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Abstract. Developing structures and processes for continuous sociotechnical 

system design is key to sustaining human factors (HF) knowledge in the context of 
rapid health care changes and technological innovations. Two research studies 

illustrate how to embed HF in organizational learning processes and structures. We 

need to develop innovative HF methods for continuous sociotechnical system design. 
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1. Introduction 

There is increasing evidence of the benefits of human factors (HF)-based health IT design 

for patient safety [1]. We also see how HF-based health IT design can support clinicians’ 

work and improve clinician outcomes, such as reduced workload [2]. The application of 

HF methods and design principles to health IT can make a difference for both patients 

and clinicians. However, we continue to see poorly designed health IT and negative 

impact on patients (e.g. health IT-related errors with harmful consequences for patients 

[3]) and clinicians (e.g. burnout [4]). Clearly, our extensive compendium of HF 

knowledge is not sufficiently applied. Are we providing usable HF knowledge that can 

be systematically applied to health IT design? Are we addressing emerging problems 

with health IT (e.g. health IT to support team-based care of chronically ill patients)? Are 

we developing HF knowledge relevant for evolving health care needs and constraints? 

In this paper, I focus on challenges posed to our HF community by the constantly 

evolving world of health care and technological innovations. I will address sustainability 
of HF knowledge in the context of health IT design, implementation and use. 

Given rapid changes in health care and technologies, it may not be judicious to focus 

on sustainability of specific health IT-based interventions. Instead, we should address 

how our HF knowledge can be sustained and embedded in organizational learning 

processes and structures. This approach fits with the concept of continuous technology 
implementation [5]. The continuous cycle of technology design, implementation and use 

involves both formal and informal activities where technology users adapt to the 

technology and adapt the technology [6, 7]. I first review various conceptual approaches 
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of continuous sociotechnical system design, drawing on literature in human factors and 

ergonomics, organizational psychology and technology adaptation. I then present two 

research studies that address various aspects of continuous sociotechnical system design. 

Finally, I compare the two studies and highlight the need for innovative HF methods of 

continuous sociotechnical system design. 

2. Continuous Sociotechnical System Design 

Sociotechnical (work) systems are dynamic systems that continuously adapt, evolve and 

change [6]. In the SEIPS model of work system and patient safety [8, 9], the feedback 

loops exemplify the dynamic nature of sociotechnical systems as they represent (1) 

continuous improvement and learning (e.g. data on patient safety outcomes used as input 

to redesign work system), and (2) adaptation to the work system or adaptation of the 

work system (e.g. workers learn the new work system and/or adapt system elements over 

time). This has major implications for sociotechnical system design, including the need 

to go beyond technology design and initial implementation and consider emergent 
properties of technology-in-use. 

2.1. Sociotechnical system design as a longitudinal extended process 

In 2000, Clegg [10] wrote: “Design is an extended social process”. Designing a 

technology and the rest of the sociotechnical (work) system is not clearly temporally 

bounded: it does not have a clear beginning or end. Technology design occurs over an 

extended period of time: before, during, immediately after and long after the technology 

is in use. Clegg emphasized the HF implications of this sociotechnical principle: 

“Different people will interpret systems in different ways, and there need to be structures 

and mechanisms through which views can be aired, recognized and understood”. 

Participation of end users and more broadly of stakeholders is key in developing 

structures and processes for organizational learning that extends over time. Initially, HF 

experts may accompany end users and other stakeholders in their individual learning, e.g. 

skills in usability evaluation. Over time, organizational learning and integration of HF in 

organizational structures and processes will move from external regulation (e.g. HF 

experts) to internal regulation (e.g. “just-in-case” HF consultants) [11]. 

