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EXPLORING THE INVISIBLE WORK OF NURSING:  A CASE STUDY OF SIMULATED 

INCREASES IN INTENSITY OF CARE ON NURSES’ COGNITIVE LOAD, CLINICAL 

JUDGMENT, STRESS, AND ERRORS 

 

Under the direction of LANELL M. BELLURY, PhD, RN, AOCNS, OCN 

 

 

Nurses have never before had so much data at the bedside, nor the complex 

patients and practice environments found in acute care settings today.  Processing 

large amounts of information from multiple sources may result in cognitive overload 

which may negatively impact patient outcomes.  To meet the challenge of improving 

quality of care, a conceptual model was created to guide research exploring the 

associations between the cognitive work of nursing, nursing care, and the complex 

context of the hospital setting.  The purpose of this research was to explore the 

invisible cognitive work of nursing by examining relationships between cognitive 

load, nursing surveillance and clinical judgment, contextual complexities, and their 

potential impact on patient care outcomes.  Research question 1 examined how 

simulated increases in intensity of care influenced nurses’ cognitive load, clinical 

judgment, perceived stress, and errors.  Research question 2 asked how nurses 

describe the cognitive work of nursing while engaging in a simulated patient care 

scenario.  

A novel multiple-case study design with multiple sources of evidence was 

used.  Eligible cases included three new to practice baccalaureate-prepared RNs 

employed in acute care medical-surgical settings.  A patient care simulation with 

increasing intensity of care was developed in collaboration with a simulation center in 

a large healthcare system in the Southeastern US.  Time series analysis and pattern 

matching compared outcomes of cognitive load, performance, and stress using the 



 

 

xv 

 

NASA-TLX instrument at seven time points.  Errors in nursing care were counted and 

clinical judgment using the Lasater Clinical Judgment Rubric (LCJR) was assessed.  

Explanation building used data from participant interviews during simulation 

debriefing.  Cross-case synthesis compared findings from the other analytic 

strategies to determine similarities across cases. 

Findings suggest as the intensity of care in the simulation increased, cognitive 

load and stress increased.  Performance findings were equivocal; in each case errors 

or omissions of care were noted, but LCJR scores ranged from 37-42 indicating 

exemplary clinical judgement.  Convergence of findings supported the conceptual 

model of the invisible work of nursing and identified an additional component, social 

capital, as a mechanism to support clinical judgement of new to practice RNs.  
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CHAPTER 1 

INTRODUCTION TO THE STUDY 

  Nursing represents the largest healthcare profession in the United States 

with more than 3.8 million registered nurses in a variety of practice settings 

nationwide (American Association of Colleges of Nursing [AACN], 2019; American 

Nurses Association [ANA], 2015b).  According to an AACN Nursing Fact Sheet 

(2019), nearly 58% of registered nurses (RNs) worked in general medical and 

surgical hospitals.  The National Council of State Boards of Nursing (NCSBN) reported 

hospitals were the primary employment setting for 55.7% of RNs (Smiley et al., 

2017).  Over the past two decades, many changes have occurred in healthcare, and 

as a result, nursing care has evolved.  Significant healthcare changes include health 

care policy initiatives (e.g. the Affordable Care Act, Medicaid expansion), a strategic 

focus on safety and quality, the increasingly complex hospital environment (e.g. 

complexity of diagnostic tests and pharmaceuticals, interprofessional communication, 

family centered care, staffing mix), the increased use of technology at the point of 

care, and the increasing acuity of hospitalized patients (e.g. aging population, 

decreased length of stay, care transitions) (Dresser, 2012; Guarinoni, Petrucci, 

Lancia, & Motta, 2015; Neill, 2011).  As a result of these changes and reports 

focused on medical errors, missed nursing care, and poor patient outcomes (Institute 

of Medicine [IOM], 1999; Kalisch, Landstrom, & Williams, 2009; Krumholz, 2013), 

nurses have been challenged to improve quality of care and design nursing care that 

promotes the best possible patient outcomes. 

 

 



2 

 

 

 

Statement of the Problem 

To address this challenge, nursing researchers have investigated staffing 

ratios, education levels of registered nurses, and the hospital environment as 

possible causes of patient safety concerns (Aiken, Clarke, Sloane, Sochalski, & 

Silber, 2002; ANA, 2015a; IOM, 2010; Zimmerman, Miner, & Zittel 2010).  Nurses 

have relied on evidence-based practice, safety toolkits, protocols, and checklists as 

solutions for patient safety and quality concerns (Sitterding, 2011).  Despite the 

intentional focus on patient safety and the quality of care for over two decades, 

routine safety procedures continue to fail.  For example, healthcare associated 

infections persist as a major problem partly due to poor compliance with hand 

hygiene recommendations (Allegranz & Pittet, 2010; National Patient Safety 

Foundation, 2015).   Additionally, procedure failures, miscommunication between 

healthcare team members, missed nursing care, and medication errors persist 

despite additions of multiple technology-based safeguards and quality improvement 

initiatives (D’Esmond, 2017; Kalisch & Xie, 2014; Potter et al., 2005a; Sitterding & 

Broome, 2015; Young et al., 2017; Young et al., 2016).   

These process-focused solutions have not eliminated safety concerns and 

therefore a new line of inquiry is needed.  While system and process solutions are 

important, the complexity of nursing work has also been examined as a contributor 

of quality and safety problems in acute care (Ebright, 2010).  The most frequently 

reported contributions to complexity include inadequate staffing, communication 

inconsistencies, complex medication management, varying patient acuity, the 

emotional state of patients, families and / or co-workers, unpredictability, conflict, 

serious consequences in life or death situations, distractions, interruptions, unreliable 

access to resources, and concurrent competing demands (Cornell et al., 2010; 
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Ebright, 2010; Happell et al., 2013; Hayward, Bungay, Wolff, & MacDonald, 2016; 

Kirchbaum et al., 2007; Potter et al., 2005a; Trousselard et al., 2016).   

Nursing practice in the hospital-based setting, therefore, extends beyond 

direct patient care activities, to the multitude of role requirements that can disrupt 

the nurse’s attention (Potter et al., 2005a).  Multiple role requirements demand 

intense cognitive work; thinking effectively and efficiently is required in the complex 

acute care environment as nurses concurrently engage in continuous patient 

surveillance to detect changes in patient conditions, act to avoid patient 

deterioration, and react appropriately to critical events (Young, Zavelina, & Hooper, 

2008).    

Psychology research has shown people can only attend to one cognitive task 

at a time (Cohen, LaRue, & Cohen, 2017; Douglas, Raban, Walter, & Westbrook, 

2017; Pashler, 1994).  When a person’s cognitive load, or the total amount of mental 

effort being used in working memory, exceeds working memory capacity, 

performance becomes impaired (Young, Van Merrienboer, Durning, & Cate, 2014).  

Additionally, increases in cognitive load lead to nurse fatigue, inability to pay 

attention, and delayed information processing (Sitterding & Broome, 2015).  The 

nurse’s attention becomes fixed on certain aspects of the environment resulting in an 

inability to engage in active surveillance and respond to changing patient care needs.  

A nurse’s ability to manage the cognitive work of nursing with the added 

complexities of these factors represents the invisible work of nursing, an under 

recognized aspect of nursing care. 

The Impact of Technology  

Electronic health information continues to expand in volume and variety, 

giving nurses access to real-time, accurate, and actionable data.  The potential to 

discover patterns hidden in the data can improve patient care outcomes.  Technology 
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at the point of care has been proposed as a potential solution to the many competing 

cognitive demands of nursing work and to simplify the invisible cognitive work of 

nursing.  The integration of early technological tools such as the thermometer, 

medication infusion pumps, or even the syringe afforded nurses increased time with 

patients because less time was needed to obtain and process information (Elgin & 

Bergero, 2015).  Nurses now increasingly rely on technology to inform clinical 

judgment.  However, various technologies, such as computerized provider order 

entry (CPOE), electronic health records (EHRs), alarms, and devices may have 

unintended negative consequences and actually increase the invisible cognitive work 

of nurses (Vito, Borycki, Kushniruk, & Schneider, 2017).  For example, nurses have 

reported ongoing technical challenges and increasing cognitive work from content 

lag, poor connections, and frequent interruptions related to equipment malfunction 

(Risling, 2017).   

While technology may improve the efficiency of the healthcare team, it can 

also depersonalize the patient care experience.  Nurses respond with personalized 

care focused on the individual patient needs which also increases the cognitive work 

of the nurse (Elgin & Bergero, 2015).  Additionally, as a result of the exponential 

increase in technology, nurses now must add management of these technologies and 

the patient response to technologies to their role requirements.   

Historically, nurses have never before had so much data or tools at the 

bedside (Barton, 2016), but cognitively processing large amounts of data may result 

in information overload which has the potential to negatively impact patient safety 

(Clancy & Reed, 2016; Sitterding & Broome, 2015).  Furthermore, while the volume 

and rate of information at any given time during a typical shift for a direct care nurse 

varies greatly, in the average Intensive Care Unit (ICU) a nurse processes over 

1,300 data points per patient per day (Manor-Shulman, Beyene, Frndova, 
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Parshuram, 2008).  This seems to imply a resulting increase in the cognitive work of 

nurses.     

Patient safety within hospital settings continues to be a major concern in 

healthcare despite numerous attempts at solutions.  Initiatives within the hospital 

setting, external changes in health care policy, and the exponential increase in the 

use of technology at the bedside have not improved patient safety to an acceptable 

level.  Patient mortality and morbidity as a result of nursing errors are costly on 

many levels.   The cognitive work of nursing remains to be explored as a way to 

understand the role cognition plays in nurses’ surveillance during patient care.  

Cognitive load theory provides a framework to understand how nurses process 

information and manage the cognitive demands of complex nursing care.  

Cognitive Load Theory 

Cognitive load theory (CLT) is about the process of learning whereby new 

information is processed and then related to knowledge that is already stored and 

organized in long term memory.  Cognitive load theory is based on three types of 

cognitive load: intrinsic, extraneous, and germane (Sweller, 1988).  Cognitive load is 

the sum of intrinsic and extraneous cognitive load (Sweller, Van Merrienboer, & Paas, 

1998).  Intrinsic load refers to the inherent demand of the task at hand.  The 

extraneous load occurs from activities or tasks occurring that are unrelated to the 

specific task at hand.  Germane load refers to cognition needed to process or 

understand a task (Sweller et al., 1998).  Intrinsic load cannot be altered as it 

relates to the working memory required to actually complete a task such as 

medication administration.  Extraneous load occurs when interruptions, distractions, 

and other thought processes unrelated to that specific task intrude on the cognitive 

work of the task at hand, in this case medication administration (Sweller et al., 

1998).  Alerts in the electronic health record or algorithms used as part of 
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medication administration would be an example of germane load.  These alerts 

support the intrinsic load by assisting the nurse with making clinical judgments as 

long as the alerts do not represent a distraction to the nurse.  Germane load has the 

potential to increase cognitive load or it can enhance the cognitive process occurring 

with a task in an effort to avoid cognitive overload (Sweller et al., 1998).  Effective 

cognitive stacking, a “mental list of to-be done tasks”, to maintain cognitive space 

may be a cognitive work strategy supportive of maximizing germane load (Ebright, 

2010, para. 9). 

Cognitive overload occurs when the sum of intrinsic and extraneous load 

exceeds the narrow limits of working memory and creates the potential for errors in 

clinical judgment (Ayres & Paas, 2012).  It is the competition and interaction of 

intrinsic and extraneous load that may determine the effectiveness of nursing 

surveillance and clinical judgment (Dresser, 2012).  Minimizing the occurrence of 

cognitive overload may positively impact patient outcomes. 

Critique of the theory 

There exists a need to carefully consider the use and application of cognitive 

load theory in education and in professions where cognitive work is critical to 

professional practice.  Challenges to the theory include disagreement on the impact 

of cognitive load, the most accurate measurement of the concept, and strategies for 

overcoming increased cognitive load (Ayres & Paas, 2012).  A review of cognitive 

load theory in medical education questioned whether lower cognitive load is always 

beneficial to learning, as it does not replicate situations actually encountered in 

clinical practice (Leppink & van den Heuvel, 2015).  Humans are capable of 

managing high-cognitive load to ensure positive outcomes, but effective 

management of high cognitive load depends on factors such as distractions, 

cognitive shifting, and increased amount of data to process in relation to the amount 
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of cognitive space available (Hadfi & Ito, 2013).  Cognitive space refers to the 

amount of available working memory, where the processing of information occurs.  

However, there is not a clear understanding of how to determine the amount of 

cognitive space available or needed, or what variables influence the amount of 

cognitive space.   

Application of Cognitive Load Theory to Nursing Care 

Cognitive load theory has been applied in instructional design as well as 

simulation practice as it relates to learning (Josephsen, 2015; Kardong-Edgren, 

Oermann, & Rizzolo, 2019; Leppink & van den Heuvel, 2015).  As nursing practice 

relies on lifelong learning, and the routine processing of large amounts of information 

in the dynamic hospital environment, this theory is applicable to the cognitive work 

of nurses.  This theory suggests nurses can handle a high cognitive load, when 

enough cognitive space avoids cognitive overload.  Cognitive overload, however, 

would result in ineffective nursing surveillance, clinical judgments, or decision-

making (Hadfi & Ito, 2013).   

As outlined previously, nurses process and attend to a considerable amount of 

data over the course of a shift, which theoretically increases cognitive load.  

Managing a high cognitive load requires the ability to identify and process salient 

information while ignoring extraneous data often present in a complex patient care 

situation.  This extraneous data may be related to interruptions, staffing issues, or 

challenges with technology such as access speeds or malfunctions (Elgin & Bergero, 

2015; Risling, 2017).   

When a nurse experiences cognitive overload, missed nursing care may result 

(Kalisch & Xie, 2014).  Missed nursing care has been related to increased patient 

morbidity and mortality, as well as decreased nursing job satisfaction (Kalisch et al., 

2009).   Examples of missed nursing care include timely medication administration, 
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patient ambulation, and oral care.  Each of these have been attributed to cognitive 

overload occurring while the nurse experiences multiple interruptions, task switching, 

and multitasking (Kalisch, Tschannen, Lee, & Friese, 2011; Sitterding & Broome, 

2015).  Cognitive overload and the resultant missed nursing care may explain the 

noted adverse patient outcomes.   

Literature suggests an increased cognitive load may adversely affect decision-

making in educational or simulated practice settings (Cocks et al., 2013; Fraser et 

al., 2012; Hadfi & Ito, 2013; Haji et al., 2016; Szulewski, Roth, & Howes, 2015).  

The cognitive work of nursing, while not easy to quantify, directly impacts nursing 

work in hospital-based settings (Neill, 2011).  Understanding the cognitive work of 

nursing is essential to achieve the intended patient care outcomes and provide high 

quality care and safety in the hospital environment (Ebright, Patterson, Chalko, & 

Render, 2003).   

Purpose of the Study 

In order to meet the challenge to improve quality of care and design nursing 

care that promotes the best possible patient outcomes, there is a need to explore the 

associations between the cognitive work of nursing, nursing care, and the complex 

context of the hospital acute care setting.  The purpose of the study was to explore 

the invisible cognitive work of nursing by examining relationships between cognitive 

load, nursing surveillance and clinical judgment, contextual complexities, and their 

potential impact on patient care outcomes. 

Research Questions 

This study will address the following research questions and associated hypotheses: 

1. What is the effect of simulated increases in intensity of care on nurses’ 

cognitive load, clinical judgment, perceived stress, and errors? 
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Hypothesis 1A:  As intensity of care in the simulation increases, nurses’ 

cognitive load will increase. 

Hypothesis 1B: As intensity of care in the simulation increases, nurses’ errors 

will increase. 

Hypothesis 1C: As intensity of care increases in the simulation, nurses’ 

perceived stress will increase. 

2. How do nurses describe the cognitive work of nursing while engaging in a 

simulated patient care scenario? 

Conceptual Framework 

The conceptual foundations for this study began with Sitterding and Broome’s 

model (2015) of six major concepts to describe the cognitive work of nursing and 

adapted to the concepts of CLT (Sweller, 1988).  The conceptual framework for this 

study includes three selected concepts from the Sitterding and Broome model: work 

complexity contributors, cognitive load, and nursing surveillance.  Additionally, 

clinical judgment and patient outcomes are included in this framework which is 

depicted in Figure 1.  The figure represents the invisible work of nursing occurring 

simultaneously while performing observable direct care tasks.  

In Figure 1 the work complexity contributors are depicted as two rectangles 

central to the process of adequate nursing surveillance leading to clinical judgment.  

Complexity contributors, as introduced previously, include both internal and external 

factors related to the complex interactions involved in the delivery of care.  Each set 

of work complexity contributors are labeled with the corresponding type of cognitive 

load experienced by the nurse.  Internal and external work complexity factors in the 

model are proposed as either germane or extraneous cognitive load that may 

increase, decrease, or help maintain a manageable cognitive load of nurses.  

Variables identified as extraneous that may misdirect or distract the nurse are 
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included as part of the factors in each category of external (interruptions, cognitive 

overload) and internal (stress). 

Work complexity contributors are integral to understanding the invisible 

cognitive work of nursing as the cognitive load of nurses will vary based on work 

complexity contributors.  They are defined as the actual demands in the hospital 

environment that affect the behavioral and cognitive work of nurses (Sitterding & 

Broome, 2015).  In the figure, work complexity contributors co-occur within the 

constant process of nursing surveillance depicted as the large square of arrows 

leading to clinical judgment.  Cognitive load is depicted with bi-directional arrows as 

it increases or decreases as a result of the work complexity contributors and affects 

clinical judgment and patient outcomes.   

Individual internal nurse factors include the level of education, expertise, 

certification within a nursing specialty, and experience.  External factors include the 

hospital environment such as patient ratios, technology, intensity of care, and the 

acute care environment.  Technology has the potential to optimize cognitive load as 

germane cognitive load, however when technology is distracting and interrupts the 

nurse such as an unnecessary alarm, it may increase the extraneous cognitive load.  

Further, interruptions have been shown to disrupt workflow and may result in 

increased cognitive load creating the potential for errors or missed nursing care 

(Cornell, Riordan, Townsend-Gervis, & Mobley, 2011; Kalisch et al., 2009).   

The individual nurse is a type of work complexity contributor.  Individual 

characteristics of the nurse contribute to an overall ability to engage in effective 

surveillance and clinical judgment.  Cognitive stacking is defined as the invisible, 

decision-making work of nurses influencing what, how, and when direct nursing care 

is delivered (Ebright et al., 2003).  Through the process of cognitive stacking, the 

nurse continuously adapts to and copes with challenges in care delivery related to 
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prioritization of multiple patient needs (Sitterding & Broome, 2015).  Proficiency at 

cognitive stacking is characteristic of more experienced nurses.  Therefore, the 

length of time practicing as a nurse, education level, and expertise on a particular 

unit are critical individual nurse factors (Ebright et al., 2003).  Errors or missed 

nursing care may occur as a result of increased cognitive load when these internal 

complexity factors of the individual nurse are unable to mitigate the aforementioned 

external complexity contributors.  As hospital-based acute care nurses are expected 

to perform within dynamic and demanding work environments where the cognitive 

work of nursing is invisible and patient care is high stakes, the cognitive load 

experienced by nurses needs to remain within an acceptable range of load humans 

are capable of handling bounded by cognitive overload which may adversely affect 

clinical judgment (Ebright et al., 2003).    

The final component of the model is nursing surveillance.  Nurses continually 

practice surveillance by gathering data, reflecting on past knowledge and experience, 

asking questions, verifying the veracity of data, and putting all of it together to find 

meaning (Pfrimmer et al., 2017).  Continual engagement in surveillance represents 

one aspect of the cognitive work of nursing.  Effective surveillance results in 

appropriate clinical judgment and positive patient outcomes.  Nurses often practice 

surveillance not only on their own assigned patients, but also other patients on the 

unit who may be at risk for adverse events or complications.  Surveillance describes 

the predominant process of the invisible work of nursing and remains a constant 

within nursing practice in hospital-based settings (Dresser, 2012).   

Work complexity contributors identified here as internal and external factors 

have the potential to increase or decrease a nurse’s cognitive load while actively 

engaging in nursing surveillance.  However, little is known about how they contribute 

to the nurse’s ability to effectively manage cognitive load to avoid errors or missed 
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nursing care and consistently provide safe, quality care.  Understanding the cognitive 

work of nursing and how cognitive load, nursing surveillance, work complexity 

contributors interrelate will elucidate how such factors can be reduced or managed 

effectively to improve patient safety and nursing practice. 

 

 

Figure 1. Invisible Work of Nursing Conceptual Model  

 

Significance of the Study 

 The application of cognitive load theory to the cognitive work of nursing has 

the potential to impact patient safety initiatives.  While quality and safety continue to 

be on the forefront of healthcare initiatives, little attention has been paid to how the 
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cognitive work of nurses has changed and the effect of increased cognitive load of 

nurses on patient safety and quality.   

 This study of the invisible cognitive work of nursing is significant to nursing 

practice and nursing education because increased cognitive load seems to have 

become the norm in hospital-based nursing.  The high acuity hospital environment 

with increasingly complex care and multiple modes of information analyzed by the 

nurse to inform clinical judgment are suggestive of increased cognitive load.  

Additionally, technology has unintentionally increased the cognitive work of nursing 

(Bullock, 2014; Stockton et al., 2017; Vito et al., 2017; Weir et al., 2007).  If data 

from multiple technologies increase the cognitive load of the nurse to the point of 

cognitive overload, the nurse’s ability to engage in active surveillance may be 

impaired or diminished (Clancy & Reed, 2016).  Finally, several studies have 

emphasized the need to understand the cognitive work of nursing, specifically the 

processing of information in complex care patient situation (Ebright et al., 2003; 

Kalisch & Xie, 2014; Pfrimmer et al., 2017, Potter et al., 2005a; Potter et al., 2005 

b, Tubbs-Cooley, Mara, Carle, Mark, & Pickler 2019). 

There is a need to understand why safety issues continue to persist despite 

technological innovations, efforts to regulate nurse staffing, and various hospital-

specific initiatives focused on patient safety.  The lack of understanding of the 

invisible work of nursing provides one potential reason why these safety issues 

persist.  Continued research describing the impact of cognitive load on the invisible 

work of nursing is needed.  

Definition of Terms 

Clinical decision-making: The contextual, continuous, and evolving process, where 

data are gathered, interpreted, and evaluated in order to select an evidence-based 

choice of action (Tiffen, 2014). 
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Clinical judgment: The interpretation or conclusion about a patient’s needs, 

concerns, or health problems, and the decision to take action or not (Tanner, 2006, 

p. 204). 

Cognitive load:  The total amount of mental effort being used in working memory.  It 

is comprised of three components intrinsic, extraneous, and germane (Hseih, Hsu, & 

Huang, 2016). 

Cognitive overload: An interpretation that people make in response to breakdowns, 

interruptions of ongoing projects, or imbalances between the demand and capacity of 

working memory (Weick, 2012). 

Cognitive shifting: The cognitive process of filtering information, holding on to 

relevant information, and allowing irrelevant information to pass through without 

necessitating action (Cohen et al., 2017). This filtering activity is described as 

cognitive shifts, a process occurring when nurses shift cognitively from patient to 

patient as a way to manage information (Potter et al., 2005a).  

Cognitive stacking: “The cognitive workload decision-making strategy for dealing 

with multiple care delivery requirements and preventing overload; a mental list of to-

be-done tasks” (Sitterding & Broome, 2015, p. 16). 

Cognitive work: “The amount of conscious mental activities needed to be performed 

or capable of being performed usually within a specified time period” (D’Esmond, 

2017, p. 150). 

Intensity of care:  The complexity of care required by the nurse to manage 

relationships between the pathology, care and psychological needs, time, and the 

personal uniqueness of the patient; the relationships between emotions, work load, 

skills, the theoretical model in the nursing profession; and between financial aspects, 

time, places, bureaucracy, and other professionals in the organization (Guarinoni et 

al., 2015). 
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Hospital environment: The physical setting and organizational culture where hospital-

based nurses practice.    

Interruption: “A break in the performance of a human activity initiated by a source 

internal or external to the recipient, with occurrence situated within the context of a 

setting or location” (Sitterding, Ebright, Broome, Patterson, & Wuchner, 2014, p. 

895).  

Nursing errors: Errors in nursing practice as a result of an act of commission, or 

doing something wrong, and omissions, failing to do something right or intentionally 

not performing a nursing intervention, both with the potential to lead to undesirable 

patient outcomes (Kalisch, 2016). 

Nursing workload: The amount of time and care that a nurse can devote (directly 

and indirectly) towards patients, workplace, and professional development 

(Alghamdi, 2016). 

Performance: Nursing activities and behaviors implemented by a registered nurse in 

the context of an actual nursing practice situation resulting from clinical judgment 

and directed toward the recovery and well-being of patients assigned to their care 

(Sitterding & Broome, 2015). 

Situational awareness:  Dynamic process of a nurse’s perception with each cue 

relevant to patient concerns, issues, constraints, and resources at any given time; 

comprehension of their meaning influencing a sense of salience; and the anticipated 

projection of their status in the near future influencing cognitive stacking and nursing 

care actions (Sitterding & Broome, 2015).  

Stress: Harmful physical and emotional responses that occur when the requirements 

of the job do not match the capabilities, resources, or needs of the nurse possibly 

leading to poor health and even injury (National Institute for Occupational Safety and 

Health, 1999). 
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Surveillance: “A process to primarily identify threats to patient health and safety 

through purposeful and ongoing acquisition, interpretation, and synthesis of patient 

data for clinical decision-making; a precursor to clinical judgment” (Kelly & Vincent, 

2011, p. 658). 

Work complexity contributors: “Actual demands in the practice field that affect the 

behavioral and cognitive care delivery work of registered nurses” (Sitterding & 

Broome, 2015, p. 16). 

Summary 

This chapter provided an overview of how the cognitive work of nursing needs 

to be examined as a major factor influencing patient safety.  The cognitive load 

experienced by a nurse while engaging in active surveillance fluctuates based on 

internal and external work complexity contributors.  The complexity of the factors 

may result in cognitive overload causing errors or missed nursing care with an 

ultimate result of adverse patient outcomes.  This dissertation study highlights the 

significance of the cognitive work of nursing, its relationship to patient safety, and 

the need to establish foundational nursing knowledge related to this invisible work of 

nursing.  In addition, the chapter described the purpose, significance, and definitions 

of central terms used in this study.  The rapid development of technology coupled 

with the nurse’s ability to manage cognitive load in an increasingly complex hospital 

environment provides a new avenue for explicating the work of nursing to the benefit 

of the nursing profession with potential impact on nursing leadership, management, 

and nursing education.
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CHAPTER 2 

REVIEW OF RELATED LITERATURE 

This chapter presents a review of the current research about the invisible 

work of nursing related to how internal and external work complexity contributors, 

impact the cognitive load of nurses.  The cognitive work of nursing has been 

understudied and minimally acknowledged in the literature.  It is important to 

understand what factors impact nurses’ cognitive workload and how it impacts 

nursing surveillance, patient safety, and the invisible work of nurses.  Possible 

factors identified in this review of literature include nurse’s experience, perceived 

stress, technology, complex patient care, interruptions, omissions of nursing care, 

and cognitive overload.  The chapter is structured to provide an overview of the 

literature on what is known about the cognitive work of nursing and the factors that 

influence nursing care as described in the conceptual model.  The chapter concludes 

with a discussion of gaps in the literature and inferences for the proposed study. 

Surveillance 

Nursing surveillance in hospital-based settings is defined as “a process to 

primarily identify threats to patient health and safety through purposeful and 

ongoing acquisition, interpretation, and synthesis of patient data for clinical decision-

making” (Kelly & Vincent, 2011, p. 658).  Clinical judgment occurs while the nurse is 

engaging in continued surveillance of multiple patients during a clinical shift.  The 

process of surveillance may be influenced by the education, expertise in a particular 

specialty, or experience of the nurse (Kelly & Vincent, 2011).  This invisible work of 

nursing requires constantly adding, subtracting, and re-ordering priorities during a 
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shift (Dresser, 2012).  Vigilant nursing surveillance has been proposed as a nursing 

intervention to reduce medication errors and adverse patient outcomes (Dresser, 

2012).  When surveillance is done well, changes in patient conditions are recognized 

early and adverse outcomes are prevented.  In contrast, when done poorly, these 

changes or patterns are not recognized, and complications ensue resulting in adverse 

patient events (Aiken et al., 2011; Dresser, 2012; Institute of Medicine, 2004; 

Kutney-Lee, Lake & Aiken, 2009).   

The behavioral aspect of surveillance involves the collection of data, and the 

cognitive aspect includes reviewing, interpreting, analyzing, and evaluating data for 

the purpose of identifying or preventing adverse outcomes (Dresser, 2012).  Another 

cognitive aspect of surveillance includes situational awareness, and is needed for 

accurate clinical judgments (Sitterding, Broome, Everett, & Ebright, 2012).  It has 

been defined as “a dynamic process in which a nurse perceives a clinical cue relevant 

to the patient and his or her environment” (Sitterding et al., 2012, p. 83).  A 

qualitative study on surveillance explained how the cognitive work of the nurse 

extends to create meaning and a sense of salience from the clinical cues and 

translates them into nursing interventions (Pfrimmer et al., 2017).   The nurse 

anticipates the needs of the patient based on these cues through adequate 

surveillance.  However, a qualitative study seeking to understand the meaning of the 

invisible work of nursing, found if nurses made their work visible to the institution, 

their care became invisible to patients and families since they needed to adapt the 

caregiver role to meet the demands of the hospital (Lopera-Arango, 2018).  Nursing 

workload includes not only the physical aspect of care, but this underrecognized 

cognitive work of surveillance, while engaging in situational awareness to render 

effective clinical judgments (Pfrimmer et al., 2017; Tanner, 2006).   
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Nursing Workload 

A review of the literature on nursing workload identified challenges and 

opportunities to optimize nursing workload.  Nursing knowledge extends to applying 

pathophysiology, pharmacology, patient conditions, and medical diagnoses to inform 

clinical decision-making, and this cognitive work of nursing is not always as visible as 

a direct care activity (Ebright et al., 2003).  Nursing workload has been 

conceptualized and quantified utilizing multiple different methods throughout the 

history of nursing in an attempt to determine appropriate nurse to patient ratios to 

maintain safe, quality care of patients (Alghamdi, 2016).   

Workload Models 

One model of nursing workload suggests it is comprised of direct care 

activities such as medication administration, or assessment, and indirect care 

activities that the nurse performs away from, but on behalf of, the patient (Morris, 

MacNeela, Scott, Treacy, & Hyde, 2007).  While nursing workload is currently 

measured with inadequate and inconsistent measurement tools by nursing 

administration, the cognitive work of nursing must be managed and understood to 

ensure safe patient outcomes (Cornell et al., 2010; Ebright, 2010; Potter et al., 

2005a; Ross, Rogers, & King, 2019).   

Staffing tools are typically based on individual patient acuity, and factors into 

the workload calculation complicated procedures, the need for patient or family 

education, psychosocial or therapeutic interventions, oral medication, complicated 

intravenous medications, and other medications (Kidd, Grove, Kaiser, Swoboda, & 

Taylor, 2014; Kohr, Hickey, & Curley, 2012).  The charge or resource nurse collects 

the data related to the individual patients from the direct-care nurses and calculates 

a total acuity score for each patient as well as the overall unit.  Another study found 

the nurse patient ratio was not significantly related to the subjective measurement of 
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an intensive care unit (ICU) nurse’s cognitive work (Hoonakker et al., 2011).   These 

staffing tools attempt to address the complexity contributors of patient care, 

however they do not acknowledge influences outside of the individual patient that 

impact a nurse’s ability to effectively manage cognitive load.  

Another model describes five main categories of nursing workload: the 

amount of time required, the level of nursing competency, the weight of direct 

patient care, the amount of physical exertion, and the complexity of nursing care 

(Alghamdi, 2016).  This model attempts to capture those factors outside of direct 

patient care as depicted in the conceptual model for this study.  Nursing workload 

needs to encompass all aspects of a nurse’s cognitive work during a hospital shift.  

Aside from individual patient care, workload encompasses the cognitive shifting 

between multiple patients, prioritizing, and re-prioritizing though nursing 

surveillance, and constant filtering of information and communication from multiple 

sources such as patients, families, staff, and technology (Cornell et al., 2010; Potter 

et al., 2005a; Solomon et al., 2016).   

