potential pitfalls of traditional literature 

reviews (e.g. reviewer and publication bias). However, 

since systematic mapping is not restricted by having to 

include fully specified and defined key elements, it can 

be used to address open-framed or closed-framed ques-

tions on broad or narrow topics. Systematic mapping is 

particularly valuable for broad, multi-faceted questions 

relating to a topic of interest that may not be suitable 

for systematic review due to the inclusion of multiple 

interventions, populations or outcomes or evidence not 

limited to primary research. Systematic maps play an 

important role in evidence syntheses because they are 

able to cover the breadth of science often needed for pol-

icy-based questions [33].

In systematic mapping, the evidence collated is cata-

logued, usually in the form of a database, providing 

detailed ‘meta-data’ (a set of data that describes and 

gives information about other data) about each study 

(e.g. study setting, design, intervention/s, population/s) 

and the article it appears in (e.g. author, title, year, peer 

review journal, conference proceeding). �ese meta-data 

are used to describe the quantity and nature of research 

in a particular area. For example, the number of articles 

published in journals, books, conferences; the number of 

publications per year; the number of studies from each 

country of origin; the type and number of interventions; 

type and number of different study designs (e.g. survey, 

randomised controlled trial (RCT), cohort study); the 

population types (e.g. species studied). As systematic 

maps may include multiple populations, interventions 

or exposures, or outcomes (e.g. the number of studies 

investigating the effectiveness of a specific interven-

tion, for a particular outcome in a specific population), 

more complex cross-tabulations can also be carried out. 

By interrogating the meta-data it is possible to identify 

trends, knowledge gaps and clusters. In further contrast 

with systematic reviews, systematic maps are unlikely to 

include extraction of study results or synthesis of results. 

To date those published within social science disciplines 

also exclude critical appraisal of included studies [10]. 

Table  1 outlines the key differences between systematic 

review and systematic mapping.

Box 1. Examples of di�erent key element 
question types
Pico

‘Do deflector systems on planting equipment reduce 

dust from neonicotinoid treated-seed contaminating 

surrounding flora?’

Population = flora; Intervention = defector systems; 

Comparator = no defector system or alternative inter-

vention; Outcome  =  concentration of neonicotinoid 

treated seed-dust on surrounding flora.

Peco

‘Does exposure to imidacloprid impair foraging in 

honey bees?’

Population = honey bees; Exposure = imidacloprid; 

Comparator  =  no-exposure; Outcome  =  honey bee 

foraging

Pit

‘What is the detection limit of the modified QuECh-

ERS method and liquid chromatography coupled to 

tandem mass spectrometry for quantifying imidaclo-

prid residue in honey?’

Population = honey; Index test = modified QuECh-

ERS method and liquid chromatography coupled to 

tandem mass spectrometry; Target condition =  con-

centration of imidacloprid residue

Po

‘What concentrations of imidacloprid are found in the 

pollen and nectar of imidacloprid seed-treated oilseed 

rape?’

Population =  oilseed rape pollen and nectar; Out-

come = concentration of imidacloprid

History of systematic mapping
Methodology for systematic mapping was originally 

developed by the Evidence for Policy and Practice Infor-

mation and Co-ordinating Centre (EPPI-Centre) [28, 29]. 
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�ese systematic maps, sometimes termed ‘descriptive 

maps’, are often used in a two-stage model of systematic 

review as a means of initially characterising the evidence 

base, followed by the identification of smaller sub-sets 

of studies that can be used to answer focused questions 

through systematic review [28, 29, 34].

�e EPPI-Centre mapping methodology was subse-

quently adapted by the Social Care Institute for Excel-

lence (SCIE) in response to a lack of empirical data to 

answer specific questions using systematic review meth-

odology, and a need for methodology to describe the lit-

erature in a broad field of interest [10]. SCIE term this 

methodology ‘systematic mapping’ and have developed 

detailed guidance for reviewers [10]. It is this guidance, 

used together with completed SCIE systematic maps 

[35–37], that was first used to pilot systematic mapping 

for use in environmental science [38] and that provides 

the framework for methodology described in this paper.

�ere are a number of variations in terminology relat-

ing to systematic mapping in different disciplines and 

these are detailed in Box 2.

In environmental sciences, systematic mapping is 

receiving increasing attention as a methodology in evi-

dence synthesis e.g. [13, 33, 44], but as yet is only briefly 

discussed in current CEE systematic review guidance 

[17].

Here, we describe a framework and recommendations 

for undertaking systematic mapping of environmen-

tal research based on guidance developed by SCIE [10], 

reviewer experience in undertaking systematic maps in 

environmental sciences, and lessons from different map-

ping approaches used in other disciplines.

