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Abstract 

Each year 13-26 million infants worldwide will require neonatal resuscitation at birth. Care 

provided during neonatal resuscitation can range from suctioning the infant’s airways and providing 

stimulation to endotracheal intubation and chest compressions. Healthcare providers (HCPs) must 

be able to evaluate the infant and provide appropriate interventions rapidly and effectively. 

However, human errors in neonatal resuscitation occur in 16-55% of cases. Most medical errors that 

result in poor patient outcomes are due to deficiencies in non-technical rather than technical skills. 

Non-technical skills involve the interpersonal and cognitive skills that underpin technical 

performance. 

Several non-technical skills that have been examined in neonatal resuscitation include 

information gathering, situation awareness, decision making, communication, and teamwork. Many 

of the existing studies of non-technical performance in neonatal resuscitation examine these aspects 

independently of one another and take place in simulated settings. Cognitive task analysis is a group 

of methods used in the study of cognition in applied or naturalistic settings. These methods allow for 

the study of clinical practice as a social and situated task. 

In this thesis, I examined the cognitive processes of a group of HCPs who acted as airway 

leads during neonatal resuscitation. I also characterized HCPs’ perceptions of workload during 

neonatal resuscitation.  

I recorded ten clinical neonatal resuscitations from the point-of-view of the HCP acting as 

the airway manager using mobile eye-tracking glasses. These glasses record the procedure from the 

point of view of the wearer and record where the wearer is looking by analyzing pupillary 

movements. Following the resuscitation, I asked the individual who wore the eye-tracking glasses to 

participate in a debriefing study and review the own-point-of-view eye-tracked recording of the 

resuscitation. While watching the video, HCPs were asked to “think aloud,” verbalizing their thought 
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process throughout the resuscitation. The participants’ retrospective think-alouds were paired with 

semi-structured interviews. The debriefing studies were audio-recorded, transcribed, and coded 

using thematic analysis.  

Five overall themes were identified in the debriefings: situation awareness, performance, 

working in teams, addressing threats to performance, and perception of eye-tracking review.  

During the debriefings, excess workload was identified as a potential threat to HCPs’ 

performance. This relationship has been described in many clinical settings where excess workload 

has been associated with delays, errors, and negative effects on the healthcare team, such as 

fatigue, stress, and illness. Therefore, our second project aimed to characterize workload 

experienced by HCPs who participate in neonatal resuscitation. In this project, we also examined the 

effect that parental presence during resuscitation had on HCP experience of workload to address 

concerns that parents' presence may contribute to HCP workload and therefore compromise care.  

Perceived workload was measured using a multi-dimensional retrospective National 

Aeronautics and Space Administration Task Load Index (NASA TLX) survey. The NASA TLX collects 

data on six dimensions: mental, physical, and temporal demand, performance, effort, and 

frustration. Each dimension is rated independently by participants on a scale of 0-20 (0 being lowest 

and 20 being highest). The Raw-TLX score is a composite score of all dimensions and is presented on 

a scale of 0-100. HCPs completed a paper and pencil survey after attending delivery room 

resuscitations over a three-month period.  A total of 204 surveys were completed. The overall 

median (interquartile range) Raw-TLX was 34(18-49). The scores varied by dimension. Overall 

workload of neonatal HCPs was higher during resuscitation of infants with lower 5-minute Apgar 

scores and those who required more invasive procedures. Overall workload of HCPs was significantly 

lower when at least one parent was present compared to when no parent(s) were present during 

the resuscitation.  
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 These studies were limited in their scope and size, but they demonstrate the feasibility of 

two novel methods in this setting. The study of HCP non-technical performance may inform policy, 

equipment design, team assignment, and training in neonatal resuscitation. Ultimately this may 

improve the safety of neonatal resuscitation.  
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This thesis is an original work by Emily Caroline Zehnder. This thesis consists of two research 

projects which have received research ethics approval from the University of Alberta Research Ethics 
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1.1 Neonatal Resuscitation  

Neonatal resuscitation is the set of interventions performed at birth to support the 

establishment of circulation and breathing. Approximately 10%  of infants will require some form of 

resuscitation at birth, and 1% will need more extensive resuscitation, such as endotracheal 

intubation or chest compresson1. Globally, this equates to 13-26 million infants each year. Rapid and 

appropriate interventions at birth are critical as delays or errors in care can result in life long 

cognitive and motor deficiencies or mortality2–4.  Increasingly, the performance of the healthcare 

team has been identified as an area of improvement in neonatal resuscitation5. This follows the Joint 

Commission 2004 Sentinel Event Alert, which identified human failures as the root cause of over 

two-thirds of morbidity and mortality associated with neonatal resuscitation4.  

Ideally, neonatal resuscitation is performed by a team of well-trained health care 

professionals (HCPs) who have strong cognitive, psychomotor, and communication skills. This team 

must rapidly process various dynamic pieces of information to assess the infant's condition, 

determine appropriate interventions, and execute these actions efficiently and effectively.  Given 

these demands, it is not surprising that human errors or protocol deviations frequently occur during 

neonatal resuscitation. Error rates have been reported to be between 15 and 55% during simulated 

and clinical neonatal resuscitations6,7. An analysis of errors during clinical neonatal resuscitations 

found that error rates were higher during resuscitations that were more complex or required more 

interventions. The authors of this paper speculated that high cognitive and technical workload might 

be to blame for the increased error rates8.  

1.2 Cognitive Task Analysis 

Cognitive Task Analysis (CTA) is a set of methods used to identify task demands, and 

cognitive skills needed to complete a task. These methods belong to the field of cognitive 

ergonomics, a discipline focused on the evaluation of human cognition as it relates to tasks, 
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environments and systems. CTA is often used to capture expertise; by breaking down complex 

cognitive processes that drive a set of behaviours and can be used to formulate comprehensive 

algorithmic descriptions of tasks and define task rules9,10. CTA is a diverse group of methods; more 

than 100 different systematic and scientific CTA have been described11. While specific elements of 

each CTA approach differ, common steps include: 1) collection of preliminary knowledge, 2) 

identification of knowledge representations, 3) application of focused knowledge elicitation 

methods, 4) analysis and verification of data acquired, and 5) formulation of results for intended 

applications10.  CTA can be used to examine cognitive, psychomotor, and communication processes 

that may inform interventions aimed to improve HCPs' communication, education and the 

environment in which they work. Below I have described some of the ways CTA methods have been 

applied in healthcare.  

1.2.1 Medical Equipment  

During neonatal resuscitation, equipment must be reliable, user-friendly, and allow for easy 

detection of equipment flaws. Malfunctioning of equipment or user-interface issues could result in 

increased stress and cognitive load in HCPs, which might result in detrimental effects on patient 

outcomes. CTA could be used to assess i) HCPs’ interaction with medical technology, ii) preferences 

and difficulties, and iii) how to recognize and cope with equipment failure.  

 Recently Applied CTA was used in the development of a heart rate recording device for 

neonatal resuscitation12. In this project, product designers ran an Applied CTA and traditional user-

centred design approach with a group of neonatal HCPs. Applied CTA is a streamlined method of CTA 

used to assess the cognitive requirements of a task and present findings in an operational manner, 

often for system designers13.  The addition of an Applied CTA in this project allowed for an 

understanding of the cognitive requirements, and the potential for error during heart rate 

monitoring in neonatal resuscitation. Some factors that were identified in this study as being difficult 

for neonatal HCPs included the judgement of accuracy and reliability of heart rate display and 
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reliance on previous experience and recognition of “normal” heart rate and chest movement to 

inform decisions and actions. Some potential errors were failure to recall normal heart rate and 

chest movement, and overreliance on technology (lacking reliability) and colleagues’ earlier 

assessment. Authors claimed that this methodology revealed new user requirements and was 

informative in the design of the clinical interface12. 

CTA has also been used to assess vital sign monitors and incubators14,15. Li et al assessed how 

neonatal HCPs retrieve data on vital sign monitors and identified several challenges, including 

overwhelming alarm noises and difficulties assessing unusual events14. This led to the development 

of automated aids for cardio-respiratory trend retrieval and alarm limits adjustment14. Similarly, 

Ferris et al developed blueprints of incubator systems based on CTA assessment that would better fit 

the needs of infants, parents, and HCPs15. CTA identified several flaws, including i) confusing alarm 

information, ii) ambiguous commands with scale functions, iii) unintuitive icon displays, and iv) lack 

of variability in alarms with existing incubator systems, and provided solutions15. These examples 

demonstrate various ways through which CTA has already been and can continue to be used to 

improve neonatal resuscitation equipment for HCP use. 

1.2.2 Clinical Decision Support Tools 

Decision support tools (DSTs) are designed to decrease the cognitive load of HCPs, improve 

quality of care, and decrease human errors by linking health observations with health knowledge. 

Though many DSTs are electronic, any tools, designs or systems, which link health observations to 

health knowledge may be considered a DST. DSTs cover a portion of the cognitive load previously 

allocated to an HCP, freeing up cognitive resources for other tasks16. This is important as excess 

cognitive load has been associated with human error 17. DSTs have been developed for use in 

neonatal resuscitation, including visual and auditory reminders to prompt interventions (i.e., the 

ringing of the Apgar-timer at 1, 5, and 10 min). Fuerch et al assessed the impact of a visual and 

auditory DST. They reported significantly improved mask ventilation performance (94-95% vs. 55-
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80% in intervention vs. control group, p<0.0001) and chest compressions (82-93% vs. 71-81% in 

intervention vs. control group, p<0.0001) during simulated neonatal resuscitations18. 

Similarly, Schnittker et al designed a DST for use during challenging airway management in 

adult anesthesia19. Critical Decision Method interviews and focus groups with HCPs identified that 

the location of airway equipment was the main contributor to successful airway management19,20. 

Critical Decision Method is a form of CTA during which a participant is asked to describe a previous 

non-routine challenging experience and recalls decisions made and actions taken21. Based on this 

assessment, Schnittker et al customized an airway equipment trolley with a strategic layout and set-

up to support decision making in anesthesia 20. This approach was decided on as anesthesia team 

members are thought to act through a recognition-primed process that links cues and actions; the 

equipment was positioned to make these cues more salient to aid in the recognition and decision 

making19,20. 

Despite the benefits of DSTs, the acceptance rate is often low22. Several barriers are 

preventing routine use of DST, including perceived clinical irrelevance and discordance between 

cognitive processes and user interface22. CTA may be used to overcome these barriers for DST to be 

integrated into clinical practice. In 2005, the Fuzzy LOgic REspiratory Neonatal Care Expert DST was 

developed to support HCPs in their decisions to change the settings on a ventilator in infants with 

respiratory distress syndrome23. To ensure successful acceptance and integration of FLORENCE into 

clinical practice, three CTA based knowledge elicitation methods - content analysis, Critical Decision 

Method, and observation - were used23. Similarly, CTA methods, including Cognitive Walkthrough 

and think-aloud, were used to assess the interaction of neonatal HCPs with an antibiotic-prescribing 

DST24. Both the Cognitive Walkthrough and think-aloud are methods that involve HCPs expressing 

their train of thought during task completion. Cognitive Walkthrough aims to simulate a user’s 

thought process as they interact with an interface25. Think-aloud has a subject matter expert (SME) 

verbalizing their thought process while completing a task26. These methods identified several 
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human-computer interface problems, including lack of screen cues and ambiguous icons, which 

were associated with excessive cognitive efforts24. These CTA approaches could also be used to 

optimize the design of DST for neonatal resuscitation.  

1.2.3 Teamwork and Communication 

During resuscitation, HCPs are reliant on team communication and a shared mental model, 

which serves as an exchange of patient information, education, coordination, and quality assurance. 

Ineffective communication can result in wasted resources, frustration, and errors, putting patients at 

risk27. CTA can be used to better understand the dynamics of team communication and how their 

effectiveness could be improved. The benefits of CTA in analyzing team performance include 

understanding how teams i) interpret situations and make joint decisions, ii) monitor team 

communication, and iii) overcome confusion9. An improved understanding of cognitive processes 

involved in team communication during a neonatal resuscitation might guide the development of 

training and information systems to optimize team communication and performance during 

resuscitations.  

McHugh et al used Critical Decision Method in combination with direct observation to 

characterize communication among a multi-disciplinary critical care team28. McHugh et al 

interviewed team members individually and identified i) barriers (e.g., fragmentary teams, role 

ambiguity, external collaborators, and novice difficulty in transitioning to from tactical to strategic) 

and ii) facilitators (e.g., collaborative rounds, daily goal forms, and collaborative construction), which 

were used to develop a shared understanding and multi-disciplinary collaboration28. Similarly, CTA-

based interviews with HCPs in a pediatric intensive care unit identified the teams’ cognitive 

framework in complex pediatric patient care 29. The interviews suggested that the care teams’ 

efforts to create a shared mental model for their patients was central to the long-term care plan of 

patients across shift changes and hand-overs29. Schraagen et al used observation-based CTA to 

assess team performance in a pediatric cardiac surgery care team and compared them to surgical 
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outcomes30. A total of 255 hours of operations were observed with a 76% inter-rater agreement and 

a 91% inter-rater reliability of the four main teamwork categories30. Also, CTA has been successfully 

used to coach effective teamwork through simulation design31. These studies suggest that CTA might 

be an alternative approach to assess team performance and knowledge retention during neonatal 

resuscitations as well as an effective mechanism to optimize team behaviours.  

1.2.4 Training  

CTA can be used to promote knowledge transfer from experts to non-experts. By breaking 

down complex automated skills into bite-sized pieces, CTA could provide more accurate and 

thorough teaching. When experts describe protocols or procedures to novice learners, they fail to 

describe an estimated 70% of the analytical and critical decisions required to complete the task32. 

These omissions are thought to be the experts’ experiential knowledge, which is predominantly 

unconscious32. CTA forces experts to consider the knowledge they use to complete a task, and in 

turn, make this information available to learners33. In an assessment of education provided by 

surgical experts, CTA-prompted training resulted in an average of 22% more steps being described 

over unprompted teaching 33. 

Benefits of CTA-Based Training 

CTA-based instruction has been associated with an average increase of 30-45% in learning 

(depending on CTA methods used) when compared to traditional task analysis methods 34. 

Furthermore, a meta-analysis of CTA-based instruction reported large effect size (Hedges’s 

g=0.871)35. Also, CTA-based education in surgery reported improved educational and surgical 

outcomes (e.g., including time, precision, and accuracy) and fewer errors compared to traditional 

learning methods36. 

 However, the evidence of CTA-based medical education to train neonatal HCPs is limited. 

Crandall et al used Critical Decision Method interviews with expert Neonatal intensive care unit 
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(NICU) nurses to identify clinical symptoms for early sepsis detection37. Overall, 36% of cues used by 

NICU nurses to correctly diagnose early sepsis were not reported in the medical literature or training 

materials. These novel cues (e.g., “sick eyes,” poor muscle tone, edema) were subsequently added 

to training material and textbooks for future nursing students37. Similarly, Critical Decision Method 

interviews with NICU nurses were used to identify indicators for necrotizing enterocolitis (e.g., 

context-specific lethargy, colour changes, increased apneas), which were then shared with 

learners38. Critical Decision Method interviews with expert HCPs who perform neonatal resuscitation 

might reveal details previously overlooked or not thought of. This might be crucial information to 

improve learners’ knowledge and improve outcomes for newborn infants. 

Expert-Novice Differences 

Using CTA, different approaches could be optimized to teach a task to experts and novice 

learners 39. Patterson et al used Critical Decision Method interviews to understand the differences 

between expert and novice HCPs in their recognition of sepsis in pediatric patients. They reported 

that experts described more hypothesis testing and violated expectations compared to novice 

HCPs39. These results were then used to develop an educational tool to train novice HCPs39. 

Simulation-based Training 

Simulations encourage experimental learning through the artificial representation of real 

scenarios to allow theoretical knowledge to be translated into clinical skills. This method does not 

put patients at risk and is independent of case availability. The benefits of simulation training in 

neonatal resuscitation include enhanced technical, behavioural and cognitive skills as well as team 

performance, and self-confidence40. Regardless of the learning method, skills are lost over time, 

which might be countered with periodic simulation training41. CTA could be used to develop training 

scenarios, performance metrics, and identify training needs and simulator requirements, which 

might result in a higher mental representation of learners during a simulation42,43 
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 Cannon-Bowers et al developed a five-step guide for simulation design using CTA: i) select 

relevant SME, ii) elicit major tasks and subtasks through think-aloud, iii) have SME complete tasks 

using probing to elicit critical cues iv) ask questions related to simulation deficiencies, and v) elicit 

errors more likely made by novice learners42. Munro et al used a multistage CTA, called Concepts, 

Processes, and Principles, to elicit medical, instructional, and software expertise and integrate this 

into simulation design34. During Concepts, Processes and Principles, SMEs are asked to create a gold 

standard list of steps involved in the completion of a task then describe critical concepts, processes, 

or principles that need to be learned to explain and perform each step34. More recently, Pander et al 

incorporated CTA into the design of team-based simulations using three main steps i) definition of all 

steps of a simulation procedure, ii) identification of intra-operative technical and non-technical skills 

required by all involved professionals, and iii) analysis of results44. Patterson et al used another 

approach involving CTA during the content and structure design of the simulations, which were then 

story-boarded45. The resultant simulation was perceived as relevant and useful by learners (>70% of 

learners scored usefulness of simulation as >7/10)45. 

Applied CTA has been used to assess the impact of simulation training in pediatric 

extracorporeal cardiopulmonary resuscitation and reveal targets for further training46. This method 

exposed two behaviours (coordination of compression with surgical cannulation and performance of 

sterile compressions), which were targeted for further simulation training46.  

 CTA during the design or improvement of neonatal resuscitation simulations could follow 

any of the methods described above. CTA could be used to determine the content and structure of 

scenarios, develop these training scenarios, and develop performance metrics based on the 

scenarios developed.  
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1.2.5 Assessment 

CTA-based assessments can be used to evaluate technical and non-technical skills in a 

clinical setting. Non-technical skills (i.e., communication, leadership, and situational awareness) are 

core competencies in clinical practice47,48.  During neonatal resuscitations, these skills are particularly 

important as they have been identified as causes of human error4,7,49.  

