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Executive Summary  
The Pediatric Blood & Marrow Transplantation Unit (PBMTU) of Duke Hospital is at the 
vanguard of clinical research concerning several severe pediatric maladies. The families of 
PBMTU patients respect the skills of the team that cares for their children, and they appreciate 
their support through the difficult times. PBMTU team members, for their part, are dedicated to 
their young patients, and commit great energy to help them.   

The leading edge of practice is risky place, however. The unit has experienced several sentinel 
events, the turnover of nursing staff has grown, and there is debate that some practices may 
conflict with prescribed procedures. In the face of these and other challenges, the PBMTU 
retained Aptima to conduct a human factors analysis of its operations. A human factors analysis 
addresses an organization as a complex socio-technical system; it identifies the stress points 
system and redesigns it to prevent errors from occurring, trap them while they are 
inconsequential, or mitigate their effects.  More positively, redesign of systems helps people and 
machines do the right thing with less effort. 

Aptima engaged a multi-disciplinary team of staff and consultants in this work: specialists in 
clinical safety, decision making, teamwork, engineering, computational modeling, psycho-social 
services, long-term critical care. Members of this team collected data through document reviews 
and more than 50 individual interviews, focused group interviews, and direct observations of 
procedures. The participants were mainly stakeholders in the PBMTU – including nurses, 
physicians, psycho-social specialists, administrators, and parents – and, to a lesser extent, 
members of the larger Duke University Hospital of which it is a part1. All members of the team 
participated in data analysis and contributed to this report of findings, recommendations for 
action, potential risks, and measures of process and effects.  In addition, we developed a 
computational model of work during the line change period in order to safely, rapidly test the 
effects on workload of changes to staffing and procedures. 

The recommendations from this research fall into several categories that constitute the clinical 
microsystem framework (Mohr, Batalden, and Barach, 2004; Barach & Mohr, 2006). We urge 
PBMTU and the hospital to debate and take decisive action on several recommendations, in 
particular: to increase the number of nurses during peak work periods (see 1.1 Organizational 
structure, below), increase and clarify the role of psycho-social services (see 2.1 
Interdependence), and develop PBMTU-specific training in specific knowledge and skills (see 
2.3 Education and training).   

These changes should: 

! Improve the quality of care to patients 

! Decrease the likelihood of lawsuits over sentinel events 

                                                           
1 The project resources were invested primarily in assessment of the PBMTU itself.  A detailed assessment of the 
services with which PBMTU interacts (housekeeping, respiratory, pharmacy, etc.) was beyond the scope and 
resources of this contract.  
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! Increase staff retention, thus lowering recruitment and training costs 

! Enable the PBMTU to safely grow its practice, thus increasing revenue 

We summarize these assessments and recommendations here and present them in detail in the 
remainder of the report. Appendices present the protocols used in focus groups and individual 
interviews, as well as details concerning the computational model of nursing operations during 
the high-workload period of line changing.  

It has been a great pleasure to meet the members of PBMTU, discuss their work, and see the help 
they are bringing to children in desperate need. We welcome the opportunity to discuss these 
findings with you further.  

Table 1: Summary of assessments and recommendations in each aspect of the clinical 
microsystem framework2. 

Clinical Microsystem 
Component 

Assessment Recommendations 

1.1 Organizational 
structure 

High workload during line change 
period may drive nurses to use 
workarounds 
Variance in assigning high-acuity 
patients 

Increase the number of floating 
nurses to at least two, begin the 
line change period earlier, 
and/or shift TPN administration 
out of the line change period for 
selected PTs 
Formalize procedures for 
assigning nurses to patients 

1.2 Leadership Nurse Manager needed to support, 
represent, & lead PBMTU nurses 

Continue campaign to hire or 
train leadership for the nursing 
staff 

2.1 Interdependence Good nurse/MD relations 
Nursing role overlaps with other roles  

Clarify nursing role via 
management of other roles, 
training, leadership of NM 
Increase the presence of psycho-
social services on the PBMTU 

2.2 Process improvement Experimental, high workload setting 
leads to workarounds that violate 
procedures 

Identify work-arounds, rate on 
safety and value, promote safe 
high-value work-arounds for 
review; review and reform low 
safety workarounds 

2.3 Education and 
training 

Parents express confidence in nurse 
skills.  
Nurses identified some skills that may 
require more systematic training. 

Conduct a training audit to 
identify weaknesses of training 
content and method. 
Provide more education about 
PBMTU-specific time 
management strategies, the time 

                                                           
2 Two aspects of the framework – staff focus and organizational support – are not listed here. Findings in these areas 
were redundant with findings in other areas. 
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course of treatment around 
surgery, the continuum of care, 
roles and functions, and decision 
making, preferably as 
experiential, web-based training 
Engage in educational 
interchanges with other 
institutions 
Hire a Nurse Educator or CNS 

3.2 Patient focus Parents appreciate staff dedication.  
Personal / professional boundaries vary 
between nurses; bereavement exacts a 
toll  

Help new nurses clarify the 
personal / professional boundary, 
but don’t try to standardize it 
Increase presence of psycho-
social services; engage each 
nurse in a family orientation 

3.3 Performance results Safety committees are active, but are 
viewed as more punitive than 
constructive 

Ensure RCA reporting forms 
elicit system factors, and that 
meeting protocol focuses there 
Advertise error reports and 
actions to socialize error 
reporting 
Failure Mode and Effects 
Analysis helps analyze high risk 
procedures 
Conduct safety polls and/or 
rounds 

4.1 Information & 
Information Technology 

Shift handoff is unusually effective and 
efficient 
Information systems and certain medical 
devices present challenges 
New CPOE & patient record systems 
pose a risk  

Change the handoff procedure 
and forms with care, if at all 
Ensure training addresses the full 
workflow, exception conditions, 
assessment 
A local, user-editable website 
might support documenting and 
revising procedures, training 
Plan, train, and practice for 
introduction of new systems 

4.2 Community & Market Staff disagree over value of serving the 
current patient population 

Advertise the value that 
metabolic patients bring to the 
PBMTU: science, funding, etc. 

4.4 Technology & 
Ergonomics 

Space is insufficient to grow staff, bring 
existing (e.g., psycho-social) staff into 
5200 
Some furniture or equipment is missing 
or problematic 

Add / change certain furniture, 
fixtures, and devices  
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Introduction 
The Pediatric Blood & Marrow Transplantation Unit (PBMTU) of Duke Hospital is at the 
vanguard of medical research concerning several severe pediatric maladies. Innovation and 
retrospection are part of its culture. However, innovation – novel PBMTU treatments and 
procedures – the pace of work, and other factors lead to patient harm and sentinel events with 
some frequency. The PBMTU (5200) experienced several near miss events in 2006. A root cause 
analysis (RCA) revealed that these events were driven in part by deviations from prescribed 
procedures. Such deviations may be due to pressure to execute critical, complex work in a 
cognitively and emotionally challenging environment. Nurses care for two patients per shift and 
support the needs of parents of these patients; hundreds of medications are administered during 
each shift to the 16 patients on the ward; 30% of the young patients die. These factors exact a toll 
on the nurses and other members of PBMTU.  Staff turnover has dramatically increased in the 
last two years from an award winning low; the percentage of experienced nurses fell from 70% 
to 30% of all nurses.  

In response to the RCAs mentioned above, the PBMTU requested proposals to identify the 
points of stress and potential failure within the unit. Aptima proposed to conduct a broad, human 
factors analysis of the PBMTU and was awarded a contract. During the months of January and 
February 2007, Aptima staff members conducted more than 50 interviews and observations 
within the PBMTU or among the leaders of Duke Medical center. We delivered two interim 
reports during those months and discussed our findings with Michelle Frey, Clinical Operations 
Director of 5200, to ensure that our efforts were focused on issues that are important and for 
which solutions are feasible.  

This report presents the findings and recommendations from our human factors analysis. Aptima 
defines human factors broadly, to mean analysis and design of the systems with and within 
which people work, whether those systems are technologies, processes, or organizations. The 
human factors approach acknowledges this complex, socio-technical system and adopts a 
systems approach that accepts the fact that clinicians make errors on a regular basis. The key is 
to identify the stress points in the socio-technical system and redesign it to prevent errors from 
occurring, trap them while they are inconsequential, or mitigate their effects; more positively, 
redesign of systems helps people and machines do the right thing.  

To identify and understand the stress points in the PBMTU, we brought to bear many of the 
qualitative and quantitative techniques of human factors analysis in this engagement: semi-
structured interviews with key informants, focused group interviews, direct observation, 
frequency analysis, and focused computational modeling of the complex system that is the 
PBMTU.  
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Aptima engaged a multi-disciplinary team to this work: 

! Jared Freeman, Ph.D., VP Research at Aptima, led the team’s work and contributed 
expertise in the analysis of complex systems. He is a specialist in decision making, team 
coordination, and training.  

! Fuji Lai, M.S., formerly Lead Scientist, Medical & Healthcare Systems of Aptima, 
contributed a unique perspective from the intersection of biomedical engineering, human 
factors design, and ergonomics. 

! Yuri Levchuk, Ph.D., of Aptima executed a computational model of line change activity. 

! Jeff Beaubien, Ph.D., an Industrial and Organizational Psychologist, contributed 
expertise on topics such as staff recruiting, selection, leadership, and human error 
analysis.  

! John Shaw, CEO of Aptima, advised concerning the process for engaging with Duke 
stakeholders to ensure that recommendations are acceptable and supportable.  

! Kathy Hewett, Ph.D., consulted to Aptima on psycho-social issues in pediatric oncology, 
drawing on her experience as a clinical psychologist trained in neuropsychological and 
psychological assessment at Yale University, Department of Psychology; Yale Child 
Study Center (New Haven, CT); and Children's Hospital (Boston), Departments of 
Neuropsychology and Psychiatry. Since 1984, she has been Staff Psychologist at the 
Dana Farber Cancer Institute and Children's Hospital of Boston, and Instructor with the 
Department of Psychiatry, Harvard Medical School. In private practice, Dr. Hewett 
specializes in Neuropsychological Evaluation. 

! Kathy Weinberg, currently serves as Clinical Educator, Nursing Education at Saint 
Barnabas Medical Center. For 11 years, she was Clinical Nurse Specialist, at that 
hospital’s Burn Center. Ms. Weinberg consulted to Aptima on nursing operations, 
leveraging her knowledge of long-term critical care.  

! Paul Barach, M.D., M.P.H., consulted concerning the relevant research about clinical 
human factors and safety issues. Dr. Barach is a noted expert on clinical safety. At the 
University of Miami, he is Associate Professor, Department of Anesthesiology; Director 
Patient Safety Strategic Planning; Associate Dean of Patient Safety and Quality 
Improvement, University of Miami Medical School; and Founding Director Center for 
Patient Safety and Simulation. 

The products of this effort are intended to focus discussion within the PBMTU, as well as 
between the PBMTU and other groups within Duke University Medical Center, with the overall 
goal of helping PBMTU engage in continuous improvement.  
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Objectives 
The goal of this human factors analysis are (1) to identify points of organizational and clinical 
stress and potential failures sources in the PBMTU, and (2) to recommend actions that position 
PBMTU to serve patients with greater safety, in greater numbers, and with greater efficiency.  

Method 
Aptima applied a robust strategy of data collection, data analysis, and recommendation 
generation. We (1) structured the human factors analysis of PBMTU to ensure that it addressed 
the range of stress points typically found in clinical environments; (2) engaged a range of 
stakeholders in different data collection forums in order to capture a range of perspectives; (3) 
conducted qualitative and quantitative analyses of the collected data, and developed findings and 
recommendations with the guidance of internal staff, consultants, and members of the PBMTU. 
Details of this method follow. 
The Clinical Microsystem Framework 
The team applied a broad and well-established framework to structure its human factors 
assessment of the PBMTU and organize this report. That framework is called the clinical 
microsystems model.  

Healthcare organizations are not coherent, monolithic organizations, but conglomerates of 
smaller systems. The smallest coherent unit – a microsystem – is one whose processes are 
repeatable and that have the necessary resources to perform their work (Quinn, 1992) either 
organically or through tight coupling with other microsystems. Mohr (2000) and Donaldson 
(2000) extended Quinn’s framework from industry to health care in their studies of 43 high-
performing clinical units. The clinical microsystem framework helps ensure that analyses 
systematically and comprehensively address the structures, processes, and outcomes of health 
care (Mohr, Batalden, and Barach, 2004; Barach & Mohr, 2006).  