Table 1 Di�erences between a systematic map and systematic review

Stage in ‘evidence 
synthesis’

Systematic map Systematic review

Objective Describes the state of knowledge for a question or topic Aims to answer questions with a quantitative or qualitative 
answer

Question formulation Question can be open-framed or closed-framed. Topic can 
be broad or narrow

Question is usually closed-framed

Search strategy No limitation on research evidence that can be included 
(e.g. primary and secondary research)

Evidence is limited to primary qualitative or quantitative 
research. For example comparative, prevalence or occurrence 
type studies

Article screening Articles not obtainable at full text (where the full docu-
ment is not available) or studies with limited data may 
be included

Article full text is usually required to extract relevant data

Data extraction Information describing the study and its methods are 
extracted. Study results may not be extracted

Information describing the study and its methods and studies’ 
qualitative and or quantitative results extracted

Critical appraisal Critical appraisal optional All included studies critically appraised for study internal and 
external validity

Synthesis Trends in the literature, knowledge gaps and clusters iden-
tified but no ‘synthesis of study results’ carried out

Qualitative or quantitative synthesis of study results where 
possible using appropriate methodology (e.g. meta-analysis). 
Knowledge gaps identified

Report Describes and catalogues available evidence relating 
to a topic of interest, identifying knowledge gaps and 
knowledge clusters. Implications for policy, practice and 
research made

Narrative and qualitative or quantitative synthesis study results 
(e.g. meta-analysis) to answer the question (where feasible). 
Implications for policy and practice, and identification of 
knowledge gaps for future research

Box 2. Alternative de�nitions of ‘systematic 
mapping’ in other disciplines
�e term ‘mapping’ for evidence is used in a variety 

of different disciplines, sometimes with very different 

meanings and methodological approaches.

In public health, the term’systematic map’ has been 

used to describe what in environmental sciences is 

referred to as a scoping review [39]; a rapid review 

method for gaining a basic overview of the literature 

prior to defining full systematic reviews. �is poten-

tial confusion can be reduced by avoiding the use of 

‘systematic mapping’ for methods that fall outside of 

those described here.

‘Evidence gap maps’, developed by the International 

Initiative for Impact Evaluation (3ie), are thematic 

evidence collections of completed and ongoing sys-

tematic reviews and impact evaluations on the effec-

tiveness of interventions alone (and no other type of 

evidence) in a particular international development 

sector (e.g. water, sanitation and hygiene sector). �ey 

follow very similar methodology to that used in social 

science systematic maps in the way that evidence is 

searched for, screened for inclusion in the review and 
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Methodological framework for systematic 
mapping
Before commencing any review, it is important to estab-

lish a team who will be involved throughout the review 

process [10, 17]. �e review team should ensure that they 

have adequate means of searching multiple sources for 

relevant published and unpublished literature (e.g. access 

to relevant bibliographic literature databases, web-based 

search engines, websites of specialist organisations) and 

accessing full texts (e.g. subscriptions to relevant jour-

nals, adequate funds for interlibrary loans), as a compre-

hensive and unbiased search is essential to the systematic 

mapping process. Systematic mapping is conducted in 

sequential stages (Fig. 1). �e first stages (1–3) generally 

follow those of CEE systematic review guidance [17]. Fol-

lowing screening and full text retrieval, however, stages 

are cut short, since no synthesis of study results is under-

taken. Instead, a database is populated with study meta-

data using predefined categories assigned to each study 

for a suite of variables that describe the study’s setting 

and design. �is process is termed ‘coding’ [10].

For systematic mapping in environmental sciences, the 

major divergence between the guidance herein and sys-

tematic mapping methodology described by SCIE [10] 

is in the optional inclusion of a ‘critical appraisal’ stage 

following coding. It may be advantageous to include 

this a priori defined stage to assess the reliability of the 

evidence base in whole or in part, and to help identify 

sub-topics or questions that may be suitable for further 

secondary synthesis (e.g. systematic review). It must be 

pointed out, however, that any critical appraisal carried 

out in systematic maps should be viewed with caution 

when considering any secondary synthesis. For example, 

external validity of studies may not have been assessed 

in the systematic map, but this important aspect of 

appraisal is required for systematic review. Furthermore, 

where users are interested in taking a sub-set of evidence 

from the systematic map to be used to address a system-

atic review question, critical appraisal on specific impor-

tant aspects of methodology may be required that were 

not undertaken as part of the systematic map. Following 

coding and optional critical appraisal, meta-data in the 

map database are used to describe the evidence base in a 

narrative synthesis (the results text within the systematic 

map report). �e key benefits and outputs of a systematic 

map are given in Box 3 and described in more detail in 

each stage of the systematic mapping process below.

