Project Number: IML MQP ECHN>

System Dyamicsand NursingLines: Cost Saving Measures at ECHN

A Major Qualifying Project Report
Submitted to the Faculty
Ofthe
WORCESTER POLYTECHNIC INSTITUTE
In partial fulfillment of the requirements for the
Degree of Bachelor of Science

In System Dynamics

By

Matthew HoyleBigman

Date: June 52009

Approved:

Prof. J. Lyneis, Major Advisor
Keywords
1. supply lines
2. nurses
3. system dynamics



Abstract

The project addresses problems associated with usage astebtdisposable medical supplies

on a nursing line. As hospitals look for methods to reduce costs without cutting performance or
patient satisfaction, supply line inefficienciae comirg under heavycrutiny. Working with
representatives from a noprofit group, Easten Connecticut Health Network, a major supply
problem was identifiecaind a system dyamics model was created in Vémsfor a particular

nursing line The resultant modendicatesthat a lack of observable feedback and response has
placed ECHN into a position where unchargeposable medical supplies increasests. It was
concluded that based on currenbnditions increasing disposable medical supply value
awareness wold createa net savings for the hospital.
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Executive Summary

Non-profit hospitalsmustbalance their duty to provide optimal care for their patients
and their ability to finance their operations. Due to the rising costs of healthcare in the United
States,non-profit health systems like the Eastern Connecticut Healthd&tsvork (ECHNare
always looking for methods to reduce their overheadtsand find savings that do not hurt
patient care. Cost reduction techniques range from improved informatystesn databases
which allow for greater supply chain control to implementation of alternative care sysseoh
as therapeutic petsyet many hospitals can find much simpler ways to increase their bottom

line if they look at their basic operations.

Todaymany hospitalsre conductingexpensivestudies or capital intesive system
upgrades as strategi@e reduce costsThis can result in cheapearethods of cost reduction
being overlooked A focus on technology and methodologgn mask underlying problems.
Neglectingpersonnel issues and basic problems on the hospital floor can potentially create a
costlyor ineffectivesolutiont. Hinderingthe assessment of small problems on the hospital floor
is the fact that their resultsra often difficult to predictdata is not necessarily collected on the
human factorinvolved in these minor changes nor is it quantified in a usable cantextn era
where economic pressures have reduced the viabilitnakingcapital investmenrd, such small

changes are gaining adidinal support and are more likely to be used

! (Rose, 2008)
2 (What's ailing health care?, 2009, p.1)



¢KS LINRP2SOGQa 3I21t ¢l a (2 &2 NJ -profitiedth NS LINS a
network on finding ways to reduce hospital costs. Rathan attempting to addressaide
variety ofissues in the hgpital, the system dynamics methodology implemented focused on
narrowing down concerns to a single item. Working with members of the ECHN staff during the
first term of the project, it was identified that disposable supplies on the floor of various
medicd nursing units were being used at a grefatate than predictedht significant cost to the
hospitakp ¢CKA&d AaadzS A& FdzNIKSNJ O2YLIRdzyRSR o0& GKS
satisfaction and limited resources for capital investmed new equipmenbr training

methods.

The initial theory identifieshree main supply line issues

1. Nursesare using supplies as shortcut methadsspend more time with patients,
especially if busy.

2. Nurses are ot charging patients for supplies.

3. Too many supplies were Irey usedas an overtreatment of individual patients

The model was designed to look at the long term repercussionsesktiegative
behaviosand how ECHN could employ effective countermeasures at the target hospital. The
models currently available iiterature focus strictly on the actual supathains themselves and
how inventories are maintainedather than what dictates demand for various items over base
medical needs Such modee posselimited usefulness as many of the supply line issues present
at ECHN araot from inventory control butlerivefrom choices made by theurses aprimary

providers. A modelvhich explicitly considerfactors such adailure to chargeate;

8



overtreatment rate;shortcut usage; andursereactionto management presses or
educational effortan create feedbacks wihiawill illustrate a better wayo analyze methods

on reducing supply costs.

