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Abstract 

Background

The Behaviour Change Intervention Ontology (BCIO) aims to improve 
the clarity, completeness and consistency of reporting within 
intervention descriptions and evidence synthesis. However, a 
recommended method for transparently annotating intervention 
evaluation reports using the BCIO does not currently exist. This study 
aimed to develop a data extraction template for annotating using the 
BCIO.

Methods

The BCIO data extraction template was developed in four stages: i) 
scoping review of papers citing component ontologies within the 
BCIO, ii) development of a draft template, iii) piloting and revising the 
template, and iv) dissemination and maintenance of the template.

Results

A prototype data extraction template using Microsoft Excel was 
developed based on BCIO annotations from 14 papers. The ‘BCIO data 
extraction template v1’ was produced following piloting and revision, 
incorporating a facility for user feedback.

Discussion
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This data extraction template provides a single, accessible resource to 
extract all necessary characteristics of behaviour change intervention 
scenarios. It can be used to annotate the presence of BCIO entities for 
evidence synthesis, including systematic reviews. In the future, we will 
update this template based on feedback from the community, 
additions of newly published ontologies within the BCIO, and revisions 
to existing ontologies.

Plain language summary  
Behaviour change interventions are often reported in an inconsistent 
and incomplete manner in study reports. This makes it difficult to 
build knowledge and predict outcomes. There is a need for a shared 
language to describe behaviour change interventions. This need was 
met using ‘ontologies’, which are classification systems that represent 
knowledge in a standardised way. The Behaviour Change Intervention 
Ontology (BCIO) has been developed to describe the different aspects 
of interventions in a way that is precise enough for computers as well 
as humans to ‘read’ study findings. The BCIO can be used to extract 
information from study reports for evidence synthesis, such as 
systematic literature reviews. To meet the need for a resource for 
annotating (coding) study reports according to the BCIO, we 
developed a data extraction template. The template was developed in 
four stages: i) reviewing existing papers using the BCIO, ii) 
development of a draft template, iii) piloting and revising the 
template, and iv) dissemination and maintenance of the template. The 
resulting resource is an accessible, easy-to-use template to assist with 
specifying the content of published papers reporting interventions 
and their evaluation. The template will be updated based on user 
feedback and future revisions to the BCIO.

Keywords 
evidence synthesis, data extraction, annotation, ontology, behaviour 
change intervention, intervention reporting
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Introduction
Behaviour change interventions vary considerably in their 
characteristics including their content and delivery, context  
(setting and population), target behaviours, and mechanisms 
of action (Michie & Johnston, 2017). However, interventions  
are often poorly reported, with inconsistent or ambiguous use 
of scientific terminology (Ioannidis et al., 2014; Michie et al.,  
2009). This makes it difficult to replicate and scale up inter-
ventions, and to synthesise evidence to build knowledge 
(Wright et al., 2020). Although reporting guidelines (e.g.,  
Hoffmann et al., 2014; Montgomery et al., 2018) have 
improved the clarity and completeness of reporting, there is 
a need for a common, shared vocabulary to standardise the  
classification of key aspects of behaviour change interventions.

Ontologies can meet this need by integrating knowledge across 
different disciplines, domains and data types (see Appendix 1  
for glossary of terms that are bolded and italicised). Ontolo-
gies are formal classification systems for representing the 
world in terms of classes of entities (anything that exists in 
the universe) and relations between entities (Arp et al., 2015).  
Every entity consists of a label and a formal, unambiguous 
definition which are specified using logic-based language 
and unique identifiers, allowing it to be computer-readable  
(Hastings, 2017). In several scientific fields, ontologies have 
helped create a common language and a ‘controlled vocabulary’  
(standardised sets of terms) to organise and represent knowledge 
(Hastings, 2017; Sharp et al., 2023; Smith et al., 2007). The Open 
Biological and Biomedical Ontology (OBO) Foundry hosts a 
collection of coordinated, interoperable ontologies (Smith et al., 
2007). They follow principles, such as being openly available  
(see https://obofoundry.org/principles/fp-000-summary.html). The  
precision of ontologies means that ontologies can support 
the application of artificial intelligence and machine learning 
approaches in data extraction, evidence synthesis, and outcome  
prediction (Hastings et al., 2023; West et al., 2023a). This can 
reduce research waste and maximise the speed and scale of  
evidence accumulation.