In the following pages we set out a stage-by-stage 

framework for the systematic mapping process. Key defi-

nitions used in systematic mapping are given in Box 4.

Stage 1

Establishing a review team and engaging stakeholders

As for systematic review [17], a review team should be 

established for a systematic map. �e team should include 

members that have the necessary knowledge and skills 

required to carry out the systematic map [11]; for exam-

ple, knowledge of the topic or disciplines included, and 

skills for literature searching and coding. Establishment 

STAGE 1

Establishing the review team and engaging stakeholders

Se�ng the scope and ques�on

Se�ng inclusion criteria for studies

Scoping study

Protocol development and publica�on

STAGE 2

Searching for evidence

STAGE 3

Screening evidence

STAGE 4

Coding

Produc�on of the systema�c map database

STAGE 5

Cri�cal appraisal (op�onal)

STAGE 6

Describing and visualising the findings

Report produc�on and suppor�ng informa�on 

Fig. 1 Stages in the systematic mapping process

catalogued (also termed coding) but differ in that the 

type of evidence they include is limited and that they 

carry out critical appraisal for all included systematic 

reviews. �e resulting ‘map’ provides a graphical dis-

play of areas with strong, weak or non-existent evi-

dence and access to summaries of the included impact 

evaluations and systematic reviews [40, 41].

Descriptive mapping (as defined by the EPPI-Cen-

tre) is also used in medicine e.g. [42] and ‘evidence 

maps’ have been developed by �e Global Evidence 

Mapping Initiative to create an overview of existing 

research in Traumatic Brain Injury (TBI) and Spinal 

Cord Injury (SCI) research e.g. [43]. Both of these 

types of evidence syntheses are similar in methodol-

ogy to systematic map methods developed by SCIE.
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of a team is also needed for any quality assurance carried 

out in the systematic map, since this should involve more 

than one reviewer (e.g. for the quality assurance of screen-

ing and coding of studies). �e review team would benefit 

from being led by an experienced project manager who 

is responsible for managing tasks, people and resources 

involved in the systematic mapping process.

�e composition of review teams are likely to be simi-

lar to those for systematic review teams, although as no 

synthesis of results takes place, there is unlikely to be a 

requirement for specialist statistical expertise within the 

team. Instead experts in databases may offer value.

�ere are distinct benefits to setting the scope of a 

systematic map in collaboration with stakeholders, and 

reviewers should attempt to solicit interest from a rep-

resentative group of relevant stakeholders. Stakeholders 

may be consulted for their expertise to help shape the 

scope and ensure the relevance of the systematic map 

[11]. �ey may also have commissioned the systematic 

map. Systematic maps may be of potential interest to a 

wide range of stakeholders, including policy makers, prac-

titioners, non-governmental organisations, levy boards, 

scientists and research funding bodies e.g. [26, 45–52].

It should be noted that stakeholders may have a 

strongly vested interest in the topic and care must be 

taken to avoid any resultant bias to the systematic map-

ping process. �e systematic map must state clearly who 

was involved in the process and funders must be declared 

to provide transparency to the reader.

Setting the scope and question

Firstly, the review team must consider the scope of the 

topic and the aim of the question to decide whether sys-

tematic mapping is the most appropriate approach. When 

setting the scope of the systematic map it is sometimes 

useful to develop a conceptual framework or model (vis-

ual or textual) to outline what is to be explored by the 

map e.g. [45, 46]. �is makes explicit the assumptions and 

mechanisms that provide the background to the map, and 

can help test the suitability of the topic being addressed 

for the commissioner’s or stakeholder’s needs [13].

�e review team should consider the following 

questions:

Is the aim of the question to

  • Describe the current state of knowledge for a topic or 

question rather than answering a question through 

‘synthesis of results’?

  • Discover: how much evidence there is? What popula-

tions, interventions, exposure or outcomes have been 

studied? How studies have been carried out?

  • Gather and collate evidence to identify suitable top-

ics or sub-groups of evidence that may be suitable for 

further secondary research and knowledge gaps for 

primary research?

Is the scope of topic

  • Multi-faceted and likely to collate very heteroge-

neous studies that would make synthesis of results 

using systematic review challenging or difficult?

  • Narrow but includes multiple options for key ele-

ments and is therefore likely to gather very heteroge-

neous studies?

  • Likely to be supported by an extensive evidence base 

that would benefit from initial characterisation to 

identify sub-topics or sub-groups of evidence for fur-

ther secondary research?

If the answer to any of these questions is ‘yes’ then a 

systematic mapping approach should be considered.