In order to create the model, causal loops were established by working closely in a
feedback intensive environment with ECHIgnesentativesThemodelQ &  LJdzNG dfeéteS
anunderlying structurehat canbe adapted tameet9 / | b Q& & LIS OAahdtkeir LI2f A O&
reactions thus far ECHN has historically had difficulty with over usage and undercharging of
supplies and has onhgcently chosen to address this issukhe relationship between demand,
supply, satisfaction, education, and pricasdeveloped and reviewed with proper tests. The

model was developed using the system dynamics softwaresien

Three scenarios were proped to predict the change in supply usage for the different
combinations ohow nursing price awareness and nursing psychological safety affected the
three main areas of disposable supply loss: failure to charge, over usageathent
satisfaction. Th@ 2 RSt &4 | f a2 KAIKEAIKEG 9/1bQa 101 2F N
problem. The threescenari@ provide the worst, middleground, and the best cases possible for
9/ 1 bQa LINRPLIRZASR Y2YSy il dzYingldHe foestssas didepplydo Sa i O
line. The current policies seem to have been enough to stem the worst case; the purpose of the
worst case was to provide the upper boundary in the range of improper supply asage
test the effects of unresponsive nursing stdff the developingcenariosit was determined

OKFG LINI 2F 9/1bQa LINRofSY aidSYYSR FTNRY (KS



feedback; changes were not heavily promoted during good economic times as a way to stem

problems

Two additional scenarios were deleped for the model. In the first scenario, options
involving capital investment farthanging controls on the supply chain were added. This
scenario reflectsite idea that ECHMised enough short term capital for the long term
improvement with the hopethat more detailed inventory controls could be used to identify
misappropriated supplies and create individual awareness and accountabhigecond
scenarioexaminesvhat wouldhappenif certain nursing supply shortcuts weaglopted as

standard operatig procedures so thahesesuppliescould be charged to the patient

The scenariosleveloped for this modelra based on an individual hospital line at ECHN.
This model could be used with data from other hospitals to provide insightpalicy
recommendtions. Important to any customization or modification of the model would be the

z

FILOG GKIFG FSSRolFOl o6l & o0dzAifd FNRdzyR 9/ 1 bQa

The results from these scenarios are not the ultimate answers to optimizing gursin

(0p))

disposable supply usage.RRAGA 2y € RIFGF &dK2dzZ R 0SS 3 §KSN

AN

Ll2f A0& OKIlIy3aSazr IyR Ffaz GKS EFOG STFSOGa
patient satisfaction. fie additional long term costs tiie policy recommendations

implementedin some scenarios are not immediately clear. Especially problematic is the fact

that the base cost of medical supplies has been historically incresoegen in the best

10



scenario an unwanted expense increasauld occurfor the hospitaf. Based on all of these

factorsa number of viable policies were developed.

® (Rose, 2008)
11



Chapter 1: Introduction and Background

1.1Introduction

Hospitals, or a form of them, have been around since 4000 BC; adtam extension of
religion or miliery powef. These early hospitals were primary religiously driven and hospitals
NB a SYof A gieticaliceritersiid @Gt come abouss dedicated treatment centersntil
later in the medieval agés The modern Americamon-profit medical hospital grewut of alnms
houses and didot existin a form similar to moderpublic health models untithe 18008,

Now non-profit hospitals are théargest portion of the US hospitsystem with almost 2900
active hospital§ These hospitals admit millions of Uzens every year and many cannot turn
away a patient due to theitharters”. Unfortunately, the cost of thesevariouspatient

treatments clash with the hospitals neprofit natures.

Non-profit hospitak playa critical role in the United Staté®althcaresystem due to
their universal coveragdheyalso have to deal wittremendous costs in their operations.
Starting in 198%nedical items have gone up in price significantly fagtan the rest of the

consumer price indeand show naslowing in rate of iorease (seedble 1).

* (Hospital. International ed2008)
® (Hospital. International ed., 2008)
® (Patel & Rushefsky, 2006, p.35)
" (Fast facts on US hospita®)09)
8 (Patel & Rushefsky, 2006, p.37)
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All items Medical Items
1960 29.6 22.3
1965 31.5 25.2
1970 38.8 34.0
1975 53.8 47.5
1980 82.4 74.9
1985 107.6 113.5
1990 130.7 162.8
2000 152.4 220.5
2000 172.2 260.8
2001 177.1 272.8
2002 179.9 286.8

Table 1: Consumer Price Index, 19662002

The enormous cost of medical items in the United States has put undue finsinaial
on many hospitals, forcing theto figure out how they can run leaner while ensuring their
patientsXight to caré®. Tte presentfinancialburdenshave been developing since the 1980s
when thee were concerns about hospisghbility to finance capitamprovements®. Hospitals
employ a variety of fundraising techniquesdombattheir deficits and supplement thancome
lost from unpaid hospital bills, but the uphill struggtefind financings reaching a crisis point
in many areas. In the southern portion of the United States, 10% of rural hospitals have shut
down since the 19808 The loss of the services provided by these hospitals is widely felt in the
areas they left behind where many people are denied access to needed healthcBreblems
such as these have only gotten wordge to the recent economic fluctuations.