The Human Behaviour-Change Project (Michie et al., 2017) 
has developed a Behaviour Change Intervention Ontology  
(BCIO) as part of constructing an automated ‘knowledge sys-
tem’ for gathering information from reports of behaviour 
change intervention evaluations, and using this information 
to predict intervention outcomes in novel scenarios (Michie  
et al., 2021). The BCIO contains more than 1000 entities  
relating to intervention content (BCTs; Marques et al., 2023),  
delivery (including mode (Marques et al., 2020), source (Norris  
et al., 2021), style (Wright et al., 2023) and schedule), engage-
ment, target population, setting (Norris et al., 2020), target 
behaviour, and mechanisms of action (Schenk et al., 2023). It  
follows the OBO foundry principles for good practice in  
ontology development. The upper level BCIO is described in  
Michie et al. (2021), and the method for developing the lower 
level (component) ontologies is described in Wright et al.  
(2020).

The BCIO can be used to enable writing clear and comprehensive  
study protocols and study reports by using its entity labels 
and definitions. It can also be used to synthesise evidence as 

it clarifies what is the same, and what is different, across stud-
ies. Because entities each have a unique identifier, information 
represented by ontologies can be used in artificial intelligence  
and machine learning to predict behavioural outcomes.

This article focuses on the development of a data extraction 
template to assist in evidence synthesis through the annotation  
of study reports. Existing classification frameworks in behav-
ioural science, such as the Behaviour Change Technique  
Taxonomy v1 (BCTTv1; Michie et al., 2013), have been an 
important and reliable method for annotating the content of  
interventions, as they provide shared terminology and struc-
tures for conceptualising behaviour change interventions. The 
BCIO is an advance as it allows all aspects of intervention  
scenarios (e.g. content, delivery, context, engagement, mecha-
nisms of action) to be annotated in a systematic and stand-
ardized way. Sheils et al. (2024) identified a need for  
“materials in how to code according to this revised frame-
work”, highlighting that an accessible resource is necessary 
to support researchers and practitioners to apply the BCIO in  
evidence synthesis. For example, in annotating BCIO entities 
for a systematic review of digital interventions to address 
children’s fruit and vegetable consumption (Froome et al.,  
2023), it was apparent that there was a need for a single data 
extraction template covering all component ontologies within 
the BCIO. It can also serve as a key entry point for using the 
BCIO more broadly for other purposes, such as intervention  
development.

Specialist software such as EPPI-Reviewer, Covidence, and 
RevMan are excellent tools to support data extraction. How-
ever, researchers would need to create data extraction sheets by  
manually inputting entities from the BCIO into the software  
system. Given the large number of entities, this is ineffi-
cient and creates an unnecessary burden on researchers. Here  
we report the development of an accessible and standardised 
data extraction template, containing every BCIO entity label, 
definition and Uniform Resource Identifier (URI) within its  
hierarchical structure.

Aim
This study aimed to develop a data extraction template for 
annotating intervention evaluation reports according to the  
BCIO.

Methods
Ethical statement
Ethical approval was granted by the University College  
London’s ethics committee (CEHP/2020/579).

i) Scoping review of papers citing the BCIO
Forward citation searching was performed in November 2023 
on published papers reporting the development of lower-level  
ontologies within the BCIO, namely Mode of delivery  
(Marques et al., 2020), Intervention Setting (Norris et al., 
2020), Intervention Source (Norris et al., 2021), Mechanisms of  
Action (Schenk et al., 2023), Behaviour Change Technique 
(Marques et al., 2023) and Style of delivery (Wright et al.,  
2023) ontologies (Papaioannou et al., 2010). Google Scholar 
was used for forward citation searching, as it is widely viewed 
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as the most comprehensive citation tool (Martín-Martín  
et al., 2021), including citations from grey literature and pre-
prints (e.g on PsyArXiV, MetaArXiv). Information on papers 
citing and using each ontology was extracted onto a Microsoft 
Excel template (Table 1). It included rows for each lower-level  
ontology and columns for: a) number of papers citing the ontol-
ogy, b) in-text reporting of annotation using the ontology:  
number of papers, references and quotes, c) supporting docu-
ments featuring annotation using the ontology: number of  
papers, references, nature of reporting within the supporting  
documents and links to these documents. Data extraction 
from all papers citing the ontologies was split between two  
authors (EN & LZ).

