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ABSTRACT
Introduction  Public health professionals engage in 
complex cognitive tasks, often using evidence-based 
decision support tools to bolster their decision-making. 
Human factors methods take a user-centred approach to 
improve the design of systems, processes, and interfaces 
to better support planning and decision-making. While 
human factors methods have been applied to the design 
of clinical health tools, these methods are limited in 
the design of tools for population health. The objective 
of this scoping review is to develop a comprehensive 
understanding of how human factors techniques have 
been applied in the design of population health decision 
support tools.
Methods and analysis  The scoping review will follow 
the methodology and framework proposed by Arksey 
and O’Malley. We include English-language documents 
between January 1990 and August 2021 describing the 
development, validation or application of human factors 
principles to decision support tools in population health. 
The search will include Ovid MEDLINE: Epub Ahead 
of Print, In-Process and Other Non-Indexed Citations, 
Ovid MEDLINE Daily and Ovid MEDLINE 1946–present; 
EMBASE, Scopus, PsycINFO, Compendex, IEEE Xplore 
and Inspec. The results will be integrated into Covidence. 
First, the abstract of all identified articles will be screened 
independently by two reviewers with disagreements being 
resolved by a third reviewer. Next, the full text for articles 
identified as include or inconclusive will be reviewed by 
two independent reviewers, leading to a final decision 
regarding inclusion. Reference lists of included articles will 
be manually screened to identify additional studies. Data 
will be extracted by one reviewer, verified by a second, 
and presented according to the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses extension for 
scoping reviews.
Ethics and dissemination  Ethics approval is not required 
for this work as human participants are not involved. The 
completed review will be published in a peer-reviewed, 
interdisciplinary journal.

BACKGROUND
Human Factors Engineering (also referred 
to as Ergonomics, Cognitive Ergonomics, 
Engineering Psychology or Cognitive Engi-
neering), an interdisciplinary field at the 
intersection of psychology and engineering, 

seeks to improve the design of systems by 
providing the best match between the charac-
teristics of users (eg, physical, cognitive and 
perceptual abilities) and the operation of 
the tools they use.1 The discipline of human 
factors is generally considered to have orig-
inated during World War II within aviation 
during which more sophisticated systems were 
being developed, and pilot error in using such 
systems led to an increased interest in human 
capability.2 Of particular concern was how 
the design of controls and displays within the 
cockpit could better match the pilot’s phys-
ical, cognitive and perceptual abilities. Since 
the involvement of human factors engineers 
in the design of these systems, aviation has 
become the safest mode of transportation. 
Beyond aviation, human factors engineering 
methods have been applied to the design of 
complex systems in other domains, including 
ground transportation,3 the military,4 nuclear 
process control5 and healthcare.6 7

Human factors engineers use a systematic 
approach to ensure that a given system meets 
the needs of the human, rather than forcing 
the human to adapt to the system. Accord-
ingly, this allows the human to perform to 

Strengths and limitations of this study

	► Our methodology was devised in consultation involv-
ing several multidisciplinary experts who advised on 
the rigour and feasibility of this review.

	► A librarian specialising in health science developed 
the search strategies for the health science data-
bases and a librarian specialising in engineering 
consulted on the development of search strategies 
for the engineering databases.

	► Our review is limited to articles written in English 
and as such, presents a bias to Western research 
applications.

	► This scoping review does not include book chapters, 
theses, short papers, editorials, systematic reviews 
and conference abstracts, which may limit our 
findings.
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the best of his or her abilities, make the best decisions 
possible, reducing physical and mental workload, and 
providing personal satisfaction. In doing so, human 
factors engineers employ a user-centred design method-
ology or design thinking, which aims to: (1) understand 
the people and the system that they interact with, (2) 
create a solution that meets the needs of the user, and 
(3) evaluate how well the solution meets the needs of the 
user and achieves the human factors objectives. Inter-
views, shadowing of human operators, task analysis, work 
domain analysis, in addition to a variety of other methods, 
are employed for the first stage, which lead to a set of 
design requirements. An iterative design and evaluation 
process is then followed, for example, by the creation of 
prototype designs and their evaluation in usability studies. 
In evaluating the system design, human factors engineers 
may measure user’s decision-making errors, efficiency 
(eg, task completion times), user stress or mental work-
load, as well as user satisfaction.