Cognitive Work 

Acute care nurses provide nursing care in the midst of the continual trade-off 

decisions they make regarding the most important activity for the moment, how it 

should be done, and what can wait until later or not be done at all.  Trade-off 

decisions occur when nurses make choices between different but interacting or 

conflicting goals.  These decisions are made in situations of uncertainty, risk, and 

limited resources (Cook & Woods, 1994).  However, human factors research aimed 

at understanding the effect of the hospital environment on patient safety has failed 

to analyze nurse decision-making, a part of the cognitive work of nursing (Potter et 

al., 2005a).   
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Cornell et al. (2011) found during one shift nurses continually load and unload 

patient data and procedural data in their working memory confirming the complexity 

of nursing workload.  Potter et al. (2005b) calculated cognitive stacking for nurses in 

a mixed methods study and calculated the nurse’s cognitive stacking as an average 

of eleven activities with up to sixteen at one time.   In a prospective multicenter 

study, Solomon et al. (2016) found the cognitive work of nurses to be high in 

complexity, and even when nurses were not engaging in a specific task, they were 

still mentally processing information.  A qualitative study exploring nursing practice 

and safety found a nurse’s available cognitive resources fluctuated during a shift and 

were influenced by physical health, mental state, and the individual nurse 

(D’Esmond, 2017).  The study found it was not intuitive for nurses to take the time 

to stop and think while engaging in active surveillance.  Specifically related to 

medication administration, Pingenot, Shanteau, and Sengstacke (2009) found nurses 

organized information for an individual patient and for a group of patients at the 

same time.   

Compared to other healthcare team members during pediatric trauma 

resuscitation, Parsons et al. (2012) found the workload of nurses providing direct 

care to be the highest.  Several studies acknowledged the cognitive work of nursing 

as needing further examination as it emerged as an unanticipated contributor to 

nursing errors (Baernholdt, Cox & Scully, 2010; Cornell et al., 2011; Potter et al., 

2005a; Sitterding, 2011; Solomon et al., 2016). 

Workload measurement for nurses who continually engage in cognitive work 

continues to be inadequate because the invisible work of nursing is not recognized 

nor well understood (Heldal, Kongsvik, & Haland, 2019; Windsor, 2006).  Measuring 

cognitive load during nursing practice may provide additional insight into what 

influences the invisible cognitive work of nurses.  However, this cognitive work of 
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nursing is not explicit in the workload literature, and nurses are unable to describe it 

in formal language (Tanner, 2006).  This suggests how the cognitive work of nurses 

remains invisible even within the profession.   

Cognitive Load 

As the cognitive work of nursing impacts the nurse’s ability to engage in 

effective clinical judgment, cognitive load should not exceed the narrow limits of 

working memory since the amount and type of cognitive load directly impacts the 

function of working memory (Hadfi & Ito, 2013).  A review of cognitive load and its 

respective theory will provide a framework for application to nursing.  As it has been 

studied in simulation and nursing education it will be explored as part of the 

conceptual framework for this dissertation study.  Although cognitive work and 

cognitive load have been used interchangeably in the literature, for the purposes of 

this study they are separate and distinct concepts.  A clear understanding of the 

application of cognitive load theory provides support to apply it to nursing practice in 

hospital-based settings.   

Cognitive Load Theory 

Cognitive load theory (CLT) has been applied extensively in education, and in 

cognitive psychology research, and has been used extensively in educational 

situations and other professions such as the airline industry (Ayres & Paas, 2012).  It 

originates from an understanding of how humans learn and how memory impacts the 

ability to carry out tasks (Sweller, 1988).  Based on this theory, it is possible to 

manipulate the three components of cognitive load (intrinsic, extraneous, and 

germane) in order to optimize working memory and facilitate long-term retention of 

data and information (Chen, Dore, Grierson, Hatala, & Norman, 2014; Sweller, 

1988).   
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Cognitive load theory has been applied as a strategy to create curricula to 

optimize working memory and optimize knowledge transfer for students 

(Meguerdichian, Walker, & Bajaj, 2016).  It has also been applied to help explain 

why novices and experts problem solve differently as those with less experience 

have limited working memory capacity to handle new information (Kirschner, 2002; 

Sweller, Van Merrienboer, & Paas, 1998).  One study provided an updated version of 

a model for cognitive load and suggested the physical environment is a direct causal 

factor of the amount of cognitive load experienced (Choi, Van Merrienboer, & Paas, 

2014).  Therefore, the cognitive load experienced is not limited to the person and 

task at hand.  External factors within the hospital environment would have the 

potential to increase or decrease cognitive load while engaging in nursing care.   

Specific to education, several studies found the amount and type of cognitive 

load experienced by a learner during instruction was significant to the success of the 

specific teaching or learning method (Paas, Tuovinen, Tabbers, & Van Gerven, 2003).  

Studies suggest specific strategies to optimize the different types of load (intrinsic, 

extraneous, or germane) as a potential method to minimize cognitive overload and 

promote learning (de Jong, 2010; Sweller et al., 1998).   

Measuring Cognitive Load 

The ability to measure cognitive load in nursing practice represents a need to 

explore the validity and reliability of instruments utilized in healthcare and other 

literature.  This section will describe instruments utilized to measure cognitive load 

with objective, indirect instruments, subjective tools completed by a participant, and 

bio-measures.  The feasibility of instruments selected for this study will also be 

discussed.  

Cognitive load has been measured by objective indirect measures through 

task performance accuracy or time needed for task performance, dual-task 



24 

 

 

 

performance measures, and bio-measures such as electroencephalograph (EEG) or 

task evoked pupillary response (Cabrera-Mino, Shinnick, & Moye, 2019; Leppink & 

van den Heuvel, 2015; Szulewski et al., 2015).  Researchers have found increased 

activity in the dorsolateral pre-frontal cortex during information processing and 

utilized an EEG to quantify cognitive load (Cocks et al., 2013).  In comparing clinical 

decisions between novice and experienced physicians, Szulewski, Roth, & Howes 

(2015) had participants wear mobile eye tracking glasses to assess changes in pupil 

diameter as they answered mathematical or clinical questions.  They found pupil 

fixation length to be another bio-measure positively correlated with cognitive load.  

Haji et al. (2016) measured cognitive load during a simulated lumbar puncture with 

medical students completing subjective ratings of mental effort and an objective 

measurement obtained with a vibrotactile stimulus monitoring task.  Participants 

were required to press a foot pedal each time a vibration was felt from a device 

attached to the leg during random intervals.   

Cocks et al. (2013) quantified cognitive load through behavioral measures 

and EEG in a controlled laboratory setting providing a foundation for future studies to 

measure degrees of cognitive load.  The EEG was selected as it is portable and non-

invasive to identify cortical areas of the brain where the researchers believed 

cognitive load would be expressed.  The authors identified specific areas of the brain 

correlating cognitive load and electrode sites.  The reliability and validity of this 

method has not been established and the preliminary findings will need to be 

replicated to use this method in future studies.  These objective methods to measure 

cognitive load have all been utilized in controlled laboratory settings or classrooms 

and result in increased cost and use of resources for the purposes of research 

(Naismith & Cavalcanti, 2015).  
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Subjective measurement tools have been developed to isolate specific aspects 

of cognitive load to further empirical evidence of application of the theory (Krell, 

2015).  At least twenty-seven different subjective rating scales have been developed 

to measure cognitive load and its multi-dimensional constructs (Paas et al., 2003).  

Subjective scales are used to provide an estimate of the amount of mental effort 

expended during a task or situation.  The subjective rating tool of mental effort 

known as the Paas scale is a single-item measure of cognitive load and 

demonstrated participants are capable of providing a numerical indication of 

perceived mental effort (Paas, 1992).  However, it was found to need further 

establishment of validity in instructional research and did not include a measurement 

of intrinsic load (Paas & Van Merriënboer, 1994; Sweller, 2018).  Overall, the 

combination of measuring performance and subjective cognitive load represents the 

most reliable estimate of the cognitive work experienced by the participant (Haji et 

al., 2016; Hoonakker et al., 2011; Paas et al., 2003; Young et al., 2016).   

NASA-TLX  

The most widely utilized subjective measurement of cognitive load is the 

National Aeronautics and Space Administration Task-Load Index [NASA-TLX] (Hart, 

2006).   It was originally developed as a multidimensional instrument to measure 

workload in aviation.  The instrument consists of six items measuring the dimensions 

of mental demand, physical demand, temporal demand, frustration, effort, and 

performance.  The combination of the ratings from the six items represents the 

cognitive workload of the person completing the instrument (Hart, 2006).  When 

compared with various other workload measurement tools, the NASA-TLX was found 

to be the most reliable and valid instrument to measure cognitive load in the 

healthcare setting (Hoonakker et al., 2011).  The authors suggested the use of this 
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instrument to determine nurses’ workload in clinical practice and to further help 

understand causes of increased cognitive load. 

McBee et al. (2015) aimed to describe the impact of contextual factors on the 

clinical reasoning in physicians, but the study lacked a direct measurement of 

cognitive load.  The participants in the study had significant diagnostic uncertainly in 

straightforward simulated cases, thus the authors suggested it was the result of 

unanticipated increased cognitive load.  This suggests how including a measurement 

of cognitive load when evaluating performance may provide additional insight to 

errors in clinical judgment.  A study comparing the Paas Scale and the NASA-TLX 

with a researcher-developed cognitive load component questionnaire found the 

subjective scales were interchangeable as measures of intrinsic cognitive load, but 

not of total cognitive work included in the NASA-TLX’s six items (Naismith, Cheung, 

Ringsted, & Cavalcanti, 2015).  As bio-measures are heavily task related and costly, 

an individual self-rating subjective instrument such as the NASA-TLX, with its six 

corresponding items, is the most commonly used measure as it is inexpensive and 

has established validity. 

Cognitive load and nursing practice 

As cognitive load has clear implications for learning and education, it warrants 

examining how the construct of cognitive load has been studied in nursing practice.  

In nursing education, cognitive load theory has been utilized in simulation design 

frameworks and specific course work such as pharmacology (Hsieh et al., 2016; 

Josephsen, 2015; Kaylor, 2014; Naismith & Cavalcanti, 2015).  Cognitive load theory 

explains the relation of cognitive load to overall task performance (Haji et al., 2016; 

Young et al., 2016).  The relevance of cognitive load theory to nursing education and 

practice exists, as there is a need to acquire new knowledge, skills, and abilities and 

apply them to clinical situations as patient care becomes more complex (Young et 
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al., 2014).  As cognitive load affects the ability to effectively use and control the 

working memory, nurses experiencing a high cognitive load may be unable to recall 

critical information needed to inform clinical judgment (Borragan, Slama, Bartolomei 

& Peigneux, 2017; Sweller, 1988).  In a learning environment, it is conceivable to 

modify the instructional design to decrease cognitive load, so the working memory 

system is not overburdened in the learning process.  Factors that may mitigate or 

decrease cognitive load in clinical practice are not well established.  

A study examining cognitive work in an intensive care unit found lower rates 

of errors were associated with environments supporting a lower cognitive load 

suggesting cognitive load may relate to errors in practice (Ceballos-Vásquez, et al., 

2015).  Findings from a randomized crossover study on how to reduce cognitive load 

to improve patient outcomes suggested further studies utilize and report NASA-TLX 

measurement in practice to inform the design of technology and create work flows in 

hospital-based settings (Ahmed, Chandra, Herasevich, Gajic, & Pickering, 2011).  

The cognitive work of nursing requires the optimization of cognitive load while in 

practice to demonstrate efficient and effective nursing surveillance compared to 

completing only the task or physical activity related to patient care (Ayres & Paas, 

2012; Douglas et al., 2017).  The theory represents a suitable conceptual framework 

for educators when designing or researching simulation-based education (Fraser et 

al., 2015).  The literature on simulation and cognitive load presents an opportunity 

to explore the invisible work of nursing in a controlled setting where cognitive load 

can be measured. 

A search of the literature for studies investigating cognitive load and nursing 

practice yielded minimal results.  Cognitive load has been used to help understand 

nursing performance, clinical judgment, and staffing ratios.  Dal Sasso and Barra 

(2015) investigated the cognitive workload of intensive care units and the 
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computerized nursing process using a quantitative method.  The authors measured 

cognitive load with the NASA-TLX and determined that “‘temporal demand’’ was the 

largest contributor to the cognitive work, and the performance of the nurse was 

improved by using a computerized nursing process.  The authors found that the 

computerized nursing process, as a support system, enhanced the nurse’s decision-

making, as increased cognitive load resulted from information overload.  Borragan, 

Slama, Bartolomei, & Peigneux (2017) also found increased cognitive load resulted in 

cognitive fatigue and a decrease in alertness.  The nurses who experienced cognitive 

fatigue were found to be more likely to select risky alternative behaviors like 

shortcuts or workarounds when performing nursing care.  A prospective study 

conducted in a neonatal intensive care unit found a 34% increase of omissions in 

nursing care when an individual nurse’s NASA-TLX rating increased by five points 

during a shift (Tubbs-Cooley, et al., 2019).  As the healthcare literature has not 

examined nursing practice related to cognitive load, it is possible to extrapolate from 

cognitive psychology literature that if nurses are receiving information from 

competing tasks in the same modality, they may be more likely to make an error 

(Douglas et al., 2017).  These studies demonstrate how cognitive load has been 

applied in nursing practice research; however, there are gaps in the literature for 

cognitive load and nursing practice.  Further research is needed to explore the 

association between cognitive load, the internal, and external complexity 

contributors impacting nursing practice (Potter et al., 2005b).   

In summary, cognitive load theory has applications relevant to nursing 

practice.  Although the theory originated from cognitive psychology, it has been 

applied to education and healthcare.  The literature suggests the NASA-TLX is a 

commonly utilized instrument in healthcare research, and it has the ability to 

measure cognitive load in an efficient and cost-effective manner.  Furthermore, 
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studies indicate there is a need to explore this aspect of nursing practice to further 

elucidate the factors having a direct or indirect influence on cognitive load.   

Work Complexity Contributors 

Nurses’ exposure to high demands of workload including shift work, and 

complexity of patient care such as unpredictability of patient conditions, conflict, 

serious consequences in life or death situations, and unreliable access to resources, 

create a pattern of complexity among nurses working in acute care settings 

(Trousselard et al., 2016).  In addition to the cognitive demanding tasks of direct 

patient care activities, the nurses’ role is comprised of cognitively demanding tasks 

within very complex layers (Agency for Healthcare Research and Quality, 2012).   

Aside from individual patient and direct care influences, the most frequently 

reported external factors contributing to work complexity include inadequate staffing, 

rapid influx of information from technology, and individual patient factors such as 

complex medication management, varying patient acuity, the emotional state of 

patients, families, or co-workers, and concurrent competing demands (Cornell et al., 

2010, Happell et al., 2013; Hayward et al., 2016).  Nurses may continue to function 

in this situation, however the quality of their practice may decline with an inability to 

engage in adequate surveillance, as they are less likely to exercise sound clinical 

decision-making and react appropriately to critical events (Young et al., 2008).  The 

literature on the external factors of nurse staffing, increase in technology, and 

interruptions, along with the internal complexity contributors of nursing stress, 

experience, and education will be discussed.  

External Complexity Contributors 

The hospital environment has evolved along with healthcare and regulatory 

changes and may contribute to nurses’ cognitive load and impact the cognitive work 

of nursing.  The Affordable Care Act and healthcare reform have created additional 
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layers of complexity with the changes in reimbursement, and the monitoring and 

reporting of patient outcomes.  Patient acuity level has intensified, the aging 

population has an increased life expectancy, and the medical management and 

treatment of disease has increased in complexity.   

As the hospital environment continues to evolve in an increasingly complex, 

dynamic, and often unpredictable manner, a nurse’s ability to effectively manage 

cognitive load, the ability to recognize a patient’s changing condition, and practice 

effective surveillance may compromise patient safety (Ebright et al., 2003; IOM, 

1999; Potter et al., 2005a).  The hospital environment represents the resources 

available to nurses to enable effective surveillance, practice efficiently, and manage 

cognitive load effectively (Choi et al., 2014; Guarinoni et al., 2015).   

Nurse staffing.  The ANA (2015a) reported the number of patients a nurse 

cares for is not an actual measure of a nurse’s work.  Appropriate staffing models 

would include consideration of the patient’s conditions, complexity of care, nursing 

skill level, the census of the unit, and the mix of the staff available (ANA, 2015b).  

However, ANA’s position and current staffing models have failed to include the 

cognitive work of nursing as gathering data, reflecting on prior knowledge, asking 

questions of the healthcare team, verifying data, and putting all the data together to 

find meaning (Pfrimmer et al., 2017).   

Nursing work is irregular and non-repetitive as a result of the differences in 

frequencies of task performance, patient assignments, and varying acuity (Clarke & 

Donaldson, 2008; Cornell et al., 2011).  Nurses continually load and unload unit, 

patient, and procedural information in their working memory, therefore fixed nurse 

to patient ratios would not accommodate the dynamic nature of the cognitive work of 

nurses (Cornell et al., 2011).  However, the number of patients assigned to the 

nurse was the only significant predictor of stress relating to workload (Shively et al., 
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2011).  As technology has been integrated into nursing practice in an effort to 

support clinical judgment, the impact of technology on nurses will be an external 

factor explored next. 

Technology and information overload.  The increased use of technology, data, 

and information from multiple forms of technology may also impact a nurse’s 

cognitive load.  Nurses need immediate access to accurate clinical data, and clinical 

decision support structures without complex software applications to hinder practice 

(Clancy & Reed, 2016).  Studies have shown that technology designed for nurses at 

the point of care such as a CPOE system can lead to information overload and 

difficulty obtaining needed information (Agency for Health Care Research and 

Quality, 2017b; Khajouei, De Jongh, & Jaspers, 2009; Niazkhani, Pirnejad, Van der 

Sijs, & Aarts, 2011; Wisner, Lyndon, Chesla, 2019).   

Despite the increase in the use of patient care technologies at the bedside 

designed to streamline nursing care, paper and pen continue to be utilized when the 

technologies do not provide the same level of convenience or integration into nursing 

workflows (Saleem, et al., 2009).  As technology has continued to increase in clinical 

practice, the risk of information overload presents a challenge within the hospital 

environment. 

Information overload results from excessive input of data or may be the 

result of limited capacity or cognitive overload (Hadfi & Ito, 2013).  The advent of 

large electronic repositories of healthcare data presents nurses with large amounts of 

information, tools, and algorithms intended to detect patterns hidden within the data 

to positively impact patient care (Clancy & Reed, 2016).  In addition, the hospital 

environment continues to change with the advancement of information and 

communication technology.   
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The influx of data causing information overload originates from a multitude of 

sources.  The electronic health record, wearable technology, big data, and the need 

to increase patient engagement all continue to be at the forefront of challenges 

within the hospital environment (Barton, 2016; Elgin & Bergero, 2015; Risling, 

2017).  This represents a major factor contributing to the nurses’ ability to analyze 

and interpret increasingly larger amounts of data and information during the course 

of a shift.   

Although current systems are designed to support nursing practice, studies 

suggest the increase in amounts of data and information processing required to 

make clinical judgments may have adverse outcomes (Dal Sasso & Barra, 2015; 

Elgin & Bergero, 2015; Khajouei et al., 2009).  Nurses’ autonomy and clinical 

decision-making ability have been shown to conflict with the technology, such as an 

early warning system and prescriptive algorithms, and did not support or assist 

nurses’ clinical decision-making (Ansell, Meyer, & Thompson, 2015).  This increase in 

quantity of data makes it difficult for the nurse to extract clinically relevant 

information from the electronic health record (Ahmed et al., 2011).  As clinical 

decision-making is reliant upon accurate interpretation of data, the increased 

cognitive load required to extract and synthesize data from the patient record may 

contribute to errors in practice (Cohen et al., 2017).  

Efforts to reduce information overload.  There are efforts to incorporate 

nursing input into the design of workflow and electronic dashboards to assist in the 

management of data (Tan, Hii, Chan, Sardual, & Mah, 2013).  Adapting technology 

to reduce information overload has resulted in decreased cognitive load for nurses 

but other factors in the hospital environment impacting nurses’ cognitive load 

originate from the reliance on information provided by other departments, such as 

pharmacy (Tan et al., 2013).   
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Additionally, pharmacist-generated and admission-ordered medication lists 

have been shown to have medication errors 47% of the time and the electronically 

prepopulated medication reconciliation may adversely impact medication safety in 

hospitals (Stockton et al., 2017).  One study on the impact of CPOE found cognitive 

implications that lead to nursing workarounds such as documenting medication as 

given prior to administration (Vito et al., 2017).  The authors found that nurses 

experienced an increase in cognitive load and needed a means to organize 

information for multiple patients over the course of a shift in order to avoid 

information overload.  Despite the intention of implementing technology to reduce 

errors in practice and increase workload efficiency, these studies show how 

technology may actually increase the cognitive load of the nurse. 

The hospital environment challenges nurses to balance competing demands of 

direct patient care while meeting the needs of the unit, hospital, and the nursing 

profession.  The addition of multiple technologies that do not always support nursing 

practice may present a challenge to nurses who need time and cognitive space for 

active surveillance, thoughtful reflection, and consideration of patient situations prior 

to decision-making.   

Interruptions of Care.  In addition to patient care responsibilities, nurses 

navigate complexities in the care environment such as addressing family conflicts, 

communicating with other healthcare providers, mitigating patient flow to and from 

the unit, and handling staffing issues amidst consistent interruptions and a constant 

stream of data from multiple sources (Ebright et al., 2003).   Interruptions have 

been found to be common in nursing practice, and the influence of interruptions on 

the cognitive work of nursing need further study (Forsyth et al., 2018; Pfrimmer et 

al., 2017; Potter et al., 2005a; Thomas, Donohue-Porter, & Fishbein, 2017).    
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One study found nurses experience interruptions every three minutes while 

completing more than fifty percent of patient care tasks in less than thirty seconds 

(Cornell et al., 2011).  In a study conducted with emergency nurses, there was an 

average of 85 interruptions per shift with the median duration of each interruption 

being 13 seconds and occurring every 6-7 minutes (Forsyth et al., 2018).  Other 

studies on interruptions during nursing care demonstrated as high as 99% of 

medication events were interrupted, with one-third being interrupted by another 

nurse (Johnson et al., 2017).   

Interruptions have been observed to occur between 47-67% of the time 

during nursing interventions (Potter et al., 2005a; Solomon et al., 2016; Thomas et 

al., 2017).  When the relationship between interruptions, distractions, and cognitive 

load on medication administration errors was examined, a significant independent 

relationship between distraction, an interruption, and each cognitive load component 

of the NASA-TLX instrument was found (Thomas et al., 2017).  Nurses also reported 

unresolved issues with other patients as the primary source of distraction 

contributing to increased cognitive load (Thomas et al., 2017).  

 Interruptions while engaging in a routine task would increase the cognitive 

load of the nurse and may result in clinical errors or missed nursing care.  A study 

conducted in emergency department settings found interruptions predisposed 

providers to make errors (Laxmisan et al., 2007).  A research study examining 

missed nursing care with neonatal nurses theorized they occur when the 

environment and continual interruptions force nurses to choose which care to provide 

and which care to omit (Tubbs-Cooley, Pickler, Mark, & Carle, 2014).  Kalisch et al. 

(2009) reported nurses identified interruptions as a main cause for missed nursing 

care.  The most frequently missed nursing care of ambulation, turning, delayed 

feedings, teaching, or surveillance may all negatively impact patient outcomes.   
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Interruptions may disturb the nursing workflow or may even bring it to a halt.  

Individual differences among nurses may influence working memory, and when items 

are stored in working memory an interruption can result in that first item stored 

being replaced by the new information (Hadfi, & Ito, 2013).   However, it is unclear 

from the literature how a nurse cognitively manages interruptions and if situational 

factors result in errors or missed nursing care (Sitterding et al., 2014).  As nurses 

function in a dynamic and unpredictable environment, managing cognitive load and 

avoiding overload would provide an environment supportive of effective surveillance.  

The relationship between cognitive load and how the external complexity 

contributors in the hospital environment influence cognitive load warrants further 

exploration. 

Internal Complexity Contributors 

Individual nurse factors represent an internal complexity contributor that is 

unique to each nurse and may influence the nurse’s ability to manage cognitive load.  

These individual nurse factors may possibly influence the nurse’s ability to manage 

cognitive load while engaging in the demanding cognitive work of nursing practice.  

Individual nurse characteristics including level of stress, education, expertise, and 

experience on a specific unit all contribute to an individual nurse’s ability to 

effectively manage cognitive load and will provide a more comprehensive perspective 

on the cognitive work of nurses.  As the ability to engage in effective surveillance 

and manage cognitive load has been shown to be more effective when having 

experience with a particular situation, these factors need further exploration to gain 

a fuller understanding of the cognitive work of nurses. 

Nursing stress.  Ebright (2010) investigated the complexity of nursing care as 

it affected healthy work environments.  Complexity of care, work, and cognitive 

complexity patterns were examined as they related to emotional exhaustion, 
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environmental stressors, and work characteristics.  The authors found there were 

limits to nurses’ ability to increase cognitive load while in the midst of a patient care 

activity and experiencing multiple stressors.  Another study found the overall stress 

scores for nurses were low, however the authors identified additional stressors in a 

real-time assessment of nurses’ work environment such as shift type, velocity of 

patient turnover, adherence to staffing ratios, breaks, and personal characteristics of 

the nurse (Shively et al., 2011).   

As nursing encompasses caring and empathetic behaviors as part of the core 

of nursing practice, a quasi-experimental study examined how emotions related to 

cognitive load (Kron, Schul, Cohen, & Hassin, 2010).  The authors found increased 

cognitive load diminished feelings experienced by the nurse during a patient care 

encounter.  In various patient care situations, the emotional response from patients, 

families, or other members of the healthcare team may increase the nurse’s stress 

level resulting in the inability to effectively care or relate to the patient.  Fraser et al. 

(2012) found healthcare providers were unable to identify a heart murmur as a 

result of the increased cognitive load when there was a high emotional response with 

a simulated patient.  This suggests adverse outcomes may result as a nurse’s 

decreased capacity of working memory causes a limited ability to process new 

information when experiencing increased stress levels.  Solomon et al. (2016) used a 

prospective, correlational, cross-sectional design, and developed a tool called, 

“Exploring the Complexity of Nurse’s Role,” to measure work complexity and 

cognitive complexity.  The instrument measured the frequency of tasks during a 

previous three-hour work period.  The cognitive complexity experienced by the nurse 

predicted stress and emotional exhaustion.  Individual nurse factors such as not 

being in a stressful emotional state may mitigate the impact of increased cognitive 

load.   
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When nurses experience increased cognitive load, the resulting cognitive work 

has been shown to be more demanding, and resulted in increased stress (Sitterding 

& Broome, 2015).  In a descriptive, correlational study on work environment and 

stress, nurses rated their work-related stress as moderate to extreme which 

supports prior evidence about the stressful nature of complex acute care nursing 

practice (Dendaas, 2011).  Stress may influence cognitive load as it increases 

extraneous load and diminishes the nurse’s ability to manage competing priorities 

and continue to exercise cognitive stacking (Cornell et al., 2011).  As other factors 

may influence a nurse’s perceived stress, the relationship of nursing workload and 

stress will be discussed.   

Several studies identified workload or high workload as the most prevalent 

stressor when nurses were asked to identify causes of stress.  Although these studies 

included workload as a possible stressor, what comprised the nursing workload was 

not described (Cummings, 2011; Fiabane, Giorgi, Sguazzin, & Argentero, 2013; 

Hayward et al., 2016; Morrison & Joy, 2016; Purcell, Kutash, & Cobb, 2011; Senining 

& Gilchrist, 2011).  Additional stressors reported included busyness on the unit, 

information from multiple sources, coordinating tasks to complete work on time, 

unsupportive doctors, patients’ families, shift work, and multiple interruptions during 

the shift (Happell et al., 2013; Solomon et al., 2016).  The stressors related to direct 

care activities resulted in nurses experiencing more stress than indirect care or other 

administrative tasks (Farquharson et al., 2013; Johnston et al., 2016).  The studies 

found following direct care tasks with high cognitive or motivational demands, nurses 

lack the resources for self-control and the ability to effectively engage in subsequent 

nursing tasks.  This finding was correlated with cardiac responses or heart rate 

measurement and psychological measures of experienced stress showing it was not 

only perceived stress (Johnston et al., 2016).    
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Senining and Gilchrist (2011) found nurses were stressed regarding 

uncertainty concerning patient care management which may result from information 

overload.  Stressors on nurses have the potential to impact nurses physically, 

psychologically, emotionally, and diminish their cognitive ability.  Two studies found 

medication errors or delaying decision-making for treatment decision resulted from 

stressors in nursing practice (Mahmood, Chaudhury, & Valente, 2011; Mazer et al., 

2011).  When nurses perceive additional stress as described in these studies, there 

may be a corresponding increase in extraneous cognitive load since extraneous load 

represents emotions or activities unrelated to the task at hand.  This increase in 

cognitive load results in a diminished ability to engage in effective surveillance and 

clinical decision-making (Sitterding & Broome, 2015).  When nurses experience 

increased stress, the emotional response affects cognitive load and the capacity for 

working memory.  This direct impact upon the cognitive work of nurses illustrates 

how examining perceived stress may provide additional knowledge on what 

influences the invisible work of nurses.   

Nursing education and experience.  As the current entry to practice for 

nursing occurs with varying length in formal education, it is a variable to consider as 

the time spent learning and reinforcing knowledge may influence cognitive load.  

Nurses with an associate degree would have completed two years of education 

whereas those with a diploma level of education would have completed three years 

of education, and a baccalaureate prepared nurse would have a minimum of four 

years of education (AACN, 2016).  The American Association of Colleges of Nursing 

(2017) published a fact sheet on the impact of education on nursing practice and 

stated that education has a “significant impact on the knowledge and competencies 

of the nurse clinician” (p. 1).   
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Cognitive load theory suggests having minimal exposure to problem 

complexity such as starting an IV or managing an adverse reaction during formal 

nursing education may predispose a nurse to a higher cognitive load (Ayres & Paas, 

2012).  Studies have shown there are higher levels of medication errors committed 

by nurses with associate degrees and diplomas compared to those with 

baccalaureate degrees (Delgado, 2002; Fagin, 2001).  The additional education may 

be a factor as the required liberal arts course work is translated to be the basis of 

nursing practice resulting in a nurse generalist who provides care, coordinates care 

among the interprofessional team, and is a member of a profession (AACN, 2017).   

Nurse’s experience may influence cognitive load because task proficiency for a 

physical task done very often, results in an increased ability to task switch or handle 

a physical task while doing a mental task at the same time (Kalisch & Aebersold, 

2010).   During surveillance, the nurse’s brain filters information, holding on to 

relevant information, and allowing irrelevant information to pass through without 

necessitating action (Cohen et al., 2017).  This filtering activity is described as 

cognitive shifts, a process occurring when nurses shift cognitively from patient to 

patient as a way to manage information (Potter et al., 2005b).   

The ability to cognitively shift information and the amount of cognitive space 

needed varies by experience.  A study in an intensive care unit found a significant 

relationship between experience and cognitive workload with a less experienced 

nurse’s workload increasing with the addition of another patient, whereas those with 

experience did not have the same increase in cognitive workload (Moghadam, 

Masouleh, Chehrzad, & Leili, 2019).  A nurse with increased experience with a 

specific task or activity has more cognitive space and greater ability to engage in 

multiple cognitive shifts when compared to a novice nurse (Ayres & Paas, 2012).  For 

example, task repetition such as repeatedly programming an intravenous pump, is 
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associated with increased ability to manage high cognitive load (Hadfi & Ito, 2013).  

However, there is not a clear understanding of how to determine the amount of 

cognitive space available or needed, or what variables influence the amount of 

cognitive space.   

In addition, the ANA (2015a) recommends staffing frameworks include the 

education preparation, professional certification, level of clinical experience, 

experience with a particular unit, and competency with technology.  The role of 

education and experience in cognitive work is supported by the cognitive psychology 

literature as the difference between a novice and an expert is the established 

schema or knowledge stored in long term memory (Meguerdichian et al., 2016).  As 

nurses are making clinical judgments, they are problem solving and this schema 

serves as a reference when trying to categorize and distinguish between different 

problems.  A nurse with baccalaureate level education will have a greater knowledge 

base on which to base clinical judgment (AACN, 2017).   

The amount of experience a nurse has with a particular patient population or 

unit is important because previous experience with a specific task can decrease 

intrinsic load (Meguerdichian et al., 2016).  For example, a nurse who has been on a 

medical-surgical unit for several years will have experience with post-procedure 

heart failure patients and a working knowledge of common medications.  

Administering medication with this patient population will lower the intrinsic load 

when compared to a novice nurse who has less than six months experience on the 

unit.  As learning occurs over periods of time, a nurse with experience and expertise 

with a particular patient population will have an increased ability to process 

information unconsciously, thereby reducing cognitive load (Choi et al., 2014).  In 

contrast, an inexperienced nurse must spend more mental effort on making sense of 

the same information, as it may seem unrelated.  Nurses with less experience will 
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experience a higher intrinsic load and are more vulnerable to experience cognitive 

overload. 

Experience has not been found to always prevent cognitive overload as 

complexity of patient conditions and unclear interpretation of information may 

overwhelm working memory capacity regardless of education, experience, or 

expertise with a particular patient population (Young et al., 2016).  It is unclear from 

the literature what level of education, expertise, or experience correlate with the 

ability to manage cognitive load effectively.  Including these descriptive factors in the 

model elucidates these factors as a possible modifier of cognitive load.  