While no study has used CTA to assess non-technical skills during neonatal resuscitation, 

these methods have been successfully used in other medical disciplines, including surgery and 

anesthesiology 50–52.  The Anesthetists’ Non-Technical Skills assessment tool, for example, was 

developed using CTA and has since been validated with high inter-rater reliability in both a clinical 

and simulated environment53. Anesthetists’ Non-Technical Skills assessment tool has since been 

used in neonatal resuscitation54. Szulewski et al performed a CTA of residents who completed 

simulation-based emergency room resuscitation exams. This approach allowed for qualitative 

characterization of the cognitive processes underlying resident’s crisis resource management and an 

examination of how these skills varied with the resident’s performance55. This information could be 

applied to improve the non-technical assessment of residents performing simulation-based 

resuscitation. 

 Similarly, CTA has been used to assess surgical technical skills during simulations56, scenario 

testing57, and checklists58, which are part of new surgical performance metrics. Recently, a surgical 

competency assessment tool to assess technical and non-technical components of transurethral 

resection of a bladder tumour using CTA was developed with reported feasibility, validity (r>0.5, 

p< 0.01), and reliability (coefficient Phi ≥0.8)59. The method used to create these tools could be 

adapted to assess technical and non-technical skills during neonatal resuscitation.  
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1.2.6 Opportunities for the Application of Cognitive Task Analysis to Neonatal Resuscitation 

CTA could be applied to many aspects of neonatal resuscitation. Specifically, CTA could be 

used to improve resuscitation equipment, design clinical decision support tools, assess teamwork 

and communication, and inform the development of training and assessment tools. As neonatal 

resuscitation is largely guided by standardized algorithms, CTA could also be used to study causes of 

algorithm deviations, analyze how algorithm adherence differs between experts and novices, and 

identify when experts might decide to deviate from the algorithm in a given clinical context. 

CTA could also be used to study the integration of advanced monitoring equipment into 

neonatal resuscitation. In addition to the electrocardiogram and pulse oximetry currently 

recommended by international guidelines, additional monitoring, including near cerebral infrared 

spectroscope and respiratory function monitoring, are being investigated in the context of neonatal 

resuscitation.  CTA could be used to examine how HCPs integrate the additional information 

provided by these monitors into established clinical decision pathways. This information could be 

used to design monitor displays to provide information in a manner that best fits the pre-existing 

cognitive framework of HCPs, thus optimizing usability while minimizing additional cognitive 

demands. CTA could also be used to guide the design of a DST. 

Neonatal resuscitation presents unique challenges to the application of CTA methods. Given 

the fast-paced and demanding nature of neonatal resuscitation, it may not be feasible to use CTA 

methods that occur during actual resuscitations (e.g., think-aloud), as this may increase the cognitive 

burden and compromise clinical performance. Instead, CTA methods that must be performed during 

task completion could be performed during simulated neonatal resuscitation. Alternatively, videos 

taken during resuscitations could be used to prompt recall. Mobile eye-tracking glasses have been 

used to analyze the visual attention of HCPs during neonatal resuscitation60. These glasses use 

reflected infrared light to track pupillary movements while simultaneously recording video from the 

wearer’s viewpoint. The resulting video indicates the wearer’s visual focus during the performance 
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of clinical tasks (e.g., what they were looking at when performing bag-mask ventilation). Thus, eye-

tracking recordings can be used to provide an information-rich prompt for the recall of knowledge, 

cognitive tasks and decision-making after an actual neonatal resuscitation event.  

Given the diverse physical and social environments in which neonatal resuscitation occurs 

and the variety of HCP roles required to complete this task, it is unlikely that the cognitive pathways 

exposed using CTA in one context will be generalizable to all settings. For example, knowledge 

elicited from an HCP practicing in a tertiary care center may not be generalizable to an HCP 

practicing in a low-resource setting. Similarly, SME from different disciplines (physician, nursing, 

respiratory therapy, midwifery, etc.) may offer significantly different perspectives despite applying 

the same CTA methods in the same clinical context. CTA that examines neonatal resuscitation across 

settings and roles is therefore needed to accurately inform improvements to neonatal resuscitation 

equipment, DST, teamwork, and training. 

1.3 Workload  

Workload is an important aspect of cognitive ergonomics. Cognitive ergonomics research 

and applications often aim to manage or decrease workload of a task61. The term “workload” refers 

to the cost to a human operator of completing a task. Workload is affected by not only the objective 

requirements of the task but also by the environment in which the task is performed. The abilities, 

behaviours, and perceptions of the operator are also a crucial consideration62. Humans are limited in 

their ability to identify, consider, and act on information efficiently and accurately. Therefore, if the 

workload of a task becomes too great, delays and errors become more likely, and human costs such 

as fatigue, stress, and illness may reach an unacceptable level63,64. Excessively low workload, referred 

to as underload, can also contribute to performance detriments due to reduced alertness and 

lowered attention 65. 

In many instances, deterioration in performance due to inappropriate workload can be 

counteracted by the investment of strategic resources66,67. Understanding how workload is 
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experienced by individuals and teams can guide strategic resource allocation and may, therefore, 

guide interventions aimed at improving performance.  

1.3.1 Workload and Medical Errors  

Considering work hour restrictions, technological changes, and a distracting environment, 

HCPs experience high levels of workload. Exceeding optimal workload limits can hinder HCP 

performance and compromise patient safety. This is demonstrated via a relationship between 

staffing levels in a health care institution and patient outcomes68,69.  A positive association between 

workload and iatrogenic complications (complications not associated with the patients' underlying 

disease) as measured via HCP self-report, has also been demonstrated70.  

The association between workload and likelihood  for patient harm has more recently been 

supported among neonatal HCPs. Excess workload was the most frequently cited cause of almost-

adverse events (reported in 49% of almost adverse event cases) in an evaluation of adverse medical 

events and almost-adverse events in a NICU71. Almost adverse events refer to errors that did not 

result in severe outcomes or were corrected before a severe outcome could occur71. Furthermore, in 

an assessment of workload experienced by neonatal nurses, the high workload was associated with 

increased incidences of missed nursing care. Each 5% increase in nurse’s subjective rating of 

workload was associated with a 34% increase in the likelihood of missed care for their assigned 

infant during the corresponding shift 63. In a high stake, fast-paced setting such as neonatal 

resuscitation, a high baseline workload requirement means that few cognitive resources are 

available to identify and act on unexpected complications. This risk may be compounded by the low 

rate of occurrence with which high acuity resuscitation takes place in some settings.  

1.3.2 Measures of Workload 

Workload cannot be measured directly but can be quantified using objective task 

requirements, secondary task performance, physiological measures, and subjective rating scales. In 



14 

 

the health care setting, workload is often quantified using an objective measure such as the number 

of beds per HCP72, patient to HCP ratio, patient to provider ratio with a weighting scale of patient 

acuity73, and specific to nurses, the number of non-nursing tasks including patient transport and 

housekeeping tasks74. These measures are beneficial as they can be readily observed retrospectively 

but are limited as they do not account for situational or individual factors that contribute to 

workload.  

Secondary task performance has also been applied as a measure of workload. This method is 

more frequently used in experimental, simulated, or low-risk settings as it involves participants 

engaging in a task that is secondary to the primary task in which workload is being measured 

simultaneously. Poorer performance on the secondary task suggests that more cognitive effort is 

required to complete the primary task75. Secondary task performance has limited applicability as a 

measure of workload in health care as this may compromise patient safety.  

Physiological measures of workload often rely on neurovisceral integration or the structural 

link between cognitive regulation and physiological processes. Some of these measures require 

invasive testing or specialized equipment, thus limiting their use to experimental settings (e.g., blood 

draws, functional magnetic resonance imaging, positron emission tomography). In contrast, others 

can be measured via non-invasive wearable monitors, which are more appropriate for simulation 

settings and, in some instances, the clinical environment though often resource-intensive. 

Cardiac activity as measured via heart rate, inter-beat intervals, and heart rate variability 

have all been used as measures of workload. In general, heart rate tends to increase with task 

difficulty76, the number of tasks required77 and the addition of memory load78. However, more 

complex measures of heart rate have also been developed to measure workload. An example is the 

division of the low frequency and high-frequency bands of heart rate variability, which correspond to 

sympathetic activation and parasympathetic activation, respectively 79. Sympathetic predominance is 

an indication of increased workload, and therefore increased workload is associated with a higher 
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low-frequency/high-frequency ratio79. Various measures of cardiac activity have been applied as 

measures of workload in surgical settings80–82. 

Pupillometry is the study of changes in pupil size associated with cognitive processing. This 

measure has been examined in several experimental tasks, including memory tasks83, arithmetic 

tasks84, digit span task85, and visual search task86. The pupil’s response to mental load is known to be 

tightly associated with activation of the locus coeruleus87. The locus coeruleus is the sole modulator 

of the noradrenergic system within the brain. Locus coeruleus-noradrenergic system plays an 

important role in various functions that contribute to cognitive workload, including selective 

attention and memory retrieval88. Pupil dilation is most commonly measured using either a 

pupillometer or eye-tracking glasses. In the past, the cost and complexity of these tools limited their 

use, particularly in an applied setting, but these barriers to use have been lessened with the 

development of more affordable and simpler to use eye-tracking technology. Over the past several 

decades, pupillometry has been applied in a variety of simulated and applied clinical settings89–91 For 

example, Zheng et al assessed changes in pupil size throughout a simulated surgical procedure and 

found that pupil responses were not only affected by task difficulty of the current task but also 

affected by subtasks directly before and after92. Furthermore, Brunye et al found that the pupil size 

of pathologists was influenced by the difficulty of image interpretation and agreement with 

consensus diagnosis90. 

 In both experimental and applied tasks, increased difficulty is associated with increased 

pupil dilation. In some experiments, dilation reaches a plateau at a certain task difficulty or even 

decreases above a certain level of difficulty85,93. This feature may limit the usefulness of pupil 

diameter as a measure of workload in applied medical settings as the cognitive demand placed on 

HCPs is often consistently very high. Another limitation of pupillometry as a measure of workload is 

that the reliability of this measure seems to decrease in older populations94 and in less intelligent 
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individuals95. Additionally, ambient lighting, the distance of visual attention, and caffeine or nicotine 

consumption may alter results96. 

Electrodermal activity (EDA), also called galvanic skin response, is another measure that has 

been used as a proxy for workload. EDA is a measure of the skin’s conductivity. The skin, in contrast 

to other body systems, is innervated by only the sympathetic nervous system and is not under the 

control of the parasympathetic nervous system. Sympathetic activation leads to the production of 

sweat. EDA takes advantage of this characteristic and measures sympathetic activation by measuring 

skin conductance, which is proportional to sweat secretion. EDA is most often measured using a 

constant voltage system in which two electrodes are applied to human skin, and a very weak voltage 

is running through the electrodes to measure skin conductance. EDA measures resistance across 

fingers, head, feet, back, or wrist. Measurement of EDA on one’s wrist is minimally invasive and 

monitoring equipment can be worn around the wrist like a watch. EDA has been used as a measure 

of workload in experimental tasks97 and clinical settings98,99.  

Phitayakorn et al assessed the practicality of using EDA measures in operating room team 

members. They concluded that EDA is feasible in a simulated operating room but may be difficult to 

implement in an actual operating room due to logistical difficulties and associated confounds98. 

Berguer et al assessed cognitive demands on surgeons in open surgery compared to laparoscopic 

surgery using various physiological and subjective measures of workload, including EDA. In their 

analysis, EDA was associated tightly with other measures99. While the majority of the literature 

seems to suggest increased cognitive workload is associated with increased EDA, some studies have 

found no relationship between cognitive workload and EDA, while others have found that EDA 

increases with decreased cognitive demand100. Some proposed explanations for these discrepancies 

include differences in sensitivity of  EDA assessment tools, and simple tasks being more tedious than 

the difficult tasks100. 
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1.3.3 Subjective Measures of Workload 

Subjective rating scales, in comparison to physiological rating scales, may require fewer 

resources. Numerous subjective workload rating scales have been developed. In these assessments, 

operators are asked to assign a value to their experience of workload following task completion. 

These measures are often referred to as offline measures as they provide one overall rating of 

workload for the entire task or portion of the task assessed. Physiological measures or secondary 

task performance may be measured during task completion and therefore reflect changes in 

workload that occur as the task is being completed. These are referred to as online measures. 

Subjective rating scales rely on the assumption that operators can accurately reflect on and rate 

their experience of workload quantitatively. Gopher and Braune supported this assumption in their 

work, demonstrating that people are competent at assigning numerical values to their perceived 

mental effort101.  

Some of the more widely applied subjective workload rating scales include i) Modified 

Cooper-Harper Scale, a 10-point unidimensional scale paired with a decision tree to guide the rater 

in determining the correct rating102, ii) Overall Workload, a unidimensional scale of 0 to 100 

representing very low to very high workload respectively103, iii) Subjective Workload Assessment 

Technique, a multidimensional scale considering time load, mental effort, and psychological stress 

each rated on three levels: low, medium, and high, then transformed into a score out of 100104, and 

iv) NASA TLX, a multidimensional scale considering mental demand, physical demand, temporal 

demand, performance, effort, and frustration, each rated on a 100 point scale in which 0 is lowest 

(or best in the case of performance) and 100 being highest (or worst in the case of performance)62.  

NASA TLX 

Following a three-year development cycle and over 40 simulation trials, the Human 

Performance Group at NASA's Ames Research Center released the current version of the NASA TLX62. 

This tool has since been used in a variety of domains, including aviation, nuclear power plant control 
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rooms, sport and health care105. NASA TLX can be administered as a paper and pencil survey or as an 

official computerized implementation.  

1.4 Parents’ Presence During Neonatal Resuscitation 

 Many factors may affect HCPs' workload during neonatal resuscitation; one factor is the 

presence of the infant’s parent. Parents often prefer being present during neonatal resuscitation and 

benefit from this experience106,107. However, the effect that parental presence has on the healthcare 

team during neonatal resuscitation is not well characterized. Concerns about parents' presence 

affecting HCPs’ stress and performance during neonatal resuscitation have been reported by both 

parents who have witnessed the resuscitation of their child and neonatal HCPs106,108. Parental 

presence may affect the objective demands of HCPs (e.g., HCPs may need to comfort parents while 

performing resuscitation), the physical setting (e.g., more HCPs around the infant might result in less 

working space), and the circumstances surrounding the resuscitation (e.g., communication style 

between HCPs). 

1.5 Purpose Statement 

In this thesis, I explored aspects of cognitive ergonomics in neonatal resuscitation through 

two methods not previously applied in this setting.  

Study Objectives and Hypothesis  

The objectives of the first study described in Chapter 3 were to i) describe the cognitive 

processes of a group of HCPs who act as airway leads during neonatal resuscitation and ii) determine 

the feasibility of own-point-of-view eye-tracked video as a prompt for retrospective think-aloud in 

neonatal resuscitation. I hypothesized that the method would be feasible in this setting and would 

provide insights into HCP cognition.  
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 The objectives of the second study described in Chapter 4 were to i) characterize HCPs’ 

perceived workload during neonatal resuscitation ii) determine if parental presence during neonatal 

resuscitation affects the perceived workload of HCPs. I hypothesized that HCPs' overall workload 

would be greater in higher acuity events compared to lower acuity events and in resuscitations 

during which parents were present compared to no parents present.  
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Chapter 2. Methods 
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2.1 Cognitive Task Analysis To Explore Healthcare Professionals’ Cognitive 

Processes During Neonatal Resuscitation 

2.1.1 Study Design Overview 

This study was comprised of three phases: i) collecting of own-point of view, eye-tracked, 

audiovisual recording of clinical neonatal resuscitation, ii) reviewing and debriefing recording with 

the HCP participant, whose point of view was reflected in the recorded resuscitation, through a 

retrospective think-aloud and semi-structured interview, ii) transcribing, debriefing, and analyzing 

transcripts.  

2.1.2 Study Setting  

This study took place at the NICU at the Royal Alexandra Hospital, Edmonton, Canada. This 

hospital is a tertiary perinatal center admitting approximately 350 infants with a birth weight of 

<1500g to the NICU annually. Deliveries are attended by the resuscitation-stabilization-triage team. 

Depending on the delivery indication, the team members might vary, but typical for our institution is 

attendance by i) a neonatal nurse and neonatal transport nurse alone for infants >32 weeks’ 

gestation; ii) a neonatal nurse, neonatal transport nurse, neonatal respiratory therapist, and 

neonatal nurse practitioner and/or a neonatal fellow for infants <32 weeks’ gestation. The number 

of people who attend a resuscitation also varies by availability and other situational factors. This 

setting proved an ideal location for our study, as neonatal resuscitations occur frequently. Therefore, 

it was possible to record more resuscitations than would have been possible in a center with fewer 

high-risk deliveries. Recordings took place in the resuscitation room adjacent to the delivery room, 

where infants were brought immediately following cord clamping. Resuscitation rooms, which were 

separate from the delivery room, were beneficial for our study as they protected the privacy of the 

mother who was giving birth. The debriefings took place in a private office located near the NICU.  



22 

 

2.1.3 Study Participants 

Given the frequency, unpredictability, and often urgency with which neonatal resuscitations 

occur, it was not feasible for our research team to record every resuscitation. Therefore, we had to 

narrow our inclusion criteria. We included a convenient sample of resuscitations that occurred 

during the workweek or when a member of our research team was available outside of this window. 

We attended deliveries of infants who were deemed to have a high likelihood of requiring a more 

complex resuscitation as these cases would provide richer data for our study. These included infants 

born less than 34 weeks of gestation or infants who had a known abnormality that may have 

impacted their cardio-respiratory function at birth. Around 400 of these infants are born at this 

hospital each year.  

HCPs who acted as the airway lead (or at the head of the bed) during resuscitations were eligible 

to participate. HCPs were not excluded based on professional designation; however, individuals who 

take on this role at our institution tend to be neonatologists, neonatal fellows, neonatal nurse 

practitioners, neonatal transport nurses, or respiratory therapists. All eligible HCPs are certified 

according to the Neonatal Resuscitation Program 7th Edition109.   

