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Abstract

This systematic literature review provides information on the use of mixed methods research in 

human factors and ergonomics (HFE) research in health care. Using the PRISMA methodology, 

we searched four databases (PubMed, PsycInfo, Web of Science, and Engineering Village) for 

studies that met the following inclusion criteria: (1) field study in health care, (2) mixing of 

qualitative and quantitative data, (3) HFE issues, and (4) empirical evidence. Using an iterative 

and collaborative process supported by a structured data collection form, the six authors identified 

a total of 58 studies that primarily address HFE issues in health information technology (e.g., 

usability) and in the work of healthcare workers. About two-thirds of the mixed methods studies 

used the convergent parallel study design where quantitative and qualitative data were collected 

simultaneously. A variety of methods were used for collecting data, including interview, survey 

and observation. The most frequent combination involved interview for qualitative data and 

survey for quantitative data. The use of mixed methods in healthcare HFE research has increased 

over time. However, increasing attention should be paid to the formal literature on mixed methods 

research to enhance the depth and breadth of this research.
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Introduction

Since the publication of the US Institute of Medicine report on “To Err is Human” (Kohn, 

Corrigan, & Donaldson, 1999), human factors and ergonomics (HFE) research in healthcare 

quality and patient safety has significantly increased (Carayon, 2010; Carayon, Xie, & 

Kianfar, 2013; Gurses, Ozok, & Pronovost, 2011; Hignett, Carayon, Buckle, & Catchpole, 
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2013) and is beginning to demonstrate impact on important care processes and patient 

outcomes (Russ et al., 2014; Xie & Carayon, 2015). HFE research on occupational safety 

and health of healthcare workers has a longer tradition (Hignett, 1996; Nelson et al., 2006; 

Owen & Garg, 1994; Smith, Colligan, Frockt, & Tasto, 1979). We believe that HFE 

research in general, and more specifically in health care, could be even more relevant and 

impactful if field research with multiple and mixed methods is used. This paper describes 

the results of a systematic literature review of mixed methods research in healthcare HFE. 

We propose recommendations for further extending the use of formal mixed methods 

approaches in HFE research, in particular in health care.

Mixing qualitative and quantitative data

Numerous research communities are now recognizing the value of mixed methods research. 

For instance, the US National Institute for Health has published a document on “Best 

practices for mixed methods research in the health sciences” (Creswell, Klassen, Plano 

Clark, & Smith, 2011). After reviewing 19 definitions of mixed methods research, Johnson 

et al. (2007) proposed the following definition:

“Mixed methods research is the type of research in which a researcher or team of 

researchers combines elements of qualitative and quantitative research approaches 

(e.g., use of qualitative and quantitative viewpoints, data collection, analysis, 

inference techniques) for the broad purposes of breadth and depth of understanding 

and corroboration.” (p. 123)

This definition highlights the combination (or mixing) of different approaches at various 

stages of the research process. In this definition, the terms of qualitative and quantitative are 

applied to various areas, such as research viewpoints, data collection and inference; this can 

be confusing. For instance, interview is sometimes described as qualitative research. 

However, is the use of closed questions with specific response categories in an interview 

qualitative or quantitative research? In this example, the interview data collection method is 

used to collect quantitative data (i.e. responses to closed questions) that can be used in a 

statistical analysis. While describing different levels in science, such as ontology, 

epistemology, methodology, method and data, Asberg et al. (2011) argue that the terms of 

qualitative and quantitative should be used to describe data, which is what we do in this 

paper. This avoids the ambiguity that can occur when calling interview a qualitative method 

that can actually produce quantitative data. Please note that this applies to many other data 

collection methods. For instance, observation can be used to collect quantitative data such as 

time spent on tasks as well as qualitative data such as rich description of workflow.

Quantitative data involve numbers and categories and are typically analyzed with the means 

of statistical methods, whereas qualitative data involve a description with text. In this paper, 

we use the term of mixed methods research as one that collects and mixes qualitative and 

quantitative data. This allows us to examine how a single type of data collection (e.g., 

survey, interview) can be used to collect both qualitative and quantitative data. Mixing 

involves qualitative and quantitative data that are collected with various methods, such as 

observation, interview, focus group, survey, and archival methods. Mixing of qualitative and 

quantitative data can occur at the stages of design, data collection, data analysis and 
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interpretation (Creswell & Plano Clark, 2011). Various taxonomies of mixed methods 

designs have been proposed; in this paper, we use the well-known taxonomy of Creswell 

and colleagues (Creswell, 2009; Creswell & Plano Clark, 2011) (see Table 4).