Patient Care Outcomes 

Patient care outcomes can be measured either directly or indirectly by the 

hospital as well as by the individual nurse’s perception of a performance during a 

patient care encounter.  These outcomes are a direct result of safe, quality nursing 

care and are a key factor in understanding the cognitive work of nursing.  Errors or 

missed nursing care negatively impacting patient care outcomes may be occurring as 

an indirect effect of cognitive overload.  Two studies demonstrated medication errors 

or delayed treatment decisions resulted from stressors in nursing practice (Mahmood 

et al., 2011; Mazer et al., 2011).  Carayon and Gurses (2008) found high cognitive 

workload contributed to errors in decision-making for nurses such as forgetting to 

administer medications.  From a human factor engineering perspective, they 

suggested further research on measurement of situation workload to develop 

strategies that would mitigate or balance the cognitive work of nurses while 

providing patient care.  Kalisch and Xie (2014) conducted a study about missed 

nursing care and found several cognitive reasons why nurses did not perform certain 

care activities.  Interruptions, multitasking, task switching, fatigue, cognitive biases, 

and complacency were reasons why nurses exhibited poor performance with missed 



42 

 

 

 

care such as ambulation, on time medication administration, and patient teaching.  

This illustrates the need to further understand the cognitive work of nurses to 

allocate resources and support to allow nurses to effectively manage cognitive load 

while engaging in patient care.  

Patient Safety 

Patient safety remains at the heart of nursing practice, and healthcare 

systems continue to strive to eliminate errors resulting in harm to patients who are 

seeking care.  The issue of patient safety has existed for years, however it lacked 

movement until Leape (1994) published a framework for analysis and prevention.  

The Institute of Medicine (1999) followed this work with the publication of “To Err is 

Human” by estimating 44,000-98,000 Americans die as a result of errors in 

healthcare.  This launched the modern patient safety movement across multiple 

disciplines in an effort to decrease the number of errors resulting in harm.  Despite 

over a decade of healthcare initiatives, there continues to be estimates of greater 

than 250,000 patients dying each year in the United States as a result of errors 

(Makary & Michael, 2016).   

The Agency for Healthcare Research and Quality (AHRQ), the National Quality 

Forum (NQF), the Joint Commission, the Institute for Healthcare Improvements, 

(IHI) and the American Society of Health-System Pharmacists have all published 

strategies to prevent or mitigate patient care errors.  The Patient Safety Network of 

the AHRQ published a primer on patient safety (2017a) stating how nurses have the 

potential to influence patient safety.  A patient admitted to the hospital with heart 

failure would be at risk for medication errors, complications such as healthcare 

associated infections, procedural complications, and other errors resulting from poor 

communication between healthcare providers.  Errors are also described as adverse 

events and result in patient harm as a result of receiving healthcare.  Adverse events 
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are categorized as preventable, ameliorable, or adverse due to negligence.  

Instances where errors occur and no observable harm occurs with a patient are 

categorized as a near miss or a general error as a result of commission or omission 

in practice resulting in a potentially harmful situation (AHRQ, 2017a).  A standard 

measurement of overall safety does not exist, and the complexity of patient safety 

continues to emerge.   

The Center for Disease Control and Prevention (CDC, 2016) found diseases of 

the heart as the leading cause of death from 1999-2015 with close to 11 million 

deaths.  Heart failure is also the most common discharge diagnosis for hospitals and 

is among the most expensive conditions billed to Medicare (Yale New Haven Health 

Services Corporation Center for Outcomes Research and Evaluation for the Centers 

for Medicare and Medicaid Services, 2015).  Readmission rates are influenced by the 

quality of nursing care in the hospital, and heart failure admissions are common, 

costly, and preventable.  The Medicare Payment Advisory Commission found heart 

failure admissions were followed by readmissions within 15 days and accounted for 

more than 90,000 admissions at the cost of $590 million (Medicare Payment 

Advisory Commission [MedPAC], 2017).  AHRQ (2017a) found the information 

technology revolution has impacted the day to day practice in healthcare, however it 

has not always resulted in safer care.   

Nursing practice involves the added need to manage the administration of 

multiple medications for aging patients coupled with the need to calculate dosage 

adjustments.  One study identified cognitive failures resulting in errors from flawed 

memory, perception, and function (Abbasi et al., 2016).  The authors defined 

cognitive failures as mental-dependent errors in tasks that could be seamless and 

fully done by one nurse, and found cognitive failures were the indirect result of the 

inability of nurses to do their tasks.  Patient safety may be compromised by poor 
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performance of the nurse who missed nursing care or committed an actual error in 

care delivery.  Examination of why errors occur include when nurses experience 

cognitive failures such as when experiencing cognitive overload (Sitterding & 

Broome, 2015).   

Heart failure and patient safety 

The acute care hospital environment remains a high risk setting for adverse 

events, especially for patients with heart failure.  The management of patients with 

heart failure represents a complex medical situation, and patients are prone to 

polypharmacy and resulting issue with dosing, timing, and drug-drug interactions.  

They are also prone to altered renal and hepatic function with a subsequent need for 

nurses to focus on critical surveillance while monitoring patient response to therapy.  

In a statement from the American Heart Association (2010) on medication errors in 

acute cardiovascular patients, medication errors of commission and omission 

continue to occur in patients with heart failure.  The AHA also found, along with the 

benefits of CPOE and clinical decision support (CDS), errors have been introduced 

that can potentially worsen patient outcomes.  Patients with heart failure commonly 

present to the hospital environment, and nursing may have the greatest impact on 

reducing errors, complications, and readmission to the hospital setting.  The 

interrelationship of adverse events, work complexity contributors, and the demands 

of the cognitive work of nursing present a need to develop safer nursing practice 

rather than targeted programs to prevent individual patient harm (Agency for 

Healthcare Research and Quality [AHRQ], 2017). 

Inferences 

As the cognitive work of nursing represents a complex phenomenon, relying 

on traditional measurements to define the invisible work of nursing does not 

recognize the critical link between the internal and external complexity factors 
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described in this chapter with the complex cognitive demands of nursing practice.  

The failure to appreciate and understand the complexity of the cognitive work of 

nurses is a major barrier to making progress in safety and quality in patient care 

(Ebright, 2010).  The literature on cognitive load and cognitive load theory suggest it 

is possible to measure the amount of mental effort experienced by a nurse while 

engaging in clinical practice.  As the hospital environment exposes vulnerable 

patients, such as those with heart failure, to potential errors or missed nursing care, 

a simulation study would be an ethical option to study cognitive load and nursing 

practice.   

The simulation literature has been supported by cognitive load theory and 

includes methods for controlling the multitude of variables present within the context 

of hospital-based nursing practice (Ahmed et al., 2011; Haji et al., 2016; Dal Sasso 

& Barra, 2015; Young et al., 2016).  Increasing patient acuity, emotional responses, 

competing demands, and complex care regimens all represent work complexity 

contributors based on Sitterding and Broome’s (2015) model of the cognitive work of 

nursing.  For this study, variables included were based on this review of the 

literature and include the intensity of patient care, cognitive load, interruptions of 

care, and individual nurse factors.  The dynamic environment of the hospital has 

become increasingly complex with the potential of technology creating an increased 

cognitive workload for practicing nurses.  The need to understand how technology 

may influence a nurse’s cognitive load would be a key factor to understanding the 

cognitive work of nurses.  As surveillance represents the continual nature of the 

cognitive work of nursing resulting in clinical judgment it needs to be examined 

within the framework of cognitive load theory.  Interruptions in care have been 

related to nursing errors; as an additional variable including interruptions would 
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present the opportunity to study how they impact the cognitive load and the nurse’s 

ability to engage in continued surveillance and perform accurate clinical judgments.   

Because of the rapid pace of the healthcare environment with staffing 

challenges, high patient volume, increased acuity, and a decreased ability for nurses 

to engage in active surveillance, it is not intuitive for nurses to take the time to stop 

and think about the care they are delivering (Cornell et al., 2011).  Cognitive load 

theory suggests information can be designed to avoid cognitive overload and 

researchers advocate for different approaches to process information for novices and 

experts (Ayres & Paas, 2012; Sweller et al., 1998).  Applying such strategies to 

avoid cognitive overload in hospital-based nursing practice would provide a novel 

approach to mitigating nursing errors resulting in improved patient outcomes and 

safe, quality care.  

Summary 

This chapter included a review of the literature about the invisible cognitive 

work of nursing related to how nursing surveillance, cognitive load, internal work 

complexity factors of individual nurses, and external work complexity contributors of 

nurse staffing, technology, interruptions relate to patient care outcomes.  Contextual 

information was provided about information overload, missed nursing care, how 

increased cognitive load impacts nurses, and the critical role nurses possess in 

assuring patient safety and quality care.  The chapter concluded with inferences for 

the proposed study.
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CHAPTER 3 

METHODOLOGY 

This chapter describes the methods for this study.  The research design, 

questions, setting, sample, and data gathering procedures including instruments, 

interview protocol, data analysis, and strategies to assure human subjects protection 

are presented.  The psychometric properties of all quantitative instruments are 

included.  Procedures, participant recruitment, data management, data analysis, and 

the protection of human subjects are discussed. 

Research Design 

The research design was a multiple-case study design with multiple sources of 

evidence, both quantitative and qualitative.  Case study design is an empirical 

method that investigates a present-day phenomenon (the case) in depth and within 

its real-world context, especially when the boundaries between the case and its 

context may not be clearly evident (Yin, 2018).  Case study design relies upon 

multiple sources of evidence followed by triangulation of the data sources.  When 

more than one case is included in a case study, the design is called a multiple-case 

study design.  The decision to utilize a multiple-case study design was based on the 

goal to replicate outcomes of increasing intensity of care in a simulated patient care 

experience which closely resembled the real-world patient care environment.  This 

design supported the investigation of select cases to answer the research questions 

with different types of evidence (Gillham, 2000).   

Multiple-case study designs follow a replication logic similar to replicating 

single experiments, not a sampling logic (Yin, 2018) where inferences are made to a 
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larger population based on results from a representative sample.  Each case requires 

separate data collection and analysis.  Additionally, a case may be an individual, a 

group, or even a community (Cope, 2015; Gillham, 2000; Yin, 2018).  For this study, 

the cases are individual nurse participants.   

The researcher-designed patient care simulation systematically increased the 

intensity of care across the length of the simulation.  Case patterns or trends were 

examined to determine the relationships between increasing intensity of care and 

cognitive load, clinical judgment, nursing errors, and stress during the simulation.   

Design Quality 

The quality of case study design is determined by an evaluation of construct 

validity, internal validity, external validity, and reliability.  Construct validity is 

supported through the incorporation of multiple sources of evidence (Yin, 2018).  In 

this study multiple sources of evidence were obtained from self-reported time-series 

measures, observations, and interview narratives and included both subjective and 

objective sources.  

Internal and external validity were also assessed.  The internal validity of the 

findings was enhanced through pattern matching and assessing alternative 

explanations (Yin, 2018).  The inclusion of multiple cases addressed external validity 

concerns by creating literal replications.  Literal replication of two or more cases 

predicted to produce similar findings can achieve greater confidence or certainty in a 

study’s external validity (Yin, 2018).  

Finally, the reliability of the case study design was addressed through the use 

of a protocol, a database, and a chain of evidence (Yin, 2018).  The simulation 

protocol was designed for exact, minute by minute replication.  A case study 

database was developed inclusive of time-series measurements, observations, 

interview data, field notes, and analytic memos.  According to Yin (2018), all 
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evidence needs to be woven into a narrative account or chain of evidence which 

offers additional insight on the emergence of relevant or innovative findings.  A chain 

of evidence linked the study questions to the specific sources of evidence in the case 

study database and the case study findings.  This chain of evidence is similar to 

“forensic evidence. . . presented in court” (Yin, 2018, p. 134) such that the findings 

presented in Chapter 4 allow the reader to follow the evidence from research 

question to final findings with clear and logical evidence. 

Analytic Considerations in Case Study Design 

Data analysis in case study design includes working data from the “ground 

up” (Yin, 2018, p. 169) using an inductive approach.  There are five analytic 

techniques described by Yin for case study research including pattern matching, 

time-series analysis, explanation building, logic models, and cross-case synthesis.  

Four techniques were selected for the data analysis in this study: pattern matching, 

time-series analysis, explanation building, and cross-case synthesis.   

Pattern matching compares an empirically-based pattern with a predicted 

pattern made prior to data collection (Yin, 2018).  Within a case study, successful 

matching of patterns of data provides evidence in support of the initial hypotheses.  

The critical factor underlying pattern matching is the match between the observed or 

empirical pattern and the hypothesized pattern.  The analysis of patterns in this 

study included both visual and statistical analysis including computing means, 

slopes, and standard deviations.   

Time-series analysis is a subset of pattern matching and allows identification 

of a more precise pattern (Yin, 2018).  Like pattern matching, time-series analysis 

requires a match between the predicted and observed trend but also includes specific 

time intervals and “the presumed temporal relationships among events” (Yin, 2018, 

p. 185).  Time-series analysis can be simple or complex, and chronological.  Complex 
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time-series can predict nonlinear relationships and include multiple measurements.  

Chronological order in time-series analysis allows the analysis of temporality and 

provides support for potential causal claims.  By ensuring a consistent chronological 

order of events in the simulation protocol, this sequence can be a major strength of 

the design as it is possible to compare the expected action at a particular time with 

the actual action (Yin, 2018).  The time-series analysis in this study was both 

complex by including multiple measures across time, and chronological by comparing 

a temporal sequence of events.   

Explanation building is the third analytic technique which seeks to explain 

theoretical propositions.  Using the conceptual model presented in Chapter 2, 

explanation building occurred as the propositions from the framework were 

considered.  For example, the framework proposed that increasing intensity of care 

and interruptions (external work complexity contributors) in the presence of 

increasing stress (internal work complexity contributor) would increase cognitive 

load, affect clinical judgment, and result in nursing errors.  Analysis of interview data 

examined each participant’s perspective through a think aloud, debriefing session 

immediately following the simulation.  These narratives enhanced understanding of 

the cognitive work of nursing and illuminated factors influencing cognitive load not 

identified in the model.  The multiple data sources were systematically examined and 

integrated to support the explanatory value of the conceptual model. 

Cross-case synthesis only applies to multiple-case study designs.   Cross-case 

synthesis includes a case-based approach instead of a variable approach which aims 

to make conclusions about each variable of interest rather than each case 

holistically.  The goal of this technique is “to retain the integrity of the entire case 

and then to . . .  synthesize any within-case patterns across cases” (Yin, 2018, p. 

196).  If identical pattern-matching and time-series analysis results were obtained 
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over two or more case studies, literal replication would be accomplished and cross-

case results would be more assertively supported (Yin, 2018).  While identical results 

across cases would be preferred, cross-case synthesis compares the findings of each 

case (within case patterns) to determine if there are either theoretical or literal 

replications across cases.  Cross-case synthesis in this study included a comparison 

of the findings from the pattern matching, time-series, and explanation building to 

determine similarities across cases. 

Setting 

The setting of the study was a simulation center at a college of nursing that is 

part of a large healthcare system in the Southeastern United States.  The simulation 

and debriefing occurred in the Clinical Simulation Center (CSC).  The CSC is directed 

by the Dean of the CSC who oversees all operations of the center.  There are two 

full-time clinical simulation faculty members who champion faculty development in 

the simulation arena, as well as support faculty in creating low, medium, or high-

fidelity simulations.  In addition, there are two simulation technicians responsible for 

maintaining the mannequins, supporting the use of the bedside technologies in the 

simulation center, and programming the computer algorithms on the simulators.  

The CSC is set up in two distinct areas: skills and high-fidelity.  The skills area 

has two skills rooms.  One room, used for health assessment skills, is set up with 

eight bays with stretchers or exam tables and recording equipment to record the 

demonstration of skills.  The second skills room is an eight-bed medical/surgical unit 

with eight medium-fidelity mannequins featuring Laerdal’s Nursing Anne with 

VitalSim™ technology and Nursing Kelly with VitalSim™ technology.  This unit has all 

the standard equipment found in an inpatient hospital setting, including a medication 

area, computerized medication-dispensing machine, code cart, lift equipment, a fully 
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stocked supply closet and patient care items.  Each patient bed has simulated 

medical gas for oxygen, air, and suction.  

The high-fidelity area includes four simulated hospital units.  Each one is 

equipped with technologically advanced, high-fidelity, life-like mannequins.  These 

four units are designed to mirror actual hospital units in look and equipment, with 

the added benefit of simulating the actual hospital environment including beside 

technology.  These rooms can be set up with adult medical-surgical, critical care, 

pediatric critical care, general pediatrics, or an obstetrical suite, with high-fidelity 

mannequins for each.  There are computers for each room, and the facility is set up 

with the healthcare system’s electronic medical record (in a training mode) for use 

during simulations.  The high-fidelity area also has an observation room where the 

simulation technician and faculty directly observe the scenario through a semi-

transparent one-way mirror.  Simulation staff can remotely modify the high-fidelity 

mannequin responses in reaction to participant interventions performed during the 

scenario.  Each bed has video recording equipment allowing the observers additional 

perspectives as well as having a recording to facilitate the process of debriefing.  The 

high-fidelity area has two debriefing rooms for use following simulations.  In addition 

to providing students at the college of nursing with exceptional learning tools, the 

college’s CSC has become a training center for hospital-based physicians, nurses, 

and clinical staff.  The advanced technology enables health care professionals to 

learn new procedures and techniques in the safety of the CSC.   

The decision to conduct the study within a simulation center provided an 

opportunity to examine missed nursing care or errors in practice without negatively 

impacting patient care.  Simulation provides an opportunity to conduct nursing 

research in a controlled setting as errors can be observed without compromising 

patient safety.  The simulation setting, in which debriefing is required as best 
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practice, also allows for exploration of the participants’ perceptions of thought 

processes and performance during the simulation.  As hospitals are purchasing 

simulators and seeking simulation development as part of patient safety initiatives, 

conducting this study in a simulation center is a feasible alternative to the actual 

clinical environment.   

Case Selection 

The approach to sampling for multiple-case study designs requires careful 

definition of what qualifies a case.  Cases were defined by inclusion and exclusion 

criteria as each participant represented an individual case.  The inclusion criteria for 

selection of cases required nurses currently practicing in the acute care units of the 

hospital system who were English speaking, possessed an unencumbered RN license 

having graduated from a baccalaureate nursing program within the past six years, 

were currently practicing at the bedside for at least 16 hours per week in one of the 

acute care hospitals within the health system, and currently practicing on a unit with 

medical/surgical patients for greater than one and less than six years.  The 

preference was to recruit nurses who were early career registered nurses with 2-4 

years of nursing practice experience in medical/surgical hospital-based settings.  

Criteria for excluding cases were nurses employed in management or leadership 

roles, nurses in an advanced practice registered nurse (APRN) role, nurses with 

certification in a nursing specialty, and nurses on orientation or in a residency 

program.  These selection criteria minimized variation in the individual nurse factors 

in the conceptual model (experience, education, expertise, and certification).   

Extant literature of simulation studies was reviewed.  In a systematic review 

of hospital-based simulation between 2012-2015, 65 studies were identified of 

hospital-based simulations with nurses.  Seven studies used a mixed methods 

design, with sample sizes ranging from 2-48 participants (Calhoun, Boone, Porter, & 
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Miller, 2014; Dowson, Russ, Sevdalis, Cooper & de Munter, 2013; Endacott et al., 

2012; Grundgeiger et al., 2013; Pemberton, Rambaran, & Cameron, 2013; Square, 

2012; Xu, Staples, & Shen, 2012).  No previous case studies in simulation were 

found. 

Yin (2018) suggested the use of power analysis is irrelevant in case study 

design due to the use of replication rather than sampling logic, however the number 

of desired replications supports the degree of certainty about the case study results.  

The ability to explain the theoretical relationships proposed in the framework 

between increased intensity of care and the outcome variables was an important 

case selection consideration.  Including 6-10 individual cases or participants was 

estimated to be sufficient to detect cross-case replication, but according to Yin 

(2018) a minimum of three cases represents a literal replication in case study 

research.  Ultimately, the number of cases is dependent upon the judgment of the 

researcher (Yin, 2018). 

Simulation: Increasing Intensity of Care   

The simulation was designed to reflect the components of the conceptual 

model (Chapter 1).  The intention was to increase the intensity of care to discover 

changes in cognitive load, clinical judgment, nursing errors, and stress within and 

between cases.  The simulation allowed the researcher to create an exemplar 

patient-care scenario with increasing intensity of care, an external work complexity 

contributor.  The simulation began with a basic level, stable patient and increased in 

complexity with the addition of interruptions, changes in nurse to patient ratio, 

worsening patient acuity, and bedside technology alarms to reflect the real-world 

hospital environment.  The chronological design allowed model components to be 

observed across time and subjected to time-series analysis (Yin, 2018).   
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The increased acuity of the patient over time represented increasing intensity 

of care and extraneous cognitive load in the conceptual model.  Additional work 

complexity contributors which were sources of extraneous cognitive load included 

technology found at the bedside, the addition of a second patient increasing the 

nurse to patient ratio, and programmed interruptions.  Technology commonly found 

at the bedside (i.e. computer, electronic medical record, medication dispenser, 

intravenous infusion pump, vital signs monitor) may also represent germane 

cognitive load in the environment.   

Simulation Scenarios 

Two simulation scenarios adapted for this study were based on the National 

League for Nursing (NLN) simulation scenarios that are currently used in the CSC.  

The simulations were validated as meeting simulation best practices and standards 

by the simulation design team.   

The first scenario (Patient 1) in the study simulation was a NLN core scenario 

that presents a patient with congestive heart failure admitted to the hospital two 

days previously and requiring medication management.  The scenario was designed 

for prelicensure nursing students to learn how to assess and manage the patient and 

perform key interventions for safe and effective patient care.  This NLN core scenario 

provided a basic but realistic and challenging simulation.  In this scenario 

participants are expected to (a) implement a focused cardiac and respiratory 

assessment; (b) implement nursing interventions related to orthostatic conditions; 

and (c) demonstrate appropriate nursing interventions for a patient with congestive 

heart failure.  

The second scenario (Patient 2) was also an NLN scenario and is characterized 

as a complex rather than a core scenario.  Patient 2 is diagnosed with a suspected 
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gastrointestinal bleed admitted to the medical/surgical unit from the emergency 

department with abdominal pain and pending lab results.   

The learning objectives and scenarios have been developed and validated by 

the NLN to provide a high degree of fidelity within the simulation, address different 

levels of complexity, and facilitate the post-simulation debriefing.  NLN resources for 

the instructor/facilitator, including the details of what was expected to be identified 

during the simulation were used to structure the simulation scenarios.  The scenarios 

were developed for the Laerdal software platforms which are used within the CSC as 

part of the pre-licensure nursing program.   

Simulation Protocol 

The NLN scenario of Patient 1 was modified to increase in intensity with three 

timed interruptions (charge nurse interruption, phone call interruption, and pump 

alarm interruption) and the use of multiple bedside technologies.  The nursing 

interventions required for Patient 1 included: (a) perform the basic standard of care 

including administration of an intravenous piggyback (IVPB) medication; (b) evaluate 

and recognize the signs and symptoms of decompensating heart failure; and (c) 

communicate promptly to the interprofessional team while experiencing the 

additional complexities of interruptions. 

During the simulation, a second patient (Patient 2) was added to the 

participant’s workload.  Patient 2, a complex patient scenario, required prompt and 

crucial nursing interventions including early identification of potential complications, 

prioritization, delegation, and communication.  In the study simulation, the 

participant is interrupted by the charge nurse and asked to accept this additional 

patient.  Adding Patient 2 intentionally increased the intensity of care.  In summary, 

the nursing interventions required in these two scenarios represent the model 

processes of nursing surveillance and clinical judgment resulting in safe quality care.  
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The modifications to the Patient 1 scenario represent intentional increases in 

intensity of nursing care.     

Intentional increases in intensity of care.  The study simulation protocol 

intentionally added complexity to the NLN scenarios in an attempt to replicate the 

intensity of care common to a medical/surgical hospital environment and cognitive 

demands competing with the expected nursing interventions in the scenarios.  The 

study simulation protocol created the interruptions at specific time points: minutes 

12, 15, and 18.  At 12 minutes a staff member interrupted the nurse participant 

regarding staffing issues and the need to assign a second patient.  At 15 minutes a 

phone call from another department interrupted to report critical laboratory results.  

At 18 minutes an alarm from Patient 2’s infusion pump interrupted the nurse 

participant.   

In addition to interruptions, the nurse to patient ratio increased and Patient 

1’s condition worsened.  Between minutes 8-10, Patient 1 became increasingly 

uncomfortable and distressed as a result of the current hospitalization and 

unresolved shortness of breath.  Between minutes 15-16, Patient 1’s pulse oximetry 

decreased.     

Protocol development.  The simulation protocol was developed in collaboration 

with the CSC faculty and staff and piloted with the staff three times.  The protocol 

was iteratively improved based on feedback to ensure feasibility and authenticity.  

Following the initial pilot and again after completing the data analysis for Case 1 and 

Case 2, the simulation protocol was reviewed each time to determine if additional 

complexities such as a follow up interruption, or technology failure were needed to 

increase intensity of care.  Such modifications were determined to be unnecessary 

for subsequent cases as the researcher determined that the intensity of care 

increased as expected and represented authentic nursing care intensity.  The 
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simulation protocol included seven National Aeronautics and Space Administration 

Task-Load Index [NASA-TLX] (Hart, 2006) measurements and seven expected nurse 

interventions.  Table 1 depicts the chronological order of events for the simulation.  

Time in minutes, expected nurse interventions (labeled chronologically by number; 

e.g. NI1), repeated measures using the NASA-TLX instrument (labeled 

chronologically by number; e.g. TLX 1), patient status, and the simulation 

interruptions are identified in Table 1.  

The scenario was timed with events that required the participant to 

successfully complete critical actions in a timely manner.  Each interruption, the 

additional challenge of technology (pump alarming), and increasing the nurse to 

patient ratio (addition of Patient 2) represented increased extraneous cognitive load.  

Audio prompts were programmed into the human patient simulator to cue the 

participant to provide responses to the NASA-TLX at the specified time intervals.  

The prompts assured consistent time-sensitive data collection required for the time-

series analysis of the multiple-case study design.  These pre-programmed scenarios 

allowed for replication of the simulation for each case in this study. 
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Table 1 

 

Simulation Protocol Used by CSC Staff to Conduct Simulations 

 

 

Data Collection and 

Time (minutes) 

 

Expected Participant Action  Simulation Activity and 

Patient Status 

Baseline assessment  

(0) 

 

NASA-TLX (TLX 1)  

Researcher observation  

(1-2) 

 

Initial Assessment (NI1) 

 

Patient 1 stable, on 

telemetry monitor; 

calm 

IVF 10mL/hr 

Assess cognitive load  

(3) 

 

NASA-TLX (TLX 2)  

Researcher observation  

(4-6) 

 

Assessment; recognition of no 

urine output, worsening 

condition; contact provider 

using SBAR (NI2) 

 

 

Assess cognitive load 

(7) 

 

NASA-TLX (TLX 3)  

Researcher observation  

(8-10) 

 

Medication administration of 

IVP; documentation of 

interventions (NI3) 

Patient 1 on monitor,  

emotionally distressed 

IVF – 10 mL/hr 

 

Assess cognitive load 

(11) 

 

NASA-TLX (TLX 4)  

Researcher observation 

(12-13) 

 

Patient 2 introduced; accept 

assignment (NI4) 

Interruption 1 – Charge 

nurse requesting to 

discuss staffing issues 

 

Assess cognitive load 

(14) 

 

NASA-TLX (TLX 5)  

Researcher observation 

(15-16)  

Documentation of assessment 

(NI5) 

Patient 1 pulse 

oximetry decreases to 

89% 

 

Interruption 2 - Phone 

call reporting abnormal 

lab results 

Assess cognitive load 

(17) 

 

 

NASA-TLX (TLX 6)  
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Table 1 Continued 

 

  

Data Collection and  

Time (minutes) 

Expected Participant Action  Simulation Activity and  

Patient Status 

 

   

Researcher observation 

(18-19) 

Obtain ordered labs; 

administer IV medication 

(NI6); address pump alarm 

(NI7) 

 

Interruption 3 - IV 

pump alarm for Patient 

2 

 

Assess cognitive load 

(20) 

 

NASA-TLX (TLX 7)  

Note: NI indicates Nursing intervention; IV: intravenous; IVF: intravenous fluids; IVP: intravenous push; 
NASA-TLX: National Aeronautics and Space Administration Task-Load Index; NI: nurse intervention; 
SBAR: Situation, Background, Assessment, and Recommendation (an acronym nurses use when giving a 
patient condition report to another healthcare professional) 

 

 

Instruments 

A researcher-developed demographic questionnaire, two established 

instruments (the NASA-TLX and the Lassiter Clinical Judgment Rubric), and a semi-

structured interview guide facilitated data collection.  A table describing variables, 

corresponding instruments, level of measurement, range of scores and data 

collection method is provided in Appendix A. A copy of the demographic 

questionnaire is provided in the appendices (Appendix B).  The interview guide is 

provided in Appendix C.  The following provides a description and psychometric 

characteristics, as applicable, of these instruments.  

Demographic Questionnaire 

The demographic questionnaire included items useful for identifying cases and 

items derived from the conceptual model presented in Chapter 1.  Specific items 

included were age, gender, year of graduation from BSN program, prior nonnursing 

education, length of time as a registered nurse, length of time employed on current 

unit, last shift worked, and nurse to patient ratio on current unit.  Additional items 
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for level of nursing education, practice length, practice setting, and absence of 

certification were used for case selection as identified in the internal complexity 

contributors in the model.  Case inclusion criteria of an unencumbered RN license 

and English-speaking were requirements of employment and not explicitly included 

on the demographic questionnaire.  The demographic items for age and gender were 

included to describe the cases.  

NASA-TLX  

The NASA-TLX was developed originally to measure cognitive workload in 

aviation and is one of the most widely used subjective cognitive workload 

assessment instruments (Hart & Staveland, 1988).  It has been used in more than 

300 studies including air traffic control, aviation, education, medicine, and nursing 

(Hart, 2006).  The NASA-TLX is a multi-dimensional instrument consisting of six 

items: mental demand, physical demand, temporal demand, frustration, effort, and 

performance.  Each item is rated on a twenty-step bipolar scale with markings for 

each five points with a range of 0-100.  The instrument presents each item as a 

twelve-centimeter line divided into twenty equal intervals anchored by descriptors of 

low and high for all items except for performance which is rated with the anchors of 

good and poor.  The total overall workload is calculated by averaging the rating for 

each of the six items resulting in a total score between 0 and 100 (Cao, Chintamani, 

Pandya, & Ellis, 2009; Evans & Fendley, 2017; Hart & Staveland, 1988; Rubio, Diaz, 

Martin, & Puente, 2004).   

The six items were defined by Hart and Staveland (1988) as follows.  Mental 

demand represents how much mental and perceptual activity was required as well as 

if the task was simple or complex.  Temporal demand represents how much pressure 

was felt due to the rate or pace of the situation.  Physical demand represents how 

much physical activity was required and if it was easy or demanding.  Effort 
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measures the perception of how hard one had to work to accomplish a level of 

performance.  Performance measures how successful one felt in accomplishing the 

goal or task.  Finally, frustration level measures how discouraged, irritated, or 

stressed one felt during the task.  Individual item ratings are summed to assess 

overall workload and each individual item can be used to identify a specific type of 

workload experienced (Hart, 2006; Hendy, Hamilton, & Landry, 1993).   

The NASA-TLX has demonstrated instrument stability and internal consistency 

reliability using test-retest, split half correlation coefficients, and Cronbach’s alpha.  

The test re-test reliability coefficients of the item score scales and total score ranged 

from r=0.57 to r=0.77; p < 0.01 (Batisse & Bortolussi, 1988; Xiao, Wang, Wang, & 

Lan, 2005).  The split-half reliability of NASA-TLX and Cronbach's alpha coefficients 

were more than 0.80 (Hart & Staveland, 1988).  The correlation coefficients between 

item scores and total score were all more than r=0.60 (p < 0.01) except the item of 

performance which was reported as r=0.50 (Hart & Staveland, 1988).  This indicated 

performance is not as strongly correlated with overall workload compared to the 

other items.  As the instrument is available in paper/pencil and computer versions, 

the Pearson correlation coefficient comparing both methods was high (r=0.94) 

indicating that either method would be acceptable for this study (Hart & Staveland, 

1988).   

The NASA-TLX has also been examined for validity.  Content validity of the 

NASA-TLX was supported upon initial development of the instrument (Hart & 

Staveland, 1988).  Construct validity includes convergent to determine if an abstract 

concept is accurately represented with an instrument (Furr & Bacharach, 2014).  A 

study comparing three instruments to measure mental workload found the NASA-TLX 

to be highly correlated with two other instruments, the Subjective Workload 

Assessment Technique (SWAT) (r=0.97) and Workload Profile (WP) (r=0.98) (Rubio 
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et al., 2004).  This supports convergent validity for the NASA-TLX for the concept of 

workload.  Predictive criterion validity indicates how well one variable predicts the 

outcome for another variable (Field, 2013).  A study compared the variable of 

performance between the NASA-TLX, SWAT, and WP and found the NASA-TLX had 

the highest correlation with a second measurement of performance indicating its 

predictive criterion validity was the highest (Rubio et al., 2004).  Hoonakker et al. 

