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Abstract

Healthcare systems need to be redesigned to provide care that is safe, effective and efficient, and 

meets the multiple needs of patients. This systematic review examines how Human Factors and 

Ergonomics (HFE) is applied to redesign healthcare work systems and processes and improve 

quality and safety of care. We identified twelve projects representing 23 studies and addressing 

different physical, cognitive and organizational HFE issues in a variety of healthcare systems and 

care settings. Some evidence exists for the effectiveness of HFE-based healthcare system redesign 

in improving process and outcome measures of quality and safety of care. We assessed risk of bias 

in 16 studies reporting the impact of HFE-based healthcare system redesign and found varying 

quality across studies. Future research should further assess the impact of HFE on quality and 

safety of care, and clearly define the mechanisms by which HFE-based system redesign can 

improve quality and safety of care.

Practitioner Summary—Existing evidence shows that HFE-based healthcare system redesign 

has the potential to improve quality of care and patient safety. Healthcare organizations need to 

recognize the importance of HFE-based healthcare system redesign to quality of care and patient 

safety, and invest resources to integrate HFE in healthcare improvement activities.
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1. Introduction

Since the US Institute of Medicine (IOM) released the report “To Err is Human: Building a 

Safer Health System” in 1999 (Kohn, Corrigan and Donaldson 1999), quality of care and 

patient safety have become major concerns in the U.S. and around the world. To provide 
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care that is safe, effective and efficient, and meets the multiple needs of patients, healthcare 

systems are in great need of redesign (Institute of Medicine Committee on Quality of Health 

Care in America 2001). Considerable efforts and substantial resources have been invested in 

the past decade to prevent medical errors and improve patient safety (Bates et al. 1999; 

Landrigan et al. 2004; Pronovost et al. 2006); however, evidence on the effectiveness of 

these efforts is ambiguous and limited (Landrigan et al. 2010; Leape and Berwick 2005; 

Shekelle et al. 2011; Vincent et al. 2008). The 2005 report by the IOM and the National 

Academy of Engineering highlighted Human Factors and Ergonomics (HFE) as a key 

systems engineering approach to improve healthcare work systems and processes and, 

therefore, quality of care and patient safety (Reid et al. 2005). Evidence shows that lack of 

attention to HFE in the design and implementation of healthcare technologies, processes, 

workflows, jobs, teams and sociotechnical systems can result in poor quality of care and 

patient safety incidents, such as medication errors and adverse drug events (Institute of 

Medicine 2006; Leape et al. 1995), as well as undesirable employee and organizational 

outcomes, such as job dissatisfaction, burnout, injuries and turnover (Carayon et al. 2006).

Although HFE is now recognized as important to healthcare quality and patient safety 

(Carayon, Alyousef and Xie 2012; Gurses, Ozok and Pronovost 2012), we have limited 

empirical information on HFE applications in healthcare system redesign (Carayon, Xie and 

Kianfar 2014). We conducted a systematic review, including assessment of risk of bias, to 

examine how HFE has been applied to redesign healthcare work systems and processes. We 

also collected evidence on the effectiveness of HFE in improving quality of care and patient 

safety. After reviewing the results of the systematic review, we discuss gaps in current 

research on HFE in healthcare system redesign, and propose recommendations for future 

research.

2. HFE-based healthcare system redesign

2.1 Definition

We adapted the SEIPS (Systems Engineering Initiative for Patient Safety) model of work 

system and patient safety (Carayon et al. 2006; Carayon et al. 2014) to examine the 

application of HFE to healthcare system redesign. The SEIPS model is a systems 

engineering model anchored within HFE. As it integrates Donabedian’s structure-process-

outcome model (Donabedian 1988) and the work system model developed by Carayon and 

Smith (Carayon 2009; Carayon and Smith 2000; Smith and Carayon 2000; Smith and 

Carayon-Sainfort 1989), the SEIPS model highlights how work system design (structure) is 

linked to patient safety (outcome) through care processes. As shown in Figure 1, the SEIPS 

model is used to describe an existing healthcare system as well as the redesigned healthcare 

system. The dashed lines represent four major phases of healthcare system redesign: 

analysis, design, implementation and evaluation (Meister and Enderwick 2001; Parker and 

Wall 1998; Wilson and Morrisroe 2005). For instance, the dashed lines from outcomes to 

process and from process to work system in the upper part of Figure 1 represent the phase of 

system analysis where information is collected to understand how negative outcomes can 

result from process deficiencies, which in turn are influenced by the work system.
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HFE applications in the four phases of system redesign for quality of care and patient safety 

can be categorized as: (1) use of HFE tools, (2) use of HFE knowledge, and (3) direct 

involvement of HFE professionals in healthcare organizations (Carayon 2010). Therefore, 

we defined HFE-based healthcare system redesign as the deployment of HFE tools, 

knowledge and professionals in the analysis, design, implementation and evaluation of 

healthcare work system changes to improve care processes and patient, employee and 

organizational outcomes. Table 1 provides examples of HFE-based healthcare system 

redesign.