2.1.4 Sample Size Consideration  

We aimed to continue with recordings and debriefings until a significant repetition of ideas 

and concepts across cases was identified, which would suggest a saturation point. By limiting 

recordings to resuscitations that were anticipated to be more demanding or complex as a result of 

prematurity or congenital abnormality, information-rich cases were targeted. Therefore, that 

anticipated number of cases required was smaller. Though significant repetition of concepts was 

identified in our analysis, data collection was limited by pragmatic considerations. HCPs who 

participated in the eye-tracked recording portion of this project were generally keen to participate in 

the debriefing. Still, it was often difficult to arrange a meeting time as meetings were arranged 
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during the HCPs’ clinical shift. HCPs were often busy with unpredictable work during their shift and 

were therefore not available to meet.  

2.1.5 Recordings  

When informed of an impending neonatal resuscitation, a member of our research team would 

deliver eye-tracking equipment to the resuscitation, stabilization, and triage room attached to the 

delivery room. In this room, the HCP who would be acting as the head of the bed (also called airway 

manager) was identified and briefly told about our study and the recording capabilities of the eye-

tracking glasses. These HCPs (one per resuscitation) were then asked if they would like to participate 

in our study. HCPs who verbally agreed to participate (verbally consented) were fitted with mobile 

eye-tracking glasses (Tobii Glasses, Tobii Technology, Inc., Falls Church, VA). The glasses were then 

calibrated according to the manufacturer’s instructions. Once calibration was completed, HCPs 

continued to prepare for the resuscitation as usual. We attempted to minimize demands placed on 

participants during this point in our method as they were busy preparing for the arrival of the infant. 

Typically, our brief conversation, glasses fitting, and calibration took around one minute to 

complete. The HCP who wore the glasses was told that they were welcome to take off the glasses at 

any point if they felt that the glasses were uncomfortable or impeding their clinical practice. No 

HCPs removed the glasses during resuscitation in this study. The HCP then completed the 

resuscitation as they typically would. Once the resuscitation came to a natural end (the infant was 

prepared to travel to the NICU, or the infant was stable and procedures that were not a part of the 

initial resuscitation commenced), the recording was ended. Glasses were collected from the HCP. At 

this point, written consent was collected from the HCP, and they were asked if they would be willing 

to complete a debriefing study while reviewing the recording. The participant was also allowed to 

withdraw from the study, in which case the video recording would be deleted. 
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Recording using Eye-tracking Glasses  

Resuscitations and participants’ visual attention were recorded using head-mounted eye-

tracking glasses (Tobii Glasses, Tobii Technology, Inc, Falls Church, Virginia) (Figure 2.1). These 

glasses reflect near-infrared light to track reflection patterns on the cornea and pupil of the eye. 

Image processing algorithms then generate estimates of eye-position and point of gaze. Gaze 

patterns are marked on an own-point-of-view recording taken by a camera positioned on the front 

of the glasses. The product is an audiovisual recording showing what was “seen” by the participant 

along with a gaze marker demonstrating the precise visual attention. These glasses have been used 

previously in neonatal resuscitation and other clinical settings where they have not impacted clinical 

care provided by the wearer110–112. 
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Figure 2.1 Eye-tracking glasses worn by HCPs while performing neonatal resuscitation 
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2.1.6 Debriefing 

The debriefing portion of this study involved a think-aloud by HCP participants prompted by eye-

tracked own-point-of-view recordings and a semi-structured interview. 

Think-aloud  

The think-aloud method is a participant-driven CTA technique that typically occurs during task 

completion26. This approach has the participant speak freely about all thought processes (e.g., 

perceptions, predictions, judgments, decisions) that take place during a procedure or task. This 

method is based on Ericsson and Simons’ protocol analysis and was later described in the field of 

cognitive ergonomics26,113,114. 

Participants who perform concurrent think-alouds during the completion of complex tasks tend 

to be less successful at task completion and may share incomplete verbalizations115,116. While 

performing neonatal resuscitation, HCPs must be attentive to their role, communicate with one and 

other clearly, and make decisions quickly. A concurrent think-aloud may impede these roles and is 

therefore not feasible in a clinical (as opposed to simulated) neonatal resuscitation.  

Alternatives to a concurrent method in a clinical setting include a think-aloud during a simulated 

procedure or a retrospective think-aloud method. With each of these alternatives comes a set of 

drawbacks. HCPs’ thought processes during a simulation may differ from a clinical resuscitation. 

Further, concurrent think-alouds are, in some cases, affected by reactivity as the act of speaking 

throughout the simulation may distort the decision making under investigation117. Concurrent think-

alouds rely on participants’ ability to share what is taking place in their working memory explicitly. 

For this to be done, participants must vocalize their cognitions within a very specific window of time. 

If this time frame is missed, vocalizations are no longer an accurate representation of working 

memory118. In team-based tasks, like neonatal resuscitation, in which HCPs must communicate 

verbally with their colleagues, think-aloud verbalizations may be delayed and, therefore, less 
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accurate118. Retrospective reports do not rely on this level of stringency as they rely largely on the 

contents of the long-term memory118. Retrospective think-alouds are limited by the participant’s 

memory and are affected by interpretations by participants and potentially fabrications of mental 

events119,120.  

In their description of verbal reports, Erickson and Simon categorized verbalizations into three 

types: i) type one verbalizations refer to concurrent verbal reporting while problem-solving ii) type 

two refers to delayed verbalizations after problem-solving has occurred iii) type three refer to 

elaborations, introspections, or explanations121. While concurrent think-alouds are largely made up 

of type one verbalizations, retrospective think-alouds will likely consist of a higher proportion of type 

two and three verbalizations. 

Eye-tracked Own-Point-of View Recordings to Augment Retrospective Think-Aloud.  

To assist with participant recall, video recordings have been used successfully to prompt 

retrospective think-alouds in many settings, including marketing research, sports and 

medicine112,122,123. Own-point-of-view eye-tracked video recordings are often used as they provide a 

representation that more closely reflects participants’ experience of a task compared to a traditional 

video recording112,124,125. Using an own-point-of view recording may allow for greater psychological 

immersion than an external camera as they show details of what was the focus of participants’ 

attention during task completion. These recordings promote a form of recall referred to as 

reminiscence126. Reminiscence is the act of recollecting or re-living past experiences or events and is 

thought to support the sharing of emotional experiences126. Additionally, traditional video 

recordings which have participants view their behaviours from an external perspective may lead the 

participants to analyze their actions and critique their decision rather than recalling elements which 

affected their reasoning127.  
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Eger et al completed an assessment of eye-movement tracked recordings paired with 

retrospective think-aloud in the study of human-computer interaction. They demonstrated that 

retrospective think-aloud cued by eye-movement data resulted in a greater quantity of verbalization 

and more insight than conventional or concurrent think-aloud128. Retrospective think-alouds cued by 

eye-movements are also thought to be less reactive than concurrent think-alouds as participants 

were less likely to successfully complete the assigned task when thinking aloud concurrently versus 

retrospectively128.  

Suitability of a Video Cued Think-aloud to Examine the Cognitive Processes of HCP in Neonatal 

Resuscitation 

Think-alouds are only able to reveal thoughts that are accessible in the conscious mind; 

therefore, automatic processes cannot be effectively assessed. It is recommended that this method 

is not well suited for simple or repetitive tasks (which tend to be largely automated)129. On the other 

hand, Ericsson and Simon described that demanding tasks might create cognitive interference with 

verbalization as processing required to complete the task may crowd working memory114. This threat 

is likely not as relevant to the retrospective think-aloud as participants will not need to complete the 

task while speaking aloud. 

Seagull and Xiao assessed the feasibility and benefit of eye-tracked recording to augment 

CTA. They suggested that tasks that are visually intensive, time-pressured with high decision density, 

involve monitoring or information gathering and require individual performance are better suited for 

assessment using eye-tracking techniques. In contrast, tasks that rely primarily on audio-based or 

recall rather than visual content, are slow-paced or have low decision frequency, which do not 

require information gathering or are team-based are less well suited130. Apart from the team-based 

nature of resuscitation, the tasks required of an airway lead in neonatal resuscitation meet the 

characteristics established above. Though HCPs work closely as a team in this task, their visual 

attention is mostly focused on the infant and monitoring equipment60. 
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Method in Practice  

The debriefing portion of this study took place at a convenient time for the participant as 

soon as possible following the recorded resuscitation. When participants arrived, informed consent 

was collected, participants’ initial questions were answered. I assured participants that I had no 

training in neonatal resuscitation and was in no way judging or assessing their verbalizations during 

the debriefing or their performance in the recordings which we would be reviewing. They were told 

that we were interested in a detailed unedited recollection of their thought processes during 

preparation and involvement in a resuscitation. It was important that participants’ stress or anxiety 

was minimized during the debrief, as anxiety resulting from the evaluative function is thought to 

lead to self-monitoring, which can affect the accuracy of think-aloud results. Leighton demonstrated 

that the accuracy of verbal response process data is positively influenced by the identification of the 

interviewer as a non-expert in the field131. 

Participants were taught how to interpret the eye-tracked recording (i.e., the circle moving 

around the screen is where your eyes were focused at that point in the resuscitation) and how to 

pause and play the recording. The interviewer then gave participants a more detailed explanation of 

the task. Participants were asked to think back to the resuscitation and try to verbalize what was 

“running through their heads” as they prepared for and participated in the recorded resuscitation. 

We asked them to share as much detail as possible and to not be concerned about their phrasing as 

they spoke. Participants were encouraged to pause the recording to complete a thought at any 

point. 

We aimed to record the preparations for resuscitation in our eye-tracked recordings. 

However, sometimes this preparation ended long before the arrival of the infant. In these cases, 

there was a long period of the recording (5-15 minutes) which was comprised of HCP waiting (no 
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longer actively preparing) and discussing topics not related to the resuscitation or engaged in some 

other activity not related to the resuscitation. In these cases, we marked down these points in the 

recording and skipped past them during the think-aloud to respect our participants’ time.  

Once participants’ questions had been answered, I began recording with a Dictaphone and 

played the video recording with the volume on. There was variation in how much each participant 

verbalized. Some paused the video frequently to finish a thought before letting the video continue, 

while others would let 20 – 30 seconds pass before speaking. When long periods occurred without 

any verbalization, the interviewer would prompt comments with cues such as “what were you 

thinking about here?” or “I see you were looking at the monitor for a while here.” Probing during 

think-aloud is thought to support completeness, but it may influence participants' verbalization132.  

Interview  

During the debriefing portion of this study, think-aloud was paired with a semi-structured 

interview with participants. Throughout the interview, the recording was paused at set points, and 

questions pertaining to the most recent portion of the recording were asked (e.g., once the 

preparation was complete immediately before the arrival of the infant or once the infant was 

transitioned to a ventilation device). Questions asked during the paused points in the video were 

clarifying in nature and inquired about actions in the recording that the participant had not 

discussed spontaneously during the think-aloud. Following the completion of the recording, several 

semi-structured interview questions were asked. These allowed participants to reflect more 

generally on their performance during the recorded resuscitation and their experience reviewing the 

own-point-of-view eye-tracked recording. The interview and video data allowed us to analyze the 

data and to expand on think-aloud results 129. Furthermore, including follow-up interview questions 

provided participants with the opportunity to confirm the researcher’s interpretation of their initial 

verbalizations129. 
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The interview guide was generated through consultation with experts in neonatal 

resuscitation, the Neonatal Resuscitation textbook 7th edition109, observation of clinical 

resuscitations, and reviewing video recorded neonatal resuscitations. It highlighted common points 

in the resuscitation and areas of clinical variance, as well as listing potential clarifying questions for 

each of these points.  

2.1.7 Analysis  

Transcripts of the debriefing portion of this study were subjected to a thematic analysis133. 

This analysis was conducted primarily by me, with support from Dr. Brenda Law, a neonatologist 

with experience conducting human factors research, who reviewed all transcripts. While I have 

described the “phases” below in a linear manner, our analysis was reiterative as I moved back and 

forth between phases frequently.  

Thematic Analysis, as described by Braun and Clarke, involves six phases133. The first phase is 

becoming familiar with the data. In our study, this was done through transcription of the debriefing 

studies along with repeated re-reading of the transcripts and review of eye-tracked recording 

corresponding to the transcript for context. I transcribed debriefing studies verbatim including 

comments on the content of eye-tracked video referenced by participants when necessary (e.g., 

participant stated “this is lower than I anticipated” when referring to heart rate reading displayed on 

the monitor). Transcriptions of the debriefing studies were uploaded to the Nvivo software (Version 

12, QSR International) for analysis. Phase two is generating initial codes. I began generating codes by 

assigning labels to sections of transcripts. Several initial codes were taken from the literature on 

non-technical performance in neonatal resuscitation and from cognitive ergonomics literature, but 

most emerged during analysis of the transcripts. Phase three is searching for themes within the 

codes, which I did by considering common ideas behind the codes and grouping them accordingly. 

Phase four involves a review of the themes identified in phase three. I completed this by re-

examining transcripts and determining if themes seemed to fit across cases. At this point, I met with 
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Brenda Law to discuss codes and proposed themes, as well as the relationships between various 

codes. Following this, I returned to phase three and added some new codes and combined and 

eliminated some themes while adding others. I reviewed the updated themes by re-examining 

transcripts and met with Brenda Law again to compare and discuss updated themes and codes until 

consensus was met. Together, we began phase five. Phase five was defining and naming themes; this 

involved discussion of the meaning of each theme, which was later summarized in writing. Finally, 

phase six involved the production of a report (Chapter 3). Here, I aimed to describe the themes 

identified and participants’ recollection of their cognition supported with examples from the 

transcripts. Square brackets represent sections of quotes that have been edited and ellipses 

represent omission of words within a quote.   

2.1.8 Trustworthiness 

Some qualitative researchers suggest when examining the rigour of a qualitative study that 

reliability, validity, and generalizability may not be the most appropriate measures or concepts134. 

Instead, Guba and Lincoln suggest that the trustworthiness of a project should be examined, 

including the concepts of credibility, dependability, confirmability, and transferability135.  

Credibility is akin to internal validity and questions whether the researcher accurately 

represents the participants’ ideas or viewpoints136. To support the credibility of my work, I clarified 

HCPs’ remarks made during think-alouds in a semi-structured interview and provided HCPs with the 

opportunity to expand on their remarks. Further, I considered and reviewed the recorded 

resuscitation while analyzing HCPs’ think-aloud remarks. This provided context and clarified 

uncertainties. Throughout this project, I had prolonged and varied engagement within the setting of 

neonatal resuscitation, which allowed me to better understand the contextual meaning of HCPs’ 

remarks. I watched over 20 recorded neonatal resuscitations within the institution before beginning 

the project. While watching some of these recordings, a neonatologist explained the common steps 

of neonatal resuscitation. I reviewed the relevant literature and observed simulated and clinical 
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resuscitations. I was able to ask questions and engage with HCPs immediately before and after 

resuscitations. These measures helped me to become familiar with the steps of neonatal 

resuscitation and with the culture of the institution.  

Dependability is akin to reliability and asks if similar results would be obtained if the project 

were to be repeated in the same context with the same participants and the same methods136. 

Similarly, confirmability is the confidence that the results can be confirmed or corroborated by other 

researchers136.  I included a detailed description of data collection and analysis in this chapter to 

support dependability and confirmability. I also included many direct quotes from participants in 

Chapter 3 of this thesis to support my descriptions of HCP cognition. Further, I kept a record of our 

collected data in the form of i) audio recordings and transcription of debriefings, ii) audio-visual 

recordings of cases, iii) a case report form for each recorded case iii) various iterations of codes and 

themes generated in this project.  

Transferability is akin to generalizability and refers to the extent to which findings can be 

transferred to other settings136. I do not suggest that the themes from this study will apply directly to 

all settings in which neonatal resuscitation takes place. Generalization of these themes to other 

settings and cases must be mindful of the education, professional designation, and experience of 

HCPs who participated in this project along with the resources available and culture of HCPs within 

the institution. I have thoroughly described the study population and setting to allow readers to 

determine if the themes derived from this project can be applied to their population of interest.  

2.1.9 Ethical Considerations  

The Royal Alexandra Hospital Research Committee and the Health Ethics Research Board, 

University of Alberta (Pro00077581), approved this study. We worked with the Human Research 

Ethics Board at the University of Alberta to develop a protocol that allowed for written consent to be 

obtained retrospectively from HCPs who participated in our study. This was necessary as neonatal 
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resuscitation is a medical emergency and often gives HCPs little time to prepare for the arrival of a 

patient. Consenting HCPs at this point could further limit their time to prepare for the procedure and 

could, therefore, compromise patient safety. Though we did not obtain written consent from 

participants until after the procedure, we ensured that participants understood what the glasses 

would record and that their participation was completely voluntary. Following the procedure, when 

eye-tracking glasses were removed from participants, written consent was obtained, and 

participants were told that their recording could be deleted and removed from our research anytime 

until the publication of our results. A separate consenting procedure was done directly before the 

debriefing. 

Ethical dilemmas associated with the recording and review of neonatal resuscitations have 

been described previously137,138. They include questions such as: Should parents consent? Who is the 

research subject - the HCP or the newborn? Is the de-identification of the recordings mandatory? 

Can the impact of the technique deteriorate received care? 137,138. In this project, we worked with 

the Health Ethics Research Board, University of Alberta, to navigate these questions and ensure that 

potential risks were minimized.  

2.2 Subjective Assessment of Healthcare Professionals’ Workload During Neonatal 

Resuscitation 

2.2.1 Study Design Overview 

In this study, HCPs completed surveys that measured subjective workload following their 

participation in delivery room care.  

2.2.2 Study Setting 

This study took place at the NICU at Royal Alexandra Hospital, Edmonton, Canada. The Royal 

Alexandra Hospital Research Committee and the Health Ethics Research Board, University of Alberta 

(Pro00090092), approved this study. Participants were recruited through the Health Ethics Research 
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Board-approved study posters, which were displayed throughout the NICU and the delivery rooms 

for the duration of the study period. Participation was voluntary, and consent was implied by survey 

submission. 

2.2.3 Study Participants 

All neonatal HCPs who attend high-risk deliveries were eligible to complete a survey. Every 

HCP was asked to complete one survey each time they attended a delivery regardless of their role, 

profession, level of training, or which interventions were performed at the delivery.  

2.2.4 Sample Size Consideration 

As this was the first use of the NASA TLX tool in the delivery room, we were unable to 

estimate effect size. Therefore, we chose to use a convenient sample of 200 survey responses for 

this study, based on a review of the literature139,140,141. 