Humans make decisions every day in a variety of 
domains, from piloting an aircraft, to diagnosing a 
patient, or determining whether to close in-person classes 
to slow the spread of the COVID-19 pandemic. Gener-
ally, these decisions will depend on one’s understanding 
of the situation by integrating multiple sources of infor-
mation, determining what the information means and 
selecting the best course of action while considering the 
risks associated with each alternative.1 While normative 
decision theory models describe what decisions people 
should make (ie, the optimal decision), descriptive 
decision-making models account for how people actually 
make decisions. Real-life decision-making is complex in 
ways that normative decision models cannot account for. 
Real-world settings can include dynamic, uncertain, and 
continually changing conditions, and can require real-
time decisions in high-stakes situations with significant 
consequences for mistakes. Limitations in human cogni-
tion and perception can contribute to decision errors. 
Decision support systems have the potential to support 
the user making better decisions and reduce decision 
errors. For example, clinical decision support tools have 
the potential in improving patient safety by improving 
the clinician’s diagnostic decisions.6 7 However, the 
success of decision support tools in clinical settings has 
been limited, in part due to human factors such as poor 
usability and workflow integration.8–11 Indeed, if human 
factors perspectives are not considered in their design 
(eg, how people make decisions, their expertise, their 
information needs), users may not leverage the tool.

While human factors methods have been applied to 
the design of decision support tools to aid clinicians in 
decision-making tasks in healthcare settings,6 7 applications 
of human factors to support public health professionals in 
improving population health outcomes are limited. Popula-
tion health can be defined as ‘the health outcomes of a 
group of individuals, including the distribution of such 
outcomes within the group’.12 The important distinc-
tion from clinical applications is that population health 

applications employ broader determinants that work 
across populations, such as social, economic, biology, early 
childhood development and health services.13 Accord-
ingly, population health has a broad scope and ranges 
from physical and mental health to environmental health 
within a population, all encompassed within the public 
health sector.12 Public health professionals in provincial 
and local health departments engage in complex cogni-
tive tasks to make the best possible decisions for resource 
allocation and public health planning. They do this based 
on their understanding of the current health status of 
their population, the factors that influence the health of 
the population and assess which interventions will work 
to address the health issues within the population based 
on available data.12 14 15 Evidence-based decision support 
tools, which use objective data to support the expertise of 
a decision-maker have been employed in many domains. 
Such tools have the potential to support public health 
professionals by answering complex questions, such as, 
what makes certain demographic groups within a popu-
lation healthier than others.14

There has been a proliferation of evidence-based deci-
sion support tools in population health, particularly since 
the onset of the COVID-19 pandemic. For example, Afzal 
and colleagues developed a visual analytics platform for 
public health professionals to forecast COVID-19 cases 
and explore the effects of various interventions (eg, 
school closures, stay at home orders) on cases.16 However, 
few studies have employed human factors methods to 
the design of these tools and evaluated their efficacy in 
supporting public health decision-making. For example, 
Afzal and colleagues focus on the development of the user 
interface but did not discuss how public health profes-
sionals’ needs were determined and factored into the 
design of the tool.16 Moreover, the proposed tool was not 
evaluated with public health professionals and as such, 
how users interpret the COVID-19 modelling scenarios, 
the quality of their decision-making, workload and satis-
faction with the tool were not considered. Human factors 
methods would ensure that the tool met public health 
practitioner needs (eg, information to understand model-
ling assumptions or uncertainty) and facilitated optimal 
decision-making.

Given that the focus is on populations and unique 
functions in public health, evidence-based decision 
support tools for public health professionals will have 
distinct user needs and requirements compared with 
other domains.15 17 Human factors engineers can apply 
user-centred design methodology in creating these 
decision support tools and can leverage other human 
factors methods in evaluating their efficacy in supporting 
public health professionals. By doing so, human factors 
can improve the design of these tools to better support 
public health professionals in decision-making efforts. 
For example, Pike and colleagues used an iterative user-
centred design process to develop a decision support tool 
for child and youth injury surveillance and prevention.18 
Injury prevention practitioners and policymakers were 
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involved in an evaluation of the tool during which they 
were presented with a series of fictional planning prob-
lems to solve using the tool (eg, determine the trends for 
suicide and homicide for children aged 10–19 years old 
from 2007 to 2010). Following this exercise, users were 
interviewed during which they were asked to provide 
feedback on the tool (eg, the dashboard, indicators 
and specific visualisations) as well as provide feedback 
pertaining to the ease of navigating the dashboard and 
overall satisfaction. Results from the evaluation under-
scored the utility of the dashboard in injury surveillance 
and prevention, and highlighted painpoints and opportu-
nities to improve on the dashboard’s design.

