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Aim

To develop an understanding of human behaviour 
to answer variants of the ‘big question’

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?



Challenge Solution

Research conduct: Diversity of research methods 

and topics; inconsistency and incompleteness in 

reporting

Ontology of behaviour 

change interventions

Resource limitations: Insufficient human 

resources given the increasing volume of 

research

Use of automated 

literature searching and 

study feature extraction

Research findings: Equivocal or contradictory 

findings; sparseness of findings relative to the 

variety of behaviours, interventions, contexts; 

complexity of interactions between intervention 

components, contexts and behaviours

Use of machine learning 

and reasoning algorithms 

for evidence synthesis and 

interpretation. 

Challenges and solutions in evidence synthesis
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Brings together behavioural science, computer science and 
information science to create and evaluate a Behaviour 
Change Intervention (BCI) Knowledge System:
1. An ontology of BCI interventions and evaluation reports
2. A largely automated feature extraction system to read BCI 

evaluation reports, using Natural Language Processing
3. A BCI database containing information from evaluation reports 

structured according to the ontology
4. Reasoning and machine learning algorithms to synthesise this 

information in response to user queries
5. An interface for computers and human users to interact with the 

system

The Human Behaviour-Change Project



The Behaviour Change Intervention (BCI) 
Knowledge System

Evaluation 
reports

BCI ontology

BCI database

BCI 
annotation

Informs

Informs

Inform

BCI synthesis/ 
interpretation

Interface
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Examples of  Human Users

E.g. what mechanisms of 
action are likely to account 
for the effect of x on y?

Public health 
policy-maker

E.g. what do I need to do to 
bring about this change in 
this population?

Behavioural 
scientist

The Knowledge 
System

Detects 
patterns, 
makes 
inferences



Ontology

In information science, a system for 
representing knowledge in the form of:

1. A set of unique identifiers of ‘entities’

2. Labels and definitions for these

3. Specification of relationships between 
them (‘is a’, ‘part of’, ‘positively 
influences’ …)

Arp R, Smith B, & Spear AD (2015). Building ontologies with basic formal 
ontology. Cambridge: MIT Press.

Entity

EntityEntity
Relationship



What ontologies can do

1. Improve clarity of thinking and reporting

2. Generate new ideas and testable hypotheses

3. Identify information gaps and promotes lateral thinking

4. Facilitate interoperability across domains of knowledge and 
knowledge representations

5. Provide a powerful and intuitive basis for automated 
querying and reasoning



Top-level BCI Ontology (BCIO): scenario 
entities and causal connections



Top level entities in BCIO





Take home message

The project aims to develop an understanding of 
human behaviour to answer variants of ….

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?
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Issues and progress in extracting 
information from journal articles

Alison Wright
Centre for Behaviour Change, University College London

@dralisonjwright

On behalf of HBCP Behavioural Science team:
Wright, Finnerty, Marques, Norris, Michie & West 

HBCP Co-Investigators: Johnston, Thomas, West, Shawe-Taylor, Kelly



Background

• The HBCP knowledge system will use an automated feature extraction 
system to read BCI evaluation reports
• Overcomes some human resource barriers to timely systematic reviews

• To develop the automated feature extraction system, we need a 
“training set” of reports, manually annotated in terms of the different 
Behaviour Change Intervention Ontology (BCIO) entities 
• Provides a “ground truth” against which the accuracy of the automated 

feature extraction system can be compared

• However, the behaviour change research literature is rich and varied 
• Inconsistencies in terminology and level of detail 



Aim

• To develop and apply a 
system for manually 
annotating behaviour 
change intervention 
evaluation reports to 
capture their key features



Specific ontologies being developed for…

1. Behaviour change techniques – BCTTv1

2. Mode of delivery

3. Exposure of intervention
• Reach and engagement 

4. Target behaviour

5. Target population

6. Intervention setting

7. Mechanisms of action
• Processes by which change occurs



Methods – developing annotation guidelines 

• Lower levels of the BCIO and associated annotation guidelines were developed 
through a combination of bottom-up and top-down processes:

• Top down: 

• Building on previous research efforts to develop taxonomies (e.g. BCT 
taxonomy)

• Principle of reuse of existing ontologies and/or controlled vocabularies

• Bottom up - roles of annotations:

• Exploring whether a sub-ontology covers all relevant aspects of an entity

• Testing clarity of definitions 



Methods: Annotating Reports

• Two researchers annotate 
the same batch of 
intervention reports for a 
given lower level ontology

• e.g. Population, setting, 
behaviour change techniques

• Online, using EPPI Reviewer 
software

• Once annotations agreed, 
resulting data is exported as 
a JSON file  



Methods: using annotations to refine lower 
level ontologies (LLOs)

• The two annotators compare their 
coding

• Resolve differences

• Where do differences arise from?