2.2.5 Survey Overview and Distribution 

The paper and pencil survey used in this study included a NASA TLX workload assessment 

tool, and collected demographic data about respondents, the patient and the procedure 

corresponding to the survey. Participants were asked to provide us with examples of aspects of the 

resuscitation, which contributed to their experience of various components of workload to get a 

better idea of respondents’ understanding of questions and prompts (Table 4.3). The survey is 

attached at the end of this chapter.  

This was an anonymous pencil and paper survey, which took approximately 10 minutes to 

complete. Participants were asked to complete a survey immediately after delivery by taking a 

survey from a marked folder within the NICU. Once completed, surveys were placed into a secure 

letterbox and collected by the research team. 
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2.2.6 Demographic Information  

 Information about survey respondents, and about the procedure they recently completed 

was collected. HCPs-related information included profession, years of experience, and gender. 

Procedural information included the role in resuscitation, time of day delivery took place, 

interventions performed during resuscitation, notification time before delivery, the number of team 

members involved, and parental presence. Patient data included birth weight, Apgar score, sex and 

mode of delivery.  

2.2.7 NASA TLX Tool 

NASA TLX is a subjective post-hoc measure of workload. NASA TLX independently assesses 

six dimensions: 1) mental demand, which refers to how much mental or perceptual activity was 

required to complete the task, 2) physical demand, referring to the amount of physical activity 

required to complete the task, 3) temporal demand, referring to how much time pressure was 

experienced when completing the task, 4) performance, referring to the respondent’s perception of 

how successful they were in completing their role in the task, 5) effort, which refers to the level of 

mental and physical exertion required to accomplish the level of performance achieved during the 

task, and 6) frustration, which refers to how insecure, discouraged, irritated, stressed, or annoyed 

respondent was during the task. The domains “mental, physical, and temporal demand” relate to the 

demands imposed on the participant, whereas performance, effort, and frustration focus on the 

interaction of the subject with the task. Each dimension is rated on a 20-step scale from “very low” 

to “very high,” except performance, which is rated from “perfect” to “failure.” No numerical values 

were present on the survey scales. Handwritten markings were translated to values (0-20) 

corresponding to the nearest step mark on the survey. To gain a better understanding of each HCP’s 

perception of these dimensions, descriptions of factors that either contributed positively or 

negatively to their experience of workload were collected.  
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2.2.8 Analysis 

The median (IQR) score of each of the six workload dimensions considered in the NASA TLX 

were calculated. Overall workload is represented as Raw-TLX, which was calculated for each survey 

response as the mean of all dimension scores multiplied by five to transform this score to a value out 

of 100. The Raw-TLX scores were compared using a non-parametric Wilcox rank-sum test and 

Analysis of Variance (ANOVA) with Bonferroni post-test. The Raw-TLX score was compared by the 

HCP role and by the 5-minute Apgar Scores. The 5-minute Apgar score was divided into three groups 

according to Neonatal Encephalopathy and Neurologic Outcomes,2nd Edition (7-10 - high Apgar score 

group; 4-6 - medium Apgar score group; 0-3 - low Apgar score group)142. The Raw-TLX scores were 

compared by parental presence. This comparison was made across all survey responses and within 

5-minute Apgar groups. The data are presented as mean (standard deviation, SD) for normally 

distributed continuous variables and median (interquartile range, IQR) when the distribution was 

skewed. P-values are 2-sided, and p<0.05 was considered significant. Statistical analyses were 

performed with Stata (Intercooled 12, Statacorp, Texas). 

Weighting 

The NASA TLX contains a weighting component in which the relative importance of each 

dimension of workload in the completion of a task is determined via a set of paired comparisons 

completed by each respondent62,105. The relative importance is considered in a weighting scheme 

during calculations of the overall workload score62,105. Though the weighting component of the NASA 

TLX may increase sensitivity to relevant variables and decreases inter-rater variability relative to an 

unweighted score105, our analysis was completed using the unweighted Raw-TLX. This portion of the 

study was left blank on 32 of returned surveys (15.7%). These omissions may be due to participant 

confusion or limited time. The weighted and unweighted overall workload scores are consistently 

correlated143,144. Young and Stanton have suggested that this implies that the weighting procedure is 

superfluous and is not necessary145. 
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2.2.9 Quality of NASA TLX as a Measure of Workload  

Various factors have been considered to identify a good measurement of workload. These 

measures are summarized below. 

• Validity is the tool’s discriminatory ability to detect changes in workload and not some 

other factor. Validity can be further divided into convergent validity and concurrent 

validity. Convergent validity measures how closely the values measured by one tool 

correlate to another tool assumed to measure the same concept. Concurrent validity is 

the tendency of a tool to predict outcomes of another tool that is assumed to measure the 

same construct. Rubio et al assessed the convergent validity of NASA TLX by calculating 

the Pearson correlation coefficients between overall workload scores of NASA TLX & 

Subjective Workload Assessment Technique (0.9817) and NASA TLX & Workload Profile 

(0.9863). They concluded that the tool’s convergent validity was very high146. To measure 

the concurrent validity of NASA TLX, Rubio et al computed the Pearson correlation 

coefficients between Raw TLX and performance measures in an experimental setting. 

Compared to the other tools, NASA TLX correlated most closely to the performance matrix 

assessed in the task and was therefore considered to have the greatest concurrent 

validity146. The convergent validity of NASA TLX in intensive care nurses has also been 

supported as is highly correlated with Rating Scale Mental Effort (r=0.77), and the 

Perceived Workload Scale (r=0.81) in a secondary analysis on NASA TLX surveys collected 

from 757 ICU nurses in 21 ICUs. The authors of this study concluded that NASA TLX is a 

reliable and valid tool for measuring workload in ICU nurses 147. 

• Reliability reflects the tool’s consistency in reporting of workload. Evidence suggests that 

NASA TLX is a reliable tool for use in intensive care settings (Cronbach’s alpha = 0.72) 146. 

In an assessment of the reliability of NASA TLX in 1068 mental workers from a variety of 
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occupations including administration, education, research, and healthcare, Cronbach’s 

alpha coefficients were more than 0.80 148.  

• Intrusiveness is the tool’s propensity to interfere with the primary task. As NASA TLX is 

completed following task completion, it can be assumed that the intrusiveness of this tool 

is negligible. 

•  Implementation requirements consider the logistical or resource needs for the tool to 

collect and assess workload. NASA TLX is available as a phone-based app, computer 

software, and paper and pencil survey. Therefore, the requirements to use this tool are 

minimal and can be adapted depending on the context of use.  

• Diagnosticity is the tool’s ability to identify the reason(s) for variation in workload. NASA 

TLX creates a workload profile associated with each measure of the overall workload. This 

workload profile demonstrates the relative contribution of each dimension of workload 

and may help researchers identify reasons for variation. A stepwise discriminant analysis 

performed by Rubio et al demonstrated the ability of NASA TLX workload profile to 

discriminate between single and dual tasks (when participants were doing one task at a 

time vs. both) but not between single tasks so there may be limitations to NASA TLX’s 

diagnosticity146.  

In summary, the reliability and validity of NASA TLX as a measure of workload has been 

supported in many populations and tasks, including certain healthcare settings such as the Adult 

Intensive Care Unit. No attempt to validate NASA TLX as a measure of workload experienced by HCPs 

participating in neonatal resuscitation has been performed. 
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Questioner and NASA TLX Assessment  

Title: Subjective Workload of Healthcare Professionals Who Participate in Neonatal 
Resuscitation  
 
What is your profession? 

RN TN  NNP    RT R1-4 Fellow Neo 

What was your role in this resuscitation? 

Team Leader      Airway manager RN RT    Recorder    Observer 

Gender: Mr.  /  Ms.   /  Mx. 

How many years of experience do you have in the NICU? ________Yrs. 

Note time of day when resuscitation occurred to the nearest hour only __________ AM / 

PM 

How long did you have to prepare for the resuscitation relative to the birth of the baby?  

Code Pink      Arrived After Baby     0-5 min 5-10 min 10-20 min      20+ min 

Which interventions were performed during this resuscitation?  

Stimulate Suction CPAP PPV   Intubation Chest Compression    Epinephrine 

How many team members were involved in this resuscitation?___________  

Do you think anything about this resuscitation could be improved on in the future?  

_______________________________________________________________________ 

Were the babies parents present at any point during the resuscitation?  Yes  / No  

Note the gestational age and weight of the baby: ________Weeks   __________Grams  

Apgar: 1min _____  5min______  10min______ 

Sex: Male  / Female  

Mode of Delivery: Vaginal / Instrumental / C/S 
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NASA-Task Load Index 
Please mark an “X” on each of the below scales rating your experience of the resuscitation you 
just participated in. Consider each scale independently.  

**Note this table is just for your reference as you complete the scales below 
 
 

 
Main Contributor (Circle one and provide example) 

Patient Factors        Equipment Factors         Team Factors       Personal Factors         

 

Example:_______________________________________ 

 
Main Contributor (Circle one and provide example) 

Main Contributor (Circle one and provide example) 

Patient Factors        Equipment Factors         Team Factors       Personal Factors         

 

Example:_______________________________________ 

 
 

Main Contributor (Circle one and provide example) 

Patient Factors        Equipment Factors         Team Factors       Personal Factors         

 

Example:_______________________________________ 

 
 

Main Contributor (Circle one and provide example) 

Patient Factors        Equipment Factors         Team Factors       Personal Factors         

 

Example:_______________________________________ 

 
 

 

Main Contributor (Circle one and provide example) 

Patient Factors        Equipment Factors         Team Factors       Personal Factors         

 

Example:_______________________________________ 
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Main Contributor (Circle one and provide example) 

Patient Factors        Equipment Factors         Team Factors       Personal Factors         

 

Example:_______________________________________ 

 
Source of Workload Evaluation 
Circle the factor on the left or right in each pair which was more important to your experience of 
workload during this resuscitation: 
 
For example, if you felt that physical demand played a larger role in your experience of 
workload than temporal demand and performance was more important than physical demand a 
portion of your response would look like: 

 
 
 
Please circle one choice in each row: 
 
 

 

  

Frustration Vs. Effort 

Performance Vs. Mental Demand 

Performance Vs. Temporal Demand 

Mental Demand Vs. Effort 

Mental Demand Vs. Physical Demand 

Effort Vs. Physical Demand 

Frustration Vs. Mental Demand 

Effort Vs. Performance 

Temporal Demand Vs. Frustration 

Temporal Demand Vs. Effort 

Physical Demand Vs. Frustration 

Performance Vs. Frustration 

Physical Demand Vs. Temporal Demand 

Physical Demand Vs. Performance 

Temporal Demand Vs. Mental Demand 
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Chapter 3. Cognitive Task Analysis to Explore Healthcare Professionals’ 

Cognitive Processes during Neonatal Resuscitation 
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Overview  

Most medical errors that result in poor patient outcomes are due to deficiencies in non-

technical rather than technical skills149. Non-technical skills involve the interpersonal and cognitive 

skills that underpin technical skills. Further, the context in which HCPs act significantly influences 

their decision making and cognition150. Therefore, the demands and constraints of a situation must 

be considered when examining clinical non-technical performance. The study of HCP performance 

and the cognitive processes underpinning performance in neonatal resuscitation is difficult in part 

due to the fast-paced and high-risk nature of the procedure. Simulation studies have been used to 

examine both technical and non-technical behaviours in neonatal resuscitation successfully. Though 

this is undoubtedly a valuable tool in the study of human performance during clinical procedures, it 

is important to consider that the behaviours displayed by participants in simulation studies may not 

directly reflect those that occur in clinical settings151. Audio-visual recording review has been applied 

successfully in many clinical settings to examine the cognitive processes of HCPs as they complete 

clinical tasks152,153. Further, own point-of-view recording may support recall, and eye-tracking layover 

may add specificity to recall 112. 

This project aimed to i) assess the feasibility of eye-tracked, own-point-of-view video 

augmented CTA as a means of studying cognitive processes of HCPs in neonatal resuscitation and ii) 

describe the cognitive processes that occur during neonatal resuscitation, as described by HCP 

participants. 
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Results  

Eight HCPs participated in this study. Two of these HCPs participated twice for two separate 

resuscitations. Therefore 10 cases were included in this study. A summary of participant information 

and corresponding procedural data is presented in Table 3.1. Overall, five themes emerged; these 

were situation awareness, performance, working in teams, addressing threats to performance, and 

perception of eye-tracking review (Figure 3.1).  

3.1 Situation Awareness 

Participants described a conscious awareness of the resuscitation situation, in keeping with 

the concept of situation awareness. Elements of this awareness included perception of stimuli, 

situation monitoring, comprehension, or making sense of the situation and projection of anticipated 

outcomes.  

3.1.1 Perception of Stimuli 

 HCP participants described their perceptions as composed of a combination of auditory, 

visual, and tactile stimuli. The sources of stimuli were most often the i) patient (e.g., “she was also a 

little bit pale,” or “baby is crying; you can hear her being very gurgly”), ii) team members (e.g., 

“based on her fingers I can tell the rate that she's tapping it's [heart rate] somewhere between 90 

and 110”), and iii) monitoring equipment (e.g., “the alarm started to go and he was 79 (% oxygen 

saturation).”). The density of stimuli available during the recorded resuscitations was apparent 

through not only the participant’s recollection of their perceptions but also through reviews of the 

eye-tracked video. 

3.1.2 Situation Monitoring 

 HCP reported using both a top-down and bottom-up approach to develop and maintain an 

understanding of the resuscitation. HCPs discussed purposely monitoring the situation during 
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resuscitation. Descriptions of monitoring included phrases such as scanning or looking across to 

multiple perceptual stimuli within the resuscitation environment to maintain a current 

understanding of the patient’s status. Participants described quickly and repeatedly gathering 

information from multiple sources to guide their current awareness of the situation and, therefore, 

their clinical decision making. For example, one HCP reported “I will sort of follow the same sort of 

circuit in my vision and be like monitor, monitor, monitor time, check baby and try to go through all 

of the little pieces to make sure that things are OK and if nothing has changed then cycling back 

around and being like OK, anything different here? No. Anything different here? (Video 4 (V4))” In 

contrast to the top-down approaches described above in which HCP seek out information in their 

environment, participants also described moments when a cue or other event drew their focused 

attention away from the situation as a whole to monitor specific stimuli suggesting bottom-up 

processing. For example, an alarm indicating low oxygen saturation caused one HCP to focus their 

attention on the monitor and away from the baby.  

Participants described both stimuli that they were reflectively aware of and unreflectively 

aware of during the resuscitations. Some stimuli of unreflective awareness were evident to 

participants when they reviewed the eye-tracked recording: For example, one participant was trying 

to assess her patient's status shortly after birth when she commented: “I am looking very quickly at 

this monitor. I'm not sure that I can even see the numbers (V2).”  When referencing stimuli they had 

been reflectively aware of during the resuscitation, HCPs remembered noting and reflecting on the 

stimuli in the resuscitation room. Furthermore, participants emphasized being reflectively aware of 

critical stimuli while unreflectively disregarding other information (without necessarily deliberately 

thinking about it) that was less critical to the resuscitation. For example, a participant stated, “I am 

not worried about our heart rate and saturation because she looked fairly well aside from having 

these intermittent apneas (V3).” While acknowledging she attended to the heart rate and saturation 

values, this participant emphasized focusing her attention on the infant's physical appearance.  
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3.1.3 Comprehension  

HCPs described making sense of the resuscitation situation by relying on their pre-existing 

knowledge. HCPs referenced a standard or expected value for the infant’s vital signs to comprehend 

the infant's condition. These reference values were from their memory: “That [saturation] is lower 

than the target range (V6),” or from visual aids: “I am just looking at the age of the baby, comparing 

to my saturation and the temperature as well. She is [at] 40% oxygen [saturation], but within the 10 

minutes, so I was just checking that with my chart (V2).” 

Additionally, HCPs noted changes in an infant’s status over time using their earlier 

impressions as a reference. These changes were apparent through infants’ i) vital signs: “We are 

hovering in the low 90's - 100's for heart rate and then there was a brief improvement and then here 

we started slowing (V5),” ii) physical appearance: “He is still quite cyanotic, but there is a slight 

improvement centrally (V6),” and iii) infant’s activity level: “she was starting to make some 

spontaneous movements (V2).” Frequently these perceived changes in the infant’s status were 

associated with a recent intervention, allowing for assessment of their response to intervention. For 

example, “It seems the tactile stimulation is not enough to maintain the drive to breathe (V6),” or 

“Her breathing seems improved with a shoulder roll in place (V6).” By assessing how an infant’s 

status changed with interventions, HCPs described making sense of whether an intervention was 

working or not. For example: “You can see that his heart rate is a little bit lower than it had been so 

something was off with the seal or my breaths or something (V1)” and “Whenever we change the 

position to extend the neck further to open up the airway to see if the heart rate goes up so when 

doing that I saw that the heart rate was going down so I had to go back to a neutral position so we 

might have been hyperextending her head (V9).”  
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3.1.4 Projection  

 HCPs described not only relying on their current understanding of the situation to guide 

their clinical decision making but also on their anticipations of how the infant would progress in 

response to resuscitation. These anticipations were informed by HCPs' perceptions and 

comprehension, along with their knowledge and experience. In this quote for example: “Because if 

the baby is not getting good tidal volumes, then eventually the heart rate is going to fall and the 

saturations will fall (V4),” the HCP described perceiving the infant’s tidal volume then evaluating the 

meaning associated with these values before anticipating how the patient will progress. Likewise, 

many HCPs quickly made judgments about the level of care an infant will require very quickly after 

birth. For example, one HCP described watching as the obstetrics team surgically extracted their 

patient: “If the baby’s head has been stuck for quite some time and the baby is breech and it's a 

difficult extraction then the baby can be a little bit flatter at birth and take more time to 

resuscitate. So, may need some more support.” This HCP then described how she may use this 

history to inform her decision making during the resuscitation: “It can speed along what I'm trying 

to or intend to do. So, I may not give the baby as much of a chance to start breathing 

spontaneously, so if the baby is not breathing or is apnoeic, then I may intervene quicker than if it 

was born without any extraction issues (V2)”.  Some HCPs waited until they were able to see the 

infant for themselves to anticipate the level of care which would be required: “If you see them 

tucked and flexed, it is a good sign that this is going to be okay, obviously really loud crying is one of 

the most reassuring signs that a baby is transitioning well and should need minimum 

resuscitation, so those are the first two indicators where I am like OK, this is going to be good I 

should not have to provide this baby with too much (V3).” HCPs also described comparing the 

infant’s status to how they had anticipated the infant would progress at an earlier point in the 

resuscitation. For example, “I'm looking at the baby; I'm seeing peripheral and central cyanosis; 
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generally, I'm expecting this to improve really quickly - certainly more so centrally - it's not improving 

as much as I would like (V6).”  