Qualitative-quantitative data versus objective-subjective data

We distinguish between the type of data (qualitative or quantitative data) and the nature of 

data (objective or subjective). The degree to which data are objective or subjective has been 

conceptualized as a continuum in which perceptual and emotional processes get involved in 

the measurement process (Carayon & Hoonakker, 2001). Relatively more objective data are 

produced when perceptual and emotional processes have little involvement and influence on 

measurement, whereas relatively more subjective data are produced when perceptual and 

emotional processes are important part of the measurement process. For instance, a question 

such as “How often did you think of quitting your job in the past week: (1) never, (2) once 

or twice in the past week, (3) three to four times in the past week, and (4) five or more times 

in the past week” is relatively more objective than the following question: “How happy or 

unhappy have you been with your job in the past week: (1) completely unhappy, (2) 

somewhat unhappy, (3) neither unhappy nor happy, (4) somewhat happy, and (5) completely 

happy”. Qualitative and quantitative data have different degrees of objectivity or subjectivity 

depending on the actual measurement process. In this literature review, we focus on mixing 

of qualitative and quantitative data, not on the objective or subjective nature of the data.

Why focus on mixed methods in HFE healthcare research?

Problems experienced and observed in health care tend to be complex, varied and uncertain, 

and, therefore, difficult to address. For instance, whereas patient safety has been identified 

as a major problem, little progress has been made and reported (Pronovost & Wachter, 2014; 

Vincent et al., 2008; Wachter, 2010). There has been increasing recognition that systems 

approaches, such as those provided by HFE (Carayon, Hundt, Karsh, et al., 2006; Carayon et 

al., 2014), can help in improving difficult healthcare quality problems such as patient safety 

(Kaplan et al., 2013). The HFE systems research needed to help understand and solve often-

complex healthcare problems should use multiple methods and approaches. This can be 

done with mixed methods research.

The complexity of healthcare work systems calls for HFE research that assesses work 

situations and problems in their context (Carayon, 2006; Dekker, 2012). This type of HFE 

research is typically conducted in the field (Wilson, 2014) and should use multiple data 

sources and data collection methods to assess the numerous facets of the work situation and 

their outcomes. The use of mixed methods research, therefore, allows for a broad and deep 

assessment of HFE issues involved in the healthcare delivery problem under study. For 

instance, quantitative data may help to assess the severity or causes of a problem such as the 

extent to which workload contributes to patient safety. This could be done with the use of a 

survey that measures perceived workload and self-reported patient safety problems, or with 

the use of observation that quantifies workload and captures errors made during patient care 

at different workload levels. Whereas this quantitative information is useful to understand 

the problem, the use of qualitative data can deepen the assessment of the problem by 

evaluating the reasons why and how workload may affect patient safety. This combination 
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of quantitative and qualitative data can not only deepen our understanding of the relationship 

between workload and patient safety, but also provide specific guidance for work system or 

process redesign that can improve patient safety.

There has been growing epistemological emphasis in HFE on the need to embrace and use a 

greater variety of research approaches, such as qualitative research (Hignett & Wilson, 

2004). This has generated important discussion about the type of research and research 

paradigms needed for expanding the depth, breadth and impact of HFE (Dul et al., 2012a; 

Nathanael & Marmaras, 2012). Our paper contributes to this discussion by proposing that 

HFE research pay more attention to mixed methods research. The use of mixed methods 

research fits with the so-called “pragmatism” research paradigm or worldview (Robson, 

2011; Tashakkori & Teddlie, 2003). A pragmatic researcher uses “whatever philosophical or 

methodological approach works best for the particular research problem at issue” (Robson, 

2011, p.28). An HFE researcher is likely to be a pragmatic researcher as s/he tackles real and 

practical work system design problems that are influenced by the context (Dul et al., 2012b; 

Wilson, 2000, 2014). Mixed methods research fits with HFE pragmatic research as it 

advocates the use of multiple research methods and approaches and the mixing of qualitative 

and quantitative data.

Examples of mixed methods research in healthcare HFE

HFE researchers have begun to recognize the value of formal mixed methods research as 

described by various experts (Creswell, 2009; Creswell & Plano Clark, 2011; Tashakkori & 

Teddlie, 2003, 2010). Healthcare HFE research conducted at the University of Wisconsin-

Madison, USA, has used multiple data collection methods and then merged and combined 

quantitative and qualitative data in various ways. For instance, in a study of workload 

among ICU (Intensive Care Unit) nurses, we began the research by conducting in-depth 

semi-structured interviews with 15 nurses in a single ICU (Gurses & Carayon, 2009). 

Results of this qualitative data collection identified a range of performance obstacles and 

facilitators experienced by ICU nurses that could contribute to workload. This information 

was used to develop a survey that was subsequently administered to 272 ICU nurses to 

quantify the frequency of work system obstacles and their impact on ICU nurses’ workload, 

quality of working life (fatigue, overall stress) and perceived quality and safety of care 

(Gurses & Carayon, 2007; Gurses, Carayon, & Wall, 2009). This is an example of a 

sequential exploratory design.

