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Abstract

Changes in reimbursement make it imperative for nurse managers to develop tools
and methods to assist them to stay within budget. Disparity between planned staffing and
required staffing often requires supplemental staffing and overtime. In addition, many
states are now mandating staffing committees to demonstrate effective staff planning.
This retrospective quantitative study developed an empirical method for building nursing
unit staffing plans through the incorporation of patient acuity and patient turnover as
adjustments towards planning nursing workload. The theoretical framework used to guide
this study was structural contingency theory (SCT).

Patient turnover was measured by Unit Activity Index (UAI). Patient acuity was
measured using case mix index (CMI). Nursing workload was measured as hours per
patient day (HPPD). The adjustment to HPPD was made through the derivation of a
weight factor based on UAI and CMI. The study consisted of fourteen medical, surgical,
and mixed medical-surgical units within a large academic healthcare center. Data from 3
fiscal years were used.

This study found that there were significant, but generally weak correlations
between UAI and CMI and HPPD. The method of deriving a weight factor for adjusting
HPPD was not as important as the decision-making relative to when to adjust planned
HPPD. In addition, the measure of unit activity index was simplified which will assist
researchers to more easily calculate patient turnover. As a result of this study, nurse
managers and will be better able to adjust and predict HPPD in cases where
benchmarking has been problematic. Data-driven adjustments to HPPD based on UAI

and CMI will assist the nurse manager to plan and budget resources more effectively.



Chapter 1
State of the Science
Introduction

The purpose of this study was to develop an empirical method for building
nursing unit staffing plans through the incorporation of patient acuity and patient turnover
as an adjustment to hours per patient day (HPPD). The goal of this study was to provide
nurse managers on acute care general medical, surgical, and mixed medical-surgical units
with an alternative, objective method for budgeting staffing plans weighted by patient
acuity and patient turnover. The proposed staff resources planning process should reflect
the complexity of nursing care and allow the nurse manager to stay within the allocated
staff resources.

The American Nurses Association (ANA) continues to question the use and value
of HPPD alone as a unified measure of nursing care hours (American Nurses Association,
2009a). The ANA suggests incorporating other factors that illustrate the individuality of
nursing workload at the unit level. Among these factors are patient turnover and patient
acuity. In addition, nurse managers must be able to utilize and translate staffing data into
appropriate staffing plans (Anderson & Kerfoot, 2009). The development of a staff
planning model that incorporates adjustments to planned HPPD by incorporating patient
acuity and patient turnover may reduce the variation between planned and actual HPPD.
Further, the model proposed in this study will meet the objectives of successful staff

planning put forth by the ANA.



The purpose of this chapter is to review the literature on patient turnover, patient
acuity and HPPD. The importance of using an empirically based method for creating
staffing plans is emphasized.

Traditionally, staffing plans have been developed through the use of historical
averages of fulltime equivalents (FTEs) or HPPD (Porter-O'Grady & Malloch, 2007). In
an early study, Walker (1990) described patient volume by shift along with associated
staffing levels and cost and found that the predetermined RN work schedule did not
match daily shift RN staffing levels required for workload resulting from patient
turnover. The evening shift accounted for 35% of all admissions, discharges, and
transfers (ADTs) and 60% of RN overtime and supplemental staffing. Whereas the day
shift accounted for 64% of ADTs, but only 19% of RN overtime and supplemental
staffing (Walker, 1990).

Jacobson, Seltzer, and Dam (1999) found a difference of 50.9% between the total
number of patients cared for by the nursing staff throughout a 24 hour period and the
budgeted average daily census upon which the staffing plan was built. Data extrapolated
at the unit level from 2007 N=128, 2008 N=129, and 2009 N=132, staffing plans for the
twelve Massachusetts acute care hospitals with 300 or more beds revealed only 38%,
36%, and 55% respectively of the medical and surgical units were on target1 for planned
versus actual staffing (PatientCareLink, 2010). Of the remaining units not on target,
utilizing more staff than planned accounted for 55%, 54%, and 37% respectively. Using
less staff than planned accounted for 7%, 9%, and 8% respectively.

Differences between magnet status hospital units N=51, and non-magnet hospitals

N=77,78, and 81respectively, as subsets of the abovementioned data over the 3 years

" On Target = actual HPPD within + / - 5% of planned



revealed a range of 24% to 52% on target staffing for non-magnet status hospitals versus
a range of 51% to 57% for magnet status hospitals. However, in magnet status hospitals,
a range of 16% to 20% of units reported HPPD data below the -5% threshold (less staff
used than planned) versus a range of 0% to 4% of non-magnet hospital units. Further data
examining on target performance differences between magnet and non-magnet hospital
units can be found in Table A1 (see Appendix A).

Such disparity between planned staffing and required staffing often requires
supplemental staffing, such as float pool nurses or per diem nurses, or nurses working
extra shifts and overtime. A 2008 survey of 220,000 RNs representing 550 hospitals
conducted by the ANA revealed that 43% of the RNs reported working overtime to
cover shift shortages and increased unit activity (American Nurses Association, 2008).
How much overtime is incurred as a result of inadequately planned and budgeted staffing
is unknown. The industry standard for overtime is 2% of total worked hours (Dunham-
Taylor & Pinczuk, 2010). Hospitals typically budget overtime at 4.4% of total worked
hours and some teaching hospitals report overtime hours up to 30 % of hours paid at
regular pay rates (Cavouras, 2002).

Overtime is a costly solution to inadequately planned staffing. The largest share
of hospital labor expenses is derived from nursing units (Haynor & Hohenleitner, 2007).
An estimated 63% of hospital labor costs go towards nursing salaries (Rodgers & Lutz,
2003). This is in stark contrast to Kaplan’s (1975) findings of 35 years ago when only
25% to 28% of the hospital costs were attributed to nursing salaries.

The average hourly wage of a registered nurse (RN) in Massachusetts is $38.17

(Bureau of Labor Statistics, 2009). The addition of merely one extra eight hour shift per



week worked by an RN will result in nearly $16,000 of additional cost incurred by the
unit. One extra eight hour shift per week worked by an RN at an overtime rate will add
$24,000 to the unit’s labor expenses. In large medical centers with several nursing units,
it does not take many extra shifts worked to drive up labor expenses in excess of
budgeted allowances.

While hours per patient day is a common measure used to plan and budget for
staffing and for the evaluation of staffing levels, they are often studied as an independent
variable affecting outcomes. Petryshen, O'Brien-Pallas, & Shamian (1995) break down
outcomes into three classifications: clinical, economic, and administrative. Clinical
outcomes are concerned with patient safety and satisfaction, which are beyond the scope
of this study. Economic outcomes include nursing hours and utilization costs.
Administrative outcomes deal with efficiency and effectiveness. McGillis-Hall, Doran,
and Pink (2004) list three characteristics of outcomes; (a) they must be measurable, (b)
relevant to the patient, provider, and healthcare environment, and (c) representative of the
effects of the care provided, whether intended or unintended.

Several studies have examined the after effects of HPPD on nurse sensitive
patient safety outcomes, nursing outcomes, and economic outcomes. Few studies have
examined a combination of HPPD with other factors affecting nursing workload such as
patient turnover (throughput) and patient acuity. No studies were found that examined a
planning process that utilized patient turnover and patient acuity towards allocating
budgeted resources necessary to produce an annual staffing plan that more accurately

predicted HPPD.



Therefore, the purpose of this study was to provide acute care nurse managers of
adult general medical, surgical, and mixed medical-surgical units with an alternative,
objective method for planning and budgeting annual unit staffing resources weighted by
patient acuity and patient turnover. The specific aims for this study were

1. To examine the correlation between patient acuity (using case mix index) and
patient turnover (using unit activity index) as contingencies on the structure of worked
hours per patient day,

2. To examine the fit between the contingencies of case mix index and unit
activity index on the structure of hours per patient day, utilizing them as weight factors
for building a more accurate predictive annual staffing plan, and

3. To examine the effectiveness of using the weight factors derived through Aim 2
by examining the differences in variance between weighted and unweighted staffing
plans.

Overview

In preparation for this literature review, key words “nurse staffing models,”

99 <¢ 99 C¢ 29 ¢

“nurse staffing plans,” “creating and budgeting staffing plans,” “case mix index,” “patient

99 ¢ 29 <¢ 99 ¢

acuity,” “patient turnover,” “patient throughput,” “nursing benchmarking” and “hours per
patient day” were searched using Pub Med and Google Scholar. In addition, the retrieved
articles offered additional leads through references cited by their researchers.

Twenty four research articles of varying empirical quality involving academic
medical centers and having content relative to the measurement of HPPD and/or

incorporating additional nursing workload measures of patient acuity and patient turnover



were reviewed. Data collection represented a range from 1 week (Jacobson, et al., 1999)
to 8 years (Unruh & Fottler, 2006).

The most prevalent outcome of the reviewed studies focused on the clinical area,
specifically concerning nurse sensitive patient safety outcomes, through a combination of
HPPD, skill mix, and/or patient to nurse ratios. Nurse sensitive patient safety outcomes
consisted of patient fall rates, pressure ulcer prevalence, urinary tract infections (UTIs),
pneumonia and other respiratory infections (URIs), medication errors, failure to rescue,
wound infections, and patient satisfaction with various aspects of care. No studies
examined HPPD as an outcome of effective staff planning.

The outcome of staff planning, that is, the number of direct patient care providers
scheduled to be on duty during a shift, contribute to the measure of HPPD, skill mix, and
patients-to-nurse (PTN) ratios. Thus, HPPD, skill mix, and PTN become post hoc
metrics of staffing plan effectiveness when evaluating nursing workload and attempting
to tie it with patient safety outcomes, quality of nursing life, and hospital outcomes.
Hours per Patient Day (HPPD)

Nursing intensity, a typical measure of nursing unit staffing, is reported in hours
per patient day (HPPD). In 1937, the National League of Nursing Education (NLNE)
recommended 3.5 HPPD as a sufficient staffing level (Kaplan, 1975). This represents a
patient to nurse (PTN) ratio of approximately 7:1. The Labor Management Institute
(LMI) reported median HPPD from 2003 and 2004 from a national survey of 120
hospitals representing 1,980 units. HPPD ranged from 7.43 in 2003 on surgical units, N

not reported, to 9.25 in 2004 on surgical units with telemetry,



N =18 (Cavouras & Suby, 2004). Between 2007 and 2009, Massachusetts hospitals with
300 + beds reported median HPPDs of 8.05 in medical-surgical units, N =49, SD = 1.14,
t0 9.52 in medical units, N =49, SD = 1.34 (PatientCareLink, 2010). A full comparison
of median HPPD by unit type by years can be found in Table A2 (see Appendix A).

A variation of HPPD measurement considers skill mix; that is, the proportion of
registered nurses (RNs) to other care providers such as licensed practical nurses (LPNs)
and unlicensed assistive personnel (UAPs) such as nursing assistants and patient care
technicians. A higher RN skill mix generally resulted in a lower rate, albeit mixed results
of adverse patient outcomes (Blegen, Goode, & Reed, 1998; McGillis-Hall, et al., 2004;
Needleman, Buerhaus, Mattke, Stewart, & Zelevinsky, 2001; Seago, Williamson, &
Atwood, 2006). More specifically, medication error rates were found to be lower with a
higher proportion of RNs (Blegen, Goode, & Reed, 1988; McGillis-Hall, Doran, & Pink,
2004; Seago, Williamson, & Atwood, 2006).

Lower occurrences of UTIs, URISs, pressure ulcer rates and patient complaint rates
were found in the presence of a higher RN skill mix, but patient fall rates were not well
explained by HPPD or skill mix (Blegen, Goode, & Reed, (1998). Needleman et al.
(2002) examined their findings by type of unit and found both medical and surgical unit
patients enjoyed shorter lengths of stays (LOS), lower UTI and failure to rescue rates
while medical unit patients alone experienced lower pneumonia rates. Patient satisfaction
with pain management increased with a higher RN skill mix (Seago, Williamson, &
Atwood, 2006). Lower RN skill mixes resulted in higher wound infection rates

(McGillis-Hall, Doran, & Pink, 2004).



Sovie and Jawad (2001) found the proportion of RNs to UAPs did not result in
any appreciable findings relative to patient fall rates, nosocomial pressure ulcer
prevalence, nor urinary tract infections. Neither did the proportion of RNs to UAPs result
in decreased patient satisfaction with pain management, received education, attention to
needs, preparation for discharge or overall patient satisfaction with nursing care and
hospital stay. However, Sovie and Jawad (2001) did find that higher RN HPPD were
significantly associated with lower fall rates and increased patient satisfaction with pain
reassessment.

Patient to nurse ratios can also be examined as a proxy measure for HPPD.
Higher patient to nurse (PTN) ratios resulted in less satisfied nurses and higher burnout
rates (Aiken, Clarke, Sloane, Sochalski, & Silber, (2002). In addition, higher PTN ratios
were linked to higher patient mortality and failure to rescue rates (Aiken, et al.,
2002).Although the focus of this study is not on patient safety outcomes, studies
incorporating HPPD, PTN ratios, and / or skill mix as measures of patient or nurse
outcomes can be found in Table A3 (see Appendix A), to establish context around HPPD
as one measure of nursing workload.

HPPD Associated With Case Mix and Patient Acuity

The advent of diagnosis-related groups (DRGs) and a subsequent decade of
shortened patient length of stays have contributed to increased stress of bedside nurses
(Kane, Shamliyan, Mueller, Duval, & Wilt, 2007). Shorter patient lengths of stay result
in a concentration of nursing activities into abbreviated timeframes adding to the intensity
of nursing workload (O'Brien-Pallas, Irvine, Peereboom, & Murray, 1997). The most

recent (2007) average patient length of stay (ALOS) for US hospitals is 4.6 days (Agency



for Healthcare Research and Quality, 2008). The ALOS in 1993 was 5.7 days. This is a
decrease of nearly 20% from the ALOS over the past 15 years. This means that a nurse
who had 137 hours to assess, plan, implement, and evaluate care over the course of a
patient stay 15 years earlier now has only 110 hours.

A 2001 survey of 186 hospitals in 38 states revealed only 37% utilized a patient
acuity system, and only 28% reported being satisfied with their patient acuity system
(Cavouras, 2002). In a 2003 survey of Massachusetts hospitals, only 28% (19 of 67)
indicated the use of a patient acuity system for documentation and review of patient care
requirements (Massachusetts Organization of Nursing Executives, 2004). A follow up
survey with nursing executives conducted the following year found 29% of
Massachusetts acute care hospitals responding affirmatively to the question of utilizing
an acuity based patient classification system (O’Donnell (2004). Of interest with the
follow-up survey was that an equal percentage of RNs (reported by the nurse executive of
the hospital) had confidence (44%) / no confidence (44%) with the acuity system in use.
Only 56% of the nurse executives felt that the acuity system was meeting the
organizational needs and was helpful in decision making around meeting patient care
needs, despite 86% of the respondents stating it was used for budgeting and strategic
planning purposes (O'Donnell, 2004).

Acuity must reflect patient status and needs; it is not a measure of nursing activity
(VanSlyck & Johnson, 2001). Staffing budget variances can be evaluated by using a
patient based acuity systems (VanSlyck & Johnson, 2001). However, in the absence of
patient acuity systems, and because case mix index is patient specific, it often is used as a

proxy measure of patient acuity.
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O’Brien-Pallas et al. (1997) studied singular medical case mix designations of
pediatric patients in relationship to nursing care hours. While each case mix group had
statistically significant differences from one another in terms of nursing care hours
required, F = (70, 1344) = 25.78, p < .0001, medical case mix was not a good predictor of
required nursing care hours. Nursing diagnoses, medical case mix grouper, nurse
characteristics, and the care environment explained 60% of the variance in nursing hours.
The impact of a variety of case mix groups nor the relative complexity of each case mix
group at the unit level was not evaluated. Studies incorporating acuity relating to
influencing outcome measures can be found in Table A4 (see Appendix A).

HPPD Associated with Census Measures and Daily Patient Turnover

Patient census, measured by average daily midnight census (ADMC or ADC) and
/ or daily admissions, discharges, and transfers was evaluated in eleven of the studies.
Using ADT activity broken down by shift and matched with overtime, per diem and float
pool use, Walker (1990) concluded that a predetermined, pre-posted RN work schedule
did not match the required daily shift RN staffing levels required for the additional
workload incurred by patient turnover. Walker (1990) found patient admission patterns to
be consistent and constant throughout the week and found consistently high unit
occupancy because of the constant turnover of patients. That is, there was no predictable
relief period from patient admissions.

Nurses reported patient turnover rates of 40% to 50% in a single shift (Norrish &
Rundall, (2001). A unit activity index (UAI) > 50% suggests the need for increased
staffing. In one study, unplanned admissions from the Emergency Department were as

high as 80% (Walker, 1990). The number of admissions, discharges, and transfers
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occurring on a unit is also known as environmental turbulence (Salyer, 1995).
Environmental turbulence has an impact on nursing workload, and ADTs should be
considered in the overall measurement of nursing workload (Minnick and Mion, 2009).
The intensity of ADT activity adds between 60 and 90 minutes to a nurse’s workload
(Cavouras, 2002). High levels of environmental turbulence, examined over a two month
period as potential stressors on RN job performance, resulted in nurses’ lower self-
perceived quality of communication skills and interpersonal relationships (Salyer, 1995).
Studies incorporating census and environmental turbulence related to or measuring
patient or nurse outcomes can be found in Table A5 (see Appendix A).
HPPD Associated with Economics and the Importance of Utilizing Empirically
Based Methods for Staff Planning

In a survey conducted by the American Hospital Association in November 2008,
53% (N = 736) of hospitals who responded to the survey reported reducing staff (type of
staff not specified in paper) in response to economic concerns (American Hospital
Association, 2009). Nurse staffing is often the target for cost reduction, and is frequently
blamed when cost containment measures are underachieved (Buchan, 2000). Hospitals
often engage in restructuring to reduce costs by replacing RNs with less expensive and
less trained personnel (Norrish & Rundall, 2001). Nurses are vulnerable to cost cutting
measures employed by hospitals because nurses comprise the largest share of the hospital
labor costs (Buerhaus, 2009). Nurse managers need to rely on empirical evidence to
support their staffing plans in order to make an objective business case for securing a
budget that contains adequate numbers of nurses to meet the needs of the patients, the

organization, and the nurses themselves. Without an evidence-based staffing plan, nurse
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managers become susceptible to budget reductions to their nurse full-time equivalents
(FTEy).

Nurse managers, under an expanded scope of fiscal responsibilities, are expected
to link available resources to systematic planning; while at the same time improve
efficiency and control costs (Carruth, 2001). Staff planning is an expected competency
and responsibility of nurse managers. The ANA’s Scope and Standards of Practice for
Nurse Administrators states that nurse managers are responsible for “assuming oversight
for staffing, and scheduling personnel considering scope of practice, competencies,
patient needs, and complexity of care” (American Nurses Association, 2009c¢, p. 17).

Nurse staffing is closely scrutinized at the public level, as evidenced by the
growing number of mandates arising from state government. Currently there are 15 states
that are legislated to address nurse staffing (American Nurses Association, 2009b). Four
additional states have pending legislation (American Nurses Association, 2009b). Eleven
states are required to establish staffing committees (comprised of staff nurses and nurse
managers) to oversee and evaluate unit staffing plans, and four states are required to
publically report nurse staffing (American Nurses Association, 2009b). Given the current
public interest in nurse staffing levels, and the growing body of literature exploring links
between staffing and patient outcomes (Finkler, Kovner, & Jones, 2007), the emphasis on
staff planning has shifted from experience and intuition to data-driven, evidence-based
staffing (Dunham-Taylor & Pinczuk, 2010). Studies specifically targeting or
incorporating economics as findings associated with HPPD can be found in Table A6

(see Appendix A).
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Summary

The American Nurses Association (ANA) states that staffing of any nursing unit
should always take three things into consideration: the achievement of meeting quality
patient outcomes, creating a manageable workload per nurse that supports a quality
lifestyle and positive work environment, and being fiscally responsible to the
organization (American Nurses Association, 2005).

Nursing workload is comprised of the number of assigned patients per shift along
with the required patient specific care (Walker, 1990). The impact of patient turnover
and patient acuity on nursing workload are not well understood (Duffield, Diers, Aisbett,
& Roche, 2009). Creating a balance between the daily nursing workload and the
budgeted staffing plan is a major challenge faced by nurse managers (Czerwinski, 2007).
Staffing plans serve as a baseline from which to make workload adjustments to match the
fluctuating needs of the patients to the abilities of the available staff (2008). The number
and skill type of direct care providers assigned to a nursing unit cost center are pre-
determined via the budget process. However, nurse managers have the ability to add or
subtract these staffing resources as needed according to their assessment of patient care
needs (acuity), anticipated unit activity (patient turnover), knowledge and experience of
staff members assigned to the unit for that shift (Czerwinski, 2007). This is known as
staffing at the unit level (Carayon & Gurses, 2005).

Developing a predictive model staffing plan, adjusted for both patient acuity and
patient turnover, will potentially assist nurse managers to more accurately forecast their
staffing needs by using objective data. Although measuring patient, nurse, and/or hospital

outcomes is not the focus of this study, it is hoped that breaking away from traditionally



derived staffing plans into more evidence-based staffing plans will bring about positive

results for the patients, nurses, and hospital administration.
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Chapter 2
Theoretical Framework
Introduction
Donaldson’s contingency theory of organizational structure, also known as
structural contingency theory (SCT) will be used to guide this study. Mark, Salyer, and
Smith adapted SCT for use in nurse staffing (McGillis-Hall, 2005). This chapter (a)
describes the origins of SCT, (b) outlines the key concepts and assumptions, (c¢) identifies
the use of SCT in health-related research, (d) explores the concepts and assumptions of
Mark, Salyer, and Smith’s adaptation of SCT for use in nursing outcomes research, and
(e) explains the fit of SCT for guiding this research project.
Origins of SCT
Structural contingency theory represents a paradigmatic shift in the ideas
governing organizational structure (Donaldson, 1999). Prior to structural contingency
theory, classical management theory in organizations was de rigueur. Classical
management theory (CMT) held that a singular organizational structure was best for all
organizations: top down control and decision making (Donaldson, 1999). CMT was
popular during the early to mid 1900s, until there was a shift towards the human relations
school of management theory mid-century (Donaldson, 1999). During this time the focus
shifted from senior management to employee participation and group dynamics shaping
the organization.
SCT arose during the last half of the 20" century when beliefs about
organizational effectiveness began to reflect situationally appropriate behaviors as

opposed to rigid rules and procedures. SCT is based upon environmental uncertainty
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(Donaldson, 2001). The fundamental essence of contingency theory is to devise the best
organizational structure to fit the demands of the situation (Kreitner, 2009).
The Major Components of SCT as a Theoretical Framework

Chinn and Kramer (2008) state that theory should include the following
identifiable components: purpose, concepts, definitions, relationships and structure, and
assumptions. The theory of structural contingency will be presented through these
components.

Purpose. The purpose of SCT is to provide organizations with an operational
framework designed to illustrate situational factors impacting the organization’s desired
goals and to help the organization adapt accordingly in order to effectively achieve those
goals. SCT allows for one to analyze a situation of concern, identify the variables that
influence the situation, and initiate a decision or action to ameliorate the situation for the
good of the organization’s overall business strategy and goals (Schoech, 2006). Using
contingency theory principles, managers examine a variety of standardized options and
modify them in an attempt to create the most efficient organization possible (Kreitner,
2009). The purpose of research utilizing structural contingency theory is in matching
contingency factors to the organizational structures and establishing the best fit towards
maximum effectiveness using empirical examination Donaldson (1999).

Assumptions. There are five key assumptions of SCT. The first assumption is that
the best way to manage a situation or event is situational. The second is that there must
be a fit between the organizational structure and the applied contingency. Third, the
applied contingency must result in a positive effect. Fourth, as tasks grow more

unpredictable, more innovation and individualization are required to perform them. Last,
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the organization’s goals have a better chance of being met when the structure is
appropriate to the tasks and the environment (Donaldson, 2001).
Concepts and Relationships

Contingency. Contingency is the degree of environmental uncertainty and the
adaptation of the organization to the situation (Kreitner, 2009). A contingency provides
the relationship between two events or situations Schoech (2006). For example, if an
organization is highly structured with well-defined hierarchy and rigid operating
procedures, an employee who is a self-directed independent thinker would probably be
dissatisfied in that type of environment (Schoech, 2006). Contingencies shape
organizations, whereby the organization adapts to its situation to avoid ineffective
performance (Donaldson, 2001).

Donaldson (1999) defines contingency factors, or variables, as those that affect
the organization such as its internal and external environmental complexity, size, task
uncertainty, task interdependence, strategy, and technology. These variables influence
the overall business milieu to which the organization must adapt in order to be effective
(Donaldson, 1999). The state of the organizational environment holds a pivotal role in
SCT. The environment was conceptualized by Dess & Beard (1984).

Dess and Beard (1984) examined twenty three environmental variables and
reduced their commonalities to three. The three commonalities composing
environmental characteristics are dynamism, complexity and munificence (Dess & Beard,
1984). The dynamic portion of the environment encompasses the degree of stability
experienced by the organization. Complexity refers to the required tasks and available

technology. Munificence refers to the organizational size and capacity.



18

There are four predictors of environmental uncertainty: (a) social, political, and
economic pressure; (b) technology availability and support; (c) availability of resources
and supplies; and (d) the degree of stability on the demand for product or service
(Kreitner, 2009). In addition, assessing the level of environmental uncertainty is a
required precursor for implementing organizational structural strategy (Kreitner, 2009).
Change occurring external to the organizational environment or within the organization
itself introduces the concept of task uncertainty which influences task scheduling. When
there is a great amount of uncertainty within the business environment, it is difficult to
adhere to task schedules. When the scheduling of tasks becomes less effective due to
uncertainty, managers must improvise to find solutions to problems (Donaldson, 1999).
SCT holds that departmental units that are functionally similar are more efficient and
have better performance outcomes (Hollenbeck et al, 2002). However, efficiency is only
achieved within relatively stable and predictable environments. It is the context of the
complexities of instability and uncertainty within units that elicit change and flexibility
consistent with the contingency portion of the theory (Hollenbeck, et al., 2002). Smaller
organizational units are able to more quickly react to environmental or structural changes
(Hollenbeck, et al., 2002)

Structure. The concept of structure is described as the make-up of an
organization and its subunits. Burns and Stalker (2001) examined organizations and first
classified them by the design of their structure (Donaldson, 1999). The Burns and Stalker
model divided organizational structure into two basic types: mechanistic and organic
(Burns & Stalker, 2001). Mechanistic organizations are tightly controlled, top down,

rules-based bureaucracies. Organic organizations are at the opposite end of the
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continuum with characteristics of peer-to-peer communications, innovation, and
flexibility (Kreitner, 2009). The higher the degree of environmental stability, the more
mechanistic the organization (Burns & Stalker, 2001).

Effectiveness. Effectiveness is broadly conceptualized within SCT as a measure
of how well an organization meets its goals. For example, goals set by an organization
may include profitability, employee satisfaction, customer satisfaction, positive patient
outcomes, or degree of innovation. Donaldson uses the terms effectiveness and
performance interchangeably when he writes about SCT (Donaldson, 2001). He sees
effectiveness and performance as similar concepts. For example, an organizational goal
might be to improve positive patient outcomes through a reduction in pressure ulcers.
Under SCT, the reduction in pressure ulcers would be both a measure of organizational
effectiveness and a measure of organizational performance.

Fit. The first level concepts used by SCT, contingency, structure, and effectiveness,
are at the same level of abstraction. However, fit is an overarching concept around
contingency and structure. It is described as the measure that allows an evaluation of the
effect of a contingency upon a corresponding structure. The concept of fit is of major
importance to contingency theory. Donaldson (2001) states that any structural variable
needs to have a good fit with a corresponding contingency variable in order to have a
positive and effectively performing organization. This goodness of fit, so to speak, has a
positive effect on the performance, i.e. the effectiveness, of the organization (Donaldson,
2001).

Thus, the concept of fit explains the association between contingency and

structure. The stronger the relationship between contingency and structure, the stronger
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is the fit between them. Weak relationships are indicative of what is termed misfit.
Empirical research using SCT as its theoretical framework should aim to find
relationships between the contingency / structure fit and performance (Donaldson, 2001).
The goal of any organization should be to find the best structure that fits the situation

(Donaldson, 2004). The relationships among these concepts are illustrated in Figure 1.

Figure 1. Relationships among the first order concepts of SCT.