The ecmomic recession, beginning in late 2008, has turned many hospital financial
board meetings into a fight for survival. Decreasing privately insured patient volumes,

Medicaidreimbursementreductions, and other lost sources i@venuehave forced hospital®

? (Patel & Rushefsky, 2006, p.53)

19 (Newhouse1970, p.64)

1 (Cohedes, 1983, p.64)

12 (Reif, DesHarnais, & Bernard, 1999, p.202)
3 (Reif et al., 1999, p.206)
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make painful cut¥. Many hospitals find their loans to be 15% higher than a year ago and their
long term investments providing smaller retufns Ths crisis has highliglet the problems

many nonprofit organizations, not just hospitals, face in theirest for sustainable services
However, this recessigorovides new opportunities for hospitals to grow albnecome

stronger®.

As long as noprofit American hospitals have existed, cost trimming research has been
performed. Thanks to evolving technolgghe latest trend is using Information Systems to
gather more detailed data about hospital infrastructure to determine areas requiring
improvement’. Such data identifies one of the most effective financial sgis is a renewed
focus on managing direct costs for patient treatméntReducing costs at this level does not
necessarily consist of reducing patient care, and by extension patient satisfaction, but instead
requires hospitals to reevaluate their currgmtocedures and policies; they must look for
inefficiencies inherent in their system. In many cases, changes to these areas can be done with
lower capital investments than are required for larger restructuring projects, yet they still

create a noticeable &ct on the hospitals bottom lin&.

ECHN haspecificallyidentified cost overruns in disposable medical supplie®ne area
for potential savingsA singlenursing line at Manchester Memorial Hospiteds selected for

this study. Though in aoundfinancial positionthe organization has made workforce

1 (Bush, 2008, p.4142)

15 (Bush, 2009b, p.24)

18 (Bush, 2009b, p.26)

7 (Botz, Sutherland, & Lawrenson, 2006, p.111)
18 (Pizzini, 2006, p.204)

19 (Newhouse, 1970, p.65)
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reductions and other sacrifices to maintdinancial stability over the past yeaContinuing to

plan ahead, ECHN hopes to figure out methods for redumitiganeous supply usagm the

nursing supplyines and become a more streamlined organization. Also, the goal is to approach

the methodology with a higher focus on the less capital intensive human elements of the model

rather than an Information System based solution.

Using the insights of previoussearch, including Hospital Nurse Productivity Enhancement
by Steven Eastaugh and the research of Anita Tucker into why hospitals fail to adapt, the
LINE2SOGQa 3I2Ff A& G2 LINPOARS || O2yOf dzaAr @S

ECHN toddress the disposable medical supply line problem. One of the greatest limitations

é.'.

u

F2NJ GKS LINP2SOG A& 9/1bQa AylLoAtAde G2 YIS O

technique other organizations have employed in the pastnstead, this appiach will look at
feedback loops between nurses, their choices in using supplies, and their interaction with
patients to create a robust and realistic representation of the human sideeoéyistem that

explains the over usag# supplies. A system dynamsimodel should be able to coordinate the

AYGSNNBEFdGA2ya FY2y3d GKS SFNARIotSa LINBaSyd

feedback system to see if ECHN is presented with the proper information it needs.

1.2 Background

Structurally, the Manchestdvlemorial Hospital (MMH) nursing unit supply lines are
built around patient needs first and hospital needs second. Each nursing unit has their own

supply closet and a corresponding budget allotment. The close proximity of a fully stocked

2 (Botz, Sutherland, & Lawrenson, 2006, pdL1
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supply closeta each nursing line ensuresirses and doctors can quickly attend to patient
needs. A main supply center acts as a distribution point for the individual supply closet; as a
closet runs low on stock, the main supply center is contacted and replenishes su@ilies

the speed at which this replenishment typically occurs, there are very few oscillations in the
supply chain over a large time scalBhe amout of supplies given teach nursing line is

tracked and compared to their allotted budget and patientacges.Budgets are determined

from historical trends, patient numbers, and patient acuity. Though nursing managers may be
reprimanded for it, nursing lines can and often do go over budget. Since their first priority is
patient care, a nursing line wilener be denied supplies as long as they are available to the

hospital.