2.2 Characteristics

HFE-based healthcare system redesign addresses a range of physical, cognitive and 

organizational HFE issues that can potentially affect quality of care and patient safety 

(Carayon 2006, 2007; Gurses, Ozok and Pronovost 2012). Examples of physical HFE issues 

include mismatches between task requirements and physical characteristics of healthcare 

professionals (e.g., nurses performing strenuous patient handling tasks), healthcare 

technologies with inappropriate physical dimensions (e.g., too small font size on computer 

screen), and physical layout and environment that do not support clinical tasks (e.g., central 

nursing station in a location that limits line of sight for patient monitoring). Examples of 

cognitive HFE issues include limited information for clinical decision-making (e.g., care 

transition with incomplete patient records), clinical tasks resulting in high cognitive 

workload (e.g., distraction of nurses during medication administration), and medical devices 

designed without considering cognitive abilities of healthcare professionals (e.g., drug 

library of smart infusion pump with multiple concentrations). Examples of organizational 

HFE issues include job stress and burnout of healthcare professionals (e.g., turnover and 

understaffing in nursing homes), ambiguous roles and responsibilities of healthcare 

professionals (e.g., role ambiguity in care coordination), and ineffective teamwork in health 

care (e.g., miscommunication between care team members).

HFE-based healthcare system redesign differs from general quality improvement 

interventions as it incorporates the three core characteristics of HFE: (1) use of a systems 

approach, (2) design-driven approach, and (3) focus on both system performance and well-

being (Dul et al. 2012). First, HFE-based healthcare system redesign applies a systems 

approach, which highlights interactions among work system elements and levels, the 

dynamic impact of individual work system elements on the whole system, and links between 

work system, care processes and system outcomes (Carayon et al. 2006; Waterson 2009; 

Wilson 2000). According to the work system model (Carayon 2009; Carayon and Smith 

2000; Smith and Carayon 2000; Smith and Carayon-Sainfort 1989), a healthcare system 

consists of multiple people (e.g., patients, physicians, nurses) performing different tasks 

(e.g., direct patient care, maintaining clinical documentation) with various tools and 

technologies (e.g., medical devices, electronic health record) in a physical environment (e.g., 

hospital unit, patient room) under certain organizational conditions (e.g., safety culture, 

work schedule, teamwork). These interrelated work system elements influence care 

processes, which further influence patient, employee and organizational outcomes (Carayon 

et al. 2006). The objective of HFE-based healthcare system redesign, therefore, is to achieve 
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better patient, employee and organizational outcomes through the improvement of 

healthcare work systems and care processes.

Second, while HFE can contribute to all phases of healthcare system redesign, we propose 

that the core of HFE-based healthcare system redesign is to involve HFE in the phases of 

system design and implementation. HFE applications to system analysis and evaluation are 

important but have limited influence on actual redesign. HFE analysis focuses on the 

existing healthcare system and aims to understand how undesired system outcomes (e.g., 

harmful medication errors) are associated with process deficiencies (e.g., duplicate 

medication ordering) and HFE issues in the work system (e.g., poor design of CPOE 

interface, limited communication between healthcare providers) (see dashed line 1 in Figure 

1). Performing an HFE-based system analysis, however, does not fully answer the question 

of how to redesign the work system to improve care processes and system outcomes. HFE 

evaluation, on the other hand, focuses on the redesigned healthcare system and examines 

whether HFE issues in the work system have been addressed and how an intervention 

influences care processes and system outcomes (see dashed line 4 in Figure 1). HFE-based 

system evaluation can inform future iterations of healthcare system redesign. To ensure that 

the redesign of a healthcare system is HFE-based, HFE needs to be considered at the 

minimum in the phases of system design and implementation (see dashed lines 2 and 3 in 

Figure 1). These phases of system design and implementation respectively define the content 

(what is the redesign) and process (how the redesign is implemented) of work system 

redesign (Carayon 2007).

Finally, HFE-based healthcare system redesign aims to improve both system performance 

and human well-being. The ultimate goal of this redesign is to improve quality of care and 

patient safety, which are components of system performance. The impact of HFE-based 

healthcare system redesign on quality of care and patient safety can be assessed with 

measures of care processes and patient outcomes (Donabedian 1988). Measures of care 

processes include, for example, efficiency, processing time, usability/acceptance of changes, 

compliance with clinical protocols, ordering and performance of tests, and screening for 

disease (Carayon et al. 2010). Measures of patient outcomes include, for example, mortality, 

complications, quality of life, medical errors and patient satisfaction. From an HFE 

viewpoint, in addition to quality of care and patient safety, healthcare system redesign 

should enhance well-being of healthcare professionals, such as job satisfaction and 

motivation. Therefore, quality improvement interventions that would increase the workload 

of already busy healthcare professionals and lead to burnout are not considered HFE-based 

healthcare system redesign.

Empirical studies of HFE-based healthcare system redesign are limited and scattered over a 

wide range of clinical topics. A systematic review, therefore, is necessary to collect existing 

evidence on HFE-based healthcare system redesign and assess its impact on quality of care 

and patient safety.
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3. Methods

This systematic review follows the PRISMA (Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses) guidelines (Liberati et al. 2009; Moher et al. 2009). Methods 

proposed by the Cochrane Effective Practice and Organization of Care Group (Higgins and 

Green 2011) and the Centre for Reviews and Dissemination (2009) were also adapted and 

applied for study search (e.g., design of search strategy, set of restrictions), study selection 

(e.g., process for selecting studies) and data extraction (e.g., development of data collection 

form).

3.1 Exclusion and inclusion criteria

The literature review was limited to peer-reviewed journal articles written in English. 

Studies were excluded if: (1) they were not related to healthcare system redesign (e.g., 

Casler and Cook 2003; Wong and Richardson 2010), (2) they described best practices or 

methods (e.g., Beuscart-Zephir et al. 2007; Henriksen, Joseph and Zayas-Caban 2009), (3) 

they only presented a research protocol (e.g., Hysong et al. 2009; Marshall et al. 2011), and 

(4) they reported on general quality improvement (e.g., Amoore and Ingram 2002; Mutter 

2003).