(2011) evaluated reliability and validity of the NASA-TLX in healthcare and found it 

to be overall the most reliable and valid subjective questionnaire to be used within a 

hospital-based setting to measure cognitive load. 

Since the NASA-TLX instrument has been used during actual patient care in 

an acute care setting, it has been demonstrated to be a feasible instrument to be 

completed during a simulation experience (Huggins & Claudio, 2019; Parsons et al., 

2012).  NASA-TLX ratings may be obtained either during a task, after a portion of a 

task, or following the complete task or experience (Hart & Staveland, 1988).   

For this study, although the participant completed the entire NASA-TLX 

instrument, only four select items were analyzed.  The items of mental and temporal 

demand were combined as a measure of the cognitive load with a range of 0-200 

(low to high).  The variable of stress was measured with the NASA-TLX frustration 

item as a measure of stress was found to duplicate the frustration item in the initial 

validation study (Hart & Staveland, 1988).  The item of performance was used in this 

study as a subjective rating of clinical judgment as it relates to the participant’s 

perception of individual performance of clinical judgment as it relates to nursing care 

of an individual patient. 

Clinical Judgment and Nursing Errors  

The Lasater (2007) Clinical Judgment Rubric (LCJR) was selected to provide a 

measure of the conceptual model’s intermediate outcome of clinical judgment which 
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is the result of effective nursing surveillance.  The LCJR is an objective measure, 

completed by an observer and is most often used in nursing simulation and 

education.  The LCJR is based on Tanner’s clinical judgment model (2006) and 

provides a common evaluative language for assessment of clinical judgment.  It is 

designed to evaluate a nurse’s performance requiring clinical judgment, an objective 

rating of clinical judgment.   

The LCJR includes 11 total dimensions based on Tanner’s model of the four 

phases of noticing, interpreting, responding, and reflection with developmental 

descriptors at each of four levels: beginning, developing, accomplished, and 

exemplary.  Each level can be rated from 1-4 points with a total score (6-44) 

indicating overall clinical nursing judgment (Lasater, 2007).  Score ranges identify 

the four levels: 6-12 indicates beginning clinical judgment; 12-22 indicates 

developing clinical judgment; 23-33 indicates accomplished clinical judgment, and 

34-44 indicates exemplary clinical judgment (Lasater, 2007).    

 The reliability and validity of the LCJR used during simulation activities have 

been reported.  Adamson, Gubrud, Sideras, & Lasater (2012) calculated the 

interrater reliability of the LCJR as ICC (2,1)=0.889.  Gubrud-Howe (2008) used a 

percent agreement strategy for assessing interrater reliability with results ranging 

from 92% agreement to 96%.  Ashcraft et al. (2013) revised the LCJR to provide a 

way to quantify the ratings on the rubric with a scoring between 0-11 for each 

dimension.  The final instrument had adequate reliability with a Cronbach’s alpha of 

0.927 for internal consistency.  Findings from each of these studies provided 

evidence supporting the reliability of the LCJR for assessing aspects of clinical 

judgment during simulation.   For the current study, interrater reliability was 

maintained by having the researcher complete the subjective ratings during the 
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simulation independent of the simulation staff and comparing both ratings as part of 

the data analysis. 

The construct validity reported using interclass correlations (z score) for each 

of the 11 dimensions with results ranging from good to very good (z=0.60, 73% 

z=0.96, 83%) (Gubrud-Howe & Sideras, 2011).  Construct validity was also 

supported with an expert panel and post hoc factor analysis of how the LCJR 

operationalized Tanner’s model of clinical judgment (Ashcraft & Opton, 2009).  

Additional construct validity was reported in an experimental study evaluating the 

relationship between critical thinking and clinical judgment (Mann, 2010).  Mann 

reported the Spearman’s Rho showed no significant relationship between critical 

thinking and clinical judgment (rs = 0.163, p=0.518; rs = -0.282, p=0.718).  This 

provided additional validity for clinical judgment as a separate construct from critical 

thinking. 

Content validity of the LCJR was reported with an analysis of six evaluation 

tools for simulation (Davis & Kimble, 2011).  They found the LCJR is one of two 

available instruments demonstrating the ability to measure and evaluate Bloom’s 

three learning domains and six of the AACN baccalaureate essentials.  As clinical 

judgment is an outcome of adequate nursing surveillance, the utilization of the 

revised LCJR as an established instrument for simulation evaluation provided the 

opportunity to include a reliable and valid objective evaluation of the nurse’s clinical 

judgment during the simulation.  In this study, the LCJR was completed by a trained 

simulation staff member and the researcher.  Additionally, the results were 

compared to the participant’s assessment of performance on the subjective 

performance item of the NASA-TLX. 

Nursing errors or omissions were determined by the clinical expertise of the 

researcher and simulation staff and based on the NLN identified expected nursing 
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interventions during the scenarios described earlier in this chapter.  In this study, 

nursing errors were conceptualized as possible negative outcomes of inadequate 

nursing clinical judgment and nursing surveillance.  For nursing errors, the 

researcher and simulation staff recorded a manual count of observed errors 

committed or nursing interventions omitted on the data sheet of the LCJR.  The 

videotaped recordings were reviewed to verify the accuracy of the counts.  The 

manual counts were independently validated by the researcher and simulation staff 

member.  

Narrative Data 

An interview occurred immediately following the simulation to be consistent 

with simulation debriefing best practices and was audio recorded.  The semi-

structured interview protocol was used to gather narrative data for each case 

(Appendix C).  The interview protocol was modeled after Tanner’s (2006) model of 

clinical judgment using prompts from a reflection guide (Nielsen, Stragnell, & Jester, 

2007).  The interview began with a grand tour question, “Tell me what your thinking 

was like during the simulation.” Examples of interview questions included, “Describe 

what helped or hindered your ability to perform in the simulation” and “What 

additional knowledge, information, or skills might have helped in this situation?” 

The semi-structured interview allowed the researcher to probe the 

participant’s thinking during the simulation and to explore factors not included in the 

model influencing thinking, clinical judgment, and performance that may have 

increased cognitive load.  The video recording of the simulation was available during 

the interview to assist with the semi-structured interview prompts and provided the 

opportunity to view the nursing actions.  Participants were asked to review portions 

of the video and to think aloud about what contributed to the decision-making in the 

scenarios.  The response of the participant also provided an opportunity to review 
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specific intervals of the simulation when timed events occurred, such as an 

interruption, to aid description of the participant’s thinking.     

Procedures 

Following approval by the health system Institutional Review Board (IRB) and 

Mercer University IRB (Appendices H-I), recruitment began with electronic and paper 

dissemination of a recruitment flyer and by obtaining permission from hospital 

leadership and shared governance councils to recruit during medical/surgical unit 

nursing staff meetings.  The recruitment email included a summary of the study with 

inclusion criteria, an estimated time of two hours for participation in the study, and 

contact information for the researcher (Appendix G).  The flyer was distributed in 

paper and electronic formats to encourage recruitment (Appendix H).  E-mails were 

sent to nursing professional development specialists, nursing leadership, and unit-

level distribution lists within the medical/surgical units.  Additional recruitment 

strategies included attendance at unit staff meetings and the use of nursing 

leadership to continue to recruit until the desired number of cases were obtained.  

Snowball sampling was also used by requesting participants to have colleagues 

contact the researcher if there was interest in participating in the study (Streubert & 

Carpenter, 2011).   

The researcher screened each inquiry to determine eligibility (Appendix I).  

The simulation experience was scheduled with the simulation coordinator at varying 

times in attempt to accommodate different hospital shifts and days off.  Interested 

nurses who were screened as eligible but who could not commit to scheduling the 

simulation due to time, distance, or competing priorities were removed from the 

recruitment list after three attempts at scheduling. 

Simulation Planning and Development 



68 

 

 

 

Concurrent with recruitment, three structured meetings were held with the 

simulation design team consisting of the Clinical Simulation Center’s director, 

simulation faculty, the simulation technician, and the researcher as part of the CSC 

process for implementing a simulation.  The first meeting consisted of reviewing the 

simulation scenarios and timeline for implementation.   

The second meeting consisted of again reviewing simulation scenarios, 

deciding on specific simulation protocols with the simulation team for any unplanned 

instance that may occur (i.e. the simulator vocals not working), and piloting the 

simulation.  As a result of the pilot testing, revisions were made to the NLN scenarios 

including revisions to medications, lab values, and interruptions.  Modifications were 

made specific to the medications and dosages listed on the medication administration 

record (MAR) after consultation with nursing faculty subject matter experts to ensure 

congruency with current nursing practice.  The lab values were modified for the 

second interruption to reflect a critical value that would not be alarming or require 

immediate intervention based on typical hospital protocol.   

The interruptions were rehearsed to determine feasibility within the existing 

NLN simulation scenario.  Consequently, the interruptions were programmed into the 

vocals of the simulator to eliminate any human error in providing the interruption in 

accordance with the simulation protocol.  In addition, the team decided to pre-record 

the pre-briefing or orientation to the simulation in order to standardize the protocol 

and have the simulation staff only provide visual cues in order to eliminate any 

possible deviation in orientation to the simulation if different simulation staff were 

present during the varying times the participants were scheduled.   

The final meeting consisted of a full rehearsal of the simulation protocol from 

beginning to end with a staff member acting in place of the participant and a final 

review of the scenarios.  This final pilot enabled the researcher to make a 
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modification in scripting the interruptions with the simulator.  The researcher created 

paper cue cards with scripts for the human interaction required in the protocol such 

as when the participant contacted the provider and with the charge nurse 

interruption.  This provided standardization that allowed the simulation protocol to be 

replicated exactly for each case.  Data recorded during the pilot were used to inform 

the pattern predictions for this study.  The simulation design team agreed upon all 

final modifications to ensure validity of the simulation and that the expected 

behaviors of the participants were realistic within the pre-determined time frame. 

Data Collection Procedures 

 Upon arrival to the simulation center, the participant was provided an 

overview of the study and what to expect.  As part of the simulation protocol, the 

simulation technician prepared the simulation room and placed six paper copies of 

the NASA-TLX instrument and a pencil on a separate bedside table.  This information 

was included during the pre-briefing.  During the simulation, the researcher observed 

the simulations from one of the observation rooms through a mirrored glass window 

where the computerized simulator is located for the high-fidelity simulator.  The 

simulation was videotaped and digitally available for playback during debriefing.  The 

following numbered list includes the procedures for data collection for this study: 

1. Pre-simulation activities 

a. Informed consent obtained by researcher which was documented and 

retained.   

b. The demographic questionnaire was completed by the participant in the 

debriefing room. 

c. Participant was given written and verbal instructions on how to complete 

the NASA-TLX instrument.   
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d. Participant was given a paper and pencil version of the NASA-TLX with the 

six rating scales.   

e. Participant was directed to complete the NASA-TLX (TLX 0) while 

reflecting upon the last shift worked performing direct care on an acute 

care unit.  This provided the participant with familiarity on how to 

complete the instrument and a measure of the subjective perception of 

workload based on the most recently completed shift. 

f. Participant then proceeded to the simulation room. 

2. Simulation: Pre-briefing 

a. A pre-recorded video described the objectives of the simulation scenario 

and described the general flow of engaging in the simulated patient care 

scenario (Jeffries & Rizzolo, 2006).   

b. The participant was instructed to perform specific patient care activities 

during the simulation based on data provided from the scenario. 

c. Researcher leaves the simulation room and joins staff in the control room. 

3. Simulation 

a. Simulation and video recording begin.  

b. Participant begins interacting with Patient 1 and researcher begins 

observations and field notes. 

c. At six pre-determined time intervals, pre-recorded audio prompted the 

participant to complete the NASA-TLX instrument and return to the 

simulation when complete. 

d. The pre-programed simulation activities and participant actions continue 

for 20 minutes. 

e. Simulation ends. 
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f. Researcher and simulation staff complete individual ratings on LCJR 

instrument. 

g. Researcher rejoins participant in the simulation room. 

4. Interview and Simulation Debriefing 

a. Following the completion of the simulation, the participant accompanied 

the researcher to the debriefing room.   

b. The researcher began the semi-structured interview aligned with 

simulation best practice of debriefing with audio recording. 

c. The participant was encouraged to think aloud to describe the thought 

process occurring while viewing portions of the videotaped simulations.   

d. Upon completion of the interview, audio recording was stopped; the 

participant was thanked and escorted from the debriefing room. 

Once the participant left the CSC, the researcher and simulation staff member 

reviewed the recording of the simulation.  The LCJR and count of the number of 

nursing errors or omissions of care were compiled.  The objective ratings from the 

LCJR and the counting of nursing errors were validated through post-simulation 

viewing of the video.  The videos were maintained on a secure device within the 

simulation center until the conclusion of the data collection process.  There were two 

audio recorders utilized during the interview process.  Interviews were transcribed 

verbatim and then reviewed by the researcher for authenticity and accuracy.  The 

recordings were destroyed upon verification of the accuracy of the transcripts by the 

researcher. 

Planned Quantitative Data Analysis 

Planned analysis followed the six-step process identified by Creswell and 

Plano Clark (2011) including: (a) preparing the raw data for analysis, (b) exploring 

the quantitative and qualitative data, (c) analyzing the qualitative and quantitative 
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data, (d) representing the quantitative and qualitative analysis, and (e) 

interpretation of the analysis, and (f) validating the quantitative and qualitative data.  

The quantitative data and qualitative data were analyzed separately.  Quantitative 

analysis was based on the case study approach and the qualitative data analysis was 

based on an inductive approach. 

The planned case study approach included a quantitative single case design 

(Kratochwill et al., 2010) similar to interrupted time series experimental designs 

which evaluate the effect of intervention manipulation on outcomes (Kratochwill et 

al., 2010).  This design, also called a single subject design or N of 1 designs, must 

meet three main experimental design standards and four steps of visual analysis.  

Criteria include: 1) systematic manipulation of the independent variable determined 

by the researcher; 2) for observed outcomes, there must be inter-observer 

agreement; and 3) the study must include at least three attempts to demonstrate an 

intervention effect or have three different repetitions.  The four steps of visual 

analysis include: 1) documenting a predictable baseline pattern of data; 2) 

determining if the data within each phase of manipulation of the independent 

variable if sufficient to establish causal claims; 3) compare data between phases to 

determine if there is an effect of the independent variable, and 4) determining if 

there are at least three data points demonstrating an effect at different points in 

time.  

To supplement the internal validity of the single case study design, a priori 

graphs were created which predicted the effect on each of the three main outcome 

variables: cognitive load, stress, and errors.  The initial a priori graphs created 

predicted changes across time that were similar to the linear predictions of the 

hypotheses.  However, after piloting the simulation with the CSC staff, the best a 
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priori estimates of each of these outcomes no longer were aligned with the linear 

hypotheses.   

Because the single subject design standards could not be met with the data 

collected, and the revised a priori graphs no longer reflected the linear hypotheses, 

the single subject design was abandoned.  A multiple-case study design as has been 

described earlier in this chapter was the preferred analysis and provided a more 

robust analysis of the multiple data sources in the study. 

Revised Data Analysis 

Because case study design definitionally includes multiple sources of data but 

does not require a mixed method design, the data analysis steps were revised as 

follows.  As data were collected, the case study database was organized and stored.  

The database included the interview transcripts, analytic memos, field notes, case 

narrative, and measures including the demographic questionnaire, NASA-TLX scores, 

LCJR scores, and error counts for each case.  

Data Preparation 

Each case was analyzed following the analytic methods described earlier: 

pattern matching, complex, chronological time-series analysis, explanation building, 

and cross-case synthesis.  Data analysis began with data preparation.  The NASA-

TLX scores were transcribed from the written responses into Microsoft® Excel® for 

coding and summing of the individual variables.  The participant marked each item of 

the NASA-TLX on a 12-centimeter line between the two anchors.  If a participant 

marked between two of the tick marks, the value to the right of the tick mark was 

used as the numerical value (Hart & Staveland, 1988).  Each participant completed 

seven ratings of the NASA-TLX.  The time-series data (NASA-TLX scores) were 

plotted on graphs for visual analysis and pattern matching.  Means, standard 
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deviations, and ranges were calculated.  The nursing interventions completed by the 

participants and errors were also plotted on the graphs.  

Data preparation also included creating narrative descriptions of the 

simulation which along with the narrative interview data, analytic memos, and field 

notes assisted with explanation building.  Narrative documents were formatted for 

analysis.  The interviews were read and reread for familiarity and analytic memos 

were added.  The LCJR findings were summarized and scored.  Finally, preparation 

for cross-case synthesis was completed by identifying key findings from each case 

that could be compared across cases.  Descriptive statistics were used to examine 

frequency and percentages for nominal and ordinal level data, measures of central 

tendency for interval/ratio level data. 

Pattern Matching and Time-Series Analysis 

The three measures used for pattern matching and the complex, chronological 

time-series analysis were cognitive load (summed ratings from the mental demand 

and temporal demand items on the NASA-TLX), perceived stress (rating of the 

frustration item on the NASA-TLX), and self-perceived performance (rating of the 

performance item on the NASA-TLX).  Each were collected chronologically by the 

predetermined timings in the simulation.  

Pattern matching involves examining the data visually with graphs and 

descriptive statistics (Yin, 2018).  Observed patterns were compared with the 

predicted patterns for each case to determine if the data supported the research 

questions.  The time-series analysis provided the ability to compare data points for 

the outcome variables with the predicted patterns along a predicted chronological 

time sequence.  

A priori predictions of patterns are required for pattern matching and time-

series analysis (Yin, 2018).  Both analyses compare an empirically observed set of 
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data against those predicted prior to data collection (Yin, 2018).  Data were plotted 

on graphs to provide a visual depiction of evidence along with a triangulation of the 

data to illustrate the events as predicted compared with the empirical data.  The 

narrative explanations provided with each case describe the expected nursing actions 

along with the actual nursing actions based on the chronology of events depicted 

previously in Table 1.  The predicted patterns of the time-series analysis for each of 

the three outcomes measures is provided next. 

Predictions.  The three prediction graphs use the same symbols, formats, and 

abbreviations.  

1. The x-axis represents time in minutes beginning at time zero when the 

participants completed the NASA-TLX based on their most recently worked 

shift. 

2. The y-axis is labeled for each of the three outcomes.  Because the cognitive 

load measure includes a sum of both mental and temporal demand, the range 

of predicted scores is 0-200.  However, the scores for both stress and 

performance range from 0-100. 

3. Each NASA-TLX rating is a diamond shape and is labeled in chronological 

order.  Each NASA-TLX rating occurred and are plotted at the predetermined 

time points on the x-axis. 

4. Rectangle boxes indicate the expected nursing intervention corresponding 

with Table 1.  They are labeled numerically in expected chronological order. 

 Simulation predictions and rationale.  The predicted patterns were based on 

an ideal case in which the participants completed the nursing care expected in the 

simulation accurately.  Since the simulation scenarios were created for nursing 

students and required basic assessments and nursing interventions, it was assumed 

RNs would be familiar and competent in performing the care required.  Figure 2 
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shows the predictions for cognitive load.  Higher scores indicate higher cognitive 

load. 

 

Figure 2. Cognitive Load Time-Series Prediction 

 

Cognitive load prediction rationale at 0 minutes.  As cognitive load for this 

study combined the ratings of mental demand (how much mental and perceptual 

activity was required such as thinking, calculating, and remembering) and temporal 

demand (how much time pressure was felt due to the rate or pace of the simulation), 

it was expected that the initial rating of cognitive load (TLX 1 at time 0 minutes) 

could vary dependent upon the individual’s perception of the last shift worked.  It 

was expected if the last shift occurred two or more days prior that the cognitive load 

rating would be low since each case would have at least one year of experience as a 

nurse and by the end of a shift nursing surveillance has ceased and patient care 

responsibilities have been transferred to the next shift.  However, it is possible within 

an individual case a participant may have had a particularly challenging last shift 

worked resulting in a higher cognitive load than expected at time zero.   
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Cognitive load prediction rationale at 3 minutes.  After commencing the 

simulation, for TLX 2 at the time of 3 minutes, the participant would not be expected 

to feel time pressured nor be required to think, remember, or perform any 

calculations after receiving the initial report, therefore cognitive load was predicted 

to be low.  However, as the participant would be expected to conduct active nursing 

surveillance, the cognitive load is expected to increase slightly from the initial rating 

(TLX 1).  At this time, the nursing assessment (NI1) provided additional information 

for processing and required clinical decision-making.  Additionally, the participant 

would be expected to draw on existing nursing knowledge as a bachelor’s prepared 

nurse (germane load) and recognize the need to contact the provider (NI2).   

Cognitive load prediction rationale at 7-11 minutes.  This clinical decision-

making would result in continued increased cognitive load at the time of 7 minutes 

(TLX 3).  After receiving new orders, the cognitive load would continue to increase at 

11 minutes (TLX 4) as the participant would be actively practicing nursing 

surveillance with the additional nursing actions of medication administration and 

documentation (NI3).   

Cognitive load prediction rationale at 14 minutes.  The first interruption at 12 

minutes was expected to cause a peak in the participant’s cognitive load (TLX 5) with 

the additional extraneous load of the interruption by the charge nurse with staffing 

issues and the acceptance of a second patient (NI4) increasing the nurse to patient 

ratio.   

Cognitive load prediction rationale at 17 minutes.  As there are no additional 

nursing actions expected at this point in time, the next cognitive load rating at the 

time of 17 minutes (TLX 6) would be slightly less than the previous rating yet remain 

high as it is immediately following the second interruption while documenting (NI5).   
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Cognitive load prediction rationale at 20 minutes.  The final rating at 20 

minutes (TLX 7) would decrease slightly as the nurse would be expected to mitigate 

the extraneous load of the interruptions through prioritization of nursing actions 

(obtain labs and administer IV medications (NI6 & NI7) and make clinical judgments.  

As the participant would be expected to have made accurate clinical judgments and 

perform nursing interventions to optimize patient outcomes based on education, the 

resulting cognitive load would not increase, yet remain higher than average cognitive 

load. 

Next, Figure 3 depicts the predicted pattern for performance.  The 

performance item asks participants to rate the success of nursing care and 

satisfaction with performance of completing nursing care.  Higher scores indicate 

better performance.   

Performance prediction rationale at 0-3 minutes.  The predicted pattern for 

the initial rating of performance (TLX 1) was expected to be relatively high as it 

related to a previously completed shift at work.  The second rating at 3 minutes (TLX 

2) was expected to decrease slightly as the initial assessment (NI1) would not 

indicate success and would require additional surveillance.   
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Figure 3. Performance Time-Series Prediction. 

 

Performance prediction rationale at 7 minutes.  Following the expected call to 

the provider (NI2) the recognition of the need to perform addition nursing actions 

would result in another decrease of the perception of performance as nursing care 

had not yet been accomplished for TLX 3 at 7 minutes.   

Performance prediction rationale at 11-14 minutes.  After completing the 

medication administration and documentation (NI3), performance would increase at 

11 minutes (TLX 4) as clinical judgment and nursing surveillance were successful.  

The next rating at the time of 14 minutes (TLX 5) would remain constant as the first 

interruption would have included interaction with the charge nurse and the 

participant accepting the second patient (NI4) indicating satisfaction and success 

with nursing care.   

Performance prediction rationale at 17-20 minutes.  Following the second 

interruption, the patient condition is deteriorating and the rating of performance (TLX 
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6) at 17 minutes would be expected to sharply decrease as there would be evidence 

of inadequate clinical judgment and a need for ongoing nursing surveillance.  The 

rating of performance would continue to decline for the last rating at the time of 20 

minutes (TLX 7) as the third interruption would result in the participant needing to 

prioritize nursing actions for two different patients and possibly not completing all 

desired nursing actions based on nursing surveillance. 

Finally, Figure 4 depicts the predicted pattern of the time-series analysis for 

stress.  The NASA-TLX item for stress asks how insecure, discouraged, irritated, 

stressed and annoyed the participant felt at that point in time.  The predictions of 

stress fluctuate with the demand and control experienced by the participant.   

 

 

Figure 4. Stress Time-Series Prediction 

 

Stress prediction rationale at 0-3 minutes.  At the initial rating, (TLX 1), at 0 

minutes the predicted level of stress is low since the recollection of stress of the last 
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worked shift would most likely be reported as low assuming at least a day has lapsed 

prior to participating in the study.  The stress would then be expected to increase 

slightly at 3 minutes (TLX 2) as the participant would feel some stress at the 

commencement of nursing care after receiving report and conducting a nursing 

assessment (NI1).   

Stress prediction rationale at 7-11 minutes.  The stress level would then 

sharply increase at the time of 7 minutes (TLX 3) with the recognition of worsening 

condition of Patient 1 and needing to contact the provider (NI2).  However, after 

contacting the provider, the rating of stress at 11 minutes (TLX 4) would decrease as 

the feelings of being insecure and stressed would resolve as autonomous nursing 

care resumes with medication administration and documentation (NI3).   

Stress prediction rationale at 14-20 minutes.  The next rating of stress at the 

time of 14 minutes (TLX 5) would increase sharply again immediately following the 

first interruption with the acceptance of a second patient (NI4).  The remaining 

ratings of stress (TLX 6 & 7), at 17 and 20 minutes respectively, would remain high 

as the participant would be interrupted two more times resulting in continued 

feelings of being annoyed, irritated, discouraged, or insecure. 

These predicted time-series measurements and narrative descriptions were 

used for the complex and chronological time-series analysis.  These analyses 

addressed the three hypotheses associated with research question 1.  The 

hypotheses were addressed by examining co-variance of the outcomes to determine 

if there was a match with the participant graphs and the predicted pattern presented 

earlier in this chapter. 

1.  As intensity of care in the simulation increases, nurses’ cognitive load will 

increase. 
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2.  As intensity of care in the simulation increases, nurses’ errors will 

increase. 

3.  As intensity of care increases in the simulation, nurses’ perceived stress 

will increase. 

Explanation Building 

Qualitative data were obtained from the semi-structured interviews during the 

researcher-led debriefing with participants' review of select video footage, the LCJR 

analysis, and field notes.  The qualitative data were transcribed into Microsoft® 

Word® for verbatim text analysis and reviewed by the researcher for authenticity 

and accuracy.  An inductive analysis allowed research findings to emerge from the 

predominant, frequent, or significant themes within the qualitative data (Thomas, 

2006).  

Research question 1 asks, “What is the effect of simulated increasing intensity 

of care on nurses’ cognitive load, clinical judgment, perceived stress, and errors?” 

This question highlights the central question that the conceptual model attempts to 

answer theoretically.  How does nursing surveillance, the invisible work of nurses in 

the presence of internal and external complexities, affect cognitive load, clinical 

judgment, and patient and nursing outcomes?  This question was addressed through 

layered analyses of multiple sources of evidence for each case.  Explanation building 

looked at the quantitative measures of cognitive load, performance, and stress within 

the context of the simulated patient experience as described by the simulation 

protocol and the narrative explanation of what the participant was predicted to be 

experiencing during the simulation as detailed above.   

Pattern matching and time-series analysis of the NASA-TLX instrument items 

for perceived stress, cognitive load, and performance was completed by plotting line 

graphs within each case and across cases also enabled the exploration of alternative 
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explanations and allowed insight into the theoretical propositions within the 

conceptual model.  Data from the LCJR and the manual count of nursing errors were 

used to provide additional sources of evidence to describe the cases.  The narrative 

data helped to explain the cognitive work of nursing leading to clinical decisions and 

explored what each individual was thinking when the intensity of care increased.  It 

also provided additional explanation for divergent data within the cases. 

Research question 2 asks, “How do nurses describe the cognitive work of 

nursing while engaging in a simulated patient care scenario?” The semi-structured 

interview data provided additional insight into what a nurse notices and what triggers 

a nursing action while engaging in active surveillance.  Reflection upon action 

provided additional data of what may have influenced cognitive load during the 

simulation.  This question was evaluated by analyzing the transcribed qualitative 

data.  The transcripts were coded and examined for theme identification.  Analytic 

strategies included five steps: (a) preparation of the raw data files in a common 

format (e.g. margins, interview questions, field notes); (b) close reading of the 

transcripts until the researcher was familiar with content and had an understanding 

of the themes; (c) creation of categories with upper level themes being derived from 

the research questions and lower level themes from in vivo coding of the data; (d) 

reduce overlap and redundancy of the categories; (e) continue to revise and refine 

categories until there are three to eight categories created (Thomas, 2006).  The use 

of in vivo coding of the data supports the inductive approach and is appropriate for 

small scale studies with an emphasis on the participant’s voice (Saldaña, 2016).  

First cycle coding was conducted utilizing elemental methods as described by 

Saldaña (2016).  Primarily in vivo coding was used for first cycle coding with the 

second cycle of coding including the identification of categories and sub-categories 

using pattern coding.  The resulting categories depicted the cognitive process as 
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described by the participants.  As the desire in case study methods is to retain the 

integrity of each case within the overall study, an analytic memo on each participant 

(case) was generated by the researcher at the conclusion of data collection for each 

participant (Saldaña, 2016; Yin, 2018).  This maintained a case-based approach 

rather than a variable based approach.   

Cross-Case Synthesis 

After the extensive within case analyses described above, cross-case 

synthesis was conducted to determine if there were either literal or theoretical 

replication of findings across cases.  Findings from each case were examined for 

convergence and enhancement of the understanding of the invisible work of nurses 

to discover in what instances literal replication occurred.  Divergence of findings was 

noted to provide additional insight into the invisible work of nurses.  Theoretical 

replication implies an expectation of divergent findings due to known differences.  

While this study did not plan for divergent findings, the existence of divergence can 

illuminate potential theoretical misconceptions or needed changes to the conceptual 

model.  This convergence and divergence ensured the findings have been supported 

by more than a single source of evidence (Yin, 2018).  

Protection of Human Subjects and Confidentiality 

The research proposal was submitted for approval to the Institutional Review 

Board of Mercer University, and the health system representing four hospitals in the 

Southeastern United States.  Copies of the approval letters can be found in 

Appendices H and I, respectively.  Informed consent was obtained from each 

participant prior to engaging in the study.  Participants were informed that they were 

allowed to stop the simulation or interview at any point and cease participation.  If 

during the simulation or the semi-structured interview a participant experienced 

increased stress the researcher would have made a referral to the health system’s 
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Employee Assistance Program (EAP) which provides free access to confidential 

counseling services.  During the study, no participant in the study required a referral.  

The simulations and interviews were conducted outside of a scheduled shift at work 

to eliminate any conflict of the nurse being expected to perform patient care while 

engaging in the study.  Recruitment procedures were approved by the respective 

healthcare institutions.  Employers and key stakeholders were provided with an 

overview of the study process and the purpose of the study (included in the 

Recruitment Flyer and Email; Appendices K & L) to inform nursing practice at the 

institutions and enhance the recruiting process. 

 The utilization of a simulation center as a setting allowed for the commission 

of errors or omissions of care without adversely affecting patient outcomes.  As this 

study had the potential to result in errors in clinical judgment by intentionally 

creating interruptions in a complex care scenario, the simulation setting eliminated 

the evident and unethical safety and confidentiality concerns (Campoe & Giuliano, 

2017).  Because the simulation scenarios are fictitious, no patient data or protected 

health information (PHI) were involved.  However, as the nature of debriefing may 

have elicited discussion of patient care scenarios, Health Insurance Portability and 

Accountability Act (HIPAA) confidentiality was maintained through the elimination of 

any PHI found on the transcripts. 

During the study, confidentiality of the participant was maintained through 

several strategies.  All of the information recorded during the interview remained 

confidential between the participant and the research team.  The recordings of the 

simulations and interviews were destroyed at the completion data collection.  A log 

was maintained with the names of the participants in a locked file drawer.  The 

names of the participants were codified to maintain confidentiality.  In order to 

assure confidentiality, no personal identifying information was collected in the 
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demographic questionnaire.  Any references to specific individuals, institutions, units, 

and/or patients in the interview data were redacted from the transcripts prior to data 

analysis.  Electronic copies of the data and study-related documents were secured in 

a firewalled, password-protected computer, and backed up in secure cloud storage 

that is password protected and accessible only by the researcher.   

Summary 

This chapter has described the methods used in this multiple-case study 

design approach to explore the invisible work of nurses practicing in acute care 

hospital-based settings.  The research design, questions, setting and case selection, 

data gathering procedures, data processing, and analysis plan used for each research 

question were explained.  Strategies for the protection of human subjects were 

delineated.  
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CHAPTER 4 

RESULTS 

The results of the study are provided in this chapter.  The characteristics of 

each case and the findings from the pattern matching, time-series analysis, and 

explanation building for each case are presented.  Finally, findings from the cross-

case synthesis are presented.  The chapter begins with a discussion of the 

complications that arose during the study and the adjustments to the study that 

resulted. 