The structure itself is contingent upon varying factors affecting it: factors labeled
as contingency factors (Donaldson, 1999). A contingency presents itself as a moderator
between an organizational characteristic and resulting effectiveness (Donaldson, 2001).
A varying structure, based on contingency factors such as the size of the organization or
its business strategies, for example, is seen as a moderator for effectiveness.

Healthcare Related Research Using SCT

SCT has been used as a theoretical framework in a variety of health care settings
and situations. Alexander and Randolph (1985) were two of the first researchers to see
the potential of contingency theory for use in nursing research in their examination of the
fit between technology and structure. Fit was measured assuming that for each value of a
technology variable there was a best value of structure, measured by performance.
Therefore, fit was represented as the absolute value between technology and structure.

Using a regression model, the fit between the two components (contingency vis-a-vis
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technology and structure vis-a-vis degree of participation) was found to be a better
predictor of patient care quality than either structure or technology alone or together in
the same model, R 2= 50, F=9.98, p <.01 (Alexander & Randolph, 1985).

Zinn and Mor (1998) reviewed how structure was operationalized in healthcare
research between 1976 and 1995 through a comparison of Donabedian’s Structure-
Process-Outcome (SPO) theory and SCT. Studies using SPO as a guiding framework
operationalized structure through a focus on capability and capacity. SPO studies
measured capability by payer mix, staffing ratios, years of experience (MD and RN),
education and training, and specialization. SPO studies measured capacity by facility
characteristics such as ownership, teaching affiliation, size, and volume. In contrast,
studies using SCT as a guiding framework operationalized structure through degrees of
standardization, specialization, and centralization, such as communication patterns,
coordination efforts and degrees of control (Zinn & Mor, 1998) Frequently studied
patient outcome measures (death, disease, disability, discomfort, and dissatisfaction) are
more alike among researchers than are the theoretical frameworks used to guide their
research (Zinn & Mor, 1998). In other words, regardless which theoretical framework
guided the research study, the outcome measures (SPO) or effectiveness measures (SCT)
were similar in nature.

Larrabee et al. (2003) used SCT as a predictive model using multiple regression to
examine the relationship between nurse job satisfaction and intent to leave. High scores
measured via context, structure, attitude, and job satisfaction variables were hypothesized
to negatively influence a nurse’s intent to leave the job. High scores measured via

context, structure and attitude variables were hypothesized to positively influence a
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nurse’s job satisfaction. For the first hypothesis, structure was operationalized as practice
control and responsiveness of support services. Context was operationalized by degree of
staffing, leadership style, and patient turnover. For the second hypothesis, structure was
operationalized as responsiveness of support services and nurse / physician relationships.
Context was operationalized as leadership style.

For the first hypothesis, Larrabee et al. (2003) found that although structure
variables did predict intent to leave, R? = 26, df =86, F =16.22, p < .0001, none of the
context variables predicted intent to leave (statistics not reported). Therefore, there was a
lack of fit between the context and structure proposed by the first hypothesis. For the
second hypothesis, context and structure influenced job satisfaction only indirectly,
moderated by the influence of psychological empowerment, R’ = .58, df = 82, F = 29.14,
p <.0001). Therefore, psychological empowerment provided the fit between context and
structure.

Zinn, Brannon, Mor, and Barry (2003) used SCT to study managerial and staff
perceptions of their influences over physical and psychosocial care given by nursing
assistants in nursing homes. They hypothesized that the physical work domain would be
seen as being more mechanistically structured (through top down hierarchy) than the
psychosocial work domain despite being provided by the same cadre of nursing
assistants. Context variables were related to physical care and psychosocial care
provided by the nursing assistants. Structure variables were related to the work
environment within which the nursing assistants provided care (degrees of central
authority versus autonomy, standardization of work through rules and practice protocols,

and written documentation as evidence that work was performed).
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Paired ¢ tests were used to compare the degree of structural influence over the
type of care provided (physical versus psychosocial). A hierarchical environment was
found as having a higher degree of influence over physical care than psychosocial care
given by nursing assistants, difference between M = -0.05, SD = 0.03, ¢ value =-1.93, p <
.05 (Zinn, et al., (2003). Charge nurses perceived the greatest difference in structural
influence (difference between M =-0.15, SD = 0.02, ¢ value = -6.75, p < .0001), while the
nursing assistants did not perceive any significant difference in being influenced
(difference between means = -0.05, SD = 0.03, ¢ value = -1.22, p >.05 (Zinn, et al., 2003).
These findings are consistent with the assumptions of SCT that less uncertainty and
unpredictability of regulated required tasks results in a more bureaucratic structure; a
structure appropriate for nursing homes with long term residents and fewer numbers of
professional licensed staff.

Chou, Yano, McCoy, Willis, and Doebbeling (2008) used SCT in conjunction
with SPO to explore strategies associated with facilitating optimal antibiotic use and
controlling the spread of antimicrobial resistant organisms issued through guidelines by
the National Foundation for Infectious Diseases / Centers for Disease Control and
Prevention (NFID-CDC). Contingency (process) was operationalized through measures
that promoted implementation such as organizational culture, communication systems,
and coordination of effort. Structure was operationalized by ascertaining the degree of
formalization, centralization, and standardization in place within the organization. Chou
et al. (2008) hypothesized that organizations that were more mechanistic were more

likely to implement NFID-CDC guidelines.
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A stepwise regression analysis with backward selection was used to examine
structure and process variables vis-a-vis optimization of antibiotic use as well as
controlling the spread of antimicrobial resistant organisms. Two of the three structural
variable categories were positively associated with strategies to optimize antibiotic use:
formalization: R* = .26, p <.0001; centralization: R =1 1, p <.0001. Of the three
contingency variable categories, only culture was positively associated with strategies to
optimize antibiotic use: data-driven culture: R’ = .36, p <.0001; flexible culture: R’ = .10,
p <.0001. All three structural variable categories were positively associated with
strategies to control the spread of antimicrobial resistant organisms: formalization (hand
hygiene compliance feedback), R’ = .32, p < .0001; provision of infection control
policies, R?= .04, p <.05; standardization, R’ = .06, p <.0001; centralization, R’ = 23,p
<.0001. All three contingency variable categories were also positively associated with
strategies to optimize antibiotic use: coordination, R’ = .10, p <.0001; culture, R’ = .08, p
<.0001; and communication, R’= .07, p <.0001 (Chou, et al., 2008). The high degrees
of formalization, centralization, and standardization in place within mechanistic
organizations were an appropriate fit of structure for effectively promoting the adoption
of NFID-CSC guidelines (Chou et al., 2008).

Using secondary data analysis, Bacon, Hughes, and Mark (2009) examined the
relationships among hospital context, nursing unit structure and patient characteristics to
patients’ perceptions of their symptom management. Contingency was operationalized
through environmental measurement (teaching status, magnet status, patient acuity and
work complexity), and patient characteristics (age, gender, and previous hospitalizations).

Structure was operationalized through measures of unit capacity (skill mix and RN
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education), work engagement (RN experience on unit and nursing expertise), and
working conditions (autonomy and decision-making). Effectiveness was measured by
patient perception of symptom management (Bacon, et al., 2009).

While neither unit capacity, R’ = 152, p > .05, nor work engagement, R’= .047,
p > .05 were significantly related to patients’ perceptions of symptom management,
working conditions did significantly enhance patients’ perceptions of symptom
management, R’ = .144, p < .05 (Bacon, et al., 2009). It should also be noted that
although patient characteristics were included as contingency variables, and patient age
did demonstrate a significant relationship with patients’ perceptions of symptom
management, R’ = .082, p <.001 (Bacon, et al., 2009) , patient characteristics were not
associated with structure in Bacon, Hughes, and Mark’s model in order to satisty the
concept of fit.
Use of SCT to Guide Nurse Staffing: The NSOR Model

The inspiration for using SCT for the proposed study arose from McGillis-Hall’s
(2005) review of the theoretical frameworks used to guide nurse staffing. McGillis-Hall
noted that research conducted by Mark, Salyer, and Smith used SCT to incorporate
measures of nurse staffing. Mark, Salyer, and Smith (1996) proposed the Nursing
Systems Outcomes Research (NSOR) model based on SCT to inform empirical studies of
interest to nursing administration. Mark et al. (1996) labeled the SCT concepts as context

(contingency), structure, and effectiveness (Figure 2.).

Figure 2. Mark, Salyer, and Smith’s (1996) modification of SCT concepts
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Mark et al. (1996) contend that there are two underlying assumptions of
contingency theory: (a) the organization’s environment and its technologies comprise its
context, which must be taken into consideration by the structure of the organization
subunits, and (b) not every subunit needs to adopt the same organizational structure.

Mark et al. (1996) emphasized structure and context; while effectiveness may be
an outcome of interest, it is not the primary focus of SCT. Nor is SCT’s concept of fit a
deliberate part of the NSOR model. Each of the contextual, structural, and effectiveness
variables representing NSOR were specifically selected for their focus on nursing as an
organizational subunit (Mark, Salyer, & Smith, 1996). They also indicated that these
variables are related to current areas of nursing research interest, and “are increasingly
critical in nurse executive decision making” (p. 15).

Operationalizing NSOR Concepts

In the NSOR model, the concept of context is operationalized by four hospital
characteristics and four nursing unit characteristics. The four hospital characteristics are:
(a) teaching status, (b) organizational size, (c) organizational life cycle, and (d) hospital
technology. The four nursing unit characteristics are (a) skill mix, (b) education, (c)
nursing unit technology, and (d) organizational life cycle.

Teaching status (teaching / non-teaching) and organizational size (bed capacity)
are self-explanatory. Organizational life cycle refers to changes in the growth or decline
status of the organization over time and the resulting potential for instability and
uncertainty. Hospital technology refers to the complexity of the services offered by the

hospital, often affecting nursing workload.
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Skill mix refers to the proportion of RNs to all nursing staff. Education is the
average formal education possessed by the nursing staff on a unit. Mark et al. (1996) use
Alexander and Bauerschmidt’s (1987) definition of nursing unit technology: “tasks
employed by nursing personnel to change the status of a patient from a hospitalized
patient to a discharged person” (p. 17). There are three classifications of tasks associated
with nursing technology: uncertainty, instability, and variability. Organizational life
cycle pertaining to the nursing unit concerns growth or decline in occupancy and patient
days experienced by the nursing unit itself.

Structural variables are operationalized as decentralization, autonomy, nurse-
physician collaboration, support services. Decentralization refers to decision-making and
whether it is an autocratic or participative process. Autonomy pertains to the degree of
independence and discretion at the level of the individual in determining and performing
work within the employee job description. Nurse-physician collaboration is associated
with overall professional practice and the environmental climate. Support service
pertains to work design and implementation to support the work of the nurse in providing
non-nursing tasks.

Effectiveness variables of concern in the NSOR model are medication
administration errors, patient falls, patient satisfaction, job satisfaction, turnover,
perceived team performance, and cost efficiency. However, given the diversity of patient
characteristics and disease processes, any patient outcome of interest is a possible
effectiveness variable (Mark et al., 1996). Knowledge development across nursing units
and hospitals and the development of new methods to deploy towards the attainment of

cost effectiveness are the fundamental objective (Mark et al., 1996). Table 7A (see
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Appendix A) includes a summary of research preformed by Mark and colleagues using
SCT / NSOR.
Application of SCT for the Proposed Study

To illustrate SCT for this study, consider that nursing workload, measured by
hours per patient day (HPPD), is affected by the amount of activity occurring through
patient movement on and off the unit in the form of admissions, discharges and transfers.
This activity can be measured by the Unit Activity Index (UAI) and relates to how many
times patients are turning over during any specified period. Each ADT adds incremental
nursing time required to complete these activities.

The amount of resources consumed by the patient can be measured by case-mix
index (CMI). CMI is commonly used by hospitals as a relative measure of resource
utilization and severity of illness (Friesner, Rosenman, & McPherson, 2007). It is tied to
diagnosis related groupings (DRGs) and hospital costs and provides a basis for adjusting
variation among differences in patient morbidity for hospital-to-hospital comparison
(Kuster, et al., 2008). CMI in this study is used as a proxy measure of patient acuity.
UAI and CMI become the contingencies, or contextual environment of the work
performed. Nurse staffing represents a structural characteristic contained within the
hospital environment (Brewer & Frazier, 1998).

The application of a weight factor model to the context can be considered the
technique applied to manage and control the work, thereby assisting the nurse managers
to stay on target for HPPD and on budget, two organizational goals. This satisfies the fit
between the contingency and structure parts of the model. The effectiveness portion of

the SCT will be measured through a comparative analysis of predicted versus actual
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worked hours per patient day. Although not a measure of effectiveness of this study per
se, McGillis-Hall (2005) does list cost as a measure of effectiveness. Staffing costs could
always be determined by calculating predicted versus actual HPPD. A representation of

the SCT model applied to this study is found in Figure 3.

Fit
Weight factor

Contingency Structure Effectiveness
Case Mix Index —  HPPD (Nurse Staffing) —» Lessvariance between
Unit Activity Index planned and actual HPPD
using weight factor

Figure 3. Variables to be measured by this study using SCT as a theoretical framework
Summary
SCT is an excellent theoretical framework to guide this study because of its

conceptual appeal using contingency, structure, effectiveness, and fit. Using a weight
factor to effectively link CMI and UAI to HPPD will bring nurse staffing research a step
closer to having an empirically based model by which to guide staff planning.
Operational Terms, Definitions, and Formulas

Admissions, discharges and transfers (ADTs). The number of patients admitted to,
discharged from, transferred to, or transferred from a nursing unit during a defined time
period such as per day or per week

Average Daily Census (ADC). Midnight census

Average patient length of stay (ALOS). Inpatient days (midnight census) /

Inpatient discharges



30

Case Mix Index (CMI). A relative measure of resource utilization and severity of
illness (Friesner, et al., 2007). It is tied to diagnosis related groupings (DRGs) and
hospital costs and provides a basis for adjusting variation among differences in patient
morbidity for hospital-to-hospital comparison (Kuster, et al., 2008). Midwest Healthcare
Coding (2008) formula for CMI:

> (Relative Weights (payor/ provider/ time frame))

Number of patients

Direct Care Providers. Includes RNs, LPNs, and UAPs who provide care to a
patient

Fulltime Equivalent (FTE). 40 hours paid time per week

Hours per Patient Day (HPPD). The total number of worked hours by direct care
providers divided by the ADC for a defined time period such as per day or per week.
Typically, nursing unit staffing is reported in hours per patient day. A measure of nursing
intensity.

Midnight census. A count of all occupied beds on a nursing unit at midnight

Nursing workload. The number of assigned patients per shift along with the
required patient specific care (Walker, 1990).

Patient acuity. A measure of how sick a patient is and how many resources a
patient requires in terms of nursing care and treatments. Often measured through
commercial or homegrown acuity systems

Patient turnover. Patients who are admitted to or leave from a nursing unit.
Includes admissions, discharges, and transfers in and out.

Patient to Nurse (PTN) ratio. The number of patients assigned to an RN
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Total treated patients. The starting census of a 24 hour period plus the number of
admissions during the same 24 hour period

Unit Activity Index (UAI). A ratio of ADTs to total treated patients

Unlicensed Care Provider (UAP). Nursing assistants. Also referred to as CNAs or
PCAs

Worked hours. Number of hours worked by direct care providers on a nursing
unit. Includes time worked for regular and overtime pay rates. Includes time worked by
any source of direct care providers including agency/traveler staff, float pool staff, per
diems, or floats from other nursing units. Does not include paid or unpaid time off unit,
nor hours worked providing indirect care such as by charge nurses without a patient

assignment or by UAPs providing one-to-one observation (sitter) care.
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Chapter 3
Methods
Introduction
This study was the first to examine the relationship between patient acuity using
case mix index and hours per patient day along with the relationship between patient
turnover using the unit activity index and hours per patient day at the unit level. A weight
factor, built upon a measure of patient acuity and patient turnover, was applied to planned
hours per patient day using the weight factor decision model found in Appendix B, and to
all units demonstrating a significant correlation. The annual staffing plans for each unit
in the study, as well as each unit type (medical, surgical, or mixed medical-surgical),
were compared for an improvement in the variance between planned and actual hours per
patient day with and without incorporating a weight factor.
Design
A retrospective design was chosen for this quantitative study using secondary data
analysis from four data sources: McKesson’s ANSOS One-Staff™ nurse scheduling
system, Medical Information Technology, Inc. (Meditech), the organization’s patient
information system, case mix index from the organization’s Finance Department, and the
organization’s annual staffing plans for each unit included in the study.

The daily census by shift report from Meditech provided patient days for the
numerator portion of HPPD. ANSOS One-Staff™ was the source of worked hours by
the direct care providers used for the denominator portion of HPPD. Meditech also
provided the number of admissions, discharges, and transfers in and out of the unit used

to calculate UAI. Case mix index, computed by the study sites’ Health Information
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Management System (HIMS) Department and stored as part of patient information in
Meditech was provided by the organization’s Finance Department in the form of a
Microsoft Excel spreadsheet. The organization’s annual staffing plans for each study unit
were used to determine if the application of a weight factor improved the variance
between planned and actual HPPD.
Inclusion / Exclusion Criteria

Data encompassed three fiscal years: October 1, 2006 to September 30, 2009.
Worked hours, patient census, and patient case mix index were obtained for inpatient
acute care adult medical (n = 7), surgical (n = 4), or mixed medical units (n = 3) from the
study’s setting. These types of units were selected because of the public interest around
staffing standards, typically focused on adult inpatient acute care units. Types of patient
care units excluded from this study were critical care units, pediatric units, behavioral
health units, and specialty units such as bone marrow transplant, post-anesthesia care,
maternity, and emergency departments. Three fiscal years of data were used to obtain
correlation results between HPPD and UAI and CMI. Two fiscal years of staffing plans
were examined for an improvement in the variance between weighted and unweighted
HPPD as a result of the correlational findings for this study. Fiscal year data were chosen
to correspond with data reported to Massachusetts Patient CareLink (formerly
Massachusetts Patients First). The fiscal year (FY) utilized by the study hospitals spans
October to September. Since weekly data were used for the correlations, fiscal year
periods were defined as follows: October 1, 2006 to September 29, 2007 (FY 2007),
September 30, 2007 to September 27, 2008 (FY 2008) and September 28, 2008 to

September 26, 2009 (FY 2009). A total of 14 units were included in the final data set for
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FY 2007 and FY 2008, and 15 units were included for FY 2009, again to correspond with
data submitted to Massachusetts Patient CareLink.

During FY 2007, two large units were divided into smaller units. Data from the
smaller units, albeit for a partial fiscal year, were reported to Massachusetts Patient
CareLink. At the beginning of FY 2009, one large mixed medical-surgical unit was
divided into two separate units; one became a surgical unit and the other remained a
mixed medical-surgical unit.

Setting and Sample Size

Data were obtained from a large healthcare organization located in central
Massachusetts. There were two data samples. The first sample, used for Aim 1, was for
the correlation of CMI and UAI with HPPD. This consisted of 3 years of weekly data
from each of the study units. Data was examined at the unit level and aggregated by unit
type; medical, surgical, or mixed medical-surgical to correspond with the same typology
utilized by Patient CareLink. Total number of data was 2,004 weeks. A breakdown of
unit type and unit level numbers of data used in this study can be found in Table A8 (see
Appendix A). Each unit’s weekly data consisted of the computed HPPD as the
dependent variable, and the corresponding CMI and UALI for that same week as
independent variables.

In addition to the first sample, a second sample was utilized, based on the findings
from the correlation analysis. Annualized CMI and UAI data from each previous fiscal
year were used as unit type specific weight factors applied to the following fiscal year’s
staffing plan in preparation for the analysis stipulated by Aim 3. A representation of the

sample sizes and how each will be used can be found in Table A9 (see Appendix A).
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Measures and Procedures

A typical staffing plan is a visual representation of how many RNs, LPNs, and
UAPs are needed by shift and by day of the week to provide care for the average daily
census (ADC), or the average number of patients expected to be on the unit each day.
The planned ADC is calculated from the unit’s planned annual patient days. The
hospital’s finance department determines the annual patient days based on the
organization’s business assumptions for the forthcoming year. It can be ascertained how
many hours of work per week are deemed necessary from the staffing plan. The total
number of work hours per week can then be divided by the ADC to obtain the HPPD.
Only direct care providers (RNs, LPNs, and UAPs) are counted for HPPD. An example
of a staffing plan can be found in Appendix C.

Actual worked hours by direct care providers were obtained from
ANSOS/OneStaff, the hospital’s nurse staffing and scheduling system. Worked hours
included any regular and overtime hours worked; they did not include non-worked hours
such as sick time, vacation time, or time spent at seminars or meetings.

In order to compute the UAI, actual census and number of admissions, discharges
and transfers (ADTs) were obtained from Meditech, the hospitals’ patient information
system. A daily report was available that indicated the ADTs by unit and by shift, along
with the ADC. UAl is the ratio of ADTs to total treated patients (Jacobson, et al., 1999;
Wagner, Budreau, & Everett, 2005). The denominator of total treated patients is derived
from the average midnight census plus the average ADTs. For this study UAI was
computed as the number of ADTs per week for each specific unit divided by the number

of total treated patients per week for that same unit.
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There was no patient acuity system used by nursing in the sample hospitals.
Therefore, in order to have a measure of patient acuity, case mix index was used. Case
mix index is commonly used by hospitals not only for Medicare cases as a relative
measure of resource utilization and severity of illness (Friesner, et al., 2007), but CMI is
also typically used for all hospital cases (McCue, Mark, & Harless, 2003). The
advantage of using case mix index as a proxy measure for patient acuity is that it provides
standardization (Brennan & Daly, 2009; Seago, et al., 2006; Upenieks, Akhavan,
Kotlerman, Esser, & Ngo, 2007). This eliminates the subjectivity found in patient acuity
systems where the data is entered by the nurses (Campbell, Taylor, Callaghan, &
Shuldham, 1997). The disadvantage is that case mix index does not capture individual
patient complexity data at a specific point in time. Rather, it is an aggregate of the
consumption of resources over the patient’s entire length of stay (Petryshen, et al., 1995).

Case mix index is tied to diagnosis related groupings (DRGs) and hospital costs
and provides a basis for adjusting variation among differences in patient morbidity for
hospital-to-hospital comparison (Kuster, et al., 2008). Inpatients are assigned a DRG
based on diseases and procedures. Each DRG has a weight that is used to calculate case
mix. The DRGs and relative weights are assigned by trained and certified coders in the
Health Information Management System (HIMS) Department (formerly known as
Medical Records).

It is in the hospital’s best interest to ensure accurate coding in order to not only
receive the correct reimbursement, but also to be accurately risk adjusted when
submitting quality data for quality ratings and rankings among other hospitals

(Rangachari, 2007). Commercial software, such as 3M Encoder, is used to assign DRGs,
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based on coder input of extracted physician diagnoses and procedure code data from the
medical record. Additional software tools, such as PwC’s Systematic Monitoring and
Review Technique (SMART) can be programmed to identify outliers for manual review.
Other audits to ensure data accuracy are conducted periodically, both by in-house
personnel (such as from the Office of Compliance) and by external third party payers.

Once the DRG coding has been finalized, the organization’s Finance Department
calculates the CMI based on the relative weight data assigned by the coding software
according to the formula below and the results are stored as part of patient information in
Meditech. The formula (Midwest Healthcare Coding) for CMI is:

> (Relative Weights (payor/ provider/ time frame))

number of patients

CMI data for each week for each unit included in the study were provided to the principle
investigator by the Finance Department on a Microsoft Excel spreadsheet

Staffing data were available for each week of the study period along with patient
turnover data and case mix index data for each study unit. Full fiscal years’ data were not
available for some units due to changes in the unit composition during the year and are
noted in Table A8. All data were cleaned for obvious outliers and corrections were made.
No further data were excluded following corrections to outliers. Data were further
screened for meeting the assumptions for parametric data use. Two basic assumptions for
using parametric data are that data should be normally distributed and there should be
homogeneity of variance (Field, 2005). Histograms were run for all variables, both
aggregated by unit type and aggregated by fiscal year as well as by individual units in

order to identify obvious outliers.
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Data Management
Data was managed through the purchase of a secure research drive access to store

de-identified data in the form of Microsoft Excel (2007) spreadsheets, SPSS® (16.0.1)
data sheets, and SPSS® (16.0.1) output sheets. The research drive is a network drive
hosted by the University of Massachusetts, Worcester and is backed up nightly. In
addition, data backup was provided in the form of an external flash drive provided to two
of three committee members in the unlikely event of a system failure.
Data Collection and Analysis: Aim 1

The first aim of this study sought to establish relationships between patient acuity
(using CMI) and HPPD and between patient turnover (using UAI) and HPPD. This
relationship can be positive or negative. Tests for normalities of data were performed,
including homogeneity of data (such as histograms) and degree of skewness (such as the
KS test). Correlations were performed using Pearson r. Two sets of correlations were
run: the first set examined relationships between HPPD and UAI and the second set
examined relationships between HPPD and CMI.

Each row of data consisted of a week ending date, unit name, and case mix index.
To calculate patient turnover using UAI, the number of patient days, the number of
patient admissions and transfers into the unit, the number of patient discharges and
transfers from the unit, and midnight census were imported from the Meditech Daily
Census report. Data were then imported into a Microsoft Excel spreadsheet in order to
perform the calculations.

Data needed to calculate HPPD was downloaded from ANSOS One-Staff™

through the application’s report writer and consisted of date, unit name, regular hours
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worked by direct care providers, and any overtime hours worked by direct care providers.
The formula for determining HPPD was the total number of patient days divided by total
worked hours for a specified period. For the purposes of this study, data from the
Meditech Daily census report and from ANSOS One-Staff™ were aggregated into
weekending dates in order to be linked to the CMI data.

To arrive at data by weekending date, HPPD was calculated as the sum of regular
worked hours per week for each unit plus the sum of overtime hours worked per each
week for each unit divided by the sum of patient days per each week for each unit. The
UAI was calculated as the sum of admissions, discharges, and transfers (ADTs) divided
by the average midnight census for each unit for each week plus the average ADTs for
each unit for each week. ADTs were calculated as the number of patient admissions and
transfers into each unit for each week, plus the sum of patient discharges and transfers out
of each unit for each week.

The Microsoft Excel spreadsheets containing CMI data, patient census data, and
direct care provider worked hours data were brought together into a Microsoft Access
(2007) database via a series of tables and queries prior to importing to SPSS® (16.0.1).
Tables A10 and Al1 (see Appendix A) contain the variables, tables, and queries that
needed to be brought together into one query for import into SPSS® (16.0.1), represented
in Table A12 (see Appendix A).

Data Collection and Analysis: Aim 2

The second Aim sought to examine the fit between the contingencies of case mix

index and unit activity index on the structure of hours per patient day, utilizing them as

weight factors for building a more accurate predictive annual staffing plan. Two different
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weight factors were derived in order to examine the moderating effects of CMI and UAI
on HPPD.

Weighting is the act of adding emphasis to measures (Agency for Healthcare
Research and Quality, 2003). There are no standardized methods for applying weights.
Weights may be determined a priori and then applied to a model, or can be derived
empirically (Davis & Sauser, 1993). However, weighting measures are most often
determined subjectively through expert judgment (Agency for Healthcare Research and
Quality, 2003). When modeling data, as is the case in this study, a “measure of
uncertainty should be included in the analysis. This uncertainty is expressed by means of
a weight (or emphasis)...” (Bourne, 2003, p. 13.11). Both case mix index and patient
turnover add uncertainty to hours per patient day ultimately worked, and thus were used
to derive the weight that was used to adjust HPPD.

The first weight factor was derived from calculating the slope intercept from the
linear regression of CMI and UAI. The formula used was the regression coefficient b for
the dependent variable (HPPD) plus the regression coefficient b for the first independent
variable (UAI) multiplied by the mean UAI from same fiscal year + the regression
coefficient b for the second independent variable (CMI) multiplied by the mean CMI
from same fiscal year divided by the planned HPPD. The weight factors derived from this
method are found in Table A13 (see Appendix A).

The second method of weighting consisted of taking each nursing unit’s annual
case mix index and multiplying it by its annual unit activity index, grouped within its unit
type (medical, surgical, and mixed medical-surgical). The product of CMI and UAI was

used to subtract the as yet unknown weight divided by -1 represented by the formula CMI
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x UAI-(x/-1) where x is the unknown weight. Then through a series of trial and error, a
number always less than one was inserted into the formula to represent a weight until the
products of each unit’s CMI x UAI summed to zero. Once the sums of each unit’s
products of CMI x UAI reached zero, the weight was multiplied by -1 to make it a
positive number. This process was repeated for the three unit types: medical, surgical,
and mixed medical-surgical. The weight factors derived from this method are found in
Table A14 (see Appendix A).