While some supplies on the line are free for the patient, none of the disposable medical
supplies are free for the hospital. Items which patients are charged for have small stickers o
GKSY gKAOK IINB STO 2y GKS LI GASYGQa YSRAOIf
the hospitalis not able to charge the patient for trest of the used supply; the value of these
supplies is lost anthust be deductedrom the nursing lindudget. Alspany disposable
medical supplies taken into a room are consideaedtiomaticallyusedbut are not automatically
chargedfor sanitary and regulatory esons. These factors, failure to charge and over
treatment, create aleficitin the medicakupply budget Additionally, in order to cope with the
fast pace of their jobs while ensuring they have sufficient time to spend with individual
patients, interviewed nurses at ECHN have adopted the habit of using medical supplies
improperly for shortcts, especially when there is a significant proportion of high patient acuity

per nurse on the nursing floor.

16



Supply allocation for each nursing line atb@ngedased on the number of patients in
the line and their base acuity. A nursing unit with bdtls and resource intensive cases will be
given more supplies to work withan one without®® Nurses themselves have little influence
on how these supplies are budgeted yet they are the primary caregivers and likdhgsh
targets to influence costaithout significantcapitalinvestment? Nurses themselves are also
heavily trained on patient care, more so than business end of their jobs, and are not always
aware of the additional costs incurred by their shortcuts angply usagé®. Also, various
supplies have differing value which causes certain lost supplies to have a higher financial impact

than others, a problematic calculation with hundreds of different medical supplies.

SQudies indicae a correlation between atient happiness and hospital finanéésA
poorly financed hospital is more likely to develop a poor reputation and lose the ability to
attract patients who can afford to pay the bill and choose the best c@neality of patient care
cannotfall below appoximately 7@oto 80%for both the comfort of the patients and the
reputation of the hospitdf. As such, small requestsin patientsfor service will continue to
be a source of improperly used supplasd the model must account for policy harm in the
form of nurses applying shortcuts to keep patients hapPy the other hand, determining how
satisfied a patient is based on reductions in overtreatment, shortcut usage, and failure to
charge is difficult to quantify. With the failure to charge factor padient would want a more

expensive hospital bill, but base hospital satisfaction should be good enough without the

Z(Kumar, Ozdamar and Ning Zhang, 2008, p.97)

22 (Eastaugh, 2007, p.40)

% (Eastaugh, 2007, p.31

% (Nelson et al., 199%.6

% (Navigating the economic storm: A prescriptive approach for healthcare supply chain profes2afigls
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benefit of undercharging. A patient may never notice a nurse brought in two bandages instead
of the overtreatment of three, but might noticé the nurse rejects an unneeded request for

additional bandages.

A final factorconsidered for the model is the resistance to change on the part of the
nursing staff. It is likely the usage of additional supplies on the nursing line is not purpogeful bu
rather habitual Many nurses are unaware of theirefficient practicesand the long term
potential impact on hospital financesreating a probleAt. Getting hospital personal to adjust
and correct these routine errors can be difficult due to three mresoutlined by Anita L.
¢dzO1 SNY om0 |y SYLKIFIaAa 2y AYRAGARdIzZt @QAIAL L
(3) empowerment, or a widely shared goal of developing units that can function without direct
managerial assistan¢@ Though thesédactors seem beneficial, they can leave nurses feeling
overwhelmed and alone if left with a new focus on supply management with adequate training

and support®.

There are twgossibleleverage points when it comes ofluencingll K S yititd S & Q
and ircreasing their awareness of errors. Increasing pressure from management could be
implemented by the hospital administratiosith repercussions fomaproper supply usage, but
suchmeasures often backfire in a human resource situgtiwhere their effect igventually
weakened Abetter option may be to use education as a method to increase price awareness

for the nurses so they understand the value of the product being lost. Likely the methodology

% (Tucker & Edmondson, 2009.4)
27 (Tucker & Edmondson, 2009.4)
2 (Tucker & Edmondson, 200.14
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to determining the loops for this error solving will beagded from the model presented in