In another study, we used multiple data collection methods (i.e. work sampling study, survey 

and interviews) to evaluate the implementation and impact of an Electronic Health Record 

(EHR) technology in a primary care clinic (Carayon, Smith, Hundt, Kuruchittham, & Li, 

2009). The quantitative data produced by the work sampling method assessed changes in 

time spent on various activities by different groups of clinic workers (i.e. physicians, clinical 

staff and office staff). The quantitative survey data complemented this analysis by 

examining changes in worker perceptions after the EHR implementation. For instance, we 

observed increased time spent on computer with the work sampling data collection; that fits 

with the survey data analysis on perception of increased dependency on computers. In 

addition, the survey data allowed us to assess the impact of the increase in computer use on 
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clinic staff, such as increased self-reported back pain. The qualitative data collected through 

interviews provided useful information about the context and implementation of the EHR 

technology. Without this information, the results of the quantitative data analysis can be 

challenging to interpret and generalize. This study is an example of a convergent parallel 

design.

The use of mixed methods to collect qualitative and quantitative data has allowed us to 

develop more relevant measures of work system obstacles and facilitators (ICU nursing 

study) (Gurses & Carayon, 2009), and to assess a technology from the viewpoint of different 

stakeholders (study of EHR implementation) (Carayon et al., 2009). The main benefits of 

mixed methods research for healthcare HFE are, therefore, to deepen and widen our 

understanding and interpretation of complex healthcare delivery problems.

Study objective

There is a growing use of mixed methods research in HFE; however, there may be ‘missed 

opportunities’ if the formal knowledge about mixed methods research is not recognized and 

used. Formal knowledge about mixed methods research is available in several books 

(Creswell, 2009; Creswell & Plano Clark, 2011; Tashakkori & Teddlie, 2010), as well as the 

Journal of Mixed Methods Research. The objective of this systematic literature review is to 

describe mixed methods research studies on HFE in health care. We assess published mixed 

methods studies in healthcare HFE for any trends and identify opportunities to use the 

emerging and formal body of knowledge on mixed methods.

Methods

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

Reviews and Meta-Analyses) methodology (Liberati et al., 2009; Moher, Liberati, Tetzlaff, 

& Altman, 2009). PRISMA is a well-accepted methodology for conducting and reporting 

systematic reviews in health sciences. We also apply the four quality criteria for mixed 

methods research defined by Creswell and Plano Clark (2011):

1. Collection of both quantitative and qualitative data, and mixing of the two sources 

of data. This was an inclusion criterion for selecting studies. We also evaluated the 

stages at which data were mixed.

2. Use of rigorous procedures for data collection and analysis methods. We included 

only peer-reviewed published studies; this was used as a proxy indicator for rigor in 

data collection and analysis. We recognize that this is a limited assessment of the 

scientific rigor of studies. However, at this time, there is no commonly accepted 

methodology for evaluating the scientific rigor of mixed methods research.

3. Use of a mixed methods research design. We categorized each study in one of the 6 

mixed methods study designs described by Creswell (2009) (see Table 4).

4. Use of terminology consistent with that used in the mixed methods literature. We 

evaluated whether studies formally recognized their study design as a mixed 

methods design. A study formally recognized mixed methods if the following terms 
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were used: mixed methods, triangulation, multiple methods, and words 

“qualitative” and “quantitative” used in the same sentence.

Inclusion criteria

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

study was included if it met all four inclusion criteria:

• The study was a field study conducted in health care; therefore, it included 

healthcare workers and professionals, or dealt with healthcare delivery issues.

• The study mixed qualitative and quantitative data.

• The study addressed HFE issues.

• The study provided empirical evidence.

Study search and selection

Figure 1 shows the flow diagram of study search and selection. We conducted the search 

from 1956 (establishment of the International Ergonomics Association) to December 2013 

in four databases: PubMed, PsycInfo, Web of Science, and Engineering Village. In addition, 

we searched the journal of Cognition, Technology and Work, i.e. a major HFE journal that 

was indexed recently. With the use of various keywords (see Table 1), our search strategy 

identified studies that address the four inclusion criteria listed above. Keywords from 

different areas were combined using the Boolean operator “AND”, and keywords within 

each area were combined using the Boolean operator “OR”.

After removing duplicates, a total of 158 papers were identified. The screening was then 

conducted in two stages. During the first stage, the title and abstract of each paper were 

reviewed, and a total of 75 papers were excluded. During the second stage, we retrieved full-

text articles for the remaining 83 papers. A total of 25 papers were then excluded. A total of 

58 studies were included in the systematic review reported in this paper.