Complications 

In this study three major complications occurred.  The first complication 

ensued when the graphs of the predicted patterns were adjusted as a result of data 

collected during the pilot rehearsal with the simulation team.  As the intention of 

conducting a full rehearsal of the simulation was to validate the simulation and the 

data collection process, the data obtained during the pilot rehearsal process was 

examined and subsequent modifications were made to the predicted patterns for the 

three hypothesized outcomes in this study. The revised predicted patterns were 

presented in Chapter 3.  These revised predictions no longer represented the linear 

increases in outcomes that were hypothesized.  However, the hypotheses were still 

considered to represent the overall propositions derived from the conceptual model 

and therefore were not revised, but informed the explanation building analysis.  

Secondly, hypothesis 1B stated that as intensity of care increases, nurse 

errors would increase.  It was proposed that errors or omissions of care would be 

noted in real time and graphed similarly to cognitive load and stress within the 
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simulation timeline.  Therefore, it was proposed that errors could be documented 

across time.  However, with the final design and research protocol, an accurate error 

count dependent on nurse actions, did not necessarily occur at expected times, and 

an exact timing of errors committed during the 20-minute simulation was difficult to 

pinpoint.  Also, since omissions of care do not occur at a particular moment of time 

since they indicate an action not taken, expected actions not completed were 

included in the final count as errors but did not reflect the action or inaction at a 

particular moment in time. For example, even though there was an anticipated time 

in the simulation scenario when the nursing action was expected, if the participant 

completed any nursing action within the simulation time frame, it was not considered 

to be an omission.  The chronology of nursing actions was not all required to be in 

sequence.  For example, if the participant performed an assessment at minute 6, yet 

the simulation protocol indicated it was expected at minute 2, no errors or omissions 

were counted.  A manual and cumulative count by two observers was used to ensure 

interrater reliability without determining the actual time the error occurred.  

Therefore, it was not possible to test the hypothesis that errors would increase as 

intensity of care increased via time-series analysis.  

Because of the inability to complete a time-series analysis with the outcome 

of nurse errors, self-reported performance was used as a proxy for errors.  

Performance was defined as nursing activities and behaviors implemented by a 

registered nurse in the context of an actual nursing practice situation resulting from 

clinical judgment and directed toward the recovery and well-being of patients 

assigned to their care (Sitterding & Broome, 2015).  The NASA-TLX question for 

performance asked about the nurse’s success in accomplishing nursing care and 

satisfaction with performance.  This measure was proposed to indicate the accuracy 

of the nursing care provided in lieu of timed errors and was collected at the same 
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timed intervals as the other NASA-TLX outcomes.  The self-report of performance 

was included in the time-series analysis and was combined with the observed 

performance measured by the LCJR and the manual count of errors to holistically 

assess performance of each case. 

Finally, a single subject (N of 1) design using repeated measures was 

proposed.  Published standards for single subject design require at least three time 

points at baseline and at least three time points post-baseline to establish a causal 

relationship between the intervention and the outcome (Kratochwill et al., 2010).  A 

strong baseline was not provided with the data collection as described in the 

protocol.  The first NASA-TLX measure was completed at time zero, before the 

simulation began.  It was originally conceived that a report on the overall impression 

of the last shift worked would represent a baseline level of cognitive load, stress, and 

performance, when in fact the time zero measurement was quite individualized.  The 

conceptualization of the next 2 time points at 3 minutes and 7 minutes were 

proposed to represent a period of low intensity patient care in the scenario.  As the 

scenario unfolded, it became obvious the scenario intensity for new to practice RNs 

began to increase almost immediately with commencement of the simulation.  As a 

result, there were no discernible phases within the study.  The data obtained at time 

zero were no longer meaningful to the analysis, were subsequently omitted from 

data analysis, but are included in the graphical results.  As a result, the approach to 

data analysis followed the techniques as outlined by Yin (2018) for multiple-case 

study design as described in detail in Chapter 3.    

Management and Preparation of Data for Analysis 

Time-series analysis was conducted using Microsoft® Excel® version 1808.  

The markings on each of the NASA-TLX data collection sheets were converted to 

numerical values following the provided instructions.  The numerical values from the 
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instruments were transcribed by the researcher into Microsoft® Excel® tables for 

each individual case.  Data were displayed as line graphs in Microsoft® Excel® to 

visualize the data and to compare with predicted patterns.  Means, standard 

deviation, range, and slope were calculated in Excel® using the data points 

measured at times of 3, 7, 11, 14, 17, and 20 minutes for a total of 6 data points.  

Slopes were calculated utilizing the slope formula in Microsoft® Excel® and 

displayed on the graphs for visual analysis.  Demographic data were transcribed into 

a table in Microsoft® Excel® for ease in visualization and comparison.  Data are 

being reported in accordance with case study reporting guidelines to ensure 

accuracy, clarity, and completeness of the findings (Levitt, 2018; Yin, 2018). 

Description of Case Selection 

Recruitment of cases occurred over the course of seven months.  The 

researcher attended thirteen nursing shared governance council meetings within 

each of the acute care hospitals, several staff meetings, morning huddles, and unit-

based council meetings.  Cases were also recruited via email distribution lists with 

the assistance of nursing leadership that were part of the larger healthcare system.  

Nursing leadership reported there were over 800 nurses employed within the four 

hospitals.  As a result of recruitment efforts, eleven potential participants were 

screened by the researcher to determine eligibility.  Four were determined ineligible 

based on criteria: one employed less than sixteen hours per week, one did not have 

a BSN degree, one was not working in an acute care medical-surgical unit, and the 

fourth one had been working as an RN for greater than 6 years.  Three were 

determined to be eligible however they were not able to commit to participating in 

the study, and two possible participants did not respond after the initial screening.  

Two participants (Case 1 and Case 2) were determined to be eligible after screening 

and each were scheduled to participate in the study.  One participant (Case 3) was 
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recruited through snowball sampling.  Ultimately, after seven months of recruiting, a 

total of eight eligible cases were identified and three cases participated in the study. 

Results 

 The results are presented by case and by method of analysis.  The graphical 

findings for each case have a format similar to the predicted graphs described in 

Chapter 3 with a few exceptions and additions.  

1. The x-axis represents time in minutes beginning at time zero when the 

participants completed the NASA-TLX based on their most recently worked 

shift. 

2. The y-axis is labeled for each of the three outcomes.  Because the cognitive 

load measure includes a sum of both mental and temporal demand, the range 

of predicted scores is 0-200.  However, the scores for both stress and 

performance range from 0-100. 

3. The dotted horizontal line represents the mean score. 

4. Each NASA-TLX rating is only represented as a point on the line graph 

corresponding to the times at which the measures were collected on the x-

axis.  The NASA-TLX was measured at 3, 7, 11, 14, 17, and 20 minutes, 

respectively. 

5. Rectangle boxes across the top of the graphs indicate the approximate times 

expected nursing interventions should occur, corresponding with Table 1.  

They are labeled numerically in expected chronological order. 

6. Triangles indicate the actual nursing action of the participant with the number 

corresponding to the expected nursing action in the rectangles mentioned 

above.  

7. Circles indicate nursing action noted by direct observation of the researcher 

which were not expected in the simulation scenario.  Any nursing action that 
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was noted in the field notes by the researcher was included because they 

represent nursing actions that resulted from nursing judgment and adequate 

surveillance.  The circles include labels that represent the nursing action 

taken.  For example, in Case 1, the nurse administered oxygen, represented 

by “O2” in the center of the circle. 

8. Hexagons indicate where an error or omission occurred as noted in the 

observation field notes.  The hexagons are numbered.  

9. The interruptions were incorporated into the standardized simulation protocol 

and occurred at time 12 (charge nurse interruption), 15 (lab phone call), and 

18 (IV pump alarm) minutes.  There is no designation for the interruptions on 

the graphs. 

 

Case 1 Findings 

The Case 1 participant was a 25-year-old female who graduated from a BSN 

program 24 months earlier and had been practicing on the same unit since 

graduation.  The reported typical nurse to patient ratio on the unit where employed 

was 3:1. There was not any previous non-nursing education reported. 

Time-series Analysis: Cognitive Load 

Figure 5 is the graphical representation of the time-series data for Case 1.  As 

illustrated in Figure 5, in Case 1 as the intensity of care increased, a sustained 

increase in cognitive load was also apparent.  The mean cognitive load rating for 

Case 1 was 135 (out of 200).  The mean is above the middle of the scale.  The time-

series analysis shows cognitive load ratings increase at each time point with the 

most dramatic increases between times 7 and 14. Case 1’s cognitive load began with 

a rating of 80 (out of 200) and continued to increase with each rating with the final 

rating being the highest score of 175 (out of 200).  The highest ratings (times 14, 
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17, & 20) occurred after the first interruption at time 12 and remained high until the 

simulation ended with Case 1 reaching close to the highest point in the scale at time 

20.  Case 1 completed four of the seven expected nursing actions, but additionally 

intervened twice with actions not expected.  

 

Figure 5. Case 1 Cognitive load ratings across duration of simulation.  

 

Table 2 provides the ratings of cognitive load at each time-series interval and 

the corresponding mean, standard deviation, range, and slope, compared to the 

predicted pattern.  Although the mean cognitive load for Case 1 (135.8) was higher 

than what was predicted (104.2), the standard deviations were identical (41.9).  

Case 1 also had a similar range of cognitive load ratings.  The time-series analysis of 

increasing cognitive load throughout the simulation does seem to support the first 

hypothesis for Case 1: as intensity of care increased, cognitive load increased.  
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Table 2 

Time-series Analysis of Predicted and Case 1 Cognitive Load Scores 

Time (minutes) Predictions Cognitive Load 

3 40 80 

7 65 90 

11 120 135 

14 145 165 

17 135 170 

20 120 175 

Mean 104.2 135.8 

SD 41.9 41.9 

Range 40-120 80-175 

Slope 5.6 6.4 

Note.  SD: Standard deviation 

 

Pattern Matching: Cognitive Load 

Figure 6 allows visual pattern matching of the empirical and predicted 

patterns of cognitive load for Case 1.  Figure 6 provides visual evidence of pattern 

matching between intensity of care and cognitive load as predicted.  The calculated 

slope for the predicted cognitive load was 5.6 as reported in Table 2.  The slope for 

Case 1 was calculated to be 6.4. Both slopes were positive and pattern analysis of 

the graph in Figure 6 noted how the lines are parallel through the time of 14 

minutes.  Case 1 however, continued increasing cognitive load at times 17 and 20 

instead of the predicted decrease.  This may be explained by the omission of three 

expected nursing interventions (NI 3, 5, and 7).  Since all expected nursing care was 
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not able to be completed during the simulation cognitive load did not have the 

opportunity to trend back down as predicted.  

 

Figure 6. Visual comparison of Case 1 and predicted cognitive load ratings 

 

Time-series analysis: Performance, Errors, and Clinical Judgment 

Figure 7 is the graphical representation of the time-series data for 

performance in Case 1.  The subjective rating of performance by Case 1 represented 

an irregular and varied perception of performance.  Time-series analysis shows the 

ratings of performance began at the midpoint (50), increased by 20 points to 70, 

remained level from 7 to 11 minutes, then decreased dramatically to 20 between 

time 11 and 14 after the first interruption at time 12.  The last two time points show 

increases almost back to midpoint (40) by the end of the simulation.  The mean 

rating of performance is indicated with a dotted line slightly below the midpoint 

(47.5).   
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Figure 7. Case 1 Performance ratings and errors across duration of simulation. 

 

   

Table 3 provides the ratings of performance at each time-series interval and 

the corresponding mean, standard deviation, range, and slope compared to the 

predicted ratings.  For Case 1, the range of performance ratings (20-70) was similar 

to the predicted pattern (25-85), however the empirical mean/standard deviation 

(47.5/19.9) was lower than the prediction (64.2/24) made prior to data collection.  

Field notes indicated the participant focused on oxygenation before time 7 

minutes by increasing oxygen based on titration orders and then added a non-

rebreather mask as a nursing intervention before time 17 in an effort to support the 

decompensating patient.  Case 1 contained one error in nursing practice where labs 

were obtained at 14 minutes and were not labeled, and no identifiers were used.  In 

addition, there were three omissions in care when the participant failed to identify 

the patient based on policy (expected during minutes 0-3), did not administer the 
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medication as ordered (expected during minutes 8-10), and did not complete any 

documentation (expected during minutes 8-10 and 15-16 minutes). 

The LCJR ratings of overall clinical judgment at the conclusion of the 

simulation were 38 and 39 which correlate to exemplary nursing judgment (Lasater, 

2007).  Despite the errors and increasing cognitive load, Case 1 was able to conduct 

focused observation, interpret information, respond to changing client condition, and 

continually evaluate performance.  

 

Table 3 

Time-series Analysis of Predicted and Case 1 Performance Scores, Errors, and Clinical 

Judgment 

Time (minutes) Predictions Performance LCJR Score 

Obs1/Obs2 

3 80 50  

7 60 70  

11 85 70  

14 85 20  

17 50 35  

20 25 40  

Errors 0 4     38/39 

Mean 64.2 47.5  

SD 24.0 19.9  

Range 25-85 20-70  

Slope -2.5 -1.7  

Note: SD: Standard deviation; Obs1=score from Observer 1; Obs2=score from Observer 2 
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Pattern Matching: Performance, Errors, and Clinical Judgment 

Figure 8 allows visual pattern matching of the empirical and predicted 

patterns of performance.  The calculated slope was negative for both the predicted 

pattern (-2.5) and Case 1 (-1.7), however with Case 1 having reported lower overall 

performance, the slope was less than the prediction.  The negative slope provides 

evidence to support hypothesis 1B because as intensity increased, performance 

overall decreased with errors and omissions in nursing care noted.     

The ratings at minutes 3 and 14 indicated considerable differences in 

predicted good performance with poor performance with the greatest visual 

difference at minute 14.  The remainder of performance was similar to the predicted 

pattern of performance with a right shift except that Case 1 had an improvement in 

performance after time 14 whereas the predicted performance continued to decline 

until the end of the simulation.  Given that half the observed nursing errors occurred 

after time 14, the improved performance ratings may indicate a lack of awareness of 

the errors committed.  
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Figure 8. Visual comparison of Case 1 and predicted performance ratings  

 

Time-series Analysis: Stress 

Figure 9 is the graphical representation of the time-series data for stress in 

Case 1.  As Figure 9 illustrates, as intensity of care increased for Case 1, specifically 

after the first interruption, stress also increased.  The mean stress rating for Case 1 

was 65, higher than the midpoint.  The time-series analysis for stress across time 

showed stress begins below the mean (30) then decreases to a low of 20 at time 7 

minutes before the first interruption.  Stress then increases in a near linear fashion 

from 20 at time 7 minutes to 90 at time 17 minutes and reached the highest point of 

the scale (100) at time 20 minutes.  
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Figure 9.  Case 1 Stress ratings across duration of simulation.  

 

Table 4 provides the ratings of stress at each time interval as well as the 

overall mean, standard deviation, range, and slope for Case 1 compared to the 

predicted pattern of stress.  The mean, standard deviation, and range match the 

predicted pattern.  The means were both above the midpoint with the predicted 

mean (57.5) slightly lower than Case 1’s mean (65).  Additionally, the standard 

deviations (31.1/33.9) and ranges (15-80/20-100) were similar.  The highest stress 

rating for Case 1 was the maximum of 100 compared to a predicted high score of 80.   
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Table 4 

Time-series Analysis of Predicted and Case 1 Stress  

Time (minutes) Predictions Stress 

3 20 30 

7 80 20 

11 15 60 

14 75 90 

17 80 90 

20 75 100 

Mean 57.5 65 

SD 31.1 33.9 

Range 15-80 20-100 

Slope 2.8 5.0 

Note.  SD=standard deviations 

 

Pattern Matching: Stress 

Figure 10 allows visual pattern matching of the empirical and predicted 

patterns of stress for Case 1.  The calculated slope was positive for the both the 

prediction (2.8) and Case 1 (5.0); however, Case 1 had a much steeper slope 

indicating a higher level of perceived stress was achieved over less time.  This would 

be expected as the number of errors and omissions of care would result in increased 

perceived stress.  The predicted pattern of stress closely paralleled the data for Case 

1 with the exception of the rating at 7 minutes where an inverse relationship is noted 

upon visual inspection.  The greatest differences between the two graphs occurred at 

time 7 minutes (60-point difference) and time 11 minutes (45-point difference).  The 

researcher’s field notes indicate this point in time was when the participant was 
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contacting the provider utilizing the SBAR framework.  A possible explanation for this 

may be that contacting the provider did not induce any additional stress and may 

have alleviated some of it due to the perception that additional support would be 

provided.  However, Case 1’s stress ratings are more aligned with hypothesis 1C 

because as intensity increases, stress increases in a near linear fashion over the 

course of the simulation. 

 

 

Figure 10.  Visual comparison of Case 1 and predicted stress ratings  

 

 In summary, the time-series and pattern matching analyses for Case 1 

indicated that hypotheses 1A and 1C were supported and hypothesis 1B had some 

evidence of support.  Although the predicted patterns for cognitive load, 

performance, and stress were not in complete alignment, the general pattern of 

increased cognitive load, poorer performance, and increased stress were replicated 

based on pattern analysis.  For Case 1, the LCJR provided additional insight into the 
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clinical judgment of the participant as the objective ratings indicated exemplary 

clinical judgment despite the observations of four errors in nursing care.  

Explanation Building 

Research question 2 asked “How do nurses describe the cognitive work of 

nursing while engaging in a simulated patient care scenario?” The analysis of the 

narrative data provided in the post-simulation debriefing interview layered upon the 

time-series and pattern matching analyses allowed building of explanations in 

support of the proposed conceptual model. 

The explanation building analysis proceeded as described in Chapter 3.  In 

this section the following components of this analysis are presented: 1) An outline of 

the identified categories and associated model components; 2) A full description of 

the qualitative findings; 3) A synthesis of the multiple sources of evidence (time-

series analysis, pattern matching, and the thematic findings) considering the 

diverging and converging evidence and assessed plausible alternate explanations. 

Identified categories and model components. 

•  “I was just very overwhelmed” 

o Cognitive overload 

• “I’m thinking about ten things that need to happen” 

o Surveillance 

•  “I know that’s just ingrained in me” 

o Individual nurse attributes 

• “It’d be nice to even have an ounce of help” 

“I was just very overwhelmed.” The category of “I was just very 

overwhelmed,” described the participant’s thought process as the simulation 

increased in complexity with the interruptions.  The sense of feeling overwhelmed 

can be expected when client’s conditions are changing, however it can be a barrier to 
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accurate clinical judgment.  The participant went on to describe the feeling of 

frustration as the charge nurse “really wasn’t on my side,” yet during the actual 

simulation the participant did not communicate to the charge nurse, who was 

portrayed by an actual person, that there was an issue, concern, or need for 

additional support.  As the cognitive load was increasing, the participant was unable 

to manage the increased extraneous load.  The participant went on to reflect upon 

the second interruption with the phone call with critical lab results and stated: 

I wanted to tell the lab person I have not even seen this patient yet; can you 

call me back or like that wouldn’t have been appropriate because I’m the 

nurse.  I have to take the responsibility for that, okay here are the labs and in 

that moment, I probably should’ve called for help. 

The qualitative data provided vivid descriptions of cognitive overload as represented 

in the conceptual model for this study.  As cognitive overload can occur with an 

increase in extraneous load including interruptions and increased intensity of care, 

the participant described some strategies in an effort to avoid cognitive overload.  

One statement when asked about the first interruption included, “I kind of put it on 

the back burner, cause I was so preoccupied with this patient.”  Upon additional 

reflection, the participant added, “I couldn’t even process at that moment.” This 

illustrates cognitive overload when information continues to be provided to a 

practicing nurse, but while the information may be conveyed, it is not processed 

(Hadfi & Ito, 2013).  Another strategy described by the participant was when the 

provider had orders entered into the computer after receiving a call about a change 

in client condition during the simulation.  

It was nice that the doctor put the orders in because I was also in my head 

trying to remember the doses he was giving, and you know all that stuff, so 
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that was very helpful because I didn’t have to remember it was just going to 

show up in the Pyxis and I could go do it.  

The need to make mental notes or remember information is known to contribute to 

extraneous load.  This describes a key strategy and a benefit of using Computerized 

Provider Order Entry (CPOE) to mitigate increased cognitive load for nurses (Clancy 

& Reed, 2016).  As the simulation increased in complexity for Case 1, the participant 

described the thought process of when an omission of care occurred as: 

It’s just so conflicting as to what to do, you are always like, your mind’s 

always racing in a million directions like what do I go do, what’s the best 

option.  Then when you see something like a guy decompensating and you 

know exactly what he needs but you’re physically unable to go do it, it’s just 

very frustrating and like conflicting in your heart, like ethically conflicting, I 

need to save this guy, but I can’t, I don’t have the resources.  

Cognitive overload is not always visible to the observer, however Case 1 illustrated 

how it can be a source of frustration or stress when it is occurring, and additional 

support is not readily offered (Kalisch et al., 2009).  

“I’m thinking about ten things that need to happen.” The category of “I’m 

thinking about ten things that need to happen,” emerged with the participant’s 

frequent description of performing nursing surveillance while engaged in the 

simulation.  Case 1 described this thinking process occurring while at the bedside as 

well as the need to process multiple sources of information while focusing on keeping 

the patient calm and comfortable.  When asked to describe the thinking that was 

occurring when the participant recognized the simulated patient was deteriorating, 

the description provided evidence of active surveillance. 

When I noticed that he didn’t have urine output, that was concerning and 

then when I saw his sats kept dropping, I realized he wasn’t putting out any 
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fluid and the fluid was staying and that he could go into flash pulmonary 

edema it was me going through all the worst case scenarios in my head and 

then backtracking and be like what can we do right now to prevent it.  

Active surveillance is depicted in the conceptual model as a continual process 

resulting in clinical judgment.  The Case 1 participant described the process of 

identifying threats to the simulated patient’s health through ongoing acquisition and 

synthesis of patient data as thinking about “ten different things that need to 

happen.” This was further enunciated through several statements of choosing to stay 

at the patient’s bedside when stating “I don’t want to leave this patient’s room” and 

“I didn’t want to leave the patient.”  When a second patient had an identified need 

with the third interruption, the participant intentionally decided to stay with the first 

patient and made a clinical judgment to remain with the first patient: “I can’t give 

them both the same amount of care so it’s like you have to choose one.”   

Case 1 also presented surveillance as occurring outside of direct patient care 

or even when off the unit extending into personal time.  When the participant was 

asked to step out of the room to speak with the charge nurse, the physical distance 

did not impact the cognitive work, “even leaving the room it wasn’t leaving the 

patient necessarily.  I was still thinking about what I needed to do as far as patient 

care.  I was trying to get back as quickly as possible.”  The participant also described 

cognitive work occurring in personal space and time: “I think 90% of the time when I 

leave work, when I’m still in my drive home, when I’m going to bed thinking about 

the day, and things I could’ve done differently or how I could’ve handled the 

situation differently.”  This provides an example on how this invisible, cognitive work 

of nursing persisted as the participant continued to synthesize information from a 

previous shift.  This may be a result of cognitive overload as described previously 

since the competing cognitive demands of nursing practice are expected to be 
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reduced after leaving the unit and no longer providing direct care (Kalisch et al., 

2011; Sitterding & Broome, 2015).  The participant equated the ongoing process of 

nursing surveillance to be like completing a puzzle with the description of keeping 

information such as a patient’s lab values “in the back of my head because they can 

be…like another clue to the puzzle of what’s going on.”  This cognitive work was not 

visible to the researcher observing and illustrates how critical connections between 

information are being made resulting in adequate clinical judgment even when there 

are no observable nursing actions. 

“I know that’s just ingrained in me.”  The category of “I know that’s just 

ingrained in me,” emerged as the participant described individual attributes of 

education, experience, and individual values as impacting clinical decision-making.  

Experience on the clinical unit and with similar types of patients optimized germane 

load as data or information such as ranges of lab values became part of the schema 

for clinical judgment.  When asked about how lab values were incorporated into 

thinking, it was described as: 

I kind of already have these like pre-thought ones I automatically go to like 

hemoglobin, white blood cells, and then BUN and creatinine that I already 

know to look for because I know a lot of the treatments we may do will affect 

those. 

When asked to describe what helped to be able to prioritize nursing care in the 

simulation, the immediate response was “experience.” The participant reflected upon 

her experience on the unit and as a new graduate nurse as being key factors to aid 

in clinical decision-making. 

I think if I had been a new grad I would’ve been absolutely more 

overwhelmed because you just don’t really feel like you know what you are 

doing at all…in experiences I know what could happen and I’ve seen it first-
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hand so…I think that helped me to realize what this guy needed…I’ve seen 

how bad it could go and I’ve seen the medications work and help and so it’s 

the critical thinking and like anticipating your patient’s needs that helps you 

but that comes with experience. 

In discussing omissions in care such as documentation, the participant described 

certain aspects of nursing care that “I don’t even think about anymore,” including 

raising the head of the bed, and acknowledged that “I don’t really document 

everything.”  Nursing care may become invisible when nursing interventions are not 

included in the electronic health record.  Specifically, regarding education as an 

individual nurse attribute, the participant reflected that a BSN education helped by 

providing “knowledge of what pathophysiology is going on with this patient…and I 

felt that I could back that with evidence.”  It was also stated that: 

If I didn’t have that education, I would have been more stressed 

because…just being overwhelmed with all the tasks I needed to do and 

wanting to provide good care.  I wouldn’t know how.  The problem was I 

knew how, I just felt like I wasn’t able to. 

As experience and education are key RN factors to optimize germane load in order to 

mitigate extraneous load, having experiences, especially negative experiences, when 

a patient did not do well were stated as important learning experiences in the first 

year as a nurse.  “I feel like when the first negative event happens…I feel like you 

don’t forget them.  You don’t forget them.  There’s always a learning curve to it…so I 

think it’s in the bad moments of the first year when you’re a new nurse that you 

learn the most because you don’t forget them.”  This highlights the factors of 

experience and education as depicted on the conceptual model as being a critical 

aspect to managing cognitive load.      
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However, individual values were not part of the conceptual model, and there 

were several descriptions in Case 1 where the participant described individual values 

as factors influencing decision-making.  When describing thinking at a time when it 

was recognized that the patient was deteriorating, the participant stated, “I’m 

thinking I don’t want to show that I’m seeing that things are going downhill for the 

patient because I don’t want to stress him out,” and “I’m trying to be stoic.” The 

hiding of emotions was evident as the participant described at several points in the 

interview by stating a feeling of being “responsible for this person’s care,” “I feel 

responsible,” expressed a feeling of “guilt and what could I have done to prevent this 

completely,” and thinking “I’m a terrible nurse.” The individual values of the 

participant emerged as part of the continual thought process while engaging in this 

simulated patient experience and are an important factor to consider in the cognitive 

work of nursing.  

“It’d be nice to even have an ounce of help.”  The final category for Case 1 

emerged with the in vivo quote of: “It’d be nice to even have an ounce of help.” This 

quote was in response to analyzing what helped provide nursing care while engaged 

in the simulation.  The factor of recognizing the need for collaboration and asking for 

help was present throughout the semi-structured interview.  When describing 

similarities between the simulation and actual nursing practice, the participant 

described how a plan for the day can get disrupted and as a result you “need help 

from them [colleagues] because you can’t do all these things at once.”  When asked 

specifically about when it is typical to need help, it was stated in a situation “where a 

patient is starting to go downhill…and is decompensating even more I would ask for 

someone to come into the room…maybe they could have ideas that I don’t have that 

my brain’s not going to have.”  In reflecting upon practice, the participant stated, “I 

think asking for help is vital in everyday and I can’t think of a single day where I 
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don’t ask for help and people don’t ask me for help because it’s just impossible to do 

everything on your own.”  When reviewing aspects of nursing care that were not 

done, or intentionally omitted, the participant reflected “I should’ve advocated for 

myself more,” and recognized that the feeling of being overwhelmed was not 

observable:  

I was just very overwhelmed…I’m doing so much right now and I was very 

frustrated because I felt like the charge nurse doesn’t really, wasn’t on my 

side like it felt like they had no idea what I was trying to go through right 

now, and on the outside looking in they wouldn’t…in my head I was just 

thinking oh my gosh she has like no idea what is going on with this patient, 

how much work I’m putting in, and stress and anxiety, and this and I get 

frustrated. 

Needing help clearly emerged as a category of what the participant was thinking.  

The ability to recognize the need for help, the ability to ask for help, and the 

possibility of receiving help were all part of the thought process within Case 1. 

Case 1 synthesis.  The final step in the explanation building analysis of Case 1 

consisted of examining the multiple sources of evidence for convergence, divergence, 

and plausible alternative explanations.  Based on the conceptual model of the 

invisible work of nursing, internal and external factors influence the clinical judgment 

of nursing.  The case evidence converged on cognitive load, stress, and performance 

supported by the observation of errors and omissions in nursing care.  The 

qualitative data provided rich descriptions of active surveillance and the complex 

clinical decision-making as descriptions of cognitive work that occurred as a pre-

cursor to clinical judgment.  The data for clinical judgment converged with the 

subjective rating of performance decreasing and statements of “I’m a terrible nurse.” 

However, the objective performance ratings diverged slightly with the finding of 
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exemplary clinical judgment.  The narrative data further explored this when the 

participant described the struggle to meet the competing demands of two patients 

and cognitive overload.  It was a clear decision to not attend to the second patient: 

“I’m going to stabilize this person then I will go out and I will look at these lab values 

and really process them, but it was like I couldn’t even process them at that 

moment.” The divergence of data also emerged with the factor of getting help as a 

repeated thought process not identified within the conceptual model and offered an 

alternate explanation.  The convergence of the data provided additional insights into 

the invisible cognitive work of nursing.  

Case 2 Findings 

Descriptive data for Case 2 included that the participant was a 28-year-old 

female who graduated from a BSN program 24 months prior and practicing on the 

same unit since graduation.  The reported typical ratio of nurse to patient on the unit 

where employed was 3:1. The participant reported having a previous nonnursing 

bachelor’s degree. 

Time-Series Analysis: Cognitive Load 

Figure 11 is the graphical representation of the time-series data for Case 2.  

As illustrated in Figure 11, in Case 2 as the intensity of care increased, a sustained 

increase in cognitive load was also apparent.  The mean cognitive load rating for 

Case 2 was 78.3 (out of 200).  The mean is below the middle of the scale.  The time-

series analysis shows cognitive load ratings increase at each time point with the 

exception of time 17.  The greatest increase occurred between time 3 and 7. Case 

2’s cognitive load began with a rating of 25 (out of 200).  The highest ratings (times 

14 and 20) occurred after the first interruption at time 12 and remained high until 

the simulation ended with Case 2 reporting the highest rating for the final 
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measurement at time 20 (105).  Case 2 completed five of the seven expected 

nursing actions, but additionally intervened twice with actions not expected. 

 

Figure 11. Case 2 Cognitive load ratings across duration of simulation.  

 

Table 5 provides the ratings of cognitive load at each time-series interval and 

the corresponding mean, standard deviation, range, and slope of the data compared 

to the predicted pattern.  For Case 2, all of the ratings were lower than the predicted 

pattern.  Although the mean cognitive load for Case 2 (78.3) was lower than what 

was predicted (104.2), the ranges were similar (40-120 and 25-104).  The time-

series analysis of increasing cognitive load throughout the simulation does seem to 

support the first hypothesis 1A for Case 2: as intensity of care increased, cognitive 

load increased. 
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Table 5 

Time-series Analysis of Predicted and Case 2 Cognitive Load Scores 

Time (minutes) Predictions Cognitive Load 

3 40 25 

7 65 65 

11 120 90 

14 145 95 

17 135 90 

20 120 105 

Mean 104.2 78.3 

SD 41.9 29.3 

Range 40-120 25-105 

Slope 5.6 4.2 

Note.  SD: Standard deviation 

 

Pattern Matching: Cognitive Load 

Figure 12 allows visual pattern matching of the empirical and predicted 

patterns of cognitive load for Case 2.  Figure 12 provides visual evidence of pattern 

matching between intensity of care and cognitive load as predicted.  Although Case 2 

did not have the same magnitude of cognitive load reported, the data analysis 

depicts a similar pattern with the final rating being close to the predicted pattern.  

The calculated slope for the predicted cognitive load was 5.6 as reported in Table 5.  

The slope for Case 2 was calculated to be 4.2. Both slopes were positive and pattern 

analysis of the graph in Figure 12 noted how the lines have a similar pattern until 

time 20.  Case 2 continued to increase through time 14 (95) with a slight decrease at 

time 17 (90) followed by an increase at time 20 (105) which was also the highest 
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rating.  The final increase in cognitive load did not match the predicted pattern and 

was possibly related to the unexpected nursing actions that will be described in the 

analysis of performance. 