Hgure 1.
Norms of Individual Vigilance
Efficiency concerns
+
Empowerment
+
P
Barriers to 'I'ask Completion First-order Problem Solving
+ v
Rate of Failure Emergence \
Gratification
/ Burnout
Effectiveness of 2™ order /
Problem SOW'”Q Second-order Problem
—j Solvmg Effort wt Management
Organization + support
responsiveness

Psychological safety

Figure 1: Model of first-order and secondorder problem solving behavior®®

The above model in Figure 1 represents both a first order and second order problem
solving loop for a nurse ¢ad with a problem. The diagrais for a singular nurse, rather than a
nursing line, but the concepts presented still stand. Depending on day to day pressunsss
may attempt to solve the problem on their own time if it does wonflict withtheir work

schedule and if they are aware of the problem. Often the 1st order solution is a short term

2 (Tucker & Edmondson, 2003,28)
19



solution, and it is not until management begins putting additional pressure on nurses that a
long term solution is consided. A noticeable difference is the proposed model ECHN is

trying to force nurses to follow policy rather than find their own solution and the structure will
likely be closer to the second order portion of the model. Part of the problem with nurses
developing their own solutions is that whiit may help them in the performance of their jobs it
could potentially negatively impact the hospital as a whole. Additionally, many nurses are not
aware of the long term costs associated with removing an extra sterile gauze roll from the

closet every dg

¢t KSNBE KI @S 0SSy ydzyYSNRdza aidzRASa 2y (GKS
proposed model, but rarely have the connections between patient happiness, supply usage,
and nursing resistance to change been tied together into a single model. A combiagtion
these elements into a singular, custom fit model for ECHN provides an accurate picture of the
entire system so that policy recommendations can be made that include all the key elements.
Hopefully, the fully formed model can provide ECHN with the da¢g heed to create a more

cost effective supply line usage system for their nursing lines.

20
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Chapter 2: Methodology and Analysis

2.1 Consulting Based Model Formulation

The final product for this project is meant to be a functioning model representing the
target nursing line and a series of policy insights and recommendations which could be
beneficial for ECHN to implement. Rather than build a model from scratch or external data, the
model was designed in phases with feedback provided by representati&SHN. Through a
series of meetings, ECHN team members would be presented with an aspect of the model and
their feedback would be recorded. That feedback would create maximum client involvement
and allow data to be analyzed and refined by the modeler®®i 9/ 1 bQa ySSRa® (

ONBIGS I y2N¥ItAT SR Y2RSt GKIG Oly 68 SIaate

2.1.1 Determining Variables

CKS AYAGAIIE adGSLA 2F GKS Y2RSt o0dzAf RAYy 3 LIN
wants and needs, specificalivhich financial issues were of greatest concern. This step was
O2yRdzOGUSR GKNRdAzZAK | aSNRARSa 2F OoNl}Ayaildz2NXYAy3a S
internalized thoughts and instincts. Figuring out common themes of concern was a priority and
the proces was guided by the modeler to discern why specific variables were being proposed

by the sponsar

From thislist (see Appendix A) six key variablese identified these variables would
FOG 1a GKS o6Fara F2N GKS Y2 REHdsummdyHRIMWB Yy OS Y 2

reasoning are presented below in Table 2.

21



Variable Reasoning

Supply over usage The recent concern for many hospital
administrators was the fact some nursing units
were going over budget on their disposable
medical supplies. Afi¢ grice of supplies is not
readilycontrollable to a higher degree than it
already is, this will be the main area of focus

Patient Satisfaction Thel 23 LA G f Qa Rdzié A&
level. There is concerthat supply usage might be
tied to this variable

Nurse hospital policy awareness Increasingawareness of hospital policies and
regulationsby the nursing staffegarding supply
usage has been one approach to dealing with o
usage

Avg. patient acuitper nurse The ratio ofpatientacuityto nurses dictates how
much a nursing line gets for supplies. It can
fluctuate greatly.