The work presented here extends the clinical microsystem model to address issues of 
organizational structure. In addition, we have organized the many factors in a hierarchy to 
simplify interpretation. The microsystem framework consists of these factors:  

1.0 Microsystem structure 

1.1 Organizational structure: Ways of allocating and scheduling resources to enable staff 
to accomplish the job at hand and leadership to achieve their goals 

1.2 Leadership: Selecting goals and managing their attainment by distributing authority 
and accountability between management and staff 

 

2.0 Microsystem process 

2.1 Interdependence: Interactions of staff characterized by trust, collaboration, 
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willingness to help each other, appreciation of complementary roles, and respect  

2.2 Process improvement: Monitoring of care, benchmarking, and empowerment of staff 
to ensure that the team can learn and redesign itself and its work 

2.3 Education and training: Continuous instruction that refines and extends the clinical 
competencies (knowledge, skills, and attitudes) of team members 

3.0 Microsystem culture 

3.1 Staff focus: Support that addresses the present and future needs of staff, including 
hiring the most appropriate people to fill all positions.  

3.2 Patient focus: Meeting patient and family needs: clinical, social, administrative, and 
educational 

3.3 Performance results: Attitudes and systems that focus on patient outcomes, avoidable 
costs, streamlining delivery, using data feedback, reducing variation and frank 
discussions about individual and team performance. 

4.0 Microsystem environment 

4.1 Information & Information Technology: Practices and technologies that facilitate 
information exchange with staff, patients, and others. 

4.2 Community and Market: Ways of relating the unit to the community of prospective 
patients and their families, other hospital units, and the out of hospital community. 

4.3 Organizational support: Ways of resourcing and coordinating between the 
microsystems (PBMTU, PICU, respiratory, etc.) of a health care system 

4.4 Technology & Ergonomics: Ensuring equipment is selected, purchased, maintained 
and well-used (useable) based on the needs of the providers and patients 

All but two of these factors appear explicitly in the findings and recommendations, below. Issues 
of Organizational Support concern the many dependencies between the PBMTU, Duke, and 
suppliers; these were not addressed deeply in this analysis due to resource constraints. Issues of 
Staff Focus are largely addressed in the sections concerning Interdependence, Process 
Improvement, and Performance Results. All other factors are directly addressed, below. 
Participants 
Data were collected using document reviews, individual interviews, focused group interviews, 
and direct observations of procedures. The participants were mainly stakeholders in the PBMTU 
– including nurses, physicians, psycho-social specialists, administrators, and parents – and, to a 
lesser extent, members of the larger Medical Center of which it is a part. Specifically, we 
conducted more than 50 interviews, focus groups, and direct observations of procedures as 
indicated in Table 2.  
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Table 2: Distribution of study participants by data collection method 

 Forum 
Role  Focus Group Interview Observation Grand Total 
Administration  5  5 
MD  3 2 5 
Multiple 1  2 3 
Nurse 3 19 8 30 
Parents  3  3 
Pharmacy  2  2 
Psycho-Social  4  4 
Support staff  2  2 
Grand Total 4 38 12 54 
Data Collection and Analysis 
We collected data largely on site at PBMTU, and largely during the first three weeks of 
investigation (between 16 January and 14 February). The first on-site data collection sessions 
took place 16-17 January. We posed a variety of questions to focus groups of mixed leadership 
and nursing staff, and to individual leaders, nurses, and parents. The protocols for these sessions 
are presented in Appendix B: Interview Protocol #1. 

We culled the interview data for indicators of stress corresponding roughly to the microsystem 
categories described above, analyzed the frequency with which these issues appeared in the data, 
reported that frequency in a memo, and reviewed them with Michelle Frey to identify issues 
deserving further analysis.  

We then developed a second protocol focused on the selected issues and applied it during data 
collection on 12-14 February. The protocols for these sessions are presented in Appendix C: 
Interview Protocol #2. 

In addition to working with staff, we reviewed RCA reports, procedures, orientation materials, 
PBMTU record forms, and other documents that describe or support the work of the unit. 

We developed findings and recommendations in a qualitative analysis of the data gathered, 
above, and submitted an interim report for review on 26 February. Reviewers included 
PBMTU’s Michelle Frey and Rich Ballard, as well as external consultants (Paul Barach, Kathryn 
Hewett, and Kathy Weinberg, above). Comments from these individuals concerning the validity 
of the assessments and the feasibility of the recommendations were integrated into this report. 

In addition, this report presents the results from a new, computational model of workflow 
concerning line changes on the PBMTU. Aptima has developed similar models of team 
performance in safety critical domains such as the military and aviation. These models 
efficiently and effectively assess the capabilities, limits, and alternatives to current 
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organizational structures and processes. This model was developed timing data from direct 
participant observations, and from interviews conducted with PBMTU staff. We used the model 
to analyze the impact of high workload during line changes and to suggest strategies for 
mitigating workload and improving quality of care.  

Assessments & Recommendations 
In this section, we present our assessment of PBMTU on each dimension of the clinical 
microsystem framework.   
1.1 Organizational structure 
Assessment 
High workload and high variance in workload are indicators of potential failure in complex 
systems. A recent study of 6800 patient records at four teaching hospitals (Weissman, et al.,  
2007) found that one hospital operating consistently near capacity had increased rates of adverse 
events. The authors estimated that a 10% increase in occupancy produced a 15% increase in 
adverse events.  Staff of the PBMTU manage periods of high workload with industry intelligence 
and good humor.  However, these periods pose a threat to patient safety and staff morale and 
retention. 

We examined the role of high workload in the PBMTU by conducting qualitative and 
quantitative analyses of the line change period. The nursing staff of the PBMTU report that they 
experience their heaviest workload during line changes (1600-1900). Nurses sometimes leave 
one to two hours after the end of their shifts, a delay in completing shift work that reportedly 
does not occur in another high-intensity unit at Duke: the ICU. The desire to complete work 
within shifts – both to coordinate with the next shift and to leave on time – may drive nurses to 
implement practices that are more efficient but potentially less safe than hospital procedures. It 
may also lead to practices that save time but raise costs, for example practices that waste 
narcotics (at patient expense) in order to reduce the time witnessing procedures. All of this raises 
our concern that staff size or procedures may be insufficient during the line change period.  

We developed a quantitative, computational model of nursing activity during the line change 
period to explore the workload on nurses and to test strategies for moderating that workload. 
Models are a controllable, safe venue for testing new concepts; a working unit such as the 
PBMTU is not. This model is based on observations we made during this period at the end of 
each day shift, interviews with several nurses concerning the flow of tasks, and detailed 
discussions with two nurses who independently developed and verified parameters of the model, 
including task durations, event probabilities, and event frequencies (e.g., codes, patients 
requiring PCA). The model was configured to test the effects on the duration of nursing activities 
of (1) staffing levels, (2) the duration of the line change period, and (3) and new processes such 
as shifting TPN administration at least partially to a different period. Hundreds of scenarios were 
run to generate and test recommendations, below. A detailed description of this model – what it 
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represents, how it operates, and its results – is in Appendix A: Model .  

Other periods also impose a heavy workload or high variance in workload between staff.  
Variance in workload is brought on in part by variance in the rules used to assign nurses to 
patients at each shift; we heard three different schemes for weighting patient acuity, nurse 
expertise, and primary/team assignment. Another factor is the lack of a policy for assigning a 
nurse to one and only one highly acute patient.  

Below, we recommend standardizing task assignment policies, and we make recommendations 
concerning staff size, schedules, and procedures based on the findings from modeling of the line 
change period.   

Recommendations 

Actions: We recommend that the PBMTU review its procedures for assigning nurses to patients. 
These procedures should specify the weight given to patient acuity, nurse expertise, and 
primary/team relationships. It also needs to take into account the complexity of the patient and 
how they might behave over the shift duration. They should also specify the conditions under 
which a nurse will be assigned one and only one patient. Standardization of rules may level the 
workload between nurses within shifts. It may also increase nurse confidence that workload is 
distributed fairly.  

Risk mitigation: These rules should be developed with input from managers, senior nurses, and 
junior nurses. Moreover, they should be disseminated to the team to ensure that they are 
accepted and enacted.  

Measures: One potential measure of the success of revised assignment policies is the 
consistency with which high acuity patients are assigned a single nurse (1:1) over shifts. Another 
is the consistency with which high acuity patients are assigned to experienced nurses (1:1 or 1:2) 
over shifts. These assignments should be more consistent between shifts after the new policies 
are put into action than before.  

Actions: It is common knowledge in PBMTU that the line change period is intensely busy. The 
modeling results confirm this. To complete the tasks at hand, nurses must sometimes work 
beyond their shifts or take shortcuts that may pose safety risks. PBMTU can reduce the time 
commitment imposed by these tasks in several ways: 

! Staff line changes with eight care nurses and two floating nurses or more. PBMTU has 
found it practically difficult to reliably secure a second Floating Care Nurse to commute 
into Duke and serve during this brief period. It is worthwhile to use larger incentives to 
get at least one additional staff member into PBMTU during this time.  

! Shift TPN delivery to an earlier hour, allowing the staff to begin line changes earlier in 
the day. This solution may entail changes to the pharmacy schedule or to the schedule for 
administering medicines or other treatments that must be coordinated with TPN. It may 
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be worthwhile modeling these schedules to discover non-obvious opportunities to begin 
the line change period earlier in the day. 

! Shift TPN administration out of the line change period for those PTs whose treatment 
regimes afford it. This reduces the average time commitment for nurses by about .7 hours 
(from 3.6 to 2.9 hours) given one Floating Care Nurse, and it is almost as effective as 
moving TPN administration out of the period altogether. It may be that all patients 
require TPN to be administered with other treatments during the line change period, or 
that it is logistically complicated to shift some TPN service (but not all) out of the line 
change period. However, this solution does have a sizeable effect on workload, and 
deserves discussion if it is potentially feasible.   

Risk Mitigation: In reviewing the results of these tests, the reader should keep in mind that this 
model, like all models, only approximates reality. The results (see Appendix A: Model ) may be 
inexact due to the omission of important tasks, mis-estimates of parameters, underestimation of 
the capacity of nurses to parallelize tasks, or other factors. However, the model approximates 
reality well enough, in this case, that it should encourage readers to think carefully about the 
findings, the implications for the staffing and processes of the PBMTU. Solutions that PBMTU 
elects to implement should be tested on a small scale, both to assess their effects and to identify 
any unintended consequences. 

Measures: The effects of changes to staffing, the length of line change period, and procedures 
can be measured in at least two ways. Compare the frequency with which nurses overstay their 
shifts to complete tasks, before and after changes. We also recommend a simple poll of nurses 
concerning workload during this period, before and after changes.  
1.2 Leadership 
Assessment 
The PBMTU is a highly adaptive and proficient team. However, nurses and MDs express 
concern that PBMTU lacks the leadership that a full-time Nurse Manager (NM) would provide. 
They request a Nurse Manager who can represent their interests to other units and committees at 
Duke; facilitate communication from executive leadership; engage night and day shifts more 
equally in unit and hospital activities; encourage nurses to use downtime to prepare (e.g., lines) 
for later rushes; organize backup for and among nurses; personally provide expert backup during 
heavy work periods; encourage a uniformly strong work ethic; and proactively identify and 
resolve the concerns of patient families. Conflict resolution within and outside the unit would be 
a key function of full time nurse manager. We recommend that PBMTU proceed with its efforts 
to hire a Nurse Educator, below. 

Recommendations 

Actions: PBMTU is aggressively recruiting for the Nurse Manager position, but has had little 
success to date. If it is possible to redefine the role so that candidates are eligible for a higher 
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salary, it may be worthwhile to do so. This position needs to have growing autonomy and 
opportunity to attract qualified candidates. The list of requirements, above, may be helpful in 
interviews with candidates.  Given the exceptionally tight labor market for nursing staff, it may 
be necessary to pursue alternate means of recruitment. For example, PBMTU may wish to recruit 
recently-retired (civilian or military) nurses who are seeking full- or part-time employment. 
(Organizations such as MPRI (www.mpri.com) may be able to help locate qualified staff with 
military experience, for example). Alternatively, PBMTU may wish to enlist the aid of a 
temporary work agency to find individuals with the requisite qualities, individuals who might 
eventually be hired full time.   

Risk mitigation: It has been extraordinarily difficult for the PBMTU to recruit a full time Nurse 
Manager. It may be more worthwhile to hedge the recruiting bet by beginning to train a nurse 
from staff to take this position. If a superior candidate is recruited in the meantime, the trained 
nurse should be able to provide backup for the recruited NM, and should probably be rewarded 
with an increase in pay for performing this function.   