3.2 Performance 

HCPs described evaluative aspects to their actions in the resuscitations in keeping with the 

concept of performance. Elements of performance included compliance with guidelines and 

protocols, clinical experiences, and team member actions.  

3.2.1 Compliance with Guidelines and Protocols 

HCPs described relying on resuscitation guidelines (neonatal resuscitation program 

algorithm (NRP) and hospital-specific adaptations) to guide their individual and group actions. 

Specifically, HCPs described guidelines as orienting the resuscitation team to a shared starting point 

and step-through process of resuscitation. I have described this further in the “working in teams” 

theme (section 3.3.4).  Further, HCPs described how their knowledge of resuscitation guidelines 

affected their anticipations, decision making, and performance. Some HCPs described mentally 

reviewing the NRP steps prior to the infant’s arrival as was exemplified in this HCP’s reflections: 

“what is going through my head is … ok baby is going to come stim, suction, heart rate, PPV [positive 

pressure ventilation], monitors  you are just going through the same thing. What is the order that I 

want to go through these? If I do not have heart rate, then I will do PPV then I am going to do 10-15 

breaths, then readjust. Next things then readjust constantly just back and forth. Also, if I need to 

intubate who is my back up, what size tube do I need, where does the baby need to go to and those 

sorts of things and I will just go through that ad nauseum until something catches my eye or 

attention (V4).”  Similarly, another HCP described guidelines directing the first few moments of their 

resuscitation: “We've been taking the steps of NRP, so the drying and stimulating. You are always 

assessing visually what your baby is doing and how they are responding (V2).” Additionally, in the 

following example the HCP described how their knowledge of resuscitation guidelines informed their 
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decision making: “if this was a term baby with this sort of activity level meaning the baby is 

frantically moving his arms and legs, has really good tone, is already starting to pink, and crying 

vigorously we would not have even started CPAP [continuous positive airway pressure].  But 

guidelines and knowing that we were 32 weeks [gestation], I knew the baby would benefit from 

CPAP, so we made that decision (V3).”  

 When discussing what they may do differently than a more novice provider, one HCP 

commented that “we increase the [fraction of inspired oxygen]  before [the arrival of the infant] for 

a baby that is little and a novice would not do that as it is not part of NRP (V7).” This comment 

suggests that in some cases, intentional deviation from protocol may be seen as a sign of experience 

rather than as a failure in performance.  

3.2.2 Accord with Clinical Experience 

 In addition to their understanding of guidelines and protocols, HCPs evaluated their actions 

based on their clinical judgements. They discussed how they prioritized elements of care, effectively 

problem-solved when challenges arose, and optimized the use of the material and team resources. 

For example, one HCP described why they had not yet started to look up at the monitor: “Because 

I've been to so many other deliveries, I know that it has not yet started to pick up [heart rate and 

saturation readings]; it takes a bit of time (V3).” They described how they used their experience to 

optimize their attentional resources. HCPs described using their clinical judgement to prioritize 

interventions: “From past experience, the babies typically do better once they are on the [CPAP 

machine] so my thought process at this point which I did not verbalize, but I probably should have, 

was that if we get her on the [CPAP machine], she may actually improve, so instead of us having to 

give her PPV, she may maintain her own breathing better than what she can with the T-piece (V3).” 

Finally, another example is one HCP using practical clinical experience to troubleshoot an equipment 

issue before it posed a real challenge to the resuscitation: “We have the probe on but sometimes we 

need to hold it a little bit or this posey helps to get a better reading (V10).”  
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3.2.3 Comparing to Team Members 

Some HCPs described comparing their actions to team members. This valuation of their own 

performance also reflected an effort to learn from one another. For example, one HCP described: “A 

lot of the stuff that I do I've modelled off of people who have more experience than me (V6).” 

Another HCP described actively trying to learn from their colleague while attending a resuscitation 

where the patient required an intervention that the participant infrequently performs on their own. 

“I am monitoring vital signs and watching her do this procedure so that I can know. I do this on 

occasion as well, but it has been a while since I have done this, so I want to watch how she is doing it 

(V5).” In a different case, the HCP reported learning about a different method of organizing twin 

deliveries: “I feel like something that some people do is label the warmers ‘A’ and ‘B,’ because even 

though you talk about it, inevitably someone will ask me and they do not know so that is something I 

can probably do next time. It does seem a little bit extra to do it, but inevitably, you have to spend 

time telling people where to go (V1).”  

3.3 Working in Teams 

HCPs described resuscitations as a team practice characterized by team dynamics reflecting 

trust and familiarity, role-taking, information sharing, and mutual support.  

3.3.1 Trust and Familiarity 

 Several HCPs commented on the dynamic of the teams they were working in and how this 

dynamic affected individual and team performance. The familiarity of team members in the 

recorded resuscitations was often mentioned. HCPs described being confident in and trusting of 

team members because of their familiarity. For example, one HCP noted while reflecting on the 

team’s preparation for a complex resuscitation: “We are a team that is very used to working 

together, and I think that you can see this… we have all practiced a lot and have been to many, many 

deliveries together, so everybody knows what to anticipate (V3)”. In a different example, one HCP 
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described relying on their assistant to monitor the infant’s status without having to explicitly state 

this because they were very familiar with each other’s expectations: “I did not specifically state it 

[ask the assistant to alert if status fell below an acceptable level]… because we are so used to 

working together, I feel as though it is implied (V3).” Further, during a twin delivery, when twins 

were delivered to the opposite teams than was planned, one HCP reflected: “I was not too panicked 

because I trusted the people I was with (V8).” This demonstrates how confidence in their team 

members’ capabilities minimized the stress associated with this deviation from the planned course. 

 When not as familiar with their colleagues, two HCPs attempted to familiarize themselves 

with others by looking through the room prior to the resuscitation to learn the name, professional 

designation, and role in the resuscitation of others in the room. One HCP described the importance 

of knowing the names of those in the room with them: “I try to remember people’s names as much 

as I can because I find that it helps me to feel more comfortable to talk to people and ask them for 

things because I can actually say it directly and be more assertive vs. just being like ‘…[Name of team 

member] do you mind doing me a favour and getting me a…’(V4).” Another HCP discussed 

prioritizing those who were involved with the infant’s care versus those who were there for another 

reason: “I did not know who all these people were - whether they were learners or observers I just 

didn’t know. So that is why my eyes went around but the rest of the people I did know and what 

their roles were. So, I knew who was part of the baby’s resuscitation and who was not (V9).”  

3.3.2 Role Assignment and Role Taking  

HCPs discussed how they experienced team dynamics pertaining to their roles in the 

resuscitation and the roles of those working with them. 

When discussing their preparation, HCPs described how roles were assigned before 

resuscitation. HCPs frequently referred to “standard roles” or roles that the health care team “falls 

into.” One HCP described this tendency as: “A lot of [how roles are assigned here] are professional 
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designation, there are almost standard roles which we tend to take here. RTs [respiratory therapists] 

often end up being assists or in the background … everyone else was based on the professional 

designation. So, as a transport nurse, I do often end up taking the airway or head of the bed. We also 

had another transport nurse who is there on a bedside assignment, and she had to come to help as 

another airway for the other twin. [Neonatal fellow] was the lead and same thing here that was 

designated because we typically have either NNP [neonatal nurse practitioner], doctor or fellow 

whoever comes in as the designated leader, so that is how our system works (V3).”  

 In one example a HCP who was new to the institution described: “I think that in a centre like 

this you benefit a lot in that people are very flexible in their roles and you do not have to describe to 

them exactly what it is that they have to do (V4).” Also, they described why this tendency might 

have some challenges “But at the same time … when you are coming into a new team that can be 

very disorienting … I can’t get my footing and establish myself as head of the bed if everyone is kind 

of doing their own thing and it happens without me (V4).” When reflecting on a different 

resuscitation, one HCP described how explicitly reviewing roles may have been beneficial even when 

the healthcare team was able to fall into their roles without this discussion; “We probably could 

have talked about our roles a little more at the beginning but everyone was kind of doing their thing 

and we're not really listening to each other but I thought it was okay (V7).” A HCP described 

reviewing roles with the team rather than assigning them prior to resuscitation: “it was nice for me 

to just reorient myself and my team … to make sure that I had the people that I needed to put the 

things that I needed to be done even though they will all do it either way and do it incredibly well, 

but for my own sense of calm it was very nice to have that moment to just check-in and be like ok 

you are going to record, you are going to do monitors, [assistant] is going to help with the 

respiratory stuff so these are the people that I can go to (V4).” 

 In addition to professional designation, HCPs who did assign roles to their team described 

considering their colleagues' level of experience or comfort. “I like to think about who is going to be 



54 

 

most comfortable in that role; there are so many people that could assist at this delivery; there is a 

new CA [Clinician Assistant] who has never really been to deliveries at our site and I could have given 

her a role to assist but knowing that she would not feel comfortable in that role and I had more 

people who would feel more comfortable in that role or be more efficient in that role so I assigned 

her a different role until she became more experienced (V3).” Several HCPs also highlighted that the 

individual assigned to a given role must have the capacity to function in that role even if the 

resuscitation ends up being more difficult or complex than expected. For example, a few HCPs 

mentioned that the airway lead should be a competent intubator even if intubation is not expected: 

“So when you are stabilizing an extremely premature baby you would like to have someone who is 

more senior because when it comes to intubation, that person needs to be able to intubate. So, we 

consider people who are more senior to get involved in extremely low birth weight babies (V9).”  

3.3.3 Navigating Leadership  

 HCPs also discussed their obligations as a leader in the resuscitation and how the team 

composition affected these obligations. One HCP described their perspective as a leader in the 

resuscitation: “[There is a] balance of being a leader in a scenario and accepting that you have 

exceptionally talented colleagues that know what they are doing and have an excellent grasp of their 

roles and your roles. Knowing that these roles can be organic and kind of meld into one another so 

that it does not all fall to me. But at the same time, I am also responsible to be that team member to 

my other team members (V4).” Another HCP who acted as the airway lead during a resuscitation 

discussed how she managed this role and how despite there being an additional team lead she was 

still in charge of leading and managing a smaller sub-team: “so the team lead … makes sure that 

everyone is on the same page and she coordinates the process, but with the respiratory, I was 

coordinating with my respiratory therapist with regards to the respiratory part of the baby asking 

about air entry and pressures (V9).” A different HCP who was acting as an airway lead in the 

recorded resuscitation described being aware of how her role in this complex delivery differed from 
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resuscitation where an additional leader is not present: “I was managing the airway so I was doing all 

of the respiratory breathing for the baby so I was head of the bed but someone else was leading 

what we were doing and the process of resuscitating the baby so this doctor was off to the side… I 

do not have as much authority during these complex deliveries because I am there to do the 

procedures at the head of the bed more hands-on (V5).” She added that this dynamic “is a relief 

because it is a lot of responsibility when you have a complex resuscitation; you need more hands - 

you cannot just do it with two people because it would compromise the baby's care (V5).”  

3.3.4 Using Guidelines to Support a Shared Understanding  

HCPs referenced policy and guidelines to comprehend the action of their team members and 

therefore develop shared understandings. For example, HCPs knew that delayed cord clamping 

would occur after birth without discussing this with team members and HCPs recognized that a 

research assistant was adjusting the fraction of inspired oxygen settings per a clinical study protocol 

again without discussion of this. HCPs described how a shared knowledge of protocols not only 

helped them to develop a shared understanding of the current situation but also helped them have a 

similar idea of how the intervention would progress. “We always assess, intervene, assess and when 

it wasn't working, we moved on as far as MR. SOPA (V6).” This HCP was referring to the set of 

corrective steps outlined in the NRP to improve mask ventilation.  

3.3.5 Information Sharing  

 HCPs described how they shared information within and between team members to develop 

a common understanding of the resuscitation. Information about the infant’s status and medical 

history was shared most frequently during the resuscitation, as observed from eye-tracked video 

and HCP’s recall. Information sharing was described both when the information was available to all 

team members (e.g., sharing the infant's heart rate when it was displayed on the monitor or infant’s 

colour to an assistant who was also looking at the infant) and when the information was limited to 
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or more accessible to one individual or team than the receiving party (e.g., when an assistant shared 

heart rate before it was available on the monitor or shared perceived air entry after auscultating). 

Information sharing also took place between the obstetric and neonatal teams during delivery and 

delayed cord clamping. For example, one HCP described vocalizing the time on the Apgar timer: “I'm 

communicating the time through the doors, so they know how long you've been doing delayed cord 

clamping (V6).” When waiting in the resuscitation room unable to see the infant in the operating 

room, an HCP noted: “At this point, the person at the door had told us that the baby is vigorous and 

crying (V3).” In another instance, an HCP described the value of not hearing information from the 

other team: “so it is a no news is good news situation, if they were concerned they would have said 

something so we are trusting our team in that scenario and the obstetrician (V1).” In this case, the 

lack of information being transferred itself acts as a source of information sharing.  

 Some HCPs also described a potentially problematic lack of information sharing between 

and within teams. In one case a HCP described learning the maternal history from a colleague in the 

NICU team directly before the arrival of the infant because of a “communication failure” between 

labour and delivery and the NICU team earlier in the process: “I did not get a full report, but the 

mom was positive for syphilis just two weeks prior too (V3).” This history changed her anticipation: 

“So that information changes things because we were going from babies that we were not expecting 

to be unwell because there were no risk factors for sepsis to now finding out this information and 

thinking ‘oh wow these babies may come out very unwell if they have been exposed to syphilis 

infection.’” She then described how this information would change how she went about the 

resuscitation: “we will need blood work off the placenta, so it became more of that. OK, who can we 

reassign a role to be able to get that blood work. So, at that moment, I was thinking okay who is 

going to draw up the placenta; we will have to do blood work.” 

 In addition to sharing information about the infant’s current status, HCPs described sharing 

their clinical decision making with colleagues. This behaviour was described by one HCP as an effort 
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to keep everyone “in the loop.” A HCP described sharing their thoughts: “I was trying to talk out loud 

so that everyone knew what I was thinking about (V3)” or “I just have a running dialogue so that 

everyone can hear what I'm thinking (V10).” One HCP described the information that they included 

in their think-aloud to their team as “more so what it is that I'm seeing and then what my decision 

and thought process is. So, for example, here I was saying ‘oh I am about to start PPV but then every 

time I go to start the baby starts breathing,’ just so that my assistors know that I am recognizing that 

the baby may need PPV but there is a reason why I have chosen not to start” adding that “I really 

appreciate it when other people [talk aloud] for me, so I tried to do it for other people as well (V3).” 

Some HCPs described their lack of sharing their decision making as a limitation to their performance 

when reflecting on the recordings. For example, one HCP felt frustrated with the lack of urgency her 

team was displaying as they prepared for the imminent arrival of the baby: “Why was no one else 

trying to help me gather more people or questioning me about whose team they are supposed to be 

on? These babies are delivering right now, mind you I did not say that; I could have vocalized ‘these 

babies are coming right now!’ (V8).” 

3.3.6 Mutual Support 

 In addition to providing information about the infant’s status and their thinking during the 

procedure, HCPs described various other team behaviours that supported the resuscitation, 

including providing feedback and criticism and management of workload within teams. 

Providing feedback and criticism  

 HCPs described various ways of supporting each other during resuscitation. Team members 

noticed errors or opportunities for improvement in performance. Some HCPs shared these 

observations and critiques with their team. For example, a HCP described teaching a colleague to 

properly use a probe when they realized it was not picking up a consistent recording: “The RT 

[respiratory therapist] was new so we have the probe on but sometimes we need to hold it little bit 
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or this posey helps to get a better reading so I was explaining that (V10).” In another example, a HCP 

described noticing a colleague unnecessarily disturbing the infant and responding accordingly: “This 

person who was assisting with the resuscitation, I'm not sure what her background in neonatal 

resuscitation was, but her shaking the baby's leg like that really irritated … so I needed to politely ask 

her to not do that because the baby was fine. We just needed to make the baby a nest and let the 

baby settle while CPAP was going on (V2).” One HCP stated: “the way that people provide feedback- 

it's an important indication of how the team is working together (V1),” highlighting the importance 

of this behaviour.  

 At times, HCPs described recognizing an error or flawed performance by a team member 

during the resuscitation but not sharing this concern/realization. For example, one HCP described: “I 

would have probably liked [Assistant] to have stimulated a little bit more while I was putting the hat 

on (V1)” but did not mention anything to the assistant. When asked why they were hesitant to speak 

up or vocalize critiques, HCPs described being focused on their own performance “I am focusing on 

my steps and what I am doing (V1).” HCPs also tried not to overburden their colleagues: “It is also 

really annoying when you were in a situation and you do not have enough personnel and people are 

asking you to do tasks that do not need to be done at that time (V8).” Some HCPs cited the 

experience level of their colleagues when considering whether to speak up or not; “[Assistant] has 

been doing this for a very long time… if it had become an issue, then I would have said something 

(V1).” This same HCP noticed when reflecting on her interactions in the recording that “The longer I 

do the job the better I get at asserting myself (V1),” suggesting that it is not only the experience level 

of her colleague but also her experience level that contributes to her decision to speak up.  

Receiving Feedback 

 In addition to providing feedback, HCPs also discussed receiving feedback and criticism from 

colleagues and integrating this into their performance. One HCP described giving her team members 

permission or encouraging them beforehand to give her feedback: “I remember consciously thinking 
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‘ok I am going to need help with this and I do not want people thinking that they cannot tell me 

because they do not know me,’ so chatting with [colleague]…I wanted to make sure that she knew 

that I knew what my experience was so that she would feel more willing and able to jump in and 

provide technique [suggestions] (V4).” Later in the recording, she described how a colleague’s 

encouragement/ feedback helped her decide on the appropriate actions: “there was a moment in 

my head… is it too soon for me to do this? Should we try something else first? In terms of getting 

started with PPV when the heart rate goes below 100 … I had [supervising colleague] right there who 

said the heart rate is now below 100, and I said ‘OK, so start PPV?’ and he said yes, and I said ‘ok 

perfect’ so to have that piece there [was good] (V4).” 