 

Figure 12. Visual comparison of Case 2 and predicted cognitive load ratings 

 

 

Time-series Analysis: Performance, Errors, and Clinical Judgment 

Figure 13 is the graphical representation of the time-series data for 

performance in Case 2.  The subjective rating of performance by Case 2 represents 

an irregular pattern of perceived performance with a general downward trend.  Time-

series analysis show the ratings of performance began higher than the midpoint 

(70), then declined by 15 points to 55 and remained relatively steady until the 

decrease to 45 at time 17 after the second interruption.  There was a slight increase 

back to midpoint (50) at the end of the simulation.  The mean rating of performance 

is indicated with a dotted line slightly above the midpoint (55.8). 
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Figure 13. Case 2 Performance ratings and errors across duration of simulation.   

 

Table 6 provides the ratings of performance at each time-series interval and 

the corresponding mean, standard deviation, range, and slope for Case 2 compared 

to the predicted ratings.  For Case 2, the range of performance ratings (45-60) was 

smaller than the predicted pattern (25-85) indicating less variability in perception of 

performance.  The empirical mean (55.8) was lower than the prediction (64.2) and, 

the standard deviation for Case 2 (8.6) was much smaller than the prediction (24) 

made prior to data collection.  Although the individual participant did not rate 

performance to the same magnitude in Case 2, the time-series analysis showed a 

perception of average (neither good nor poor) performance throughout the 

simulation.  The final rating (50) showed a small improvement while the prediction 

showed a steep decline.  This may have been a direct result of the additional nursing 

action of contacting the provider.  Seeking additional support for a deteriorating 

patient may have been perceived as a possible way to improve patient outcomes.  
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The narrative data for this case study provided additional insight into the thought 

process of the participant and further elucidated this perception of performance.  

Another alternative explanation may be the simulation environment itself promoted a 

heightened state of awareness with an expectation to perform an emergency 

intervention as previous experience in simulation may have primed graduates to 

expect (Onello & Regan, 2013).  

Case 2 contained one error in nursing practice when an incorrect medication 

was obtained from the medication cart (Pyxis) (minutes 7-11).  During the 

simulation, the participant was observed to obtain two vials of medication and only 

one was needed.  Field notes documented that after the debriefing and interview, the 

researcher and simulation staff audited the medication cart (Pyxis) log to review 

what was selected.  Prior to the first interruption, at time 12, the action of being at 

the Pyxis or medication cart is noted on the graph with the shape being larger than 

the others to represent the time span as noted in the field notes.  Although this is an 

expected action for medication administration, field notes from the researcher 

indicated that the participant spent close to four minutes at the medication cart, 

longer than expected and may explain why this was the highest rating during the 

simulation.  It also may indicate how technology can hinder or delay nursing care 

when the capacity of working memory has been exceeded and cognitive overload 

results.  The log revealed that the vials were of a different concentration and 

prompted the user with an error message.  In order to obtain the medication, an 

override was entered by the user as the dosages selected did not match the CPOE.   

The slight decrease in performance noted at 17 minutes (60-45) after the second 

interruption was at a time in the simulation the participant was attempting to draw 

labs indicating the participant was focused on a task that would be expected to be 

routine for a new to practice RN.   At the conclusion of the simulation, the participant 
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was beginning to administer medications after drawing the ordered labs 

corresponding to acting on clinical judgments that had been made requiring multiple 

interventions and a slight increase in the performance (50). 

In addition to the error, there were three omissions in care when the 

participant failed to administer a medication as ordered (expected during minutes 8-

10), did not address the alarming IV pump for Patient 2 (expected during minutes 

18-19) , and did not complete any documentation (expected during minutes 8-10 

and 15-16 minutes).  As with Case 1 time-series data analysis, if the participant 

completed any nursing action within the time frame of the simulation out of the 

anticipated order, it was not considered to be an omission.  

The LCJR ratings of overall clinical judgment at the conclusion of the 

simulation were 42 and 40, which correlate to exemplary nursing judgment (Lasater, 

2007).  Despite the errors, Case 2 was able to conduct focused observation, 

recognize deviations, interpret information from multiple sources, and continually 

evaluate performance.  Of note, the error from the Pyxis (medication cart) was not 

found prior to the completion of the LCJR since it required a review of the log after 

the completion of the interview.  This error in judgment would most likely have 

resulted in a slightly lower rating for the area of effective responding.  
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Table 6 

Time-series Analysis of Predicted and Case 2 Performance Scores, Errors,  

and Clinical Judgment 

Time (minutes) Predictions Performance LCJR Score 

Obs1/Obs2 

3 80 70  

7 60 55  

11 85 55  

14 85 60  

17 50 45  

20 25 50  

Errors 0 4 42/40 

Mean 64.2 55.8  

SD 24 8.6  

Range 25-85 45-60  

Slope -2.5 -1.1  

Note.  SD: Standard deviation. Obs1= score from Observer 1; 2=score from Observer 2   

 

Pattern Matching: Performance, Errors, and Clinical Judgment 

Figure 14 allows visual pattern matching of the empirical and predicted 

patterns of performance.  The calculated slope was negative for both the predicted 

pattern (-2.5) and Case 2 (-1.1), however with Case 2 having a reported lower 

overall performance, the slope was less than the prediction.  The negative slope 

provides evidence to support hypothesis 1B because as intensity increased, 

performance overall decreased with errors and omissions in nursing care noted. 
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Figure 14. Visual comparison of Case 2 and predicted performance ratings 

The ratings at minutes 0, 3, and 7 were similar to the predicted pattern of a 

steady decline in perceived performance.  However, the ratings at minutes 11 and 14 

were visually considerably lower (poorer performance) than the predicted pattern 

with the greatest difference being at the final rating (minute 20) with the only rating 

higher than the predicted pattern.  Considering the majority of errors were omissions 

and were committed after the prolonged time at the medication cart (Pyxis), the 

performance ratings may indicate a lack of awareness of the errors committed.  As 

mentioned previously, the final rating of may be an indication of better performance 

related to the clinical judgment of making a call to the provider for assistance. 

Time-series Analysis: Stress 

Figure 15 is the graphical representation of the time-series data for stress in 

Case 2.  As Figure 15 illustrates, as the intensity of care increased for Case 2 stress 

continued to increase.  The mean stress rating for Case 2 was 53, slightly higher 

than the midpoint.  The time-series analysis of stress across time showed stress 

began at 35, lower than the mean (53) then continued to increase to 55 with a slight 
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decrease at time 14 (50) and at time 20 (60).  Overall, the stress ratings remained 

closest to the mean rating throughout the simulation with the lowest rating at minute 

3 (35) and the highest stress rating reported at minute 17 (65). 

 

 

Figure 15.  Case 2 Stress ratings across duration of simulation 

 

Table 7 provides the ratings of stress at each time interval as well as the 

overall mean, standard deviation, range, and slope for Case 2 compared to the 

predicted pattern of stress. The means were both above the midpoint with the 

predicted stress ratings (57.5) being slightly higher than Case 2 (53.3).  The 

standard deviation was much higher for the predicted ratings (31.1) compared to 

Case 2 (10.3).  The predicted range was much larger (15-80) than the range for 

Case 2 (35-65).  The highest stress rating for Case 2 was at minutes 17 (65) which 

was also the highest score for the predicted rating although the prediction was 

slightly higher (80).  
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Table 7 

Time-series Analysis of Predicated and Case 2 Stress 

Time (minutes)  Predictions Stress 

3 20 35 

7 80 55 

11 15 55 

14 75 50 

17 80 65 

20 75 60 

Mean 57.5 53.3 

SD 31.1 10.3 

Range 15-80 35-65 

Slope 2.8 1.3 

Note.  SD=Standard deviations. 

 

Pattern Matching: Stress 

Figure 16 allows visual pattern matching of the empirical and predicted 

patterns of stress for Case 2.  The calculated slope was positive for both the 

prediction (2.8) and Case 2 (1.3); however, the prediction had a slightly steeper 

slope indicating a lower level of perceived stress was present over the duration of the 

simulation. This suggests the participant experienced a relatively steady level of 

stress throughout the duration of the simulation.  In regard to the invisible work of 

nursing, as nurses engage in active surveillance the education and experience of 

even new to practice RNs may ameliorate the perception of feeling stressed.   
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Figure 16. Visual comparison of Case 2 and predicted stress ratings  

 

A slight decrease in stress was noted after the first interruption and correlated 

to the nursing intervention of obtaining labs and administering one medication.  In 

contrast, a marked increase was predicted with the second interruption.  The 

predicted pattern of stress had more variability than Case 2.  The predicted pattern 

of stress paralleled the data for Case 2 in the beginning and through minutes 14-20, 

with the exception of the rating at minute 7 through minute 11 where the sharp 

increase and subsequent decrease in stress as predicted did not occur as a result of 

the initial provider call and anticipated follow up nursing actions.  In contrast, Case 2 

reported stress to be steady with only minor fluctuations in the ratings.  The greatest 

difference between the two graphs occurred at time 11 minutes (40-point 

difference).  The researcher’s field notes indicate this point in time was following the 

extended time at the medication cart as a bedside technology to retrieve 

medications.  A possible explanation for this may be that the bedside technology had 
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created a greater sense of stress when attempting to deliver high quality nursing 

care.  The final rating of stress decreased slightly, and as noted in the analysis of 

clinical judgment and performance, may be related to contacting the provider for a 

second time.  The narrative data for this case provided additional insight on what 

additional emotions were a factor besides stress for Case 2.  Overall, the stress 

ratings for Case 2 are more aligned with hypothesis 1C because as intensity of care 

increased, stress generally increased in a gradual fashion over the course of the 

simulation. 

 In summary, the time-series and pattern matching analyses for Case 2 

indicate that hypotheses 1A and 1C were supported and hypothesis 1B had some 

evidence of support.  When compared with the predictions made prior to data 

collection for cognitive load the patterns were closely aligned.  Performance and 

stress had similar patterns at the beginning and the end of the simulation with 

overall average ratings with small ranges.  Although the predicted patterns for 

cognitive load, performance, and stress were not in exact alignment, the general 

pattern of increased cognitive load, poorer performance, and increased stress were 

replicated based on pattern analysis.  For Case 2, the LCJR and manual count of 

errors provided additional insight into the clinical judgment of the participant as the 

objective ratings indicated overall exemplary clinical judgment despite the 

observations of a medication error and three omissions in nursing care.  

Explanation Building 

Research question 2 asked “How do nurses describe the cognitive work of 

nursing while engaging in a simulated patient care scenario?” The analysis of the 

narrative data provided in the post-simulation debriefing interview layered upon the 

time-series and pattern matching analyses allowed building of explanations in 

support of the proposed conceptual model. 
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The explanation building analysis proceeded as described in Chapter 3.  In 

this section the following components of this analysis are presented: 1) An outline of 

the identified categories and associated model components; 2) A full description of 

the qualitative findings; 3) A synthesis of the multiple sources of evidence (time-

series analysis, pattern matching, and the thematic findings) considering the 

diverging and converging evidence and assessed plausible alternate explanations. 

Identified categories and model components. 

• “I was able to not just follow orders but use my judgment.” 

o Surveillance 

• “I always ask a co-worker.” 

• “I wasn’t confident I pulled the right meds.” 

o Cognitive overload 

• “I wasn’t so afraid.” 

o Individual nurse attributes 

“I was able to not just follow orders but use my judgment.” The first category 

that emerged as “I was able to not just follow orders but use my judgment.” The 

participant was responding to a question about similarities of the simulation to 

practice.  The participant described recognizing the need to contact the provider and 

described how contacting a provider with a suggestion of what is wanted or what 

might help is preferred.  The participant described the thought process as: 

On the unit they [providers] are kind of hard to come by, surprisingly, so they 

seem to like when you call and are like hey, he’s not peeing, I don’t like it, 

can I give this?  So, I guess in that way I was able to not just follow orders 

but use my judgment. 

The use of nursing clinical judgment was evident when reviewing the simulation 

scenario.  In one scene in the first few minutes, the participant was at the bedside 
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table reviewing the chart where there was no observable action on the part of the 

participant.  When asked what thinking was occurring, the participant responded,  

I was trying to see what other medicines he was getting.  Confirm the dose I 

got in report, that he got his Lasix.  I wanted to see his electrolytes, make 

sure that he wasn’t depleted from that dose.  His potassium looked a little 

high or was within range.  But yeah, I was just trying to get more information 

and get a better idea. 

This description mirrors the clinical decision-making process described by 

Tiffen (2014) as the continuous, and evolving process where data are gathered, 

interpreted, and evaluated in order to select an evidence-based choice of action.  

The ongoing process of seeking out potential adverse events illustrates the active 

surveillance as depicted in the conceptual model for this study.  This was further 

illustrated when the participant described the primary goal of nursing care: 

I just wanted to make him more comfortable.  You could tell he was having a 

hard time.  He was fluid overloaded, and I didn’t want to progress to the point 

where he needed a mask.  Because I feel like at least then, in my practice if 

that is allowed to get worse and worse people end up getting intubated and 

they can be so difficult to extubate, and the end game is worse so if you can 

kind of take care of it in these earlier stages of discomfort. 

The complexity of the patient scenario represents the need for the nurse to 

anticipate potential complications.  Although critical to positive patient outcomes, 

when the thought process that occurs during surveillance is observed, it appears as if 

there is nothing going on.  Field notes indicate that there was no observable action in 

the simulation room while the patient’s condition continued to deteriorate.  The time 

and cognitive space needed to process this information described by the participant 
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may not be appreciated by the outside observer even though it is critical for 

information processing to occur (Hadfi & Ito, 2013).  

Nursing surveillance was also evident when deciding what not to do.  When 

asked if there was an intervention that was needed but not done, the participant 

stated, “I mean I could’ve flushed the Foley, but I didn’t think that was going on.”   

The participant eliminated this as a possible intervention through accurate clinical 

decision-making: “It would have been unusual…I checked the line it wasn’t kinked, I 

laid it across the bed, placed it back.  The fact that it was completely dry just 

seemed more like he wasn’t making urine to pass.”  The amount of information 

processed and identified as insignificant as part of nursing surveillance was evident.  

The participant described the first few minutes in the simulation as: 

In the first ninety seconds…I was thinking about his labs.  That looked okay, 

his CMPs okay, his potassium’s okay, I’m not worried about that.  Then I was 

thinking it would be good to have a chest x-ray, but I was really concerned 

about the urine output which is why I brought it up in the SBAR.  

The participant also clearly described the decision not to act on the information for 

patient 2 when asked by stating “I ignored it,” because she had “bigger things to 

worry about…I mean if they had said it was like Levophed then I might have run.” 

The decision to prioritize nursing actions based on the constant stream of 

information remains relatively invisible as it is not documented nor evident from 

direct observation especially when a decision is made to not act upon information 

presented in nursing practice.   

“I always ask a co-worker.” The second category of “I always ask a co-

worker” emerged with several statements regarding the influence of fellow nurses on 

the unit.  When asked about what help would have been sought from others, the 

participant described usual nursing practice as always seeking out advice prior to 
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contacting a provider, “before I ask for something I always as a co-worker.”  This 

was further described as “just like brainstorming,” and how having a fellow nurse 

available to “bounce ideas off of really decreases my anxiety at work and sometimes 

when you are waiting to hear back from someone then you’re able to talk to 

someone else about what’s bothering you is useful.”  This illustrates the uncertainty 

of clinical decision-making and how collaboration among nursing colleagues not only 

decreases stress and anxiety but how it may provide additional information needed 

to make accurate clinical decisions.  Case 2 also emphasized the need to collaborate 

as a “second set of eyes” with others that were more experienced.  When asked why 

this collaboration was useful, the participant responded that talking to another nurse 

helped: 

I can kind of prepare how the conversation might go, what I might need or 

ask for, what the other person might respond with, like oh, no that’s not a 

very good idea he doesn’t need that he needs this.  And sometimes I find that 

the more experienced nurses around me can kind of give that kind of insight 

and prepare me better for that conversation to come. 

This illustrates how having a mix of staffing to include nurses with varied experience 

enhances the clinical decision-making that occurs within one individual nurse and 

current staffing models may not account for the need of this dynamic mix (Cornell, 

et al., 2011). 

“I wasn’t confident I pulled the right meds.” The third category emerged from 

a discussion in the interview on a potential medication error.  The participant was 

asked about the experience of pulling meds and the participant responded: “I wasn’t 

confident I pulled the right meds.”  When probing further the participant was not 

clear on what nursing interventions were completed and stated “I don’t think I hung 

the K.  I wanted to check him first.” After some time, the participant reflected on 
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some of the challenges in clinical decision-making and questioning decisions by 

stating “I don’t know why [the potassium wasn’t given] cause it was 3.5 and it 

would’ve been good to get some extra…I don’t know what I was thinking.”  The video 

segment was replayed to assist in thinking aloud and the participant noted that “I 

mean those [bumetanide and potassium] could have gone in at the same time, 

especially with a piggyback it wouldn’t have taken much.”    

The sub-category of cognitive overload emerged with the participant’s 

description of receiving so much information and an inability to process it.  “I think I 

gave Lasix before checking his labs I can’t remember, I’m pretty sure I did…although 

it would have been fine…just to make sure I’m not doing any damage.” The 

participant for this case recognized the potential to cause harm yet had difficulty 

recalling nursing actions and no documentation was recorded throughout the entire 

simulation experience.  When asked specifically on how the interruption may have 

impacted care, the response was “I think I just kind of tabled it for later.  Like, I 

can’t deal with this...I gotta go deal with this man.” Field notes from the researcher 

indicate that there was no communication to the charge nurse or during any phone 

call that there was a need or problem.  When probed further the participant 

responded thinking “I don’t want to do that right now, but I couldn’t say that.” After 

reviewing the second interruption, the participant described it as “arresting my focus 

to someone else.  Thankfully, they didn’t sound that bad.” When reviewing the video 

segments when the participant was at the Pyxis or medication cart, the participant 

reflected, “I feel like there’s a larger learning curve for like new technology and when 

I get a new phone or use a different machine on the unit it takes me longer to get 

comfortable with it.” Despite the notion that technology at the bedside is intended to 

support nursing clinical decision-making this illustrates how it may be a hinderance 

(Ansell et al., 2015). 
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“I Wasn’t So Afraid.” The category of “I wasn’t so afraid,” emerged with a 

discussion on what experience was helpful during the simulation.  The participant 

described how with an “unusual amount of clinical time” as part of the final semester 

of nursing education “I felt much more ready to learn cause I wasn’t so afraid.” 

Having experienced preceptors contributed to diminishing fear experienced as a new 

nurse as well.  The ability to see the patient holistically emerged as part of that 

transition: “I slowly learned…that often times you really have to look at the patient 

and not the numbers of the monitor everyone is very different, and they live at 

different norms.” The appreciation for being surrounded by experienced nurses 

diminished fear and anxiety during this participant’s practice as it was stated 

“sometimes I find that the more experienced nurses around me can kind of give me 

that insight and prepare me better…” Although not accounted in staffing models the 

support of experienced nurses was sought out during the simulation as an expected 

part of nursing practice.   

When asked what hindered ability to perform in the simulation, the 

participant stated, “I just hindered myself.” Despite this acknowledgement, the fact 

that the simulation did not include experienced nurses as a resource was something 

commonly found in practice.  The level of experience represents the sub-category of 

nurse attributes.  Experience as a nurse emerged as a component of germane load 

that provided additional support for clinical decision-making.  In reflecting upon the 

attribute of a BSN education, the participant stated, 

I think it…helped me kind of gain some intuition like what is an emergency 

and what is not…kind of helped me gauge like do I panic now, or do I panic 

later.  So that was kind of helpful here.  Cause at first, I was like…I don’t 

know what’s going on, but he seemed relatively okay at the moment, so I 
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kind of let myself quiet down a little bit and look at what I was presented with 

and try to go from there. 

The confidence that emerged from a BSN education provided additional support 

when the amount of information being presented was overwhelming, and this 

provides additional evidence on how a robust clinical education supports early 

nursing practice and active nursing surveillance (Kelly & Vincent, 2011). 

Case 2 synthesis.  The final step in the explanation building analysis of Case 2 

consisted of examining the multiple sources of evidence for convergence, divergence, 

and plausible alternative explanations.  The case evidence converged on cognitive 

load, stress, and performance supported by the observation of errors and omissions 

in nursing care.  The errors that occurred in the simulation illustrated cognitive 

overload and the narrative data supported this with a lack of confidence in clinical 

judgment.  The participant specifically identified the technology at the bedside as a 

stressor.  The time-series and pattern analysis data illustrated this was a stressor in 

the minutes returning from obtaining medications.  

The data diverged regarding perception of performance and objective ratings 

on the LCJR.  As the LCJR does not specifically identify the commission of errors or 

omission of care as a low rating rather the thought process of noticing, interpreting, 

and responding of the individual nurse, it may be that more time in the simulation 

may have resulted in the self-correction of errors as an indicator of adequate clinical 

judgment.  Overall, the narrative data provided additional insight into the cognitive 

work of nursing that was not identified with the time-series and pattern matching 

analysis, such as the need to seek out co-workers as part of the process of active 

surveillance and resulting clinical judgment.  
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Case 3 Findings 

The Case 3 participant was a 30-year-old female who graduated from a BSN 

program 14 months prior and practicing on the same unit since graduation.  The 

reported typical ratio of nurse to patient on the unit where employed was 3:1. The 

participant reported having earned an associate degree prior to earning the BSN 

degree. 

Time-series Analysis: Cognitive Load 

Figure 17 is the graphical representation of the time-series data for Case 3.  

As illustrated in Figure 17, in Case 3 as the intensity of care increased, a sustained 

increase in cognitive load was also evident.  The mean cognitive load rating for Case 

3 was 115 (out of 200).  The mean is above the midpoint of the scale.  The time-

series analysis shows cognitive load increase at each time point with the exception at 

14 minutes when the rating remains steady.  The greatest increase in cognitive load 

occurred between times 14 and 17. This increase of 30 points occurred after the first 

and second interruptions.  Case 3’s cognitive load began with a rating of 90 (out of 

200) and continued to increase with the final rating being the highest at 145 (out of 

200) after the third interruption.  Case 3 completed four out of seven of the expected 

nursing actions, but additionally intervened four times with actions not expected. 
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Figure 17. Case 3 Cognitive load ratings across duration of simulation 

 

Table 8 provides the ratings of cognitive load at each time-series interval and 

the corresponding mean, standard deviation, range, and slope compared to the 

predicted pattern. The mean rating for Case 3 was slightly higher (115) than 

predicated (104.2).  In contrast the standard deviation was greater for the prediction 

(41.9) when compared to Case 3 (22.8).  Case 3 also had a similar range of 

cognitive load ratings (90-145) compared to the predicted ratings (40-120). The 

time-series analysis of increasing cognitive load throughout the simulation does have 

some support for the first hypothesis 1A: as intensity of care increased, cognitive 

load increased.  
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Table 8 

Time-series Analysis of Predicted and Case 3 Cognitive Load Scores 

Time (minutes) Predictions Cognitive Load 

3 40 90 

7 65 95 

11 120 110 

14 145 110 

17 135 140 

20 120 145 

Mean 104.2 115 

SD 41.9 22.8 

Range 40-120 90-145 

Slope 5.6 3.4 

Note. SD: Standard deviation 

 

Pattern Matching: Cognitive Load 

Figure 18 allows visual pattern matching of the empirical and predicated 

patterns of cognitive load for Case 3.  Figure 18 provides visual evidence of pattern 

matching between intensity of care and cognitive load as predicted.  The slope for 

Case 3 was calculated to be 3.4. Both slopes were positive and pattern analysis of 

the graph in Figure 18 noted how the graphs have a similar pattern of increases and 

decreases until time 11 prior to the interruptions in care.  Cognitive load increased 

slightly until time 14 when the predicted pattern increased, and Case 3 remained 

steady for cognitive load.  This followed a continued increase in cognitive load for 

Case 3.  As noted in Figure 17, the cognitive load ratings continued to increase with 

the highest rating being the final rating at 20 minutes.  Immediately prior to 
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completing the instrument, the participant chose to initiate a rapid response.  This 

increase in cognitive load may be explained by the omission of three nursing 

interventions (NI 3, 5, and 7) and the observations from the field notes that the lab 

draw was not completed when the simulation ended, and a needle was left in the bed 

next to the patient’s arm. Since all expected nursing care was not able to be 

completed during the simulation cognitive load did not have the opportunity to trend 

back down as predicted. 

 

Figure 18. Visual comparison of Case 3 and predicted cognitive load ratings 

 

Time-series analysis: Performance, Errors, and Clinical Judgment 

Figure 19 is the graphical representation of the time-series data for 

performance in Case 3.  The subjective rating of performance by Case 3 represent a 

decline yet steady perception of performance below the midpoint throughout the 

duration of the simulation.  Time-series analysis shows the rating of performance 

began below the midpoint (35) decreased slightly (25) and remained steady until the 
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final rating when performance decreased again (20) at the end of the simulation.  

The mean rating of performance is indicated with a dotted line well below the 

midpoint (25).  The ratings of performance did not increase at all throughout the 

simulation.  

 

 

Figure 19. Case 3 Performance ratings and errors across duration of simulation.  

 

Table 9 provides the ratings of performance at each time-series interval and 

the corresponding mean, standard deviation, range, and slope compared to the 

predicted ratings.  For Case 3, the range of performance was quite narrow (only 15 

points), however the prediction had a much larger range (25-85) than Case 3 (20-

35).  The empirical mean/standard deviation (64.2/24) made prior to data collection 

were also much higher than Case 3 (25.8/4.9).  
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Table 9 

Time-series Analysis of Predicted and Case 3 Performance Scores, Errors, 

And Clinical Judgment 

Time (minutes) Predictions Performance LCJR Score 

Obs1/Obs2 

3 80 35  

7 60 25  

11 85 25  

14 85 25  

17 50 25  

20 25 20  

Errors 0 5 38/37 

Mean 64.2 25.8  

SD 24.0 4.9  

Range 25-85 20-35  

Slope -2.5 -0.65  

Note.  SD=Standard deviation; Obs-=score from Observer 1; Obs 2=Score from Observer 2.   

 

 

Field notes documented that the participant performed an assessment during 

minutes 1-4 and spent several minutes just reviewing the patient chart.  Soon after, 

the participant was observed increasing the oxygen to 4 liters (time 5 minutes).  

Although this was not an expected nursing action, it is within the nurse’s judgment 

to perform this intervention and did not indicate an error was committed.  The 

participant in Case 3 committed one error in nursing practice during the second 
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interruption.  Field notes from the researcher noted around minutes 15-16 with the 

interruption of the call from the lab with critical lab results, the participant failed to 

read back the lab results, did not ask for the name of the lab personnel, and verbally 

stated an incorrect lab value while on the phone.  Handoffs require a process for 

verification of the received information, including read back.  The standard of nursing 

practice would be for the receiver of the telephone message regarding a laboratory 

value to write it down and read the message back, including the name of the patient, 

the test, and the test result/interpretation (Friesen, White & Byers, 2008).  Failure to 

complete this critical task is a patient safety concern and against acute care hospital 

policy.   

After the third interruption at time 18 minutes, the participant acknowledged 

the need to attend to Patient 2, however the participant never left the room and 

contacted the provider by phone a second time.  In addition, there were four 

omissions in care when the participant failed to administer the medication as ordered 

(expected during minutes 8-10), failed to obtain ordered labs (expected at minutes 

18-19), did not address the alarming IV pump for Patient 2 (expected during minutes 

18-19), and did not complete any documentation (expected during minutes 8-10 and 

15-16 minutes).  As with the previous case data analyses, if the participant 

completed any nursing action within the time frame of the simulation out of the 

anticipated order, it was not considered to be an omission.   

The LCJR ratings of overall clinical judgment at the conclusion of the 

simulation were 38 and 37, which correlate to exemplary nursing judgment (Lasater, 

2007).  Despite the errors and omissions of care, Case 3 was able to demonstrate 

focused observation, recognize deviations in patient care, interpret information from 

multiple sources, and evaluate performance.     
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Pattern Matching: Performance, Errors, and Clinical Judgment 

Figure 20 allows visual pattern matching of the empirical and predicted 

patterns of performance.  The calculated slope was negative for both the predicted 

pattern (-2.5) and Case 3 (-0.65).  Since Case 3 reported much lower overall 

performance ratings with less variability, the slope was less than the prediction.  The 

negative slope provides evidence to support hypothesis 1B because as intensity 

increased, performance overall decreased with errors and omissions in nursing care 

noted. 

 

 

Figure 20. Visual comparison of Case 3 and predicted performance ratings. 

 

 

Pattern matching analysis of Figure 20 illustrates that the predicted pattern 

had a better performance rating with variability between interruptions.  In contrast, 
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the pattern of ratings for Case 3 illustrate performance rated much poorer 

throughout the time-series.  This may have been a reflection of deciding to call a 

rapid response in the final minute of the simulation.  A rapid response refers to a 

system consisting of physicians and intensive care nurses or an intensive care nurse 

alone that can be activated by a bedside nurse (Jones, Devita, & Bellomo, 2011).  

Jensen, Skår, and Tveit (2018) identified that when the rapid response system is 

used, it could lead to diminishing the skill level of the nurse as care is assumed by 

other experts in a situation and relinquished by the bedside nurse.  It is possible the 

final lowest rating indicating poor performance at time 20 minutes was related to a 

perception of no longer being able to meet the patient’s needs without additional 

support.  This pattern of ending with the lowest rating closely replicated the 

predicated pattern for performance.  The rating of performance measured in the 

time-series captured the participant’s response at a moment when care was 

perceived to be at a critical moment for the patient and current nursing interventions 

were exhausted. 

Time-series Analysis: Stress 

Figure 21 is the graphical representation of the time-series data for stress in 

Case 3.  As Figure 21 illustrates, as the intensity of care increased for Case 3, overall 

stress increased.  The mean stress rating for Case 3 was 73.3 higher than the 

midpoint, and greater than the predicted ratings.  The time-series analysis for stress 

across time showed stress began above the midpoint and progressed above the 

mean (73.3) until remaining steady yet above the mean at time 14 and 17 minutes 

after the first two interruptions (70) with the highest rating being the final time at 20 

minutes (85) after the third interruption. Stress increased in a gradual manner in 

Case 3 with minimal variability around the mean depicted by the dotted line in Figure 

21. 
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Figure 21. Case 3 Stress ratings across duration of simulation.  

 

Table 10 provides the ratings of stress at each time interval as well as the 

overall mean, standard deviation, range, and slope for Case 3 compared to the 

predicted pattern of stress.  The means were both above the midpoint, however the 

predicted mean was lower (57.5) than Case 3 (73.3).  In contrast, the standard 

deviation for the predicted ratings was greater (31.1) whereas Case 3’s range was 

notably less (6.8).  The ranges corresponded with the predicted range being greater 

(15-80) than Case 3 (65-85).  The highest stress ratings were similar with the 

predicted (80) being slightly lower than Case 3’s maximum stress rating (85).  
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Table 10 

Time-series Analysis of Predicted and Case 3 Stress 

Time (minutes) Predictions Stress 

3 20 65 

7 80 75 

11 15 75 

14 75 70 

17 80 70 

20 75 85 

Mean 57.5 73.3 

SD 31.1 6.8 

Range 15-80 65-85 

Slope 2.8 0.68 

Note.  SD=standard deviation.   

 

Pattern Matching: Stress 

Figure 22 allows visual pattern matching of the empirical and predicted 

patterns of stress for Case 3.  The calculated slope for both the prediction (2.8) and 

Case 3 (0.68) were positive; however, the predicted slope was steeper indicating 

more variability in the predicted ratings of perceived stress.  This would be expected 

as Case 3 reported stress closer to the mean for the duration of the simulation.   

The predicted pattern of stress did not match the data from Case 3.  The predicted 

pattern indicated varying levels of stress and an immediate stress response following 

an interruption.  The data for Case 3 illustrates maintaining a steady stress level 

throughout the simulation with minor variability as it continued to increase.  The 

greatest difference between the two graphs occurred at time 3 minutes (45-point 
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difference) and time 11 minutes (60-point difference).  The participant in Case 3 

reported a higher level of stress at 3 minutes and again at 11 minutes.  This may 

indicate the participant continued to perceive stress during the simulation even with 

clinical judgment and nursing actions that were expected to be completed.  As the 

patient continued to deteriorate it would be expected to experience ongoing stress 

and the highest rating occurred at the end with the participant’s decision to call the 

rapid response which would coincide with increased stress.   

 

Figure 22.  Visual comparison of Case 3 and predicted stress ratings  

 

The narrative data for this case provided additional insight to describe the 

perceived stress since the patterns did not replicate the predicted pattern.  However, 

Case 3’s stress ratings are more aligned with hypothesis 1C because as the intensity 

of care continued to increase, stress continued to increase over the course of the 

simulation.  All of the stress ratings were above the midpoint of the scale and the 

final rating was the highest rating (85) above the mean (73.3.).  This supports 
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hypothesis 1C since at the conclusion of the simulation the stress ratings increased 

to the highest rating of the simulation representing the end point of the range (65-

85) with the initial rating being the lowest (65).  The increase of stress was evident 

with pattern matching. 