Measures: Potential measures include an increase in the number of suitable candidates who 
submit resumes for the NM position, the number of candidates who are brought in for 
subsequent interviews, and staff member satisfaction with the quality of candidates who apply 
for the NM position. 
2.1 Interdependence 
Assessment 
The PBMTU healthcare providers – its physicians and nurses – collaborate well and with mutual 
respect. There was no systematic pattern in our interview data of complaint or concern by nurses 
concerning physicians, or vice versa. This observation was independently validated by results of 
a recent, internal survey of nurse satisfaction.  

However, the boundaries between nursing and some other specialists are blurred, and this 
presents several risks. Nurses work outside the scope of their professional roles by performing 
tasks such as cleaning refrigerators and scraping stickers off walls when rooms change patients 
(Housekeeping's role), addressing issues such as patient non-compliance and parent anxiety (a 
Psycho-Social role), training new staff (a Nurse Educator's role), and coordinating backup 
activities on their shifts (a Nurse Manager's role). PBMTU nurses perform these functions with 
energy and good humor under conditions of high workload, tight time constraints, and trying 
emotional circumstances. Among these cases of role overlap, the most difficult is the place of 
emotional support and psychosocial services within the transplant nurse's role. BMT nurses have 
one of the most complex roles in pediatric care. In large part, this is because the BMT experience 
is characterized by intense care of life-threatening conditions and treatments in sterile, isolated 
environments. Nurses and families share the challenge of trying to conduct "normal" family life 
for weeks at a time within this highly artificial and specialized setting. Given the intensity of the 
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setting and the medical demands of treatment, it is unrealistic to expect strict role specialization 
between nurses and psychosocial staff in providing optimal BMT care. However, overlap can be 
reduced, and should. The additional activities nurses take on distract them from the care-giving 
activities they are trained to do, that they do well, and in which they take pride. It also reduces 
nurse knowledge of and reliance on the other specialists, both on and off the PBMTU, whose 
jobs they take on. Some overlap between roles is necessary – it gets the odd job done in a crunch 
– and it is often desirable because it satisfies an innate desire of many caretakers to help patient 
families. Nonetheless, the overall effect of clarifying role responsibilities and managing 
performance on those responsibilities should be to strengthen the efficiency, effectiveness, and 
morale of nurses, and as a consequence create the enabling conditions to increase safety.  

Recommendations 

Actions: We recommend that the PBMTU (1) clarify responsibilities for shift-work allocation, 
housekeeping, training, physical and nutritional therapy, and other specialized services so that 
nurses can focus on their primary care responsibilities to patients and families; (2) clarify the 
role of nurses in providing psychosocial support within primary-care nursing, (3) identify the 
psychosocial services that nurses currently provide to families but that can be shared with other 
specialists (such as child-life specialists, social workers, psychologists, and psychiatrists, all of 
which have quite specific roles to play in supporting primary nurses),  (4) increase access to 
those specialists and integrate them more tightly into the PBMTU, (5) educate team members 
(nurses in particular) concerning the capabilities of specialists and the continuum of care, (6) 
train nurses (and others) in practices that ensure problems are handled by the appropriate 
specialist, (7) institute a system of feedback that reinforces a focus on one's role and handoff of 
tasks to specialists, and (8) ensure that a Nurse Manager leads the transition towards a more 
defined but well integrated set of roles.  

We are particularly concerned that psycho-social services be better integrated into daily 
operations on the unit to increase the valuable care they can offer to patients and their families. If 
and when the unit moves to larger quarters, space should be dedicated to at least one psycho-
social services office within the PBMTU. The recent decision to hire a single psychiatrist for 10-
hours weekly, while a welcome experiment, may be insufficient to the task at hand and should be 
reviewed regularly. Psychosocial rounds should continue in a format that facilitates sharing of 
daily or weekly treatment issues with psychosocial staff. Together nurses and psychosocial staff 
can develop plans for a family's primary care team to be implemented by the staff person with 
the opportunity, time, or skill needed to address the issue. 

BMT treatment, especially of high-risk or rare conditions, is emotionally demanding because it 
often entails extreme suffering for children, illnesses brought on by treatments, and death.  
Caring for children and their families under these conditions is highly stressful for all staff, but 
especially for nurses who spend intense periods of time with families. The staff of the PBMTU 
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has coped with these very stressful, daily conditions in transplant. They recognize the potential 
benefit of direct programs to support nurses and other staff in this emotionally demanding work; 
however, a grant proposal to the American Cancer Society for a nursing grief and bereavement 
program was, unfortunately, not funded. Eventually, greater integration of psychosocial services 
on the unit would mean more support for nurses, directly and indirectly, in working with families 
experiencing loss. The availability of a nursing-psychosocial team, in itself, can relieve nurses of 
some of the responsibility and emotional strain of caring for very sick or dying patients. Nurses, 
nursing management, and psychosocial staff will need to collaborate to determine how best to 
provide support to nurses themselves, whether systematically through workshops (which some 
PBMTU nurses perceive as valuable, and others as valueless), rounds, and conferences, or 
through more informal team- or patient-related collaborative work. Both forms of support are 
more likely to be realized if there is consistent nursing leadership to guide the integration of 
psychosocial staff with nurses.   

Risk mitigation: These actions appear to pose several risks. First, there is the risk that strong 
distinctions between roles cannot be achieved. However, other institutions – notably the Dana-
Farber Cancer Institute – have strengthened role distinctions while increasing coordination 
among specialists. In this and other hospital programs, nursing and psychosocial staff collaborate 
in training, defining unit practice, and publishing research. Within their national professional 
organizations (such as the Oncology Nursing Association), nurses conduct conferences, training 
sessions, position papers, and research about delivering these types of integrated services to their 
patients. The effect is often beneficial with respect to morale and quality of treatment. Second, 
there is a risk is that these actions may achieve too great a distinction between roles, creating an 
atmosphere in which any unusual circumstance is met with the response, "It's not my job." Given 
the dedication of PBMTU staff to their patients, this argument has little face validity. It also fails 
to consider that, paradoxically, education concerning the definition of staff roles will enable staff 
to better provide support across specialties. See, for example, the recommendation to educate 
nurses concerning parent orientation, under Patient Focus. Finally, there is a risk that nurses may 
feel competitive with psycho-social staff for the care of patients. Good management of the 
integration of psycho-social services with nursing services can manage this risk. 

Measures: The effects of the recommended actions can be measured in terms of behaviors (who 
does what) and attitudes. A subjective behavioral measure can be taken with a periodic poll 
assessing the frequency with which nurses execute tasks that are the responsibility of other roles. 
This poll should request counts of specific tasks (e.g., cleaning the refrigerator) and interactions 
(e.g., referring an issue to psycho-social specialists) during a very short window (e.g., in the last 
two days). It may be possible to get objective data during psycho-social rounds concerning the 
frequency of situations (e.g., patient or parent non-compliance, patient tantrums or depression) 
requiring psycho-social services and to assess the proportion of these on which nurses or 
physicians called psycho-social services were called to consult. A separate poll might ask nurses 
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whether they perceive an improvement in their work since the implementation of role 
clarification and how they feel about that change.  
2.2 Process improvement  
Assessment 
PBMTU staff delivers a great number and variety of treatments, some of them experimental, to 
their patients. The practices of the PBMTU variously conform to Duke procedures, conflict with 
them (violations), or are independent of them in that they have not yet been considered or 
codified by the Medical Center. The variance between PBMTU practice and Duke procedures 
seem generally to respond to the pace of work and the needs of patients, in short, to the demands 
of the environment. As one nurse succinctly put it, "Our culture is a product of our environment. 
We didn't invent our culture." For example, we have learned that some double-checks are 
conducted after (rather than during) procedures because other nurses are too busy to conduct the 
double-checks on demand. At times, nurses get distracted and the checks are not done. Similarly, 
nurses try to keep lights off and noise down at night in the often-crowded rooms, and they 
accomplish this by conducting some steps of their procedures in the hallway rather than in 
patient rooms. Duke procedures dictate that labs be done in patient rooms. PBMTU staff 
reported workarounds (violations of procedures) regarding lab cultures, identity checks, 
witnessing (double checks), nighttime alarms in rooms, removing cardiac monitors from patients 
with skin conditions, and coffee pots in rooms. These practices may accelerate some procedures 
and improve the sleep and satisfaction of patients and their families. At the same time, these 
practices may also pose significant risks, and their exercise is a source of tension between the 
PBMTU and Duke Medical Center administration. 

Recommendations 

Actions: Resolving the differences between practice and policy presents an opportunity for 
PBMTU to raise its profile and reputation with the Practice Councils, export innovative practices 
to the larger Duke community, and import potentially valuable safety procedures into the unit. 
The PBMTU should exploit this opportunity. Leadership and nurses should collaborate to: (1) 
develop an authoritative list of its common workarounds; (2) rate them on perceived safety and 
value; (3) assign one or two staff to document those that have high value and that have extreme 
(high or low) values on safety; (4) measure the effects of these procedures (executed as locally 
documented) relative to prescribed procedure (executed per Duke documentation); (5) take a 
small and select set of workarounds of high value and high safety to Practice Councils for 
review; (6) win a change in or waiver from Duke procedures for one or more of these 
workarounds; and, (7) celebrate this victory.  

PBMTU should concurrently analyze workarounds of high value and low safety, realizing that 
workarounds generally are a result of stressed and seasoned staff trying to accomplish their work 
more efficiently. It may abandon some in favor of Duke procedures and advertise this reform to 
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the Practice Councils. It may bring some to the Practice Councils requesting their guidance. 
Taken together, these actions should (1) improve PBMTU's engagement with, reputation within, 
and influence on the Practice Councils; (2) document practices that demonstrate the innovations 
of PBMTU; (3) standardize the execution of these practices within PBMTU through training; (4) 
re-align some practices with safer procedures of the Medical Center; and (5) build a small corps 
of treatment developers whose documentation can warrant recognition, promotion, publication, 
and other forms of professional reward. 

Risk mitigation: Raising PBMTU practices to the Practice Councils may increase the conviction 
in some quarters that PBMTU staff are “cowboys” (or “cowgirls,” as is generally the case here) 
who disregard policy in favor of convenience. PBMTU may be able to have more constructive 
(though more time consuming) discussions with the Practice Councils if it presents workarounds 
in the context of rich and realistic cases that illustrate the interplay of factors such as social 
norms (e.g., keeping lights, sound, and movement low at night), workload, technology 
limitations, and so forth.  

Measures: Periodically assess the number of practices rated low on safety and high on value, 
with the objective of lowering that number over time. In all likelihood, however, these practices 
will not be eliminated, given the extreme treatment environment on PBMTU. A measure of zero 
such practices is most likely to indicate an undesirable bias against candid reporting. 
2.3 Education and training  
Assessment 
Parents express great confidence in the technical skills of staff in the PBMTU, and most 
experienced nurses feel confident in their current knowledge and skills. Various nurses, 
however, indicated that they learned key skills on the job, including: (1) interpreting lab results, 
(2) predicting side effects of medications, (3) timing and ordering infusions, (4) the time course 
of clinical events around surgery, (5) operating pumps and monitors, (6) methods of interacting 
with physicians, (7) time management, and (8) the roles of other units on which PBMTU 
depends (see 2.1 Interdependence for comments on this). It may well be that these skills are 
trained during orientation, but as one nurse remarked, "Orientation is overwhelming."  The size 
of the orientation book is one indication of this. The training content could grow further, if the 
PBMTU expands training further to familiarize nurses more deeply with the continuum of care – 
from admissions through outpatient procedures – as they requested in discussions with us. To 
better pace the delivery of the voluminous training content, PBMTU asked, but was not allowed, 
to its training for new nurses from eight weeks to twelve. This situation should trigger an effort 
to revise instructional content and methods (with a particular emphasis on practice, assessment, 
and feedback). The PBMTU does not have a Nurse Educator to lead this effort. PBMTU also 
addresses on-the-job-training systematically, by assigning preceptors to new nurses. However, 
nurses report considerable variance in the skills that preceptors teach.  