Question formulation follows a similar procedure as 

for systematic reviews [17] (i.e. PICO, PECO, PIT or PO 

formulae) alternatively the question may be more open-

framed where, for example, it is not known what inter-

ventions or outcomes have been studied or how the 

studies have been undertaken. Box  5 shows published 

examples of systematic mapping questions.

Setting inclusion criteria for studies

Establishing the inclusion criteria for systematic maps is 

similar to that for systematic reviews [17]. Criteria should 

be set in consultation with stakeholders where possible 

and considerable effort should be expended in ensuring 

they are appropriate and well-defined, since they form 

the backbone of the systematic map. �e review team 

must decide on the extent to which criteria are pre-spec-

ified or developed during the mapping process and this 

will depend on the type of question asked.

Inclusion criteria may be decided by splitting the map 

into its key elements, as in systematic review (e.g. PICO, 

PECO, PIT or PO), and may be broad or narrow depend-

ing on the breadth and depth of the question.

Systematic maps are potentially less limited in the types 

of evidence that may be included than systematic reviews 

because no synthesis of study results is undertaken. Sys-

tematic maps can include a wide range of research (e.g. 

primary, secondary, theoretical, economic) and study 

designs (e.g. experimental, quasi-experimental or obser-

vational). �e chosen approach for inclusion of studies 

should be detailed in the protocol and the type of evi-

dence clearly documented in the map database.

Scoping study

Scoping (sometimes referred to as a ‘pilot study’) is a vital 

part of systematic reviews [17] and the process should 

not differ for systematic maps. Scoping can be seen as a 
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‘trial run’ of the full systematic map, and helps to shape 

the planned method for the review and inform develop-

ment of the protocol. In scoping, the search strategy is 

tried and tested, the number of results found is recorded 

(typically from searches in just one academic database), 

and screening is undertaken on a subset of search results 

to assess proportional relevance at title, abstract and full 

text levels. Trialling the search strategy in scoping can 

help reviewers to find an appropriate balance between 

sensitivity (getting all information of relevance) and spec-

ificity (the proportion of articles that are relevant). If the 

search strategy is too sensitive and not specific enough, 

the search may return a large amounts of not only rele-

vant but also irrelevant information that is too extensive 

to screen within reasonable time and resource limits; too 

specific and not sensitive enough and the search strategy 

may miss vital evidence. Sometimes the scoping stage 

may help identify whether a systematic map or a full sys-

tematic review is the most appropriate method to address 

a question. For example, a decision on the most appro-

priate approach to be taken may be influenced by the 

amount and type of evidence found during the scoping 

stage. If this is the case, once the scoping stage is com-

pleted it must be specified a priori whether a systematic 

map or systematic review will be conducted.

Protocol development and publication

�e systematic map protocol takes a similar format to 

that of a systematic review protocol, and should detail the 

approach that will be taken for all stages of the mapping 

process. �e systematic map protocol is submitted, peer-

reviewed and published in the same way as for a CEE sys-

tematic review [17]. Planned outputs (usually in the form 

of freely accessible databases) should be written into the 

protocol. If, for unforeseen reasons, a change in method-

ology is needed then these differences from the protocol 

must be clearly stated and detailed in the final systematic 

map report.

Stage 2

Searching for evidence

Searching for evidence and recording the methods for 

searching and the numbers of articles captured within a 

systematic map follows the same procedures as within a 

systematic review [17]. �e methods used for searching 

for evidence should be documented a priori in the pro-

tocol, with any variation recorded in the systematic map 

report. As with systematic review, the search for litera-

ture should aim to be as comprehensive as possible, for 

example using (but not limited to) relevant bibliographic 

databases, web-based search engines, websites of special-

ist organisations, bibliographies of relevant reviews, and 

targeted calls for evidence using professional networks 

or public calls for submission of articles (e.g. via Twitter). 

In some cases, systematic maps may return a greater vol-

ume of evidence than would be expected for systematic 

reviews, since systematic maps can address questions 

that may be multi-faceted, relating to broad topics that 

aim to gather a wide range of evidence types.

Stage 3

Screening evidence

Screening of search results (also referred to as ‘study 

inclusion’) against inclusion criteria proceeds in system-

atic maps in the same way as in systematic reviews: via 

title, abstract and full text screening stages [17].

Where articles appear to be relevant but full texts can-

not be obtained (e.g. the conference proceedings the 

article is published in is unavailable) it may be useful to 

include them within systematic maps as their inclusion 

can contribute to the overall state of knowledge. �ere 

are many reasons why full text may not be obtainable (e.g. 

the study may not have been published; the reviewer may 

be unable to access conference proceedings or contact 

study authors; the published article is no longer available 

on a website). Studies that have not been obtained in any 

full text articles should be categorised separately to full 

text articles. Where systematic maps identify potentially 

relevant but unobtainable articles it may be beneficial to 

include two databases, one of relevant abstracts and one 

of meta-data extracted full texts [49]. Only studies with 

suitable available meta-data can be carried forward to the 

critical appraisal stage, if this is undertaken.