 In contrast, some HCPs did not feel that the feedback they received was beneficial. One HCP 

felt that the feedback provided to her was detrimental to her focus. “I found that I was doing all my 

steps and I know she was just trying to help - asking me if I had done these things and it was 

distracting at that point but I had already done them so it ended up being fine (V1).” Later in their 

discussion, this HCP noted: “There are definitely some personalities which are trickier and you do 

not feel as confident with so I think them critiquing you and the way that they are critiquing you can 

affect your confidence level (V1).” 

Workload management  

 HCPs discussed monitoring individual and team workload during the resuscitations. HCPs 

noted monitoring for delays in task completion or decreased quality of performance as an indication 

of excess workload level. For example, one HCP described monitoring their team: “Looking at the 

situation and seeing what is going on to see if team members and myself can complete tasks that we 

are assigning. If you are assigning tasks and they are not being completed before you are assigning 

another task, then maybe their workload is too much (V3).” Another HCP described how she 

monitored team workload using similar indicators to the previous example: “when I see either 

dysfunction in the communication that is happening or I am starting to see that the quality of what is 
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being done is not the same as it used to… it is the outcome that ends up bringing it to your attention 

too, like the baby’s heart rate. Then what is the problem? Have we spent too much time suctioning? 

Are we not adequately ventilating? Have we missed something? So then at that point, I look through 

and will sort of try to troubleshoot. Which is a bit more reactive than proactive but is usually what I 

end up doing (V4).” 

HCPs described the various ways they adapted after recognizing that the workload of an 

individual or team was very high. When possible, HCPs described calling for additional help: “I 

wanted to make sure that she was not feeling stressed about managing too many things at once so I 

got [Assistant] to go and see if we had any extra staff to come down and give us a hand getting our 

kid on CPAP (V1).” Alternatively, they described delaying unnecessary task assignments and 

encouraging their colleagues: “If you do not have extra help trying to prioritize what needs to be 

done at this moment versus what can wait” or trying “to either relieve the load or give some positive 

feedback so that [the colleague whose workload is high] does not feel as stressed (V7).” This 

prioritization was demonstrated in an example where placental sampling was required. The HCP 

described the situation: “Before she needed the PPV I [thought]  ‘I'll get someone to go [do placental 

sampling],’ but then I [thought] ‘oh no I'll actually need her help because I do not know if we will 

need to do more for the baby.’ I wanted to keep her at the bedside. And then seeing how busy they 

were with the other baby too [the infant's twin], I was thinking this was not a good time for her to go 

and do blood sampling. I was just trying to prioritize what needed to be done and that was low on 

the totem pole (V3).” When one HCP felt that the physical demand she was experiencing was too 

much, she described swapping out with a colleague: “We are switching out because my hands 

completely cramped up, so I just went to assisting now (V5).” HCPs described deliberately prioritizing 

tasks to optimize the team members who were available when human resources were limited.  
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3.4 Addressing Threats to Performance   

HCPs discussed barriers to situation awareness, performance, and teamwork during 

resuscitation, including limited resources, equipment issues, mental stress, distraction, and parental 

presence.  

3.4.1 Limited Resources 

As discussed in the workload management subtheme, some HCPs reported needing to cope 

with limited human resources such as inadequate team size or missing a team member, resulting in 

delays and difficulties.  

3.4.2 Equipment Issues 

 HCPs frequently described equipment issues as a barrier to performance during 

resuscitation. Most commented-on delays or errors with monitoring equipment, lack of space within 

the resuscitation room, and ergonomic challenges associated with an additional sensor on the T-

piece required for respiratory function monitor. Delays in the availability of accurate readings from 

monitoring equipment occurred for a variety of reasons (e.g., technical glitches, people using them 

incorrectly, and problematic monitor settings). When delays occurred, this slowed the resuscitations 

as HCPs reported waiting to obtain an accurate recording or taking time to consider what 

information to rely on when the monitor seemed to be inaccurate. For example, this HCP described 

noticing a discrepancy between the patient's appearance and the values displayed on the monitor: 

“She looks pinker than what the number [oxygen saturation] is saying so you know sometimes it’s 

just due to equipment failure versus the actual baby and how they are doing medically (V2).” They 

described how this affected their care: “So now I'm waiting to get a good reading so we can give her 

less oxygen and then we will start the CPAP with the other machine (V2)” and the potential 

consequences this had on the patient: “This did affect the way the resuscitation went because the 

baby ended up needing more oxygen based on a false number, potentially (V2).” 
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 Limited space within the resuscitation rooms was discussed as a barrier to performance as it 

“is always really tight so if you are moving around a lot… or had wanted to intubate or anything, 

then it can be frustrating to bring (equipment) (V1).” Many HCPs also discussed challenges using the 

T-piece due to the addition of a sensor for a respiratory function monitor. HCPs felt that this piece 

was cumbersome to work with and may have caused them to place extra pressure on the infant’s 

face when providing CPAP or PPV. HCPs noted: “I may have even done some Vagal on the baby's 

face by compressing the mask on to the baby's face because I was also trying to balance and keep it 

upright. The capnometer was a little heavy for my hands (V9).” Similarly, another HCP noted: “the 

[extra sensor] is more cumbersome to work with; it does not have the same feel as without it (V7).” 

3.4.3 Mental Stress  

 Some HCPs reported feeling overwhelmed or frustrated during resuscitations. At times this 

stress was linked to situational factors. These included feeling scrutinized (e.g., “I did feel super self-

conscious because of the glasses and there was a lot of people watching (V6)”), unfamiliarity with 

the setting (e.g., “No beside the added cognitive load of a being in a spot that is new and trying to 

re-orientate myself to like I know all of these equipment pieces should be in here but in an 

environment where you are familiar with it (V4)”), or lack of experience (e.g., “in the event of 

intubation I'm certified but I'm not an experienced intubator; I have only intubated … five or six 

times so having a larger gestation I was confident that I could get the tube but it was an extra thing 

that I had to think about in the back of my mind” (V6)). There were also personal circumstances that 

were described relating to stress. For example, “I was very hungry, I'm super busy, and this is going 

to sound selfish when you have not had a break all day and you are starving there's that moment … 

this is going to take me at least an hour before I can go upstairs and have something to eat. So, I very 

much felt that (V8).” One HCP described how they mitigate tensions and stress using “black 

humour” describing how they were “not making light of the situation by any means, but we are 
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taking some of the stress out of a potentially stressful situation. And then it is also like team 

camaraderie; everyone is in it and it builds relationships to get some common ground (V3).”  

3.4.4 Distraction 

The presence of distractors or irrelevant stimuli during HCPs’ preparations for and 

participation in resuscitations was evident in video recordings. Potential distractors included 

irrelevant conversations between colleagues, phone calls from the NICU or labour and delivery, the 

resuscitation of other infants in the same room, and unnecessary alarms. HCPs did not frequently 

discuss the presence of these distractions until prompted by the interviewer. When asked, most 

HCPs were aware of the distractions but felt that they effectively dismissed them in the recorded 

resuscitation, describing that the distraction did not significantly influence their performance. For 

example, when asked if a ringing phone in the recording had affected the resuscitation or their 

thought processes, this HCP responded: “No - I just had someone else get the phone or if it is not my 

phone, they can handle their own phone because I have to keep giving PPV. There we go someone is 

grabbing my phone (V5).” Furthermore, another HCP who discussed being distracted by a team 

member during preparation for a resuscitation also demonstrated her ability to dismiss a distractor 

and focus on what was necessary for the resuscitation: “So you can see that it interrupted what I 

was trying to say at that point. I do not even remember what was asked of me in the background. I 

cannot even make it out in the video, but you can see me taking my attention away, and then 

coming back. Fortunately, here it looks like I was able to finish my train of thought so that was 

good(V3).” This same HCP later reflected “My attention was pulled - I remember my phone ringing a 

lot during this resuscitation which was not really captured in the video and then some people 

coming in and wanting my attention when I was busy doing other things, but I feel like I manage and 

was able to pull my attention back to what needed to be done (V3).” 
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3.4.5 Parental Presence  

 HCPs discussed how they felt about the presence of parents (all of whom were a father in 

the recorded videos) in the resuscitation and stabilization room and how a parent’s presence did or 

did not affect their performance. 

 HCPs expressed several concerns associated with the presence of family members in 

resuscitation, including worrying about how parents will cope, the extra demand that this may place 

on the healthcare team, and compromising the sterility of the room/procedure. These concerns 

prompted some HCPs to ask that the father wait to enter the resuscitation room. This was the case 

when one HCP told the labour and delivery staff not to have the father enter the room when they 

asked, later stating that “at that time we were needling him and not being able to ventilate him and 

then after this he ended up coding so we did not invite dad in at this time until all of these complex 

things were done…. sterile procedures were going on, and it may be traumatic for the parent, and I 

do not know if there was anyone available to lead and diffuse the parent at that time, so it was a 

choice to have dad remain outside at that point until it was ok for him to come in (V5).” Again, the 

following example displays HCP reluctancy to invite the father into the resuscitation initially: “I feel 

that having parents there definitely impacts the resuscitation and I prefer to wait until the baby is a 

little more stable before they come in. I do not feel it has to do with how I am doing- more so the 

stress that I am causing them. I know that studies have shown that parents want to see this, but I 

just think that it would be so scary so I would prefer if their child is a little bit more stable before 

they come in (V7).” 

 In addition to concerns for the parents, HCPs also were worried about how parents’ 

presence would affect the team performance during the resuscitation. For example, one HCP 

described why they would typically like the parent(s) to wait to meet their infant if they are quite 

compromised at birth until after the initial resuscitation “I am in this state where we need everyone 

to concentrate and if a parent is walking in … and we are trying to get an intubation we need to 
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focus on getting that work done. If parents come in and are hysterical or asking a lot of questions... 

that is just not the time for that (V10).” They added that “the baby does not need to be perfect for 

me to allow the parents in, but if something needs to happen first, I would like to get that done and 

then have the parents come in (V10).”  

 In contrast, some HCPs felt that the father’s presence had no or little effect on their 

performance. HCPs discussed being too focused on their role in the resuscitation to be negatively 

affected by the father’s presence. For example, “The dad did not (affect me) because I still need to 

focus on the primary task at hand, and I need to talk to parents at the same time so... it is fine (V2).” 

Similarly, “I know that me being concerned about airway and initial resuscitation, I often do not 

think about parents until we know the baby does not need any more at that moment (V3).”  

 In some cases, HCPs noted that they had no say in the decision to have the father in the 

room, as labour and delivery HCPs brought the father into the room without asking, or they felt it 

necessary to obey with hospital policy. “I do not remember verbalizing. I think that labour and 

delivery just opened the door and sent him in(V2).” When asked how they felt about this, the HCP 

responded, “well, we have to be [ok with the father's presence] because we are family-centred care 

so we have to explain to him what is going on (V2).”  

 Furthermore, some HCPs felt that it might be better to have the parents in the room. In one 

example, a HCP suggested that being present during resuscitation may benefit some parents and 

negatively impact others, stating: “I think it ultimately depends on the parent's comfort level (V1).” 

Another HCP felt this way as well, stating: “I know if I were a parent, I would want to be there, so I 

do not know why we do not bring them in sooner... Sometimes because the mom has just had 

surgery, I have asked, and they have opted to stay with the mom to make sure that she will be 

okay. But I think that us getting the parents in the sooner could definitely be done (V3).” 
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3.5 Perception of Eye-tracking 

All participants felt that reviewing their eye-tracking recordings helped them to recall their 

thought processes during the resuscitation. One HCP said, “I was able to remember exactly what I 

had to think about and consider with him (V10).” Another HCP felt that this method of review was 

especially helpful given the busy nature of resuscitation: “because your memory is not as good when 

you're in a situation with a little bit more happening (V6).”  

 While watching the recordings, some HCPs noted that they were behaving in a manner they 

were not conscious of during the resuscitation. One HCP, for example, noted “to soothe my own 

nerves, constant re-checks are what I will often use to kind of remind myself that things are ok. [This 

is] definitely is something that I do more than I thought that I did (V4),” after noticing the number of 

times they had looked through the equipment and clarified important points with colleagues in the 

recording. Some HCPs were surprised by their visual attention during the recording. Many 

participants noted the speed with which their focus changed. “I thought the video was going in fast 

forward (it was not), but I think I just don't realize how much I'm really looking around at things. it's 

interesting to watch that after (V10)” and “Wow, my eyes really go all over the place; I did not 

realize I was looking around that much (V2).” One HCP noted that they felt “more cognizant” of what 

they should be doing during the resuscitation because of their awareness of the eye-tracking glasses 

recording their actions. This participant did later state, “but now I am thinking I would still do the 

same things as I did in the video (V7).” Another HCP noted feeling “super self-conscious because of 

the glasses and [because] there were a lot of people watching (V6).” 

The recording also prompted HCPs to recall their emotional experiences during the 

resuscitation. For example, when hearing their tone of voice in the audio recordings, HCPs noted: “I 

was excited you can hear my voice increase (V10)” when describing how the infant had started to cry 

on their own. Or “you can hear it in my voice as well- I do not typically talk that fast (V8)” when 

describing their rushed preparation for the arrival of the infant. Further, a participant watched as 
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their gaze moved to the oxygen saturation reading on the infant's monitor shortly after delivery and 

recalled feeling surprised: “But it is so funny to watch that and be like ‘Oh Wow!’ 85-something is 

weird (V8).” This surprise prompted realizing that the fraction of inspired oxygen was set at 100% 

higher than policy mandates. 

Generally, HCPs seemed to enjoy reviewing their recordings, and several HCPs asked if they 

could participate again, citing this review as a learning opportunity for themselves.  

3.6 Limitations  

This project had several limitations. Our sample did not include any neonatal nurse 

practitioners or neonatologists. These HCPs often perform neonatal resuscitations and may have a 

different approach to this task. Participants were generally experienced in neonatal resuscitation 

and I did not compare the think-alouds of novices and experts. None of the recorded resuscitations 

included intubation or chest compression, so HCPs’ cognitive processes during these complex 

procedures were not examined. Further, all recordings took place in a single institution, so the 

themes that were derived may have been influenced by HCPs’ shared experiences, education, and 

the culture of the institution in which recorded resuscitations took place. 

The Hawthorne effect may have affected our results as HCPs were aware that they were 

being observed and recorded during their participation in resuscitation. Therefore, they may have 

modified some aspects of their behaviour. This may have been the case for all members of the 

healthcare team, not just the individual wearing the eye-tracking glasses. The gaze patterns of 

participants may have also been altered as they were aware that their gaze patterns were being 

monitored by the eye-tracking glasses154. 

 HCPs were allowed to describe, explain, and generalize their thoughts during the think-aloud 

process. These explanations are level 3 verbalizations (as described in Chapter 2), which may be less 

valid than level 1 and level 2 verbalizations114,155. Further, by probing participants and asking 
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questions during the video review, I may have contributed to this effect. Directed probes and 

questions that force participants to make inferences about their thinking lead to level 3 

verbalization114,155. In future projects using these methods, interviewer questions should be delayed 

until the think-aloud is complete.  

  Finally, as the think-alouds were completed retrospectively, participants may have an 

incomplete or manipulated recall of their cognitive processes, which occurred during the recorded 

resuscitation119,120. 
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Figure 3.1 Summary of Themes and Subthemes 
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Table 3.1 Characteristics of recorded neonatal resuscitations and participant’s demographics  

Case 
ID 

Participant 
ID 

Professional 
Designation 

Role in 
Resuscitation 

Experience 
with Neonatal 
Resuscitation 

(years) 

Estimated 
Frequency of 

Participation in 
Neonatal 

Resuscitation 
 

Infant’s 
Gestational 

age 
(Weeks+ 

days) 

Infant’s 
Weight  

(g) 

Interventions 
Required in 

Initial 
Resuscitation 

Time from 
birth to 
infants 

heart rate to 
increase 
over 100 

Infants 
Condition  

V1 1 RN/ TN Transport Nurse / 
Airway Lead 

7 >1/week 30+0 1,230 CPAP, PPV 4 min Twin growth 
discrepancy  

V2 2 RN / TN Transport Nurse / 
Airway Lead 

10 6-30/week 33+6 2,430 CPAP, PPV 10 min Vasa previa- 
anterior 

V3 3 RN/ TN Transport Nurse / 
Airway Lead 

10 5-20/week 31+2 1,450 CPAP, PPV Always 
>100/min 

Premature 
infant 

V4 4 Neonatal 
Fellow 

Team Lead/ Airway 
Lead 

3 1-2/week 26+5 940 CPAP, PPV Always 
>100/min 

Premature, 
monochorio

nic, 
diamniotic 

twins 
 

V5 2 RN/ 
TN 

Airway Lead 10 15-20/week 
 

35+0 3,000 CPAP, PPV, Needle 
Thoracentesis  

4 min 30 
sec 

Hydrops feta
lis 

V6 5 RT Airway Lead 2.5 1/ week 35+6 2,630 CPAP, PPV Always 
>100/min 

Not 
specified 

respiratory 
distress 

V7 6 RN/ TN Team Lead/ Airway 
Lead 

15 12-16/week 28+2 1,310 CPAP, PPV 10 sec Premature 
infant 

V8 3 RN/ TN Transport Nurse / 
Airway Lead 

10 5-20/week 29+0 1,405 CPAP Always 
>100/min 

Premature  

V9 7 Neonatal 
Fellow 

Team Lead/ Airway 
Lead 

10 3-8/week 
 

28+0 860 CPAP, PPV 5 min 10 sec Premature 
Maternal 

HELLP 
Syndrome 
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V10 8 RN Team Lead/ 
Airway Lead 

12 12-16/week 39+0 3,610 No respiratory 
support  

30 sec Coarctati
on of the 

Aorta 

V-video, RN-registered nurse, TN- transport nurse, RT-respiratory therapist, CPAP- continuous positive airway pressure, PPV- positive pressure 

ventilation 
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Chapter 4. Healthcare Professionals Subjective Workload in Neonatal Resuscitation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This chapter consists of slightly modified sections from an article, which is currently under peer-review 

in Archives of Disease in Childhood - Fetal and Neonatal Edition. “Does parental presence affect 

workload during neonatal resuscitation?” and from the article “Assessment of healthcare provider 

workload in neonatal resuscitation,” which is currently under peer review in PLOS One. 
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Overview  

Excess workload in health care settings can negatively impact patient safety68,69 7071. Given 

the dynamic, fast-paced, and high-stakes nature of neonatal resuscitation, workload may play an 

important role in how HCPs perform individually and as a team. Understanding the workload 

experienced by HCPs during neonatal resuscitation might reveal opportunities to improve 

performance, decrease errors, and therefore improve patient safety. This project aims to investigate 

HCPs’ perceived workload and to determine the relationship between roles, the complexity of care, 

and parental presence during neonatal resuscitation in the delivery room using a modified NASA TLX 

survey. 