 In summary, the time-series and pattern matching analyses for Case 3 

indicate that the hypotheses 1A and 1C were supported and hypothesis 1B had some 

support.  Even though the predicted patterns for cognitive load, performance, and 

stress were not in exact alignment, the general pattern of increased cognitive load, 

poorer performance, and increased stress were replicated based on pattern analysis.  

For Case 3, the LCJR and count of errors provided additional insight into the clinical 

judgment of the participant as the objective ratings indicated exemplary clinical 

judgment despite the observations of five errors in nursing care and the participant 

self-rating overall poor performance.  

Explanation Building 

Research question 2 asked “How do nurses describe the cognitive work of 

nursing while engaging in a simulated patient care scenario?” The analysis of the 

narrative data provided in the post-simulation debriefing interview layered upon the 

time-series and pattern matching analyses allowing building of explanations in 

support of the proposed conceptual model. 

The explanation building analysis proceeded as described in Chapter 3.  In 

this section the following components of this analysis are presented: 1) An outline of 

the identified categories and associated model components; 2) A full description of 

the qualitative findings; 3) A synthesis of the multiple sources of evidence (time-

series analysis, pattern matching, and the thematic findings) considering the 

diverging and converging evidence and assessed plausible alternate explanations. 
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 Identified categories and model components. 

• “I was wondering in my head…” 

o Surveillance 

• “I’m missing something, what’s wrong” 

o Cognitive overload 

• “I didn’t get to that” 

o Errors/Omissions 

• “I was just thinking I need help” 

“I was wondering in my head.” The category of “I was wondering in my 

head,” emerged as the participant described the invisible cognitive work that 

occurred as part of nursing care after the interruption communicating critical lab 

results for Patient 2.  The participant stated, “I was wondering in my head who 

settled that patient in.  That is what I was thinking about while I was taking care of 

this patient…I was worried about that.” Even though the participant was performing 

direct patient care, the cognitive process extended out of the room into thinking 

about what was occurring with the second patient.  The thought process described 

also included the act of surveillance of identifying threats to the patient through 

purposeful and ongoing acquisition, interpretation, and synthesis of patient data 

(Kelly & Vincent, 2011): “I was thinking, just thinking about like you know, I know 

he was running fluids at ten, but does he need that right now since he just had a ten 

or twelve pound…weight gain.” The participant went on to describe priorities of care 

as: 

I wanted him to be diuresed more.  I mean we could work on possibly even 

using the incentive spirometer to help him with his breathing, cause you know 

he wasn’t having any chest pain; he was just having a hard time breathing.  

But, I mean, he has fluid pressing on his lungs, everything is backing up…I 
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just wanted to have him sitting up so that he could expand his lungs a little 

better. 

The participant also described the thought process after receiving report when it was 

recognized there was more information needed.  It was noted in the field notes that 

the participant was spending time examining the chart at the bedside with no 

observable action.  When asked to describe the thought process the participant 

stated: 

I wanted to know how quickly he gained twelve pounds…I wanted to know 

how much he weighed, I didn’t know what time that weight was taken, so I 

wanted to know how much he weighed like this morning cause that was till 

now…I wanted to know if his family was the P.O.A. [power of attorney], I kind 

of wanted to know where they were if they’d been by, like there were a 

couple other things I was thinking…I also wanted to know I wanted to clarify 

if he was a full code or not… 

As the participant was an early career RN, the amount of information provided in the 

initial report may have also created information overload whereby it was not possible 

to ask questions from the person giving report.  This thought process also took into 

consideration situational factors such as family and legal considerations with the 

power of attorney and code status.  This illustrates the complexity of the thought 

process occurring as part of surveillance in nursing practice. 

  “I’m missing something, what’s wrong?” The category of “I’m missing 

something, what’s wrong” emerged through the think aloud process of describing 

omissions in care and clinical decision-making.  As noted previously, there were 

errors committed during the simulation.  The participant described the thoughts 

when feeling stressed as “I was like, do I call a rapid response?  Do I use the phone 

or just use the call blue?  But then I was like you don’t need to hit that, it’s not for a 
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rapid response…I’m missing something, what’s wrong.” This response indicates the 

noticing and interpreting phase of clinical judgment with the inability to progress to 

the phase of responding (Lasater, 2007).  There were also times when the 

participant described an inability to recall data and an attempt to keep information 

memorized which increases extraneous load.  The participant was attempting to 

decrease extraneous load by seeking out physical items such as a marker, paper, 

and white board to serve as a memory aid: “I was looking around and I didn’t see 

one.  So, I would’ve written some of my information on the board.” In this case the 

participant was also unable to administer any of the medications that were ordered.  

When asked to describe the thought process on how the decision was made to not 

give the medications the participant reflected: “I could’ve went ahead and got the 

meds and go ahead and given them first.”  The difficulty in clinical decision-making 

related to concern about the order in which the provider wished the labs and 

medications to be done and trying to prioritize those two nursing interventions: 

I wish, I should’ve clarified on the phone…definitely go ahead and give them 

first or do you need to see the complete metabolic panel first…but I made the 

decision, we can go ahead and give the meds, but I guess part of me was like 

caught up on trying to find the supplies which I’m like when I finally made the 

decision to go try to draw [labs] off the line and then I got interrupted. 

In this simulation scenario the participant experienced cognitive overload with a high 

intrinsic load with the nursing tasks and since the interruptions added extraneous 

load, the result was missed nursing care (Kalisch & Xie, 2014).  The nursing care 

also was a higher complexity for the participant as the medication orders were 

uncertain: “the potassium I would’ve questioned because…I wanted to make sure 

that concentration, just double check Micromedex or something like that.” The 

participant also wanted to reexamine the medication administration record (MAR) to: 
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“double check and see what concentration it was…I was trying to remember his 

potassium level.” In attempting to maintain information such as patient labs in 

working memory as a mental note, the result was an inadvertent increase in 

extraneous load (Sweller et al., 1998).  These descriptions of uncertainty in clinical 

judgment may be related to the combination of being a new to practice RN and the 

added intensity of interruptions in care. 

“I didn’t get to that.” The category of “I didn’t get to that” emerged from the 

description of errors and omissions of care.  After describing the thought process 

regarding nursing interventions that were performed, the participant was asked if the 

labs were drawn.  The participant responded, “I didn’t get to that…I couldn’t find a 

tourniquet.” Field notes indicate all lab supplies were available at the bedside cart, 

and eventually the participant did find a tourniquet and it was left lying in the bed at 

the end of the simulation.  When asked about the medications, the response was “I 

wasn’t able to give the meds.  I didn’t get to that either.” The participant went on to 

describe emotions as: “I just felt frustrated the whole time because…I feel like I am 

delaying care because I’m like what am I doing, and then I’m like stressing over 

what do I need to do?”  When asked about documentation the response was: 

I wanted to write stuff down.  I didn’t get to the documentation part and I 

honestly, like other than writing down like times when changes occurred 

which is probably what I would’ve written down, so I can go back and put it in 

my note, I didn’t get to that, but I knew I wanted to put stuff in my note that 

had happened and when it had happened. When I talked to the doctor, and 

when I got the labs on the phone, what time the patient actually got to the 

room…I end up keeping a lot of stuff in my head which isn’t always good. 

This reflection on action indicated a desire and awareness of needing to document 

care, yet an inability to process the information in a timely manner so documentation 
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could be completed.  The sub-category of errors and omissions was identified as the 

participant described the thought process while experiencing errors or omissions that 

may result in poor patient outcomes as depicted in the conceptual model for this 

study.  

“I was just thinking I need help.” The final category for Case 3 related to the 

numerous references to needing help.  After the third interruption, the participant 

had made the clinical judgment to not attend to Patient 2 because “I really didn’t 

want to leave Mr. Jones.” When asked to describe the thinking, the response was “I 

was just thinking I need help.”  Throughout the interview the participant referenced 

needing help and was able to identify specific areas of need.  When there was 

difficulty obtaining the labs, the thought was “maybe a tech could’ve drawn the blood 

for me…I could’ve been working on giving him the medication.”  When asked if the 

participant would have called for a second nurse, the response was “I would’ve 

asked…But I guess it depends on if I saw any out there.” Only if another nurse was 

visible in the hallway would assistance have been solicited: “I wanted to peek my 

head out the door...I’d just be like hey, I need some help…but I guess I knew there 

was no one out there to help me since I didn’t hear anyone.” Active nursing 

surveillance indicated the patient in the simulation was in distress and the clinical 

judgment was made to not leave the patient, yet it resulted in an inability to go out 

and seek assistance that may have been valuable.  When asked if anything would 

have been done differently, the participant responded: “I would’ve been asking for 

help sooner,” in order to ask “hey could you come look at him?  I’m thinking about 

calling a rapid response, what do you think…I would try to do that quickly.” In 

summary, the participant clearly identified assistance was needed and having this 

additional task support and cognitive support for making clinical judgments may 

have made the difference in outcomes.  
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Case 3 synthesis.  The final step in explanation building analysis of Case 3 

consisted of examining the multiple sources of evidence for convergence, divergence, 

and plausible alternative explanations.   The sources of evidence for Case 3 

converged on cognitive load, stress, and clinical judgment supported by the 

description of cognitive overload, challenges in clinical decision-making, and the 

observation of errors and omissions in nursing care.  The narrative data provided 

thick descriptions of active surveillance and the resulting errors and omissions of 

nursing care which occurred during the simulation.  The constant feeling of 

frustration in the narrative data converged with the sustained above average levels 

of stress in the quantitative data.  The narrative data further explored the need for 

additional support as a way to manage cognitive overload when the intensity of care 

was increasing.  As this is a norm in clinical practice, the ability to utilize such 

support would in theory support germane load and may help mitigate extraneous 

load.  The convergence of the multiple sources of evidence provided additional 

support for the hypotheses in this study on the invisible cognitive work of nursing.  

Cross-Case Synthesis 

Standards of data analysis for case study design with multiple cases should 

include a cross-case synthesis.  As there were three case studies, (Cases 1, 2, and 3) 

the researcher was able to demonstrate a literal replication of the effect and control 

for threats to external validity (Yin, 2018).  A cross-case synthesis brings together 

the findings from individual case studies and is one of the most critical parts of a 

multiple-case study.  In addition, a cross-case synthesis and results are provided in a 

similar manner to the individual cases.  The benefit of having multiple-case studies 

will be a more strongly designed case study (Yin, 2018).  As long as each case is 

carefully selected so that individual case studies predict similar results, the ability to 

conduct two or three literal replications would provide compelling support for the 
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findings of the case study (Yin, 2018).  The procedure for a cross-case analysis 

differs from a typical quantitative approach as it requires a case-based approach 

rather than a variable based approach (Yin, 2018).  Although the selection criteria 

for each case controlled for education, experience, and expertise it was noted 

through cross-case comparison for the descriptive data presented in Table 11 that 

each case only had experience on the unit where they were currently working.  This 

reveals each case only had experience limited to a singular medical-surgical unit of 

an acute care hospital.  

 

Table 11 

Demographic, education, and employment characteristics of cases 

 
Case Age Gender Length since 

Graduated 

(months) 

Non-Nursing 

Education 

Length of 

Practice 

(months) 

Employment 

Length 

(months) 

Typical 

Ratio 

1 24 F 24 None 24 24 3:1 

2 28 F 24 BA/BS 24 24 3:1 

3 30 F 14 AD 14 14 3:1 

Mean 27.3 ---- 20.6 ---- 20.6 20.6 3:1 

Note.  F=female gender.  For non-nursing education, AD = associate degree; BA/BS = prior nonnursing 

bachelor’s degree. 

 

 

In order to compare any within-case patterns across the cases for research 

question 1, the ratings of cognitive load, performance, and stress for each case along 

with the predicted ratings made prior to data collection were plotted collectively on 

one graph for pattern matching.  Comparison of the descriptive statistics including 

the means, standard deviations, ranges, and slopes of the data across cases was 

also conducted and placed in a table for ease of analysis.  Narrative data were 
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examined in cross-case synthesis to determine if data converged or diverged across 

cases.  Figure 23 provides a comparison of the patterns of data across the three 

cases for cognitive load.  Pattern analysis provides evidence of a replication of the 

case with the visualization increasing cognitive load as the intensity of care increased 

over time.  As the standard for case study design includes analyzing data for each 

case individually followed by cross-case comparison (Yin, 2018), this process was 

repeated for the data for performance and stress ratings.  

 

 

 

Figure 23. Cross-case synthesis of cognitive load 

 

The ratings for all three cases are provided in Table 12 for comparison of the 

individual ratings, mean, standard deviation, range, and slope.  Cognitive load 

ratings were examined across cases and examination of the patterns indicate there 

was a similar pattern among all three cases and the predicted ratings over the time-
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series.  The findings indicate the convergence of the patterns of the data with minor 

divergence of the variability showing how each individual case had unique attributes.  

Of note all three cases had a higher cognitive load for the final rating at the time of 

20 minutes whereas the predicted pattern had indicated that cognitive load would 

have a slight decrease.  This may have been the result of the participants in each of 

the cases not being able to complete all of the nursing actions such as 

documentation and medication administration.  An alternative explanation would be 

that the prediction for the decrease in cognitive load was unrealistic for the time 

frame of 20 minutes for the simulation.  This was supported by the qualitative data 

where the sub-category of cognitive overload was present in all three cases.   

 

Table 12 

Cross-case cognitive load ratings across duration of simulation  

Time 

(minutes) 

Predictions Case 1 Case 2 Case 3 

3 40 80 25 90 

7 65 90 65 95 

11 120 135 90 110 

14 145 165 95 110 

17 135 170 90 140 

20 120 175 105 145 

Mean 104.2 135.8 78.3 115 

SD 41.9 41.9 29.3 22.8 

Range 40-120 80-175 25-105 90-145 

Slope 5.6 6.4 4.2 3.4 

Note.  SD=Standard deviations.   
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The narrative data including the categories and sub-categories for the three 

cases is presented in Table 13.  In a case study design, pattern matching would 

provide evidence for concluding that the original hypotheses were supported (Yin, 

2018).  However, when literal replication is obtained with multiple-case studies, the 

cross-case synthesis would provide more assertive support for the hypotheses (Yin, 

2018).  Having multiple sources of evidence as part of the quantitative data analysis 

provides additional support of the findings.  The comparison of the narrative data for 

research question 2 offers additional evidence to support the findings based on the 

findings in Table 13.  Overall, there is evidence to support the hypotheses of 

research question 1 as the findings were replicated from the first case with the two 

subsequent cases with the same intervention and conditions in each individual case 

meeting the criteria of literal replication (Yin, 2018). 
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Table 13 

Cross-case comparison of narrative findings 

Conceptual 

Model Sub-

Categories 

Case 1  Case 2  Case 3  

 Categories 

Cognitive 

Overload 

“I was just very 

overwhelmed” 

“I wasn’t 

confident I pulled 

the right meds.” 

“I’m missing 

something, what’s 

wrong” 

Surveillance “I’m thinking about 

ten things that 

need to happen” 

 

“I was able to not 

just follow orders 

but use my 

judgment.” 

“I was wondering in 

my head…” 

Individual 

Attributes 

 

“I know that’s just 

ingrained in me” 

“I wasn’t so 

afraid.” 

 

Errors/Omissions  

 

 “I didn’t get to that” 

Social Capital “It’d be nice to 

even have an 

ounce of help.” 

“I always ask a 

co-worker.” 

“I was just thinking 

I need help.” 

 

  

The cross-case synthesis of performance ratings is shown in Figure 24 with 

the data from all three cases along with the predicted pattern created prior to data 

collection.  Table 14 provides the ratings for all three cases for performance as well 

as the means, standard deviations, ranges, and slopes.  The ratings from each 

individual rater on the LCJR instrument are provided for each case.  Pattern analysis 

of performance indicates there was not a consistent match of the findings across all 

three cases.  Case 2 and Case 3 had similar patterns; however, Case 3 had much 
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lower subjective ratings of performance.  The ratings of the LCJR were similar for all 

three cases and did not support the subjective ratings of performance in all three 

cases as discussed previously.  However, it is important to note the final 

performance rating of the LCJR for each of the cases represented the overall rating 

of performance and the narrative data for all three cases indicated ongoing clinical 

judgment and surveillance.  In all three cases the participants committed errors and 

omissions of care.  None of the cases were able to complete any of the 

documentation nor administer all of the medications as ordered.  This was explained 

in the narrative findings shown in Table 13 previously with the sub-categories based 

on the conceptual model of cognitive overload when the participant was not able to 

complete all the desired nursing actions as well as the descriptions of prioritizing 

nursing actions and attempting to eliminate threats through active surveillance.  

 

 

Figure 24.  Cross-case synthesis of performance 
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Table 14 

Cross-case performance ratings across duration of simulation 

Time 

(minutes) 

Predictions Case 1 Case 2 Case 3 

3 80 50 70 35 

7 60 70 55 25 

11 85 70 55 25 

14 85 20 60 25 

17 50 35 45 25 

20 25 40 50 20 

Mean 64.2 47.5 55.8 25.8 

SD 24 19.9 8.6 4.9 

Range 25-85 20-70 45-60 20-35 

Slope -2.4 -1.7 -1.1 -0.65 

LCJR1  38 42 38 

LCJR2  39 40 37 

Note.  This table represents predictions and Case 1, 2, and 3 ratings of performance at each time interval 
as well as the corresponding means, standard deviations (SD), ranges, and slopes.  LCJR ratings are 
provided as summed by each rater.  LCJR1=Observer 1 and LCJR 2=Observer 2 

 

The cross-case synthesis of stress is depicted in Figure 25.  Pattern analysis 

of the stress ratings across cases indicates there was a similar pattern among Case 2 

and 3. Case 1 had the greatest variability in the subjective reporting of stress.  All 

three cases deviated from the predicted pattern of stress.  Table 15 includes the 

ratings from the predictions made prior to data collection and the ratings for Cases 

1, 2, and 3. For Case 1 and 3, the highest rating of stress was the final rating at 20 

minutes.  Case 2 followed the prediction of the stress pattern and had a slight 
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decrease for the final rating.  The narrative data in Table 13 supports the notion that 

the perception of stress in each case was not a major factor impacting the cognitive 

work of the nurses in this study.  The interview data specifically elicited responses on 

stress and yet stress did not emerge as a main category or sub-category.   

 

 

 

Figure 25. Cross-case synthesis of stress 
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Table 15 

Cross-case stress ratings across duration of simulation 

Time 

(minutes) 

Predictions Case 1 Case 2 Case 3 

3 20 30 35 65 

7 80 20 55 75 

11 15 60 55 75 

14 75 90 50 70 

17 80 90 65 70 

20 75 100 60 85 

Mean 57.5 65 53.3 73.3 

SD 31.1 33.9 10.3 6.8 

Range 15-80 20-100 35-65 65-85 

Slope 2.8 5 1.3 0.68 

Note.  This table represents predictions and Case 1, 2, and 3 ratings of stress at each time interval as well 
as the corresponding means, standard deviations (SD), ranges, and slopes.   

 

 For research question 2, the cross-case synthesis consisted of examining the 

categories and sub-categories previously displayed in Table 13.  The sub-categories 

of the three cases demonstrate how the conceptual model of the invisible work of 

nursing represents the thought process of the participants.  The sub-categories of 

cognitive load and surveillance were replicated in all three cases.  Individual nurse 

attributes also emerged in two of the cases indicating it was a factor in managing 

cognitive overload to support surveillance and clinical judgment.  The emergence of 

needing help and seeking assistance was replicated in all three cases.  Although not 

depicted in the original conceptual model, it provides evidence of additional factors 

influencing cognitive load and the invisible work of nursing.  These findings 
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collectively support the model as being representative of the invisible work of 

nursing.  

Summary 

This chapter reported an overview of the characteristics of each case study 

and the findings from the time-series analysis, pattern matching, and explanation 

building for each case.  Findings from the data collected with the NASA-TLX, the 

LCJR, the manual count of errors and the interview were provided along with the 

description of the data analysis for each case.  The chapter also included a discussion 

of the complications that arose during the study and the adjustments to the study 

that resulted.  The chapter concluded with a cross-case synthesis of the findings 

using a case-based approach.  The findings of the study support the hypotheses of 

the first research question as when the intensity of care increased cognitive load, 

perceived stress, and errors increased.  The narrative findings, errors, and the 

ratings of performance described how cognitive overload did in fact inhibit clinical 

judgment.  Literal replication of the findings from the first case study with two 

subsequent cases under the same conditions provides additional strength to the 

findings of the study.  The convergence of the findings further described the 

complexity of cognitive load in nursing practice whereas the divergence provides 

direction for future studies in exploring the invisible work of nursing.  
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CHAPTER FIVE 

DISCUSSION AND RECOMMENDATIONS 

The purpose of this study was to explore the invisible cognitive work of 

nursing by examining relationships between cognitive load, nursing surveillance and 

clinical judgment, contextual complexities, and their potential impact on patient care 

outcomes.  This study was conducted as a case study design with multiple sources of 

both quantitative and qualitative data.  The setting of the study was a simulation 

center at a College of Nursing with an intervention created using a modified 

simulation scenario.  The novel conceptual model of the Invisible Work of Nursing 

guided the research questions and design for the study.  There was a total of three 

case studies conducted.  Participant selection criteria based on the model included 

new to practice RN participants who were working in acute care hospital-based 

medical-surgical units.  Quantitative data from the NASA-TLX instrument, the Laster 

Clinical Judgment Rubric, and a manual count of errors and qualitative data from 

semi-structured interviews by the researcher were analyzed and interpreted.  This 

chapter presents a discussion of the results of the study generally, the results by 

research question, and the results in light of the conceptual model.  Limitations of 

the current study will be discussed.  In addition, implications for nursing practice and 

nursing education are discussed along with recommendations for future research. 
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Discussion of the Findings 

This study of the invisible work of nursing was, to our knowledge, the first to 

simulate a scenario intentionally increasing complexity of care in practicing nurses in 

order to measure important outcomes, including cognitive load, across the 

simulation.  Additionally, the multiple-case study design was a novel approach that 

provided evidence from multiple sources and an in-depth narrative understanding of 

the experience of increasing intensity in nursing care.  The study was based on a 

new conceptualization of the invisible work of nursing which posits the critical roles 

of nursing surveillance, cognitive load, and clinical judgment as the invisible work of 

nursing in the complex work environment of modern hospital-based settings.  This 

study was able to provide additional evidence on the significance of the invisible 

work of nursing. 

The study included an analysis of three individual case studies of new to 

practice registered nurses.  The case selection criteria controlled for individual 

variation of internal work complexity variables of education, experience, and 

expertise.  Participants were selected who had been practicing between 14 and 24 

months.  Each case differed with education preparation outside of nursing: the first 

case with no additional education, the second with a nonnursing bachelor’s degree, 

and the third with a prior nonnursing associate degree.   

Finally, the simulation protocol intentionally increased the intensity of care 

with a simulated patient and the addition of structured interruptions.  The narrative 

findings in each case indicated the simulation mirrored clinical practice and the 

interruptions were similar to what nurses encountered in everyday practice.  This 

study also used the NASA-TLX in a time-series analysis with six different time points 

during the simulation.  The simulation design combined with the research protocol 

provided an effective means to explore the invisible work of nursing with procedural 
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fidelity with each individual case (Tate et al., 2016).  As there were no additional 

simulation design modifications needed after the initial pilot and Case 1, Case 2 and 

Case 3 represent replications of Case 1 and were reported with independent data 

analyses (Applebaum et al., 2018).  The modifications to the approach to data 

analysis allowed for an in-depth exploration of a complex topic.  Time-series 

analysis, pattern matching, explanation building, and cross-case synthesis were 

conducted to ensure a robust analysis based on quality case study design standards 

(Yin, 2018). 

Research Question 1 

 Research question 1 asked, “What is the effect of simulated increasing 

intensity of care on nurses’ cognitive load, clinical judgment, perceived stress, and 

errors?”  

The three hypotheses associated with Research Question 1 were all supported 

to some extent.  Cognitive load and stress increased as care intensity increased.  As 

errors were not able to be analyzed with the time-series analysis, performance 

ratings combined with the count of errors and the LCJR ratings provided support 

specific to how intensity of care impacted clinical judgment.  This current study was 

able to directly measure cognitive load with a time-series analysis in a multiple-case 

study design demonstrating the feasibility of measuring cognitive load during a 

complex care simulation.  This study provided additional evidence associating the 

invisible work of nursing and the use of the NASA-TLX instrument as an indicator of 

cognitive load with the potential to impact patient safety as was also noted by 

Tubbs-Cooley and colleagues (2019).  

Technology has been found to have the potential to both optimize germane 

load with effective algorithms and clinical decision support and be a hindrance by 

increasing extraneous load (Ansell et al., 2015; Elgin & Bergero, 2015).  In the 
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current study, the inclusion of technology as both germane (pyxis) and extraneous 

(pump alarming) load in the simulation is congruent with prior studies and illustrates 

how the role of technology needs to be continually evaluated as it is ubiquitous in 

nursing practice (Tan et al., 2013; Vito et al., 2017).   

The findings of this study support prior studies that found a relationship 

between increased cognitive load and decreased performance (Lewis, 2019; Naismith 

et al., 2015).  For this study, clinical judgment was operationalized utilizing the 

objective Lasater Clinical Judgment Rubric and the subjective NASA-TLX performance 

item.  The number of errors or omissions in nursing care observed during the 

simulation was an additional indicator of performance.  Prior literature examining 

clinical performance in healthcare had similar findings to this study where healthcare 

providers were not able to engage in accurate clinical judgment when the complexity 

of patient care increased (Lewis, 2019; McBee et al., 2015; Parsons et al., 2012; 

Szulewski et al., 2015; Thomas et al., 2017).  The findings of this study supported 

the hypothesis that as the intensity of care increased, the subjective measure of 

performance decreased.  The additional finding of errors in all three case studies 

reflects challenges in rendering clinical judgment.  Of note, the objective 

measurement of clinical judgment did not align with the subjective ratings of the 

participants’ performance.  The LCJR did not account for errors or omissions in care.  

It was initially designed for student learning centered on the thought process in 

nursing practice and how information is recognized and processed.  This finding 

demonstrates the value of evaluating multiple sources of evidence for clinical 

judgment.   

Increasing the intensity of care had varied results on the subjective ratings of 

stress in the cross-case synthesis.  Although stress increased in each case, there was 

more variability than expected based on the literature.   The case selection criteria 
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for this study was very specific to new to practice nurses and prior studies on nursing 

stress have included broader samples of nurses from different geographic regions, 

different gender, varied levels of experience, and degree preparation (Cabrera-Mino 

et al., 2019; Dendaas, 2011; Farquharson et al., 2013; Johnston et al., 2016; 

Solomon et al., 2016).  Novice nurses have been found to experience greater stress 

with nursing interventions that required clinical judgment (Cabrera-Mino et al., 

2019).  An objective measure of stress such as task-evoked pupillary response 

during simulation may have provided a different alignment of the stress levels 

associated with the predicted pattern and provide additional insight into the 

variability across cases.  Frequent ratings of stress may not have been the most 

valid predictor of stress and further exploration is warranted. 

In each case there were errors and omissions of nursing care as the intensity 

of care increased creating the potential of cognitive overload.  As the outcome of 

accurate clinical judgment is safe, effective patient care, the resulting errors suggest 

there was an impact on clinical judgment.  Although this study did not identify any 

specific cut off scores for cognitive overload, another study utilizing the NASA-TLX 

found a five-point increase in a nurse’s NASA-TLX rating during a shift was 

associated with a significant increase in missed nursing care (Tubbs-Cooley et al., 

2019).  An alternate explanation for omissions in care for this study might be the 

intentional decision of each participant to prioritize nursing care with cognitive 

stacking (Patterson, Ebright, & Saleem, 2011).  For example, none of the 

participants were able to deliver important medications in a timely manner but 

acknowledged that medication administration was on their mental to do list.  If the 

cognitive load of the nurse could have been reduced or resolved over time as the 

intensity of care decreased, it is possible the participants may have been able to 

complete expected nursing actions residing in their cognitive stack.  As a typical 
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nursing shift lasts twelve hours, allowing for additional time for internal or external 

complexity factors may have aided in mitigating a high cognitive load since new to 

practice RNs do not manage cognitive load as efficiently as experienced RNs.  As 

patient safety continues to be a focus in healthcare, the current study demonstrated 

it is conceivable to measure cognitive load in an effort to prevent cognitive overload 

and the resulting errors and omissions in nursing care that may compromise patient 

safety.   

Research Question 2 

Research question 2 asked, “How do nurses describe the cognitive work of 

nursing while engaging in a simulated patient care scenario?” The narrative data in 

the study provided additional insight into the invisible work of nursing.  All 

participants were able to describe active nursing surveillance similar to prior studies 

(Dresser, 2012; Giuliano, 2017; Pfrimmer et.al, 2017).  Nursing surveillance is an 

overarching aspect of the conceptual model for this study.  The rich descriptions of 

the thought process and analyses of data in each case emphasized the need to 

preserve the nurse’s ability to engage in active surveillance and how cognitive 

overload did in fact inhibit clinical judgment.  The findings across cases indicated the 

simulation mirrored clinical practice and the interruptions were similar to what 

nurses encountered in everyday practice.  This is strong validation for the simulation 

design, based on educational scenarios as a model for cognitive load studies for 

practicing nurses. 

Conceptual Model 

The conceptual model for the current study was created by the researcher 

based on the extant literature on the invisible work of nursing as it relates to patient 

outcomes.  The findings of the current study support the usefulness and initial 

validity of the model.  The ongoing practice of nursing surveillance which is a 
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precursor to nursing judgment was clearly reflected in the explanation building data 

analysis for each case where participants described things they were concerned 

about as well their thinking when they were prioritizing nursing actions similar to the 

concept analysis by Kelly and Vincent (2011).  As nursing surveillance remains a 

nursing action that is difficult to measure or observe, the explanation building 

findings supported prior studies on how a think aloud protocol provides exemplars of 

the multidimensional process of collecting and accumulating patient data and 

comparing these data to standard values (Giuliano, 2017; Pfrimmer, 2017).  

The internal complexity factors from the model influencing germane load were 

controlled for with the selection criteria.  The findings converged from multiple 

sources of evidence on how these factors were a positive influence on clinical 

judgment.  Participants were able to provide rich description on how even as a new 

to practice RN, the experience of a BSN education and having completed at least a 

year of practice contributed to effective clinical judgment with a focus on performing 

safe, quality nursing care.  The explanation building findings also elucidated how 

interruptions, technology, and increased intensity of care are norms to be expected 

in nursing practice.   

The narrative data identified a gap in the conceptual model related to the 

essential nature of peers and teamwork as a mechanism of social capital to support a 

nurse’s clinical judgment.  This finding had not been discovered in the literature as a 

major factor mitigating cognitive overload and provides direction for future study.  

An addition to the conceptual model that emerged is the notion of peer coaching and 

collegial support as a necessary and commonly used aid in the clinical decision-

making process.  Pfrimmer (2017) described similar support during the process of 

handoffs as collaborative cognitive work to find meaning in cues.  Findings suggest a 

strong social aspect to nursing surveillance and clinical judgment.  The social capital 
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of nursing represents the notion that nurses function in teams with shared ways of 

knowing and being (Read, 2014).  Social capital has been described as a “relational 

network configured by respectful interactions among nursing professionals and 

between the other healthcare professionals…characterized by the norms of trust, 

reciprocity, shared understanding and social cohesion” (Xu, Kunaviktikul, 

Akkadechanunt, Nantsupawat, & Stark, 2019, section 3.6, para. 1).  This network 

may represent a method to minimize cognitive overload by fostering the notion of 

social capital on nursing units.  The desire for collaboration to either confirm clinical 

cues or to assist in recognizing missed cues emerged in each of the three cases.  

Social capital has been associated with positive patient outcomes and captures the 

value of nurses’ social relationships in practice.  Nurses who trust each other are 

more likely to offer knowledge, resources, and support to colleagues because they 

know that it will be reciprocated in the future (Read, 2014).  The inclusion of the 

collaborative cognitive work of nurses as a social process in an acute care hospital-

based setting would optimize the germane load of the individual nurse by mediating 

factors such as experience and expertise in clinical practice.  The conceptual model 

was revised to reflect this new knowledge.  Social capital was added as part of the 

external complexity contributions as seen in Figure 26 and is thought to contribute to 

germane cognitive load.  
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Figure 26. Revised Invisible Work of Nursing Conceptual Model 

 

 

Strengths of the Study 

The strengths of this study include the novel design of a multiple-case study 

within the setting of a simulation center where patient safety was not impacted.  This 

study also found the NASA-TLX was a feasible instrument for repeated measures in a 

simulation.  The collaboration with the simulation center staff on combining the 

research protocol with the simulation protocol strengthened the study.  The need to 

adhere to a strict protocol throughout the simulation was critical to replicating the 

design as required by case study design reporting standards (Levitt et al., 2018; Yin, 

2018).  Case 1 demonstrated a complex care scenario combined with increased 
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intensity adequately created increased cognitive load, therefore the protocol was not 

adjusted for subsequent cases.  The simulation protocols were identical for all three 

cases, allowing two literal replications of the case.  Making procedures explicit 

minimized errors and biases and enhanced the reliability of this study (Yin, 2018).  