Aptima®, Inc. www.aptima.com 

Human Factors Analysis of Duke PBMTU 14 © 2007, Aptima, Inc. 
AP-R 1389 

APTIMA, INC. PROPRIETARY INFORMATION  -- REPRODUCTION AND/OR DISSEMINATION PROHIBITED 

Recommendations 

Actions: We recommend that PBMTU conduct an audit of its training content and methods as it 
expands the time devoted to it. The audit of content would focus on at least the topics listed in 
the assessment. (Below, we recommend that training content concerning the continuum of care 
and time management be improved or added). The audit of methods would focus on 
characteristics of training known to have reliable and large effects on learning (Thalheimer, 
2002), including: 

! The similarity of the learning and practice environments (10%-50% improvement in 
learning outcomes) 

! Assessment (30% to 100% improvement) 
! Feedback (15% to 50% improvement) 
! Repetition of instruction and practice (30% to 110% improvement) 
! Distributing instruction and practice over time (5% to 40% improvement) 
! Specifying learning objectives (5% to 45% improvement) 
! Teaching only to training objectives (25% to 50% improvement) 

Risk mitigation: There are no foreseeable risks to this approach, other than the amount of staff 
time devoted to such review. 

Measures: Measures of satisfaction, learning, performance, and unit outcomes can be developed 
directly from the factors listed above. 

Actions: We recommend that PBMTU deepen the training and orientation that exposes the 
nursing staff to the continuum of care.  This would have the multifold benefit of (1) enabling 
appreciation of the entire process of care in order to deliver safer care and (2) well as helping 
nurses understand what their role is within that continuum in relation to the other roles with 
which they interact.  For example, such training would potentially help nurses to better 
understand and embrace the roles of psycho-social services and to offload some of the 
psychosocial burden that nurses in the PBMTU currently appear to take on. 

Risk mitigation: Many of the nurses we interviewed specifically requested training concerning 
the continuum of care surrounding their work. The challenge is to deliver training that is 
informative, gratifying, and cost effective. We recommend approaching this experimentally, by 
expanding current training on this topic to address other important periods of patient care and the 
roles involved, and to assess each component of that training for its perceived value to new 
nurses and to experienced ones.  

Measures:  A poll or survey should be used to document feedback from the nursing staff and 
fine tune the training.  The surveys should identify whether nurses post-training feel that they are 
more prepared to deliver patient care with the new understanding of the larger process. 
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Actions: We recommend that PBMTU develop training concerning time management strategies 
for the PBMTU. Time management – including strategies such as preparing lines early in the 
shift when workload is lower – was cited by almost all nurses as a strong lever on their 
workload.  

Risk mitigation: Time management classes are often quite generic and for this reason of limited 
use. We recommend that time management strategies be elicited from PBMTU staff, trained, 
their use recognized and rewarded, and those skills refined over time. Such strategies might be 
taught using computer based training (CBT) which gives staff members opportunities to practice 
and receive feedback on their time management skills at their convenience (via a PBMTU 
intranet site), and potentially enable them to contribute new strategies to the training curriculum.  

Measures: Potential measures of the impact of time management classes might include changes 
in:  

! Attitudes, such as a perception that workload is more manageable than is currently the 
case; 

! Knowledge, such as accurate responses to simple quizzes in on-line training concerning 
when and how to apply strategies during a typical shift on the PBMTU; 

! Behavior, such as increased frequency of preparation of lines before the line change 
period; and 

! Staff performance, such as decreased time spent by nurses executing their nursing tasks 
after completing their shifts. 

More generally, PBMTU should periodically poll its nursing staff to assess their training needs, 
and should poll senior nurses concerning the training needs they perceive among new staff. This 
poll should request ratings on specific needs (such as those above), in order to determine whether 
subsequent training improvements reduce perceived need. It should also invite additions to this 
list. 
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Actions: We recommend that the PBMTU convert or develop some of its training (such as time 
management and clinical decision making skills) in the form of experiential training, also known 
as scenario-based training and case studies. The best training of this sort would (1) state the 
strategy or decision skill to be learned, (2) present an illustrative PBMTU event in text or video, 
(3) elicit a decision from the learner, (4) present a model solution or the actual solution (good or 
bad) that was made with commentary from a PBMTU staff member, and (5) elicit a comparison 
of the learner’s solution and model solution. Such experiential training can be implemented in 
structured exercises led by preceptors, computer-based instruction that explicitly conveys lessons 
through stories presented in video clips or written narratives, or through simulations such as 
those developed by the Duke Simulation Initiative. Experiential training has been used with great 
success to train judgment and decision making skills in numerous domains, including the 
military, aviation, and homeland security. It has the side effect of enabling staff to tell their 
stories in ways that gratify, inform, and build community. It is successful in part because it 
engages learners in social, interactive events that provide the crucial opportunities for deliberate 

 

Figure 1: Experiential training ranges from virtual to physical: from decision games using 
carefully designed text scenarios to immersive virtual environments to exercises with 

mannequins. 
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practice with feedback that reliably develop expertise (Ericsson, 2002). 

Risk mitigation: Experiential training focuses on specific cases that bear generalizable lessons. 
The modest effort of selecting illustrative cases, embedding them in a statement concerning the 
skills or strategies they illustrate, and building exercises around them is worth the investment, in 
our experience. 

Measures: Experiential training can be evaluated most simply by polling students concerning 
(1) whether they believe the learned from the training and (2) whether they believe they will use 
the lessons on the job. Measures of attitude, learning, behavior, and performance specific to the 
training content can also be taken. 

Actions: We recommend that the PBMTU nursing staff systematically engage in interchanges 
with similar units around the country (Michigan, Dana Faber, etc.) either in person – by sending 
two or three nurse emissaries to survey and discuss best practices – or by video teleconference. 
This is an opportunity for PBMTU staff to demonstrate their professional knowledge, to discover 
innovative procedures and practices to bring back to the unit, and to gather evidence concerning 
the utility and acceptability of practices that are common to PBMTU and other institutions but 
that are not currently accepted as official procedures at Duke. The findings from each trip should 
be publicized within the PBMTU and actions taken on the most useful findings.  

Risk mitigation: The benefits of the proposed approach should be measured against the costs. 
Costs include dollars spent on travel and staff salary, as well as any potential discord between 
nurses who travel and report out and those who feel entitled to do so but are not selected. 
Rotating the travel responsibilities may alleviate the cost in internal discord. The benefits can be 
magnified by publicizing them and taking action on them. The first three such expeditions should 
serve as tests of the process and its effects.  

Measures: A poll should be taken after the first several expeditions to assess whether these seem 
to bring benefits without discord.  
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Actions: We recommend that PBMTU consider promoting a staff member to the role of Nurse 
Educator, in order to ensure that the best practices of the unit are captured and disseminated to 
staff, that training content is appropriate, that training methods are effective, that assessment 
occurs routinely throughout the year, and that remedial and new training are administered to the 
people who need it, when they need it. We understand that PBMTU has opened a requisition for 
a Nurse Educator, and that it has gone unfilled for 18 months. The Nurse Educator position, as 
currently defined by Duke, warrants a salary $10,000 lower than that of PBMTU Care Nurses, 
and a change in work shift to five, eight-hour days (from three, 12-hour days). This makes it 
difficult to hire an internal staff member as Nurse Educator. We recommend that the PBMTU 
redefine the role to qualify for a higher salary. One strategy is to hire a Clinical Nurse Specialist 
(CNS) and to focus that individual on education, one of the five standard functions of a CNS. 
(The remaining CNS functions are direct patient care, management, research, and 

 

Figure 2: On-line training systems can present content, manage training administration, and 
facilitate the growth of communities of practice through web conferences, blogs, and other 
functions.  
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administration/quality improvement). Given market dynamics, work roles that involve computers 
typically command higher salaries. So, for example, specifying that the position requires web 
page development skills (i.e., updating the PBMTU training website) might enable the PBMTU 
to offer a higher starting salary for the CNS position. 

Risk mitigation: Raising the credentials for the Nurse Educator to CNS may decrease the pool 
of potential applicants. One strategy for keeping that pool large is to state that specific skills 
(some non-educational CNS functions, for example) are preferred, not required. 

Measures: The effects of a revised hiring campaign for a Nurse Educator should include an 
increase in the number of suitable candidates who submit resumes for the CNS Educator 
position, the number of candidates who are brought in for subsequent interviews, and staff 
member satisfaction with the quality of candidates who apply for the position. 
3.2 Patient focus  
Assessment 
Patients receive impressive care and attention in the PBMTU. Parents are uniformly impressed 
by the technical skills of staff of the PBMTU (those interviewed recalled no technical gaps in the 
knowledge or skills of nurses), grateful for their dedication, and appreciative of the atmosphere 
of team support. As one parent said, "People here are on the same page. They are careful that the 
whole family is informed, and that we meet the team early on."  

There is concern among team members that some staff are too closely engaged with patient 
families (e.g., visiting with them outside of the PBMTU). Practices vary between staff, and they 
seem to be a matter of personal preference informed by PBMTU guidelines (e.g., don't give out 
your phone number) and an awareness of the professional risks (e.g., of risking one's nursing 
license in private engagements). Nurses differ with respect to where they draw the line between 
their professional and personal relationships with parents, but many seem quite clear on this 
matter. As one nurse noted, "I am trying to be a cool nurse, but not one that you call in the 
middle of the night." Circumstances may test even those nurses who segregate their professional 
and personal relationships cleanly. A recent death on the PBMTU dragged some staff deeply into 
grief. The effect was more intense than most other deaths, perhaps, because the patient entered 
the PBMTU as a peer in age and intellect to many of the nurses, and because her death was 
particularly difficult. Boundary setting arose frequently in our interviews with physicians, 
nurses, and managers and needs to be directly addressed.  

Nurses, psycho-social workers, and others associated with PBMTU are very sensitive to the 
emotional state of parents, and they exercise a patient and a constructive approach in their 
interactions with parents, particularly difficult ones (who are generally identified by the psycho-
social team in advance of admission to the PBMTU). However, nurses do not feel well prepared 
to reinforce orientation information, recommend interventions by psycho-social workers, or 
handle feelings of grief and loss. As one nurse put it, "Parents are overwhelmed by the 
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orientation. The only message they hear is that Duke may save their child. We need to re-teach 
the other messages, because they don't hear them." Also relevant here are our recommendations 
(made elsewhere in this document) to increase the presence of psycho-social specialists and to 
distinguish the nurse role from theirs. Increased coordination among the nursing staff and 
psycho-social specialists could be of great benefit here, as the psycho-social staff has likely 
received specific professional training in establishing and communicating professional 
boundaries. 

Recommendation 

Actions: It is inevitable that care givers will differ in where they set the boundary between 
personal and professional obligations to patients and families. Setting a uniform boundary across 
caregivers may be impossible: the most driven of the PBMTU caregivers are unlikely to cease 
answering parent email in the middle of the night, and the most shift-bound caregivers are 
unlikely to begin laboring for patients after hours. The best solution may be to ensure that each 
caregiver achieves clarity about where they set the boundary for themselves. This can be 
accomplished with the support of trainers, preceptors, and leadership, all of whom can (1) 
acknowledge the importance of this boundary and (2) recommend strategies to help caregivers 
stay within their boundary. Such strategies may include how to say “no” to parents, how to 
qualify a “yes”, and which family support activities outside of work are unreasonable or unwise.   

Risk mitigation: Variance in boundaries between caregivers comes at cost. When caregivers 
vary in the level of personal service they provide, some families will perceive that difference as 
unequal treatment, and some teammates may perceive the difference as a threat to their own 
standards and commitment. These issues should be discussed openly among caregivers from 
time to time to air and resolve differences and concerns. 

Measures: A poll should be taken periodically to learn whether caregivers feel they are able to 
achieve the balance they want between personal and professional commitments. 

Actions: Integrating psycho-social services more tightly into PBMTU might help to anticipate 
and manage difficult times around the death of a patient, sparing nurses some of the emotional 
weight of the grief that naturally occurs. In particular, integrating psycho-social services makes it 
easier to implement two strategies: anticipatory grief counseling and critical incident debriefings.  

Anticipatory grief management consists of individual or group discussion – sometimes 
informally, over lunch – concerning what may happen over the course of a coming death, and 
what each participant feels they need to do during this period for the patient, themselves, their 
colleagues, the parents.  This process gives participants a chance to gain some focus and control 
in a chaotic period, and deeper insight into how others are coping. It gives psychosocial services 
and leaders the opportunity to identify and give extra support to those who need it most. 

A critical incident debrief occurs after death (or other difficult incidents). It consists of 
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discussions that elicit a timeline of events, recollections of events in which individuals feel they 
failed and those in which they succeeded, what specifically they did that helped the patient, 
themselves, or others. The debrief also airs information about the typical course of these events, 
and lessons learned for addressing similar, future events. This process helps participants to 
structure the amorphous and sometimes overwhelming experience of loss, and to plan for similar 
events in the future. 