In recent years, text mining technologies have been 

developed to reduce screening workload (especially in 

large, complex evidence bases) and prioritise records 

for manual screening [39]. Text mining software is read-

ily available, is included in some systematic review man-

agement software, such as EPPI-Reviewer [53], and may 

prove particularly useful for rapidly coding information 

from within large evidence bases such as those typically 

identified by systematic mapping.

As with systematic reviews, it is good practice for the 

screening process in systematic maps to be checked for 

consistency and clarity between multiple review team 

members [10] (e.g. using a Kappa analysis) as described 

in CEE guidance [17], with team members discussing and 

resolving any ambiguities.

A record of the screening process, with numbers of 

articles excluded at each stage and reasons for exclu-

sion for full texts should be included with the systematic 

map report for transparency. For example, using a similar 

template to that provided in CEE guidance for systematic 

review [17] or a PRISMA-type flow chart [54]. �is infor-

mation can be provided as supplementary material, pub-

lished alongside the systematic map.
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Stage 4

Coding

In systematic reviews, data extraction includes both 

meta-data (information describing the study and its 

methods) and study qualitative and/or quantitative 

results. In systematic maps, data extraction may con-

sist only of meta-data e.g. [38, 47]. As stated above, the 

process of assigning categories to each study for a suite 

of variables that describe the study setting and design 

is referred to as coding [10]. Coding is carried out for a 

combination of generic (e.g. author, title, year of publica-

tion, publication type, data source type, data type) and 

topic-specific (e.g. intervention/s, population/s, length 

of study, sampling strategy) fields describing the study 

setting (Table 2), which will later be collated into a sys-

tematic map database. �e mapping process is designed 

to create a useful and structured resource that provides 

sufficient detail of studies to be of use in future work. 

Whilst coding may be undertaken in systematic reviews, 

it is likely to be more extensive in systematic maps, where 

it is designed to be an output in itself.

Deciding what information to include in a systematic 

map database can be a challenge. Systematic maps may be 

more widely useful if they detail a broad range of aspects 

of study designs and settings, but resources may not allow 

this, particularly for large volumes of evidence. A balance 

should therefore be struck between utility and available 

resources, with the information that is most relevant to 

the systematic map question prioritised for coding.

�e most basic map would consist of a list of unique 

studies rather than articles. An article is the published 

format in which authors present their research. A study 

is the unique investigation. �e study unit is difficult to 

define. In some cases this may be a geographical area: in 

others it may be a unit in time. Four key variables help to 

define a study; the researchers, the location, the time, and 

the method. Which of these variables are used as cut-

offs and where those cut-offs may be is a decision for the 

review team.

In systematic maps, coding is typically based on infor-

mation from full text articles, since many essential 

details required for screening must be gained from the 

complete text, and abstract quality is extremely variable 

across the evidence base [55], although some basic cod-

ing (e.g. generic and some topic specific coding, such as 

intervention/s studied where it can be determined) may 

be undertaken for studies included at title or abstract 

stage e.g. [49].

It is important to consider the level of detail recorded 

for study design should any form of critical appraisal be 

planned. Study results are not usually summarised in sys-

tematic maps reports as no synthesis of results is under-

taken, and collating results may encourage vote-counting 

(where the number of statistically significant results for 

and against a hypothesis are counted and weighed against 

each other) which is actively discouraged by CEE [17]. 

However, authors may decide in some cases to include 

data relating to results within the database e.g. [49], 

since this may facilitate future analyses in a full system-

atic review. In these cases the authors should explicitly 

state the limitations of the data to guide appropriate 

interpretation.

�e coding tool (the list of meta-data variables to be 

extracted) and the categories that will be assigned, should 

Table 2 Examples of coding variables for systematic maps

Coding variable Example of information that may be recorded

Full reference Author(s), title, date, publisher

Year of publication Date of publication in years

Publication type Academic journal, book, conference paper or thesis

Language Article language

Study country Name of country

Linked study Other articles reporting the same study

Data source e.g. Primary or secondary research

Data type e.g. Quantitative or qualitative

Study design e.g. Experimental, quasi-experimental, observational, survey

Population(s) e.g. Species, group

Intervention(s) Type(s) of intervention investigated

Exposure(s) Type(s) of exposure investigated

Comparator(s) Type(s) of comparator used

Outcome(s) assessed Types of outcome assessed

Sampling strategy e.g. None specified, randomised, systematic

Length/period of study e.g. Number of days, weeks, months, years or time period over which study was undertaken
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be developed with expert assistance and subjected to 

peer-review within the protocol. Coding can often be 

complex and it is advisable to pilot the process before 

the protocol is completed, to ensure that coding is objec-

tive, repeatable and adequately reflects the content of the 

studies.