These two weighting methods were examined for similarities and differences in
their results. This was an important step because replication of this method is desired for
establishing future generalizability. Similar results mean that determining weight factors
from a Microsoft Excel spreadsheet would be easier to replicate for nurse managers than
using more complex statistical software and formulas.

Applying the Weight Factor Model

Each nursing unit’s average annual case mix index and unit activity index that had
been calculated and used for determining the weight factor were examined to know
whether or not to adjust a staffing plan’s HPPD through the application of the weight
factor. In accordance with the decision model found in Appendix B, if a unit had both a
higher than average CMI and a higher than average UAI among its unit type cohort, the
specific unit type weight factor was added to the specific unit type HPPD used in
constructing the unit’s annual staffing plan. For example, if the HPPD used for medical
units was set at 8.57 and Unit A had a higher than average UAI and CMI within its cohort

of all medical units, and a weight factor of 0.72 had been derived for the medical unit
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cohort, the weight factor of 0.72 would be added to the HPPD set at 8.57 giving Unit A a
new target HPPD of 9.29 (8.57 + 0.72) from which to construct a staffing plan.

If a unit had both a lower than average CMI and lower than average UAI among its
unit type peers, the unit type specific weight factor was subtracted from HPPD for use in
building the unit’s annual staffing plan. For example, if the HPPD used for medical units
was set at 8.57 and Unit B had both a lower than average UAI and lower than average
CMI within its cohort of all medical units, and a weight factor of 0.72 had been derived
for the medical unit cohort, the weight factor of 0.72 would be subtracted from the HPPD
set at 8.57 giving Unit B a new target HPPD of 7.85 (8.57 - 0.72) from which to construct
a staffing plan.

If a unit has a lower than average CMI but a higher than average UAI among its
type peers, the type specific weight factor will be ignored and only the specific unit type
HPPD would be used for constructing the unit’s annual staffing plan. For example, if the
HPPD used for medical units was set at 8.57 and Unit C had a lower than average CMI
but a higher than average UAI within its cohort of all medical units, Unit C would use the
HPPD set at 8.57 from which to construct a staffing plan. Conversely, if a unit has a
higher than average CMI but a lower than average UAI among its type peers, the type
specific weight factor will be ignored and only the specific unit type HPPD would be
used for constructing the unit’s annual staffing plan. For example, if the HPPD used for
medical units was set at 8.57 and Unit D had a higher than average CMI but a lower than
average UAI within its cohort of all medical units, Unit D would use the HPPD set at

8.57 from which to construct a staffing plan.
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Data Collection and Analysis: Aim 3

The third and final aim was to determine if there were differences in variance
between weighted and unweighted planned HPPD and actual HPPD. Each unit’s annual
staffing plan was used as the source for the originally planned HPPD. Data collected for
Aim 1 will serve as the source for actual HPPD for each unit for each year in the study.
Adjusted HPPD will be obtained from the application of the weight factor specified by
Aim 2. Both weighted and unweighted planned HPPD will be compared against the
actual for each unit and by unit type. Variance between unweighted planned HPPD and
actual HPPD along with weighted HPPD and actual HPPD will be examined. In addition,
a simple count of the number of weeks HPPD was on target (within 5% of planned per
Massachusetts Patients First parameters) with and without a weight factor applied by unit
and by unit type was presented.
Methodological Issues

Secondary data use. Secondary data are those which are utilized for a purpose
other than for what they were originally intended when collected (Nicoll & Beyea, 1999),
(Polit & Beck, 2008). The original data may not have been collected for research
purposes at all, such as census data. However, secondary data are an excellent source of
variables for use when conducting new and exploratory research (Nicoll & Beyea, 1999).
Using secondary data is often cost efficient and time effective (Magee, Lee, Giuliano, &
Munro, 2006). Variables in the original dataset used as independent variables can become
dependent variables in a new study (Polit & Beck, 2008). For this study, HPPD was used
as the dependent variable unlike in other studies where it has been used as the predictor

or independent variable.
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When using secondary data, it is imperative that the researcher examine the data for
actual or potential errors. Each variable to be used in the researcher’s new study must be
reviewed for quality, integrity and accuracy. Data entry is error prone and error in large
datasets is commonplace (Maletic & Marcus, 2000). When errors are found, the
researcher must have an established a priori plan for addressing them. For example, if
the secondary data contains records from the year 2006 and an entry of 2060 is found,
should an assumption be made that the 0 and 6 have been transposed? Or should this
record not be included? If a blank field is found, should the missing data be imputed or
discarded? The researcher needs to ask how much data can be safely imputed without
compromising integrity (Moody & McMillan, 2002).

The mixing and matching of data sources can also have an impact on research. For
example, taking staffing data from one source and linking them to patient outcomes from
a different source should be considered as a potential source of error when examining
findings (Donaldson, Brown, & Aydin, 2001; Mark, 2006). The researcher must be very
careful to ensure the congruence of data if using different sources, such as date linking,
unit linking, or hospital linking. Because the researcher does not define the data, when
using secondary data there must be a match between concepts of the proposed research’s
theoretical framework and the variables to be used (Magee, et al., 2006). The importance
of using a theoretical or conceptual framework to guide data analysis using secondary
data cannot be overemphasized (Magee et al., 2006; Mark, 2006).

Nurse Staffing Research
There are specific methodological issues concerning nurse staffing research in

addition to the issues inherent in using secondary data sources. Mark (2006) outlined
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several issues that researchers must heed; (a) lack of well-developed theories to guide
research, (b) different databases using different staffing definitions, and (c) risk
adjustment differences.

There is no standardization in the measuring, collecting, or reporting of nurse
staffing (Welton, Zone Smith, & Bandyopadhyay, 2009). Typically, hours used to
measure HPPD on acute care medical surgical units consist of regular and overtime hours
worked by direct care providers i.e. RNs, LPNs, and UAPs. However, California’s
Office of Statewide Health Planning and Development (OSHPD) database includes
meeting time and educational activities internal or external to the hospital in addition to
regular and overtime hours worked (Office of Statewide Health Planning and
Development, 2009).

FTEs can be reported as 40 hour per week employees or > 36 hour per week
employees. The difference between 40 hours per week per year versus 36 hours per week
per year is 208 hours per year. This equates to one less FTE for every 10 employees if, in
the absence of database field definitions, the researcher assumes an FTE to be 40 hours.

Risk adjustments, such as disparate patient acuity measures, are also subject to
validity questions. O'Brien-Pallas, Cockerill, and Leatt (1992) found a difference of 4.53
HPPD when applying four different acuity classification systems to the same patients.

Mark (2006) offers three defenses to guard against threats to internal validity
when conducting research in the area of nurse staffing: (a) using a well-developed
theoretical framework or conceptual model to guide the study, (b) using reliable and valid
data, and (c) using a valid, purposeful risk adjustment method consistent with the aims of

the study.
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For this study, the principle investigator was well acquainted with the data
sources, definitions, and usage. Although there may have been minor errors in data
coding inherent in all large datasets, gross errors had been discovered and corrected
because the data sources had been used and validated for previous internal and external
reporting by the included study units. Case mix index is a nationally accepted measure
used by all inpatient hospitals. Unit activity index has been well-documented in the
literature. A well-described theoretical framework had been established and connected to
the specific aims in order to guide the study, outlined in Table A15 (see Appendix A)
Human Subjects Issues

No identifiable patient information was used. No identifiable employee
information was used. Nursing units were de-identified and referred to by a letter and
described as medical, surgical, or mixed medical-surgical unit type. An exempt IRB
review was granted. There were no inherent risks to this study that have as yet been
identified.

Summary

The creation of a predictive staffing model that incorporates the complexities of
patient acuity and patient turnover is very challenging. Ultimately, finding a staffing
model that results in less variance between planned and actual HPPD will enable nurse
managers to stay on budget, reduce overtime, and provide staff with a more manageable

workload.
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Chapter 4
Results

Introduction

This chapter contains descriptive statistics of all data used in this study, organized
by specific aim. Findings of correlations between the dependent variable, hours per
patient day (HPPD) and the two independent variables, unit activity index (UAI) and case
mix index (CMI) will be described. The derivation of a weight factor, using two different
methods, for use in adjusting planned HPPD will be presented. The findings from
adjusting planned HPPD from the application of two different weight factors using two
different decision models will also be presented.
Descriptive Data

A total of 2,004 weeks of data were examined from all units included in the study:
900 weeks of medical unit data, 638 weeks of surgical unit data, and 466 weeks of mixed
medical-surgical unit data. For individual units across all 3 years, weeks of data ranged
from 50 (one partial fiscal year) to 156 (3 years of 52 weeks each). For individual units
within a fiscal year, data ranged from 34 weeks (four units reporting partial fiscal years)
to full fiscal year reporting of 52 weeks per unit. Specific unit and aggregated data
relative to inclusion numbers can be found in Table AS.
This study’s dependent variable, hours per patient day (HPPD) ranged from 6.51,

n =52 on a mixed medical-surgical unit in FY 2007 to 14.68, n = 52 on a surgical unit in
FY 2008. Mean HPPD ranged from 7.80, n =52 on a mixed medical-surgical unit in FY
2007 to 10.29, n = 52 on a surgical unit in FY 2008. Standard deviations for HPPD

ranged from 0.31, n = 52 on a surgical unit in FY 2007 to 1.11, n = 52 on a surgical unit
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in FY 2008. Median HPPD ranged from 7.66, n = 52 on a mixed medical-surgical unit in
FY 2007 to 10.28, n = 52 on a surgical unit in FY 2008.

Medical unit HPPD ranged from 6.72 to 12.46, N = 900, with a mean span of 8.70
to 9.46, an overall mean difference of 14 minutes. Surgical unit HPPD ranged from 7.23
to 14.68, N = 638 with a mean span of 8.88 to 9.70; an overall mean difference of nearly
one hour. Mixed medical-surgical unit HPPD ranged from 6.51 to 10.94, n = 466 with a
mean span of 8.37 to 9.07; an overall mean difference of only approximately 26 minutes.
A full description of HPPD findings, including means, standard deviations, medians, and
ranges by unit and by fiscal year can be found in Tables A16, A17, and A18 (see
Appendix A).

Unit activity index (UAI), the measure of patient turnover and the first
independent variable of this study, ranged from 25%, n = 52 on a medical unit in FY
2008 to 72%, n = 52 on a surgical unit in FY 2007. Mean UAI ranged from 25%, n = 52
on a mixed medical-surgical unit in FY 2008 to 72%, n = 52 on a surgical unit in FY
2007. The range of standard deviations for UAI was small: 0.04 to 0.09. Nine units, n=
466 had standard deviations of 0.04. Surgical units, n = 258, aggregated across FY 2009
had a standard deviation of 0.09. Median UAI ranged from 38%, n = 52 on a medical unit
in FY 2007 to 57%, n = 52 on a surgical unit in FY 2009.

Medical unit UAI ranged from 25% to 69%, n = 900, with a mean span of 46% to
47%, an overall mean difference of just 1%. Surgical unit UAI ranged from 27% to 72%,
n = 638 with a mean span of 48% to 50%, a mean difference of 2%. Mixed medical-
surgical unit UAI ranged from 32% to 68%, n = 466 with a mean span of 47% to 49%,

again a mean difference of just 2%. A full description of UAI findings, including means,
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standard deviations, medians, and ranges by unit and by fiscal year can be found in
Tables A19, A20, and A21 (see Appendix A).

Case mix index (CMI), the proxy measure of patient acuity and this study’s
second independent variable, ranged from 0.6361, n = 52 on a medical unit in FY 2007 to
4.9653, n = 52 on a mixed medical-surgical unit also in FY 2007. Mean CMI ranged from
1.0750, n = 52 on a medical unit in FY 2009 to 2.8090, n = 52 on a surgical unit in FY
2007. Standard deviations for CMI ranged from 0.11, n = 104 on the same mixed medical
surgical unit for both FY 2007 and FY 2008 to 0.59, n = 52 on a mixed medical-surgical
unit in FY 2007.

Medical unit CMI ranged from 0.6361 to 3.9329, n = 900 with a mean span of
1.2460 to 1.2750. Surgical unit CMI ranged from 1.2043 to 4.2197, n = 638 with a mean
span of 2.0180 to 2.0930. Mixed medical-surgical unit CMI ranged from 0.9106 to
4.9653, n = 466 with a mean span of 1.3190 to 1.4210. A full description of CMI
findings, including means, standard deviations, medians, and ranges by unit and by fiscal
year can be found in Tables A22, A23, and A24 (see Appendix A).

Histograms and box plots for the aggregates of all units and unit types are
presented in Appendix D. Histograms and box plots for individual units are not shown,
but no obvious problems requiring data transformation were noted.

Findings for Specific Aim 1

Aim 1 sought to examine the correlation between patient acuity (using case mix
index) and patient turnover (using unit activity index) as contingencies on the structure of
worked hours per patient day. Results of these data can be found in Tables A25, A26, and

A27 (see Appendix A). Although significant correlations (p < 0.01) between HPPD and
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UAI were found among all units when aggregated across all years, and for each
individual fiscal year, the maximum strength of these relationships was only ¥ =0.133, N
=676 for FY 2008. Although significant correlations (p < 0.01) between HPPD and CMI
were found among all units when aggregated across all years, and for each individual
fiscal year, the maximum strength of these relationships was only 7* =0.112, N = 604 for
FY 2007.
Correlation Findings by Unit Type

Significant but weak correlations, p < 0.01, < 0.142, n = 900 between HPPD
and UAI were found among all medical units when aggregated across all years and for
each individual fiscal year. A significant but weak correlation, p <0.01, #=0. 130,
n=312 between HPPD and CMI was found among all medical units only for FY 2008. A
significant but weak correlation, p < 0.05, — 0.007, n = 900 between HPPD and CMI
was found across all medical units aggregated among fiscal years.

Again, significant but weak correlations, p <0.01, ¥ <0.201, n = 638 between
HPPD and UAI were found among all surgical units when aggregated across all years and
for each individual fiscal year. Aggregated data among all surgical units showed a strong
significant correlation between HPPD and CMI, p <0.01, ¥ =0.309,n=172 only for FY
2007. Otherwise, significant but weak correlations, p < 0.01, P < 0.177, n = 466 between
HPPD and CMI were found among all surgical units when aggregated across all years
and for each individual fiscal year.

Significant but weak correlations, p < 0.01, < 0.123, n = 310 between HPPD
and UAI were found among all mixed medical-surgical units only for FY 2008 and FY

2009. Significant but weak correlations, p < 0.01, ¥ = 0.097, n=310 between HPPD and
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CMI was found among mixed medical-surgical units only for FY 2007. FY 2009, and
aggregated across all years. A significant but weak negative correlation, p < 0.03, r* =
0.034, n=156 between HPPD and CMI was found aggregated across all medical units for
FY 2008. This was the only significant negative correlation within unit type data. All
other significant correlations were positive.

Correlation Findings Between HPPD and UAI by Individual Units

Medical units. All six medical units demonstrated significant but overall weak
correlations, p <0.01, P < 0.194, n = 744 between HPPD and UAI when aggregated
across all years with the exception of Unit F. Unit F showed a significant correlation of p
<0.01 with a magnitude of ¥ =0.275 , n = 156. Two medical units demonstrated
significant correlations between HPPD and UAI for each fiscal year. The remaining four
medical units demonstrated significant findings for 2 of the 3 fiscal years included in this
study. All significant associations were positive.

FY 2007. Four medical units demonstrated significant correlations (p < 0.01)
between HPPD and UAI for FY 2007. Effect size ranged from r2 =0.131,n =52 to r2 =
0.326, n = 34. One medical unit demonstrated significant correlation at p < 0.05, but
weak effect, r2 = 0.081. One medical unit, Unit A, showed no significant correlation at all
between HPPD and UAI for FY 2007. All significant associations were positive.

FY 2008. Four medical units demonstrated significant correlations (p < 0.01)
between HPPD and UAI for FY 2008. Effect size ranged from 7= 0.155,n=52to —
0.306, n = 52. One medical unit demonstrated significant correlation at p < 0.05, but
weak effect, 7 = 0.081. One medical unit, Unit B, showed no significant correlation at all

between HPPD and UAI for FY 2008. All significant associations were positive.
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FY 2009. Again, four medical units demonstrated significant correlations (p < 0.01)
between HPPD and UAI for FY 2009. Effect size ranged from r* = 0.157, n =52 to r’ =
0.255, n = 52. Two medical units showed no significant correlation between HPPD and
UALI All significant associations were positive.

Surgical units. Three of the five surgical units demonstrated significant but overall
weak correlations, p <0.01, P < 0.214, n=326 between HPPD and UAI when aggregated
across all years. Two surgical units demonstrated significant correlations between HPPD
and UALI for each fiscal year. One surgical unit demonstrated significant findings for the a
year it was included in this study. The remaining two surgical units demonstrated
significant findings for one of the 3 fiscal years included in this study. All significant
associations were positive.

FY 2007. One surgical unit demonstrated a significant and strong correlation, p <
0.01, 7= .0.391, n = 34 between HPPD and UAI for FY 2007. One surgical unit
demonstrated a significant but weak correlation at p <0.05, #* =0.116. The remaining
two surgical units included in FY 2007 showed no significant association at all between
HPPD and UAI. All significant associations were positive.

FY 2008. Two of four surgical units included in FY 2008 demonstrated significant p
< 0.01 and strong correlations between HPPD and UALI, P = 0.284, n =52 and 0.254, n =
52 respectively. An additional surgical unit showed a significant but weak relationship
between HPPD and UAI, p <0.01, P = 0.168, n = 52. The remaining surgical unit
included in FY 2008 data showed no significant association between HPPD and UAI All

significant associations were positive.
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FY 2009. Five surgical units were included in FY 2009 data. Only one surgical unit
demonstrated a significant but weak correlation at the p < 0.01 level , r2 =0.148, n = 50
between HPPD and UAI. Three surgical units demonstrated significant but weak
correlations at p < 0.05, r2 <0.084, n = 156. The remaining surgical unit showed no
significant association between HPPD and UAI. All significant associations were
positive.

Mixed medical-surgical units.There was no association between HPPD and UAI
when data was aggregated across all mixed medical-surgical units across all 3 fiscal
years. Two of the four mixed medical-surgical units demonstrated significant but weak
correlations, p <0.01, P = 0.123, n =156 and p <0.05, P = 0.032, n = 154 between
HPPD and UAI for FY 2008 and FY 2009 respectively. All significant correlations were
positive.

FY 2007. Only three mixed medical-surgical units were included in the findings for
FY 2007. One mixed medical-surgical unit demonstrated a significant but weak
correlation, p <0.01, r2 = 0.166 between HPPD and UAI for FY 2007. One mixed
medical-surgical unit demonstrated a significant but weak correlation at p < 0.05, 12 =
0.119. The remaining mixed medical-surgical unit showed no significant association
between HPPD and UAI for FY 2007. Both significant correlations were positive.

FY 2008. All three mixed medical-surgical units included in FY 2008 data
demonstrated significant but weak correlations, p < 0.01, r2 <0.149, n = 156 between

HPPD and UAI. All significant correlations were positive.
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FY 2009. None of the three mixed medical-surgical units showed any significant
association between HPPD and UALI, despite the significant but weak association
demonstrated at the aggregated unit type data level.

Correlation Findings Between HPPD and CMI by Individual Units

Medical units. There were no significant associations found between HPPD and
CMI for individual medical units across all fiscal years despite the significant but weak
negative association demonstrated at the aggregated medical unit data level.

FY 2007. There were no significant associations found between HPPD and CMI for
medical units for FY 2007.

FY 2008. One medical unit demonstrated a significant but weak positive correlation
was found, p <0.05, r2 = 0.078, n = 52. The five remaining medical units showed no
association between HPPD and CMI for FY 2008.

FY 2009. One medical unit demonstrated a significant but weak negative correlation
was found, p <0.01, r2 = 0.134, n = 52. The five remaining medical units showed no
association between HPPD and CMI for FY 2008.

Surgical Units. There were no significant associations found between HPPD and
CMI for individual surgical units across all fiscal years despite the significant but weak
positive association demonstrated at the aggregated medical unit data level.

FY 2007. One surgical unit demonstrated a significant but weak positive correlation
was found, p <0.05, r2 = 0.143, n = 34. The five remaining medical units showed no

association between HPPD and CMI for FY 2007.
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FY 2008. One surgical unit demonstrated a significant but weak positive correlation
was found, p <0.05, r2 =0.112, n = 52. The five remaining medical units showed no
association between HPPD and CMI for FY 2008.

FY 2009. There were no significant associations found between HPPD and CMI for
surgical units for FY 2009.

Mixed medical-surgical units. No significant correlations were found for any
individual mixed medical-surgical units for any of the 3 fiscal years.

Findings for Specific Aim 2

Specific Aim 2 sought to examine the fit between the contingencies of case mix
index and unit activity index on the structure of hours per patient day, utilizing them as
weight factors for building a more accurate predictive annual staffing plan, pending the
findings from Specific Aim 1.

The findings in Aim 1 demonstrated significant correlations between UAI and
HPPD for medical and surgical units for each of the 3 fiscal years represented by this
study, and for 2 of the 3 fiscal years for mixed medical-surgical units. Significant
correlations between CMI and HPPD were found for medical units for one of the three
fiscal years, all 3 fiscal years for the surgical units, and all 3 fiscal years for the mixed
medical-surgical units. A review of these findings can be found in Tables A25, A26, and
A27, (see Appendix A). There was a predominance of significant findings for each unit
type for each fiscal year, therefore we proceeded with deriving a weight to apply to
staffing plans.

Two approaches towards building a weight factor had been proposed. The first one

was the use of linear regression using CMI and UAI. The regressed HPPD divided by the



56

budgeted HPPD for each unit type was used as a weight factor. The alternative method
for deriving a weight consisted of taking each individual unit’s annual case mix index
multiplied by its annual unit activity index, grouped within its unit type (medical,
surgical, and mixed medical-surgical), and inserting a number less than 1 until the sum of
the products of each individual unit’s CMI x UAI equals 0. The resulting number was
multiplied by -1 to make it a whole number. This method is explained in further detail in
Appendix F.

Residuals in the form of histograms, P-P plots, and scatter plots were examined for
data issues for all unit types for all fiscal years. Collinearity diagnostics were also
examined for all unit types for all fiscal years. Results can be seen in Appendix F.
Findings from Using Linear Regression to Derive a Weight Factor

Using linear regression to derive a weight factor resulted in 1.016374 to adjust
planned HPPD to better predict actual HPPD for medical units in FY 2008. A weight
factor of 1.013851 was computed to use to adjust planned HPPD to better predict actual
HPPD for medical units in FY 2009. No data were available from FY 2006 to be used to
predict FY 2007.

Using linear regression to derive a weight factor resulted in 1.036173 to adjust
planned HPPD to better predict actual HPPD for surgical units for FY 2008. A weight
factor of 1.071270 was computed to use to adjust planned HPPD to better predict actual
HPPD for surgical units in FY 2009. No data were available from FY 2006 to be used to
predict FY 2007.

Using linear regression to derive a weight factor resulted in 1.046686 to adjust

planned HPPD to use to better predict actual HPPD for mixed medical-surgical units for



57

FY 2008. A weight factor of 1.068235 was computed to adjust planned HPPD to better
predict actual HPPD for mixed medical-surgical units in FY 2009. No data were available
from FY 2006 to be used to predict FY 2007.

Table A13 (see Appendix A) contains detailed data regarding computations used
to derive a weight factor from the use of linear regression.
Findings From Using an Alternative Method to Derive a Weight Factor

Using the alternative method of multiplying unit level CMI by UAI and zeroing
out the products by the application of a number through trial and error resulted in a
weight factor of 0.58769 to use to adjust planned HPPD to better predict actual HPPD for
medical units for FY 2008. A weight factor of 0.59800 was computed to use to adjust
planned HPPD to better predict actual HPPD for medical units in FY 2009. No data were
available from FY 2006 to be used to predict FY 2007.

Using the alternative method of multiplying unit level CMI by UAI and zeroing
out the products by the application of a number through trial and error resulted in a
weight factor of 1.05373 to use to adjust planned HPPD to better predict actual HPPD for
surgical units for FY 2008. A weight factor of 1.006 was computed for use to adjust
planned HPPD to better predict actual HPPD for surgical units in FY 2009. No data were
available from FY 2006 to be used to predict FY 2007.

Using the alternative method of multiplying unit-level CMI by UAI and zeroing
out the products by the application of a number through trial and error resulted in a
weight factor of 0.6111 to use to adjust planned HPPD to better predict actual HPPD for

mixed medical-surgical units for FY 2008. A weight factor of 0.6718 was computed to
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use to adjust planned HPPD to better predict actual HPPD for mixed medical-surgical
units in FY 2009. No data were available from FY 2006 to be used to predict FY 2007.

Table A14 (see Appendix A) contains detailed data regarding computations used
to derive a weight factor from the multiplying unit-level CMI by UAI and zeroing out the
products.

Findings for Specific Aim 3

Specific Aim 3 sought to examine the effectiveness of using the weight factors
derived through Aim 2 by examining the differences in variance between weighted and
unweighted staffing plans. Since data were unavailable from FY 2006 to derive a weight
factor for use in applying to FY 2007 planned versus actual HPPD, this analysis was
conducted for FY 2008 and FY 2009 only. FY 2007 weight factor results were applied to
FY 2008 planned HPPD and compared to FY 2008 actual HPPD. There were 13 units in
the FY 2008 analysis: six medical units, four surgical units, and three mixed medical-
surgical units.

FY 2008 weight factor results were applied to FY 2009 planned HPPD and
compared to FY 2009 actual HPPD. There were 14 units in the FY 2009 analysis: six
medical units, five surgical units, and three mixed medical-surgical units. One large
mixed medical-surgical unit from the FY 2008 cohort was divided into two units (one
remained a mixed medical-surgical unit and one became a surgical unit) at the beginning
of FY 2009.

All HPPDs were weighted according to the decision model found in Appendix B.
Units with equal to or higher than average within unit type CMI and UAI were given

additional HPPD through the application of the weight factor for the unit type. Units with
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lower than average CMI and UAI had HPPD subtracted from the planned by using the
same weight factor for the unit type. Units that were equal or above average in either
UMI or CMI, but not both, were left at their originally planned HPPD.

Findings for FY 2008 Adjustments

Neither method adjusted the planned HPPD to within the tolerance of +/- 5%
variance established by the Massachusetts Patient CareLink in every case. Only one
mixed medical-surgical unit was on target for FY 2008 prior to weight adjustments.
According to the decision making model, one medical unit and one surgical unit met the
criteria of having both higher CMI and UAI than the unit type mean and a weight
adjustment was added to the planned HPPD. One medical unit, two surgical units and
one mixed medical-surgical units had lower CMI and UAI than their respective unit type
means and had the weight adjustment factor subtracted from their planned HPPD. Of the
seven remaining units who received no adjustment to their planned HPPD, three units
(two medical and one mixed medical-surgical) had higher CMI than their respective unit
type mean and four units (two medical, one surgical, and one mixed medical-surgical)
had higher UAI than their respective unit type mean.

Following weight adjustments using the decision model, two additional units (one
medical and one surgical) were brought within target using weights derived through
linear regression. The medical unit changed from a 7.40% variance to a -3.74% variance
with the application of the regressed weight. The surgical unit changed from an 8.26%
variance to a -2.20% variance using the same weight method.

The same two units were also brought within target by using the alternative

method of weighting. The medical unit changed from a 7.40% variance to a 0.67%
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variance with the application of the alternative weight. The surgical unit changed from an
8.26% variance to a -2.36% variance using the same weight method.

For the one medical, two surgical, and one mixed medical-surgical units requiring
a subtraction of the weight adjustment factor for having lower CMI and UAI than their
respective unit type means, no units were brought within target using either weight
adjustment method. For units requiring a subtraction of a weight factor according to the
decision model, resulting adjusted HPPD was worse in all cases following adjustments.

For the medical unit, pre-adjustment HPPD variance from planned was 24.11%.
Following HPPD adjustment using regressed weighting, the HPPD variance from
planned was 42.59%. Following HPPD adjustment using the alternative weighting
method, the HPPD variance from planned was 34.16%.

For the two surgical units, pre-adjustment HPPD variances from planned were
10.40% and 13.22%. Following HPPD adjustment using regressed weighting, the HPPD
variances from planned were 26.88% and 28.23% Following HPPD adjustment using the
alternative weighting method, the HPPD variances from planned were 27.20% and
28.52%.