Due to the complexity of HFE-based healthcare system redesign, multiple studies could be 

related to one project. For example, a study might involve a work system analysis and 

usability evaluation to develop an intervention, while other studies might implement the 

intervention and assess its impact on care processes and/or patient outcomes. Therefore, 

studies from the same project were grouped and then screened for inclusion. A project was 

included if it met all four inclusion criteria:

• The project applied HFE to the phases of system design or implementation;

• The project described the HFE tools, knowledge or professionals employed;

• The project described the intervention; and

• The project reported the impact of the intervention on care processes or patient 

outcomes.

3.2 Study search and selection

After discussion with the other researcher and upon agreement on inclusion criteria, one 

researcher conducted the literature search and selected studies (see Figure 2). The search 

was conducted in three databases from their inception to February 2013: PubMed (from 

1950), PsycINFO (from 1872), and Web of Science (from 1965). The search combined 

terms in four areas: (1) HFE, (2) intervention, (3) healthcare work system elements and (4) 

care processes and outcomes (see Table 2). While terms from different areas were combined 

using the Boolean operator “AND”, terms within each area were combined using the 

Boolean operator “OR”. After removing duplicates, a total of 6863 studies were identified. 

The title and abstract of each study were screened. A total of 6380 studies were excluded 

based on the exclusion criteria: 6115 were not related to healthcare system redesign, 216 

described best practices or methods, 8 only presented a research protocol, and 41 reported 
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on general quality improvement. Full-text articles were retrieved for the remaining 483 

studies. Their reference lists and the later studies citing them were manually searched. 

Thirty-eight additional studies were found. Studies related to the same project were then 

grouped for further screening. Among the 451 identified projects, 439 did not meet the 

inclusion criteria: 135 only reported the analysis phase, 176 only reported the evaluation 

phase, 37 did not describe the HFE tools, knowledge or professionals being employed, 6 did 

not describe the intervention, and 85 did not evaluate the impact of intervention on care 

processes or patient outcomes. We included a total of 12 projects or 23 studies in the review 

(see Table 3).

3.3 Assessment of risk of bias

All 12 projects evaluated the impact of HFE-based healthcare system redesign on care 

processes or patient outcomes; 16 of the 23 studies in the 12 projects actually reported data 

on care processes or patient outcomes. Two researchers assessed independently the risk of 

bias in the 16 studies using a specially-developed 30-question instrument (see Table 7 in 

section 4.4). The instrument was developed based on the checklist of Downs and Black 

(1998) for assessing quality of randomized and non-randomized healthcare intervention 

studies. It also included three questions from Tullar et al. (2010): (1) “Were concurrent 

comparison (control) group(s) used?” (2) “Was the calendar duration of the intervention 

documented?” and (3) “Was the participation rate reported for employees?” Whenever 

researchers disagree on the assessment of a study, they met and discussed their assessment 

until consensus was achieved.

3.4 Data extraction

We developed a data collection form, which was pilot-tested on three projects and revised 

subsequently. One researcher used the data collection form to extract the following data 

from each project: (1) the setting and country of the project, (2) the healthcare system 

redesigned, (3) HFE issues (e.g., physical, cognitive, organizational) addressed by the 

redesign, (4) work system elements (e.g., people, tasks, tools and technologies, organization, 

environment) affected by the redesign, (5) phases of the redesign process and HFE tools, 

knowledge and professionals applied in each phase, and (6) impact of the intervention on 

care processes and patient outcomes, as well as other system outcomes (e.g., employee, 

organization). The other researcher reviewed the extracted data, and consensus was achieved 

between the two researchers. The complete data collection form is in Supplementary A.

4. Results1

4.1 Healthcare system redesign focus

The twelve projects addressed various HFE issues in a wide range of healthcare systems, 

and developed different interventions to target single or multiple elements of the work 

system (see Table 4).

1The projects’ and studies’ numbers in this section refer to the list in Table 3.
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4.1.1 HFE issues addressed in healthcare system redesign—Four projects 

focused on the redesign of medical devices. Project 11 redesigned the interface of a PCA 

pump to address cognitive HFE issues, such as information and psychological requirements 

of programming the PCA pump. Project 3 considered both physical (e.g., size, orientation, 

color) and cognitive (e.g., display of vital signs, detection of abnormal observations) HFE 

issues in the redesign of a medical observation chart used by hospital staff to document 

patients’ physiological stability. Similarly, project 8 considered both physical (e.g., labeling, 

spacing, dimension) and cognitive (e.g., pattern recognition, perception from visual cue) 

HFE issues in the redesign of a paper-based ED charting system. Project 12 redesigned a 

hospital code cart medication drawer by addressing both physical (e.g., visibility, grouping, 

layout) and cognitive (e.g., standardization to reduce mental workload) HFE issues.

Five projects focused on the redesign of health IT, including treatment delivery system 

(project 1), CPOE (project 2), clinical information system (project 7), clinical telemetry 

system (project 9) and clinical decision support system (project 10). These five projects 

addressed cognitive HFE issues associated with health IT design, such as information 

integration and presentation, and interface usability. In addition, project 10 emphasized 

organizational HFE or macroergonomic issues (e.g., heterogeneous cohort of clinicians, 

discordance between clinical guideline and local practice) during the implementation of a 

clinical decision support system. Project 9 considered both physical (e.g., location of 

displays, muted alarm speakers, limited workspace) and organizational (e.g., process for 

system maintenance) HFE issues of an ED telemetry system.

Two projects focused on the redesign of care processes. Project 5 considered both cognitive 

(e.g., content and format of checklist) and organizational HFE issues (e.g., time constraints, 

logistics) in the redesign of a surgical pathway from admission to discharge. Project 6 

examined cognitive HFE issues (e.g., information needs, reading ability) associated with 

providing information to stroke patients.