Risk mitigation: n.a. 

Measures: Staff and the psycho-social professionals who serve them should be polled 
periodically concerning the impact of additional psycho-social support on the occurrence, depth, 
and management of grief. 

Actions: We recommend that all nurses in the PBMTU participate in at least one family 
orientation. This would enable nurses to remind parents what they heard during orientation but 
may not have remembered, given the stress and pace of circumstances, or to push family 
questions directly to psycho-social staff. It would also strengthen the relationships between 
nurses and psycho-social services and encourage nurses to call those specialists when parents 
profoundly misunderstand aspects of the continuum of care or the responsibilities of members of 
PBMTU. This practice has been tested at least once by the PBMTU psycho-social staff and, in 
their opinion, it was successful.  

It may be worthwhile to invite parents and patients to participate in the redesign of the 
orientation materials before they undergo the next revision. Additionally, it may be productive to 
develop and add to the training materials a book of photographs and testimonials made by 
parents and staff, one that documents the progression of treatment visibly and descriptively. 
Ideally, this would be annotated with pointers to relevant orientation materials. This might help 
parents and patients in orientation to appreciate the experience they are about to undergo. The 
book should be made available on the unit to give staff a tool for previewing with parents and 
patients the oncoming stages of treatment.  

Risk mitigation: n.a. 

Measures: The frequency and quality (appropriateness) of references by nurses to psycho-social 
services should be measured periodically with the goal of increasing the proportion of highly 
appropriate references. Another potential measure is the perceived balance of work to non-work 
among nurses, physicians, and other staff; this measure should increase markedly after 
establishing more clearly defined bounds. 
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3.3 Performance results 
Assessment 
The PBMTU actively identifies and addresses patient safety issues in a committee whose 
members span several team roles. Parents are invited to voice concerns about safety and other 
issues in a public forum, and they report they are confident in their ability to report safety 
problems when they arise. However, there is some concern among nurses about whether and 
how to alert supervisors and team members to errors they observe. Duke has an anonymous 
incident reporting system that should alleviate this concern. However, Root Cause Analyses 
(RCAs) have been perceived by some members of PBMTU as more punitive than constructive, 
more focused on individuals than on system flaws that invite individual workarounds and 
failures. This has left some members of PBMTU anxious about the RCA process, and this may 
account for the drop in incident reports after RCAs in 2006. Lower reporting rates effectively 
isolate PBMTU from hospital safety processes and officers, and this makes PBMTU appear 
resistant to them. Solutions are needed that engage PBMTU staff in routine safety assessment 
activities, and that reward participation in extraordinary assessments such as RCAs. 

Recommendations 

Actions:  

1. It may be helpful to restructure incident review and RCAs to ensure that they address system 
flaws initially and thoroughly, before turning to the role of individuals. This reverses the 
instinctual human response to failure, which is to blame the actors closest to the event. It is 
not natural, it must be engineered. Doing so lowers or removes the stigma associated with 
making and reporting errors, and by extension allows the process to focus on “what went 
wrong” (with an emphasis on preventing future errors) rather than “who messed up” (with its 
concomitant emphasis on punishment. More specifically, the PBMTU should review the 
form it uses for incident reporting to ensure that it clearly elicits system factors. These 
incident reports should be opened for the first time in a public setting such as a safety 
meeting, and this meeting should use a protocol that addresses the system before the 
individual. It should identify systemic and personal events that prevented or trapped errors, 
as well as those that failed. This should bring social norms and formal process to bear in 
ways that counterbalance a natural tendency of reviewers to anchor on theories of individual 
failure. A review of the current protocols is worthwhile, and this can profitably be done by 
comparing Duke RCA processes to those of other hospitals and to other industries (see, for 
example, the Aviation Safety Action Program (ASAP) and Aviation Safety Reporting 
Systems (ASRS) that are managed by the Federal Aviation Administration (FAA) and the 
National Space and Aeronautics Association (NASA)).  
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2. It is worthwhile to advertise the frequency of error reports, the content of those reports, the 
action plans to remediate systemic failures, and other measures defined below of candor 
about errors and remediation of error conditions. These advertisements will demonstrate the 
unit’s commitment to safety and, in the absence of disputed punitive actions, will persuade 
staff to submit reports. When reporters feel safe to report adverse and near miss events, 
patients will ultimately benefit. 

3. The PBMTU should consider doing Failure Mode and Effects Analyses (FMEAs) on the 
highest risk procedures based on previous reporting data and incorporate these data into all 
new policy and educational training tools. An example of a FMEA tool is available at 
http://www.rootcauseanalyst.com/download/whs63.php. 

4. In addition, it is worthwhile to engage PBMTU in other, routine, safety processes. The 
PBMTU staff might elicit parent and staff safety concerns in a private forum using 
interviews or standard assessment instruments. Robust instruments have been produced by 
JCAHO (see, for example, http://www.jcipatientsafety.org/22782/), other medical institutions 
(e.g., http://www.dana-farber.org/pat/patient/patient-safety/patient-safety-
resources/docs/patient-safety-organizational-assessment.pdf), and vendors. A much smaller 
survey asks parents and staff two questions: "Would you recommend the Duke PBMTU to 
your family and friends as (1) a place for care and (2) a place to work?" A majority of 
positive responses, particularly to the first question, is an indicator that people on the 
PBMTU have confidence in the safety of the care system. Nationally, as many as two-thirds 
of health care workers respond that they would not recommend their own unit as a place for 
care or employment (National Patient Safety Foundation, NPSF.org; Picker 
http://www.pickerinstitute.org/pickersurvey.htm)  

5. A complement or alternative to surveys, though more time consuming, is patient safety 
rounds. These may engage representatives in different roles within PBMTU, as well as 
representatives of units that serve PBMTU (e.g., environmental services). Periodic rounds 
can elicit a more representative sample of concerns from parents and staff in a semi-private 
setting. One approach to rounds is documented at: http://www.dana-
farber.org/pat/patient/patient-safety/patient-safety-resources/patient-rounding-toolkit.html. 
Such rounds have been replaced at PBMTU by town meetings, but it is difficult for all 
concerned (parents and staff) to attend these meetings, and it may be difficult for those who 
do attend to voice their concerns over some issues. We recommend that safety rounds be 
resumed.  

6. Hiring a full-time Nurse Manager may encourage care nurses to participate in existing and 
new safety reviews. Staff may be more willing to report errors given confidence that they are 
reporting to a team member – the NM –who will understand their circumstances, advocate 
for practical changes, and, if necessary, defend them.  
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Risk mitigation: Given that PBMTU already has a confidential error reporting system, there 
should be few legal considerations, especially with regard to legal discovery. Such fears should 
be further reduced once the tenets of the Patient Safety and Quality Improvement Act of 2005 
are fully codified and implemented.  As a result, there should be few foreseeable risks to this 
approach, especially with regard to legal discovery. 

Measures: The actions recommended here should produce frequency counts of safety incidents. 
However, measures of the safety process itself should also be used. Two worth consideration are: 

! Candor about errors = The proportion of all errors (reported and discovered) that are 
revealed by reports  

! Remediation of error conditions = The proportion of all planned remedial actions that are 
actually taken 

4.1 Information & Information Technology 
Assessment: Information exchange 
Shift handoffs are a frequent point of failure in hospitals, nationally. On the PBMTU, shift 
handoff appears to be remarkably efficient and effective, however. The five minute huddle 
assigns nurses to patients, alerts them to the general state of their own patients, and forewarns 
them which nurses may need their support during the shift. The one-on-one meetings rapidly 
transfer critical information using a paper form that captures the information that is necessary 
and sufficient to begin their shift; brief sessions in each room provide for a technical double-
check of vital signs and pump settings, and serve a social function of introducing the new care 
nurse to the patient and family. Nurses report that they rarely discover information in mid-shift 
that should have been communicated at the shift handoff. They make few marginal notations on 
the paper forms they carry and could not identify fields that should be removed from the form, 
which indicates that these forms are reasonably complete and correct.  

Recommendations 

Actions: PBMTU's shift handoff among nurses should be treated as a model for other types of 
handoffs within the unit and across Duke Medical Center. Each of its components is important: 
rapid overview, detailed information transfer using a well-designed and portable form, and 
personal checks on the patient, family, and in-room systems.  

Risk mitigation: Changes to this handoff procedure are a risk to the function of the unit. 
Inevitably, they will be made, and so they should be made with care, as follows: 

! Periodically collect and analyze a random sample of sheets from all shifts to identify 
fields on forms that are routinely unfilled and the marginal annotations that are common.  

! Interview nurses concerning incidents in which they learned information during the shift 
that could have been communicated at the shift handoff. 
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! Experimentally test revisions of the form that remove or move unused slots and add 
required slots 

Measures: A simple method can be developed to assess the speed, accuracy, and completeness 
of handoffs and thus to assess any changes in handoff procedure or forms. That method would 
involve a periodic poll of nurses at shift’s end concerning the (1) the duration of each handoff, 
(2) the number or proportion of inaccurate data communicated during the handoff and recorded 
on the standard handoff form, and (3) the number of relevant omissions of data from that form.  

Assessment: Current information technology 
Current information technologies vary in their frequency with which they are used and their 
utility. On the positive side, nurses report that the email they receive is light and that these 
messages are appropriate for the medium (e.g., only non-urgent messages are sent by email).  

On the negative side, other information technologies present some problems.  

! Both the nurses and physicians claimed and demonstrated that the Duke electronic 
reference manual is difficult to search; they rarely use it. As one nurse noted: "Searching 
for procedures is a huge waste of time. You want to know how to do a central line 
dressing change. Look it up by dressing change and you won't find it. Look it up by 
central line and you won't find it." Thus, nurses rely on the potentially faulty recall of 
other nurses concerning procedures. 

! Nurses report that they do not know who uses their electronic patient notes, and so, 
predictably, they vary in the effort that they devote to those notes.  

! Paper orders apparently are sometimes slipped into patient record books without the care 
nurse knowing, and so some orders go unnoticed or unfilled for long periods.  

! The current order entry system discourages appropriate handling of unusual orders, thus 
the occasional, intentional order to conduct a locally available lab test outside Duke may 
be incorrectly ordered or never ordered, and in either case it is very difficult to track.  

! The Alaris pumps can be challenging to program, and at least one sentinel event has 
resulted from low usability interacting with other factors (high workload, procedure 
workarounds, and interruptions from other tasks).  

! Alarm systems are hyperactive or improperly programmed, in the opinion of some 
parents, and so alarms sound over what may (or may not) be relatively minor changes in 
vital signs.  

These difficulties are typical in information-intensive, high-stakes, fast-tempo environments. 
They can be addressed.  
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Recommendations: 

Actions: We recommend that PBMTU review and amend training by Duke staff and vendors of 
CareView, Alaris, and other information and treatment technologies to ensure that the training 
presents content specific to the PBMTU and that trainees learn that content. In particular: 

! Training should describe the full workflow of which these technologies are a part. This 
would convey to nurses, for example, who uses their notes and what content has the 
greatest value to those users.  

! Training should help users to identify and handle exception conditions, such as the 
physician's order that does not (readily) appear on system menus. 

! Technology users should demonstrate their proficiency on standard cases and exceptional 
cases during training (while there is still opportunity to remediate problems) and 
periodically throughout the year (particularly as new exception conditions arise). It may 
be possible to conduct some of this training using the Duke Simulator (see 2.3 Education 
and training). 

Risk mitigation: There are no significant risks associated with this approach. 

Measures: Measures of training are identified in 2.3 Education and training. The simplest 
possible measure for technology training is a simple test of whether training addresses the three 
concerns, above.  

Actions: We recommend that PBMTU develop a local information system – preferably a 
website – that enables team members to aggregate, access, edit, and disseminate content of high 
value, such as common PBMTU treatments, links to Duke procedures concerning those 
treatments, descriptions of novel procedures under development in PBMTU, training, and 
surveys to assess the state of PBMTU. This system can be efficiently implemented and 
maintained using external hardware and mature software technologies that mainly fall under the 
rubric of Web 2.0, or the social web:  

! User-editable websites (commonly called wikis) allow all team members to contribute 
and organize information.  

! User-generated tags (see del.icio.us) enable users to categorize and aggregate external 
content that is particularly useful to their community 

! Google rapidly and automatically indexes large data sets, and permits searches over 
discrete subsets of data (e.g., a specific procedures manual) with uncanny accuracy. 
Google search servers are affordable to purchase and maintain, though alternative 
systems may be worth considering.  