Data extraction

A data collection form was created to extract the following data from each study:

• Author(s)

• Year of publication

• Title

• Journal

• Study setting

• Study objective

• Formal recognition of using mixed methods research design [Yes/No].

• Mixed methods research design (Creswell, 2009): convergent parallel, sequential 

exploratory, sequential explanatory, embedded, transformative and multiphase (see 

Table 4).
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• Stage of mixing (Creswell & Plano Clark, 2011): design, data collection, data 

analysis and interpretation (see Table 5).

• Qualitative data

• Quantitative data

• HFE focus.

Each of the six authors independently reviewed 3 or 4 studies and extracted the relevant data 

from each study using the data collection form. The authors then met and discussed any 

questions regarding the data collection. This helped to further clarify the inclusion criteria 

and therefore, to refine study search and selection. We also developed and used a coding 

book for the data extraction process, which is available by request from the first author. The 

six authors then reviewed the same 4 studies, met to discuss the coding for the 4 studies and 

achieved consensus on the final data for the 4 studies. In the final step, the six authors 

reviewed the remaining studies. Each study was reviewed by two authors, which allowed us 

to assess inter-rater reliability for six items of the data extraction table: formal recognition 

[Yes/No]; type of mixed methods design (6 categories); and mixing at the stages of 

interpretation [Yes/No], data analysis [Yes/No], data collection [Yes/No] and design [Yes/

No]. The corresponding agreement rates were 86%, 84%, 100%, 80%, 88% and 92%. In the 

end, every study was reviewed by at least two researchers. If there was disagreement about 

the data extraction on a specific study, the researchers discussed their data and involved 

other researchers if necessary. This consensus process ensured that all six authors agreed on 

the data collection.

Results

Characteristics of mixed methods studies on HFE in health care

Data on the 58 studies included in this systematic review of mixed methods research in 

healthcare HFE are presented in the Appendix. The 58 studies were published in 44 separate 

journals, with the International Journal of Medical Informatics (IJMI) and Cognition, 

Technology & Work having the largest number of studies (5 or 9% each) (see Table 2). 

Sixteen papers (27%) were published in 9 health informatics journals, such as IJMI. Twelve 

studies (21%) were published in 6 HFE journals, i.e. Ergonomics, Applied Ergonomics, 

Human Factors, Cognition Technology & Work, International Journal of Human-Computer 

Interaction, and Behaviour & Information Technology. Eight studies (14%) were published 

in 7 nursing journals, such as Journal of Nursing Administration and Nursing Research. The 

rest of the studies (22 or 38%) were published in 22 various other journals.

Figure 2 shows the increasing number of mixed methods studies in healthcare HFE over 

time. Until 2010, the number of mixed methods studies slowly increased; in 2011 a jump 

occurred with 8 studies, followed by 10 mixed methods studies in 2012 and 6 mixed 

methods studies in 2013.
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Samples and organizational settings in the 58 mixed methods studies

The samples in the studies were categorized as involving (1) healthcare workers, (2) patients 

and (3) family members (or caregivers). The majority of studies (50 or 86%) involved 

various types of healthcare workers, such as nurses in rehabilitation facilities (Yassi et al., 

2004) or hospitals (Battisto, Pak, Vander Wood, & Pilcher, 2009; Capuano, Bokovoy, 

Halkins, & Hitchings, 2004); this confirms the occupational focus of HFE research in health 

care. Twenty studies (34%) involved patients and three studies (5%) involved families. 

Studies could involve several groups, such as 9 studies with both patients and healthcare 

workers and 3 studies with patients, family and healthcare workers. For instance, Dolan et 

al. (2013) evaluated a decision dashboard for analgesic treatment options for knee 

osteoarthritis from the viewpoint of patients and healthcare workers using interview, survey 

and observation.

We also examined the study setting, i.e. which organizational setting did the participants 

come from. Eight studies (14%) did not recruit participants from healthcare settings; 

participants were recruited from the general population (e.g., flyer, website), associations or 

some other mechanism. This included a study of work system factors contributing to adverse 

drug events through a mixed data analysis of patient complaints to the Finnish national 

health authority (Jylhä, Saranto, & Bates, 2011). The rest of the studies took place primarily 

in inpatient settings (20 studies or 34%) or outpatient settings (20 studies or 34%), whereas 

five studies (9%) involved both inpatient and outpatient settings. A few studies were 

conducted in long-term care (2 studies), emergency medical services (2 studies), and home 

care (1 study).