De Lima and colleagues developed a decision support 
tool for aiding public health professionals in planning 
and decision-making processes in the context of infec-
tious disease.19 Public health professionals completed a 
focus group session during which they interacted with 
the tool to build and run models for dengue fever. After 
interacting with the tool, users were asked to complete 
a questionnaire providing additional feedback. Overall, 
the results suggested that public health professionals 
could effectively use the tool for building and running 
models and scenarios. However, the authors noted that 
this process could be improved by providing users with 
documentation for how the model was developed and a 
guide on how to use the tool. Importantly, this evaluation 
was used to iterate on the design of the tool.

These examples exemplify how human factors methods 
can be employed in the design and evaluation of evidence-
based decision support tools to ensure that they meet the 
needs of public health professionals. The objective of the 
present scoping review is to build on this and provide a 
foundational understanding of the current landscape of 
human factors applications in the design of evidence-
based decision support tools within population health.

RESEARCH QUESTION
We identified the research question following extensive 
discussions among the protocol authors to clarify the 
concept and the purpose of the review: How are human 
factors considered in the design and development of 
evidence-based decision support tools for population 
health applications?

METHODS
This study question adheres to the population, concept 
and context framework used for scoping reviews.20 21 
In this case, the population is general and not defined. 
We propose conducting a scoping review of how human 
factors methods have been applied to evidence-based 
decision support tools in the context of population 
health. This scoping review will follow the methodolog-
ical framework described by Arksey and O’Malley20 with 
refinements proposed to the framework by Levac and 
colleagues.21 The reporting of this protocol and search 

have been informed by the Preferred Reporting Items 
for Systematic Review and Meta-Analysis Protocols (PRIS-
MA-P and PRISMA-S) reporting guidelines, respectively, 
to facilitate understanding and transparency.22 23

Registration and review stage
The present research protocol will be registered with BMJ 
prior to beginning the study. The study is expected to 
commence in May 2021 with an anticipated completion 
date in March 2022.

Operationalising population health, human factors and 
decision support tools
One major challenge for this scoping review was opera-
tionalising the concepts of population health, human 
factors and decision support tools for the search strategy. 
As such, to aid in the codification of these concepts, our 
team includes a librarian specialising in health science. 
Additionally, we consulted with a librarian specialising in 
engineering.

Population health was operationalised to encompass all 
aspects of public health in the broadest sense and is not 
limited to any specific aspects, such as chronic or infec-
tious disease. Search terms included “population health”, 
“public health”, “community health”, “community medi-
cine”, “health promotion”, “epidemiology” and “disease 
prevention”.

Human factors was operationalised to encompass all 
aspects of human factors in the broadest sense and is 
not limited to a particular method or tool. Search terms 
included “human factors”, “ergonomics”, “cognitive 
ergonomics”, “cognitive analytics”, “usability”, “human 
engineering”, “human computer interaction”, “human-
centered design”, “interface design”, “user interface”, 
“user evaluation”, “usability evaluation”, “user friendly”, 
“user experience” and “human machine interface”.

Decision support tool was operationalised to encompass 
any electronic system to aid decision-making. Search 
terms included “decision support”, “decision support 
systems”, “decision support tool”, “information systems”, 
“data visualizations”, “visual analytics”, “informatics”, 
“data display” and “dashboard”.

Search strategy
The search strategy includes indexed databases of peer-
reviewed literature and manual searches. We discuss each 
of these in turn:

Peer-reviewed literature
The published literature search will include Ovid 
MEDLINE: Epub Ahead of Print, In-Process and Other 
Non-Indexed Citations, Ovid MEDLINE Daily and Ovid 
MEDLINE 1946–present; EMBASE (on Ovid), Scopus, 
PsycINFO (Ovid), Compendex (Engineering Village), 
IEEE Xplore and Inspec (Engineering Village). Compre-
hensive literature searches were developed in collabora-
tion with two librarians: one who specialised in health 
science and another who specialised in engineering. 
The search strategies used a combination of keywords, 
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and subject headings relevant to each database for each 
concept. The databases were selected based on subject 
area coverage and functionality (see the online supple-
mental file 1 for our search strategy for each database).

Results prior to 1990 were excluded in the search 
strategy. We do not expect articles related to human 
factors to the design of digital evidence-based decision 
support tools in population health as human factors 
applications in healthcare began to emerge in the 1990s. 
By including articles from 1990, we are capturing the 
potential evolution of the application of human factors 
in the public health domain. This research study only 
included primary studies, limited to the English language. 
A modified version of the systematic review filter devel-
oped by the Scottish Intercollegiate Guidelines Network 
was applied to exclude systematic reviews, scoping 
reviews, meta-analyses as well as editorials, guidelines, 
letters and patient education handouts. The MEDLINE 
search strategy was validated against a key set of eight 
articles15 18 19 24–28 predetermined by the authors and 
was peer reviewed using PRESS29 by another librarian, 
not associated with this study to ensure accuracy and 
comprehensiveness.