Finally, project 4 focused on physical HFE issues in the operating room, including 

positioning of surgical devices.

4.1.2 Work system interventions—The interventions implemented in ten of the twelve 

projects targeted single elements of the work system. Project 4 focused on the physical 

environment and implemented floor markings in operating rooms. The other nine projects 

focused on tools and technologies in various healthcare systems: four projects redesigned 

medical devices (projects 3, 8, 11 and 12), four projects redesigned health IT (projects 1, 2, 

7 and 10), and one project redesigned the surgical pathway by implementing a checklist 

(project 5).

Interventions in two projects targeted multiple elements of the work system. To provide 

tailored information to stroke patients, project 6 implemented an education and support 

package, which consisted of (1) a computer system generating tailored written information 

booklet and (2) support by an occupational therapist with clinical experience in stroke 

rehabilitation; the occupational therapist reinforced some information pre-hospital discharge 

and contacted patients via phone post-hospital discharge. Project 9 implemented a multi-
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element intervention to improve the overall ED telemetry system: (1) installation of 

distributed telemetry large-screen displays, (2) repositioning of central telemetry displays 

and speakers, (3) adjustment of alarm volume for audible, less obtrusive notification, (4) 

adjustment of alarm parameters to reduce false alarms, (5) placement of touchpad input 

devices for intuitive interaction, (6) coordination of institutional infrastructure for routine 

maintenance, (7) announcement of study and intervention at ED personnel meetings, (8) 

group training and on-shift training of ED personnel, and (9) integration of the telemetry 

system into nurse charting workflow.

4.2 Process of healthcare system redesign

The twelve projects used HFE in different phases of the process of healthcare system 

redesign (see Table 5). While six projects described HFE in all four phases of the redesign 

process, i.e. analysis, design, implementation and evaluation (projects 4, 5, 6, 8, 9 and 10), 

six projects did not report information on the phase of system implementation (projects 1, 2, 

3, 7, 11 and 12).

4.2.1 System analysis—Main activities of HFE-based system analysis included:

• Assessment of current system (studies 1.1, 2.1, 3.3, 4.1, 6.4, 7.1, 9.1 and 10.1),

• Identification of deficiencies in current system (studies 1.1, 1.2, 3.3, 5.1, 7.1, 8.1, 

11.1 and 12.1),

• Identification of system constraints and design requirements (studies 2.1, 7.1, 9.1 

and 10.1), and

• Learning from HFE literature and other systems or industries (studies 3.3, 4.1 and 

9.1).

The most frequently used HFE data collection methods were observation, interview, survey 

and review of archival data. Data were collected to assess workplace layouts (study 4.1), 

user needs (studies 7.1 and 9.1) and clinical tasks and workflow (studies 1.1, 1.2, 2.1, 4.1 

and 10.1). Specific HFE techniques applied in system analysis included hierarchical task 

analysis (studies 3.3 and 7.1), cognitive task analysis (study 10.1), workflow analysis 

(studies 1.1 and 1.2), heuristic usability evaluation (studies 3.3, 7.1 and 11.1) and user 

testing (studies 7.1 and 12.1). Studies also applied HFE knowledge (e.g., HFE principles for 

interface design) (studies 3.3 and 11.1) and involved HFE experts (e.g., informal discussion 

with HFE experts) (study 9.1) in system analysis.

4.2.2 System design—HFE-based system design emphasized the iterative process for 

creating and refining design recommendations and solutions. To address HFE problems 

identified in system analysis, researchers proposed design recommendations and solutions 

based on HFE design principles (e.g., principles for interface design) (studies 1.1, 2.1, 3.3, 

5.1, 6.2, 8.1 and 11.1) and input from healthcare stakeholders and HFE experts (e.g., focus 

group, participatory design) (studies 1.1, 4.1, 6.2, 8.1, 9.1, 10.1 and 12.1). 

Recommendations were then implemented through the development of prototypes, which 

were further assessed (e.g., heuristic evaluation, user testing, focus group, observation) and 
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refined until all HFE issues (e.g., usability) were addressed (studies 1.1, 2.1, 3.3, 5.1, 6.2, 

7.1, 8.1, 10.1 and 12.1).

4.2.3 System implementation—Various principles for successful HFE-based system 

implementation have been proposed, such as participation, communication and feedback, 

learning and training, top management commitment, and project management (Carayon, 

Alyousef and Xie 2012; Karsh 2004; Smith and Carayon 1995). Communication with 

stakeholders about the redesign was reported in three projects (studies 5.1, 9.1 and 10.1). 

Different means of communication (e.g., presentations, information flyers) were used to 

share information with end users and decision makers to reduce uncertainty and answer 

questions about the implementation. Two projects described user training designed to 

promote transfer of knowledge and skills into work practice (studies 9.1 and 10.1). 

Continuous improvement was mentioned in three projects (studies 5.1, 6.2 and 10.1). 

Observations, interviews and focus groups were conducted to explore user experience with 

the redesigned system, identify barriers to system implementation, and develop solutions to 

address identified problems. In addition, five projects described project management during 

system implementation, including formation of an implementation team (study 5.3), 

identification of champions (study 10.1), pilot testing of redesigned system (studies 5.1 and 

6.2), and structured implementation (e.g., phased implementation, parallel implementation) 

(studies 4.1, 5.1 and 8.1).