• Clarity of definitions?

• Overlap between supposedly 
different categories?

• Were there elements of a report that 
didn’t seem to fit the ontology?

• Enhance LLOs as required

• Try out refined LLOs by using them to 
annotate another batch of reports



• Missing information in description of studies limits what can be annotated

• More recent reports are better specified – demonstrates the value added by 

reporting guidelines (e.g. TIDiER, Hoffman et al, 2014); CONSORT for non-

pharmacological trials, Boutron et al, 2017)

• Poorly reported information in reports

• Limits ability to classify

• E.g. Making assumptions that readers will be knowledgeable about 

particular health care systems

• Renders studies non-comparable with others

• A small minority of pdfs can’t be annotated using the software

Results – annotation challenges



Results – example of how annotations helped 
refine a lower level of the ontology

• Population:
• Age categories (adult (18-65), elderly(65+)) from MeSH did not map well onto 

age data as reported in studies

• Annotate mean/median and SD/IQR (where available) instead or else the 
category boundaries used by authors

• Disambiguation of different aspects of living arrangement:

• Living arrangement (single person/nuclear/extended household)

• Housing tenure (e.g. homeowner, renting, care home, homeless) 

• Relationship status (married/living together/single etc)



Next steps

• Formal inter-rater reliability testing of annotation guidance for the 
most well-developed lower level ontologies

• Use annotations to inform ongoing development of other lower level 
ontologies (e.g. source, reach, engagement)

• Share annotated data with our collaborators working on information 
extraction so that they can further develop and refine the feature 
extraction algorithms 



Concluding messages

• We can do this important first step (reliable manual annotation) on 
the route to automating research synthesis, producing speedier 
answers for applied behaviour change practitioners.

• Annotating also helps us refine the lower-level ontologies, providing 
controlled vocabularies for BCIO entities such as intervention content 
and context.  
• Providing framework for more consistently describing behaviour change 

interventions and their evaluation methods in reports and systematic reviews
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Automating information extraction and 
synthesis

Léa Deleris
IBM Research - Ireland



What is (semi)-automatic 
information extraction?

• In Computer Science, information extraction is a sub-field of Natural 
Language Processing that focuses on training computers to 
automatically extract information from text.

• Well known examples:
• Sentiment analysis

• Named Entity Recognition

Example of Wikipedia article for 
Albert Einstein, tagged with the 

Stanford NER tool



Information Extraction in HBCP

• Our task in the HBCP project is to design information extraction 
algorithms to have a computer process reports and extracts for each 
one values for BCIO attribute.

• In other words, we are trying to re-create the rationale behind the 
formal, abbreviated description in papers.

• You call this evidence synthesis in BC

• We call it Information Extraction in CS



→ Context
→Population

→ Demographics Characteristics
↓ Life stage/Age

□ Median Age 
□ Minimum Age
□ Maximum Age
√ Average Age : 42.9

→ Gender identity
→ Ethnic group
…

→ Socioeconomic status
→ Cultural
→ Social roles
→ Health Status

→ Setting
…

→ Intervention
→ BCTs

↓ 1.Goals and planning
√ 1.1 Goal setting (behavior)
□ 1.2 Problem solving
√ 1.3 Goal setting (outcome)
□ 1.4 Action planning
…

Information Extraction for Computer-led Evidence Synthesis



Analytics
Inference and 

Recommendation from 
Information extracted from 

paper

Information Extraction is the first step 
towards recommendation

Information Extraction
Automatic extraction of 
information from Papers

Data Extracted from 
Papers

BCIO



Getting Technical,
How do we proceed?

Doc Index Retriever

Query

Answer Unit 
Extraction

Answer Unit 
Scoring

Validation 
Criterion

Scoring 
function

Candidate
answers

Top-K
answers

Top-K
passages

In-memory 
passage 

index

Passage 
Retrieval

Find answers for 
each passage

Re-rank 
answers



Illustration through an Example

• Query to extract age:
• participant AND (age OR year OR old)

• Answer validation criteria:
• Integer

• Four passages retrieved:
• ...avoided by smokers quitting before age 30 years ...