For the mixed medical-surgical unit, pre-adjustment HPPD variance from planned
was 13.84%. Following HPPD adjustment using regressed weighting, the HPPD variance
from planned was 31.86%. Following HPPD adjustment using the alternative weighting
method, the HPPD variance from planned was 23.71%.

Findings for FY 2009 Adjustments
In FY 2009 10 units were on target for FY 2008 prior to weight adjustments: five

of the six medical units, three of the five surgical units, and two of the three mixed
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medical-surgical units. Neither weight factor method adjusted the planned HPPD to
within the tolerance of +/- 5% variance established by the Massachusetts Patient
CareLink when adjustments were made following the decision model. However, one
medical unit’s on target performance was improved from 4.07% to -2.70% using the
alternative method of weight adjustment. This is in contrast to the linear regression
method of weighting which resulted in an adjusted HPPD variance from planned of -
7.78%.

According to the decision making model, one medical unit and one surgical unit
met the criteria of having both higher CMI and UALI than the unit type mean and a weight
adjustment was added to the planned HPPD. One surgical unit and one mixed medical-
surgical units had lower CMI and UALI than their respective unit type means and had the
weight adjustment factor subtracted from their planned HPPD. Of the 10 remaining units
who received no adjustment to their planned HPPD, four units (two medical, one
surgical, and one mixed medical-surgical) had higher CMI than their respective unit type
mean and six units (three medical, two surgical, and one mixed medical-surgical) had
higher UAI than their respective unit type mean.

One surgical and one mixed medical-surgical units requiring a subtraction of the
weight adjustment factor for having lower CMI and UAI than their respective unit type
means. No medical units met the criteria for subtraction. No units were brought within
target using either weight adjustment method. For units requiring a subtraction of a
weight factor according to the decision model, resulting adjusted HPPD was worse in all

cases following adjustments.
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For the surgical unit, pre-adjustment HPPD variance from planned was 4.05% (on
target). Following HPPD adjustment using regressed weighting, the HPPD variance from
planned was 18.33%. Following HPPD adjustment using the alternative weighting
method, the HPPD variance from planned was 17.35%.

For the mixed medical-surgical unit, pre-adjustment HPPD variance from planned
was -0.94% (on target). Following HPPD adjustment using regressed weighting, the
HPPD variance from planned was 13.33%. Following HPPD adjustment using the
alternative weighting method, the HPPD variance from planned was 7.58%.

Other Findings

There were six units in FY 2008 requiring an adjustment to planned HPPD
according to the decision model: two medical units, three surgical units, and one mixed
medical-surgical unit. Three of these same units also required an adjustment to planned
HPPD the following year. Medical Unit B and mixed medical-surgical unit L were above
the mean for both UAI and CMI for both FY 2008 and FY 2009 and had a weight factor
applied to planned HPPD. Surgical unit J and mixed medical-surgical unit M were below
the mean for UAI and CMI for both FY 2008 and FY 2009 and had a weight factor
subtracted from their planned HPPD.

Medical unit F was below the mean for both CMI and UAI in FY 2008 and had a
weight factor subtracted from the planned HPPD, but was only below the mean for CMI
in FY 2009 (no weighting applied). Surgical unit G was below the mean for both CMI
and UAI in FY 2008 and had a weight factor subtracted from the planned HPPD, but was

only below the mean for CMI in FY 2009 (no weighting applied).
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Summary data of these findings can be found in Tables A28 through A34 (see

Appendix A).
Summary

This chapter described significant findings among the overall associations between
HPPD and UIA and HPPD and CMI along with the individual unit findings. All medical,
surgical, and mixed medical-surgical units, aggregated together, demonstrated significant
but weak associations between HPPD and CMI and HPPD and UAL

Significant correlations between HPPD and UAI were most prevalent across all
medical units, across all fiscal years, and at the individual unit level. Surgical units also
demonstrated significant, albeit weak relationships between HPPD and UALI at the
aggregate level. The numbers of significant findings at the unit level were less than
medical units. Significant findings of relationships between HPPD and UAI were weakest
for mixed medical-surgical units.

Significant correlations between HPPD and CMI were more prevalent across all
surgical and mixed medical-surgical units at the aggregate unit type level, and for only
FY 2008 for medical units. The numbers of significant findings of associations between
HPPD and CMI at the unit level were sporadic.

There was minimal differentiation from the results of applying either of the two
methods for devising a weight factor in adjusting planned HPPD for comparison of
weighted versus unweighted staffing plans. Differences in using a decision making-
model based on a priori assumptions of when planned HPPD required adjustment versus

applying an adjustment based on significant correlation results.
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Chapter V
Discussion
Introduction
This chapter will present an analysis of the findings from Chapter 4. Three major
findings from this study will be presented. Prior to the discussion of these findings, the
importance of utilizing data at the unit level will be offered.

The first major finding was the significant, albeit weak correlations between the
dependent variable, hours per patient day (nursing unit staffing), and the two independent
variables: unit activity index (patient turnover) and case mix index (patient acuity). The
second major finding resulted from the derivation and use of an adjustment to planned
versus actual HPPD in an effort to better predict HPPD when formulating annual staffing
plans. Decision-making relative to when to adjust planned HPPD was a major factor in
the overall outcome of this study. A discussion of the relevance and importance of
benchmarking will be presented to augment the context of the findings relative to the
creation of a predictive model, along with the impact of benchmarking on formulating
annual staffing plans. The third major finding was the creation of a clear method for
calculating the unit activity index which will assist researchers to more easily determine
patient turnover. In addition, limitations encountered by this study, and implications for
future research as a result of this study’s findings, will be presented. Lastly, the impact of
this study on policy and practice will be discussed.

The Importance of Unit Level Data
This study’s findings are best analyzed at the unit level. It is the granularity of

unit level data that brings the researcher closer to the discovery of variables, or
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contingencies, actually impacting the makeup of unit-based scheduling (Van den Heede,
Diya, Lesaffre, Vleugels, & Sermeus, 2008). Generalities around higher level data
aggregation shed little light on actual unit characteristics and potential contingencies
affecting the structure of nursing workload (Berkow, Jaggi, Fogelson, Katz, & Hirschoff,
2007; Van den Heede, et al., 2008). Aggregated data can be used as a general indicator
of staffing such as when assessing data for budgetary purposes; examining data at the unit
level will better reflect differences in actual patient characteristics and nursing workload
(Clarke & Donaldson, 2008).

A 40% discrepancy (significance not reported) between unit level HPPD data and
hospital level HPPD data (N=40) were reported by Minnick and Mion (2009). Reasons
for the differences between unit level and hospital level data were the use of different
date ranges for data capture (pay periods versus calendar month days), lack of inclusion
of per diem staff because of differing pay periods, and accrual / reversal accounting
techniques used with pay periods (Minnick & Mion, 2009).

Unit level data provides a more understandable and accurate portrayal of detail.
Van den Heede, et al. (2008) found more variability in nurse staffing at the unit level
(58%) than at an aggregated hospital level (6.9%); measurement of nurse staffing at the
unit level is more meaningful than aggregated across all hospital units.

Findings from the present study support Van den Heede’s findings. Correlation
data aggregated by the type of unit (medical, surgical, and mixed medical-surgical)
revealed significant (albeit weak) relationships between staff worked hours (HPPD) and

patient turnover (UAI) and staff worked hours (HPPD) and patient acuity (CMI).
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However, significant findings at the unit level were inconsistent and will be discussed in
the ensuing section.

Data utilized to measure staffing, such as hours per patient day, should directly
correspond to the desired level of study (Mark, 2006). Getzen (2006) states “The
appropriate unit of analysis is determined not by the availability of data or the desire to
increase N, but by matching units of observation to the units of action” (p.1949). Since
this study examined the correlation between staff hours and patient turnover and patient
acuity at the unit level (in order to derive and apply a weight factor to adjust individual
units’ staffing plans), unit level data was found to be most appropriate.

Correlations between HPPD (Staff Hours) and UAI (Patient Turnover) and CMI
(Patient Acuity)

All adult inpatient medical, surgical, and mixed medical-surgical units, when
aggregated together, demonstrated positive but weak associations between HPPD and
patient turnover, measured by unit activity index (UAI). Although this might lead to a
conclusion that as unit activity increases staffing increases to accommodate the surge in
workload, no presumption should be made that any unit classified as medical, surgical, or
mixed medical-surgical should show similar correlations. This was not the case in this
study as evidenced by the number of non-significant findings at the individual unit level.
There were 12 instances (30%) of non-significant associations between HPPD and UAI at
the unit level over the 3 fiscal years studied. All but one of the fourteen units (93%)
included in this study demonstrated significant associations between HPPD and UAI at

the unit level, albeit at different magnitudes, at least once during the study period. The
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one unit that showed no significant findings at any time during the study was a unit for
which there was only one year of study data available.

Not every individual medical, surgical, or mixed medical-surgical unit showed
significant results for each fiscal year. However, when aggregated together, medical and
surgical units did demonstrate significant but weak correlations between staffing hours
and patient turnover for each fiscal year, and mixed medical-surgical units for two of
three fiscal years.

Individual medical units demonstrated moderate correlations between HPPD and
UAI more often than surgical or mixed medical-surgical units. In eighteen groups of data
(six medical units, 3 years of data per unit), medical units demonstrated significant
findings 78% of the time, 43% with a moderate effect level. This was also a surprising
finding. The PI expected to find more frequent and stronger correlations between HPPD
and UAI among the surgical and mixed medical-surgical units, assuming more unit
activity on units caring for surgical patients, However, the ALOS for medical patients in
the study hospitals during the study period was 4.90 days compared with an ALOS of
5.20 days for the surgical units (data obtained from study hospital financial intranet site).
In this study, medical, surgical, and mixed medical-surgical units showed similar patient
turnover rates in the range of 46% to 50%.

The PI's findings are inconsistent with those reported by Budreau, Balakrishnan,
Titler, & Hafner (1999). Budreau et al. (1999) acknowledge the importance of
admissions, discharges, and transfers as “the second major source of work™ (p.319), the
primary source being patient volume, but did not report any significant findings regarding

the relationship between ADT activity by shift and overall HPPD (N=184 days) in a
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similar hospital setting and units types. However, parsing data by shift and/or by day of
week may have led to different findings from this study regarding the relationship
between HPPD and UAIL

As with UAL, significant correlations between staff worked hours and patient acuity
should not lead to a conclusion that as patient acuity increases or decreases, staffing
increases or decreases to adjust to the complexities of patients in their care. Few units at
the individual unit level showed any significant association between HPPD and CMI: two
medical units, two surgical units, and no mixed medical-surgical units. One of the
medical units showed a significant negative correlation. Again, these are surprising
findings, especially where significance was found in nearly all cases when aggregated by
type of unit. However, associations between worked hours and case mix index were not
as robust as anticipated at the unit level.

In this study, surgical patients averaged an overall case mix index of 2.057
compared with 1.260 for medical patients and 1.376 for mixed medical-surgical patients.
The further away a case mix index is from 1.00, the more complex the patient. For
example, a case mix index of 2.057 indicates a more complex patient than a case mix
1.260. Likewise, a case mix index of 0.7561 indicates a less acute patient than one with a
case mix of 1.376 (Benjamin, 2007)

No studies were found that specifically correlated unit staffing levels with patient
acuity at the unit level. Campbell, Taylor, Callaghan, & Shuldham (1997) found no
overall relationship between case mix index and nursing hours (no statistics reported).
Campbell et al. reported only cystic fibrosis as a case mix group “had a significant effect”

(p-239) on nursing workload, again no statistics reported. That same year, O'Brien-
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Pallas, Irvine, Peereboom, & Murray (1997) looked at differences between nursing
complexity (measured by PRN 80, an acuity system used in Canada) and medical
complexity (measured by CMI) and found a significant difference between the two
measures, F=25.78, 70:1344, p<.0001. O’Brien-Pallas et al. concluded that case mix
index was not a good predictor of nursing workload. A third study from the same time
period found that case mix index relative to staffing levels was not a significant variable
(X =1.32, SD =0.20, sig. not reported) at the unit level of data (Brewer & Frazier,
1998). Judging from the lack of further published literature, it appears that using case mix
as a predictor of nursing workload was abandoned by researchers. This study will
potentially add interest towards conducting further research in this untapped area.

In summary, units showing any significant relationship between staffed hours and
patient turnover and/or between staffed worked hours and patient acuity should definitely
be viewed with confidence that these two variables do have an impact on the units’
staffing. Consideration should be given to adjusting planned HPPD to accommodate
these associations when allocating staff resources. When engaging in staffing research,
“associations are not identified every time they are expected” (Clarke & Donaldson,
2008, p. 14).

Benchmarking

Prior to engaging in a discussion on how the use of a weight factor to adjust
planned HPPD based on UAI and CMI towards more accurately predicting actual HPPD,
an understanding of the use and necessity of benchmarking must take place. Annual
nursing staff planning is often begun using benchmarks. Benchmarking has become

extensively used for the purposes of maintaining an eye on competitive best practices



70

(Ahmed & Rafiqg, 1998), and for comparing one’s own performance and characteristics to
an established standard (Zimmerman, Alzola, & VonRueden, 2003). Ahmed and Rafiq
(1998) identified eight unique types of benchmarking: internal, external, competitive,
industry, generic, process, performance, and strategic.

When establishing annual staffing plans, internal, external, performance, and
sometimes competitive or strategic benchmarking is utilized. Internal benchmarking
occurs within the organization itself, using like nursing units and metrics such as HPPD,
case mix, and a volume measure such as patient turnover.

Performance benchmarking occurs throughout the course of the year as the
outcomes of established annual staffing plans are measured. Planned nursing staff
worked hours, patient turnover, and patient acuity are compared to actual throughout the
year. Organizations may voluntarily or be mandated to report planned staffing versus
actual staffing. Organizations may engage in competitive or strategic benchmarking
when hoping to acquire an edge on market share for physicians, nurses, patients, and
third party payers. This can occur when annual staffing plans are made publically
available so that patients, nurses, physicians, and third party payers can evaluate the
staffing patterns in terms of expected nursing workload (DeVandry & Cooper, 2009).

Various strengths and weaknesses should be acknowledged when using three
common sources of benchmarking data: literature reviews, hospitals as single entities,
and multiple hospitals as part of a system approach to benchmarking (Rudy, Lucke,
Whitman, & Davidson, 2001). There are four typical problems found when attempting to
establish benchmarks based on reviewed literature: (a) inconsistent definition of what

was being measured, (b) lack of specificity regarding data collection and analysis, (c¢)
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inability to generalize findings for different settings, and (d) lack of applicability to
different patient populations (Rudy, Lucke, Whitman, & Davidson, (2001) .

External benchmarks are obtained at the unit type level, such as those for medical
units, surgical units, or mixed medical-surgical units. Sources of external benchmarking
for establishing staffing plans include, but are not limited to, Massachusetts Patient
CareLink, University HealthSystem Consortium (UHC), and the National Database for
Nursing Quality Indicators (NDNQI). Consulting groups, such as The Nursing Executive
Center (part of the Advisory Board Company), the Labor Management Institute, and
Applied Management Systems also have proprietary data that can be used for
benchmarking purposes if a hospital subscribes to their services.

While it may be possible to benchmark within unit type levels depending on the
availability and accuracy of further unit descriptors, unit specific benchmarking can only
take place within one’s own organization by examining unit performance from year to
year. For example, a medical unit caring for only oncology patients could be externally
benchmarked against other oncology medical units or a cardiothoracic surgery unit could
be externally benchmarked against other cardiothoracic surgery units for more accurate
benchmarking. However, in the absence of detailed descriptors of patient populations
served by a unit, external benchmarking must rely on data aggregated by higher level,
more generic unit descriptions.

Benchmarking within a hospital offers a level of control not found in literature
reviews or from using multiple hospitals (Rudy, Lucke, Whitman, & Davidson, (2001).
Specifically, definitions, methods, technology, and acuity can be controlled. However,

internal benchmarking might give rise to a false sense of accomplishment if not stacked
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against some form of external barometer for validation. Benchmarking against other
hospitals in a system allows for examinations and comparisons to be made under broader
scrutiny. Limitations for a systems approach to benchmarking are opposite the strengths
in using internal benchmarking (Rudy, et al., 2001). Using external benchmarks from
comparable sources, situating oneself at neither the lowest nor highest extreme, and
acknowledging the many staffing variables and unit and staff characteristics when
benchmarking comparatively is the recommended administrative practice (Clarke &
Donaldson, 2008).

Use of Weight Factors to Adjust HPPD

Benchmarking is the starting point in formulating annual staffing plans and is
typically derived from internal or external data garnered from the unit type level
(medical, surgical, or mixed medical-surgical). The results are then applied to individual
units whose general characteristics fall within the unit type to which it is assigned. This is
an important concept since the findings from this study were predicated on the accuracy
of the starting benchmarks coupled with the application of the right decision-making
model and the units’ actual performance.

Two methods for deriving weight factors for use in adjusting planned HPPD were
developed and applied. The first used an empirical method of calculating the slope
intercept of the regression between UAI and CMI. The second used a calculation derived
by the PI involving the products of UAI and CMI.

Two decision making models were also utilized. The first utilized a decision
making model (found in Appendix B) that awarded adjustments to HPPD based on a

unit’s location above or below the means for UAI and CMI. In other words, a unit’s mean
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UAI and mean CMI from the previous year would be situated within the decision-making
grid and the decision of when and how to apply a weight factor would be pre-determined
by the grid. In the second instance, decisions were based on the individual unit’s actual
significant findings for the associations between HPD and UAI and CMI from the
previous year. In other words, units with positive significant correlations, regardless of
magnitude, would have their planned HPPD adjusted. Upon examining the final results,
what appears to be of greater importance is the decision making applied towards whether
or not to adjust the HPPD.

Using the decision making model from Appendix B resulted in less effective
adjustments to planned HPPD. In several instances the adjustments resulted in far worse
results and illogical decision making. For example, for medical unit F in FY 2008, a
subtraction of a weight factor, derived from either method, would have resulted in a
planned HPPD as low as 6.82 and a variance between that and actual would have been as
high as 42.95%. Given that Unit F’s actual HPPD from FY 2007 was 8.46, it would have
been highly unlikely that this unit would have been benchmarked and weight adjusted to
start with a planned HPPD of 6.82, a decrease of nearly two hours of nursing care per
day.

Using the decision model from Appendix B also resulted in very few adjustments
made to planned HPPD because of the mixed results of units’ mean UAI and CMI within
the decision making grid. For example, only units with both higher and lower means for
CMI and UAI were given an adjustment to their planned HPPD. Based on this decision-

making, only nine adjustments to planned HPPD were made over the 2 fiscal years of
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evaluation (30%), which resulted in only three improvements made to the planned versus
actual variation in HPPD.

It appears that using the decision-making grid was not sensitive enough towards
the variations in individual units’ UAI and CMI. Therefore, a discussion of the merits of
using a weight factor based on linear regression versus the PI’s method of weighting is
irrelevant in this instance given the disappointing findings from using the decision
making grid.

Making adjustments to planned HPPD based on known correlations after
regressions had been analyzed, and awarding adjustments to HPPD based on significant
correlations was a much more promising decision making model. Using this decision
model, 21 adjustments to planned HPPD were made over the 2 fiscal years of evaluations
(78%).

The outcome of interest for this study was to have less variance between planned
and actual HPPD. Using linear regression to derive a weight factor resulted in less
instances of improving the variance of planned versus actual HPPD than did using the
weight factor derived by the method proposed by the PI (48% versus 62%). An
interesting finding is that, although using the weight factor derived by the PI was overall
more successful, there were exceptions.

The improvements in outcomes resulting in variances between planned and actual
HPPD experienced by medical units at the unit level were totally dominated by the use of
the PI‘s method. 83% of the medical units experienced an improvement in variance
between planned and actual HPPD for both FY 2008 and FY 2009 as opposed to 50%

using the linear regression model.
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These findings were not the same for surgical and mixed-medical-surgical units.
For example, the linear regression weight was more successful in FY 2008 for surgical
unit L than the PI’s method, but less successful in FY 2009 for surgical unit E. It should
also be noted that the weight factors derived through linear regression and through the
PI’s own method were closest for the surgical units. There was only a 0.01756 difference
between the two different weight factors for FY 2007 and 0.065272 difference for FY
2008. To put these differences in perspective, for FY 2007 there was approximately a one
minute difference between the two weight factors and a four minute difference between
the two weight factors for FY 2008.

Concerning mixed medical-surgical units, the use of linear regression to derive a
weight factor was superior to that of the method derived by the PI in the one instance
(Unit H) where the outcome of having less variance between planned and actual HPPD
was achieved. Neither method was successful in bringing about a successful outcome of
having less variance between planned and actual HPPD for mixed medical-surgical units
in FY 2009.

Firm postulations of what might have made this modeling, i.e. adjusting HPPD by
adding a weight factor based on significant correlations between HPPD and UAI and
CMLI, more successful in medical units is elusive. For example, when the strength of the
correlations themselves was examined, medical units had four instances of moderate
significant associations, or 33% of the time yet surgical unit experienced moderate
significant associations 38% of the time. An examination of unadjusted planned HPPD
for medical units revealed that 42% were within the on target performance standard of +/-

5% set by Massachusetts Patient CareLink. An examination of the unadjusted planned
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HPPD for surgical units revealed only 33% of them were within the performance
standard set by Massachusetts Patient Car Link. Yet, adjustments to HPPD were more
successful for medical units.

Findings from the mixed medical-surgical units have been most surprising of all.
Two of three mixed medical-surgical units were within the performance threshold for FY
2009. No improvements to any mixed medical-surgical units were achieved through the
application of either type of weight factor. One reason might be the very low variations
between the unadjusted planned and actual HPPD experienced by mixed medical-surgical
units: -0.94%, and 0.69%. To put this in terms of minutes, there were just four minutes of
variation between planned and actual HPPD in the case of the unit with 0.94% variance
and three minutes of variation between planned and actual HPPD in the case of the unit
with 0.69% variance. It is unlikely that any type of weighting would achieve better
results, leading to the conclusion that these units were benchmarked appropriately at the
planning stage.

Overall, 82% of all units delivered more patient care hours than planned.
Although this outcome appears desirable, caution should be used when interpreting these
data. Delivering more care than planned is not the same as delivering more care than
needed. Higher HPPD, when not actually needed through failure to adjust staffing to
meet actual patient needs, results in higher costs without additional reimbursement
(Welton, 2008). This study did not examine patient care outcomes; therefore no
interpretations or assumptions can be made from these positive variances.

Conversely, another interesting finding is the interaction between units that

delivered less staffing hours than planned and adjustments made to HPPD. There were
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five occurrences where units worked less HPPD than planned, or 18% of the units over a
two year period. Again, caution should be used when interpreting these data. Delivering
less care hours than planned is not the same as delivering less care hours than needed.
However, delivering less care hours than needed may be interpreted as an increase to a
unit’s susceptibility to invoking undesirable patient care outcomes (Welton, 2008).
Again, this study did not examine patient care outcomes; therefore no interpretations or
assumptions can be made from these negative variances. Indeed, three of these negative
variances were well within the established performance targets established by
Massachusetts Patient CareLink.

Retrospectively, adjusting the HPPD upwards for units whose actual HPPD was
below that of planned HPPD because of positive significant associations between HPPD
and UAI and CMI did not result in increasing the actual HPPD delivered. Rather the
outcomes from such an adjustment demonstrated a far greater variance than for
unadjusted HPPD. For example, the FY 2008 plan for medical unit K was 8.89 HPPD
(unadjusted). The actual HPPD worked by nursing staff was 8.62, a variance of -3.04%,
well within the established parameters put forth by Massachusetts Patient CareLink. In
practical terms, this meant that 8 hours and 53 minutes of nursing care per patient per day
was planned and 8 hours and 37 minutes of nursing care per patient per day was
delivered: a difference of 16 minutes.

Alternatively, mixed medical-surgical unit H planned 8.36 HPPD (unadjusted)
and delivered 7.62 HPPD, a variance of -8.73%. Although -8.73% lay beyond the
established parameters for being on target set by Massachusetts Patients CareLink, it was

an eminently better variance than one achieved through an adjustment to HPPD made by
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using linear regression (9.43 adjusted HPPD, -19.07% variance) or through the PI's
method (9.03 adjusted, -15.52% variance).

It appears that how well units were initially benchmarked made an impact
on the results. It is possible that acknowledgement at the unit level of the impact of UAI
and CMI at the time of staff planning could have been inherently built into the staffing
plan without any established formula. For example, in FY 2008 only one of 13 units
delivered actual HPPD to within + / - 5% of planned. In FY 2009, 10 of 14 units were on
target without any adjustment at all (although through weighting, five of them had their
variances improved).

On the other hand, using an example of what appears to be an ineffective
benchmark, medical Unit F’s actual planned HPPD for FY 2008 was 7.84. Using
Massachusetts Patient CareLink’s benchmark for similar medical units in 300+ bed
hospitals would have resulted in a non-adjusted HPPD of 8.75. This would have yielded a
variance of 11.20% (instead of the actual 24.11%). If that benchmark had been used and
then adjusted, the adjusted HPPD would have been 9.77, variance -0.37% using the linear
regression method and 9.34, variance 4.20% using the PI’s method of weighting: both
within the accepted parameters of staffing established by Massachusetts Patient
CareLink.

It should also be noted here that HPPD is hugely affected by the size of the unit.
Although this characteristic was not an inherent part of this study as a contingency
variable on the structure of HPPD, it does assist in establishing some context around the
data examined by this study. For example, a 28 bed unit planned to have an average daily

census of 25 and an HPPD of 8.32 has a range of 7.90 to 8.74 HPPD within which to
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work to remain within the parameters of +/- 5% established by Massachusetts Patient
CareLink (8.32*%.95=7.90, 8.32*1.05=8.74). Using a mathematical grid found in
Appendix H it can be seen that the addition or subtraction of one caregiver and two
patients still results in an on target performance.

However, an 18 bed unit planned for an average daily census of 14 and an HPPD
of 8.00 (range: 7.60 to 8.40) is immediately off target if the staffing is increased or
decreased by one caregiver or with the increase or decrease of one patient. That is, the
variations in staffing and unit occupancy are less tolerated by smaller units. This ties into
this study because of its premise that patient turnover, measured by the number of
admissions, discharges and transfers as a ratio of total patients touched, affects the
number of caregivers needed to accommodate the extra workload. A smaller unit with a
high UAI will not tolerate additional care hours as well as a larger unit.

Clarification of the Measure of Unit Activity Index (UAI)

The measure of unit activity played a major role in this study’s findings.
Differences in variable measurements are one limitation faced by nurse staffing
researchers (Clarke & Donaldson, 2008). Using the UAI calculation fostered by
Jacobsen, Seltzer and Dam (1999) accurately captured true unit activity relative to patient
turnover as a ratio of patient admissions, discharges, and transfers to total patients treated
or touched. Jacobsen, Seltzer, and Dam (1999) defined total treated patients as the sum
of patients admitted, transferred in, transferred out, and discharged with the same 24 hour
period plus patients remaining on the unit for the same 24 hour period. This can be
difficult for researchers to ascertain when presented with large data sets. A simplification

of this formula is merely the total number of patients plus the total number of admissions
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and transfers in during the same 24 hour period. This simplified formula is exemplified in
Appendix G.

Hours per patient day are calculated from the total number of worked hours by
direct care providers divided by the average daily, i.e. midnight census (ADC). Itis
important to appreciate the difference between midnight census and number of total
patients cared for on a unit for the entire 24 hour period within the context of this study.
Since ADC was used in this study to calculate HPPD, it is appropriate to portray its
differences with total treated patients and compare this study’s findings with those of
others’.

Jacobsen, Seltzer, and Dam (1999) reported a difference of 53.5%, N= 31 days,
between midnight census and total treated patients, from a one month study of one
medical inpatient unit. In the PI’s study, medical inpatient units experienced weekly
differences between midnight census and total treated patients ranging from 12.21% to
49.51%, N= 900 weeks. Surgical units experienced slightly larger differences, 15.70% to
52.94%, N= 638 weeks. Mixed medical surgical units were consistent in the range of
16.75% to 51.61%, N = 456 weeks. These findings are consistent with those found by
Jacobsen, Seltzer, and Dam (1999).