4.2.4 System evaluation—HFE-based system evaluation assessed the impact of system 

redesign on care processes, such as task performance, compliance with best practices and 

response time (studies 1.1, 1.2, 2.1, 3.1, 3.2, 4.1, 5.2, 7.1, 8.1, 9.1, 10.1, 11.2 and 12.1), as 

well as patient outcomes, e.g., complication, in-hospital mortality and diagnostic error 

(studies 3.1, 3.2, 5.3, 6.1, 6.5 and 10.1), and employee outcomes, e.g., required physical 

demands, back injuries, perceived exertion, user satisfaction and safety awareness (studies 

1.1, 1.2, 4.1 and 7.1). Multiple HFE data collection methods were used in system evaluation, 

including observation, interview, survey, review of clinical data and user testing.

Six of the twelve projects included in this review conducted user testing to evaluate the 

usability of interventions (studies 1.1, 2.1, 3.1, 3.2, 7.1, 11.1, 11.2 and 12.1). These six 

projects applied a within-subject design; however, one project did not randomize or balance 

out the order of tasks performed by participants (study 1.1). The other six projects applied 

different types of study design to evaluate the impact of interventions (Grimshaw et al. 

2000): studies 5.2 and 8.1 applied a before-and-after design with no control group; studies 

4.1, 9.1 and 10.1 applied a time series design; study 5.3 applied a before-and-after design 

with a control group; and studies 6.1 and 6.5 applied a randomized control design.

4.3 Impact of HFE-based healthcare system redesign

The twelve projects provided some evidence on the effectiveness of HFE-based healthcare 

system redesign to improve care processes, patient outcomes and employee outcomes (see 

Table 6).

Xie and Carayon Page 9

Ergonomics. Author manuscript; available in PMC 2016 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



4.4 Assessment of risk of bias

Table 7 shows results of risk of bias assessment. Studies 6.1 and 6.5 addressed the largest 

number of quality criteria (27 of 30), while studies 10.1, 11.1 and 11.2 addressed the lowest 

number of quality criteria (9 of 30). The average number of quality criteria addressed was 

14.

Ten quality criteria were used to assess the quality of reporting (questions 1 to 10). While all 

studies clearly described their research objectives, outcome measures, interventions and 

main findings (questions 1, 2, 4 and 6), about half of the studies provided limited data on 

characteristics of participants, distribution of principal confounders and adverse events 

associated with interventions (questions 3, 5 and 8). Regarding external validity, twelve 

studies did not report participation rate (question 12a), and only one study provided 

information on the representativeness of participants (questions 11 and 12). Internal validity 

was assessed in terms of bias and confounding. Main issues related to bias were: (1) unclear 

description of the process for blinding participants and researchers to the intervention2 

(questions 14 and 15), and (2) lack of information on the reliability and validity of outcome 

measures (question 20). The main issue related to confounding was inadequate adjustment 

of confounding in statistical analyses (question 25). Finally, most studies (14 out of 16) did 

not provide information about statistical power (question 27).

5. Discussion

We reviewed studies on HFE-based healthcare system redesign to assess the impact of HFE 

on quality of care and patient safety. We identified a total of twelve projects with 23 studies 

that showed the breadth of HFE applications to healthcare system redesign. We found 

evidence of the effectiveness of HFE in improving quality of care, such as reduced task 

completion time (Chan et al. 2010; Chan et al. 2011a; Christofidis et al. 2013; Johnson, 

Johnson and Zhang 2005; Lin, Vicente and Doyle 2001; Preece et al. 2012; Rousek and 

Hallbeck 2011), decreased error rate (Chan et al. 2010; Christofidis et al. 2013; Kobayashi 

et al. 2011; Kobayashi et al. 2013; Lin, Vicente and Doyle 2001; Preece et al. 2012), and 

improved compliance with best practices (de Korne et al. 2012; de Vries et al. 2009; 

Lesselroth et al. 2011). There was also evidence of HFE-based interventions’ impact on 

patient safety, such as decreased complication rate (de Vries, Prins, et al. 2010), decreased 

in-hospital mortality (de Vries, Prins, et al. 2010), and increased self-efficacy of patients 

(Eames et al. 2013; Hoffmann et al. 2007). These studies are important as they show the 

positive impact of HFE-based healthcare system redesign on healthcare quality.

Because work systems, care processes and patient outcomes are interrelated (see Figure 1), 

evidence on the effectiveness of HFE-based interventions should include data on changes in 

the work system (redesign or intervention), changes in the care process (impact of 

intervention on care processes) and changes in patient outcomes (impact of intervention on 

patient outcomes). The twelve projects included in this review described interventions; 

2Blinding is a procedure that prevents participants, caregivers or outcome assessors from knowing which intervention was received. It 
seeks to prevent performance and ascertainment bias and protect the sequence after allocation.
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eleven of the twelve projects assessed the impact of intervention on care processes; but only 

three projects assessed the impact of intervention on patient outcomes.

Only a small number of studies collected data on the impact of HFE-based healthcare 

system redesign on patient outcomes; this highlights the challenge of linking work system to 

patient outcomes. To determine the causal relationship between healthcare system redesign 

and improvement in patient outcomes, future research needs to describe the pathways or 

mechanisms between the system redesign on the one hand and patient safety and other care 

quality outcomes on the other hand (Carayon, Alvarado and Hundt 2007). For example, 

Carayon and Gurses (2008) describe the mediating role of workload between the work 

system, on the one hand, and care processes and patient outcomes, on the other hand. 

Studies should use a combination of proximal and distal process and outcome measures to 

document the impact of interventions on care processes and possibly patient outcomes 

(Carayon et al. 2010; Holden et al. 2013). For example, de Vries and colleagues (de Vries, 

Dijkstra, et al. 2010; de Vries, Prins, et al. 2010) showed that a checklist designed and 

implemented based on HFE principles could improve compliance with recommended timing 

of antibiotic prophylaxis administration in a surgical pathway (process measure), and reduce 

complications and in-hospital mortality (outcome measures).