Services that can design and implement a website are available commercially. Duke’s own 
medical informatics program may also be able to provide resources.  
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Figure 3: A team website can enable users to retrieve and add information about their activities and 
themselves. Aptima’s internal website is a user-editable “twiki”.  

Risk mitigation: Locally developed websites are not expensive to develop and maintain, but it is 
possible to waste even these modest resources on designs and content that do not serve the user 
base. It is worthwhile to build a small and focused website (experimentally on a remotely 
managed server), make a large and public launch, and publicly recognize users who develop 
content or make heavy use of it. 

Measures: Measures of the use of websites can be taken automatically from system logs of user 
activity. A simple survey can be developed to assess the perceived utility of the system.  

Assessment: Future information technology 
Future information technology rollouts pose a short term risk to the PBMTU, though they may 
have a long-term benefit. The unit may soon change its electronic order entry and patient record 
systems. This introduction may temporarily decrease the quality and timeliness of important 
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electronic information. The challenge of entering data into these new systems may distract staff 
from other tasks. Disagreements between staff concerning their responsibilities with respect to 
new technology (e.g., who needs to enter data, who checks it, who uses it...and when) may cause 
conflicts within the unit. Medical information systems are sometimes designed for the average 
hospital unit, and not for the needs of a specific unit such as the PBMTU, thus extensive 
interaction between the system programmers, users, and stakeholders is required. The 
introduction of such systems changes workflow and staff responsibilities, thus careful analysis, 
planning, skills training, and expectation-setting are required. Failed introductions of such 
systems occur (consider the physician walkout that followed introduction of a $20,000,000 
CPOE at Cedar Sinai Medical Center), and this calls for systematic rollout and the capability to 
rollback to familiar systems. PBMTU is vulnerable to problems with information technology, as 
noted above. For example, there are already conflicting expectations in PBMTU about who will 
enter orders into the new CPOE, and there is some trepidation that CPOE will impose a large 
time penalty on whoever does that task.  It important to set realistic expectations around the time 
and effort it will take to introduce a CPOE system. Short selling the challenges has led many to 
much frustration and system neglect. 

  

Figure 4: Medical information systems and clinical procedures must be designed to fit one another. 
An example: The OR Wall of Knowledge is designed to maintain the shared situational awareness 

of the OR team during surgery.  

Recommendations 

Actions: We recommend, in general, that PBMTU engage with hospital Information Systems to 
define the ground rules for selecting new systems (e.g., Do either users or Information Systems 
representatives have veto authority over each other’s recommendations?), review the fit of 
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technology to PMBTU information requirements and workflow, set expectations within the unit, 
revise workflow, customize training, and ensure that rollout is planned and paced to succeed but 
recoverable if it fails. After installation of new systems, workarounds should be documented, 
analyzed by a champion for care quality and/or the technology, shared with other units, trained if 
necessary, and brought to the attention of IS and the vendor. Consultants from within Duke 
Medical Center or a human factors institution may be helpful in these infrequent but important 
missions.  

Risk mitigation: The units in an organization that are responsible for infrastructure (e.g., 
Information Systems) and operations (e.g., PBMTU) often have conflicting objectives. To 
resolve these differences, it is important to engage leadership above these units as an arbiter of 
the ground rules for making decisions and of the final decision itself. 

Measures: The speed and accuracy of information entry and retrieval should be assessed before 
system installations, after training, and periodically thereafter. The frequency and nature of 
exception conditions and workarounds should be tracked.  
4.2 Community & Market  
Assessment 
PBMTU serves a community that is broad in terms of its diseases and its geography. The team 
treats children and young adults who suffer from pediatric cancers and metabolic disorders. It 
draws patients from its local region, the nation, and the world. It is a credit to PBMTU that it has 
built an international reputation for innovative research and treatment of the most challenging 
medical cases.  

However, among some physician attendings and nursing staff, there is concern that the mission 
of the unit is too broad, that it allocates scarce resources to patients with little chance of 
becoming full members of the society in which they live, meaning intelligent and engaged 
citizens of the region around Duke. Some members of the team feel this definition of the 
clientele is appropriate. This schism concerning the unit's mission creates some stress on and 
between current team members, and may unproductively bias hiring and training of future 
members.  

Recommendations 

Actions: The PBMTU should identify and articulate the goals that led leadership to define its 
clientele this broadly. Physician leaders may solicit both oncology and metabolic cases 
internationally in order to select the subset of patients who best represent some common 
characteristics (across diseases) that would test and benefit from advances in diagnosis or 
treatment. In addition, there may be financial reasons for soliciting patients from the broadest 
possible population: it may net some patients whose insurance or family resources subsidize 
others. The rationale for including metabolic patients should be communicated and socialized 
among staff, and a reward system should be developed that advances the goal of serving this 
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objective and its broad community. 

Risk mitigation: Though some members of PBMTU may have goals (e.g., research objectives) 
that account for treating oncology and metabolic cases in a single unit, these goals may not have 
sufficient value to other members of PBMTU to enable them to work comfortably with both 
types of patients. In this case, the unit may simply need to live with this tension, but they will at 
least do so with an understanding of the differences in goals and values among their teammates; 
members of the PBMTU may agree to disagree.  

Measures: An indirect measure of the impact of the recommended actions is the proportion of 
all nurses who offer to join the team for metabolic patients. This proportion should rise with a 
successful program. 
4.4 Technology & Ergonomics 
Assessment 
The PBMTU functions well in its current space, but has no room to grow nor to integrate 
additional staff such as a psycho-social worker. In addition, a number of other issues were 
reported or identified, including the need for work lights and collapsible trays in patient rooms 
(to facilitate night labs), additional document assembly space in the administrative area, 
lengthening call buttons to reach parent beds, and increasing storage space for materials.  

Recommendations 

Actions: PBMTU took action to resolve some of the following issues during this analysis.  We 
recommend that PBMTU install devices that temporarily expand production space, particularly 
collapsible trays with lights in patient rooms. If PBMTU moves to new quarters in the coming 
year, the issues above should receive special attention. Most other aspects of the current space 
should be replicated in new space, however. 

Risk mitigation: Add-on solutions to ergonomic problems sometimes have unintended 
consequences. It is worth testing solutions on a small scale before implementing them 
throughout the unit.  

Measures: Measures of the impact of collapsible trays with work lights might be taken simply 
by counting the proportion of labs conducted in and out of patient’s room. Changes to other 
technology and to the environment can similarly be evaluated with respect to the behaviors and 
outcomes they are supposed to influence. 
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Appendix A: Model of the PBMTU Line Change Period 
Problem Description 
 
The PBMTU is a laboratory for patient care. It is not a safe or convenient environment in which 
to systematically test and compare new scheduling and staffing concepts. A computational model 
is a safe venue for this type of experimentation, however. Aptima built just such a model to 
explore the workload of nurses during the line change period and to test strategies for 
moderating that workload. This model is based on observations we made during this period at 
the end of each day shift, interviews with several nurses concerning the flow of tasks, and 
detailed discussions with two nurses who independently developed and verified parameters of 
the model, including task durations, event probabilities, and event frequencies (e.g., codes, 
patients requiring PCA).  
 
The model was configured to test the effects on the duration of nursing activities of (1) staffing 
levels, (2) the duration of the line change period, and (3) and new processes such as shifting TPN 
administration at least partially to a different period. Hundreds of scenarios were run to generate 
and test recommendations using the technology and methods we describe here.  
 
What the Model Represents 
 
The model represents nurses, events to which they must respond, and the tasks they execute 
during the line change period.  
 

! Actors, who execute tasks in response to events 
o Sixteen patients (PT) receive services  
o Eight Regular Care Nurses (RCN) deliver services to two patients  
o One (or more) Floating Care Nurses (FCN) can replace RCNs for certain tasks  

! Events, which place demands on nurses to execute specific tasks 
o Each event requires an RCN to complete a sequence of tasks for the 

corresponding PT 
o Each may occur during a specific window of time, and during which its tasks 

must be processed. These windows are of three types: 
- “Flexible” events are known in advance and can be scheduled at any point 

during the RCN’s shift (i.e., RCN has full control over when to commence 
the corresponding tasks) 

- “Targeted” events (e.g., administering blood products) are known in 
advance but must be scheduled within a short window around their 
targeted time  

- “Emergency” events (e.g., alarms, codes)  occur at random times and 
require immediate attention 
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! Tasks, which represent the services that nurses deliver in response to events: 
o Each task has a minimum, average, and maximum duration 
o Each task requires one or more nurses 

 
The events represented in the model are conditions of patients or of materials that reliably spark 
significant effort during the line change period3. They are: 

! A med bag change is needed (but line change is not) 
! All lines must be prepared during the line change period because they have not been 

prepped in advance 
! A line change is needed for blood products 
! A line change is needed for TPN  
! A line change is needed for cyclosporine or FK506  
! A line change is needed for narcotics  
! Incorrect or damaged medicines need replacement 
! A code occurs 
! Patient charts are completed for the period preceding line change (thus there is little 

charting to be done during the line change period)  
! Patient charts are not completed for the period preceding line change (thus a great deal of 

charting needs to be done during the line change period) 
! A patient signals an alarm for service 

Nurses must respond to these events (abbreviated in Table 3) by executing one or more tasks as 
indicated (by identifiers such as T5) in Table 3.  Table 4 lists these tasks and the durations 
(minimum, average, and maximum) specified by two PBMTU nurses. 
 
Table 3: Each event cues one or more tasks 

Event name (abbreviated) Sequence of tasks (Task ID) per event 

MedBagChangeOnly T5 
LinesNotPrepped T18 

NeedPrepLnForBloodProducts T15 T11 T23 T21 T4 T22 
NeedTPN T7 T14 T25 

NeedPrepLnForCyclOrFK506 T16 T12 T24 T3 
NeedPrepLnForNarcotic T17 T10 T13 T6 

MedsAreBad T19 T1 
CodeAlarm T20 

ChartsStarted T9 
ChartsNotStarted T8 
AttendToAlarms T0 

Table 4: Tasks and their durations 
                                                           
3 This is not comprehensive. There are other events that rarely or modestly impose demands on nurses. Future 
efforts might address additional events of particular concern to PBMTU. 
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Task name (abbreviated) 
Task 

ID 
min time 

(min) 
average 

time (min) 
max time 

(min) 
AnswerAlarmOnPT T0 5 20 30

AwaitMeds T1 15 30 60
ChangeBagNotLine T2 3 5 7

ChangeLineTurnOnDrug T3 5 5 5
ChangeLinesTurnOnBloodProduct T4 1 2 3

ChangeMedBag T5 5 5 5
ChangePCAlinesWitnessTurnOn T6 3 5 10

ChangeTPNlines  T7 10 20 30
ChartV1 T8 30 45 60
ChartV2 T9 10 15 30

FindPCAkey T10 1 5 15
FindWitnessForBloodProduct T11 2 10 30

FindWitnessForCyclosporinOrFK506 T12 2 10 30
FindWitnessForPCAchange T13 2 10 30
FindWitnessForTPNchange T14 2 10 30

GetBloodProductIrradiate T15 2 2 2
GetCyclosporinOrFK506 T16 3 3 3
GetNarcoticsFromPyxis T17 1 2 4

PrepareLines T18 3 10 20
ReOrderMeds T19 5 5 5

RespondToCode T20 15 30 60
TakeVitalsV1 T21 1 3 5
TakeVitalsV2 T22 1 3 5

WitnessBloodProductVsArmband T23 2 3 5
WitnessDrugVsArmband T24 5 5 5

WitnessTPNturnOn T25 1 2 5
 
This model makes the following assumptions: 

! There are eight care nurses, each with two patients, plus one or more Floating Care 
Nurses.  

! Nurses follow prescribed procedures. They do not execute work-arounds. 
! Nurses can perform some tasks in parallel, for example: 

o When a nurse is searching for a witness, she can interrupt that search to perform 
other tasks in parallel. 

o If medicines are bad, after placing the call to replace meds, the nurse can do other 
tasks while waiting for medicines to arrive 

o If there is an alarm on a patient, the care nurse responsible for that patient can 
attend to it if his/her schedule allows, or the Floating Care Nurse can attend to it. 