Software can assist coding, and can be used as long as 

it facilitates the production of one or more searchable 

databases. For example, EPPI-Reviewer software [53] 

designed for systematic reviews in the social sciences 

lends itself well to coding within systematic maps, since it 

allows codes to be assigned to full-text electronic articles 

using a tick-box style process.

At present, no standards exist in environmental sci-

ences for how many reviewers should carry out cod-

ing within systematic maps, and planning for coding is 

likely to depend on available resources. As a guide, SCIE 

standards for data extraction recommend the independ-

ent coding of all records by at least two people. Once the 

coding has been completed a random sample of 20 % of 

papers are separately coded for quality assurance by an 

assessor independent of the project team [10].

Production of the systematic map database

�e included studies and their meta-data can be pre-

sented within one or more databases. Where possible, it 

is strongly recommended that these databases are search-

able e.g. [48, 49]. �is facilitates interrogation by end-

users, who may, for example, want to explore a wider 

range of questions relating to the map and identify rel-

evant sub-sets of evidence.

A database is any organised collation of data. Databases 

are managed by database management systems (DBMS), 

such as Microsoft Access and Microsoft Excel. Some 

software is more user-friendly, whilst other software is 

more powerful. �e choice of DBMS is entirely up to the 

reviewers, but consideration should be made regarding 

accessibility of software for users, and of ease of use. Help 

files can be vital resources in detailing for end users how 

to access and interrogate the systematic map database 

e.g. [38].

Reviewers may choose to create more than one data-

base from a systematic map to provide varying levels of 

information. For example, a database of all included stud-

ies with basic meta-data (including potentially relevant 

studies for which no full text articles are available) pro-

vides users with a basic overview of the state of evidence. 

A second database containing only full text articles that 

have additional coding fields provides additional value, 

since, although it contains fewer included studies, it may 

be of greater use in supporting decision-making, particu-

larly if it can be coded to inform critical evaluation. See 

[49] for example.

It is important to retain a high degree of clarity across 

any databases produced in order to go beyond a sim-

ple list of citations. Where multiple articles discuss one 

study or where studies appear to be linked, they should 

be highlighted in the database e.g. [48, 49], particularly 

where studies have been reported in multiple articles 

where dual publication can risk double-counting within a 

map. �is helps to avoid double counting of study results 

in future syntheses that might miss linkages between 

study lines in the database.

Stage 5

Critical appraisal (optional)

Critical appraisal within systematic mapping is a use-

ful tool to investigating the overall validity of the evi-

dence base or subsets of evidence, something that may be 

specified by stakeholders commissioning reviews. Criti-

cal appraisal in systematic maps e.g. [47–49] is optional, 

however, since there is no synthesis of results and it is 

difficult to assess external validity (generalisability) when 

a question has not been explicitly specified as with a sys-

tematic review. Critical appraisal for systematic mapping 

may follow the processes outlined for systematic review 

[17], and should only be undertaken for studies using 

full-text articles where a sufficient level of detail in study 

methods is provided.

Since systematic maps are often designed to provide 

an overview of all evidence relating to a topic, they may 

include a wide variety of different types of study, some of 

which would normally be excluded from more focussed 

systematic reviews. In these cases, critical appraisal may 

be particularly useful where inferences regarding the 

‘robustness’ of different aspects of the evidence base can 

be made and used to complement conclusions regarding 

the volume of evidence.

Stage 6

Describing the �ndings

�e systematic map database can be used to describe the 

scope of the research and identify knowledge clusters 

and gaps. �e map can be interrogated by users allowing 

them to find information relating to any chosen combi-

nations of subsets of the meta-data. Simple numerical 

accounts of frequencies in each category (e.g. the num-

ber of studies investigating a particular species) and more 

complex cross-tabulations (e.g. number of studies inves-

tigating the effectiveness of a particular intervention, in 

a specific farming system for a named species) enable 

correlations, trends, gaps and clusters to be identified e.g. 

[38, 46–49].

A systematic map report should describe the evi-

dence base in a similar way to the descriptive statistics 

section in a systematic review (see report production 
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section below). Authors usually start by describing simple 

generic (e.g. number of studies per year, country, publica-

tion type) and study-specific trends (e.g. number of stud-

ies per intervention, population, outcome, study design) 

before describing more complex, in depth analysis of 

the evidence base e.g. [38, 46–49]. Compared to system-

atic review, systematic maps may put more emphasis on 

describing the evidence, since this is the primary objec-

tive of the map.