Psychological safety There ixconcern that nurses whare comfortable
with the current systenand secure in their
positionwould beresistant to changng their
behavor regarding supply usage

Supply Usage &hortcuts A main area bperceived over usagsthat many
suppliesare being used improperly by the nurses
to save time

Table 2: Key Variables and their Reasoning

2.1.2 Reference Mode Creation and Additional Concerns

The mairreference modes of the probleniased on initial work with ECH&te shown
in Table 2 A reference modés a sketch over time of how a variable behaves. It often has a
historical period reflecting what actually hagned, and then a range of future possibilities
reflecting hopes and fears. These reference modes s@a@y purposes, such as further
establishing the problem and offering a meda compare if the results of the model fit the
expected behavioThereferSy OS Y2 RS& LI Ayd | LIAOGAzZNE 27
perceived feedback structure. Each reference mode gives a clear picture of the underlying
mechanics of its respective variatitea timescale of month&ach reference mode diverges at

around nne months, when the future time paths form. These time paths are theeotipaths
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feared paths, and hopeful paths respectivéife finalreferences modes dnot exactly match

up with the selected variables but all are closely related.

Total Supply over usage
350

300

250

200

—=—Hope
150

== Fear

# of widgets

Current

100 +

50

123456 7 8 9101112131415161718192021222324
Month

Figure 2: References Mode Supply Over usage

The supply over usage variable has shown a long term trend of slowly increasing over
the preferred base usage level. There was discussion about how to handle a significant short
term increase in this v@ble, represented by the fear pathdeally, this over usage would be
as close to a smooth normakage level as possible. The modeldsg a smooth normal usage
level due to the unpredictability of patient acuity and patient volume, though the fimadiel
should have the ability to account for random fluctuatiahging testing As sich, with smooth

normal usage the modaelill not need patient acuity references.
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Figure 3: Patient Satisfaction Reference Mode
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Figure 4: Shortcut Usage Reference Mode
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Patient satisfaction at MMH has been held at acceptable levels. The concern is that a
new policy to reduce supply usage could cause patient satisfaction to drop. There is always a
possibility, howeverlgyht, that patent satisfaction could increas@®ne theory is thatowered
patient satisfaction would increase the occurrence of actions such as shortcut usage and
overtreatment,hence the similar, but reversed, behavior for the above Figure 3 and FigQre

fear paths

The number of nurses, unlike the number of patients or state of acuity, should be
relatively constant during the day shifie data is based arDue to regulations dictating the
number and ratio of trained nurses, this amount could notdxgally changed as a tool of

leverage as seen in Figure 5

Nursing Numbers

14
12
10 -
== Hope
§ 8 == Fear
3 6 —&—Current
—4—Hope
4 == Fear
==e=CUrrent
2
0]

1 2 3 45 6 7 8 9 1011121314151617 1819 2021 2223 24

Month

Figure 5: Nurse NumbersReference Mode
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Nurse Awareness of Hospital Supply Polici
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Figure 6: Nurse Supply Cost Awareness

Nurse awareness of policies and regulations is believed to hesignificantly lower
than optimum level. ECHN representatives are worried that the level of awareness would
continue tobe less than optimabr could decrease as veteran nurses trained new staff. there
would be a contiued decay in hospital policie& second problem is hiring arfating problem
nurses is not easyr cheap However, a combination dhe 2009 recession, recent layoffs and
educational efforts around the hospital has made nurses concerned about their job security and
their work performance.The above reference modes, as seen later infthst Casual Loop
Diagram, seem to lack theecessarff SSRo I O1 (2 LINRB RdzOS béaseaidS 2 F

worst case scenarios.
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2.1.3 Momentum Policies

During discussions with hospital representatitdseicame apparent that the hospital
was already workintp correct the supply line issues in two separate ways. The first was to use
education, through a major presentation to remind both managers and primary nursing staff
about the value of hospital sygties and proper policies. The second was a more indirect
method started byrecent layoffsand other cutbacksPeople realizethat external economic
pressuredad a real #ect on hospital finances. People began taking previously ignored policies

more seiously out of a psychological worry.

2.1.4 Problem Statement and Dynamic Hypothesis

Based orthe data collectedwith the sponsor team, the initial problem statement was
thefollowingd 9/ 1 b gl yia (2 NBRdAzOS G(KS 2@SNhazal 35
YdzZNEAY3d fAySa 6AGK2dzi | ROSNASt @ AYLI OGAy3

K2alLAalfQa Rdzat ySSRa 2F alg@gAay3a Yz2ySeé | yR

This problem statement led to the creation of a basic Causal Daaggram (CLD) which
includes the main highlighted elements of the paper. The CLD depicts the feedback structure
believed to be creating the problem behavior in terms of causal links that are either denoted as
positive or negative. Negative links mean aialale was established to lower another variable,
while a positive variable link increases other variables. Many of these causal links form

feedback loops, giving the model its behavior. Feedback loops are either reinforcing or