2.2. Continuous change and emergent technology-in-use 

As proposed by Weick and Quinn [12], episodic change is infrequent, discontinuous and 

intentional. Effective approaches for managing episodic changes, such as 

implementation of health IT, include planning for the change, change management and 

use of change agents or champions. In contrast to episodic change, Weick and Quinn 

propose continuous change, i.e., a series of ongoing, evolving, cumulative, and often 

uncertain and less predictable activities. Individual and organizational learning are key 

concepts in effective continuous change. As ongoing changes occur, individuals need to 

develop new skills and knowledge, and organizations need to develop new modes of 

functioning. Individual and organizational learning contribute to system adaptation, i.e. 

feedback loops in SEIPS model [8, 9]. In line with the idea of continuous change, 

Orlikowski and her colleagues emphasize the need to go beyond the transition phase of 

technology implementation and to understand technology-in-use and different ways that 

P. Carayon / HF in Health(care) Informatics: Toward Continuous Sociotechnical System Design 23



users adapt to and adapt the technologies [13]. In systems thinking, emergence plays a 

key role as system elements (including technology) interact and produce outcomes that 

may not have been anticipated at the stages of design or implementation. Therefore, 

systems evolve through continuous phases of design, implementation and use, and adapt 

as users interact with technologies [7] (see Figure 1). 

3. Example 1: Continuous Implementation of Smart Infusion Pump Technology 

Smart infusion pump technology has helped to reduce medication administration errors, 

but has not completely eliminated them [14]. In addition, the technology has had multiple 

usability challenges, e.g. alert fatigue. Whereas HF methods such as proactive risk 

assessment can identify and mitigate design vulnerabilities [15], these methods are not 

full-proof and, as suggested above, technology-in-use may bring up emergent issues that 

were not anticipated at the design stage. In a study on the implementation of smart IV 

pump technology in an academic hospital, we described what we call “continuous 
technology implementation” [5]. Using Weick and Quinn’s [12] framework, we 

identified activities and processes related to both episodic and continuous changes. 

Before the smart IV pump technology was implemented, the hospital convened a 

committee to evaluate various IV pump technologies, conducted an ROI analysis of IV 

pump technology, performed an FMEA of the IV administration process [15], executed 

a pilot test of the new IV pump technology on one hospital unit, and conducted extensive 

just-in-time training for all pump users (e.g. nurses and anesthesiologists). These 

activities aimed at managing the episodic change, i.e., the implementation of smart IV 

pump technology in the entire hospital. A few weeks after the IV pump technology was 

in use, a major safety event occurred; fortunately the event did not produce long-term 

patient harm [16]. The safety event was followed by multiple activities that fit the 

concept of continuous change. The hospital had developed capabilities to react quickly 

to the safety event, as well as an open organizational culture for error detection and 

correction. The FMEA team was reconstituted as a multidisciplinary (e.g. nursing, 

anesthesia, medicine, pharmacy, human factors engineering) implementation team, 

which led the investigation of the pump-related safety event. A small interdisciplinary 

group was rapidly organized to conduct usability evaluation of the various IV pump 

technology versions produced by the manufacturer [17]. Both individual and 

organizational learning occurred in this phase of continuous technology implementation.  

Figure 1. Continuous adaptation and improvement of healthcare sociotechnical systems [7]. 
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4. Example 2: Collaborative Usability Evaluation (CUE) Model for Inpatient EHR 
Implementation 

Usability of EHR technology remains a major concern with responsibilities shared by 

EHR manufacturers, vendors and implementers [18]. In particular, technology design 

decisions made by health care organizations contribute to (lack of) usability of EHR 

technology [19]. A challenge is then how to institutionalize usability skills and processes 
in health care organizations. In collaboration with a large health care organization, we 

developed a participatory ergonomics model aimed at building a network of individuals 

trained and proficient at usability evaluation [20]. As shown in Figure 2, the 

Collaborative Usability Evaluation (CUE) model consists of two phases: an initial phase 

where HF experts play a significant role in setting up the network and providing training, 

and an ongoing phase where health IT analysts conduct usability evaluations, implement 

technology redesigns, and share their experience and learnings. Individual and 

organizational learning are key to move the CUE program from external regulation 

(initial phase) to internal regulation (ongoing phase) [11]. 