The current study’s findings of UAI ranges of 24.6% to 68.8%, N=2004 weeks
are also consistent with those of Wagner, Budreau, & Everett (2005) who used the same
measure of unit activity and reported UAIs ranging from 31.0% to 51.2%, N=260 weeks.
This lends credence to the use of the measure of UAI as defined by Jacobsen, Seltzer, and
Dam (1999) for the PI’s study to accurately capture patient turnover; a critical piece for

conducting Specific Aim 1.
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Study Limitations

While this study demonstrated some instances of strong associations between HPPD
and UAI and CMI, the results must be considered with caution. It cannot be said that UAI
and CMI are the only explanations for the resulting HPPD rising above or falling below
the originally planned annual HPPD used to create staffing plans. Changes to nursing
units over the 3 study years were identified where possible, such as when a large unit was
divided into two smaller units. Other changes within nursing units over the 3 study years
are unknown and have not been identified or controlled for. For example, changes to the
nursing staff, skill mix, patient type, additional education provided to the managers
regarding budget management, and/or financial differences between fiscal years were
neither addressed nor included. It is possible that any of the abovementioned changes, or
others unknown and not identified, may have influenced the results if this study.

Findings pertained to two hospitals from one healthcare organization and to adult
acute care medical, surgical, and mixed medical-surgical units only, and may not be
generalizable to other similar hospitals, smaller hospitals, or other unit types beyond this
sample. Differences between academic medical centers and other types of hospitals are
typical (Welton, Unruh, & Halloran, 2006). Case mix index is not a patient acuity
measure in terms of nursing workload. It can only serve as a proxy measure in the
absence of a valid and reliable patient acuity measure. Data entry, transcription, and/or
coding errors within the secondary databases may be present and not discovered which
can influence study results (Welton, et al., 2006). Maletic and Marcus (2000) suggest

that field level error rates typically approximate five per cent.
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A comparison between this study’s case mix indices found for adult inpatient
acute medical surgical units and that for other comparable hospitals was unable to be
ascertained due to the high cost of accessing proprietary databases. Several care provider
and unit characteristics identified by other staffing researchers were not included in this
study. Examples of other variables that were not addressed by this study include skill
mix, patient care delivery models, physical size and layout of the unit, human and
technology support and resources including information systems, RN education,
experience, and certification, nurse fatigue, use of per diem and agency staff, (Clarke &
Donaldson, 2008) and nurse patient assignment (Welton, et al., 2009).

Measuring staffing and staffing components is inconsistent among studies.
Hospital personnel inclusion criteria used and calculating workload measures vary widely
from study to study, making benchmarking and comparison difficult (Clarke &
Donaldson, 2008). Often, data from entire hospital nursing department staff are included
in outcome measures (Aiken, Clarke, Sloane, Sochalski, & Silber, (2002); Blegan,
Goode, & Reed, 1998; Sovie & Jawad, 2001; Unruh, Fottler, & Talbott, 2003; Van den
Heede, Diya, Lesaffre, Vleugels, & Sermeus, (2008)). The database containing nurse
staff data from the state of California Office of Statewide Health Planning and
Development does contain worked (productive) hours broken down by skill level, but
includes both onsite and offsite meeting and educational time (Kyle, 2007); hours
typically not included as productive time.

HPPD can be broken down into various skills such as RN HPPD, LPN HPPD,
UAP HPPD and total HPPD (Needleman, Buerhaus, Mattke, Stewart, & Zelevinsky,

2002). HPPD data that is aggregated at the hospital level is often higher or lower than
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data limited to homogeneous unit cohorts such as medical and surgical units or intensive
care units. Aggregated HPPD data across all units within hospitals may be higher
because of the inclusion of critical care units, operating rooms, labor and delivery units,
and post anesthesia care units with lower patient to nurse (PTN) ratios. Conversely,
HPPD data may appear lower because of the inclusion of outpatient clinics where
typically higher PTN ratios are found.

Table A35 (see Appendix A) highlights the differences in HPPD for mixed unit
aggregated data versus data aggregated by unit data. It can be seen, using intensive care
units (ICUs) and emergency departments (EDs) as examples, that medical, surgical and
mixed medical/surgical HPPD are skewed upwards or downwards. Using data in Table
A35 as an example, if acute adult medical and surgical units are the desired units for
comparison, the appropriate 2008 unit cohort benchmark is 9.20 HPPD. If the
benchmark was established using a source that included critical care units as well, the
results would be skewed upward by 3.16 HPPD. If the benchmark was established using
a source that included medical and surgical units, ICUs and EDs, the results would be
skewed upward by 1.67 HPPD.

HPPD, patient acuity, and patient census data were aggregated four different ways
among the studies reviewed for this dissertation: (a) across countries (Aiken, et al.,
2001), (b) nationwide (Duffield, Diers, Aisbett, & Roche, 2009; Needleman, et al., 2002;
Van den Heede, et al., 2008), (c) across hospitals at the state level (Sovie & Jawad, 2001;
Unruh & Fottler, 2006; Unruh, Fottler, & Talbott, 2003), and (d) across all or selected
units grouped within hospitals (Blegen, et al., 1998; McGillis-Hall, et al., 2004; Salyer,

1995, Walker, 1990; (Welton, et al., 2009).
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Researchers are often challenged in obtaining unit-level data due to its availability
and accessibility (Minnick & Mion, 2009). Not all hospitals have unit level staffing data
by skill, shift, or work type (productive, non-productive, overtime, regular time). Not all
hospitals have the ability to report patient turnover by day and shift. Large data
repositories available to researcher and containing nurse staffing data such as the Center
for Medicare and Medicaid Services (CMS) Provider of Services (POS) file, the AHA’s
Annual Survey of Hospitals and California’s OSHPD may not have data at the level of
detail appropriate for the study. For example, the CMS-POS file only includes worked
hour data for RNs (Mark, 2006). Data provided by the American Hospital Association
(AHA) does not distinguish RNs providing direct patient care from nurse administrators
or nurse educators (Mitchell & Lang, 2003). Surveys might not capture the level of detail
or the nuances that data collected onsite at the unit level may reveal (Minninck & Mion,
2009).

Fit With Theoretical Framework

This study demonstrated the fit of the contingency factors of patient turnover,
measured by unit activity index, and patient acuity, measured by case mix index, on the
structure of nursing unit staffing plans, measured by hours per patient day. The fit
between UAI and CMI on HPPD was considered successful, i.e. effective, when the
adjustment to HPPD resulted in less variance between planned and actual HPPD. When
units experienced more variance between planned and actual HPPD, the results were
considered ineffective; thus, there was no fit between UAI and CMI on HPPD.

The effectiveness of using a weight factor to adjust planned HPPD based on

significant correlational finding between HPPD and UAI and CMI at the unit level for
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some units and the ineffectiveness resulting from applying the same system to other units
underscores the tenets of structural contingency theory (SCT). SCT stresses the
individuality of each unit; adjusting each unit’s HPPD in the same way is not appropriate.
Further, SCT states that a unit should strive to identify the contingencies affecting its
structure. If there were no correlations found between worked hours and patient turnover
and patient acuity, then these were not the contingencies affecting the structure, i.e.
HPPD for this unit. Hence, the contingency variables of UAI and CMI chosen for this
study were not the appropriate contingencies for all units included.
Policy Implications

Recent and ongoing legislative changes related to health care policy and
reimbursement will continue to challenge hospitals to reduce costs (Centers for Medicare
and Medicaid Services, 2010a). The Centers for Medicare and Medicaid Services (CMS)
no longer pays hospitals for substandard care and outcomes for sequela related to several
nurse-sensitive measures. These include, but are not limited to, pressure ulcers, catheter-
associated blood stream infection, falls with serious injury, and catheter associated
urinary tract infections (Centers for Medicare and Medicaid Services, 2010b). Nurse
staffing will be held accountable for preventable adverse patient outcomes and poor
patient satisfaction. The Joint Commission also requires adherence to its staffing
effectiveness standards, requiring nurse administrators and managers to monitor and
respond to changes affecting staffing (The Joint Commission, April 13, 2010).

In addition, many states have already legislated or will be legislating hospital
staffing committees to develop and make public their staffing plans that take into

consideration patient acuity and skill mix (Stokowski, 2009). The optimum number and
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skill mix of nursing unit staff has been elusive, and the mandated staffing ratios in
California in effect since 2004 have not shown a demonstrable improvement in patient
outcomes that are sensitive to nursing care (Spetz, et al., 2009).

Hospital reimbursements for care delivered are continually threatened by changes
within the economy, changes in legislation affecting CMS payments, and third party
payers. In the absence of evidence-based staffing, unwanted and unwarranted changes to
staff budgets, skill mixes, and salaries are possible. Newly mandated minimum staffing
ratios in the state of Victoria, Australia, secured by its national nursing union, added
2,650 nurses back into its workforce, but with cuts to nursing pay raises (Buchan, 2005).
Further work must be done in the area of rightsizing staffing plans to promote the
collective interests of nurses and patients alike.

Practice Implications

The adjustment of HPPD based on significant findings of positive correlations
between HPPD and patient turnover and patient acuity, if performed, will change the
staffing numbers for each unit affected. For example, an initial benchmark of 8.14 for a
medical unit adjusted to 8.74 (using the PI’s weight factor) results in 1.30 fulltime
equivalents (FTEs) added to the staffing plan. Using the same initial benchmark and
adjusting HPPD to 9.15 (linear regression weight factor) results in 2.15 FTEs added to
the staffing plan. (Conversely, significant findings of negative correlations between
HPPD and patient turnover and patient acuity, and with adjustments made to HPPD, will
have the same corresponding FTEs removed from the staffing plan).

This might seem like adding expense to hospitals that may struggle to stay

financially viable in today’s market. However, if this change to staffing numbers results
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in less overtime, less staff turnover, less use of per diem and agency nurses, produce
better patient outcomes, and raise the level of patient and nurse satisfaction, the benefits
may outweigh the expense. Only a cost-benefit analysis would ascertain the facts; an
exercise outside the scope of this study.

Practice implications are also interwoven with policy implications. For example,
if hospitals are legislated to convene staffing committees to determine staffing levels and
to make them publically available, this is a change in practice for the hospitals.
Research Implications

The results of this study have suggested additional research opportunities that
may add to building the science of empirically based nurse staffing. Using the same
variables contained within this study, changing the temporal measure of correlations
between HPPD and UAI and CMI from weekly to daily or even by shift may yield more
specific results. With measure of UAI clarified, perhaps another interesting possibility is
to change the volume measure of HPPD from the average daily midnight census to total
touched patients for a more accurate measure of true nursing workload.

In addition, this study measured nursing workload in hours per patient day
incorporating all direct care providers. Explicating the registered nurse portion of these
data and replicating this study could ascertain if the findings still held, thus adding more
information with regards to the impact of patient turnover and patient acuity on the RN
portion of patient care.

Changing from case mix index as the proxy measure for patient acuity, a study of
the number of diagnosis-related groupings (DRGs) experienced by at the unit level might

also shed light on the complexities of patient care experienced by nurses. In large
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academic medical centers, patients tend to be homogeneously grouped by like DRGs:
cardiac units, orthopedic units, oncology units, etc. Nurses tend to be specialized and
even certified in caring for specific patient types. To replicate this study using the number
of DRGs on a unit by week would be the next logical step.

Nursing unit staffing is fraught with complex variables, each potentially affecting
patient care and safety outcomes. In addition to patient acuity and patient turnover
examined by this study, caregiver and care setting characteristics also must be taken into
consideration so that a more complete model towards empirical staff planning can be
built. Caregiver characteristics such as educational levels, length of experience, number
of staff on orientation at any given time on the nursing unit, the percentage of core
staffing as opposed to float pool, per diem, and agency or traveler staff, and staff
competencies all contribute to the development of a staffing plan (Brewer & Frazier,
1998; Clarke & Donaldson, 2008; Mark, et al., 2008). Further study, adding these
variables to this study’s model will be of great interest towards the continued building of
a predictive model for nursing unit staff planning based on empirical evidence.

An alternatively proposed staffing measure is that of nurse-patient assignment
(NPA). The NPA is a newly introduced measure of both direct nursing care hours and
costs per inpatient day (Welton, et al., 2009). The NPA is also a measure made up of
data that is currently kept and easily obtained by hospitals: how many patients were
assigned and how many hours were worked per shift per nurse per day. Welton’s research
has focused on the cost of nursing care and has promoted the idea of billing for nursing

services explicated from the hospital “room and board” charges. It is possible that his
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proposed NPA measure would play a role in the search for a workable empirical staff
planning model.
Conclusion

With the many staffing challenges faced by nurse managers and nurse
administrators, and the drive to focus on evidence based staffing, nursing administration
must be proactive in its approach to more accurately predict and budget staffing resources
(Berkow, et al., 2007; Welton, 2008). Changes in reimbursement make it imperative for
nurse managers to develop tools and methods to assist them to measure variables of
importance without additional burden. Nurse managers must also utilize the results to
influence decision-making, lobby for resources based on empirical evidence, and manage
those resources effectively towards desired patient, staff, and administrative outcomes.

Preparation for constructing an annual staffing plan is a complex challenge faced
by nurse managers. Nurse managers are often at the mercy of fiscal restraints and
changes in hospital reimbursements (Berkow, et al., 2007). Having the opportunity to
study potential influences of nursing intensity measured through hours per patient day at
the unit level provided some insight through the major findings of this study. The overall
strength of this study was its ability to examine weekly data from acute care medical and
surgical units at the unit level over a three year period, yielding 2,004 weeks of data. The

major findings of this study were

1. Significant, albeit generally weak correlations between the dependent variable,
hours per patient day (nursing unit staffing), and the two independent variables: unit

activity index (patient turnover) and case mix index (patient acuity),
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2. The derivation and subsequent application of a weight factor to planned versus
actual HPPD adjusted for patient turnover and acuity in an effort to better predict HPPD
when formulating annual staffing plans. This included a rejection of the initial decision
making model in favor of one using results from the correlations, and

3. The clarification of the measure of unit activity index which will assist researchers
to more easily calculate patient turnover.

Nurse managers will continue to be challenged to identify all components
affecting the delivery of patient care necessary to produce acceptable patient safety

outcomes.
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A Comparison of Variance between Planned and Actual Hours per Patient Day among
Adult Acute Care Medical, Surgical, and Mixed Medical-Surgical Units, in Magnet and

non-Magnet Hospitals, found in 300+ bed hospitals in Massachusetts.

Variance % n (%) Variance %
. Year n (%) n (%) Range below Range
Units by type on above 5%
(V) Target threshold above 3% below
threshold  threshold  threshold
2007 9 21 5.64 / 0
(30) (30%) (70%) 22.40 0%
Non-magnet 2008 8 21 5.46/ 1 776
Medical units (30) (27%) (70%) 31.99 (3%) '
2009 20 11 5.28/ 0
(31) (65%) (35%) 18.68 0%
2007 9 5 591/ 4 -5.771
(18) (50%) (28%) 20.28 (22%) -12.78
Magnet 2008 10 3 5.16/ 5 -6.24 /
Medical units (18) (56%) (17%) 13.18 (28%) -8.85
2009 13 4 6.15/ 1 6.26
(18) (72%) (22%) 13.47 (6%) '
2007 5 16 5.29/ 0
(21) (24%) (76%) 24.92 0%
Non-magnet 2008 7 13 5.66/ 1 858
Surgical units (21) (33%) (62%) 22.52 (5%) '
2009 11 9 5.60/ 1 1123
21 (52%) (43%) 39.41 (5%) ’
2007 9 4 5.46 / 0
(13) (69%) (31%) 12.83 0%
Magnet 2008 6 5 5.37/ 2 -7.28 1
Surgical units (13) (46%) (38%) 10.46 (15%) -7.74
2009 8 3 5.99/ 2 -8.62/
(13) (62%) (23%) 14.09 (15%) -10.93
2007 9 17 549/ 0
Non-magnet (26) (35%) (65%) 21.88 (0%)
Medical / Surgical 2008 4 23 6.57/ SO
units (27) (15 %) (85%) 39.52 (0%)
2009 12 15 5.80/ 2 -8.77/
(29) (41 %) (52%) 24.32 (7%) -11.98
Magnet 2(38; (408«7 ) (357 %) ?7637/ (255 %) -3.12;2/
. . 0 (4 . (4 - .
Eﬁilcal [ Surgical =508 12 5 591/ 3 5.60/
(20) (60 %) (25%) 17.38 (15%) -15.12
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Variance % n (%) Variance %
. Year n (%) n (%) Range below Range
Units by type on above 5%
(V) Target threshold above 3% below
threshold  threshold threshold
2009 8 7 6.60/ 5 -5.11/
20) (40 %) (35%) 12.75 (25%) -13.03
2007 23 54 529/ 0
Non-magnet (77) (30 %) (70%) 24.92 0%
medical, surgical, 2008 19 57 5.46/ 2 =176/
and medical / (78) 24 %) (73%) 39.52 (3%) -8.58
surgical units 2009 42 36 5.04/ 3 -8.77/
81 (52 %) (44%) 3941 (4%) -11.98
2007 26 16 5.46/ 9 -5.771
Magnet (51) (51 %) (31%) 20.28 (18%) -21.32
medical, surgical, 2008 28 13 5.16/ 10 -5.60/
and medical / (51) (55 %) (25%) 17.38 (20%) -15.12
surgical units 2009 29 14 5.99/ 8 -5.11/
(51) (57 %) (27%) 14.09 (16%) -13.03
2007 49 70 5.29/ 9 -5.771
All medical, (128) (38 %) (55%) 24.92 (7%) -21.32
surgical, and 2008 47 70 5.16/ 12 -5.60/
mixed medical / (129) (36 %) (54%) 39.52 (9%) -15.12
surgical units 2009 72 49 5.28/ 11 -S5.117-
(132) (55 %) (37%) 3941 (8%) 13.03
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A comparison of median HPPD by unit type by years

Median HPPD
Unit Type (N, SD)
2003 2004 2007 2008 2009
. 7.86 8.22

Medical (NR) (63, NR) 8.75 9.52 8.94
Medical w/ 8.58 8.82 (48,1.28)  (48,137) (49, 1.34)
Tele. (NR) (48, NR)
Mixed Med- 7.98 8.86 8.06 8.23 8.05
Surg (NR) (116,NR)  (46,1.05) (47,1.41) (49, 1.14)
Surgical 7.43 7.90

(NR) (62, NR) 9.11 9.40 9.13
Surgical w/ 9.24 9.25 (34,1.30)  (34,1.41)  (34,1.55)
Tele. (NR) (18, NR)

Source

LMI (Cavouras & Suby,
2004)

PatientCareLink, 2010
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A Summary of Studies Incorporating Hours per Patient Day, Patient to Nurse Ratios
and/or Skill Mix as Measures of Patient and Nursing Outcomes

Researchers Relevant Statistics Findings

Blegen, Goode, & HPPD URIs, UTIs, pressure ulcer rates, and

Reed (1998) (N*1X /SD): patient complaints higher on units with
42/10.74 /7 1.09 higher HPPD. Overall adverse outcomes
*N=patient care units decreased with higher RN skill mix up to
Skill mix: 87.5%, then increased with RN skill mix
RN 72% (SD 15%) greater than 87.5 %. Patient falls not
Range: 46% - 96% explained by data findings.

Budreau, N*=184 Introduces the measure of CGPR

Balakrishnan Titler ADT allowance = 0 min: (caregiver to patient ratio) as a

& Hafner (1999) X =10.97 methodology for computing HPPD
SD =5.05 (hourly CGPR times 24 hours).

Sovie & Jawad
(2001)

Needleman,
Buerhaus, Mattke,

ADT allowance = 30
min:

X =10.53

SD =2.41

*Days

HPPD

(N*1X /SD):
Medical Units FY 2007:
29/7.49/2.30

RNs only:
29/5.10/1.00

FY 2008:
29/8.22/2.93

RNs only:
29/5.52/1.65
Surgical Units

FY 2007:
29/7.40/2.47

RNs only:
29/5.18/1.08

FY 2008:
29/7.711712.29

RNs only:
29/5.15/0.88
**N=patient care units

HPPD
(N* /X /SD):

Comparison of CGPR with and without
adjustments for ADTs (30 min
allowance) revealed less variability but
little effect on HPPD using CGPR
calculation.

Of the four main outcome variables
included in study (fall rates, nosocomial
pressure ulcers, urinary tract infections,
patient satisfaction [pain management,
received education, attention to needs,
nursing and hospital, preparation for
discharge]), higher RN-HPPD were only
significantly associated with lower fall
rates and increased patient satisfaction
with pain reassessment. During the study
period, the medical units experienced an
8% increase in RN-WHPPD and an 11%
increase in UAP-HPPD. The surgical
units experienced a 1% decrease in RN-
WHPPD and a 13 % increase in UAP-
HPPD.

Skill mix (the percentage of RNs to
UAPs) did not result in any noteworthy
findings.

For medical patients, higher RN staffing
resulted in shorter LOS, lower UTIs,
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Researchers Relevant Statistics Findings
Stewart & 799/11.4/4.1 pneumonia rates and failures to rescue.
Zelevinsky (2002) RN only: Among surgical patients, higher RN

Aiken, Clarke,
Sloane, Sochalski
& Silber (2002)

McGillis-Hall,
Doran & Pink
(2004)

Seago,
Williamson, &
Atwood (2006)

799*%/7.8/1.9
*N = hospitals

N=10,184 RN
respondents reported
number of patients

typifying an assignment:

<4:1(17.1%)
5:1 (47.3%)
6:1 (20.8% )
7:1 (10.9%)
>8:1 (4%)

N =77 units (medical,
surgical and obstetrical)
Staffing models:

RNs and UAPs (42.9%)
RNs, LPNs, and UAPs
(20.8%)

RNs and LPNs (20.8%)
All RN staff (15.6%)

HPPD

(N* /X /SD):
Unit A:
(1,012/8.1/0.34)
RN HPPD
(1,012/6.0/0.22)
Unit B:
(947/8.3/0.34)
RN HPPD
(947/8.0/.024)
Unit C:
(952/7.49/0.56)
RN HPPD
(952/5.4/(0.32)
Overall

(2,911 /7.97 ] **)
RN Overall

(29117 6.45/ **)
* N=patient days per
month

** unable to impute

staffing resulted in lower UTIs and
lower failure to rescue rates.

When looking at patient to nurse (PTN)
ratios, higher PTN resulted in less
satisfied nurses, higher nurse burnout
rates and higher risk-adjusted patient
mortality and failure to rescue rates.
Only 31% (3,157) of nurses surveyed in
this study worked in acute care general
medical or surgical units.

Lower RN skill mix yielded higher
medication errors and wound infections.
No significant impact on falls or UTIs.
Actual HPPD not reported, although
HPPD included paid hours, not just
worked (productive) hours.

Patient satisfaction increased as total
HPPD increased. Greater patient
satisfaction with pain management with
higher RN skill mix. Medication errors
increased with lower RN skill mix.
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Researchers

Relevant Statistics

Findings

Van den Heede, et
al.,(2008)

Minnick & Mion
(2009)

HPPD

(N*/X /SD):

1,637/ 2.74 / not
reported

Non-ICU RN HPPD in
academic hospitals
ranged from 2.29 — 3.44
*N = nursing units

PTN ratios

N=1,824 RN surveys
returned

(N* /X /SD):

ICU RNs:
55/2.1:1/0.31

ICU staffing plans:
55/2.0:1/0.37
Non-ICU RN:ss:
82/5.9:1/1.04
Non-ICU staffing plans:
82/5.6:1/1.10

This study looked at correlating three
different weight systems (hospital type,
nursing care intensity, and type of
service) that could be used to benchmark
staffing data throughout Belgium. 70%
of variability in nurse staffing explained
using these three weights.

This study examined the correlation
between self-reported patient
assignments and unit staffing plans, and
the two were highly correlated (r = 0.96,
p <.001). PTN is a reliable measure of
nursing workload.
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A Summary of Studies Incorporating Acuity Associated with Hours per Patient Day or

Impacting on Patient and/or Nursing Outcomes

Researchers

Relevant Statistics

Findings

Campbell, Taylor,
Callaghan, &
Shuldham (1997)

O'Brien-Pallas,
Irvine, Peereboom, &
Murray (1997)

Blegen, Goode, &
Reed (1998)

McGillis-Hall, Doran
& Pink (2004)

No regression analysis

statistics reported.

N*=45

F=2578

70:1344

p< .0001

*N=case mix groups

N*=198,962
X =419
SD =1.09

Range: 2.15-6.80
*N = patient days

N=203

Acuity N, mean and SD not

reported.

No overall relationship between
case mix groups and predicted
and actual nursing hours
worked. Case mix groups not a
promising predictor of nursing
workload. Only cystic fibrosis
as a case mix group explained
18% of the variation on nursing
workload.

Nursing diagnoses, medical
case mix groups, nurse
characteristics, and the care
environment explained 60% of
the variance in nursing hours.
Overall case mix group
explained 19% of 60% total
nursing workload variability.
Specifically, case mix group
Asthma and Bronchitis, and
case mix group Craniotomy
accounted for largest variation
in nursing workload. Case mix
group not a good predictive
measure of nursing workload.

Patient acuity based on scale of
1(least acute) to 7 (most acute).
Patient acuity and HPPD highly
correlated (r = .819). URIs,
UTIs, pressure ulcer rates, and
patient complaints higher on
units with higher acuity.

Acuity measured on a
complexity scale of 1(not
complex) to 4 (highly complex),
or 9 (complexity not related to
case mix group).

Higher patient acuity resulted in
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Researchers

Relevant Statistics

Findings

Seago, Williamson, & Case mix index

Atwood (2006)

Unruh & Fottler
(2006)

Upenieks, Akhavan,
Kotlerman,
Esser, & Ngo (2007)

(N* /X /S8SD):
Unit A:
(1,012/1.99/0.21)
Unit B:
(947/2.63/0.43)
Unit C:

(952/1.23/0.09)
*N=patient days per month

Severity score:

(N*/X /SD):
*/1.24/0.23

RN/1000 APDC (adj.) =2.84
(1994) to 2.56 (2001)

After adjustment for turnover
and acuity range:

t=-3.43 (1994) to

t=-20.44 (2001)

p<.0001

*N = not reported (8 years of
patient data)

Observations:

Unit A (tele): N=1,592
RN time spent:

79.7% (necessary, value-
added care)

25% (direct care)

Unit B (tele): N=1,536
RN time spent:

significantly higher HPPD (r =
2.94, P =.003).

Increased patient age (¢ = 2.65,
P =.008) and higher acuity (¢ =
2.53, P =.01) were positively
related to HPPD for medical
and surgical patients.

Pressure ulcers increased as
patient acuity increased.

Patient severity score range: 0
(least severe) to 4 (most severe).
Patient severity scores increased
9.8% over the eight years of the
study.

Study indicates a 26.49%
decline in RNs per 1000 patient
days in acute care PA hospitals
when adjusted for patient acuity
and turnover.

Study results reported for
patient turnover and patient
turnover and severity.

It is unknown if study did not
perform or did not report RN
per 1000 patient day impact
when adjusted for patient
severity only.

Time study observations
categorized by activity level
(necessary, value-added care
versus non-value added care)
and activity category (direct
care versus indirect care,
documentation, personal time
use, waste, and other).
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Researchers

Relevant Statistics

Findings

Duffield, Diers,
Aisbett, Roche (2009)

83.3% (necessary, value-
added care)

32% (direct care)

Unit C (medical-surgical):
N=1,565

RN time spent:

79.0% (necessary, value-
added care)

30% (direct care)
Variability for activity level:
x> =15.2401

p=.0005

Variability for category level:

x% =91.2028
p <.0001

N*=4,964,924

n** = 606

X =235 (Ist year of study)
X =255 (5th year of study)
*Time patient spent on unit —
no further specificity

** total number of Australian
DRGs

RNs working on the two
telemetry units with comparable
patient diagnoses demonstrated
different workloads. RNs
working on either of the two
telemetry units versus RNs
working on the medical-surgical
unit but with comparable patient
diagnoses also demonstrated
disparate workloads. This
despite mandated minimum
staffing ratios imposed by the
state where the study was
conducted.