ii) Development of data extraction template
A prototype BCIO data extraction template was developed by: 
a) identifying an appropriate software to host the template,  
based on ease-of-use and accessibility, and b) compiling  
the identified examples of BCIO annotations from published  
papers.

iii) Piloting and revising the data extraction template
The prototype BCIO data extraction template was piloted to 
annotate papers using the BCIO in a systematic review of  
digital interventions to address children’s fruit and vegetable  
consumption (Froome et al., 2023). Papers in this systematic 
review were double-coded using the ontologies by two authors  
(HF & EN), and appropriate revisions made. Instructions on 
how to use the template were added. The revised template was 
reviewed by the study team to produce ‘BCIO data extraction  
template v1’.

iv) Launch and maintenance of data extraction template
The BCIO data extraction template v1 was made available 
online on the Open Science Framework and promoted via 
social media. A feedback portal was established to enable users  
to suggest improvements for the template.

Results
i) Scoping review of papers citing the BCIO
BCIO annotations were identified in 14 papers; their details 
are shown in Table 1, with all 14 papers using the Mode of  
Delivery Ontology (Encantado et al., 2022; Giroux et al., 2021; 
Jackson et al., 2022; Keller et al., 2023; Kenny et al., 2021;  
Lucci et al., 2022; McClatchey et al., 2024; McMahon et al.,  
2023; Osborne & Norris, 2022; Shwed et al., 2023; Silva  
et al., 2022; St Quinton et al., 2022; Umaefulam et al., 2023;  
Wuerstl et al., 2023), six papers using the Intervention Setting 
Ontology (Jackson et al., 2022; McMahon et al., 2023; Osborne  
& Norris, 2022; Silva et al., 2022; Umaefulam et al., 2023;  
Wuerstl et al., 2023; and four papers using the Intervention 
Source Ontology (Jackson et al., 2022; Osborne & Norris,  
2022; Silva et al., 2022; Wuerstl et al., 2023). No papers were 
identified using the Mechanisms of Action, BCT and Style  
of Delivery ontologies.

Supporting documentation further detailing BCIO annotations  
was identified in four papers using the Mode of Delivery  
Ontology (Encantado et al., 2022; Silva et al., 2022;  
Umaefulam et al., 2023; Wuerstl et al., 2023), two papers using 
the Intervention Setting and Intervention Source ontologies  

(Silva et al., 2022; Wuerstl et al., 2023). This supporting 
documentation was provided via Open Science Framework  
(Silva et al., 2022; Wuerstl et al., 2023) or additional documen-
tation within the paper (Encantado et al., 2022; Umaefulam  
et al., 2023).

ii) Development of the prototype data extraction 
template
Microsoft Excel was used, as a widely available and  
routinely used software, with formats (.csv, .xlsx) that can be 
uploaded within journal submission systems. The template had 
a wide structure, with each ontology entity presented width-
wise and each ontology level presented heightwise (Encantado  
et al., 2022). Associated papers coding using each ontology  
were noted (Pilot 1 of BCIO data extraction template https:// 
osf.io/c89fv).

iii) Piloting and revising the data extraction template
Revisions were made after piloting the BCIO data extraction 
template in an ongoing systematic review (Froome et al., 2023).  
Definitions and unique IDs for ontology entities were added. 
The template structure was revised to more clearly reflect 
the structure of ontologies, with levels widthwise, reflecting 
the structure used by Wuerstl et al. (2023), and papers were  
presented in columns rather than rows. For each paper, sepa-
rate columns were added to represent ‘entity present’: i.e the  
entity being present in the given paper, and ‘evidence’ for 
quotes reflecting entity presence to be pasted directly into the 
document. Initially, the presence of an entity was indicated by  
highlighting the cell (as in Wuerstl et al., 2023). However, 
after external feedback and discussions with the team, it was 
decided that the presence of an entity should be indicated  
by a ‘1’ in the relevant cell. This is to enable it to be  
computer readable. Columns for intervention and comparator  
conditions were added, to enable both to be annotated. The  
template allows users to add subsequent columns for each  
study included in their evidence synthesis.