In the initial phase, 28 people, including IT analysts and IT leaders from the health 

care organization and analysts from the EHR vendor, learned and applied usability 

methods (e.g. heuristic evaluation, user testing, scenario-based evaluation). Over time, 

the collaborative network of internal usability specialists deepened their impact as they 

participated in ongoing discussion and application of what they learned in the initial 

training. In addition, usability evaluations were formally incorporated in the health care 

organization’s implementation timeline for all new EHR functionality and vendor 

upgrades. 

5. Discussion and Conclusion 

The two research studies provide examples of continuous sociotechnical system design 

and illustrate methods for embedding HF in organizational learning processes and 

structures. The first study shows how a health care organization reacted to a safety event 

Figure 2. Collaborative Usability Evaluation (CUE) model [20] 
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after the implementation of smart IV pump technology. The second study describes an 

organizational approach for embedding HF in technology implementation. Table 1 

compares the two examples on multiple characteristics of continuous sociotechnical 

system design, and emphasizes the developmental or constructive perspective to HF, i.e., 

an approach that focuses on both individual and organizational learning [21]. 

Participation of end users and stakeholders from various disciplines, units and 

organizational levels is key to developing and sustaining learning. 

The two studies provide examples of HF methods for continuous sociotechnical 

system design (i.e., continuous technology implementation and collaborative usability 

model), and demonstrate that sustaining HF knowledge cannot be considered as a “one 

shot” activity. Designing usable health IT is important, but it needs to be embedded in a 

broader organizational framework to be sustained and have continued impact. In 2004, 

Bentzi Karsh wrote an important article on “Beyond usability: Designing effective 

technology implementation systems to promote patient safety” [22]. He argued that we 

need to not only consider HF technology design (e.g. usability), but also consider HF and 

organizational methods for implementation and change management. I am proposing to 
go “beyond-beyond” usability and to not only consider technology design and 

implementation but also technology-in-use (see Figure 1). Effort should be dedicated to 

the development of HF methods to support the extended sociotechnical system design 

process described by Clegg [10]. Because health IT users often collaborate to provide 

team-based care, we need to develop HF methods through which multiple (team 

members’) perspectives can be shared and understood. This may, for instance, rely on 

visual methods such as cognitive mapping [23] or collaborative design approaches [24]. 

For HF to make deep, sustained impact on health IT and both patient and clinician 

outcomes, we need to support the continuous process of sociotechnical system design. 

Table 1. Characteristics of continuous sociotechnical system design. 

Characteristics Continuous implementation of 
smart IV pump technology 

CUE model for organizational health 
IT usability 

Initial structures & 

processes 

IV pump committee; FMEA team; 

pilot test; training on new IV pump 

Two phases of in-house usability training 

for 28 CUE participants; shared 
experience and learning 

Ongoing structures 
& processes 

Implementation team; 
multidisciplinary safety investigation; 

multiple usability evaluation cycles 

Usability evaluation embedded in health 
IT implementation timeline; shared 

experience and learning 

User & 
stakeholder 

participation 

IV pump nurse as liaison; participants 
in usability evaluation; 

multidisciplinary teams (FMEA, 

implementation, event investigation) 

28 CUE participants (including 2 analysts 
from EHR vendor); participants in 

usability evaluation; involvement of 

hospital IT leaders 
HF methods FMEA, usability evaluation, safety 

investigation 

Usability evaluation (heuristics, scenario-

based) 

Individual learning Skills and knowledge in usability 
evaluation and safety investigation 

Skills and knowledge in usability 
evaluation 

Organizational 

learning 

Multidisciplinary structures and 

processes; open organizational culture 
for error detection and correction 

Incorporation of scenario-based usability 

evaluation in health IT implementation 
timeline for all new EHR functionality 

and vendor releases/upgrades 
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