Results 

4.1 Demographics  

In total, 204 surveys were completed: 105 (52%) by registered nurses. 40 (20%) by transport 

nurses, 14 (7%) by neonatal nurse practitioners, 22 (10%) by respiratory therapists, 4 (2%) by residents 

(R1-4), 9 (4%) by neonatal fellows, 6 (3%) by neonatologists, and 4 (2%) by students. HCPs had a 

median (IQR) of 14 (7-18) years of experience working in the NICU. 168/204 surveys were from female 

HCPs, 23 from male HCPs, 2 from HCPs who identified themselves as being neither female nor male 

and 11 from HCPs who did not identify their gender. Overall, HCPs’ roles during resuscitation were 

team leader 33 (16%), airway manager 52 (26%), team leader + airway manager 16 (8%), nurse 67 

(33%), respiratory therapist 15 (7%), recorder 6 (3%), observer 4 (2%), and students 11 (5%). 

Demographics of infants whose deliveries HCPs attended, time to prepare for delivery, and 

interventions performed during resuscitations are presented in Table 4.1.  In 135 (66%) deliveries 

parents were present, in 48 (24%) they were not, and in the remaining 21 surveys, HCPs did not 

provide an answer. 
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Table 4.1 Demographics of included infants, time to prepare to attend the delivery, and 

interventions performed during resuscitations 

Demographics of included infants  

Gestational Age (weeks)† 35 (5) 

Birth Weight (grams)# 2690 (1830-3440)  

Apgar-Score 1 minute 6 (4-8) 

Apgar-Score 5 minute 8 (7-9) 

Female infants 85 (43%) 

Caesarean Section  135 (67%) 

  

Time to prepare to attend the delivery N=202 

Emergency Code  9 (5%) 

Arrived after delivery 20 (10%) 

0-5min  61 (30%) 

5-10 min  48 (24%) 

10-20 min 28 (14%) 

20+ min  36 (18%) 

  

Interventions performed during 

resuscitation 
 

Stimulate  149 (73%) 

Suction 130 (64%) 

Continuous positive airway pressure 120 (59%) 

Positive pressure ventilation 105 (52%) 

Intubation  33 (16%) 

Chest Compression  10 (5%) 

Epinephrine 4 (2%) 

Data are presented as n (%), unless indicated #median (IQR), †mean (SD) 
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4.2 Dimension Score 

The median (IQR) dimension score (out of 20) of mental demand was 10 (5-14), for physical 

demand 4 (1-6), for temporal demand 8 (3-14), for performance 4 (2-6), for effort 8 (4-13), and 

frustration 4 (1-10) (Figure 4.1). The dimension scores, the sum of the dimension score, and Raw-TLX 

divided by HCP’s role during resuscitation are presented in Table 4.2. 
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Figure 4.1 NASA TLX Score by Dimension. NASA TLX Scores by dimension (y-axis). Box plots 

represent median values (solid bar), IQR (margins of the box) and whiskers as a 95% confidence 

interval. 
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Table 4.2 Dimension score by role, the sum of dimension score and Raw-TLX score 

 Mental 

Demand 

Score 

Physical 

Demand 

Score 

Temporal 

Demand 

Score 

Performance Effort Frustration Sum of 

Dimension 

Scores 

Raw-TLX 

Score 

Team Leader (n=49) 8 (4-15) 3 (1-5) 5 (2-14) 3 (2-5) 7 (3-12) 2 (1-9) 32 (15-55) 27 (13-46) 

Airway Manager (n=66) 10 (6-15) 4 (2-6) 7 (3-13) 4 (2-5) 9 (4-14) 3 (1-8) 40 (25-56) 33 (21-47) 

TL+AM (n=16) 10 (6-15) 3 (2-6) 7 (2-14) 4 (3-5) 10 (4-13) 3 (1-10) 38 (21-55) 31 (17-46) 

Registered Nurse (n=69) 10 (3-14) 4 (1-7) 8 (3-14) 4 (2-6) 8 (4-14) 3 (1-11) 41 (22-58) 34 (18-48) 

Respiratory Therapist (n=15) 12 (8-14) 4 (3-5) 15 (11-18) 5 (4-12) 9 (7-14) 8 (4-14) 59 (46-74) 49 (38-62) 

Recorder (n=6) 13 (9-16) 4 (5-6) 13 (8-14) 5 (4-7) 7 (5-11) 8 (1-12) 52 (42-59) 43 (35-49) 

Observer (n=4) 5 (2-16) 2 (1-3) 9 (5-14) 3 (2-4) 4 (3-5) 3 (2-3) 20 (15-36) 16 (12-30) 

Student (n=12) 10 (5-13) 5 (2-7) 10 (4-11) 4 (3-6) 10 (6-14) 6 (2-10) 42 (30-56) 35 (25-46) 

Data are presented as median (IQR); TL+AM, team leader + airway manager 
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4.3 Raw-TLX Score 

 The overall median (IQR) Raw-TLX (overall workload score) was 34 (18-49). The Raw-TLX was 

higher when HCPs performed any interventions compared to no interventions with 35 (22-49) vs. 8 

(6-18), p=0.0011; (Figure 4.2A). Furthermore, the Raw-TLX was higher during positive pressure 

ventilation vs. no positive pressure ventilation with 46 (33-57) vs. 25 (11-38), p=0.0001; (Figure 4.2B). 

Similar with intubation vs. no intubation 55 (46-62) vs. 30 (17-46), p=0.001; (Figure 4.2C), and chest 

compression vs. no chest compression 55 (49-64) vs. 33 (18-47), p=0.001; (Figure 4.2D). 

The Raw-TLX in the low 5-minute Apgar score group was 54 (48-61), compared to the medium 

or high 5-minute Apgar score groups with 47 (36-58) and 28 (14-28), respectively. One-way ANOVA 

revealed significantly higher Raw-TLX in the low and medium 5-minute Apgar score groups compared 

to the high 5-minute Apgar score groups (p=0.001).  

Overall, the Raw-TLX was similar, regardless of HCP roles during resuscitation (Figure 4.3).  
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Table 4.3 Description of workload dimensions considered in NASA TLX adapted from NASA TLX Paper 

and Pencil Version Instruction Manual156 

Title_of 

Dimension  

Endpoints Description Provided  Example of Contributor  

Mental 

Demand 

Low- High How much mental and 

perceptual activity was 

required  

“Active resuscitation- looking/ 

assessing many different things and 

listening to instructions from the 

team lead.”   

 

“First delivery where I recorded, so 

lack of knowledge was the main 

contributor.” 

Physical 

Demand  

Low- High How physically demanding 

was the task? Was the task 

easy or demanding, slow or 

brisk slack or strenuous, 

restful or laborious? 

“Room too small, no place to put 

supplies.” 

 

“Running to set Viasys up in a timely 

fashion.” 

Temporal 

Demand  

Low- High  How much time pressure did 

you feel due to the rate or 

pace at which the task or task 

element occurred? Was the 

pace slow and leisurely or 

rapid and frantic? 

“Heart rate was low and not 

responding.”  

 

“Calm organized team, senior.”  

 

Performance  Good-Poor How successful do you think 

you were in accomplishing the 

goal of the task? How satisfied 

were you with your 

performance in accomplishing 

these goals? 

“Good NRP (Neonatal resuscitation 

protocol) and teamwork.”  

 

“Experience allowing me to 

anticipate what would need to be 

done.” 

Effort Low-High  How hard did you have to 

work (mentally and physically) 

to accomplish your level of 

performance? 

“It was late. I was tired.”  

 

“New to transport role still building 

confidence in a role, especially when 

performing resuscitation without 

2nd NICU team member.” 

 

Frustration Low- High How insecure, discouraged 

irritated, stressed and 

annoyed vs secure, and 

complacent did you feel 

during the task  

“Team made it easy despite difficult 

issues.” 

 

“More frustrated with lack of 

communication from labour and 

delivery and unpreparedness.”  
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Figure 4.2 Raw-TLX scores based on intervention performed. Raw-TLX scores (y-axis) of healthcare 

providers attending deliveries in which the baby either required A) any delivery room(DR) 

intervention vs. no delivery room intervention, B) positive pressure ventilation (n=105) vs. no 

positive pressure ventilation (n=99), C) intubation (n=33) vs. no intubation (n=171), and D) chest 

compression (n=10) vs. no chest compression (n=194). Box plots represent median values (solid bar), 

IQR (margins of the box) and whiskers as a 95% confidence interval. 

 

 

 

 

  



81 

 

Figure 4.3 Raw-TLX Scores by provider role in resuscitation. Raw-TLX scores (y-axis) of healthcare 

providers A) by role during resuscitation TL – team lead, AM – airway manager, TL&AM – team lead 

and airway manager, RN – registered nurse, RT – respiratory therapist. Box plots represent median 

values (solid bar), IQR (margins of the box) and whiskers as a 95% confidence interval. 
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4.4 Parental Presence  

Raw-TLX was lower when at least one parent was present 33(16-47) compared to when no 

parents were present 46(29-57) during the resuscitation (p=0.0004) (Figure 4.4). In subgroup analyses 

based on infants 5-minute Apgar scores, Raw-TLX was similar when parents were or were not present 

during resuscitation in both the low 5-minute Apgar group (≤3) (54(48-61) vs. 53(48-59) p=0.8103) and 

medium 5-minute Apgar group (4-7)(44 (36-54) vs. 49(42-58) p=0.7143). In the high 5-minute Apgar 

group (≥8) Raw-TLX was lower when parents were present compared to when they were not (23 (11-

40) vs. 38 (24-56) p=0.0023) (Figure 4.5).  
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Figure 4.4 Raw-TLX Scores by parental presence during resuscitations. Raw-TLX Scores (y-axis) by 

parental presence during resuscitations. Box plots represent median values (solid bar), IQR (margins 

of the box) and whiskers as a 95% confidence interval. 
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Figure 4.5 Raw-TLX Scores by parental presence in resuscitations of infants with low, medium and 

high 5-minute Apgar scores. Raw-TLX Scores (y-axis) by parental presence in resuscitations of infants 

with low, medium, and high 5-minute Apgar scores. Box plots represent median values (solid bar), 

IQR (margins of the box) and whiskers as a 95% confidence interval. 
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4.5 Limitations 

By collecting surveys in an anonymous and self-administered manner, we were able to collect 

surveys 24 hours a day, which has been cited as a challenge in previous applications of NASA TLX in 

critical care settings139. However, this method of survey collection did not allow us to record the survey 

response rate or to assess workload distribution within teams. Additionally, recall bias might have 

resulted in inaccuracies in reporting of the performed interventions and their perceived workload. 

Although HCPs should have completed surveys immediately after returning from each delivery, due 

to the busy nature of the NICU, some of the surveys might have been completed several hours after 

the delivery room event. NASA TLX guidelines suggest that surveys be completed within 25 minutes 

of task completion; we do not know the exact timeframe in which HCPs completed each survey. 

Furthermore, some HCPs might have only completed surveys for deliveries that they 

perceived to require a high workload, which may have limited the representativeness of our results. 

We do not have information about the length of time a parent was present or how many parents were 

present, which both may have affected our results. Finally, our analysis was limited by our inability to 

pair repeated survey responses by a single HCP due to the survey’s anonymity. Therefore, each survey 

response was treated as an independent variable in our analysis, despite some HCPs completing 

several responses. 

Caution should be taken to generalize this result into other delivery room settings, as 

workload is also dependent on available resources, social settings (i.e., safety culture), and 

participants’ level of training. The participants in this study work in a high-risk delivery room setting 

and perform neonatal resuscitation tasks daily, which might have resulted in a lower level of workload 

compared to a novice group of HCPs or HCPs participating in resuscitations less frequently.  
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Chapter 5. Discussion, Future Directions and Conclusions  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This chapter consists of slightly modified sections from two articles, which are currently under peer-

review i) “Does parental presence affect workload during neonatal resuscitation?” In Archives of 

Disease in Childhood - Fetal and Neonatal Edition, Zehnder E, Law B, Schmölzer GM. and ii) 

“Assessment of Healthcare Provider Workload in Neonatal Resuscitation” in PLOSOne, Zehnder E, 

Law B, Schmölzer GM 
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5.1 Discussion  

In this thesis, I explored some aspects of cognitive ergonomics in neonatal resuscitation and 

demonstrated the feasibility of two methods not previously explored in this context.  

5.1.1 Cognitive Processes During Neonatal Resuscitation 

 I described a novel method of examining HCPs’ thought processes during delivery room 

resuscitation, which combined a retrospective think-aloud prompted by an own-point-of-view eye-

tracked audio-visual recording with a semi-structured interview. Several interrelated themes were 

identified as the focus of HCPs discussions, including situation awareness, performance, working in 

teams, addressing threats to performance and perception of eye-tracking review. The key themes 

align with existing models of clinical reasoning, including those described in neonatal resuscitation. 

Clinical reasoning described by our participants was guided by the collection of information 

from their environment, which underlies their working interpretation. The theme described here as 

situation awareness captures these processes and is in keeping with Endsley’s concept of situation 

awareness (SA). SA can be defined as “the perception of the elements in the environment within a 

volume of time and space, the comprehension of their meaning, and the projection of their status in 

the near future”157. 

Through our interviews, it was apparent that HCPs relied on both top-down and bottom-up 

processing when perceiving stimuli in their environment. They described relying on guidelines and 

pre-existing knowledge in combination with situational and social cues to guide their visual and 

audio attention and, therefore, perception during resuscitation. Similarly, comprehension and 

projection were largely informed by HCPs’ experience and education. Endsley’s model includes only 

that portion of knowledge that pertains to the state of a dynamic environment. Static information 

like established rules and pre-existing knowledge may influence the development of SA and how one 

acts in response to their developed SA but is not contained within the definition of SA157. Here we 
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have described how HCPs developed and maintained an understanding of their situation as was 

described by participants; this included descriptions of how static information shaped perception, 

comprehension, and projections. Endsley suggests that SA is most important in domains requiring 

rapid information processing or those in which defective decision making can have significant 

implications158. Neonatal resuscitation meets both descriptions.  

While we did not assess the accuracy of perceptions, comprehension, and projections in this 

project, previous work suggests that these are often inaccurate during neonatal 

resuscitation111,159,160. SA of HCPs during neonatal resuscitation was measured using a modified 

Situation Awareness Global Assessment Tool in a simulation study assessing the effect of monitor 

position. HCPs scored a median of 11 to 11.5 out of the possible 15 points on this measure with 

errors occurring in questions assessing perception and projection110. In assessments of HCPs’ 

perceptions of chest rise and tidal volume during neonatal resuscitation, HCPs perceived values 

differed significantly from the actual values recorded. These results demonstrate the flawed 

perceptions of stimuli in clinical neonatal resuscitation159,160. Further, in an assessment of 

neonatologists and neonatal fellows’ ability to predict the survival of extremely premature infants 

based on video recordings of clinical cases, observers’ ability was poor161.  

 Failures in developing and maintaining SA are detrimental to performance because SA guides 

decisions and actions. Decisions based on false or inaccurate SA can, therefore, lead to errors. 

Various factors can act as barriers to SA; Endsley refers to these as “SA demons”162. In the current 

study, HCPs described several factors that fall into the description of SA demons. The Requisite 

Memory Trap is a SA demon that refers to limits in size and duration of working memory and 

restricts an individual’s ability to retain all situationally relevant information162. Some HCPs in our 

study described experiencing this as they discussed forgetting information that they identified as 

important earlier in the resuscitation (i.e., one HCP reported noticing that the suction catheter was 

an inappropriate size before the arrival of the infant but forgetting about this when the infant 
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arrived because their working memory was more heavily tasked). Workload, anxiety, fatigue, and 

other stressors, also called WAFOS, are another group of SA demons; these factors degrade 

cognitive functioning such as working memory, cognitive processing, and attention, and therefore 

increase susceptibility to cognitive errors162. Various personal and situational factors discussed by 

HCPs in our study could be considered WAFOS, including i) hunger and frustration after a long 

stretch of working without a break, ii) task complexity during multiples deliveries or congenital 

abnormalities contributing to workload, iii) fatigue resulting from a busy day of work, feeling 

scrutinized by others in the resuscitation room, iv) lack of experience, and v) stress that the infant’s 

heart rate was not increasing as expected. Similarly, stress and anxiety have been identified as a 

barrier to effective neonatal resuscitation in a population of Tanzanian midwives. The midwives 

reported that fear/anxiety affected the way they ventilate the baby (e.g., the technique of holding 

the bag and mask, skipping some steps of the guidelines) and result in delays during resuscitation163. 

We also observed evidence of another SA demon, misplaced salience. This was described as a 

distractor or distraction and involved stimuli that drew HCP attention away from important elements 

of the resuscitation. Though HCPs in this study described consciously working to prioritize 

information and stimuli to avoid this situation, potential distractors (identified in the recorded 

videos) included: i) irrelevant conversations between colleagues, ii) phone calls from the NICU or 

labour and delivery, iii) the resuscitation of other infants in the same room, and iv) unnecessary 

alarms. In simulated neonatal resuscitations, the distraction of HCPs during ventilation resulted in 

significantly altered ventilation parameters (e.g.,  inspiratory time, peak inflation pressure, and mean 

airway pressure)164. Distractors observed in resuscitations recorded in this project may have affected 

HCPs' performance or decision-making subconsciously. 

Parental presence during neonatal resuscitation has been identified as a potential source of 

distraction to the healthcare team106,108. In a previous assessment of HCPs’ perceptions of parental 

presence, some HCPs report that the father’s presence makes them uneasy and adds to their already 
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elevated stress. In contrast, others did not report any negative impact on their practice108. The 

perceptions of HCPs who participated in this study varied largely. HCP concerns about parental 

presence included worrying about how parents will cope, the extra demand that this may place on 

the health care team, and compromising the sterility of the room/procedure. Many HCPs reported 

that the presence of parents in the recorded resuscitation did not significantly impact their 

performance. However, some noted that this might have been different if the resuscitation did not 

go as planned.  