A 40% increase in the number
of different AR-DRGs seen per
nursing unit was observed over
the five year study period,
indicating a rise in patient care
complexity for the nursing
staff..
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A Summary of Studies Incorporating Patient Turnover Associated with Hours per Patient
Day or Impacting on Patient and/or Nursing Qutcomes

Researchers Relevant Statistics  Findings
Walker (1990) N*=665 Eves: 35% of ADTs and 60% of RN overtime
X =235 and supplemental staffing
SD =17.30 Days: 64% of ADTs and 19% of RN overtime
Daily: and supplemental staffing
X =95 Predetermined RN work schedule did not
SD =16.90 match daily shift RN staffing levels required to
Admissions and accommodate ADTs.
Transfers In: Unit level ADT data not reported.
N=346
X =4943
SD=5.19
Discharges and
Transfers Out:
N=319
X =45.57
SD=12.23
*N = ADTs during
sample week
aggregated over 5
acute care units
Salyer (1995) N = not reported Higher number of ADTs resulted in lower self-
Daily A&D: perceived quality of communication skills and
X =7.38 interpersonal relationships reported by 95 RNs
SD =3.23 participating in survey.
Daily T:
X =928
SD =4.10
Jacobson, Seltzer, N=243 There was a difference of 53.54% between
& Dam (1999) X =347 total treated patients and midnight census.
n=178
X =226
SD = not reported
Budreau, N*=184 Patient turnover per shift as a measurement is
Balakrishnan Titler Day shift ADT more accurate than using midnight census
& Hafner (1999) range (4 units): data, but showed little effect on HPPD.

22% to 81%
Evening shift
ADT range (4
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Researchers

Relevant Statistics

Findings

Volpatti, Leathley,
Walley, & Dodek
(2000)

Unruh, Fottler, &
Talbott (2003)

Wagner, Budreau,
& Everett (2005)

Hendrich & Lee
(2005)

Unruh & Fottler
(2006)

units):

1% to 9%

Night shift ADT
range (4 units):
15% to 56%

*N = Days

ADMC and
nursing supply:
X =42
Weighted nursing

supply and nursing

demand:
X =.83
p<.0001

Unadjusted

N* = 840,659
Adjusted

N* = 847,564

X difference 10-
year range:

-661 to -750

t value range:
-20.45 t0 -15.20
p <.0001 for all ¢
values

*N = patient days

ADMC:

6.96 — 36.53
ADTT:

8.71 - 60.75
UAI

12.7% - 51.2%

N=200
(95% C.1.)

Turnover
X range: 0.17-0.22

Nursing demand, weighted by RN to patient
ratio, admissions, and acuity is a more
accurate predictor of needed nursing supply
than is average daily midnight census
(ADMC) in ICUs.

Patient days computed using American
Hospital Association’s Adjusted Patient Days
of Care (APDC) = inpatient days + [inpatient
days x (outpatient revenue/inpatient revenue)]
shown to underestimate workload by two
hours / patient stay.

OK at hospital level but difference in patient
days per year spread over an average of 198
hospitals included in the 10-year study is an
insignificant average of 3.5 days per hospital.

Total treated patients is a more accurate
measure of nursing workload than ADMC. A
unit activity index (UAI) > 50% suggests the
need for increased staffing.

Patient transfers incur approximately an hour
of nursing time (Preparation for patient
transfer = 22 min; actual patient transfer = 7
min; post-transfer patient report and
assessment = 31 min.)

Patient turnover increased 29% over the eight
years of the study. Study indicates a 23.84%




115

Researchers

Relevant Statistics

Findings

Duffield, Diers,
Aisbett, Roche
(2009)

SD range: 0.03-
0.04

Before adjustment
for turnover:
RN/1000 APDC
(adj.) =2.84
(1994) to 2.56
(2001)

After adjustment
for turnover:
t=-3.00 (1995) to
t=-23.21(2001)
p<.0001

*N = not reported
(8 years of patient
data)

ADT :

N=not reported
Aggregated unit
turnover:

X =0.24 (1st
year of study)
X =0.25(5th
year of study)
Max. = 0.60

decline in RNs per 1000 patient days in acute
care PA hospitals when adjusted for patient
turnover. Turnover computed using 1/LOS in
days

Patient turnover increased by 7% over study
period, but nursing hours did not generally
increase to accommodate increase in
workload. Turnover computed using 1/LOS in
days (method used by Unruh & Fottler, 2006).
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Table A6.

A Summary of Studies Targeting or Incorporating Cost Measures Associated with Hours
per Patient Day

Researchers Findings
Sovie & Jawad (2001) A 50%-70% RN staff mix resulted in a 3% reduction is
cost per discharged patient from a 40%-50% RN staff mix.
Graf, Millar, Feilteau, Higher skill mix of RNs (83%) was associated with fewer
Coakley, & Erickson hours per unit of work when benchmarked against other
(2003) academic centers using same acuity system.
McGillis-Hall, Doran & Lower RN skill mix resulted in greater nursing hours used
Pink (2004) for medical and surgical patients (¢ = 3.37, P = .003)

Shamliyan, Kane, Mueller, Increasing RN skill mix does not add cost from avoided
Duval, & Wilt (2009) patient deaths and adverse events for ICUs and surgical
patients, but not medical patients.
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A Summary of Models used by Mark and colleagues using SCT / NSOR in their research

Study Context Structure Effectiveness
Mark, B. A., Hospital characteristics:  Decentralization Administrative
Salyer, J., Geddes, Teaching Status Autonomy outcomes:
N., & Smith, C. S.  Size Nurse-Physician RN satisfaction
(1998) Life cycle collaboration Team performance
High-tech services Support Services Turnover
Unit characteristics: Cost efficiency
Skill mix Patient Outcomes:
Education Falls
Life cycle Medication errors
Patient care technology Satisfaction

Mark, B. A., External Environment: Unit Capacity Safety Climate:
Hughes, 1. C., Urban / Rural Status Skill Mix Medication Errors
Belyea, M., Bacon, Managed Care Number of Patient Falls
C.T., YunKyung, Penetration RNs with BSN
C., & Jones, C. A.  Geographical Region Work Engagement
(2008) Internal Environment: RN Unit Tenure

Hospital Size Nursing Expertise

Life Cycle Commitment to Care

Teaching Status Work Conditions

Technological Autonomy

Complexity Decision-Making

Magnet Status Participation

Nursing Unit Relational

Environment: Coordination

Size

Support Services

Patient Acuity

Work Complexity
Bacon, C. T., Hospital Size RN proportion Symptom
Hughes, L. C., & Teaching Status RN proportion with Management
Mark, B. A. (2009) Illness Severity BSN

Magnet Certification
Life Cycle

Nursing Unit Size
Support Services
Patient Acuity

Work Complexity

RN unit tenure
Nursing Expertise

Commitment to Care

Autonomy
Decision-making
participation
Relational
coordination




Table AS8.

Descriptive Statistics of data used in study, ordered by total aggregated data, data
aggregated by unit type, and individual unit data.

. All FYs FY 2007 FY 2008 FY 2009
Unit / Type

N n n n
Total 2004 604 676 724
Medical 900 276 312 312
Unit A 156 52 52 52

Unit B 138 34° 52 52

Unit C 156 52 52 52

Unit D 156 52 52 52

Unit F 156 52 52 52

Unit K 138 34° 52 52
Surgical 638 172 208 258
Unit E 156 52 52 52

Unit G 156 52 52 52

Unit J 138 34° 52 52

Unit L 138 34° 52 52
Unit N 50 0° 0° 50°¢
Mixed Medical- 466 156 156 154

Surgical

Unit H 156 52 52 52

Unit [ 104 52 52 0°

Unit M 156 52 52 52
Unit O 50 0° 0° 50°¢

*Units divided into smaller units during fiscal year. Only 34 weeks of data submitted to
Massachusetts Patient CareLink.

® Unit did not exist in the fiscal year specified

¢ Units divided into smaller units during fiscal year. Only 50 weeks of data submitted to
Massachusetts Patient CareLink.
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Table A9.

Sample Sizes Specific for Each Aim of This Study

Sample Parsing

Aim Tethod / Individual Unit Unit Tvoe Samo]
Sample ype Sample
1. To examine the Correlation Each unit, each week for Each unit type, each week
correlation (Pearson’s r) 3 years: N = 2,004 for 3 years:
between CMI and e 14 units FY 2007:
UAI with HPPD. o 7 medical medical units (N=276)
(n=900) surgical units (N=172)

o 4 surgical mixed med-surg (N=156)

o (n=638) FY 2008:

o 3 mixed medical units (N=312)
medical- surgical units (N=208)
surgical mixed med-surg (N=156)

o (n=466) FY 2009:

medical units (N=312)
surgical units (N=258)
mixed med-surg (N=154)
2. To derive a Determine each ~ Average CMI for each n/a
weight factor study unit’s study unit from each
consisting of annual (FY) prior fiscal year to use
CMI and UAIto  CMI in determining
apply to HPPD (mean) applicability of weight
factor for each study
unit’s subsequent fiscal
year planned HPPD.
(N=13)
Determine each ~ Average UAI for each
study unit’s study unit from each
annual (FY) prior fiscal year to use
UAI in determining
(mean) applicability of weight
factor for each study
unit’s subsequent fiscal
year planned HPPD.
(N=13)
Apply Weight Using its annual staffing
Factor plan, each study unit
(add / subtract (N=13) will have a
or not weight factor added to,
applicable) subtracted from, or

deemed not applicable
applied to its benchmark
HPPD for each year
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included in the study,
predicated upon the
results of steps 2 and 3
above and utilizing the
weight model.

3. To determine if Descriptive

there is an
improvement to
the difference
between planned
and actual HPPD
when a weight
factor of CMI and
UALI is applied.

statistics by unit

Each study unit (N=13)
with and without weight
factor, using its annual
staffing plan for each
fiscal year

Each study unit type (N=3)
with and without weight
factor, using an aggregated
type average HPPD from
the annual staffing plans for
each fiscal year
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Bringing Three Data Sources Together Into Microsoft Access
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Data Variable Data Tvpe Initial Import
Source Description yp Application Destination
ANSOS One- Nursine unit Text Microsoft Microsoft Access

Staff™ g © Excel Table: Units*

*A linking table for de-identifying units needs to be established for use in subsequent queries

ANSOS One- date Date/Time Microsoft Microsoft Access
Staff™ Excel Table: Worked Hours
ANSOS One- Nursine unit Text Microsoft Microsoft Access
Staff™ g Excel Table: Worked Hours
ANSOS One- ngiglla;h%lgzc ( Integer, 2 Microsoft Microsoft Access
Staff™ Y decimal points Excel Table: Worked Hours
care providers
ANSOS One- ngfkrgdnf hé)ilrleri ( Integer, 2 Microsoft Microsoft Access
Staff™ Y decimal points Excel Table: Worked Hours
care providers
) . Microsoft Microsoft Access
Meditech date Date/Time Excel Table: Patient census
) . ) Microsoft Microsoft Access
Meditech Nursing unit Text Excel Table: Patient census
. number Of patient Integer, whole Microsoft Microsoft Access
Meditech transfers into the .
unit number Excel Table: Patient census
) nun}be?r of Patlent Integer, whole Microsoft Microsoft Access
Meditech admissions into the .
unit number Excel Table: Patient census
. r}umbt:r of patient Integer, whole Microsoft Microsoft Access
Meditech discharges from the .
it number Excel Table: Patient census
. number of patient Integer, whole Microsoft Microsoft Access
Meditech transfers from the .
unit number Excel Table: Patient census
. A Integer, whole Microsoft Microsoft Access
Meditech midnight census number Excel Table: Patient census
. . . Microsoft Microsoft Access
Meditech Weekending date Date Time Excel Table: Case Mix
. . Microsoft Microsoft Access
Meditech Unit Text Excel Table: Case Mix
. . Integer, 4 Microsoft Microsoft Access
Meditech Case Mix Index decimal points Excel Table: Case Mix
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Queries Built in Preparation for Export of Data to SPSS
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Microsoft Microsoft Variable Function Result
Access Query Access Table Description
. ' Links unit names
Unit Unit between tables,
Weekending none allowing de-
Worked Hours identified unit
Worked Unit name to be
Hours selected
Changes record
field date to
Weekending ~ Worked Weekending  ([date]+7- weekending date
Worked Hours Hours Date Weekday([date],7) in order to link to
case mix index
dates
. Total worked Adds all worked
Weekending Worked hours for the Sum ([regular hours]) + hours together
Worked Hours Hours week Sum ([overtime hours]) for each week for
each unit
Unit Links unit names
Unit between tables,
Weekending none allowing de-
Patient Census ) identified unit
Patient .
Census Unit name to be
selected
Changes record
field date to
Weekending Patient Weekending  ([date]+7- weekending date
Patient Census Census Date Weekday([date],7) in preparation for
linking to case
mix index dates
Sums the
. . . midnight census
We_e kending Patient Midnight Sum ([midnight census]) for the week to
Patient Census Census Census . .
arrive at patient
days per week
Sum([patient admissions])  Sums the ADTs
+ Sum([patient transfers for each week for
Weekending Patient ADTs in]) + Sum([patient each unit in
Patient Census Census discharges]) + preparation for

Sum([patient transfers
out])

calculating the
UAI
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Final Query with All Data Ready for Export into SPSS
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Microsoft Access Variable Variable Variable Variable
Datasource Label for Description Type for Measure for
SPSS SPSS SPSS
Query: Weekending . De-identified . .
Worked Hours Unit alias String Nominal
Query: Weekending Weekending Date,
Worked Hours Date Date mm/dd/yy Scale
Query: Weekending Total worked '
Worked Hours Numeric, 2
. HPPD hours / total . Scale
Query: Weekending atient davs decimals
Patient Census p Y
sum of ADTs/
Que;ry: Weekending UAI (mean midnight Nurperlc, 2 Scale
Patient Census census + mean decimals
ADTs)
Table: Case Mix Ml Case mix index Numeric, 4 Scale

Index

decimals
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Key statistics from linear regressions between HPPD and CMI and UAI for each unit

group for each fiscal year with resulting HPPD predictor for next fiscal year.

Unit Type and . Regression Weight
Fisca{%ear Variable coetgficient b Mean Fact%)ra
. . HPPD 7.091 n/a
M?“{C*Z‘hg;“ts UAI 2.624 46 1016374
CMI 317 1.2458
. . HPPD 8911 n/a
M‘?“f%})‘g‘ts UAI 3.854 47 1.013851
CMI -.989 1.2750
Surgical units HPPD 2.598 n/a
FY 2007 UAI 2.072 .50 1.036173
CMI 1.086 2.0727
Surgical units HPPD 7172 n/a
FY 2008 UAI 3.57 49 1.071270
CMI 0.364 2.0928
Mixed Medical- HPPD 8.35 n/a
Surgical units UAI -1.42 A7 1.046686
FY 2007 CMI .52 1.3193
Mixed Medical- HPPD 7.429 n/a
Surgical units UAI 3.803 A48 1.068235
FY 2008 CMI -0.121 1.4208

"Results formula per unit type: (regression coefficient b dependent variable (HPPD) +
(regression coefficient b independent variable 1 (UAI) * mean UAI from same fiscal
year) + (regression coefficient b independent variable 2 (CMI) * mean CMI from same
fiscal year)) / planned HPPD
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Deriving a weight factor from Multiplying each unit’s CMI and UAI and summing to zero
by entering a negative number.

Unit Type / Unit Mean  Mean UAI x ((WUe?gIh)i g:{(l))r /. F;X:;%‘h; i
Fiscal Year UAI CMI CMI 1 1
Unit A 043 1.3486  0.581072 -0.0066
Unit B 0.53 1.5288  0.806778 0.2191
Medical Unit C 047 1.1397  0.53894 -0.0488 0.58769
FY 2007 Unit D 0.49 1.1443  0.565929 -0.0218 )
Unit F 044  1.0944 0.477282 -0.1104
Unit K 041 1.3549  0.556136 -0.0316
Unit A 041 1.3931 0.5672303 -0.0308
Medical Un%t B 052 15356 0.7998411 0.2018
FY 2008 Un‘1t CcC 047 1.1528  0.5453526 -0.0526 0.5980
Unit D 050 1.1154  0.55444 -0.0436
Unit F  0.51 1.0954 0.5579321 -0.0401
Unit K 041 1.3577 0.5632969 -0.0347
Unit E  0.51 1.9375  0.997737 -0.0560
Surgical Unit G 049 1.9416  0.960739 -0.0930 1.05373
FY 2007 Unit J 044  1.7440 0.765763 -0.2880 '
Unit L 053 2.8086 1.490726 0.4370
Unit E  0.53 1.9721  1.0378499 -0.0084
Surgical Unit G 049 1.9398  0.9503403 -0.0959 1.0462
FY 2008 Unit J 042  1.7417 0.7387344 -0.3075 )
Unit L 054 27175 1.4578669 0.4117
Mixed Unit H 052  1.1422  0.594217 -0.0169
Med-Surg Unit I 044  1.6421 0.727101 0.1160 0.6111
FY 2007 Unit M 044  1.1735 0.511996 -0.0991
Mixed Unit H 0.53 1.1894  0.627118 -0.0447
Med-Surg Unit I 0.45 1.8834  0.8451351 0.1733 0.6718
FY 2008 Unit M 046  1.1898 0.5431608 -0.1286
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Specific Aims Linked to Theoretical Model and Planned Data Analysis

Aim SCT Data Analysis Plan
component
To examine the correlation Contingency Correlate case mix index to hours
between patient acuity (using case per patient day (HPPD). Expected
mix index) and patient turnover results: the higher the CMI, the
(using unit activity index) on higher the HPPD (positive
worked hours per patient day correlation)
-Correlate Unit activity index (UAI)
to HPPD. Expected results: the
higher the activity ratio, the higher
the WHPPD (positive correlation)
To examine the moderating effects Structure If correlations hold (see above),
of case mix index and unit activity and Fit build a weight factor using CMI
index on hours per patient day, and UAI to modify HPPD by
utilizing them as weight factors for adding or subtracting the weight
building a more accurate predictive factor to staffing plans
annual staffing plan
To conduct simulation analyses Effectiveness Compare the actual HPPD with the

using the weight factor derived
through Aim 2 to examine the
difference in the variances between
weighted and unweighted staffing
plans

predicted HPPD to determine the
predictive usefulness of this model.
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Table A16.

Descriptive Statistics of HPPD data used in study: All units and Medical Units
Unit I;;Z;T N/n Mean SD Median Min Max
AllFYs 2004 9.03 0.85 8.94 6.51 14.68
All units  FY 2007 604 8.66 0.85 8.60 6.51 12.47
instudy FY 2008 676 9.45 0.82 9.30 7.49 14.68
FY 2009 724 8.94 0.69 8.85 6.72 12.37
All All FYs 900 9.04 0.77 8.95 6.72 12.46
medical FY 2007 276 8.70 0.78 8.60 6.72 11.26
units FY 2008 312 9.46 0.78 9.32 7.86 12.46
FY 2009 312 8.92 0.53 8.87 6.72 10.63
All FYs 156 9.15 0.64 9.13 7.73 11.26
Unit A FY 2007 52 9.05 0.93 8.66 7.73 11.26
FY 2008 52 9.27 0.45 9.24 8.43 10.65
FY 2009 52 9.15 0.35 9.16 8.40 9.90
All FYs 138 8.82 0.48 8.81 7.44 10.63
Unit B FY 2007 34 8.53 0.46 8.57 7.44 9.13
FY 2008 52 8.85 0.48 8.82 7.88 10.63
FY 2009 52 8.98 0.42 8.94 8.18 10.05
All FYs 156 8.97 0.90 8.92 6.72 11.13
Unit C FY 2007 52 8.20 0.67 8.19 6.72 10.06
FY 2008 52 9.79 0.66 9.83 8.37 11.13
FY 2009 52 8.93 0.51 8.88 7.87 10.10
All FYs 156 9.39 0.94 9.28 6.72 12.46
Unit D FY 2007 52 9.16 0.84 8.97 7.59 11.11
FY 2008 52 10.08 0.81 10.01 8.44 12.46
FY 2009 52 8.93 0.73 8.85 6.72 10.63
All FYs 156 9.07 0.88 8.88 7.38 11.93
Unit F FY 2007 52 8.46 0.57 8.45 7.38 10.66
FY 2008 52 9.88 0.75 9.83 8.47 11.93
FY 2009 52 8.87 0.60 8.80 7.81 10.51
All FYs 138 8.77 0.43 8.77 7.73 10.30
Unit K FY 2007 34 8.73 0.45 8.78 7.73 9.44
FY 2008 52 8.90 0.45 8.98 7.86 10.30
FY 2009 52 8.66 0.37 8.70 7.93 9.35




128

Table A17.
Descriptive Statistics of HPPD data used in study: All units and Surgical Units
Unit I;;Zzil N/n Mean SD Median Min Max
AllFYs 2004 9.03 0.85 8.94 6.51 14.68
All units FY 2007 604 8.66 0.85 8.60 6.51 12.47
instudy FY 2008 676 9.45 0.82 9.30 7.49 14.68
FY 2009 724 8.94 0.69 8.85 6.72 12.37
All All FYs 638 9.26 0.93 9.14 7.23 14.68
surgical FY 2007 172 8.88 0.93 8.71 7.23 12.47
umits FY 2008 208 9.70 0.90 9.52 8.17 14.68
FY 2009 258 9.16 0.82 9.05 7.44 12.37
All FYs 156 9.11 0.98 8.94 7.23 14.68
Unit E FY 2007 52 8.63 0.70 8.49 7.23 10.87
FY 2008 52 9.74 1.11 9.48 8.18 14.68
FY 2009 52 8.96 0.74 8.81 7.76 12.37
All FYs 156 8.67 0.61 8.63 7.38 11.48
Unit G FY 2007 52 8.10 0.31 8.03 7.38 8.78
FY 2008 52 9.00 0.51 8.92 8.17 11.48
FY 2009 52 8.89 0.53 8.79 8.09 10.55
All FYs 138 9.43 0.55 9.38 8.42 11.70
Unit J FY 2007 34 9.14 0.40 9.06 8.50 10.01
FY 2008 52 9.75 0.65 9.67 8.42 11.70
FY 2009 52 9.30 0.35 9.28 8.58 10.01
All FYs 138 10.24 0.62 10.22 8.87 12.54
Unit L FY 2007 34 10.18 0.71 9.99 9.21 12.47
FY 2008 52 10.29 0.74 10.28 8.87 12.54
FY 2009 52 10.22 0.39 10.22 9.59 11.43
All FYs 50 8.40 0.64 8.21 7.44 9.95
Unit N FY 2007 n/a n/a n/a n/a n/a n/a
FY 2008 n/a n/a n/a n/a n/a n/a
FY 2009 50 8.40 0.64 8.21 7.44 9.95
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Table A18.
Descriptive Statistics of HPPD data used in study: All units and Mixed medical-Surgical
Units
Unit Fiscal N/n Mean SD Median Min Max
Year
ANl FYs 2004 9.03 0.85 8.94 6.51 14.68
All units FY 2007 604 8.66 0.85 8.60 6.51 12.47
in study FY 2008 676 9.45 0.82 9.30 7.49 14.68
FY 2009 724 8.94 0.69 8.85 6.72 12.37
All ANl FYs 466 8.69 0.74 8.70 6.51 10.94
mixed gy 2007 156 8.37 0.81 8.47 6.51 10.61
med- FY 2008 156 9.07 0.62 8.99 7.49 10.94
e FY2009 154 8.63 060 850 752  10.62
All FYs 156 8.42 0.84 8.35 6.51 10.92
Unit H FY 2007 52 7.80 0.71 7.66 6.51 9.63
FY 2008 52 9.14 0.72 9.02 7.88 10.92
FY 2009 52 8.33 0.47 8.28 7.52 10.08
All FYs 104 8.94 0.49 8.88 8.09 10.61
Unit I FY 2007 52 8.95 0.50 8.86 8.24 10.61
FY 2008 52 8.92 0.47 8.90 8.09 10.11
FY 2009 n/a n/a n/a n/a n/a n/a
All FYs 156 8.70 0.71 8.70 7.07 10.94
Unit M FY 2007 52 8.37 0.75 8.49 7.07 10.01
FY 2008 52 9.15 0.64 9.10 7.49 10.94
FY 2009 52 8.58 0.45 8.53 7.90 10.10
All FYs 50 8.98 0.69 8.81 7.83 10.62
Unit O FY 2007 n/a n/a n/a n/a n/a n/a
FY 2008 n/a n/a n/a n/a n/a n/a
FY 2009 50 8.98 0.69 8.81 7.83 10.62




Table A19.

130

Descriptive Statistics of UAI data (percentage of patient turnover) used in study: All

Units and Medical Units

Unit I;;Z::_l N/n Mean SD Median Min Max
All FYs 2004 47% 0.07 47% 25% 72%

All units FY 2007 604 47% 0.07 47% 26% 72%
instudy FY 2008 676 48% 0.07 48% 25% 69%
FY 2009 724 47% 0.07 47% 27% 71%

All All FYs 900 46% 0.07 46% 25% 69%
medical FY 2007 276 46% 0.07 46% 26% 64%
units FY 2008 312 47% 0.07 46% 25% 69%
FY 2009 312 46% 0.06 46% 29% 62%

All FYs 156 41% 0.06 41% 25% 58%

Unit A FY 2007 52 43% 0.06 43% 32% 58%
FY 2008 52 41% 0.06 41% 25% 52%

FY 2009 52 39% 0.05 40% 29% 49%

All FYs 138 52% 0.05 52% 39% 64%

Unit B FY 2007 34 53% 0.06 53% 43% 64%
FY 2008 52 52% 0.05 52% 39% 64%

FY 2009 52 52% 0.05 52% 41% 62%

All FYs 156 47% 0.05 46% 34% 62%

Unit C FY 2007 52 47% 0.05 46% 40% 60%
FY 2008 52 47% 0.06 46% 38% 62%

FY 2009 52 46% 0.04 47% 34% 55%

All FYs 156 50% 0.05 38% 38% 64%

Unit D FY 2007 52 49% 0.04 38% 38% 60%
FY 2008 52 50% 0.06 39% 39% 64%

FY 2009 52 50% 0.04 40% 40% 59%

All FYs 156 48% 0.07 48% 31% 69%

Unit F FY 2007 52 44% 0.07 42% 31% 64%
FY 2008 52 51% 0.06 51% 36% 69%

FY 2009 52 48% 0.05 47% 38% 62%

All FYs 138 41% 0.04 41% 26% 55%

Unit K FY 2007 34 41% 0.05 42% 26% 51%
FY 2008 52 41% 0.05 41% 32% 55%

FY 2009 52 41% 0.04 41% 30% 49%
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Table A20.
Descriptive Statistics of UAI data (percentage of patient turnover) used in study: All units
and Surgical Units

Unit Fiscal N/n Mean SD Median Min Max
Year

All FYs 2004 47% 0.07 47% 25% 72%

All units FY 2007 604 47% 0.07 47% 26% 72%

instudy FY 2008 676 48% 0.07 48% 25% 69%

FY 2009 724 47% 0.07 47% 27% 71%

All All FYs 638 49% 0.08 49% 27% 72%

surgical FY 2007 172 50% 0.06 49% 32% 72%

units FY 2008 208 49% 0.07 50% 31% 67%

FY 2009 258 48% 0.09 47% 27% 71%

All FYs 156 53% 0.05 53% 41% 66%

Unit E FY 2007 52 51% 0.04 52% 44% 63%

FY 2008 52 53% 0.04 52% 44% 66%

FY 2009 52 54% 0.05 55% 41% 65%

All FYs 156 48% 0.06 48% 34% 64%

Unit G FY 2007 52 49% 0.05 49% 40% 62%

FY 2008 52 49% 0.06 48% 37% 64%

FY 2009 52 46% 0.06 45% 34% 59%

All FYs 138 42% 0.06 42% 27% 58%

Unit J FY 2007 34 44% 0.05 44% 32% 58%

FY 2008 52 42% 0.06 42% 31% 54%

FY 2009 52 40% 0.05 40% 27% 53%

All FYs 138 55% 0.07 54% 38% 72%

Unit L FY 2007 34 53% 0.07 53% 42% 72%

FY 2008 52 54% 0.06 53% 38% 67%

FY 2009 52 57% 0.06 57% 42% 71%

All FYs 50 42% 0.04 42% 34% 54%

Unit N FY 2007 n/a n/a n/a n/a n/a n/a

FY 2008 n/a n/a n/a n/a n/a n/a

FY 2009 50 42% 0.04 42% 34% 54%
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Descriptive Statistics of UAI data (percentage of patient turnover) used in study: All units

and Mixed Medical-Surgical Units

Fiscal

Unit Year N/n Mean SD Median Min Max
ANl FYs 2004 47% 0.07 47% 25% 72%

All units FY 2007 604 47% 0.07 47% 26% 72%
in study FY 2008 676 48% 0.07 48% 25% 69%
FY 2009 724 47% 0.07 47% 27% 71%

All All FYs 466 48% 0.06 47% 32% 68%
mixed FY 2007 156 47% 0.06 46% 32% 68%
med- FY 2008 156 48% 0.05 47% 36% 61%
e FY2009 154 49% 0.06 48% 34% 68%
All FYs 156 53% 0.05 53% 40% 68%