HFE issues in the 58 mixed methods studies

We performed a qualitative content analysis of the HFE focus of the 58 studies and 

identified 7 categories (see Table 3). Half of the studies focused on examining HFE aspects 

(e.g., usability) of health information technologies such as EHR (Electronic Health Record) 

technology (Carayon et al., 2009; Hollin, Griffin, & Kachnowski, 2012). The next major 

category includes studies about the work of nurses, physicians and other healthcare workers 

(e.g., optometrist, home care worker) (20%). For example, Battisto et al. (2009) used 

multiple methods to describe the work of nurses in medical-surgical hospital units. About 46 

hours of observation provided information on the frequency of nurses’ activities, their 

location and any information about task errors. This data collection was performed with 10 

nurses in 4 medical-surgical units during the day shift. Qualitative data were obtained from 

one-hour interviews with 12 nurses. The analysis of the quantitative (observation) and 

qualitative (interview) data provided information on the frequency, location and nature of 

environmental problems experienced by inpatient nurses.

Mixed methods study designs of the 58 studies

Creswell and Plano Clark (2011) indicate that a mixed methods study should use the formal 

terminology of the mixed methods research domain. Our data show that 76% of the studies 

formally recognized using mixed methods research.
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Most of the 58 studies (39 or 67%) used the convergent parallel design (see Table 4). 

Several convergent parallel studies collected qualitative and quantitative data to evaluate the 

usability and usefulness of technologies, such as point-of-care resources for clinicians (Chan 

& Stieda, 2011), a clinical decision support to screen mental health problems in primary care 

(Farrell et al., 2009) and a website for cancer patients (Milne, Sheeran, Holmes, Tidhar, & 

Aranda, 2012). An example of a convergent parallel design involved a wide range of 

qualitative and quantitative data collection methods (e.g., interview, email messages, survey, 

log files) to identify the factors that either facilitated or hindered the use of a web-based 

application to support self-care of diabetes patients (Nijland, van Gemert-Pijnen, Kelders, 

Brandenburg, & Seydel, 2011). For instance, the log data analysis showed a decline in usage 

over time, which was explained by poor usability of the web application as identified in the 

analysis of email messages.

Fifteen studies (26%) used one of the two sequential designs: either the sequential 

explanatory design (5 studies or 9%) or the sequential exploratory design (10 studies or 

17%). In a sequential explanatory design, Singh et al. (2012) first quantified diagnostic 

errors in the review of EHR records and then conducted interviews with primary care 

physicians to elicit cognitive decision making processes. The combination of quantitative 

and qualitative data was important to develop a deep understanding of the complex problem 

of diagnostic errors. Studies with sequential exploratory design often involved preliminary 

qualitative data collection with interview or focus group, followed by a survey. Examples 

include a study of manual handling risks for bariatric patients and their caregivers (Hignett 

& Griffiths, 2009) and a study of hazards in surgery (Christian et al., 2006).

Two studies used the embedded design. Chin et al. (2011) conducted primarily a grounded 

theory study of mothers’ perceptions of teamwork and safety of maternity clinical 

handovers, and added a small collection of quantitative data using medical chart review. The 

other study with an embedded design examined use and usability of tools for primary care 

asthma management and focused primarily on quantitative data obtained from medical 

charts with a small supplementary set of qualitative data collected via focus groups with 

patients and clinical staff (Yawn, Bertram, & Wollan, 2008). Two studies with multiphase 

design described the design and development of patient-centered computer-based support 

system for patients with schizophrenia (Valimaki et al., 2008) and examined communication 

and coordination in the scheduling of operating rooms (Xiao et al., 2008).

Stages of mixing qualitative and quantitative data in the 58 studies

Mixed methods studies can involve mixing of qualitative and quantitative data at any stages 

of the research process (see Table 5). A small number of studies (4 or 7%) mixed qualitative 

and quantitative methods at the study design stage; this included three studies with a 

convergent parallel design, and one study with an embedded design (see Table 4). One of 

the studies with a convergent parallel design was conducted by Wolf and colleagues (2006) 

and integrated the mixing of qualitative and quantitative data in their study design: the goal 

was to assess nursing work from various viewpoints (i.e. nursing and human factors 

engineering) using the same method (i.e. observation). Two observers, one with a human 

factors background and one with a nursing background, simultaneously observed nurses. 
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The human factors observer collected quantitative data (e.g., time spent on various activities, 

location of activities), whereas the nursing observer collected qualitative data (e.g., stage in 

the nursing care process). At the analysis stage, qualitative and quantitative data were 

presented in the form of cognitive pathways that highlighted a range of HFE issues in 

nursing work, such as cognitive stacking as a strategy to deal with high workload.

Twenty-seven studies (47%) involved mixing at the data collection stage. Many of these 

studies used the same data collection instrument to collect both qualitative and quantitative 

data. For instance, Stewart et al. (2010) evaluated a toolkit to be used by parents and other 

caregivers of children with special needs, and used a questionnaire with open-ended and 

closed questions that respectively produced qualitative and quantitative data on the 

implementation, usability and usefulness of the toolkit. This allowed not only a quantitative 

evaluation of the usability of the toolkit, but also helped to understand the reasons why the 

toolkit was usable or not usable.