All published ontologies were added into the template, with 
a tab for each ontology: Mode of Delivery, Setting, Source, 
Mechanism of Action, BCT Ontology and Style of Delivery. An  
‘Intro’ guidance tab was added as the first tab in the docu-
ment to include information on what the template can be  
used for, what ontologies are included within it and links 
to the associated papers, where to provide feedback on the 
template (specified in the next step), and how to complete  
the template. This revised template was piloted which confirmed  
the structure was clearer and much improved (Froome 
et al., 2023) (Pilot 2 of BCIO data extraction template  
https://osf.io/ntbce).

iv) Dissemination and maintenance of data extraction 
template
The BCIO data extraction template v1 was made available  
on Open Science Framework (https://osf.io/x6afp) and as 
Extended Data, and its citation generated (Norris et al., 2023).  
A feedback portal was established on Google Forms (https:// 
docs.google.com/forms/d/e/1FAIpQLSexgqQ1flljAfCnuCd3
QdKYy6Yze3IFJmjBCelySgjXDNsjgA/viewform) to enable 
suggestions from users for further improvement. Questions  
include: a) ‘Please let us know if you have any queries on how 
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to use this template?’, b) ‘Please let us know how you think 
this template can be improved’ (both free-text responses),  
c) Have you developed and alternative template that you 
wish to share?’ (Yes/No; if ‘Yes’ then requested to send to 
paper’s lead author) and d) ‘If you wish, please provide us 
with your contact email’. The BCIO data extraction tem-
plate v1 and feedback portal were promoted via the Human  
Behaviour-Change Project social media accounts (X and  
LinkedIn) and BCIO website (https://www.bciontology.org/use-
evidence-synthesis). The template was intentionally labelled ‘v1’ 
to allow for amendments based on user feedback, addition of 
new ontologies as they become published (see collection https://
wellcomeopenresearch.org/collections/humanbehaviourchange),  
and updates to existing ontologies that have been published, 
since ontologies are dynamic and expected to change over time  
as they are refined (see OBO Foundry Principle 16).

Discussion
This paper presents development of a data extraction template 
to support annotations using the BCIO. This tool currently fea-
tures entities from the six component ontologies within the  
BCIO that are published: mode of delivery (Marques et al., 
2020), setting (Norris et al., 2020), source (Norris et al., 2021),  
mechanisms of action (Schenk et al., 2023), behaviour change 
techniques (Marques et al., 2023), and style of delivery (Wright 
et al., 2023). More ontologies within the BCIO are underway 
and will be added into this template once developed: human 
behaviour, fidelity, schedule, dose, engagement, and population.  
Annotation guidance manuals specific to each ontology  
is available online (https://drive.google.com/drive/folders/
1cJ53d0hBxHdSHYjf55c2S7NuJ03kXMFe) to use alongside 
the template. These manuals provide information on how to  
annotate entities within each ontology, and advice and rules  
for making decisions.

Annotation of behaviour change intervention reports accord-
ing to the BCIO is made simpler with this data extrac-
tion template. All entities within BCIO are presented in one  
document, available in the readily accessible and easy-to-use  
format of Microsoft Excel. This resource facilitates the annota-
tion of intervention protocols and evaluation reports to allow 
cumulative understanding of the complex question central 
to changing human behaviour: “When it comes to behaviour  
change interventions: What works, compared with what, for 
what behaviours, how well, for how long, with whom, in what  
setting, and why?” (Michie et al., 2017). We encourage 
researchers and practitioners that use this template to share  
their annotations of intervention reports through an open access 
repository (e.g. Open Science Framework, which can generate  
a link), so that their work can be built upon, and potentially  
avoid duplication of effort.

Strengths and limitations
This template provides an easy-to-use method of annotating  
according to the BCIO using widely available software  
(Microsoft Excel). It also allows users to view the ontologies 
within the BCIO in-full and in a hierarchical structure with-
out using ontology-specific Web Ontology Language (OWL)  
format (http://humanbehaviourchange.org/ontology/bcio.owl).  
The template has an ongoing route to improvement based on 

user suggestions, via the feedback portal. However, a limitation  
of using Microsoft Excel for this BCIO coding template is  
that updates to the ontologies within it require manual adjustments 
and maintenance, as opposed to being automatically integrated  
into the document.

