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Learning Objectives

• How machine generated labels could be used in screening studies in 
systematic review and meta-analysis.

• User interface design for improving screening efficiency
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Background - SRMA

• Systematic Review (SR) and Meta-Analysis (MA)
• Evidence synthesis for a specific topic
• SR is widely used by researchers across many fields
• MA is used to get precise estimates of treatment effects

• SRMA in healthcare context
• Clinical tests, public health interventions, social and environmental interventions
• Outcomes, adverse events, quality of life, qualitative evidence syntheses
• Methodological reviews, policy reviews, and economic evaluations
…

1 Marshall,I.J. and Wallace,B.C. (2019) Toward systematic review automation: a practical guide to using machine learning tools in research synthesis. Systematic Reviews, 8, 163.

But conducting a SR is time-consuming. It takes, on average, 67 weeks1 .

SRMA are quickly outdated if cannot keep pace with new evidence
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Background - Living SRMA

To keep evidence up to date

• Continually updated and
incorporate new evidence
when it becomes available

• Long-term iterative process
• Technical supports

• Data sources and APIs (application
programming interface)

• Automation framework and tools
• Machine learning (ML) and natural 

language processing (NLP)
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Background - Challenges in Living SRMA

It is challenging to maintain a living SRMA in a rapidly evolving field

• Large size of studies
• Many new studies arrive daily

• Intensive labor work
• Expertise is always needed

• Complex workflow
• Data update
• Study screening
• Data extraction
• Meta-analysis
• Publication

Living SRMA Workflow
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Task Analysis - Related tools and systems

Existing tools and systems

• Covidence

• RevMan

• Rayyan

• GRADEpro
• JBI-SUMARI

• EndNote

• Zotero

…

Limitations:

• Lack of fully automation

• Steep learning curve

• Massive manual efforts

• Costs of integration
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Task Analysis - Improve the screening efficiency

For truly living SRMA, we must first automate the most laborious step: 

Screening thousands of citations to identify few relevant studies

Two tasks for us to improve the screening efficiency:

• Reduce the number of studies
• The number of studies that needs human intervention
• The number of studies in each processing batch

• Reduce labor workload
• The cognitive load of screening
• The physical efforts of user operation
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Methods - Pipeline Overview

• Conventional Start
• Define search strategies for a given

clinical question for SR
• Search with customized strategies in multiple

databases (e.g., PubMed, EMBASE, etc.)
• Initialize screening with UI or

import results on existing SR projects

• Living Update
Hybrid approach for small batch update on 
coming new studies
• Incremental update 
• NLP and ML based labeling
• Interactive screening UI
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Methods - Incremental Update

Retrieve new studies from data sources
with automated programs
• Pull Mode

• Search: PubMed
• Manual import: EndNote XML and others

• Push Mode
• Email alert: subscribe pre-defined emails
• API push

• Pre-processing
• Duplicate study detection 
• Attribute fixing 
• Project routing
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Methods - Labeling

Add additional information to studies 
with NLP and ML based methods
• Randomized Controlled Trial (RCT)

• RobotSearch *

• Clinical trial number

• PMID / DOI number

• Inclusion / exclusion criteria keywords
• User customized tags

• Publication date
…

* Marshall I, Storr AN, Kuiper J, Thomas J, Wallace BC. Machine Learning for Identifying Randomized Controlled Trials: an 
evaluation and practitioner's guide. Res Syn Meth. 2018. https://doi.org/10.1002/jrsm.1287
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Methods - Interactive UI

Assist users in the screening process
with interactive and intuitive interface
• Web-based UI

• Multi-user collaboration / assessment
• Optimized workflow for screening

• User centered design
• Focus on the key steps of screening
• Task-driven interface

• Human-Computer Interaction principles
• Reducing the cognitive overhead
• Low physical effort
• Flexibility in use



©2021 Mayo Foundation for Medical Education and Research  |  slide-13

Methods - Interactive UI

Study categories
Categorized by 
screening stages and 
topics with numbers 
indicating the screening 
progress 
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Methods - Interactive UI

Dynamic filters
Filters for displaying 
those studies of interests 
for making screening 
decisions, such as 
labels, tags, conditions
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Methods - Interactive UI

Study list
Studies that match the 
category, filters, and 
other criteria are listed 
with basic information 
and decision / operations
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Case Study - Screening Studies



©2021 Mayo Foundation for Medical Education and Research  |  slide-17

Summary 

To improve the efficiency of screening in a Living SRMA

• Incremental search + conventional start for living update 

• Automatically generated labels based on NLP and ML models for decision making

• Interactive UI based on user centered design and HCI principles

Thank you for your attention :)