Twenty studies (34%) merged results of qualitative and quantitative data analyses. One 

method of mixing at the data analysis stage involved qualitative data that were quantified 

and further analyzed with a statistical analysis. This method was applied in a study of factors 

contributing to adverse drug events (Jylhä et al., 2011), in a usability evaluation of a mobile 

EHR (Wu, Orr, Chignell, & Straus, 2008), and in a cognitive work analysis of nurses and 

physicians (C. M. Johnson & Turley, 2006). All 58 studies combined the qualitative and 

quantitative data analyses in their discussion and conclusion (see Table 5).

Data collection methods used in the 58 studies

In agreement with Asberg et al. (2011), we use the terms of qualitative and quantitative to 

describe data, not methods. Therefore, the same data collection method can be used to 

produce both qualitative and quantitative data as shown in Table 6. We used information on 

data collection methods available in the published papers and associated sources cited in the 

papers. We did not systematically evaluate the quality of data collection methods. The most 

frequently used methods to collect qualitative data are interview, survey, observation, think-

aloud and focus group. For quantitative data, the most frequently used methods are survey, 

observation, archival methods and log/usage data. Observation was almost equally used to 

produce qualitative or quantitative data. For instance, several studies used observation to 

quantify physical ergonomic risk factors (Hignett & Crumpton, 2007; Jones & Hignett, 

2007; Yassi et al., 2004). Other studies used observation to produce rich qualitative 

description of workflow, such as inpatient nursing workflow (Lopez, Gerling, Cary, & 

Kanak, 2010) and use of telehealth system by surgeons and patients and their families 

(Stevenson, Hutchins, & Smith, 2010). In addition, in 10 studies, qualitative data were 

quantified. The study by Kastner et al. (2010) reported the largest number of data collection 

methods in a convergent parallel study: a total of 9 methods (3 producing qualitative data 

and 6 producing quantitative data) were used in a series of three usability evaluations.

Because of our interest in mixed methods, we examined combination of methods for 

collecting qualitative and quantitative data. The most frequent combination mixed interview 

and survey data collection, representing qualitative and quantitative data respectively (25 

studies or 43%). Several studies used the same method for collecting both qualitative and 
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quantitative data. Thirteen studies (22%) used survey, 5 studies (9%) interview, 2 studies 

observation, and 1 study video analysis to collect both types of data. Surveys and interview 

guides could contain both open-ended and closed questions that produce qualitative and 

quantitative data respectively.

Discussion

In a systematic review of the literature on HFE in healthcare research, we identified a total 

of 58 studies published between 2002 and 2013. We observed an increasing number of 

mixed methods studies that addressed HFE in health care (see Figure 2). This trend may 

represent a greater level of awareness and acceptance of various research approaches among 

HFE researchers. About two-thirds of the studies used a convergent parallel design in which 

both qualitative and quantitative data are collected simultaneously and then combined at the 

stages of analysis and interpretation. The next commonly used mixed methods study design 

was a sequential design with either qualitative or quantitative data collected first, then 

followed by the collection of the other type of data; about a quarter of the 58 studies used a 

sequential design. The 58 studies used a wide range of data collection methods, including 

interview, survey, observation, think-aloud, focus group, archival methods, and log/usage 

data. In many instances, the same method (e.g., survey, interview, observation) was used to 

collect both qualitative and quantitative data. Ten studies quantified the qualitative data. 

This literature review describes a rather large body of HFE research in health care that relies 

on mixed methods.

Given the increasing formalization of mixed methods research (see, for example, books by 

Creswell, Plano Clark, Tashakkori and Teddlie, and the recent Journal on Mixed Methods 

Research), it is important that HFE research uses this knowledge. About three-quarters of 

the 58 studies included in the systematic review formally recognized the use of mixed 

methods research as they used one of the following terms: mixed methods, triangulation, 

multiple methods, and words “qualitative” and “quantitative” used in the same sentence. 

According to Creswell and Plano Clark (2011), a mixed methods study should use the 

formal terminology of the mixed methods research domain. Our definition and coding of 

formal recognition are less strict than the recommendation of Creswell and Plano Clark, as 

we included studies that discuss the use of mixed or multiple methods without using the 

formal taxonomy of mixed methods study design (see Table 4) or describing the stage of 

data mixing (see Table 5). Future HFE in healthcare research should pay attention to the 

growing body on mixed methods research, as this will enrich the type of study design to be 

used. For instance, it is interesting to note that only 5 studies used the sequential explanatory 

design in which quantitative data are followed by collection and analysis of qualitative data. 