Unit H FY 2007 52 52% 0.05 52% 40% 68%
FY 2008 52 53% 0.04 53% 44% 61%

FY 2009 52 54% 0.05 55% 42% 68%

ANl FYs 104 45% 0.04 45% 32% 56%

Unit I FY 2007 52 44% 0.04 44% 32% 56%
FY 2008 52 45% 0.03 45% 38% 53%

FY 2009 n/a n/a n/a n/a n/a n/a

ANl FYs 156 45% 0.05 45% 32% 57%

Unit M FY 2007 52 44% 0.05 44% 32% 53%
FY 2008 52 46% 0.05 45% 36% 56%

FY 2009 52 47% 0.04 48% 38% 57%

All FYs 50 45% 0.05 46% 34% 54%

Unit O FY 2007 n/a n/a n/a n/a n/a n/a
FY 2008 n/a n/a n/a n/a n/a n/a

FY 2009 50 45% 0.05 46% 34% 54%
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Table A22.
Descriptive Statistics of CMI data used in study: All Units and Medical Units
Unit I;:.Z;T N/n Mean SD Median Min Max

AIlFYs 2004 1.5410 0.51 1.3785 0.6361 4.9653
All units FY 2007 604 1.5000 0.51 1.3333 0.6361 4.9653
instudy FY 2008 676 1.5600 0.53 1.3815 0.8899 4.2197
FY 2009 724 1.5560 0.49 1.4428 0.9033 3.9329
All All FYs 900 1.2600 0.26 1.2110 0.6361 3.9329
medical FY 2007 276 1.2460 0.22 1.2005 0.6361 2.0910
units FY 2008 312 1.2750 0.26 1.2242 0.8899 2.5045
FY 2009 312 1.2570 0.30 1.1964 0.9033 3.9329
All FYs 156 1.3590 0.20 1.3353 0.9120 2.1292
Unit A FY 2007 52 1.3490 0.19 1.3300 0.9120 1.7544
FY 2008 52 1.3930 0.22 1.3637 1.0267 2.1292
FY 2009 52 1.3340 0.19 1.3221 0.9902 2.0462
All FYs 138 1.5170 0.30 1.4946 0.9514 3.9329
Unit B FY 2007 34 1.5290 0.22 1.4946 1.1872 2.0910
FY 2008 52 1.5360 0.22 1.5171 1.1737 2.2226
FY 2009 52 1.4900 0.41 1.4609 0.9514 3.9329
All FYs 156 1.1500 0.18 1.1160 0.6361 2.3048
Unit C FY 2007 52 1.1400 0.15 1.1178 0.6361 1.5126
FY 2008 52 1.1530 0.21 1.1123 0.9049 2.3048
FY 2009 52 1.1580 0.17 1.1187 0.9044 1.7471
All FYs 156 1.1260 0.13 1.0985 0.9033 1.7256
Unit D FY 2007 52 1.1440 0.13 1.1019 0.9394 1.7256
FY 2008 52 1.1150 0.12 1.1005 0.9453 1.4498
FY 2009 52 1.1180 0.13 1.0892 0.9033 1.5012
All FYs 156 1.0880 0.13 1.0510 0.8899 1.5108
Unit F FY 2007 52 1.0940 0.14 1.0497 0.9008 1.5108
FY 2008 52 1.0950 0.12 1.0461 0.8899 1.3875
FY 2009 52 1.0750 0.12 1.0674 0.9102 1.4609
All FYs 138 1.3610 0.30 1.3180 0.9827 3.6434
Unit K FY 2007 34 1.3550 0.19 1.3502 0.9827 1.7269
FY 2008 52 1.3580 0.27 1.2919 1.0592 2.5045
FY 2009 52 1.3690 0.38 1.3119 1.0072 3.6434
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Table A23.
Descriptive Statistics of CMI data used in study: All units and Surgical Units
Unit I;:.Z;T N/n Mean SD Median Min Max
AllFYs 2004 1.5410 0.51 1.3785 0.6361 4.9653
All units FY 2007 604 1.5000 0.51 1.3333 0.6361 4.9653
instudy FY 2008 676 1.5600 0.53 1.3815 0.8899 4.2197
FY 2009 724 1.5560 0.49 1.4428 0.9033 3.9329
All All FYs 638 2.0570 0.44 1.9680 1.2043 4.2197
surgical FY 2007 172 2.0730 0.45 1.9818 1.3016 3.4155
units FY 2008 208 2.0930 0.48 1.9678 1.2660 4.2197
FY 2009 258 2.0180 0.40 1.9476 1.2043 3.6501
All FYs 156 1.9880 0.21 1.9604 1.4278 2.8189
Unit E FY 2007 52 1.9370 0.19 1.9400 1.5608 2.3660
FY 2008 52 1.9720 0.16 1.9604 1.4278 2.3560
FY 2009 52 2.0560 0.27 1.9788 1.6217 2.8189
All FYs 156 1.9150 0.24 1.8918 1.3659 2.6154
Unit G FY 2007 52 1.9420 0.24 1.9596 1.4127 2.5711
FY 2008 52 1.9400 0.23 1.9048 1.3659 2.6154
FY 2009 52 1.8640 0.23 1.7966 1.4261 2.3211
All FYs 138 1.7750 0.30 1.7407 1.2043 2.6485
Unit J FY 2007 34 1.7440 0.25 1.7098 1.3016 2.2928
FY 2008 52 1.7420 0.30 1.7256 1.2660 2.6485
FY 2009 52 1.8300 0.32 1.7806 1.2043 2.6030
All FYs 138 2.6560 0.42 2.6565 1.8962 4.2197
Unit L FY 2007 34 2.8090 0.35 2.7702 2.0448 3.4155
FY 2008 52 2.7170 0.45 2.6744 1.9611 4.2197
FY 2009 52 2.4960 0.39 2.3467 1.8962 3.6501
All FYs 50 1.835 0.31 1.7896 1.4164 2.7067
Unit N FY 2007 n/a n/a n/a n/a n/a n/a
FY 2008 n/a n/a n/a n/a n/a n/a
FY 2009 50 1.8350 0.31 1.7896 1.4164 2.7067
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Table A24.
Descriptive Statistics of CMI data used in study: All Units and Mixed Medical-Surgical
Units
Unit P;;Zg‘;l N/n Mean SD Median Min Max
AllFYs 2004 1.5410 0.51 1.3785 0.6361 4.9653
Allunits FY 2007 604 1.5000 0.51 1.3333 0.6361 4.9653
instudy FY 2008 676 1.5600 0.53 1.3815 0.8899 4.2197
FY 2009 724 1.5560 0.49 1.4428 0.9033 3.9329
All All FYs 466 1.3760 0.42 1.2286 0.9106 4.9653
mixed FY 2007 156 1.3190 0.42 1.1833 0.9106 4.9653
med- FY 2008 156 1.4210 0.46 1.2482 0.9409 3.5365
ChE FY2009 154 13880 036 12651 09435 25713
All FYs 156 1.1720 0.15 1.1541 0.9431 1.8509
Unit H FY 2007 52 1.1420 0.16 1.1189 0.9431 1.8509
FY 2008 52 1.1890 0.13 1.1858 0.9583 1.5820
FY 2009 52 1.1830 0.15 1.1870 0.9435 1.6780
All FYs 104 1.7630 0.57 1.6734 1.0455 4.9653
Unit I FY 2007 52 1.6420 0.59 1.5329 1.0455 4.9653
FY 2008 52 1.8830 0.53 1.7706 1.1405 3.5365
FY 2009 n/a n/a n/a n/a n/a n/a
All FYs 156 1.1860 0.13 1.1701 0.9106 1.6468
Unit M FY 2007 52 1.1730 0.11 1.1591 0.9106 1.4997
FY 2008 52 1.1900 0.11 1.1764 0.9409 1.4462
FY 2009 52 1.1960 0.15 1.1654 0.9638 1.6468
ANl FYs 50 1.8000 0.30 1.7786 1.2157 2.5713
Unit O FY 2007 n/a n/a n/a n/a n/a n/a
FY 2008 n/a n/a n/a n/a n/a n/a
FY 2009 50 1.8000 0.30 1.7786 1.2157 2.5713
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Table A25.
Results of All Unit and Medical Unit correlations between HPPD and CMI and UAI
using Pearson’s correlation coefficient (r), 2-tailed significance. N signifies weeks.

HPPD / UAI HPPD / CMI

. FY FY FY FY FY FY
I%‘;: e/ statistic  “MFYS 2007 2008 2000 AUFYS 5007 2008 2009
r 257FF  166%F  365%F  246%F 244w  335%% Q0 330%*

All Uniits P 0066 0028 0133 0061 0060 0.112 0010  0.109
Sig. 000 .000 000 000 000 000 009 000

(N) (2004)  (604)  (676)  (724)  (2004)  (604)  (676)  (724)

r 283F%  231%F  377¢F  208%F  -081* 107 360%F  -0.17

Medical P 0080 0053 0142 0043 0007 0011  0.130  0.029
Units Sig. 000 000 000 000 015 076 000 770
(N) (900) (276)  (312)  (312)  (900)  (276)  (312)  (3I2)

r 215%% 101 553%F  306%% 010  .123  -169  -204

Unit A 7 0046 0010 0306  0.157 0010 0015 0029  0.042
Sig. 007 476 000 004 904 384 230 147

(N) (156) (52) (52) (52) (156) (52 (52) (52)

r 322%%  571%F 196 454%F 054 105 279%  -055

Unit B 7 0.104 0326 0038 0206 0003 0011 0078  0.003
Sig. 000 000 163 001 531 554 045 700

(N) (138) (34) (52) (52) (138) (34 (52) (52)

r 312%%  502%F  503%F 257 063 080 032 091

Unit 7 0.097 0252 0253 0066 0004 0006 0001  0.008
Sig. 000 .000 000 066 432 574 826 521

(N) (156) (52) (52) (52) (156)  (52) (52) (52)

'f; 225%F  362%F  304%F (12 078 053 088 L,

GnitD  Sig 0.051 0131 055 0000 0006 0003 0008 oo
) 005 008 004 933 334 710 533 008

(156) (52) (52) (52) (156)  (52) (52) 52)

r 524%%  440%F  084%  464%F (91 086 007 264

Unit F ” 0.275 0.194 0081 0215 0008 0007 0000  0.070
Sig. 000 001 041 001 259 544 950 059

(N) (156) (52) (52) (52) (156) (52 (52) (52)

r 4417 376%  423%  505%F 037 017 -.155  .045

Unit K 7 0194 0141 0179 0255 0001 0000 0024  0.002
Sig. 000 028 002 000 666 925 271 749

(N) (138) (34) (52) (52) (138) (34 (52) (52)

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).
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Table A26.
Results of All Unit and Surgical Unit correlations between HPPD and CMI and UAI
using Pearson’s correlation coefficient (r), 2-tailed significance. N signifies weeks.

HPPD / UAI HPPD / CMI
Unit / - All FY FY FY All FY FY FY
Type Statistic  FYs 2007 2008 2009 FYs 2007 2008 2009
r 257 166%%  365%F  246%F  244%%  335%k  [0%F  330%*
All Units 7 0066 0.028  0.133 0061 0060 0122 0010 0.109
Sig. 000 .000 .000 .000 000 000 009  .000
(N) (2004) (604)  (676)  (724)  (2004) (604)  (676)  (724)
r 342%F  50%%  345%%  448%%  306%  556%F  85kF 4D
Surgical 7 0.117 0063 0.119 0201 0157 0309 0.081 0.177
Units Sig. 000 .00l .000 .000 000  .000  .000  .000
(N) 638) (172)  (208)  (258)  (638) (172)  (208)  (258)
r 318%  341%  410%* 311 070  .123  -101 211
Unit E r 0.101  0.116  0.168  0.097 0005 0015 0010 0.045
Sig. 000 013 .003 025 38 385 476 132
(N) (156)  (52) (52) (52)  (156)  (52) (52) (52)
r 138 123 533 182 004 215  -197  .195
Unit G ﬁ 0019 0015 0284 0033 0000 0046 0039 0.038
Sig. 085 386 .000 195 956 126 162 .166
(N) (156)  (52) (52) (52)  (156)  (52) (52) (52)
r 114 044 104 289% 067  378%  _144  -.120
UnitJ 7 0013 0002 0011 0084 0004 0143 0021 0014
Sig. 181 806 465 037 437 027 309 395
(N) (138) (34 (52) (52)  (138) (34 (52) (52)
r A463%F  625%%  504%*  306%  .153 012  .335% 032
Unit L P 0214 0391 0254 0094 0023 0000 0.112 0.001
Sig. 000 .000 .000 027 073 945 015  .820
(N) (138)  (34) (52) (52)  (138)  (34) (52) (52)
r 385 385+ 091 ~.091
Unit N P 0148 a 0.148 0008 e 0008
Sig. .006 006 531 531
N) (50 50 (50) (50

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).
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Table A27 .

Results of All Unit and Mixed Medical-Surgical Unit correlations between HPPD and
CMI and UAI using Pearson’s correlation coefficient (r), 2-tailed significance. N
signifies weeks.

HPPD / UAI HPPD / CMI
Unit / N All FY FY FY All FY FY FY
Type Statistic ~ FYs 2007 2008 2009 FYs 2007 2008 2009
r 257FF  166%%  365%F  246%F  244%%  335%% Q0%  330%*
All Uniits P 0.066 0028  0.133 0061 0060 0.112 0010  0.109
Sig. .000 .000 000 000  .000  .000 .009 .000
N) (2004)  (604)  (676)  (724) (2004)  (604)  (676)  (724)
Mixed r .000 S156  351%%  178%  .159%%  200%*  _184%  3[2%*
Med- ” 0.000 0024 0123 0032 0025 0084 0034 0097
Surg Sig. 992 052 000  .027 .001 .000 022 .000
Units (N) (466)  (156)  (156)  (154)  (466)  (156)  (156) (154)
r 266%%  407%%  386%F 187 096  -.123 070 190
Unit H P 0071 0166 0149 0035 0009 0015 0.005  0.036
Sig. 001 .003 .005 184 232 384 623 177
(N) (156) (52) (52) (52)  (156) (52 (52) (52)
r 381%F  345%  440%* 066 .053 -.194
Unit I P 0145 0119 0194 0004 0003 0038 a
Sig. .000 012 001 506 710 169
(N) (104) (52) (52) (104) (52 (52)
r 165% 038 .398%* 020  .028 064 ~170 137
Unit M P 0.027 0001  0.158 0000 0001 0004 0029  0.019
Sig. .040 788 004 889 933 6554  .228 344
N) (156) (52) (52) (52)  (156)  (52) (52) (52)
r _104 ~104 176 176
Unit O P 0.011 a e 0011 0.031 a a 0.031
Sig. 473 473 221 221
N) (50 (50 (50 (50

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).
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Table A28.

Results for Medical Units in FY 2008 and FY 2009 from applying predicted weight from
linear regression versus weight from alternative method using decision-making model
(Appendix B)

Medical Units: a b a a c a
FY 2008 All A B C D F K

Planned HPPD  8.55 8.64 8.78 8.09 9.29 7.84 8.68
Actual HPPD  9.62 9.72 9.43 9.61 9.91 9.73 9.30
Variance 12.43% 12.50% 7.40% 18.79% 6.67% 24.11% 7.14%

Adjusted HPPD
using Regressed n/a 8.64 9.80 8.09 9.29 6.82 8.68
Weight
Variance n/a 12.50% -3.74% 18.79% 6.67% 42.59% 7.14%

Adjusted HPPD
using alternative n/a 8.64 9.37 8.09 9.29 7.25 9.27
weighting
Variance n/a 12.50%  0.67% 18.79% 6.67% 34.16% 7.14%

Bold and shaded indicates on target with variance +/- 5% per Massachusetts Patient CareLink
Units on target before adjustments: 0%

Units on target after adjusting with regressed weight: 17%

Units on target after adjusting with alternative weight: 17%

“No HPPD adjustment

® weight factor added to planned HPPD

¢ weight factor subtracted from HPPD

Medical Units: a b a a a a
FY 2009 All A B C D F K

Planned HPPD  8.57 8.75 8.59 8.12 8.57 8.50 8.89
Actual HPPD  8.84 9.12 9.94 8.77 8.84 8.72 8.62
Variance 3.09% 423% 4.07% 8.00% 315% 2.59% -3.04%

Adjusted HPPD
using Regressed n/a 8.75 9.69 8.12 8.57 8.50 8.89
Weight
Variance n/a 423% -7.78% 8.00% 315% 2.59% -3.04%

Adjusted HPPD
using alternative n/a 8.75 9.19 8.12 8.57 8.50 8.89
weighting
Variance n/a 423% -2.70% 8.00% 315% 2.59% -3.04%

Bold and shaded indicates on target with variance +/- 5% per Massachusetts Patient CareLink
Units on target before adjustments: 83%

Units on target after adjusting with regressed weight: 67%

Units on target after adjusting with alternative weight: 83%

*No HPPD adjustment

® weight factor added to planned HPPD

¢ weight factor subtracted from HPPD
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Table A29.

Results for Surgical Units in FY 2008 and FY 2009 from applying predicted weight from
linear regression versus weight from alternative method using decision-making model
(Appendix B)

Surgical Units: FY

a ¢ c b
2008 All E G J L
Planned HPPD 8.57 7.76 7.98 8.85 9.69
Actual HPPD 9.69 9.49 6.94 10.02 10.49
Variance  13.06%  22.29%  26.88% 13.22% 8.26%
Adjusted HPPD using
Regressed Weight n/a 7.76 6.94 7.81 10.73
Variance n/a 22.29%  26.88% 28.23% -2.20%
Adjusted HPPD using 776 6.93 7.80 10.74
alternative weighting
Variance n/a 22.29%  27.20% 28.52% -2.36%

Bold and shaded indicates on target with variance +/- 5% per Massachusetts Patient CareLink
Units on target before adjustments: 0%

Units on target after adjusting with regressed weight: 25%

Units on target after adjusting with alternative weight: 25%

“No HPPD adjustment

® weight factor added to planned HPPD

¢ weight factor subtracted from HPPD

Surgical Units: FY

a a c b a
009 All E G J L N

Planned HPPD  9.04 8.05 8.38 8.88 10.43 9.44

Actual HPPD  9.04 8.66 8.77 9.24 10.17 8.38
Variance -0.00% 7.58% 4.65 % 4.05% -2.49% -11.23%

Adjusted HPPD using

Regressed Woight n/a 8.05 8.38 7.81 11.50 9.44
Variance  n/a 7.58%  4.65% 18.33% -11.57% -11.23%

Adjusted HPPD using 8.05 8.38 7.87 11.44 9.44

alternative weighting
Variance n/a 758%  4.65% 17.35% -11.07% -11.23%

Bold and shaded indicates on target with variance +/- 5% per Massachusetts Patient CareLink
Units on target before adjustments: 60.00%

Units on target after adjusting with regressed weight: 20%

Units on target after adjusting with alternative weight: 20%

*No HPPD adjustment

® weight factor added to planned HPPD

¢ weight factor subtracted from HPPD
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Results for Mixed Medical-Surgical Units in FY 2008 and FY 2009 from applying
predicted weight from linear regression versus weight from alternative method using
decision-making model (Appendix B)

141

Mixed Units: FY 2008 All H? I’ M
Planned HPPD 8.00 7.60 8.73 7.66
Actual HPPD 8.67 8.44 8.86 8.72
Variance 8.46% 11.05% 1.49 % 13.84%
Adjusted HPPD using
Regressed Weight n/a 7.60 8.73 6.61
Variance n/a 11.05% 1.49 % 31.86%
Adjusted HPPD using n/a 760 373 705

alternative weighting
Variance n/a 11.05% 1.49 % 23.71%

Bold and shaded indicates on target with variance +/- 5% per Massachusetts Patient CareLink
Units on target before adjustments: 33%

Units on target after adjusting with regressed weight: 33%

Units on target after adjusting with alternative weight: 33%

*No HPPD adjustment

® weight factor added to planned HPPD

¢ weight factor subtracted from HPPD

Mixed Units: FY 2009 All H M (0)
Planned HPPD 8.50 8.36 8.48 8.66
Actual HPPD 8.25 7.63 8.40 8.72
Variance -2.94 % -8.73% -0.94 % 0.69 %
Adjusted HPPD using
Regressed Weight n/a 8.36 7.41 8.66
Variance n/a -8.73% -13.33% 0.69 %
Adjusted HPPD using n/a 8.36 7.41 8.66
alternative weighting
Variance n/a -8.73% -7.58% 0.69 %

Bold and shaded indicates on target with variance +/- 5% per Massachusetts Patient CareLink
Units on target before adjustments: 67%

Units on target after adjusting with regressed weight: 33%

Units on target after adjusting with alternative weight: 33%

*No HPPD adjustment

® weight factor added to planned HPPD

¢ weight factor subtracted from HPPD
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Table A 31.
Results for Medical Units in FY 2008 and FY 2009 from applying predicted weight from
linear regression versus weight from alternative method according to correlation results

Medical Units: a
FY 2008 All A B C D F K

Planned HPPD  8.55 8.64 8.78 8.09 9.29 7.84 8.68
Actual HPPD  9.62 9.72 9.43 9.61 9.91 9.73 9.30
Variance 12.43% 12.50% 7.40% 18.719% 6.67% 24.11% 7.14%

Adjusted HPPD
using Regressed ~ 9.40 8.64 9.80 9.11 10.31 8.86 9.70
Weight
Variance 2.30%  12.50% -3.74% 5.53% -3.85% 9.86% -4.09%

Adjusted HPPD
using alternative ~ 9.04 8.64 9.37 8.68 9.88 8.43 9.27
weighting
Variance 6.34% 12.50% 0.67% 10.74% 033% 15.45% 0.35%

Bold and shaded indicates on target with variance +/- 5% per Massachusetts Patient CareLink
Units on target before adjustments: 0%

Units on target after adjusting with regressed weight: 50%

Units on target after adjusting with alternative weight: 50%

*No HPPD adjustment: no significant correlation found

Medical Units:
FY 2009 All A B C D F K

Planned HPPD  8.57 8.75 8.59 8.12 8.57 8.50 8.89
Actual HPPD  8.84 9.12 9.94 8.77 8.84 8.72 8.62
Variance 3.09% 423% 4.07% 8.00% 315% 2.59% -3.04%

Adjusted HPPD
using Regressed ~ 9.67 9.85 9.69 9.22 9.67 9.60 9.99
Weight
Variance -8.67% -745% -7.78% -492% -8.62% -9.20% -13.75%

Adjusted HPPD
using alternative ~ 9.17 9.35 9.19 8.72 9.17 9.10 9.49
weighting
Variance -3.63% -244% -2.70% 0.60% -3.58% -4.15% -9.15%

Bold and shaded indicates on target with variance +/- 5% per Massachusetts Patient CareLink
Units on target before adjustments: 83%

Units on target after adjusting with regressed weight: 17%

Units on target after adjusting with alternative weight: 83%
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Table A32.
Results for Surgical Units in FY 2008 and FY 2009 from applying predicted weight from
linear regression versus weight from alternative method according to correlation results

Surgical Units: FY

2008 All E G J L
Planned HPPD 8.57 7.76 7.98 8.85 9.69
Actual HPPD 9.69 9.49 8.81 10.02 10.49
Variance 13.06% 22.29% 10.40% 13.32% 8.26%
Adjusted HPPD using
Regressed Weight 9.15 8.80 7.98 8.85 10.73
Variance 5.84% 7.89% 10.40% 13.32% -2.20%
Adjusted HPPD using ¢ 8.81 7.98 8.85 10.74
alternative weighting
Variance 6.59% 7.67% 10.40% 13.32% -2.36%

Bold and shaded indicates on target with variance +/- 5% per Massachusetts Patient CareLink
Units on target before adjustments: 0%

Units on target after adjusting with regressed weight: 25%

Units on target after adjusting with alternative weight: 25%

*No HPPD adjustment: no significant correlation found

Surgical Units: FY

000 All E G J L N

Planned HPPD  9.04 8.05 838 3.88 10.43 9.44

Actual HPPD  9.04 8.66 8.77 9.24 10.17 8.38
Variance -0.00% 7.58%  4.65% 4.05% -2.49% -11.23%

Adjusted HPPD using

Regressed Weight 9.68 9.12 9.45 8.88 11.50 9.44
Variance -6.56% -5.06% -721% 4.05% -1157% -11.23%

Adjusted HPPD using ¢ 9.06 9.39 8.88 11.44 9.44

alternative weighting
Variance -6.18% -437% -6.56% 4.05% -11.07% -11.23%

Bold and shaded indicates on target with variance +/- 5% per Massachusetts Patient CareLink
Units on target before adjustments: 60%

Units on target after adjusting with regressed weight: 20%

Units on target after adjusting with alternative weight: 40%

*No HPPD adjustment: no significant correlation found
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Table A33.

Results for Mixed Medical-Surgical Units in FY 2008 and FY 2009 from applying
predicted weight from linear regression versus weight from alternative method according
to correlation results

Mixed Units: FY 2008 All H | M*
Planned HPPD 8.00 7.60 8.73 7.66
Actual HPPD 8.67 8.44 8.86 8.72
Variance 8.46% 11.05% 1.49 % 13.84%
Adjusted HPPD using
Regressed Woght 569 8.65 9.78 7.66
Variance -0.24 % -2.39% -9.38% 13.84%
Adjusted HPPD using ¢ ) 8.21 9.34 7.66

alternative weighting
Variance 3.20% 2.79 % -5.15% 13.84%

Bold and shaded indicates on target with variance +/- 5% per Massachusetts Patient CareLink
Units on target before adjustments: 33%

Units on target after adjusting with regressed weight: 33%

Units on target after adjusting with alternative weight: 33%

*No HPPD adjustment: no significant correlation found

Mixed Units: FY 2009 All H M (0)
Planned HPPD 8.50 8.36 8.48 8.66
Actual HPPD 8.25 7.63 8.40 8.72
Variance -2.94 % -8.73% -0.94 % 0.69 %
Adjusted HPPD using
Regressed Weight 9.57 9.43 9.55 9.73
Variance -13.78% -19.07% -12.03% -10.36%
Adjusted HPPD using 9.17 9.03 9.15 933

alternative weighting
Variance  -10.05% -15.52% -8.21% -6.56%

Bold and shaded indicates on target with variance +/- 5% per Massachusetts Patient CareLink
Units on target before adjustments: 33%

Units on target after adjusting with regressed weight: 0%

Units on target after adjusting with alternative weight: 0%
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Table A34.
Results for All Unit Types in FY 2008 and FY 2009 from applying predicted weight from
linear regression versus weight from alternative method according to correlation results

All Units FY 2008 FY 2009
Planned HPPD 8.43 8.72
Actual HPPD 9.43 8.78
Variance 11.81% 0.72%
Adjusted HPPD using
Regressed Weight 914 9.65
Variance 3.11% -9.00%
AdJusteq HPPD using 291 934
alternative weighting
Variance 5.76% -5.92%
Units on target before 7 69% 71 43%
adjustments
Units on target after
adjusting with 38.46% 14.29%

regressed weight

Units on target after
adjusting with 38.46% 50.00%
alternative weight

Bold and shaded indicates on target with variance +/- 5% per Massachusetts Patient CareLink
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Table A35.

A Comparison of Actual Hours per Patient Day among Adult Acute Care Medical,
Surgical, and Mixed Medical-Surgical Units, Magnet Hospitals, Adult Intensive Care
Units, and Emergency Departments found in 300+ bed hospitals in Massachusetts.