! Line change begins at 1600 and should end by 1900.  
! Med shipments sometimes arrive as late as 1700. 
! All event and task relations, and all task parameters are accurate 
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How the Model Works 
 
The model analyzes nursing activities in scenarios, which specify the frequency of events and 
duration (minimum, average, maximum) of tasks. The modeling application developed in this 
project, allows analysts to define scenarios manually; automatically generate them as 
distributions around the “worst” case (longer durations of tasks, high frequency of events), 
“best” case, or “average” case; or manually adjust automatically generated scenarios (see Figure 
5). Further, the analyst can fine tune scenarios for each of 16 patients (numbered 0-15). The 
analyst can also specify: 

! The number of Floating Care Nurses (1, 2, or 3; see Figure 8). 
! The timing of pharmacy deliveries 
! Whether line changes are needed  
! Whether TPN is needed (i.e., whether TPN is to be administered during the line change 

period vs. night shift) 
! The level of patient acuity. Scenarios configured for low patient acuity produce few 

patient alarms. Specifically, patients with low acuity have at most a single alarm per 
patient and require service with only short task durations; patients with medium acuity 
have at most two alarms per patient and require service with either short or medium task 
durations. 

 
For each scenario, as well as averaged across a range of scenarios, the model assesses the 
duration of continuous service requirements for each PT. This is the total time required to 
execute all tasks for the patient (excluding those events that require coordination between nurses, 
see below). Additionally it computes the time commitment demands on RCNs, that is, the time 
required for each RCN to care for two PTs (see Figure 6). 
 
For each specific scenario, as well as averaged across a range of scenarios, the model assesses 
effects of scheduling the continuous service requirements (above) plus the coordination between 
nurses required to process (1) alarms, (2) codes, (3) witnessing PCA keys, and (4) witnessing 
blood product administration (see schedule Gantt-chart in Figure 6). This schedule defines the 
end of service time, at which each nurse finishes all tasks.   
Below, we illustrate and document the interfaces that enable the analyst to configure the model 
(controls) and to interpret its output (displays).  
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Figure 5: Setup interface 
 

! Function: Use this display to configure the events and tasks that must be executed during 
line changes. 

! Controls 
o Grey rectangles – Frequency of events 
o Green rectangles – Duration of tasks cued by events (see Table I above for task 

names and Table II for task sequences per event). 
o Max All … Min All – Set the distribution of event frequency and task duration to 

maximum, medium, or minimum for all patients, or to maximum, medium, or 
minimum for the currently displayed patient. 

o Meds shipment arrives at… – Time of delivery of TPN deliveries between 1600 
and 1700 

o Acuity all / Acuity of this PT – Sets certain high acuity events on/off for all 
patients or this patient 

o TPN all / TPN this PT – Sets need for TPN on/off for all patients or this patient 
o PT to display – Set specific patient to examine or configure 
o No Line Change Needed – Zeros the frequency of many events related to line 

change. 
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! Displays 
o Continuous duration of tasks displayed – Time required to execute all tasks 

except those requiring nurse coordination (alarms, codes, and witnessing)  
 
 

 

Figure 6: Measures interface 

! Function: Use this display to inspect an individual scenario to identify extreme cases.  
! Controls 

o Set the # of FCNs – Sets number of Floating Care Nurses4 
o Go – Executes one scheduling shift  
o Refresh signature – Regenerate patient profiles from distributions 
o Refresh schedule – Regenerate schedules for nurses using new probabilities. 

! Displays 
o Combined service duration required per PT – Hours required per patient to 

execute all tasks except those requiring nurse coordination (alarms, codes, and 
witnessing)  

o Combined service duration required per RCN – Hours required per nurse 
(assuming two patients) to execute all tasks except those requiring nurse 
coordination (alarms, codes, and witnessing)  
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o Service finish time affected by scheduling for nCNs = # – Hours required per 
nurse to execute all tasks including those requiring nurse coordination, given 
parallelization of some tasks and the specified number of Floating Care Nurses. 

o Extension delta due to scheduling for nCNs = # – Hours of service time that are 
attributable to nurse coordination tasks, parallelization of some tasks, and 
Floating Care Nurse(s). It presents the difference between the two displays to the 
left.  

  
 

 

Figure 7: GANTT-Chart interface 

! Function: Use this display to validate the nurse’s schedule (a Gantt-chart) to validate the 
schedule. 

! Controls 
o Set the # of FCNs -- Sets number of Floating Care Nurses 
o Display Gantt-chart – Initializes plotting the Gantt-chart (turned-off in default 

mode to run the statistical tests faster) 
! Displays 

o Gantt-chart that displays the schedule of regular (RCN) and floating (CN) nurses 
 
                                                                                                                                                                                           
4 Floating Care Nurses are referred to as CNs on these displays. Regular Care Nurses are referred to as RNs. 
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Figure 8: Statistics interface 
 
Note: ‘Shift latency’ indicates the time when the nurse finishes processing the last task on her 
schedule (i.e., how late she finishes her schedule). 
 

! Function: Use this display to inspect the duration of shifts in the scenarios configured 
above. 

! Controls 
o Input statistics taken – Specifies the number of Monte Carlo runs used to assess 

different distributions of inputs (e.g., distribution of low and high acuity patients).  
o Take input stats – Plots the averages over all runs within a Monte Carlo session.   
o Output statistics taken – Specifies the number of Monte Carlo runs used to 

generate from input statistics.  
o Take output stats – Plots the averages over all runs. 
o Set the # of FCNs – Sets the number of Floating Care Nurses 

! Displays of distributions for Monte Carlo runs 
o Input task duration sum per PT stats – The sum of the duration of all tasks per 

patient.  
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o Combined Time Commitment per RCN – Combined duration of all the tasks per 
nurse for own patients (i.e., excludes tasks attended by a given nurse for patients 
of other nurses; e.g., when nurse serves as witness or assists with codes for other 
patients, etc.) 

o Latency per RCN Stats -- Duration for all tasks including nurse coordination tasks 
 
Results 
We conducted analyses that tested the effects of several changes on time commitment demands 
(the time required for each RCN to care for two PTs). These changes concerned 

! The number of Floating Care Nurses who support the eight Regular Care Nurses 
! The starting time of the line change period 
! Shifting TPN administration at least partially out of the line change period 

 
In reviewing the results of these tests, the reader should keep in mind that this model, like all 
models, only approximates reality. The results you see below may be inexact due to the omission 
of important tasks, mis-estimates of parameters, underestimation of the capacity of nurses to 
parallelize tasks, or other factors. However, the model approximates reality well enough, in this 
case, that it should encourage readers to think carefully about the findings, the implications for 
the staffing and processes of the PBMTU that we discuss here, and other options inspired by 
what you read here5.  
 
Staffing levels: We examined how long it takes for RCNs to complete all tasks in their shift 
when they are supported by 1, 2, and 3 Floating Care Nurses (Figure 9). 
 
When supported by one Floating Care Nurse, the RCNs will, on average, require 3.6 hours to 
complete their shifts. This is .6 hours longer than the 3 hour shift for those nurses who hit the 
average. However, almost half of all nurses will exceed that duration by some small or large 
amount. Even nurses who hit the average must either (1) continue working past the end of their 
shifts to complete tasks, and/or (2) abbreviate their tasks by performing workarounds that may 
violate hospital procedures. 
 
When supported by two Floating Care Nurses, the RCNs will complete their tasks in 3 hours on 
the average, precisely at the end of the shift. Almost half of all nurses will require more time, 
and/or they must execute workarounds to complete their work in the time allotted. An 

                                                           
5 The model discussed here can be extended to represent other events, tasks, staffing arrangements (e.g., 1:1 
RCN:PT ratios for acute cases), and work strategies. 
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examination of the standard deviations (.9 hours) indicates that about one nurse per shift would 
accumulate tasks that require more than 50 minutes of work past the end of the shift6.  
 
When supported by three Floating Care Nurses, the RCNs will on average require 2.7 hours to 
complete their shifts. This is less than their shift duration of 3 hours. About one nurse per shift 
would need to work an additional 30 minutes past the end of the shift to complete all of the tasks, 
according to an examination of the standard deviation. 
 

 

Figure 9: Distributions and statistics describing how long it takes for the RCNs to complete all tasks 
in their shifts when supported by a) 1 Floating Care Nurse, b) 2 FCNs, or c)  3 FCNs. 

 
Duration of the line change period: An alternative way to interpret the results of the tests above 
is that they specify earlier times to start the line change period. If TPN were delivered at 1500 
instead of 1600 and one Floating Care Nurse was on duty, more than half of RCNs would 
complete their tasks in the longer, 4 hour window for line changes (from 1500 to 1900). Given 
two Floating Care Nurses, nurses would complete their work within the four hour window in 
95% of cases (two standard deviations above the mean of 3 hours).  
 
TPN: One method of reducing workload that has been implemented in other critical care wards 
(e.g., Saint Barnabas Medical Center, Livingston, NJ) is to move TPN administration out of a 
busy period into another period. We examined how long it takes for RCNs to complete all tasks 
in their shift when not having to administer TPN for all or some of their patients (Figure 10). 
 
When nurses do not have to administer TPN for all of their patients and they are supported by 
two Floating Care Nurses (i.e., 2 FCNs), the RCNs will on average require 2.3 hours to complete 

                                                           
6 68% of all nurses (5-6 care nurses per shift) will complete their tasks in 2.2 to 4 hours. 16% of nurses (about 1 per 
shift of 8 care nurses) would complete their tasks in less than 2.2 hours. 16% (1 care nurse) would require more than 
4 hours to complete their tasks.  
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their shifts. Administering TPN under the same staffing plan extends the duration of work to 
about 3 hours.  
 
When nurses do not have to administer TPN during the line change period to any patients and 
they are supported by one Floating Care Nurse (i.e., 1 FCN), they will require 2.8 hours, on 
average, to complete the work in their 3 hour shifts. This compares favorably with the results, 
above, that indicate nurses require 3.6 hours, on average, to complete their tasks when they must 
administer TPN and they have 1 FCN. Very little of this benefit is lost when nurses administer 
TPN to half of their patients (and are supported by one Floating Care Nurse). In that event they 
require, on average, 2.9 hours to finish their tasks.   

 

 

Figure 10:  Distributions and statistics describing how long it takes for the RCNs to complete all 
tasks in their shift when not having to administer TPN to all or some of their patients. 

 
Recommendations 
It is common knowledge in PBMTU that the line change period is intensely busy. The modeling 
results confirm this. To complete the tasks at hand, nurses must sometimes work beyond their 
shifts or take shortcuts that may pose safety risks. PBMTU can reduce the time commitment 
imposed by these tasks in several ways: 

! Staff line changes with eight RCNs and two FCNs or more. PBMTU has found it 
practically difficult to reliably secure a second Floating Care Nurse to commute into 
Duke and serve during this brief period. It is worthwhile to use larger incentives to get at 
least one additional staff member into PBMTU during this time.  

! Shift TPN delivery to an earlier hour, allowing the staff to begin line changes earlier in 
the day. This solution may entail changes to the pharmacy schedule or to the schedule for 
administering medicines or other treatments that must be coordinated with TPN. It may 
be worthwhile modeling these schedules to discover non-obvious opportunities to begin 
the line change period earlier in the day. 
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! Shift TPN administration out of the line change period for those PTs whose treatment 
regimes afford it. This reduces the average time commitment for nurses by about .7 hours 
(from 3.6 to 2.9 hours) given one Floating Care Nurse, and it is almost as effective as 
moving TPN administration out of the period altogether. It may be that all patients 
require TPN to be administered with other treatments during the line change period, or 
that it is logistically complicated to shift some TPN service (but not all) out of the line 
change period. However, this solution does have a sizeable effect on workload, and 
deserves discussion if it is potentially feasible.   
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Appendix B: Interview Protocol #1 
 

Questions: Stakeholder Focus Group 
 
1. Safety goals: What is your vision for patient safety in this unit?  
2. Safety status: What is the state of patient safety in this unit? 
3. Diagnosis: What are the most critical issues affecting patient safety in this unit?  
4. Sources: Are the interviewees and documents we specified sufficient to address the 

issues?  
5. Study goals: What will make this study a success for you?  
6. Study products: What products can Aptima provide that will help you solicit the funding 

that you will need to extend and implement the work?  

 
Questions: Stakeholder Interviews 

 
1. Safety goals: What is your vision for patient safety in this unit?  
2. Safety status: What is the state of patient safety in this unit? 
3. Diagnosis: What are the most critical issues affecting patient safety in this unit?  

a. Can you describe an incident in which patient safety was comprised? 
b. What caused the problem? 
c. How this problem could have been avoided? 