Equipment difficulties also posed a threat to HCP development of SA as these difficulties often 

resulted in delayed physiological monitoring after birth, thereby delaying HCPs’ perception of this 

information. These delays may be associated with delays in critical intervention and initiation of 

inappropriate interventions. HCPs also described the frustration they felt when monitoring 

equipment was delayed or seemingly inaccurate. Further, several HCPs mentioned that the addition 

of a sensor between the face mask and resuscitation device required for a respiratory function 

monitor was difficult or affected their mask positioning. Some HCPs felt that this additional sensor 

led them to place more pressure on the infant’s face while providing PPV or CPAP. The sensor’s 

additional length has been suggested as a drawback to this device previously and may negatively 

affect the usability of the ventilation device165. 

Effective team behaviour is critical in neonatal resuscitation, as was highlighted by the Joint 

Commission report, which identified HCP communication failure as the leading cause of neonatal 

death4. In our study, HCPs discussed various aspects of teamwork and communication, many of 

which have been identified and examined previously in neonatal resuscitation and other high-acuity 

team-based medical procedures. In a study of facilitators and barriers to effective teamwork during 

resuscitation in the NICU, many themes mirrored those in our study166. HCPs in this NICU 

resuscitation study reviewed a video-recorded simulated resuscitation and discussed team 

behaviours. Thinking out loud and sharing one’s thoughts were both discussed by the participants as 
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vital to effective resuscitation; this was similar to what was expressed by participants in our study. 

The importance of information sharing is further supported by a quantitative assessment of 

information sharing during simulated neonatal resuscitation. This analysis demonstrated that each 

additional use of information sharing behaviour (per minute) was associated with a 0.8% increase in 

a performance score and a 14-second decrease in resuscitation duration167. This study aligned with 

earlier work examining information sharing, which was summarized in a meta-analysis of 72 studies 

conducted within many disciplines, including business, medicine, and industry. The meta-analysis 

identified information sharing as a positive predictor of team performance, cohesion, decision 

satisfaction, and knowledge integration168.  

HCPs’ willingness or hesitancy to speak up and provide feedback during neonatal 

resuscitation contributed to the working in teams theme described in this study. Assertive 

communication, or speaking up, has been shown to improve communication and reduce errors in a 

variety of healthcare settings169,170. During simulated neonatal resuscitation, each additional use of 

assertion (i.e., speaking up) was associated with a 41-second decrease in length of initial 

resuscitation and an increased performance score by 1.6%167. Even within our small sample of HCPs, 

the tendency to hold back or refrain from sharing criticism during neonatal resuscitation was 

described repeatedly. Factors that influence HCPs’ decisions to speak up have been investigated in 

settings outside of neonatal resuscitation and include i) motivation to speak up (i.e., perceived risk 

to the patient), ii) lack of clarity, iii) personal relationship with other team members, iv) perceived 

attitudes of leaders, v) perceived safety and confidence based on experience, vi) education, and vii) 

communication skills171. Some of these factors were discussed by participants in this study. 

Hesitancy to speak up has been identified as an important contributing factor in human errors and 

adverse events172. Recently, O’Donovan et al conducted a systematic review of interventions and 

strategies that aimed to increase psychological safety (the shared belief held that a team is safe for 

interpersonal risk-taking) and speaking up behaviours in healthcare. This review found that 
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interventions varied in efficacy, with some showing improvements in psychological safety and 

speaking up and others showing no improvements173. It may be beneficial to examine the efficacy of 

these interventions in the context of neonatal resuscitation. 

Familiarity and trust within the healthcare team were discussed frequently as contributing to 

team performance among our participants. This dynamic seemed to contribute to HCPs’ 

development of a shared mental model, as HCPs reported being familiar with each other’s 

expectations and anticipated actions. They also reported being better able to communicate 

assertively when they were familiar with their team members. This reflects Zeynep et al findings that 

working synergistically is a facilitator to optimal team performance during neonatal resuscitation in 

the NICU. Synergy, as described in Zeynep et al study, required that HCPs had worked together 

previously and trusted each other. Further, they found that the addition of a new member with a 

different culture or a team that functioned with a steep hierarchy limited these feelings166. 

Theoretical studies of team familiarity suggest that it has a positive effect on team performance and 

increases perceptions of psychological safety174. 

Throughout the debrief process, HCPs reflected on their individual and team performance. 

HCPs reported on both reflections that occurred during the procedure (i.e., they noticed that 

something was or was not going well during the resuscitation) and during the video review (i.e., they 

noticed something was or was not going well after the fact when reviewing the recording). HCPs 

described points of reference from which they monitored performance compliance with guidelines, 

accord with clinical experience, comparison within and between teams, and infant response.  

The NRP algorithm and hospital-specific adaptations were used by HCPs as a scaffold to guide 

actions and to measure performance. Adherence to the NRP algorithm has been examined in video 

recorded neonatal resuscitations; in these analyses, error rates ranged from 16-55% across studies 

6,7,175. Some protocol deviations cited frequently in the literature include inaccurate heart rate 

detection and delays in the initiation of appropriate interventions 175. The causes of protocol 
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deviations in neonatal resuscitation have received little attention in the literature. In this study, 

delays in the initiation of interventions were discussed by participants, who cited equipment 

difficulties and a lack of human resources as a contributing factor. Equipment difficulty, the 

inexperience of a colleague and time pressure were cited as factors that contributed to the 

administration of unnecessary interventions (e.g., a higher fraction of inspired oxygen than was 

required) in our study.  

HCPs’ clinical experience was described as contributing to decision making. HCPs also relied on 

their experience to evaluate their actions during resuscitations (e.g., whether their actions 

prioritized elements of care, they effectively problem-solved when challenges arose and optimized 

the use of the material and team resources). HCP inexperience has been associated with prolonged 

inspiratory times when using a T-piece resuscitator for neonatal resuscitation164. In adult 

resuscitation, a CTA augmented by eye-tracking recording found expert performance to be marked 

by logistic awareness, managing uncertainty, visual fixation behaviours, selective attendance to 

information, and anticipatory behaviours112.  

HCPs’ perceptions of the infant’s response to intervention seemed to be another metric 

against which HCPs monitored their performance during resuscitation. This was the case during the 

resuscitation when HCPs were continuously monitoring the infant’s response to recent interventions 

and optimizing their strategy accordingly. Infant response to interventions was also heavily 

considered during HCPs’ reviews of overall performance during the video debrief.  

 During the video debrief, each HCP demonstrated metacognitive skills, an awareness of 

their cognitive processes. The quality of data obtained in this study is dependent on the accuracy 

and completeness of their metacognition (i.e., recall of specific cognitive processes during video 

debrief). Though insights into one’s specific cognitive processes are known to be limited both in 

accuracy and completeness when asked retrospectively, video review may minimize these 

limitations126,176. Further, own-point-of-view video along with eye-tracked data overlay may add 
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specificity in tasks in which own-point-of-view recording is not sufficiently detailed (i.e., does not as 

closely reflect changes in visual attention). Own-point-of-view recordings may also allow for greater 

psychological immersion than recordings created with external cameras as they better convey the 

focus of participants’ attention during the task. These recordings promote the sharing of emotional 

experiences and reminiscence126.  

HCPs in this study all agreed that the presence of the eye-tracked own-point-of-view recording 

allowed them to recall better their actions and cognitive processes that occurred during 

resuscitation. Participants paused video frequently during the debriefing to expand on their 

thoughts or reasoning at a given point, allowing for a depth of information and explanation that 

would likely not have surfaced if the think-aloud was conducted concurrently. One HCP did report 

feeling an increased sense of pressure due to their awareness that they were being recorded by the 

eye-tracked glasses; this may have influenced their performance or experience of the resuscitation.  

Some HCPs explained that this was an interesting learning opportunity for themselves, allowing 

them to reflect on their performance in a new way. Several HCPs also suggested that this should be 

explored as a training mechanism. Video debriefing has been used previously in neonatal 

resuscitation education with mixed results. Skåre et al demonstrated improved adherence to the 

neonatal resuscitation algorithm and improved performance in both technical and non-technical 

skills of neonatal HCPs after implementation of video-assisted, performance-focused debriefings177. 

Campbell and Finan found no improvements in neonatal resuscitation algorithm compliance 

following video-debriefing of inter-professional teams in simulated neonatal resuscitation. HCPs who 

participated in this study felt as though this training intervention was beneficial178. Own-point-of-

view video debrief may provide a different experience to learners and should be explored as a 

training mechanism in neonatal resuscitation. 
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5.1.2 Subjective Workload of Healthcare Providers During Neonatal Resuscitation 

As was apparent through our CTA study, HCPs are tasked with many cognitive and physical 

demands during neonatal resuscitation. These demands contribute to HCPs’ workload during 

neonatal resuscitation. Workload refers to the cost to a human operator of completing a task, and is 

not only related to the objective requirements of the task, but is also affected by the circumstances 

surrounding task completion along with the skills, behaviours, and perception of the operator62. If 

the workload of a task becomes too great, delays and errors become more likely, and human costs 

such as fatigue, stress, and illness may reach an unacceptable level63,64,179. Excess workload in health 

care can compromise the quality and safety of patient care63,180.  

To optimally manage workload in neonatal resuscitation, it may be beneficial to first understand 

how workload is distributed and what factors increase or decrease individual and team experience 

of workload.  We used NASA-TLX to evaluate HCPs’ perceived workload and to determine the 

relationship between roles, the acuity of care, parental presence and perceived workload during 

neonatal resuscitation in the delivery room. 

 This was the first study using the NASA TLX to examine the workload of HCPs during neonatal 

resuscitation in the delivery room. The overall workload varied largely within roles but was similar 

between roles (Figure 4.3). However, there was a significantly increased overall workload when HCPs 

cared for infants with lower 5-minute Apgar scores or with escalating delivery room interventions 

(Figure 4.2 A-D). Additionally, overall workload tended to be lower when parents were present during 

resuscitation compared to when parents were not present.  

NASA TLX is a subjective measure of workload that has been validated in medicine (i.e., 

intensive care unit nurses and pediatric trauma resuscitations), aeronautics, psychology, and 

driving105,139,181. A meta-analysis reported the NASA TLX scores for many task types, including 

medicine, sport, aeronautic, and psychology and reported a mean (SD) overall workload score of 45 

(15) in all tasks182. In this meta-analysis, Grier also performed a subgroup analysis of only medical 
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tasks. The median (IQR) reported NASA TLX global score for these medical tasks was 50.6 (39-61). 

NASA TLX global scores in this meta-analysis were calculated in two different ways (Raw-TLX as 

calculated in this study and a weighted scoring system), which have been shown to correlate closely182. 

The overall Raw-TLX score in our study was 34 (18-49), which may suggest that this task is associated 

with a lower perceived workload than other medical tasks. These differences may be due to the 

demands of the task, resources available in our institution, or experience level of our participants. 

Additionally, the objective task demands of delivery room events included in this study varied largely 

from no intervention to complex and high-pressure interventions (e.g., intubation and chest 

compression). This degree of variability in task difficulty potentially exceeds that of other medical 

tasks.  

The paper and pencil NASA TLX survey was simple, convenient, and rapidly completed by 

respondents. We have demonstrated the feasibility of NASA TLX and supported its validity in HCPs 

participating in neonatal delivery room care as Raw-TLX increased significantly with the complexity of 

care required, as expected. Raw-TLX was significantly higher in HCPs who attended the delivery of 

infants with low 5-minute Apgar scores 54 (48-61), compared to infants with medium (IQR) 38 (30-48) 

or high 25 (13- 40) 5-minute Apgar scores. Furthermore, we found a significantly higher perceived 

workload for HCPs who attended deliveries of infants who required any delivery room intervention 

compared to no delivery room intervention (Figure 4.2 A). PPV, intubation, and chest compression 

were all variables, which significantly increased the perceived workload (Figure 4.2 B-D). These 

findings suggest that HCPs experience higher workload with an increased level of care, which might 

be due to increased i) objective task demands, ii) perception of the need for rapid interventions, and 

iii) perceived significance of potential consequences of delays or errors. Furthermore, HCPs might have 

had less experience participating in high-level resuscitations (high acuity, low occurrence events), 

which might have added to the perceived workload. 

The overall workload varied largely within the assigned role during delivery room care but 

was similar between assigned roles (Figure 4.3). This suggests that workload during delivery room 
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care was similar between team members among the health care team, or it could reflect a too low 

sample size due to a large number of different roles. Interestingly, HCPs who acted as team lead + 

airway manager reported similar Raw-TLX scores to HCPs who acted as either team leader or airway 

manager despite holding two roles simultaneously. This held true even when we controlled/adjusted 

for Apgar score/number of interventions applied. The similar Raw-TLX score might reflect less role 

confusion and therefore decreased the demands on the combined role and should be explored 

further. However, Toil et al reported that the team leader perceives a greater workload compared to 

their team during simulated sepsis scenario140, while Geis et al observed that medication nurses 

perceived greater workload than their team members during simulated pediatric resuscitations183. 

Understanding the workload distribution between team members and its effect on each team 

member’s performance will allow us to design targeted interventions to improve equitable role 

assignment and workload management.  

This was the first study to examine the relationship between parental presence and HCPs’ 

experience of workload in neonatal resuscitation. HCPs’ perception of workload was lower when at 

least one family member was present during delivery room care compared to no parent(s) present. In 

a subgroup analysis based on infants’ 5-minute Apgars, a similar overall workload between parental 

present and not present in the low and medium Apgar groups was observed. Interestingly, HCPs had 

significantly lower overall workload when the parent(s) were present during resuscitations with high 

5-minute Apgar scores (Figure 4.5). This suggests that concerns that parental presence would increase 

workload appear unfounded.  

Qualitative studies examining HCPs’ perception of parental presence suggest that HCPs tend 

to support parental presence based on perceived benefit to the parent(s). But concerns about parents’ 

presence affecting HCPs' stress and performance during neonatal resuscitation have been 

reported106,108. A qualitative interview study with HCPs who participate in delivery room care reported 

variability in HCPs’ perception of the father’s presence during neonatal delivery. Some HCPs report 
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that the fathers’ presence makes them uneasy and adds to their already elevated stress, while others 

did not report any negative impact on their practice108. Furthermore, parents who have witnessed the 

resuscitation of their child at birth or later in life reported concerns that their presence added to the 

pressure on HCPs106. The limited data about the impact of parental presence during neonatal 

resuscitation this suggests that HCPs increased efforts to maintain a calm and self-assured manner in 

hopes that this attitude would comfort the parent(s)108. During pediatric resuscitation, HCPs reported 

benefits including i) feeling more appreciated, ii) acting more professionally, iii) increased rapport 

between HCPs and family members, resulting in a more humanistic experience184. 

We did not measure the objective task demands of HCPs during neonatal resuscitation. 

Therefore, we can only speculate that these demands would be greater when babies’ parent(s) are 

present compared to when parents are not present. HCPs may be burdened with comforting parents, 

providing parents with information about their baby’s care, and ensuring that parents do not interfere 

with resuscitative care. We speculate that this increase in task demand might be offset by HCPs’ 

increased efforts to maintain a calm, professional and self-assured manner, and an increased sense of 

appreciation. 
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5.2 Future Directions  

 A better understanding of the cognitive processes that drives performance in neonatal 

resuscitation may allow for optimization of the I) physical space in which resuscitation takes place, II) 

usability of resuscitation equipment, and III) applicability of training and assessment. Applications of 

methods described in this thesis may be beneficial in enhancing this understanding.   

One example of how cognitive ergonomics may inform clinical practice in neonatal 

resuscitation is the ongoing assessments of newer additional monitoring equipment including 

respiratory function monitors and near-infrared spectroscopy in the delivery room185,186. While these 

monitors may allow HCPs to be better informed of patient status, they may also add cognitive and 

physical demand to HCPs using them. Cognitive ergonomic methods such as those described in this 

thesis may provide insight into these additional demands and potential challenges that they may 

pose. Respiratory function monitors were used in some of the resuscitations recorded in our project. 

During debriefs, HCPs who used these devices mentioned that the additional length from the flow 

sensor required for the respiratory function monitor caused them to place too much pressure on the 

infant’s face and therefore compromised their performance. This is an example of an unintended 

consequence of additional equipment that may be identified and mitigated through the design of 

equipment or implementation of education programs that train users on how to best address these 

challenges.  

Further, eye-tracking debriefs may be beneficial as a training and assessment tool in 

neonatal resuscitation. This method has been applied in clinical simulations187,188, and their routine 

use during neonatal resuscitation should be examined and might provide an immersive learning 

experience. As an assessment tool, debriefing of eye-tracked performance in a simulation or clinical 

resuscitation with an instructor or assessor may reveal shortcomings in reasoning and decision 

making which would not be apparent from observing behaviours alone.  
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NASA-TLX could be used to better understand how workload varies between institutions and 

within teams during neonatal resuscitation. This knowledge could be used to inform staffing 

guidelines and optimized task assignments to promote equitable role assignments. The shortened 

version of the NASA-TLX survey (which does not include the weighting portion) may be used in 

future studies as this was confusing and time-consuming for participants in our study and maybe 

unnecessary145.  

Finally, the effects of parental presence on HCPs' experience of and performance in neonatal 

resuscitation should be further evaluated. In this thesis, I explored the effect of parental presence on 

HCPs' subjective workload and described how parental presence is integrated into the cognitive 

processes of a small sample of HCPs. An assessment of objective performance outcomes is 

warranted.  
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5.3 Conclusions 

Neonatal resuscitation is a high pressure and time-sensitive procedure that requires HCPs to 

address many cognitive and physical demands. I explored the cognitive processes of a group of HCPs 

who participate in neonatal resuscitations. I also described HCPs' experiences of workload in 

neonatal resuscitation. These projects demonstrated how two methods from cognitive ergonomics 

could be applied to neonatal resuscitation. Future research should assess targeted components of 

HCPs' cognition in neonatal resuscitation and identify threats to technical and non-technical 

performance. Interventions may be developed to address these threats, thereby improving the 

effectiveness of neonatal resuscitation.  
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