LJI
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balancing. Reinforcing loogsS E L)t 2 RSé¢ S Ol dzaAy 3 ANRBSGKI 6KATS

seeking behavior by trying to reach equilibrium.
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Figure 7: Casual Loop Diagram the First

This CLD represents the key desires and concerns identified at the inigaihmeT he
goal is that new educational efforts and management pressure will help curb extraneous supply
usage. The excessive supply usage comes from over treatment and shortcut usage, which are
increased by patient dissatisfaction. Over treatment inctugatient requests for additional
supplies. Also of concern is that stress, unlike education, has proven itself to be less effective
over time. Shortcut usage is used to give nurses more time with each patient so that they can
maintain patient satisfactio at a high level despite higher patient loads. Patient load dictates
normal supply usage and gives a baseline to compare extraneous supply usage to. Note: this
initial dynamic hypothesis is merely a tool to support research efforts. It highlights sotine of

key research areas, such as patient satisfaction and how supply usage is tracked.

A simulation model can be created with a reference mode and a dynamic hypgthesis
though the initial dynamic hypothesis is not always righesearch can quantifyglitative

relationships expressed in the dynarhigpothesis and it is often unfeasible to do experiments,
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so research will bbeavily relied upon to quantifgausakelationships. Sometimesese

gualitative relationships will instead be established using kmavles of system dynamics and
tested around normalized conditions for ease of creation. Testing will be completed during and
after the creation of the simulation model. The results of the model will be compared with the
reference modes. Parameters andatbnships will be adjusted to increase the robustness of

the model. During this entire procesterationsof the model will be reviewed with the

sponsor team for feedback.

After satisfactory testing, leverage points on the model can be determined tirou
sensitivity analysis. This analysis can also assist in determining policies for solving the problem.
The next step is to test how the policies influence the model and to derive conclusions from the
results. It is important to iterate each step in orderoptimize the validity of the model. As
progress is made, changes to the policies, simulation model, and the dynamic hypothesis are all

possible and can be enhanced with feedback from ECHN

2.2 |ldentification of Limits and Model Parameters

A number ofassumptions about the model must be designed to quantify possible
scenarios. These assumptions must take many factors into acauett,as the acuity per
patient per nurseratio, base supply usage rates, and the effects of the planned

countermeasures inhe system.

The first assumptiodetermines the extento whichthe base patient/acuity/nurse

factorscan fluctuate on a monthly analyeaidy basis. 8ch random fluctuations affetche base
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supply usage for the hospital and make modeling difficult, sditeestep is to normalize this
relationship. A constarével of acuity for a constant number of patients amatses more
NBEIFRAf & ONXBLI iefSranceinfode bahaviarliok supply @sage. Data provided by
ECHN will be used to determine realistaefficients for this scenario as reflected by an average
number of widgets needed to treat each patient. Nurses will also stay the same, leaving the
main variance in the nuber of patients as this has an effem shortcut usage. For theodel,

the sysem will have a base equilibrium of 10 nurses watching 10 patients each who require 10

widgets worth of medical supplies to properly treat.

Excessive Supply usaggn be estimated with twanethodologies The firstmethodis to
compare the actual suppliassed with the budgeted ammt for the nursing line. ffle second
method is to interview nurses on the line to determine their own perception of the situation.

Based on these calculatis, budgets ran aboutQ®6 over, as seen Table 3

Budgete Monthly % Varianc
Actual | d %Difference | Difference e Monthly Variance
07 47,800 43,900 108.88 9.07365 3900 325
08 46,700 43,800 106.62 8.88508 2900 242

Table 3: Budgeted vs. actual supplies for Nurse line 3 North (in dollars)

In an ideal wrld, budgeted and actual supplies would be exactly the s@bme factor
which accounts for these differences is the factor of patient days, or roughly the budgeted
number of patients for each unit. If nursing lines end up with more patients than they are
budgeted for, they will struggle to keep up, a factor which can lead to shortcut uslageever
this variable will require additional testiras it appears there is not currently any form of
feedback towards the rest of the modehdditionally, not almedical items are charged to the

patient when usedbut for simplificatioreach widget in the model will haveevalue. This
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allows us to average the value of widgets with extremely high value versus widgets which cost
nothing to the consumer, but still sbthe hospital.It also highlights the fact that the hospitals

IS system cannot tell the difference between misused items and uncharged billable items

¢CKS ydzNAAY3 adGFFFQa NBaAradrkryoOoS G2 OKIy3aS o
require ceep testing. The resistance could possilllg represented by a delay to changes in
Psychological safety and Price awareness. These two factors reflect both stressful pressures
and ongoing educational efforts respectivelith Psychological safety, thers likely a point
where management and economic pressure would stop havingffact, and should be shaped
as such in the final model. A way to estimate this resistance will be nursing interviews to

determine their reaction and effectiveness of effonmde by ECHN thus far.