Manual data extraction can be time-consuming, and a degree 
of training may be needed to understand and become famil-
iar with the BCIO and its entities before undertaking the  
data extraction stage. A training programme has been devel-
oped and is available at https://www.bciontology.org/training.  
The training aims to help people use the BCIO effectively and 
encourage them to build the BCIO into their routine workflows. 
Developments such as natural language processing, machine 
learning and artificial intelligence provide new opportuni-
ties for automated data extraction, reducing the time necessary 
to complete or update an evidence synthesis (Jonnalagadda  
et al., 2015).

Future research using this BCIO data extraction 
template
The BCIO data extraction template can be used to annotate the 
BCIO within evidence synthesis studies, as well as to describe 
new intervention studies. In the future, we will update this  
template based on feedback from users, additions of newly com-
pleted ontologies within the BCIO, and revisions to existing  
ontologies. When future versions of the template are released, 
we will change to v2, v3 etc. Users should specify exactly 
which version they have used in their work. The template URL  
(https://osf.io/x6afp) will always link to the most current ver-
sion, with previous version accessible by clicking on the  
Revisions tab on Open Science Framework.

Consent
Any respondents to the Google Forms feedback portal are 
asked for their informed consent. Respondent indicate their  
consent by ticking a box.

Data availability
Underlying data
Open Science Framework: Human Behaviour-Change Project. 
https://doi.org/10.17605/OSF.IO/EFP4X (West et al., 2023b).

Extended data
This project contains the following extended data:

•    Pilot 1 of BCIO data extraction template (https://osf.io/
c89fv)

•    Pilot 2 of BCIO data extraction template (https://osf.io/
ntbce)

•    BCIO data extraction template v1 (https://osf.io/x6afp)

Data are available under the terms of the Creative Commons  
Attribution 4.0 International license (CC-BY 4.0).

Acknowledgements
Thank you to Professor Robert West for reviewing the data  
extraction template.
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Appendix 1

Table A1. Glossary of terms.

Term Definition Source

Annotation Process of coding, or tagging, selected parts of documents or 
other resources to identify the presence of ontology entities.

Michie et al. (2017)

Annotation guidance 
manual

Written guidance on how to identify and tag pieces of text from 
intervention evaluation reports with specific codes relating 
to entities in the ontology, using for example EPPI-Reviewer 
software.

Michie et al. (2017)

Class A category of entities as represented in an ontology. Arp et al. (2015)

Entity Anything that exists or can be imagined, including objects, 
processes, and their attributes. It Includes mental process, 
i.e., the process and content of cognitive representations, and 
emotions. Entities can be represented hierarchically by parent 
and child classes (see definition of parent class).

Arp et al. (2015)

Interoperability Two systems are interoperable to the extent that the data in each 
system can be used by the other system. Note: An ontology is 
interoperable with another ontology if it can be used together 
with the other ontology.

http://www.obofoundry.org/principles/
fp-010-collaboration.html 

Open Biological and 
Biomedical Ontology 
(OBO) Foundry

A collective of ontology developers that are committed to 
collaboration and adherence to shared principles. The mission 
of the OBO Foundry is to develop a family of interoperable 
ontologies that are both logically well-formed and scientifically 
accurate.

Smith et al. (2007) www.obofoundry.org/

Ontology A standardised representational framework providing a set 
of entities for the consistent description (or “annotation” or 
“tagging”) of data and information across disciplinary and 
research community boundaries.

Arp et al. (2015)

Parent class A class within an ontology that is hierarchically related to one or 
more child classes (subclasses) such that all members of the child 
class are also members of the parent class, and all properties of 
the parent class are also properties of the child class.

Arp et al. (2015)

Relation The manner in which two entities are connected or linked. Arp et al. (2015)

Uniform Resource 
Identifiers (URI)

A string of characters that unambiguously identifies an ontology 
or an individual entity within an ontology. Having URI identifiers 
is one of the OBO Foundry principles.

http://www.obofoundry.org/principles/
fp-003-uris.html

Web Ontology 
Language (OWL)

A formal language for describing ontologies. It provides methods 
to model entities of “things”, how they relate to each other and 
the properties they have. OWL is designed to be interpreted by 
computer programs and is extensively used in the Semantic Web 
where rich knowledge about web documents and the relations 
between them are represented using OWL syntax.

https://www.w3.org/TR/owl2-quick-
reference/
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