2007 2008 2009
Units aggregated by type HPPD (SA],)) HPPD (SA],)) HPPD (SA][))
. . 1.28 1.37 1.34
Medical units 9.11 (48) 9.44 (48) 9.35 (49)
. . 1.30 1.41 1.55
Surgical units 9.33 (34) 9.50 (34) 9.45 (34)
Mixed medical / surgical 1.05 1.41 1.14
units 8.17 (46) 8.73 (47) 8.51 (49)
All medical, surgical, and 1.30 1.43 1.40
mixed medical / surgical 8.83 (128) 9-20 (129) 9.06 (132)
Magnet Hospital medical,
surgical, and mixed medical 8.73 352123 8.81 25214)1 8.87 2513
/ surgical units
. . 3.87 3.97 3.65
Intensive care units 20.76 (46) 21.22 (46) 20.72 (46)
Emergency Departments 2.81 (()lig 2.94 (()1?3 2.66 (()13;
All medical, surgical, and
. N ; 5.74 5.81 5.57
d medical / 1+ 11.98 12.36 12.08
iréli(; medical / surgica (174) (175) (178)
All medical, surgical, and
. N . 2.20 2.31 2.32
El}l));ed medical / surgical + 8.23 (142) 8.58 (143) 8.45 (146)
All medical, surgical, and
. N ; 6.03 6.11 5.90
mixed medical / surgical + 11.30 (188) 11.66 (189) 11.39 (192)

ICUs + EDs
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Appendix B.Weight Factor Decision Model

high UAI low CMI

use benchmark HPPD

high UAL high CMI

add weight factor from
benchmark HPPD

low UAIL low CMI

subtract weight factor from
benchmark HPPD

low UAI high CMI

use benchmark HPPD

v

Patient Acuity (CMI) high
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Appendix C. Sample Staffing Plan Used for Annual Budget and Staff Planning

FY 2010 Bench-mark | g 14 Budgeted ADC|  12.0 Oco% | Total Beds
HPPD
cc# and manager name +/-weight | g5 planned Patient Days| 4,375 85.6% 14
factor
Unit Name Target HPPD | 8.39 ) i
This pattern’s 8.27
o On target for this HPPD:
pattemn:
7.86 | to | 869 iy ?i:i%?:‘
Dags| 4.0 4.7
RF: Skill Mix Eves| 3.2 3.8
RN | 78% | en | 0% | uap | 22% wights| 4.0 4.7
Number of Staff
Ca?;';::rs schedHours | =L | Mon | Tues | wed | Tws [ Fi | S | Sun biming st
DAY SHIFT FTEs
RN 7a-3p 8.00| 3.0 3.0 3.0 3.0 3.0 3.0 3.0 21.0 4.20
LPN| 7a-3p ([8.00| 0.0 | 0.0 0.0 | 0.0 | 0.0 | 0.0 0.0 0.0 0.00
UAP 7a-3p 8.00| 1.0 1.0 1.0 1.0 1.0 1.0 1.0 7.0 1.40
28.0 5.60
EVENING SHIFT
RN| 3p-11p [8.00( 4.0 | 40 40 | 40 | 40 | 3.0 3.0 26.0 5.20
LPN| 3p-11p |8.00| 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
UAP| 3p-11p |[(8.00| 1.0 1.0 1.0 1.0 1.0 1.0 1.0 7.0 1.40
6.60
33.0
NIGHT SHIFT
RN| 11p-7a 8.00| 3.0 3.0 3.0 3.0 3.0 3.0 3.0 21.0 4.20
LPN| 11p-7a |8.00| 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
UAP| 11p-7a [8.00| 1.0 1.0 1.0 | 4.0 | 20 || 0.0 0.0 5.0 1.00
26.0 5.20
Total for the Day
RN| 11p-7a |8.00( 10.0 | 10.0 | 10.0 | 10.0 | t0.0 | 9.0 9.0 68.0 13.60
LPN| 11p-7a |[8.00| 0.0 | 0.0 0.0 | 0.0 | 0.0 | 0.0 0.0 0.0 0.00
UAP| 11p-7a |8.00| 3.0 3.0 3.0 3.0 3.0 2.0 2.0 19.0 3.80
Total Shifts per Day:| 13.0 | 13.0 13.0 | 13.0 | 13.0 | 11.0 11.0
87.00 17.40
24 hr. Direct Care:

Budgeted Direct WHPPD

8.27




Appendix D.Descriptive Statistics: Output from SPSS by Unit Type

Statistics: Medical Units

HPPD HPPD | UAIUAI | CMICMI
N Valid 900 900 900
Missing 0 0 0
Mean 9.0398 .4636|  1.259885
Median 8.9500 .4600| 1.211000
Mode 9.03 44 1.01917
Std. Deviation .77303 .06729| .2633150)
Variance .598 .005| .069
Skewness .638 .056 2.758
Std. Error of Skewness .082 .082 .082)
Kurtosis 1.108 -.107 19.632
Std. Error of Kurtosis .163 .163 .163
Range 5.74 .44 3.2968
Minimum 6.72 .25 .6361
Maximum 12.46 .69 3.9329

a. Multiple modes exist. The smallest value is shown

One-Sample Kolmogorov-Smirnov Test: Medical Units

HPPD HPPD | UAIUAI | CMICMI
N 900 900 900
Normal Parameters® Mean 9.0398 .4636 1.259885|
Std. Deviation .77303 .06729| .2633150
Most Extreme Differences = Absolute .070 .051 .095]
Positive .070 .051 .095
Negative -.038 -.036] -.088]
Kolmogorov-Smirnov Z 2.112 1.536 2.851
Asymp. Sig. (2-tailed) .000 .018 .000

a. Test distribution is Normal.
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Medical Unit Study Variables Histograms: Output from SPSS
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Medical Unit Study Variables Boxplots: Output from SPSS
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Statistics: Surgical Units
HPPD UAI CMI
N Valid 638 638 638
Missing 0 0 of
Mean 9.2594 4883 2.056939
Median 9.1400 .4900| 1.967950
Mode 8.95% 44 1.6814°
Std. Deviation .93317 .07563| .4406437
Variance .871 .006 194
Skewness .743 .035 1.147|
Std. Error of Skewness .097 .097 .097
Kurtosis 1.678 -.251 1.676
Std. Error of Kurtosis .193 .193 193
Range 7.45 .45 3.0154
Minimum 7.23 .27 1.2043
Maximum 14.68 72 4.2197

a. Multiple modes exist. The smallest value is shown

One-Sample Kolmogorov-Smirnov Test: Surgical Units

HPPD UAI CMI
N 638 638 638
Normal Parameters® Mean 9.2594 .4883| 2.056939
Std. Deviation .93317 .07563| .4406437
Most Extreme Differences ~ Absolute .063 .049 114
Positive .063 .049 114
Negative -.034 -.042 -.051
Kolmogorov-Smirnov Z 1.582 1.234 2.884
Asymp. Sig. (2-tailed) .013 .095 .000

a. Test distribution is Normal.
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Surgical Unit Study Variables Histograms: Output from SPSS
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Surgical Unit Boxplots: Output from SPSS
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Statistics: Mixed Medical-Surgical Units

HPPD HPPD | UAI UAI CMI CMI
N Valid 466 466 466
Missing 0 0 of
Mean 8.6911 4771 1.375794
Median 8.7000 .4700| 1.230000
Mode 8.64 .46 1.1700
Std. Deviation .74406 .05957| .4167167
Variance .554 .004 174
Skewness .097 .238 2.863
Std. Error of Skewness 113 113 113
Kurtosis .339 -.053 14.802
Std. Error of Kurtosis .226 .226 .226
Range 4.43 .36 4.0600
Minimum 6.51 .32 .9100
Maximum 10.94 .68 4.9700

One-Sample Kolmogorov-Smirnov Test:

Mixed Medical-Surgical Units

HPPD HPPD | UAI UAI CMI CMI
N 466 466 466
Normal Parameters® Mean 8.6911 A771 1.375794
Std. Deviation .74406 .05957| .4167167
Most Extreme Differences  Absolute .044 .068 192
Positive .044 .068 192
Negative -.028 -.034 -.151
Kolmogorov-Smirnov Z .939 1.463 4.146
Asymp. Sig. (2-tailed) 341 .028 .000

a. Test distribution is Normal.
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Mixed Medical-Surgical Units Study Variables: Output from SPSS

B0
501
-
404 /f'
g ;Z
o i
c
]
=
H 301 #
n_
W
20
109
u T T T T
&.00 7.oo B8.00 1000 11.00
HPPD
401
-
B
20 AN
==
3 a
c
@ u ul ‘|
a_ - |
@ 204
[
('S
10
o T T T T T
030 040 os0 0ED o7o
UAI
150
100+
=
]
c
]
X
o
@
i
[
50
0 T [ T T T T T
0,0000 1,0000 20000 3.0000 4.0000 5.0000 &0000

CMmI

Mean =869
Stel. Dev. =0.744
=466

Mean =0.45
Stel, Dev. =006
N =466

Mean =1.38
Stel. Dev. =047
M =466

156



Mixed Medical-Surgical Unit Study Variables Boxplots

: Output from SPSS
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Appendix E. Residual Checks: Medical Units

Dependent Variable: HPPID Dependent Variable; HPPD
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Regression Data: Medical Units FY 2007

159

a. FY Fiscal Year = FY'07

b. Depandent Vanable: HFFD HFFD

Hidoched Summany™ <
Change Slatistics
ode usted R Std. Error of = Square Dirhin-
1 B B Sowarg | Eguale Ihe Estirnale Change F Changs g i Sig. F Changs ¥alsn
1 2498 DE2 055 75793 1[5 207 2 273 000 589
a, Prgdicions: (Comstand, CMICKI, LAl L
b. F Fiscal Year= FroF
¢ Dependent Variatle, HPPD HPFD
ANOVAD=
Sum of
| Mode] Squares df Mean Square F Sig.
1 Regression 10,307 2 5154 2871 o2
Residual 196,829 73 BT
Tofal 167136 275
a, Predictors: (Constand), CHICRI, LAl LA
b, B Fiscal Year = FY™07
¢. Dependent VYariable: HFFD HFFD
Corffickents™~
[ Standantized
| Adnpied e Coatosieds | Coetiodnt: AL L (L [ 1 — el L
Hmm — g 4 Ewror Eels £ Sig. | Zoro-prder | Parsal Pal J Toferance | WF
| o ConskEm T 0 305 L] ]
E BAA U el - GBE ] 3EI3 ooo an ] T4 955 1.00=%
: LMl Sl T :‘E o3l gt ] 123 107 3 1] 955 1.00=%
& FY Fienl Ve = P07
b. Dependant Vanable: MPPD HPPD
Residuals Statistics® "
Binimum | Mamimum Mean Std. Deviation ]
Fredicted Value 2.1894 93114 86961 A9360 276
Std. Predicted Value -2817 3178 000 1.000 i
Standard Error of
Predictad Vaiue 046 182 075 024 276
Adjusted Predicted WValue 81632 937288 8.5958 9464 TE
Residual -2.04757 2 E16ET 00000 F5517 276
Std. Residual -2.702 3452 o0n 296 276
Stud, Residual -2.707 3,506 oon 1.002 276
Deleted Residual -2.05647 269789 00034 JE368 276
Stud. Deleted Residual -2.739 358 002 1.008 276
Mahal Distance oM 14.896 1.893 RV 276
Cook's Distance ooo A7 004 o 276
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a. FY Fiscal Year = FY'07
b, DependentYanable: HPFD HFFD
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Wariance Proportions
Dlme B L e e ..r.;.... Sy
Mode  nsio ) Condition
] n Eigenvalus Index iConstanfi | UAIUAL | Chil Chll
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Regression Data: Medical Units FY 2008
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a. FY Fiscal Year= FY'02

b. Dependent Vanable: HFFD HFFD

Collinearity Diagnostics ="

Wariance Proportions
Crime )
Mode  nsio Condition
l i] Eigenvalua Inidex (Constant) | LAl LIAI Chdl Chell
1 1 2,957 1.000 gl Rili] jili]
2 034 9.271 1] 23 69
3 _0oa 18.804 a9 I7 31

a. FY Fiscal Year = Fy'08

b. DependentYariable: HFFD HFFD

Model Summan®®
Chanpe Statislics
Moda Adjusted R Std. Error of R Squang Diurbi e
| [l F Square é{[!.l_i_'&' ihe Esbmate Chamge F Change dfl [ird Shg. F Changs ‘Walzon
1 4957 249 144 B7 797 240 51.245 2 309 000 1062
a1 Prediclors: (Constant, GMICHI, LAl La
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. DependentYariabie: HFPD HPPD
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Sunn of )
| Moda] Squares of Mean Square F Sig.
1 Regreszzion 47109 2 235584 51.245 oo
Residuzl 142030 308 AG0
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b. Diepa dent Warlable: HPFD HFFD
Residuals Statistics 3
Minirum | Mawimin Mesn Std, Dewiation M
Predicted Value T.B87T56 10.5858 94636 38920 3z
5td. Predicted Value -4.080 2883 .0on 1.000 3z
Standard Error of
Predicted Yalus 03s 87 063 022 N2
Adjusted Predicted YValus 7.8661 10,6035 9.4630 373 32
Residual =1.69570 2.33001 00000 B7a738 az
Std. Residual 2501 3437 alili 897 312
Stud. Residual 2508 3.463 000 1.002 M2
Deleted Residual 1.70513 1.36527 00060 63289 312
Stud. Deleted Residu al -2.530 3526 001 1.006 Nz
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Centered Leverage Value oo 073 Q06 009 312
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Residual Checks: Surgical Units

Dependent Variable: HPFPD
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Dependent Variable: HPPD
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Regression Standardized Residual

Dependent Variable: HPPD
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Regression Data: Surgical Units FY 2007
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Model Summary® <
Change Statistics
Mode Adjusted R Std. Error of R Sguare Durhin-
l R R Square Square the Estimate Change F Change df df2 Sig. F Change Watson
1 5722 327 318 FE493 327 41.137 1649 .0oo 938
a. Predictors: (Constanty, Chl Chl, UAI UAI
b. FY Fiscal Year=FY'07
¢. Dependent Variable: HPPD HPPD
ANOWVAE=
Surm of
| Model Sguares of Mean Sguare F Sig.
1 Regression 48.147 2 24.074 41137 .0oQa
Residual 98.899 169 585
Total 147 046 171
a, Predictors; (Constant), CMI CMI, UAI LA
b. FY Fiscal Year = FY'0O7
c. Dependent Wariable: HFFD HPFD
Coefficients®®
Standardized
Unstandardzed Coeffic/ents Coeflicients 95% Confidence Interval for B Caorrelations Collinearity Statistics
Mods| B Std. Error Beta 1 0} Lower Bound | Zerp-order Partial Part Tolerance WIF
1 (Constant) 5.598 506 11.058 .000 4599 6.598
UAL LA 2072 ar4 37 2128 .035 150 3.985 250 162 134 854 1.048
CMI CMI 1.086 133 527 8.156 000 823 1.349 556 531 514 954 1.048
a. FY Fiscal Year= FY'07
b. Dependent Variable: HPPD HPPD
Residuals Statistics™"
Minirmum R i Lrm hean Std. Deviation i
Predicted Value Tariz 106367 8.8734 53062 172
Std. Predicted Value -1.710 3.314 00g 1.000 172
Standard Error of
Predicted Value 054 247 g5 033 172
Adjusted Predicted Value 7.9561 10,5319 B.8751 52891 172
Residual -1.47258 2.00930 Qo0 J604a0 172
Std. Residual =1.925 2,627 000 494 172
Stud. Residual -1.933 2636 oz 1.004 172
Deleted Residual -1.48436 204697 00331 JF603 172
Stud. Deleted Residual -1.849 2684 004 1.009 172
Mahal. Distance 00g 16.858 1.988 2.39 172
Cook's Distance 000 249 007 021 172
Centered Leverage Walue noo nog mz o4 172

a. FY Fiscal Year= FY'0OF
b. Dependent Variable: HFFD HPPD

Collinearity Diagnostics=P

Wariance Propordions

Mode E;r_lge Condition

| Il Eigenvalue Index {Constant) LIAL LAl Chil CMI

1 1 2,964 1.000 00 i) .00
Z 028 10,128 DB A0 .99
3 007 19.9032 .93 a0 .01

a. FY Fiscal Year= Fyv07
b. Dependent Variable: HFFD HPFD




Regression Data: Surgical Units FY 2008

Model Summary®:®
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Change Statistics
Mode Adjusted R Std_ Error of R Square Durbin-
| R R Square Square the Estimate Change F Chanae dfl df2 Sin. F Change Watson
1 3917 153 144 083542 153 18.452 2 205 .000 1,144
a. Predictors: (Constant), Chl Chl, UAI LA
b. FY Fiscal Year= FY'08
- Denendent Variable HPPD HPPD
ANOVADPS
Sum of
Model Sguares df Mean Square F Sin.
1 Regression 25.756 2 12,878 18.452 0o
Residual 143.074 205 698
Total 168.830 207
a. Predictors; (Constant), CMICRI, UIAL LAI
b. FY Fiscal Year=FY'08
t. Dependent Variable: HPPD HPPD
Coefficients™®
Standardized
Unstandardized Coefficients Coeflicients 95% Confidence Interval for B Correlations Cnl\inesriy Statistics
| Mode| B Stdl. Etror Beta t E'ﬂ Lower Bound Umger Bound Zero-orider Partial Part Tolerance WIF
1 {Constant) 7172 426 16.839 000 6.332 8.012
UAIUAI 3.570 860 282 4153 .0oo 1.875 5,264 345 279 (267 893 1.118
Cl Chl 364 128 193 2834 005 111 617 285 194 182 803 1.118
a.FYFiscal Year=FYy'08
b. Dependent Variable: HPPD HPPD
Residuals Statistics™"
Minimum | Maximum Mean Sitd. Deviation i
Predicted Value 8.8908 10,9571 96976 35274 208
Std. Predicted Value -2.28T7 3570 000 1.000 208
Standard Error of
S o | 058 266 0895 033 208
Adjusted Predicted Value 8.8629 10,7784 96943 34994 208
Residual -1.434598 4. 60835 .0oooo 83137 208
Std. Residual -1.718 5516 oan 5495 208
Stud, Residual -1.723 5587 o0z 1.004 208
Deleted Residual =1.44339 472798 003 84656 208
Stud. Deleted Residual AT 6.054 005 1.020 208
Mahal. Distance o7 19998 1.990 2374 208
Cook's Distance ajujn] 2T0 00& 023 208
Centered Leverage Value Ruili] 097 010 011 208
a. FY Fiscal Year= FY108
b. Dependent Variable: HFFD HPFD
Collinearity Diagnostics®"
Dime Wariance Proportions
Mode  nsio Caondition
] o] Eicanuiluﬂ Iridex (Constant) LAl LIAI CMI CMI
1 1 2460 1.000 0o 00 i}
2 030 9986 1 A0 99
3 010 16.994 89 40 i1

a. Ff Fiscal Year= FY'08

b. Dependent Variable: HPPD HPPD



Residual Checks: Mixed Medical-Surgical Units

Dependent Variable: HPPD
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Regression Data: Mixed Medical-Surgical Units FY 2007

Model Summan®©

Change Statistics
Mode Adjusted R Stdl. Error of R Souare Durbin-
| R B Square Sguare the Estimate Change F Change dft df2 Sig F Chande Watson
1 .309° 096 084 FTTE8 096 8.078 2 153 .0oo 783
a. Predictors: (Constanty, CMI CMI, UAI UA]
b. FY Fiscal Year= FY'07
¢. Dependent Variable: HPPD HPPD
ANOWAP=
Surn of )
L llode] Sguares df Mean Square F Sig.
1 Regression 977 2 4,886 8.078 .00p4
Residual 92533 153 605
Total 102.304 155
a. Predictors: (Constanty, Chl ChI, LIAL LA
b. F'f Fiscal Year= FY'07
¢. Dependent Vanahble: HPPD HFPD
Coefficients®®
Standardized
Unstandardized Coeflicients Coefficients 95% Confidence Interval for B Correlations Collinearity Statistics
B Std. Error Eeta 1 S, Lower Bound Zero-order Partial Part Tolerance WIF
1 (Constant) 8.350 551 16,146 ulili] 7.261
A UAI -1.420 1.023 -108 -1.388 ABT -3.441 -156 =111 -107 964 1.032
CMI Chl 520 150 271 3.472 0 224 280 270 267 964 1.032
a. FY Fiscal Year= FY07
b. Dependent Variable: HPPD HPFD
Residuals Statistics"
Minimum M aximum Mean Std. Deviation I
Predicted Value 7.9205 10.3260 8.3738 25108 156
Std. Predicted Value -1.806 7775 000 1.000 156
Standard Ermor of
Predicted Value 063 546 Dgg 046 156
Adjusted Predicted Value 7.7660 11.5239 8.3800 32120 156
Residual -1.67307 1.78644 00000 JT265 156
Std. Residual -2.151 22497 oo 994 156
Stud. Residual -2.230 2312 - 003 1.010 156
Deleted Residual -2.43395 1.86398 | -.00613 80462 156
Stud. Deleted Residual -2.260 2346 -003 1.016 156
Mahal. Distance ms 75298 1.987 6152 156
Cook's Distance 000 1.607 016 129 156
Centered Leverage Value 000 486 013 040 156
a. FY Fiscal Year= FY07
b. Dependent Variable: HFPD HPPD
Collinearity Diagnostics>®
: Yariance Proportions
Dime o
Mode nsio . Condition
] 1l Eigenvalue [ne (Constant) | UAILUAL | CWICMI
1 1 291 1.000 .00 .00 .0
2 072 6.382 0z 06 83
3 007 19,861 98 .94 6

a. FY Fiscal Year= FY'07
b. Dependant Variable: HPFD HPPD



Regression Data: Mixed Medical-Surgical Units FY 2008
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Model Summan®*
Change Stalistics
Mode Adjusted R Std. Error of R Square Durhin-
l R R Square iy Change F Change drt di2 Sig. F Change | W
1 3612 AN 119 58429 A3 11,482 2 153 000 1,394
a. Predictors: (Constant), ChI CMI, UAI UAI
b. FY Fiscal Year= FY'08
¢. Dependent Yariable: HFFD HPPD
ANOWAP 2
Sum of
| Mods] Squares df Mean Sguare F Sin.
1 Regression 7.840 2 3.920 11.482 oopa
Residual A2.233 153 A4
Total 60.073 155
a. Predictors: (Constant), Chl CMI, UAL LA
b. FY Fiscal Year= FY'08
¢. Dependent Variahle: HPPD HPPD
Coefficients™®
Standardized
Unstandardized Coefficients Coefficients 95% Confidence Interval for B Caorrelations Collinearity Statistics
| Model B Std. Error Beta ! Sig | Zero-arder | Partial Pat | Tolerance MIE
1 (Constant) 7.429 507 14.640 000
LIl UAI 3803 922 325 4126 000 351 316 an 816 1.092
CMI CMI 121 107 -088 1134 258 184 -091 - 086 816 1.092
a, FY Fiscal Year= FY'08
b. Dependent Variable: HPPD HPFD
Residuals Statistics®®
Minirmum | Maximum Mean Std. Deviation [
Predicted Yalue 8.5823 95876 | 90728 22490 156
Std. Predicted Value -2181 2.289 000 1.000 156
Standard Error of
Bradicled Value 047 229 076 028 156
Adjusted Predicted Value 2510 95961 9.0726 22579 156
Residual -1.72824 1.63805 00000 58051 156
Std. Residual -2.958 2.905 000 ag4 156
Stud. Residual -2971 283 000 1.002 156
Deleted Residual -1.744189 1.66910 0oo11 59030 156
Stud. Deleted Residual -3.051 2.898 .0m 1.010 156
Mahal Distance 022 22.799 1.987 2983 1456
Cook's Distance .ooa 064 006 010 156
Centered Leverage Value 000 47 013 018 1456
a. FY Fiscal Year= FY'08
h. Dependent Variable: HPPD HPPD
Collinearity Diagnostics®®
Dime WYariance Propotions
Mode nsio ) Condition
] I Eigenvalue dex {Constant) | UALUAI | CMICMI
1 1 291 1.000 o 0o o
2 074 £.291 m 04 77
3 005 24 468 98 96 22

a. FY Fiscal Year=FY'08
h. Dependent Variable: HPPD HPPD
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Appendix F: Alternative Method for Deriving Weights for use in Adjusting HPPD:

Formula for derived weight factor: ((UAI x CMI) — (weight factor/-1)) x -1:

e Step 1: Multiply FY Mean UAI and FY Mean CMI for all units within unit group.
e Step 2: Keep trying different numbers until the sum of UAI x CMI products

minus the number tried divided by -1 approximates 0.0000

e Step 3: Multiply the final number by -1 to obtain a positive number: this is the

weight factor to use for adjusting HPPD within this group.

Example:
Enter any number Multiply
. Results by -1 to
until sum of UAI x .
Obtain a
CMI products Positive
Mean Mean approximates 0.0000 .
FY FY Weight Factor
Medical 2007 2007 UAI x
Units: UAI  CMI CMI 058769 0.58769
Unit A 0.43 1.3486  0.581072 -0.0066
Unit B 0.53 1.5288  0.806778 0.2191
Unit C 0.47 1.1397 0.53894 -0.0488
Unit D 0.49 1.1443  0.565929 -0.0218
Unit F 0.44 1.0944  0.477282 -0.1104
Unit K 0.41 1.3549  0.556136 -0.0316
Sum of products of UAI x CMI: 0.0000
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Appendix G. Formula for Calculating Total Touched Patients

Simplification of Jacobsen, Seltzer, and Dam’s (1999) Formula for Calculating Total
Touched Patients for use in Unit Activity Index

Typical Daily Census

Report

Date
Midnight Census
Night Adm
Night Disch
Night Trans In
Night Trans Out
8a Census
Day Adm
Day Disch
Day Trans In
Day Trans Out
4p Census
Eve Adm
Eve Disch
Eve Trans In
Eve Trans
Out

mm/dd/yy

PN, OOVOON—, oS ONOO®

Representation of
Patients Corresponding to
the Daily Census Report

On Unit 1 / Day Disch 1
On Unit 2 / Day Disch 2
On Unit 3/ Eve Disch 1
On Unit 4 / Eve Trans Out 1
On Unit 5
On Unit 6
On Unit 7
On Unit 8
Night Trans In 9
Night Trans In 10
Day Adm 11
Eves Trans In 12
Eves Trans In 13

Manual Count of

Total Patients 13

per Jacobsen, Seltzer, and Dam’s formula:

on unit 24 hours 4
+ADTs 9
Total Touched 13

This study’s simplified formula:

Starting (midnight)

census 8
Admissions and
: 5
Transfers in
Total Touched 13

NOTES: The daily census report makes it difficult to ascertain the number of patients
on the unit for 24 hours. While Jacobsen, Seltzer, and Dam’s formula is fundamentally
correct, a more practical method of calculating total touched patients is by merely adding
the number of admissions during the 24 hour period following the starting census. In this
example, the starting census was midnight.



Parameters:

# of occupied
beds in a 24
hour period

28
27
26
25
24
23
22
21
20
19
18
17

# of occupied
beds in a 24
hour period

18
17
16
15
14
13
12
11
10
9

Appendix H. Variations in HPPD in a 28 Bed Nursing Unit

ADC HPPD On Target Range (+/ - 5%)
25 8.32 7.90 to 8.74

171

Number of Care Providers over a 24 hour period

30 29 | 28 | 27 | 2 | 25 | 24 23
8.57 8.29 8.00 7.71 7.43 7.14 6.86 6.57
8.89 8.59 8.30 8.00 7.70 7.41 711 6.81
9.23 8.92 8.62 8.31 8.00 7.69 7.38 7.08
9.60 9.28 8.96 8.64 8.32 8.00 7.68 7.36
10.00 9.67 9.33 9.00 8.67 8.33 8.00 7.67
10.43 10.09 9.74 9.39 9.04 8.70 8.35 8.00
10.91 10.55 10.18 9.82 9.45 9.09 8.73 8.36
11.43 11.05 10.67 10.29 9.90 9.52 9.14 8.76
12.00 11.60 11.20 10.80 10.40 10.00 9.60 9.20
12.63 12.21 11.79 11.37 10.95 10.53 10.11 9.68
13.33 12.89 12.44 12.00 11.56 11.11 10.67 10.22
14.12 13.65 13.18 12.71 12.24 11.76 11.29 10.82

Variations in HPPD in an 18 bed nursing unit.
ADC HPPD On Target Range (+/ - 5%)
Parameters: 14 8.00 7.60 to 8.40
Number of Care Providers over a 24 hour period

17 16 | 15 | 14 [ 13 | 12 [ 11 10
7.56 7.11 6.67 6.22 5.78 5.33 4.89 4.44
8.00 7.53 7.06 6.59 6.12 5.65 5.18 4.71
8.50 8.00 7.50 7.00 6.50 6.00 5.50 5.00
9.07 8.53 8.00 7.47 6.93 6.40 5.87 5.33
9.71 9.14 8.57 8.00 7.43 6.86 6.29 5.71
10.46 9.85 9.23 8.62 8.00 7.38 6.77 6.15
11.33 10.67 10.00 9.33 8.67 8.00 7.33 6.67
12.36 11.64 10.91 10.18 9.45 8.73 8.00 7.27
13.60 12.80 12.00 11.20 10.40 9.60 8.80 8.00 |
15.11 14.22 13.33 12.44 11.56 10.67 9.78 8.89
17.00 16.00 15.00 14.00 13.00 12.00 11.00 10.00

8
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