Increasing the intensity of care was successfully achieved through modification of an 

existing simulation with interruptions designed by the researcher.  Programming 

voice recordings to prompt for instrument collection as well as having pre-recorded 

standardized pre-briefing provided fidelity of the simulation and the case study 

design.   In addition, the participants found the simulation to be realistic and the 

interruptions in care to be similar to what is experienced in a hospital-based acute 

care medical-surgical unit.  

This study employed the principles of a quality case study design.  This study 

addressed the four main principles of a quality case study design as described in 

Chapter 3 (Yin, 2018).  Another strength of the design included the ability to 

replicate the study with two additional cases.  Literal replication represents 

conducting multiple cases with the intent of producing similar findings (Yin, 2018).  

The literal replication with Case 2 and 3 provides a strong case for supporting the 

findings that the increased intensity of care corresponded with an overall increase in 

cognitive load, a decrease in perceived performance, an increase in stress, and an 

increase in total errors.  This design approach provides the opportunity to conduct a 

cross-case synthesis and the resulting findings of this multiple-case study provides 

stronger support compared with the more limited scope of a single-case study design 

(Yin, 2013).  The convergence of the data based on the time-series analysis, pattern 

matching, and explanation building across cases supports the impact the intensity of 

care on the cognitive load, stress, clinical judgment, and errors while providing 

additional data on factors influencing the thinking of nurses.  
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Trustworthiness and Rigor 

Quantitative rigor for the study was strengthened through several approaches  

including following the best practices for case study design including making 

predictions of data patterns prior to data collection and conducting multiple-case 

studies for literal replication (Yin, 2018).  Yin (2013) identifies four main criteria that 

are crucial when doing case study research to ensure a quality design.  The first 

criteria are defining and selecting the case for a case study.  This is part of research 

design and was accomplished through having specific case selection criteria and a 

process for screening applicants.   

The second criteria to ensure a strong case study design is using multiple 

cases as part of the same case study.  Multiple-cases, compared to single-case 

studies, also broaden the coverage of the case study (Yin, 2013).  Yin (2018) 

describes the third criteria as creating a strong evidentiary base in order to provide 

greater credibility for the case study, and methodically analyzing the data, using 

qualitative and quantitative methods to lead to more defensible findings and 

conclusions (Yin, 2018).  As the case study design is not limited to any single type of 

evidence or data, both qualitative and quantitative data should be part of a case 

study design (Yin, 2018).  This study provided multiple sources of evidence for 

pattern matching, time-series analysis, and explanation building meeting the quality 

standards of the case study approach by using different types of evidence to 

triangulate or converge on the same research question (Yin, 2018).   

The internal validity of the findings was enhanced through the data analytic 

technique of pattern matching and addressing alternative explanations (Yin, 2018).  

The emergence of social capital as an alternative explanation in the findings was a 

key element previously unidentified in the literature and the conceptual model for 

this study.  The reliability of the case study design was addressed through the use of 
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a case study protocol and maintaining a chain of evidence through the use of a case 

study database, field notes, and analytic memos.  The methodology for ensuring 

validity and trustworthiness of the qualitative data and synthesizing the multiple 

sources of evidence included the utilization of explanation building analysis (Yin, 

2018) as well Thomas’s (2006) inductive approach for qualitative data analysis.  

According to Thomas (2006), the trustworthiness of findings derived from inductive 

analysis are similar to Lincoln and Guba’s (1985) criteria.  

Trustworthiness is defined as the degree to which the results of qualitative 

research are reliable and credible.  It includes credibility, transferability, 

confirmability, and dependability of results (Lincoln & Guba, 1985).  Credibility was 

established through using the participants' words with in vivo coding to provide a 

rich description of the cognitive work of nursing.  Peer debriefing between the 

researcher and the dissertation chair, an experienced researcher, was used with the 

researcher’s dissertation chair reviewing findings and providing mentoring.  

Comparing the qualitative data with the quantitative data permitted data 

triangulation.  The data analyses were reported with clarity and with visual graphs to 

allow readers of the research study the ability to make a determination of 

transferability of the findings.  Confirmability was maintained through the use of an 

audit trail and the creation of analytic memos after each case’s data collection.  The 

researcher kept a detailed record of research planning, data collection, and data 

analysis as part of the chain of evidence.  Dependability was demonstrated through 

debriefing and sharing data collection with the dissertation chair after each case, and 

adherence to best practices and reporting standards for case study data analysis. 

Limitations of the Study 

One strength of this research study which also created a limitation was the 

fact that the study was conducted in a simulation center as opposed to an acute care 
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hospital-based unit.  Although the setting closely resembled the hospital, it did not 

fully replicate or represent the complexity of the hospital environment (i.e. single 

rooms compared to a floor with multiple rooms, only select team members present 

compared to inter and intraprofessional team members).  In addition, the simulation 

was conducted over a twenty-minute time period whereas nurses engage in practice 

over the course of hours.  Although the participants confirmed the realism and 

fidelity of the simulation, they also noted difficulty finding common items, 

unfamiliarity, and lack of colleagues’ presence.  

One potential limitation to this study related to gender.  Nursing is a largely 

female dominated profession and exclusively female participants allows for 

generalizability of the case findings; however, it is prudent to consider how gender 

may influence the findings.  The concept of invisible work is not unique to nursing 

and has been identified in other studies as unique to women, suggesting women 

typically perform more invisible or unrecognized work compared to men (Light, 

2009; Social Sciences Feminist Network Research Interest Group, 2017).  The 

question remains to what extent the invisible work of nursing is related to gender 

and perhaps a case with a male participant would yield different results.  For 

example, during the simulation when the participant had an interaction with the 

charge nurse who offers a second patient, none of the participants declined even 

though in the qualitative interview they identified with experiencing cognitive 

overload.  The literature on gender and teamwork that found the proportion of 

women performing on a team correlated to the team’s collective intelligence.  

(Wooley, Chabris, Pentland, Hashmi, & Malone, 2010).  This was directly related to 

the social interaction processes with the team, illustrating the importance of social 

capital in nursing teams.  Other gender studies have found that a major expectation 

of the female gender role in workplace-based teams is that women provide help to 
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others when needed without being asked (Wooley et al., 2010).  Furthermore, 

studies have found that when women who choose not to collaborate with coworkers 

are regarded negatively and rewarded less than men who make the same decision 

not to collaborate with co-workers (Chen, 2008; Heilman, 2012).  This suggests that 

gender may play a role in teamwork.  Nursing studies that have reported on the 

effectiveness of team based nursing, or pairing two nurses as a team to deliver 

patient care, the findings included increased nurse satisfaction, increased 

collaboration, improved communication, nurses feeling supported, and ultimately 

improved quality of care and patient safety (Cioffi & Ferguson, 2011; Dickerson & 

Latina, 2017; Fernandez, Johnson, Tran, & Miranda, 2012).  To date, no studies have 

been found in healthcare comparing the cognitive load or workload of different 

genders.  

Another limitation was the challenge in obtaining a baseline assessment.  In 

each case, participants completed the NASA-TLX instrument prior to the simulation 

based on the previous shift worked.  The time elapsed since that shift and the types 

of care rendered during that shift may have influenced the initial NASA-TLX ratings 

prior to the start of the simulation.  This first NASA-TLX measure did not seem to be 

sensitive enough to reflect baseline cognitive load prior to increasing intensity of 

care.  The second NASA-TLX measure was also conceptualized as a baseline measure 

with only small increases in intensity, but since the scenario was designed to 

increase in intensity rapidly in order to simulate actual patient care, this also did not 

reflect a good baseline or low intensity of care. In the absence of an adequate 

baseline it was not possible to determine if there was a direct causal effect from the 

increasing intensity and interruptions within the simulation.  The study was also 

limited to participants from one healthcare system and the culture may have 

influenced how participants responded in the study.   
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Another potential limitation relates to how participants’ comfort level with 

simulation may have affected their ability to perform.  For this study, all participants 

had been exposed to simulation as part of the hospital-based education framework.  

Annual nursing skills updates and hospital clinical education are conducted in the 

simulation center.  If participants had not had any prior simulation experience, the 

cognitive load, stress, and performance ratings of clinical judgment may have varied 

as a result of first learning the nuances of simulation in relation to everyday practice.  

Additional replication studies of cognitive load in simulation are needed to fully 

explore how the internal factors of the individual participants help mitigate cognitive 

overload. 

A final limitation relates to the predicted patterns created prior to data 

collection.  As there had not been any prior case study designs with a similar 

methodology, the predictions were created by the researcher who has extensive 

experience in clinical practice and simulation.  The predictions were based on the 

assumption that these scenarios, created and commonly used with nursing students, 

would be relatively easy for practicing nurses.  Given the findings, it is recommended 

to modify any pattern predictions in future studies based on the findings from this 

study.  The ratings from the three cases provide actual data that can be used to 

predict patterns for future case studies.  As stress was the variable that was the 

most unpredictable based on the pattern of all three cases and the synthesis of 

cases, future studies may include an objective measurement of stress or possibly 

examine the feasibility of having frequent ratings of subjective stress reported during 

a simulation.  

Implications for Nursing Practice 

 This study is one of the first to intentionally increase the intensity of care in a 

simulated patient care scenario to study the effects on cognitive load, stress, clinical 
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judgment, and errors.  In an effort to uncover the invisible work of nursing the case 

study approach provided opportunities to observe specific aspects of nursing 

practice.  In all three cases, participants identified the need and the desire to obtain 

assistance from other nurses while engaging in the simulation.  Each of them 

identified this as critical to everyday nursing practice.  Staffing ratios are commonly 

identified as solutions to cognitive overload, however the findings of this study show 

having a differentiated staffing mix of experienced nurses assigned to be a resource 

to new to practice RNs would provide the needed support for clinical judgment.  As 

relationships are critical to effective teamwork applying tools such as social network 

analysis would provide insight into the informal clinical leadership roles that are 

largely invisible (Rogers, 2017).  It is clear from this study that nurses rely heavily 

on a network of relationships to aid in clinical judgment.  Conducting a social 

network analysis consists of obtaining a list of all team members on a particular unit 

and asking each member to characterize their relationship with each other and 

mapping the pattern of information flow (Cross, Borgatti, & Parker, 2002).  This 

analysis would make patterns of information sharing (i.e. experienced nurse to 

novice nurse) visible within and across units or departments.  This strategy would 

make a critical aspect of the invisible work of nursing visible and optimize the 

germane load of the new to practice RN with limited experience. 

 This study found the increased intensity of care and subsequent cognitive 

overload was associated with errors and omissions of nursing care.  As it is not 

always possible to decrease the intensity of care as evidenced by the participants’ 

validation of the similarities of the simulation to actual patient care, it is critical to 

identify ways to capture the invisible work of nursing so it can be recognized and 

acknowledged for its role in quality patient care.  Providing each nurse with a unique 

nurse identifier would enable nursing leaders in practice to track the collaborative 
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work of nursing through the electronic health record (EHR) and other forms of 

technology (Sensmeier et al., 2019).   

The unique nurse identifier has already been established by the National 

Council of State Boards of Nursing (NCSBN) for licensure and is a policy 

recommendation to the American Nurses Association, the American Academy of 

Nursing, and healthcare providers by the Healthcare Information and Management 

Systems Society (HIMSS) (Sensmeier et al., 2019).  This will enable nursing to 

examine the variability of direct nursing care time, costs, and the relationships 

between nurses and patients.  In this study, none of the cases were able to complete 

any documentation.  If the unique nurse identifier was used for specific nursing 

actions such as when accepting the second patient in the first interruption, or when 

receiving critical lab results in the second interruption all of these actions would be 

documented and help make the invisible work of nursing visible. Drawbacks to this 

process would include the concern of privacy and the management of data.  

According to the NCSBN website on privacy (http:/policies.ncsbn.org/privacy.htm), 

as the organization that would provide the unique nurse identifier, they would 

maintain proper data security, policy, procedures, and requirements as well as 

perform assessments and vulnerability scans to assure data security.  A 

disadvantage to this may be that the unique nurse identifier taxonomy may not have 

sufficient detail to describe all of the facets of the nurse’s role including the nuances 

described in the social capital of nursing.  

 Finally, as this study showed how the NASA-TLX can be used to measure 

cognitive load in a complex care simulation, nursing practice leaders can consider 

using the NASA-TLX with practicing RNs to assess the cognitive load of nurses and 

make recommendations for staffing patterns.  On a hospital unit where the individual 

nurse attributes may vary (education, experience, expertise, and certification) the 
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ratings from the NASA-TLX can be used to build a staffing or scheduling model 

considering nurses’ overall workload.  One study on a unit adopting this practice 

found that by using the data from the NASA-TLX to balance the patient flow with the 

nurse’s cognitive workload they were able to increase the patient throughput by 50% 

without negatively impacting nursing workload (Huggins & Claudio, 2019).  

Innovative approaches to understand the invisible cognitive work of nurses in 

practice has the potential to improve patient outcomes and eliminate errors and 

omissions in nursing practice.  

Implications for Nursing Education 

 As clinical education is central to all nursing programs, there is a need to 

rethink how we teach students in clinical settings and simulation (Ironside, McNelis, 

& Ebright, 2014).  The intensity of care and interruptions experienced in the 

simulation were reported to be typical of nursing practice by each of the participants.  

However, the simulation was modified by the researcher in order to explore the 

effects on the variables in each case.  This suggests there is a need to revise or 

adapt current simulations to provide complex care simulations where students are 

experiencing cognitive overload as described in each of the cases for this study.  As 

simulation is designed to provide an opportunity for safe teaching and learning it 

would create a model where faculty could provide guidance and mentoring on how to 

manage cognitive overload. 

 The desire to seek out assistance for tasks as well as to aid in clinical 

judgment emerged in each of the cases for this study.  Currently, most simulations 

in nursing education are conducted in teams of the same level student (i.e. first 

semester, junior) or as an individual.  This study found the need to seek out 

assistance of a peer or team member with more experience is a common practice for 

new to practice RNs.  Although nurses are typically assigned a set of patients that 
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comprise the nurse to patient ratio, it is common practice to assist another nurse or 

for an experienced nurse to provide mentoring or guidance on a patient that is not 

part of the recognized and visible assignments for the shift.  Collaboration and 

teamwork are included in the essentials of baccalaureate nursing education (AACN, 

2008).  The imperative for nursing faculty is to incorporate peer coaching to foster 

the transition of the graduate nurse into clinical practice.  If the cultural norm on 

acute care hospital-based units is to build relationships between experienced and 

new to practice nurses, there is a need to incorporate this skill in clinical education. 

Peer coaching is a model that can be used in simulation to help foster this 

relationship building and prepare the student for the complexity of healthcare.  In 

the peer coaching model, a secondary nurse with more experience (i.e. progressed 

further in the program, or volunteer nurse from the practice setting) is available to 

the student in the simulation to provide mutual support and assistance when there 

are concerns with patient safety or the student needs support in making accurate 

clinical judgments (Badowski, 2019; ten Hoeve, Brouwer, Roodbol, & Kunnen, 2017).  

For the secondary nurse serving as a peer coach, it would help to develop the 

understanding of how, as a nurse, you attend to the needs of the entire unit and not 

just your assigned patient load (Morrill, 2018).  Adoption of this model for 

simulations with higher complexity or even with intentional interruptions would 

provide the ability to practice the skill of seeking out assistance when needed.  

Fundamentally, learning in simulation would be optimized by replicating clinical 

practice more accurately and expanding the expected skills beyond the inherent 

tasks by addressing the invisible cognitive work of nursing.  

As cognitive load theory has been widely utilized in simulation design, 

inclusion of the NASA-TLX as a measurement to evaluate the cognitive load during 

simulations with individual participants would provide valuable feedback on 
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simulation design and implementation of clinical simulations (Meguerdichian et al., 

2016).  For example, if a participant was not able to complete a simulation, or if 

there was an error, obtaining the NASA-TLX ratings would provide information on the 

workload experienced by the student.  The individual items would inform faculty if 

the participant had high levels of stress, cognitive load, or perceived performance.  It 

would also be possible to compare data between students to identify key strategies 

that enabled one particular student to be successful and another to struggle.  The 

utilization of the tool in highly complex simulation scenarios also has the potential to 

aid in the recognition of cognitive overload. 

Finally, it is important to note that faculty need to recognize the invisible work 

of nursing even in beginning nursing students.  As described in the conceptual model 

for this study, the process of surveillance and clinical judgment are continuous, yet 

invisible.  As noted in Chapter 4, the most complex descriptions of surveillance and 

clinical judgment in each of the cases occurred at times when there was no visible 

action or work in the simulation.  When teaching in a simulation setting it may be 

perceived that students are inept at completing a task expected in a simulation, 

however cognitive load theory describes this as building schema as the student 

attempts to categorize and distinguish between different possible problems and 

solutions (Meguerdichian et al., 2016).  In nursing programs that conduct video 

recorded debriefing simulations, it would be of value to replay the portions where 

there is no visible activity and utilize debriefing strategies to elicit the invisible 

cognitive work of the nursing student.  As simulation increasingly substitutes for 

clinical experiences (Alexander et al., 2015) the growing need for nurse educators 

with simulation expertise and expansion of resources for simulation labs must be a 

high priority for schools of nursing.  Ongoing development of simulation best 
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practices, protocols, and innovative design will enable clinical education experiences 

to meet the needs of the dynamic healthcare environment of today. 

Implications for Research 

Since the publication of “To Err is Human” in 1999, there has been substantial 

efforts to optimize patient safety.  As nurses are critical to optimizing patient safety, 

this study described how increasing the intensity of care did impact participant’s 

cognitive load, clinical judgment, perceived stress, and errors in nursing practice 

during a simulation.  Future research is needed to replicate this study while 

modifying the selection criteria for the cases specific to experienced nurses.  As 

experience is known to be a factor to optimize germane load, it would then be 

possible to compare the results of the new to practice nurse with experienced 

nurses.  It is also needed to expand the study setting to other nursing practice areas 

outside of medical/surgical units.  Nursing care is becoming increasingly complex in 

all areas of healthcare including intensive care, pediatrics, mental health, obstetrics, 

emergency settings, and the operating room.  As the NASA-TLX has been used in 

practice in emergency and intensive care settings (Forsyth et al., 2018; Hoonakker 

et al., 2011), it is conceivable to adapt this same study design with these types of 

simulations.  In addition, as there are implications for nursing education it is also 

needed to replicate this study design with nursing students as it may be possible to 

teach how to recognize cognitive overload and steps to mitigate the effects while in 

clinical practice.  

As this study provided a model for simulation design that includes increased 

cognitive load, this model could be used to answer many research questions related 

to cognitive load.  Further research may elucidate the effects of increased cognitive 

load and refine the internal and external work complexity contributors to provide a 

solid framework to optimize clinical judgment, minimize errors in practice, and 
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ultimately improve patient outcomes.  There is a defined need to conduct more 

rigorous simulation studies on patient outcomes (Mariani & Doolen, 2016) and the 

model provided from this study represents an opportunity for future studies to 

address this research gap.  The National League for Nursing established research 

priorities in nursing education (2016) and further studies examining how students 

manage cognitive load throughout a nursing curriculum would meet the priority of 

examining technology and simulation on student learning outcomes affecting clinical 

practice.  As mentioned in the impact for nursing education, this study provides a 

feasible model for replication with nursing students and would expand research to 

include patient outcomes as well as student learning outcomes. 

Another area for further research would be exploring the impact of stress on 

cognitive load and patient outcomes in a simulation setting.  The cases in this study 

did not have a predictable replicating pattern for stress throughout the simulation, 

although stress did increase for the participants.  As participants were able to 

describe feeling stressed, the qualitative findings illustrated how the interruptions 

and increased intensity did impact perceived stress.  Stress remains an important 

variable to consider when examining the invisible work of nursing.  As prior studies 

identified workload or high workload as the most prevalent stressor for nurses 

(Cummings, 2011; Fiabane et al., 2013; Hayward et al., 2016; Morrison & Joy, 

2016; Purcell et al., 2011; Senining & Gilchrist, 2011), further study is needed to 

define individual nurse attributes that may influence perceived stress and minimize 

cognitive overload. 

Recommendations to improve the case study design for further research 

would include incorporating multiple phases, adding a more controlled baseline initial 

rating, and the addition of healthcare team members to integrate the external 

complexity factor of social capital in nursing.  Multiple phases can be accomplished in 
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the design by having more than one simulation for each case study.  This would 

allow for the first phase to have a lower level of intensity in one simulation and then 

have a higher level of intensity with a second simulation.  Including a baseline 

prediction for cognitive load as well as the total overall workload scores would allow 

analysis of two different phases with different intensities expecting the second phase 

with higher intensity to result in visually distinctive increases in cognitive load and 

overall workload.  The baseline could be obtained by requesting participants to 

provide ratings on the NASA-TLX instrument to assess cognitive load prior to staring 

the simulation.  This will demonstrate a rating representing the cognitive load prior 

to engaging in any nursing action.  Finally, as social capital was added to the model, 

the inclusion of other nurses in the simulation would closely replicate the practice 

environment and provide additional insight into how this influences the invisible work 

of nursing. 

The findings of this study included the need to revise the conceptual model on 

the Invisible Work of Nursing.  Modifications to the model would include the 

incorporation of social capital as a method of collaboration and consultation among 

nurses in practice.  It is conceivable that this would mitigate the effect of cognitive 

overload and support clinical judgment when new to practice RNs lack the education, 

experience, and expertise that is known to aid in managing a high cognitive load.  It 

is this balance that is a critical aspect of the invisible work of nursing as errors and 

omissions of care result in poor patient outcomes.  Further research is needed 

incorporating the concept into this model and determine how this invisible work can 

be recognized in a simulated setting through documentation, staffing assignments, 

or through the implementation of a unique nurse identifier.  As studies that focus on 

patient outcomes represents the greatest gap in the simulation research, this study 

was a novel design that needs to be replicated in different practice settings, 
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geographic regions, and with modification in selection criteria (Mariani & Doolen, 

2016).  Finally, the utilization of the entire NASA-TLX in future studies would provide 

a measurement of overall workload to include cognitive load, stress, and 

performance.  The added items of physical demand and effort may provide additional 

insight into the invisible work of nursing. 

Conclusion 

The purpose of the study was to explore the invisible cognitive work of 

nursing by examining relationships between cognitive load, nursing surveillance and 

clinical judgment, contextual complexities, and their potential impact on patient care 

outcomes.  Results of the study showed by increasing the intensity of care in a 

simulated patient care scenario there was a discernible pattern of a corresponding 

increase in cognitive load, and an increase of errors in practice were identified.  The 

findings were replicated in three individual cases.  The subjective ratings of 

performance combined with the objective ratings of the LCJR illustrate the many 

factors contributing to clinical judgment and the resulting errors or omissions of care.  

Perceived stress was shown to be variable across the three cases, but each case 

demonstrated increased stress over the course of the simulation.  This novel design 

provides evidence of a relationship between increasing the intensity of care on 

cognitive load, performance, and stress and advances the theoretical understanding 

in this area of research.  This simulation design is a model for future studies and 

addresses the need for better models in simulation research.  The study also 

demonstrated the utilization of the NASA-TLX was an effective means to measure 

cognitive load during a simulation study.  The conceptual model proposed within this 

study provides a framework for understanding the invisible work of nursing.  Since 

increased cognitive load has become the norm in hospital-based nursing, this study 

was able to create in a simulated setting a high acuity hospital environment with 
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increasingly intensity of care and multiple modes of information analyzed by the 

nurse to inform clinical judgment.  This understanding of the invisible work of 

nursing is crucial in the patient safety movement and is necessary to optimize 

patient care outcomes.  This study also provided recommendations for nursing 

education as nursing programs continue to strive to prepare nurses to manage the 

complex demands of the dynamic healthcare environment.  Continued investigation 

of the invisible work of nursing and how increased cognitive load and contextual 

complexities impact nursing surveillance and clinical judgment has great potential to 

positively influence patient care and nursing practice. 
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Table A1 List of variables  

Variable Instrument Level of 

Measurement 

Possible Range of 

Scores 

Method 

 

Demographic and work characteristics  

 

Age (years) Demographic 

questionnaire 

Interval 18+ Completed by 

participant prior to 

simulation experience 

 

Gender Demographic 

questionnaire 

Nominal M, F, other Completed by 

participant prior to 

simulation experience 

 

Additional 

Education  

 

Demographic 

questionnaire 

Ordinal 1=AD;  

2=Diploma;  

3=Non-nursing 

BS/BA 

4=Non-nursing 

MS/MA 

5=PhD 

 

Completed by 

participant prior to 

simulation experience 

Typical RN to 

Patient Ratio  

Demographic 

Questionnaire 

Interval 0-10 Completed by 

participant prior to 

simulation experience 

 

Control variables for sampling 

 

 

RN  

Experience 

(years, 

months)  

Demographic 

questionnaire 

Interval 1- 6 years Completed by 

participant prior to 

simulation experience 

     

Unit 

Experience 

(months, 

years)  

 

 

 

 

 

 

 

 

 

 

 

Demographic 

questionnaire 

Interval 1-6 years Completed by 

participant prior to 

simulation experience 
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Table A1 Continued 

Variable Instrument Level of 

Measurement 

Possible Range of 

Scores 

Method 

 

Study variables 

Independent variables 

     

Intensity of 

care 

 

Simulation 

design 

Interval Intensity intervals 1-

6 

Simulation increases 

in intensity as care 

becomes more 

complex 

 

Interruptions Simulation 

design 

 

Ordinal Interruption 1-3 Embedded within the 

simulation design 

Dependent variables 

 

Cognitive 

Load 

 

NASA-TLX- Sum 

of mental 

demand & 

temporal 

demand items 

 

Interval 0-200 

Higher 

scores=increased 

cognitive load 

Completed by 

participant prior to 

simulation and at 

intensity intervals 1-6 

 

Nursing 

Surveillance/ 

Clinical 

Judgment 

NASA-TLX – 

Performance 

item  

Interval 0-100 

Higher scores = 

better performance 

Completed by 

participant prior to 

simulation and at 

intensity intervals 1-6 

 

Nursing 

Surveillance/ 

Clinical 

Judgment 

Lasater Clinical 

Judgment Rubric  

Interval 6-44 

Higher scores = 

exemplary 

performance 

Completed by 

observers during 

simulation 

 

Outcomes  

 

Omissions in 

Care 

Manual count 

from observation 

Ratio 0-10 Completed by 

researcher during 

simulation or from 

video recording 

 

Errors Manual count 

from observation 

Ratio 0-10 Completed by 

researcher during 

simulation or from 

video recording 

 

Stress NASA-TLX – 

Frustration item 

Interval 0-100  

Higher scores = 

increased stress 

Completed by 

participant prior to 

simulation and at 

intensity intervals 1-6 
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Please answer the following questions in the spaces provided, circle or check the 

most appropriate options.  

 

What is your current age?  

___________ 

 

Are you?  

 Female 

 Male 

 Other 

 

What year did you graduate with your BSN degree? 

_______________ 

 

Other than your BSN, have you completed any other education?  * 

 AD (Associate Degree) 

 Diploma 

 Non-nursing BA/BS (Bachelor’s Degree) 

 Non-nursing MA/MS (Master’s Degree) 

 PhD (Doctor of Philosophy) 

 Other: 

 

How long have you been practicing nursing?  Please indicate the number of years 

and months.  For example: 1 year, 2 months 

____________ years ________ months 

 

How long have you been employed on your current unit?  Please indicate the number 

of years and months.  For example: 1 year, 2 months 

____________ years ________ months 

 

When was your last shift worked on this unit?  Please indicate date and time of shift.  

For example: 9/1 7a-7p 

 

_____________ 

 

What was the number of patients you were assigned during your last shift? 

 

___________ 
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INTERVIEW PROTOCOL
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Semi-structured interview guide 

The main bullet points will be used for each participant with the sub-bullets as 

additional prompts as needed.  

The purpose of this interview is to help you think about the simulation you have 

encountered and your nursing response.  We will play back the video of the 

simulation at any point to help review what occurred while you describe what you 

were thinking.  

 

Grand tour question 

Tell me what your thinking was like during the simulation. 

 

Noticing  

• What did you notice about the situation initially?  

• Describe what you noticed as you spent more time in the simulation  

o Describe what you thought about the situation (e.g.  potential 

resolutions, patterns you noticed).  

o Describe any similar situations you have encountered in practice 

before. 

o Describe any similarities and differences you observed when compared 

with the practice on your unit.   

o What help with the situation would you have sought from others?  

 

Reflection-on-Action and Clinical Learning  

• Describe what you were thinking during the simulation 

• Describe what helped or hindered your ability to perform in the simulation 

o Name three things you might do differently if you encounter this kind 

of situation again.   

o What additional knowledge, information, or skills might have helped in 

this situation? 

Responding  

• After considering the situation, what was your goal for the patient? What was 

your nursing response, or what interventions did you do?  

o Describe any emotions you had about the simulation  

o Describe any stress you experienced as you responded to the patient 

or others involved in the situation.  

Background  

• Describe how your BSN education, helped guide you as you worked with the 

simulation 

o How about your previous nursing experience, and/or personal 

experience? 

• Describe how this simulation mirrored or did not mirror clinical practice 
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HEALTH SYSTEM IRB APPROVAL LETTER
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Dear Hospital-based Registered Nurse: 

 

I am seeking hospital-based acute care nurses to participate in my research 

study.  

Are you a registered nurse working at least 16 hours per week on an acute 

care med/surg unit?  

 

Did you graduate from a BSN program since 2013?  

 

You may be eligible to participate in a research study about how the thought 

process of nurses’ influences patient care and clinical judgment.  The title of the 

study is Exploring the Invisible Work of Nurses:  The effect of simulated increases in 

intensity of care on Nurses’ cognitive load, clinical judgment, stress, and errors 

 

This study will involve participating in simulations at the College of Nursing’s 

Simulation Center and will take approximately two hours to complete.  There are no 

foreseeable risks to you as the participant.  You will receive a $10 gift card to a local 

retailer after participating in the study.  This research is being conducted as part of a 

dissertation research. 

 

Please contact Laura.A.Vasel@live.mercer.edu or call 804-647-1014 to indicate your 

interest in participating. 

 

  

 

 Thank you for taking your valuable time to consider this important nursing 

study on the invisible work of nursing! 

 

 

Laura A. Vasel, RN, MSN, CPNP, CNE 
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NURSES WANTED  

FOR A RESEARCH STUDY 

 

Exploring the Invisible Work of Nurses:   A case study of simulated 

increases in intensity of care on nurses’ cognitive load, clinical judgment, 

stress, and errors 

Are you a registered nurse working at least 16 hours per week on an acute care 

med/surg unit?  Did you graduate from a BSN program since 2013?  You may be 

eligible to participate in a research study about how the thought process of nurses’ 

influences patient care and clinical judgment.  

 

This study will involve participating in simulations at the College of Nursing’s 

Simulation Center and will take approximately two hours to complete.   

 

There are no foreseeable risks to the participant. 

 

Participants will receive a $10 gift card to a local retailer after participating in the 

study.   

 

This research is being conducted as part of a dissertation research by Laura A. Vasel.  

 

 

 

Please contact Laura.A.Vasel@live.mercer.edu or call 804-647-1014 to indicate your 

interest in participating. 
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Upon receiving a call or email from a potential participant the following criteria will 

be reviewed to determine eligibility for the study.  

Name and contact 

information: 

 

Does the potential 

participant speak English? 

Yes or  No If Yes proceed, if no, thank for interest 

however they do not meet study criteria. 

Current Licensed RN:   Yes or  No If Yes proceed, if no, thank for interest 

however they do not meet study criteria. 

Have you graduated from a 

BSN program? 

Yes or  No If Yes proceed, if no, thank for interest 

however they do not meet study criteria. 

How long have you been an 

RN?   

# of 

years 

If between 1 and 6 years, then proceed. 

If not, thank for interest however they 

do not meet study criteria 

Are you currently on 

orientation or in a nurse 

residency program? 

Yes or  No If no proceed, if yes, thank for interest 

however they do not meet study criteria. 

Are you certified in a 

nursing specialty? 

Yes or  No If no proceed, if yes, thank for interest 

however they do not meet study criteria. 

Currently working in a 

leadership or management 

role?   

Yes or  No If no proceed, if yes, thank for interest 

however they do not meet study criteria. 

Currently working in an 

APRN role?   

Yes or  No If no proceed, if yes, thank for interest 

however they do not meet study criteria. 

Currently working on an 

acute care med/surg unit:  

Yes or  No If Yes proceed, if no, thank for interest 

however they do not meet study criteria. 

How many hours do you 

work per week? 

 

 

If answer is 16 or greater proceed, if no, 

thank for interest however they do not 

meet study criteria. 

If meet criteria: Inform participant of eligibility and schedule 

simulation based on availability. 

Scheduled date and time: 

Send reminder: 

  

Participant Number:   

  

 