Visualising the �ndings

Pivot tables and pivot charts are useful ways of easily vis-

ualising the quantity (and quality if assessed) of evidence 

across a suite of meta-data variables e.g. [38]. It may be 

suitable and useful to present study meta-data as a layer 

within a geographical information system (GIS). �is 

may be a simple world map showing the location and 

number of included studies e.g. [48] or a more complex 

interactive world map which also enables the reader to 

select studies from sub-topics of interest and access study 

meta-data e.g. [50, 51]. �is can easily be undertaken 

using online tools, such as Google Maps, if all study lines 

in an Excel database have latitude and longitude associ-

ated with them. Such visualisations are relevant to sys-

tematic maps with a global or large-scale scope, where 

geographical distribution of study effort and type may be 

particularly interesting.

Other useful forms of visualisation include two-dimen-

sional figures and tables e.g. [46, 47]. Such visualisations 

can show, for example, the number of studies, critical 

appraisal findings or sample size across countries, out-

comes, populations or covariates. Categorical variables 

can be included in these visualisations as additional 

dimensions.

We anticipate that novel ways of visualising systematic 

map data will be developed and adapted as systematic 

mapping becomes more widely used.

Report production and supporting information

All systematic maps should involve a full written report 

that accompanies the systematic map database. �is 

report documents the methods used in the mapping pro-

cess in a transparent, objective and repeatable manner. 

�e systematic map report should follow the same basic 

format as for a systematic review report [17] and include 

stages specific to systematic maps in the methods, with 

all activities clearly justified and explained in detail.

Reporting of specific details (such as search string 

modification for individual academic databases, search 

dates and numbers of results) can be documented within 

supplementary information, as with systematic reviews. 

CEE requires that the report be accompanied by a list 

of excluded articles assessed at full text with reasons for 

exclusion [17]. �e database file should be provided in 

a clear and readily digestible format as a supplementary 

file that is uploaded and published alongside the final sys-

tematic map report. Database files may be accompanied 

by help files, again in supplementary information.

In general, a narrative report would include:

  • Background and rationale for the systematic map as 

in systematic review.

  • Clear, transparent detail of the methodology follow-

ing that for systematic review but including system-

atic map specific stages.

  • A description of the volume and characteristics of 

the evidence base, including generic (e.g. geographi-

cal location, publication source) and study-specific 

trends (e.g. the number and type of population and 

interventions studied and outcomes measured) as 

well as describing more complex and in depth analy-

sis of trends in the evidence base.

  • (Where critical appraisal is included.) A description 

of the evidence to include relative reliability of sub-

sets of studies. A description of whether the evidence 

within each study is consistent, contested or mixed 

may also be included.

  • Recommendations for primary research based on 

knowledge gaps that have been identified, and rec-

ommendations for secondary research in relation to 

knowledge clusters.

  • Priorities and scope for future systematic review 

based on the available evidence and policy/practice 

needs.

  • Implications for research, policy and practice.

Box 3. Key bene�ts of systematic maps
Systematic maps

  • follow the same rigorous, objective and transpar-

ent processes used in systematic review to capture 

and collate evidence and minimise reviewer publi-

cation and selection bias.

  • can be used to address closed-framed or open-

framed questions, with either a broad or narrow 

focus.

  • may have multiple inclusion criteria and are par-

ticularly useful for describing features of topics 

supported by extensive or heterogeneous evi-

dence bases.

  • catalogue and describe the evidence and its meta-

data (information about the study and the article 

in which it appears) often in a searchable database 

that can be further interrogated by end-users to 

explore a wide range of questions on sub-sets of 

evidence related to the systematic map.



Page 11 of 13James et al. Environ Evid  (2016) 5:7 

  • may include critical appraisal of included studies 

to investigate the overall validity of the evidence 

base and identify sub-topics or evidence suitable 

for systematic review.

  • highlight areas where sufficient evidence exists to 

permit more detailed secondary research such as 

a systematic review (knowledge clusters).

  • can identify which subjects have not been fre-

quently studied and would benefit from primary 

research (knowledge gaps).

  • have a range of potential uses including directing 

funding (e.g. research funding to fill knowledge 

gaps); identifying evidence to answer pre-existing 

policy questions or help develop policy questions; 

informing development of concepts.