4. Sources: Are the interviewees and documents we specified sufficient to address the 
issues?  

5. Study goals: What will make this study a success for you?  
6. Study products: What products can Aptima provide that will help you solicit the funding 

that you will need to extend and implement the work?  
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Interview Questions—Nursing Staff 
 

1. Preparation 
a. Assign anonymizing ID number to interviewee 

2. Welcome 
a. Introductions: Greetings and Aptima contact info  
b. Objectives: Identify issues that may affect patient safety 
c. Method: Ask for your ideas, broadly, then address several issues that often 

surface in medical units 
i. Factor definitions 

ii. Issues 
iii. Cases 
iv. Diagnosis 
v. Prescription 

vi. End state 
d. Confidentiality:  

i. We will protect your identity in discussions and reports.  
ii. You may choose not to answer any questions 

iii. You may stop this interview at any time 
3. Preparation 

a. Do you have any questions or concerns about participating? 
b. What would make this study helpful to you? 

4. Demographics  
a. What is your job here? 
b. What training and experience do you have that enables you to perform this job? 

5. Overview 
a. What aspects of your job are most difficult, time-consuming, or worrisome with 

respect to patient safety? 
b. What judgment calls or tradeoffs do you need to make that may involve patient 

safety? 
c. What factors or issues pose the greatest threat to patient safety in this unit?  

6. Factors  
a. Factor: Let’s talk about [FACTOR (below)], by which we mean [DEFINITION].  
b. Problems: What are the problems in this unit regarding FACTOR?  
c. Cases: Can you describe a recent case in which FACTOR threatened safety in 

this unit? 
d. Causes: What caused the problem, in that case? 
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e. Cures: How can the unit handle that problem -- prevent it, discover it, and 
recover from it -- in the future? 

f. Ideals: Ideally, how should the unit function with respect to FACTOR? 
7. Conclusion 

a. Are there any other factors you’d like to talk about that we haven’t addressed? 
b. Do you have any questions or concerns about participating? 
c. What would make this study helpful to you? 

 
ID Factor Definition 

1. Teamwork in the unit  How people in the unit work together to get tasks done 
2. Communication How questions, answers, and information move between 

people 
3. Workload How many tasks need to be done at any given time  
4. Staffing levels How much work is expected of each care provider and 

whether staffing is adequate 
5. Training and orientation How people are taught and learn (especially newer or 

junior staff) 
6. Handoffs (transfer) How people transfer information and tasks (e.g., 

between shifts) 
7. Relations w/ families & patients How staff, families, and patients relate 
8. Inter-unit coordination How this unit interacts with other parts of the 

organization 
9. Organizational culture What the organization values (rewards) and discourages 
10. Policies & procedures What policies and procedures exist (documented and 

undocumented); Also whether those policies are easy to 
access, understand and follow; 

11. Equipment interactions How well pumps, beds, and other equipment function, 
and how easy they are to use 

12. Technology interactions How well information systems function, and how 
easy/difficult they are to use. 

13. Environment interaction How well the layout of the rooms and halls support your 
work 
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Interview Questions—Parents/Patients 
 

1. Preparation 
a. Assign anonymizing ID number to interviewee 

2. Welcome 
a. Introductions: Greetings and Aptima contact info  
b. Objectives: Identify issues that affect patient and parent experience 
c. Method: Ask for your impressions of aspects of your experience here.  
d. Confidentiality:  

i. We will protect your identity in discussions and reports.  
ii. You may choose not to answer any questions 

iii. You may stop this interview at any time 
3. Preparation 

a. Do you have any questions or concerns about participating? 
b. What would make this study helpful to you? 

4. Demographics  
a. What is your relationship to the patient? 
b. What process/treatment is the child receiving here? 
c. How long has your child been at the unit? 

5. Organizational culture:  
a. How do you feel about the quality of care here?  
b. Can you give us an example of a situation in which the quality of care did not 

meet your expectations?   
c. Can you give us an example of a situation in which the quality of care went 

beyond your expectations?   
6. Relationship of staff to patient:  

a. Is the unit responsive to your child’s needs?  
b. Can you give us an example of a situation in which the staff was not (sufficiently) 

responsive to your child’s needs? (Identify provider type.) 
c. Is there a situation in which a staff member did more than you might have 

expected (“went beyond the call of duty”; “went the extra mile”) to respond to 
your child’s needs   

7. Relationship of staff to patient’s family:  
a. Is the unit responsive to the needs of parents/caretakers?  
b. Can you give us an example of situation in which the staff was not responsive to 

your needs? 
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c. Is there a situation in which a staff member did more than you might have 
expected (“went beyond the call of duty”; “went the extra mile”) to respond to 
your  needs   

8. Teamwork among care providers:  
a. How would you rate the degree of teamwork among all the people caring for your 

child?  
b. Can you describe a situation in which you felt that the care providers (or clinical 

staff) caring for your child had, or seemed to have conflicting goals (or gave 
contradictory instructions)?   

9. Communication: 
a. How would you characterize your relationship with the nursing staff? 
b. How would you characterize your relationship with your child’s doctor(s)?    
c. How would you characterize your relationship with other staff?   

10. Conclusion: 
a. What would improve the care experience for your child as a patient? 
b. What would improve the care experience for you as a parent? 
c. Do you have any questions or concerns? 
d. What would make this study helpful to you? 

 
 
NOTES:   
In the initial visit, our interviews will likely be with parents/caretakers.  In the next visit, we 
should try to speak with some of the older (non infant/toddler) patients. 
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Appendix C: Interview Protocol #2 

 

 

Interview Questions & Observations Plans for 5200 
Jared Freeman: 202-842-1548 x316, freeman@aptima.com 

Fuji Lai: 781-935-3966 x226, fujilai@aptima.com 
 
 
In-brief:  

! Aptima is here to identify issues that may impose stress on the team in 5200 or make your work less safe and effective than you would 
like.  

! Confidentiality: We will keep your comments in confidence. We will: 
o Remove identifying information from comments that we report, and report other comments in summary form 
o You may skip any questions you don’t want to answer, or stop this discussion at any time 
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Target Area Nurses Attendings Parents Social Workers 
1. ClinTask: 
Training 

When you first started in this unit, 
what procedures & skills did you 
need to learn on the job? 
What do you most need to learn 
now? 
What do you need a refresher on? 
What is best forum for this training 
(Skill Day, Orientation…)? 
Do you have any other 
recommendations re: training? 

Do you notice any 
variability in the 
nurses’ skills or the 
way in which they 
carry out their 
procedures? 
Are there tasks or 
skills on which 
nurses need greater 
training?  
Recommendations? 

Do you notice any 
variability in the way 
the nurses carry out 
their procedures? 
Do you have 
suggestions for nurse 
training?  
Recommendations? 

Do you notice any variability in the 
way the nurses carry out their 
procedures? 
Do you have suggestions for nurse 
training?  
Recommendations? 

2. ClinTask: 
Workload 

Is there a period in the day or a 
situation in which your workload is 
extraordinarily high? Describe this 
to us. 
What strategies do you have for 
handling these workload peaks? 
Do you have any other 
recommendations re: managing 
workload? 
Observation: Observe 3-11 work 
period, task freq., durations, 
double-checks. 

Is there any period 
in which it is 
difficult to get 
nursing support? 
Describe this.  
Recommendations? 

Is there any period in 
which it is difficult to 
get nursing support? 
Describe this.  
Recommendations? 

n.a. 

3. Team: Within 
Unit Coordination:  
Handoff 

Can you tell us about a situation in 
which you learned something 
important about a patient that could 
have been communicated in shift 
change but was not? 
Do you have any recommendations 
for improving the shift change 
meeting or 1:1s? 
Observation: Observe shift 
changes and 1:1s for structure, & 
exceptional communications 

How do ensure that 
incoming nurses get 
the information they 
need between shifts? 
Recommendations? 
Observation: 
Observe rounds 

Can you recall any case 
in which an incoming 
nurse lacked some 
information about your 
child that you feel they 
should have had?  
Recommendations? 

n.a. 
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4. Team: Within 
Unit Coordination:  
Email 

How large is your queue of 
unopened email right now? 
Criticality: Have you recently 
missed critical information or tasks 
that were delivered by email? 
Actionability: Have you recently 
found it difficult to determine (1) 
whether an email is relevant and 
(2) what to do about it? What 
proportion of the emails you read 
are, in retrospect, irrelevant to you? 
What type of information do you 
receive by email? 
Do you have any other 
recommendations re:email and 
communication? 
Observation: Ask for topics & 
relevancy of last 10 emails on the 
blackberry. 

(see nurses) n.a. (see nurses) 

5. Team: Within 
Unit Coordination:  
Teambuilding 

Tell us about an instance in which 
you worked productively and 
compatibly with a nurse. An 
attending. 
Tell us about an instance in which 
you had a disagreement or conflict 
with a nurse. An attending. 
Do you have any other 
recommendations re: helping the 
team work better? 

Can you tell us 
about cases in which 
team work is smooth 
in 5200 between 
attendings? Between 
attendings & 
nurses?  
When is teamwork 
rough?  
Recommendations? 

Tell us about an 
instance in which you 
worked productively 
and compatibly with 
one or more of the 
nursing staff. 
Tell us about an 
instance in which you 
had a disagreement or 
conflict with the nurses. 
Recommendations? 

Have you observed instances in 
which an attending and a member of 
the nursing staff had a conflict?  
Tell us about an instance in which 
you worked productively and 
compatibly with an attending or 
nursing staff. 
Tell us about an instance in which 
you had a disagreement or conflict 
with an attending or nursing staff. 
What would make you feel more 
integral to the team in 5200?  
Recommendations? 
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6. Team: Nursing 
Leadership 

What would you most like a new 
Nurse manager to do to improve 
your team? 
To improve patient care? 
Do you have any other 
recommendations re: leadership by 
a NM? 

(see nurse) n.a. How does the absence of a Nurse 
Manager impact the quality of care 
in 5200?  
Recommendations? 

7. Org:Policies What are the tasks or processes on 
which you do not follow the 
official hospital procedure, you 
have workarounds? 
Why do you use this workaround? 
Do you have any other 
recommendations re: policies? 

(see nurses) 
What impact on 
patient safety, if 
any, do these work 
arounds have?  
Recommendations? 

n.a. n.a. 

8. Tech: 
WorkResource 
Access 

In the past 2 days have you (1) 
wanted to look up a procedure? (2) 
How did you find the procedure? 
(3) Did the document give you the 
information you needed? 
Do you have any other 
recommendations re: accessing 
policies and other documents? 

In the past 2 days 
have you (1) wanted 
to look up a 
procedure? (2) How 
did you find the 
procedure? (3) Did 
the document give 
you the information 
you needed?  
Recommendations? 

n.a. n.a. 

9. Psych: 
Parents:Parent 
NurseRelations 

When (or about what topics) do 
you feel stress when talking with 
parents?  
Demanding Parents: Can you tell 
us about any parents who were 
particularly difficult to deal with? 
Do you have any other 
recommendations re: improving 
parent / nurse relations? 

(see nurses) When (or about what 
topics) do you feel 
stress when talking with 
staff?  
Recommendations? 

When (or about what topics) do you 
feel stress when talking with 
parents?  
Demanding Parents: Can you tell us 
about any parents who were 
particularly difficult to deal with?  
Recommendations? 
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10. Psych: Parents: 
ProblemResolution 

n.a. n.a. What would you do if 
your nurse does not 
resolve a problem you 
raise?  
Recommendations? 

Are there ways in which your skills 
could be better used here to provide 
psychosocial services?  
Recommendations? 

11. Psych: Patients How would you characterize a 
healthy relationship between a 
nurse and a patient family? 
Can you tell us of a case in which 
the relationship was not healthy? 
Do you have any other 
recommendations re: nurse-patient 
relations? 

(see nurses) How would you 
characterize a healthy 
relationship between a 
nurse and a patient 
family? 
Do you have any 
interactions with the 
nursing staff outside the 
5200 unit?   
Recommendations? 

(see nurses) 

12. Org: Error 
Handling Tone 

Have you been involved in an RCA 
within this unit?   
In what capacity?   
What were your impressions of the 
process? 
Do you feel comfortable being 
candid, voicing your opinion in an 
RCA? 
Do you have any other 
recommendations re: how RCAs 
might be improved? 

(see nurses) n.a. (see nurses) 

13. Other concerns 
or questions 

Do you have any questions you’d 
like to ask me? Any other concerns 
you’d like to express?  
Recommendations? 

(see nurses) (see nurses) (see nurses) 

 
 
 

 