The quantitative research tradition of HFE may actually hamper progress if researchers are 

not taking advantage of other types of research and data that can help at the analysis and 

interpretation stages. Researchers should recognize the benefit of adding qualitative data 

collection after completion of quantitative data analysis in order to further understand and 

interpret the results of the quantitative data analysis. For instance, Rochais et al. (2013) 

quantified problems experienced by nurses in using medication cart with a survey. These 

results were further expanded upon in 7 nursing focus groups. The additional qualitative 
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(focus group) data collection helped the researchers to better understand the reasons for 

problems reported by nurses in the survey.

Another opportunity for healthcare HFE research is to expand the mixing of qualitative and 

quantitative data at the analysis stage. About one-third of the 58 studies included in the 

systematic review used some form of interactive strategy for mixing qualitative and 

quantitative data analyses. An example of mixing at the analysis stage is quantification of 

qualitative data followed by statistical analyses. Mixing at the analysis stage can also 

involve relating qualitative and quantitative data in a matrix that supports comparison 

between different study groups. This was done by Xiao et al. (2008) in a study on surgical 

delays in which quantitative data (actual delays) and qualitative data (text on reasons for 

delay) were combined in a matrix. Researchers should continue to investigate how the two 

strands of qualitative and quantitative data can be analyzed together.

Mixing during data collection typically occurs when the results of qualitative data analysis 

are used to design the next phase of quantitative data collection; this is the case for 

sequential exploratory design. For instance, qualitative data may be collected via interview 

or focus group and then analyzed to help design a survey that produces quantitative data. 

Mixing during data collection also occurs when the results of quantitative data analysis 

inform the collection of qualitative data analysis; this is the case for sequential explanatory 

design. The third frequent case of mixing during data collection occurs with the convergent 

parallel design when a study uses the same data collection method to collect both qualitative 

and quantitative data. This occurred in the studies that we reviewed, especially with survey 

(13 studies) or interview (5 studies).

For future research, it is important to enhance the quality of mixed methods research in 

healthcare HFE; therefore, we need well-defined criteria to evaluate the quality of mixed 

methods research. However, as indicated earlier, at this point in time, there are no agreed-

upon criteria for assessing the scientific rigor of mixed methods research. In addition to 

assessing the quality of each separate strand of qualitative and quantitative data, it is 

important to assess the mixing of the qualitative and quantitative data and the inferences that 

researchers draw from the mixing (Tashakkori & Teddlie, 2003, 2010). As we wait for 

guidance from mixed methods research experts regarding quality evaluation, HFE 

researchers should pay particular attention to the description of mixing and the inferences 

that are drawn when mixing data. For instance, in a sequential exploratory design, clear 

information is needed to describe what qualitative data are used (or not used) and how these 

data help to define the next strand of quantitative data collection.

The 58 mixed methods studies were published in a variety of scientific journals. Most of 

these studies were actually published in non-HFE journals, in particular journals dedicated 

to health information technology and nursing. This demonstrates the outreach of HFE and its 

applications and relevance for multiple domains. Publishing mixed methods research can, 

however, be challenging given the volume of data to present. Sometimes researchers choose 

to publish their qualitative and quantitative data separately; this is unfortunate, as it does not 

allow for mixing of data and the rich interpretation and conclusions that can result from 

mixing.

Carayon et al. Page 12

Appl Ergon. Author manuscript; available in PMC 2016 January 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Study limitations

The systematic literature review was probably limited because we searched for papers 

published in scientific journals. It is possible that mixed methods studies were published in 

separate pieces, such as a conference paper that describes results of an initial qualitative data 

collection and analysis, and a journal publication that reports the results of the follow-up 

quantitative data analysis. This type of mixed methods research would not have been 

captured by our literature search; however, because our focus is on mixing of data, we 

looked specifically for journal publications that report the mixing. Our literature search 

identified only two multiphase studies. Studies with a multiphase study design combined 

sequential and concurrent collection and analysis of qualitative and quantitative data over a 

period of time. Such major research program is often not described in journal publications; 

pieces of the research program may be described in separate journal publications. But the 

‘whole story’ is rarely described, or if it is described, it is more likely to be published in a 

report, a book or a book chapter. Therefore, a limitation of our literature review is the under-

estimation of mixed methods research with a multiphase design.

Conclusion

Healthcare HFE research has been increasingly using mixed methods research with a variety 

of data collection methods. This research could further take advantage of the emerging 

knowledge and formalization of mixed methods research, especially with regard to mixing at 

the stages of data analysis. We encourage HFE researchers who study complex healthcare 

quality problems to expand their use of mixed methods research. This requires that HFE 

researchers develop expertise in both qualitative and quantitative strands of research, as well 

as mixed methods research. HFE training programs should expand their content on research 

methods to include mixed methods research. We are encouraged by the large and increasing 

use of mixed methods research in HFE healthcare research; the use of mixed methods 

should be fostered in other domains of HFE application.
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Highlights

• Mixed methods research is increasingly used in healthcare HFE research.