Box 5. Examples of systematic map questions
Systematic mapping may be used for policy based 

questions that aim to provide a better understanding 

of the multiple impacts of an intervention or expo-

sure. �ese questions often have broad inclusion crite-

ria and collate a wide range of different research types 

and methodologies. For example:

What are the socio-economic and environmental 

impacts of wood energy value chains in Sub-Saharan 

Africa? [45]

�e example below is a multi-faceted question 

where it is not possible to pre-define all included cri-

teria for particular key elements. It uses systematic 

mapping to first inform a better understanding of an 

approach by mapping its development and consolidat-

ing existing definitions and conceptual frameworks 

before addressing where and how effectively these 

approaches have been implemented.

What are ‘Integrated Landscape Approaches’ and 

how effectively have they been implemented in the 

tropics? [26]

A systematic map approach may be chosen if the 

aim is to collate data for purposes other than answer-

ing a question through systematic review. For exam-

ple, the question below was formulated to identify 

relevant information for modelling and to assess the 

potential for evolution of resistance of different crop-

Bt-protein-species combinations:

What is the evidence on the inheritance of resist-

ance alleles in populations of lepidopteran/coleopteran 

maize pest species? [27]

Box 4. Key de�nitions used in systematic 
mapping
It is important to establish some basic definitions to 

clarify the terminology used in systematic mapping in 

environmental sciences.

  • Systematic mapping is a form of evidence synthe-

sis. It is the method used to collect, collate, and 

present research evidence.

  • A systematic map protocol is prepared a priori 

before review activities commence to outline the 

methods to be used, together with the background 

and scope of the topic to be addressed.

  • �e systematic map database, is a database (or 

some other collation) of the included studies and 

their meta-data, that supports the systematic map 

report.

  • �e systematic map report is a narrative docu-

ment, that describes the systematic mapping 

process (whilst referring to the protocol), and 

summarises the information contained in the sys-

tematic map database.

  • Since systematic reviews and systematic maps 

(collectively referred to herein as reviews) should 

be differentiated clearly to avoid confusion by 

the reader, use of the term systematic map is still 

useful in systematic map report titles, but should 

encompass the whole systematic mapping pro-

cess (methodology) and outputs (database and 

report).

Systematic maps and the wider evidence base
�e main aim of a systematic map is to collate and cata-

logue a body of evidence to describe the state of knowl-

edge for a particular topic or question. �is catalogue 

(the database) forms a searchable resource that is pub-

lished alongside the systematic map report and can be 

interrogated to allow users to subset studies based on any 

of the measured meta-data variables.

Databases not only facilitate user interaction with the 

outputs of systematic map reports, but also updating (as 

new evidence is published) and upgrading (proceeding 

from a systematic map to full systematic review).

�e map database allows researchers to identify areas 

of the evidence base that are sufficiently represented to 

allow meaningful systematic review. Using a system-

atic map as the basis for a systematic review should 
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be a relatively rapid process, since often collation and 

coding of all available relevant evidence has already 

been performed (although sometimes additional, 

more focused searches may be required). �e exten-

sion of a subtopic into a separate systematic review 

would involve: drafting of a systematic review protocol; 

selection of relevant studies from the systematic map; 

updating searches to capture research published since 

the original search; collection of full text articles; full 

critical appraisal for study internal and external valid-

ity (reviewers should not assume that critical appraisal 

carried out on studies in systematic maps is sufficient 

or appropriate for systematic review) extraction of 

quantitative or qualitative data; synthesis of results 

using appropriate quantitative or qualitative methodol-

ogy where possible; and drafting of a systematic review 

report. �e original systematic map database may also 

be included for additional value.

Policies for registering, planning and undertaking a 

CEE systematic review or map update are under devel-

opment [56], and are likely to be equally as relevant to 

extensions of systematic maps into systematic reviews. 

However, updating systematic maps is likely to depend 

on availability of funds and interest of stakeholders.

Systematic maps may also be used to identify evidence 

for other secondary research purposes other than sys-

tematic review, for example modelling e.g. [24] and ‘syn-

opses of conservation evidence’ [38, 57].

As with systematic reviews, systematic map reports 

may identify deficiencies in the evidence regarding study 

methods. �ese deficiencies can allow reviewers to make 

recommendations of changes in practice, or highlight the 

need for improved funding to allow more accurate meas-

urements to be taken.

Summary
Systematic maps are a novel evidence collation method 

in environmental sciences. �ey offer a reliable means 

of summarising and describing the broad bodies of evi-

dence pertaining to a specific topic and are particularly 

useful where systematic review may be unsuitable. Here, 

we have described a methodology and proposed stand-

ards for undertaking a systematic map and discussed 

the various options available. Systematic maps are likely 

to become a common method in evidence synthesis as a 

result of their broad relevance and usability.
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