• We enrolled participants aged 18 years and older ...

• Age of smoking initiation (years )...

• ...3 additional years of life for every 100 40 -year-old



Current Performance 
Evaluation against Ground-truth annotations

Compute accuracy of extracted 
attributes using the reference 
values.

IE type Accuracy Criteria

Value Extraction 
(VE)

Ref value == Extracted 
value

Detect Presence 
(DP)

Sim score > threshold => 
TRUE. 
Ref == TRUE



39

Select an 
attribute from 

the BCIO

See papers 
containing the 

attributes 

Read which 
specific value

Sort and search
among results

1

2

Interface of our Current Prototype System



Concluding Messages

• Encouraging initial results for automated and semi-
automated information extraction from behavior change 
reports though many challenges as well, e.g., information in 
tables, outcome values.

• Initial versions of the information extraction services can be 
made available to practitioners over time. Do reach out to us 
if you have an interest.
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Building a dynamic knowledge platform

James Thomas, Gillian Stokes, Alison O’Mara-Eves & Patrick 
O’Driscoll

EPPI-Centre, Institute of Education, University College London

@James_M_Thomas



Rationale

• A dynamic knowledge platform is needed for research and to enable 
different user communities to contribute and use research findings

• Two quite different user groups:
1. Researchers, to create and interact with research papers

2. Users of the outputs of the HBCP – to identify research and potentially 
useful evaluation designs



Aims

• To develop a sustainable online platform that supports:
• The development and maintenance of the BCI ontology

• Annotation of BCI evaluation reports using the BCI ontology 

• Third-party software integration

• The (automated) discovery of relevant research in a timely manner

• User interaction with the data, synthesised evidence and 
inferences



The vision: system architecture



Methods: facilitating annotation of BCI 
evaluation reports using the BCIO

• Adapted existing software (EPPI-Reviewer) to meet the needs of the 
behavioural science team for pdf annotation and ontology 
development
• Output: JSON file for use by the computer science team

• Developed requirements for bespoke software
• Currently under development

• Key changes: ‘armified’ data structures; and explicit support for publication 
and reuse of HBCP concepts



Methods – supporting development and 
maintenance of the BCI ontology

• Align HBCP ontology with other relevant ontologies
• Ensure compatibility and data sharing

• E.g. – NICE’s ‘participant characteristics ontology’; Cochrane’s ‘PICO ontology’

• This
• Maximises future interoperability

• Avoids re-solving problems that another partner has already solved



Methods – discovery of relevant research in 
a timely fashion: research ‘surveillance’

• Automatic identification of evidence relevant to NICE guidance

• Currently building an ‘evidence pipeline’ for Cochrane

• Using knowledge gained from, and code used in, the above work to 

enable HBCP to have its own dynamically updating dataset of relevant 

research 

• System supports regular searches of specific databases

• Using NLP / machine learning, will be able to  identify which studies should be 

included in the HBCP dataset.



Methods – dynamically (automatically) 
populating the HBCP database

• Full text of publications retrieved

• Full texts sent to the machine learning and information extraction 
services from the computer science component of this project
• Increasingly large dataset for ‘prediction and recommendation algorithms’ to 

operate on

• The data will be stored in the study database ready for: 
a) Researchers to utilise in systematic reviews; 

b) Users to interact with through the HBCP web portal

c) Use in Guideline creation software



Methods – third party software integration

• Enabling 3rd party software to interact with the system is key

• System being built around the JSON-LD protocol - designed for linking 
data. 

• Designing the API with the expectation that other software 
applications will integrate with it 
• Using approaches that will facilitate this e.g. using web, rather than 

proprietary standards.



Methods – facilitating user interaction with 
the system

• Users will interact with the data 
and system-generated 
inferences and 
recommendations by: 

• Traditional search boxes

• Browsing ontology structure

• Interacting with visualisations 
of the ‘map’ of research



The vision: system architecture



Concluding messages

• The HBCP knowledge platform will:
• Enable researchers to identify research for inclusion in evidence syntheses 

with far more precision and speed than is currently possible

• Be available for other organisations to utilise in their domains (potentially, 
beyond behaviour change)

• Eventually enable practitioners to query a dynamically updated database of 
BCI reports to find answers to the behaviour change questions that most 
matter to their specific areas of work
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