Grey literature
Our grey literature search strategy is guided by our 
research question. While government or organisation 
websites may contain dashboards and interfaces used by 
public health professionals to inform their population 
assessment and planning, information about the devel-
opment and assessment of public health professional 
interactions with the interfaces or dashboards will not be 
available. In other words, the information will be about 
tools, but not the development or evaluation, which 
is needed for the human factors aspect of this review. 
As such, our grey literature search will be focused on 
capturing full-text conference proceedings papers iden-
tified through Compendex (Engineering Village), IEEE 
Xplore and Inspec (Engineering Village) to counter the 
positive reporting bias of the published article literature, 
ensuring the review is thorough and balanced.

Manual searches
Reviews of human factors and population health discov-
ered in the formal peer-reviewed literature search will be 
identified and their references will be manually searched 
to identify additional articles for inclusion. Reference 
lists of included articles will also be manually screened to 
identify additional studies.

Integration of results
The results from the two search types will be integrated 
into Covidence, a systematic review management software, 
and duplicates will subsequently be removed. Screening 
for article inclusion will be completed using Covidence 
and will consist of two phases. First, the title and abstract 
of all identified articles will be screened independently by 
two reviewers on the research team and will be categorised 

as ‘include’, ‘exclude’ or ‘inconclusive’.21 Such judge-
ments will be informed by the inclusion and exclusion 
criteria (see box  1) and will be documented using a 
piloted standardised relevance form. Disagreements will 
be resolved through team discussion and may include a 
third, independent reviewer, if necessary. Articles identi-
fied in the title and abstract screening will undergo full-
text screening by two independent reviewers, which will 
lead to a final decision regarding inclusion.

Inclusion and exclusion criteria
We sought to limit the scope of our challenge by devel-
oping a priori eligibility criteria for the literature, detailing 
the types of literature to be included. The inclusion and 
exclusion criteria are presented in box 1.

All documents created since 1990 in English that 
describe the development, validation or application 
guided by human factors principles to any study design 
in the field of population health will be included. Exam-
ples of studies not related to population health include 
clinical applications, such as studies that discuss patient 
safety, monitoring of an individual’s health or clinical 
decision support tools. Documents that have described 
the application of human factors in terms of the popula-
tion of study and sample size, method, analysis, prototype 
and iteration process, end-user and intended setting will 
be included. Examples of studies not related to human 
factors may include studies that describe a tool as user-
friendly but do not discuss the engagement of users in 
the design process or evaluate the tool with users (eg, in 
determining design requirements through interviews or 
focus group or in evaluating the tool with users).

Data abstraction and synthesis
A data abstraction form will be developed and pilot-tested 
using two researchers, working independently of each 
other. The data form will be tested on five to seven articles 
for consistency and comprehensiveness for capturing rele-
vant study data. Changes will be made in a team meeting 
during which the team will compare pilot test results and 
discuss discrepancies. Following the article screening, 
data will be extracted from each article included in the 
review by one reviewer using the data extraction form 
and will be verified by a second reviewer. The data will 
be abstracted and synthesised according to three themes: 

Box 1  Exclusion criteria for literature search

Exclusion criteria
1.	 Articles whose end-user is not within population health.
2.	 Articles not related to human factors.
3.	 Articles that do not include a digital evidence-based decision sup-

port tool.
4.	 Conference abstracts, as these may not include sufficient details on 

the methodology.
5.	 Reviews, including commentaries and discussion pieces.
6.	 Articles written in languages other than English.

https://dx.doi.org/10.1136/bmjopen-2021-054330
https://dx.doi.org/10.1136/bmjopen-2021-054330
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study characteristics, study methods and human factors 
characteristics (see box 2).

Results will be synthesised, and summarised study char-
acteristics will be presented using tables and figures. We 
will discuss key lessons learnt from the use of human 
factors in the design of decision support tools for public 
health. Additionally, the scoping review will discuss impli-
cations and future research directions for human factors 
applications in population health.

Patient and public involvement
This is a scoping review protocol and as such it was not 
appropriate or possible to involve patients or the public 
in the design, conduct, reporting or dissemination plans 
of our research.

Ethics approval is not required for this knowledge 
synthesis, as we are not involving human participants. 
The completed scoping review will be submitted for 
publication to a peer-reviewed, interdisciplinary journal 
in addition to conferences on population health and 
human factors.

Twitter Renee Sirbu @ReneeSirbu and Laura C Rosella @LauraCRosella
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