• About two-thirds of mixed methods studies on healthcare HFE use the 

convergent parallel design.

• A large variety of methods is used to collect qualitative and quantitative data.

• The most frequent combination of qualitative and quantitative data collection 

involved interview and survey respectively.

• Formal mixed methods research approaches should be used in healthcare HFE 

research.
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Figure 1. 
Flowchart of Study Search and Inclusion
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Figure 2. 
Trend Analysis of the 58 Studies

Carayon et al. Page 21

Appl Ergon. Author manuscript; available in PMC 2016 January 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Carayon et al. Page 22

Table 1

Keywords Used in the Literature Review

Areas Keywords

Health care Health care, healthcare

Mixed methods research Mixed method*, triangulat*, multiple methods, quantitative and qualitative

HFE Human factors, ergonomic*, usability, task analysis, work analysis, cognitive engineering, engineering psychology, 
human-computer interaction, biomechanics, human engineering

NOTE:

*
was used as a wild card character in the searches.
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Table 2

Journals of Publication for the 58 Studies

Category of Journal (number of journals) Examples Number of Studies

HFE (6) Ergonomics
Applied Ergonomics
Human Factors
Cognition, Technology & Work
International Journal of Human-Computer Interaction
Behaviour & Information Technology

12 (21%)

Health informatics (9) International Journal of Medical Informatics
Journal of Biomedical Informatics
Journal of the American Medical Informatics Association
Health Informatics Journal

16 (27%)

Nursing (7) Issues in Mental Health Nursing
Nursing Standard
Journal of Research in Nursing
Journal of Clinical Nursing
Worldviews on Evidence-Based Nursing
Journal of Nursing Administration

8 (14%)

Other (22) BMC Pregnancy and Childbirth
Annals of Emergency Medicine
Implementation Research
Physical Therapy
Pediatrics
BMJ Quality & Safety
Journal of Pharmacy Practice

22 (38%)
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Table 3

HFE Focus of the 58 Studies

HFE Focus Examples Number of Studies

IT system Usability, usefulness and satisfaction of IT systems, such as EHR, website or 
clinical decision support 29 (50%)

Work of nurses, physicians and 
other healthcare workers

Cognitive work analysis of physicians and nurses 12 (20%)

Worker safety Physical ergonomics and patient handling 5 (9%)

Cognitive and team work Patients’ perceptions of teamwork, communication and coordination in surgery 
scheduling 5 (9%)

Patient safety Healthcare professionals’ perceptions of patient safety; resilience strategies 
used by nurses in the face of high demand pressures 3 (5%)

Medical technologies Usability and hazard analysis of medical device (defibrillator) and other 
technology (postural assessment) 3 (5%)

HFE education Evaluation of HFE curriculum by residents 1 (2%)
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Table 4

Mixed Methods Study Design of the 58 Studies

Study Design Description Number of Studies

Convergent parallel Concurrent collection of qualitative and quantitative data with mixing of results during 
interpretation 39 (67%)

Sequential explanatory Initial collection of quantitative data followed by collection and analysis of qualitative data 5 (9%)

Sequential exploratory Initial collection of qualitative data followed by collection and analysis of quantitative data 10 (17%)

Embedded Additional collection of qualitative data within the primary quantitative design (e.g., 
interviews used to further interpret results of an experiment or an RCT) or additional 
collection of quantitative data within the primary qualitative design

2 (3%)

Transformative Use of mixed methods within a transformative theoretical framework such as feminist 
perspective 0 (0%)

Multiphase Combination of sequential and concurrent collection and analysis of qualitative and 
quantitative data over a period of time and within a major research program 2 (3%)
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Table 5

Stages of Mixing in the 58 Studies

Stages of Mixing Description Number of Studies

Design Mixing of qualitative and quantitative methods during the design stage of the research process 4 (7%)

Data collection Results of one data collection (either qualitative or quantitative) used to inform collection of the 
other type of data, or single data collection instrument used to collect both quantitative and 
qualitative data

27 (47%)

Data analysis Interactive strategy of merging results of qualitative and quantitative data analyses 20 (34%)

Data interpretation Drawing conclusions or inferences based on the comparison or synthesis of qualitative and 
quantitative data analyses 58 (100%)
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Table 6

Methods for Collecting Qualitative and Quantitative Data (number of studies)

Data Collection Methods Qualitative Data Quantitative Data

Interview 38 5

Survey 16 38

Observation 14 17 (including 6 time studies)

Think-aloud 11

Focus group 9

Video analysis 2 2

Heuristic evaluation 1

Archival methods 6 11

Quantification of qualitative data 10

Log/usage data 6

Other 1 (picture) 2 (card sorting)
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