Besides quality of care and patient safety, HFE-based healthcare system redesign should 

also improve well-being of healthcare professionals and develop healthy work organizations 

(Carayon et al. 2006; Sainfort et al. 2001). Among the twelve projects reviewed, only three 

examined the impact of redesign on employee outcomes, such as reduced mental workload 

(Lin, Vicente and Doyle 2001), improved satisfaction (Chan et al. 2010; Johnson, Johnson 

and Zhang 2005), and enhanced safety awareness among healthcare professionals (de Korne 

et al. 2012). None of the twelve projects examined the impact of redesign on organizational 

outcomes. Future research needs to complement measures of quality of care and patient 

safety with systematic data on employee and organizational outcomes.

Most projects (9 out of 12) focused on physical and cognitive HFE issues of medical devices 

and health IT, and were limited to microergonomics (Hendrick and Kleiner 2001). These 

projects, although important, do not consider complex sociotechnical system characteristics 

that need to be addressed to improve overall system outcomes from the viewpoint of 

patients, employees and organizations (Carayon et al. 2006; Carayon et al. 2014; Hendrick 

1980; Hendrick and Kleiner 2001). Future research on HFE-based healthcare system 

redesign needs to connect microergonomics with macroergonomics and to jointly consider 

physical, cognitive and organizational HFE issues (Carayon et al. 2013). An example of this 

macroergonomic approach is the study conducted by Kobayashi et al. (2013) who designed 

and implemented a multi-element intervention to address physical (e.g., location of displays, 

muted alarm speakers, limited workspace), cognitive (e.g., poor signal/noise ratio, low yield 

of system access) and organizational (e.g., widespread knowledge deficit of system 

presence, availability, features and operation) HFE issues of an ED telemetry system. This 

study shows the feasibility and value of a systematic approach to healthcare system redesign 

that integrates multiple system elements and levels (Karsh and Brown 2010; Karsh, 

Waterson and Holden 2014; Waterson 2009). Furthermore, the application of HFE should be 

broadened to other domains of patient safety (e.g., human error, performance of healthcare 
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workers, system resilience) and the redesign of other elements of healthcare system (e.g., 

clinical tasks, workflow, physical environment).

We also need to understand factors that influence the adoption of HFE in healthcare system 

redesign, to develop and test HFE tools and methods for healthcare system redesign, and to 

conduct empirical studies illustrating how HFE tools and methods can be adapted to and 

adopted by healthcare organizations (Carayon 2010). For example, HFE applications to 

healthcare system redesign may involve collaboration between HFE professionals and 

healthcare stakeholders (Carayon and Xie 2011); therefore, a participatory ergonomics 

approach can actively involve end users (e.g., patients, healthcare providers) in the design 

and implementation of HFE solutions (Noro and Imada 1991; Wilson and Haines 1997). 

Existing applications of participatory ergonomics in healthcare, however, focus on 

individual tasks of specific jobs (Bohr, Evanoff and Wolf 1997; Fragala and Santamaria 

1997; Udo et al. 2006). Research is needed to expand the application of participatory 

ergonomics to redesign other elements of healthcare work systems (e.g., workstation, care 

process) in different care settings (e.g., pediatrics).

In this review, we assessed risk of bias in the sixteen studies that evaluated the impact of 

HFE-based healthcare system redesign on care processes and patient outcomes. We found 

varying quality across the studies, but did not exclude studies based on the risk of bias 

assessment. In general, the quality of the studies is limited as the average number of criteria 

addressed by the studies was only 14 out of 30. The main quality issues include: (1) limited 

data on participation rate and characteristics of participants, which limits our ability to 

determine generalizability; (2) unclear description of process for blinding participants and 

researchers to the intervention; (3) inadequate information on reliability and validity of 

outcome measures; (4) lack of information on confounders and their adjustment; (5) no 

information on adverse events associated with interventions; and (6) failure to report 

statistical power. The sixteen studies applied various study designs, such as before-and-after 

design with or without control group, time series design, and randomized control design. 

Studies with a before-and-after design without a control group are open to a range of validity 

concerns (Robson 2011), such as possibility of historical trends affecting observed changes 

over time. Studies with a randomized control design present fewer validity concerns 

(Higgins and Green 2011), but may be more challenging to implement when evaluating 

HFE-based healthcare system redesign. Researchers interested in conducting an HFE-based 

intervention study can use the 30-question instrument that we developed for assessing the 

scientific quality of HFE-based intervention studies (see Table 7).

Because we limited our systematic review to peer-reviewed journal articles, we may not 

have included all HFE-based intervention studies. It is possible that a project on HFE-based 

healthcare system redesign is not reported in a single study, and that additional information 

is reported in publications such as project reports, working papers or conference 

presentations. A search of the grey literature, conference proceedings and dissertations may 

yield further evidence on the application of HFE to healthcare work system redesign. 

However, limiting the review to peer-reviewed published literature is typical in health 

services research systematic reviews as publication in a peer-reviewed journal is considered 

as an indicator of scientific quality. We limited the systematic review to studies written in 
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English, with the potential to omit relevant international studies on HFE-based healthcare 

system redesign.

6. Conclusion

As indicated by Norris (2012), HFE should be widely applied and integrated into “the 

design, implementation and change management of sociotechnical systems in health care”. 

There is growing recognition of the importance of HFE-based healthcare system redesign to 

quality of care and patient safety among healthcare professionals, leaders and researchers 

(Carayon, Xie and Kianfar 2014; Gurses, Ozok and Pronovost 2012; Hignett et al. 2013; 

Leape and Berwick 2005; Reid et al. 2005). We reviewed HFE applications to the redesign 

of various healthcare systems and found some empirical evidence for the effectiveness of 

HFE-based healthcare system redesign, such as improving patient safety and reducing 

errors. Further research is needed to continue developing the empirical evidence on the 

impact of HFE in healthcare system redesign. This research should clearly explain the 

mechanisms or pathways between the redesign and expected outcomes. It also needs to 

address scientific criteria such as those used in our quality assessment (see Table 7), and use 

appropriate study designs and various approaches such as mixed methods research. 

Additional efforts are necessary to support HFE applications to healthcare system redesign 

and further disseminate HFE in health care (Carayon 2010).
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Figure 1. 

SEIPS Model of Healthcare System Redesign (adapted from Carayon et al. (2006)).
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Figure 2. 

Flow diagram of study search and selection.
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Table 2

Terms used for literature search.

Areas Search terms

HFE Human factors, ergonomic(s), macroergonomic(s), socio-technical, task analysis, work analysis, human 
engineering, cognitive engineering, engineering psychology, usability, usefulness, human-computer interaction, 
biomechanics

Intervention Intervention(s/studies), change(s), program(s), recommendation(s), design, implementation

Healthcare work system 
elements

Work system(s), work situation(s), procedure(s), task(s), healthcare worker(s)/provider(s), health information 
technology (IT), medical device(s), environment

Care processes and 
outcomes

Process(es), performance, efficienc(y/ies), patient safety, error(s), adverse event(s), satisfaction, injur(y/ies), 
quality of care
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Table 3

Projects and studies on HFE-based healthcare system redesign included in the systematic review.

Projects Studies References

1 1.1 Chan et al. (2010)

1.2 Chan et al. (2012)

2 2.1 Chan et al. (2011a)

2.2 Chan et al. (2011b)

3 3.1 Christofidis et al. (2013)

3.2 Preece et al. (2012)

3.3 Preece et al. (2013)

4 4.1 de Korne et al. (2012)

5 5.1 de Vries et al. (2009)

5.2 de Vries, Dijkstra, et al. (2010)

5.3 de Vries, Prins, et al. (2010)

6 6.1 Eames et al. (2013)

6.2 Hoffmann, Russell and McKenna (2004)

6.3 Hoffmann and Worrall (2004)

6.4 Hoffmann and McKenna (2006)

6.5 Hoffmann et al. (2007)

7 7.1 Johnson, Johnson and Zhang (2005)

8 8.1 Kobayashi et al. (2011)

9 9.1 Kobayashi et al. (2013)

10 10.1 Lesselroth et al. (2011)

11 11.1 Lin et al. (1998)

11.2 Lin, Vicente and Doyle (2001)

12 12.1 Rousek and Hallbeck (2011)
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p
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at
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at
io

n
; 

E
=

en
v
ir

o
n
m

en
t.

Ergonomics. Author manuscript; available in PMC 2016 January 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Xie and Carayon Page 25

T
a
b

le
 5

H
F

E
 a

p
p
li

ca
ti

o
n
s 

in
 t

h
e 

p
ro

ce
ss

 o
f 

h
ea

lt
h
ca

re
 s

y
st

em
 r

ed
es

ig
n
.

P
h

a
se

s 
o
f 

re
d

es
ig

n
 p

ro
ce

ss
O

b
je

ct
iv

es
H

F
E

 a
p

p
li

ca
ti

o
n

s 
(t

o
o
ls

, 
k

n
o
w

le
d

g
e,

 p
ro

fe
ss

io
n

a
ls

)
P

ro
je

ct
s~

A
n

al
y
si

s
•

A
ss

es
sm

en
t 

o
f 

cu
rr

en
t 

sy
st

em

•
Id

en
ti

fi
ca

ti
o
n
 o

f 
d
ef

ic
ie

n
ci

es
 i

n
 c

u
rr

en
t 

sy
st

em

•
Id

en
ti

fi
ca

ti
o
n
 o

f 
sy

st
em

 c
o
n
st

ra
in

ts
 a

n
d
 d

es
ig

n
 r

eq
u
ir

em
en

ts

•
L

ea
rn

in
g
 f

ro
m

 H
F

E
 l

it
er

at
u
re

 a
n
d
 o

th
er

 s
y
st

em
s 

o
r 

in
d
u
st

ri
es

•
O

b
se

rv
at

io
n

•
In

te
rv

ie
w

•
S

u
rv

ey

•
W

o
rk

fl
o
w

 a
n
al

y
si

s

•
T

as
k
 a

n
al

y
si

s 
(h

ie
ra

rc
h
ic

al
, 
co

g
n
it

iv
e)

•
L

ay
o
u
t 

an
al

y
si

s

•
H

eu
ri

st
ic

 e
v
al

u
at

io
n

•
U

se
r 

te
st

in
g

•
U

se
r 

n
ee

d
s 

an
al

y
si

s

•
R

ev
ie

w
 o

f 
H

F
E

 l
it

er
at

u
re

•
L

ea
rn

in
g
 f

ro
m

 H
F

E
 e

x
p
er

ts

1
, 
4
, 
8
, 
9
, 
1
0
, 
1
1

6
, 
7
, 
1
1

7
, 
9
,

1
, 
4
, 
1
0

2
, 
3
, 
7
, 
9
, 
1
0
, 
1
1

4 1
, 
3
, 
7
, 
1
1

1
2

6
, 
7
, 
9

3
, 
9

4
, 
9

D
es

ig
n

•
D

ev
el

o
p
m

en
t 

o
f 

d
es

ig
n
 r

ec
o
m

m
en

d
at

io
n
s 

an
d
 s

o
lu

ti
o
n
s

•
A

ss
es

sm
en

t 
an

d
 r

ef
in

em
en

t 
o
f 

p
ro

to
ty

p
e

•
H

F
E

 d
es

ig
n
 p

ri
n
ci

p
le

s

•
In

p
u
t 

fr
o

m
 h

ea
lt

h
ca

re
 s

ta
k
eh

o
ld

er
s 

an
d
 H

F
E

 e
x
p
er

ts

•
H

eu
ri

st
ic

 e
v
al

u
at

io
n

•
U

se
r 

te
st

in
g

•
O

b
se

rv
at

io
n

•
F

o
cu

s 
g
ro

u
p

1
, 
2
, 
3
, 
5
, 
6
, 
8
, 
1
1

1
, 
4
, 
6
, 
8
, 
9
, 
1
0
, 
1
2

2
, 
3
, 
7

6
, 
7
, 
8
, 
1
0
, 
1
2

5 1

Im
p
le

m
en

ta
ti

o
n

•
Im

p
le

m
en

ta
ti

o
n
 o

f 
in

te
rv

en
ti

o
n

•
H

F
E

 i
m

p
le

m
en

ta
ti

o
n
 p

ri
n
ci

p
le

s:

–
C

o
m

m
u
n
ic

at
io

n
 a

n
d
 f

ee
d
b
ac

k

–
L

ea
rn

in
g
 a

n
d
 t

ra
in

in
g

–
C

o
n
ti

n
u
o
u
s 

im
p
ro

v
em

en
t

–
P

ro
je

ct
 m

an
ag

em
en

t

5
, 
9
, 
1
0

9
, 
1
0

5
, 
6
, 
1
0

4
, 
5
, 
6
, 
8
, 
1
0

E
v
al

u
at

io
n

•
A

ss
es

sm
en

t 
o
f 

im
p
ac

t 
o
f 

H
F

E
-b

as
ed

 h
ea

lt
h
ca

re
 s

y
st

em
 r

ed
es

ig
n

•
U

se
r 

te
st

in
g

•
O

b
se

rv
at

io
n

•
In

te
rv

ie
w

•
S

u
rv

ey

1
, 
2
, 
3
, 
1
1
, 
1
2

4 4 6
, 
7
, 
9
, 
1
2

5
, 
8
, 
9
, 
1
0

Ergonomics. Author manuscript; available in PMC 2016 January 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Xie and Carayon Page 26

P
h

a
se

s 
o
f 

re
d

es
ig

n
 p

ro
ce

ss
O

b
je

ct
iv

es
H

F
E

 a
p

p
li

ca
ti

o
n

s 
(t

o
o
ls

, 
k

n
o
w

le
d

g
e,

 p
ro

fe
ss

io
n

a
ls

)
P

ro
je

ct
s~

•
R

ev
ie

w
 o

f 
cl

in
ic

al
 d

at
a

~ T
h
e 

p
ro

je
ct

s’
 n

u
m

b
er

s 
re

fe
r 

to
 t

h
e 

li
st

 i
n
 T

ab
le

 3
.

Ergonomics. Author manuscript; available in PMC 2016 January 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Xie and Carayon Page 27

T
a
b

le
 6

Im
p
ac

t 
o
f 

H
F

E
-b

as
ed

 h
ea

lt
h
ca

re
 s

y
st

em
 r

ed
es

ig
n
.

P
ro

ce
ss

es
/O

u
tc

o
m

es
M

ea
su

re
s

Im
p

a
ct

P
ro

je
ct

s~

C
ar

e 
p
ro

ce
ss

es
• 

T
as

k
 c

o
m

p
le

ti
o
n
 t

im
e

↓
1
, 
2
, 
3
, 
7
, 
1
1
, 
1
2

• 
E

rr
o
r 

ra
te

↓
1
, 
3
, 
8
, 
9
, 
1
1

• 
C

o
m

p
li

an
ce

 w
it

h
 r

ec
o
m

m
en

d
ed

 b
es

t 
p
ra

ct
ic

es
↑

4
, 
5
, 
1
0

• 
A

cc
ep

ta
n
ce

 o
f 

sy
st

em
 c

h
an

g
es

↑
1
0

P
at

ie
n
t 

o
u
tc

o
m

es
• 

C
o
m

p
li

ca
ti

o
n
 r

at
e

↓
5

• 
In

-h
o
sp

it
al

 m
o
rt

al
it

y
↓

5

• 
S

el
f-

ef
fi

ca
cy

 o
f 

p
at

ie
n
ts

 f
o
r 

ac
ce

ss
in

g
 m

ed
ic

al
 i

n
fo

rm
at

io
n

↑
6

• 
V

et
er

an
s 

H
ea

lt
h
 A

d
m

in
is

tr
at

io
n
’s

 E
P

R
P

 (
E

x
te

rn
al

 P
ee

r 
R

ev
ie

w
 P

ro
g
ra

m
) 

p
er

fo
rm

an
ce

 i
n
d
ic

at
o
rs

↑
1
0

E
m

p
lo

y
ee

 o
u
tc

o
m

es
• 

M
en

ta
l 

w
o
rk

lo
ad

↓
1
1

• 
S

at
is

fa
ct

io
n

↑
1
, 
7

• 
S

af
et

y
 a

w
ar

en
es

s
↑

4

~ T
h
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p
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b
je

ct
iv

e 
o
f 

th
e 

st
u
d
y
 c
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