2.2.1 Administrative Data

ECHN administrative data provides parameters for thevestes of some of the
variables and the rough qualitative data underlying the model. Unfortunately, due to the nature
of the data needed for the somgarts ofthe model, there are some gaps requiring additional
details The first significanpiece ofdata represented the actual versus budgeted ambfor
the target nursing line as seen previously in Tabléd8ditional hospital financial data reflected
the motivation for the targeted changdsit was not requiredn the final model. Budgeted
patient days vs. unbudgeted patient days also provided useful data in creating parameter

estimates for the final model.

One area lacking data was the specific ldavn of individual widget costs and

common problem supplies ontifeA y S & ® 9/ 1 bQa OdzNNEagks suppieF 2 NX I G
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bought by each line and can attribute supplies paid to a line, but it cannot give a breakdown of

which supplies ended up usédshortcuts and over treatments. The information provided also
highlighted a third potential area of loss, naip¢he actual value of which were not charged to
thepatien= & 020K (KS K2 dutsiigiimetb@get |@sizieayfomthisy R 0 K S
income. But nursintines are rarely tracked and punished for uncharged iteso$he rest of

the hospital alsdears the cost. In addition, it is not feasible using the current IS present in the
K2aLWAGEFE G2 STTAOASyGt dargdidms, though/phaBmadedtibls Y dzNA A

usagecan be trackedhanks to a slightly different system

Patient satisfaction reports, whose confidentially keeps the exact data out of the final
report, proved to have only at best tangential evidence to the effectass of shortcut usage.
Since feedback indicated the same patient satisfaction on high yield patient days as low yield
patient days, this could potentially mean that lowering the occurrence of shortcut usage could
affect patient satisfaction. At the sarime, if shortcuts are being used constantly already
without a change in patient satisfaction, then there may be little to no effect. Patient
satisfaction will likely be based around the idea that the nuisaming and perception will
affect their resistance to change, especially in shortcut usage, mone tha individual
patients. Regardingvertreatment, the only possible change to patient satisfaction could be

from nurses spnding less time with patients.

2.2.2 Additional Interviews

Inadditioni 2 GKS RFGF LINPOARSR o6& 9/1 bQa RANBOI

up with members of the nursing stafithe questions for thse interviews can be found in
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Appendix B and were designéal evoke thoughtful responses rather than elicit speaiéiplies
VeKS LINAYEFENE 321t 2F (KS&AS AyGSNWASsa sl a G2
and to see if recently implemented momentum policies had any effect on the nursing

LJ2 LJdzt | G A ABeeandak gaalofithe interviews was to bettstimate parameters such

as failure to charge, overtreatment, and shortcut usage.

The interviews provided a number of key ideas and concepts to work into the model.
First, nurses would always prioritize patient care and well being over inventory antysupp
usage control measuredf a nurse felt that a patient was not satisfied, that issue would take
priority over attempted control measureNurses who ranked supply control @simportant
still stated that if they were busy they would focus on atterglio all their patients first.
Second, most nurses were often unaware of the importance of supply control until recent
meetings ad news of layoffs from around theospital. This reflects an underlying problem
with nurse training and the lack of educatipertaining to financial management and
repercussionsThanks to recent efforts, espedyaleinforcement at normal weekly staff
meetings many nurses had become more consciousnessedf Hupply usagerinally the
meetings revealed that nurses often paippremium on understanding howkgensive a suppl
was. This fact helped them to remember to use the price stickers which they frequently forgot
to use. This also had the added benefit of helping nurses feel closer to patients, as better price

awareness hiped them inform patients of how to take care of themselves when discharged.

% (Doyle, 2006)
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2.3 Creating the Simulation Model
2.3.1 Client Presentations and Final CLD

Throughout the modeling process the structure of the core meded presented during
the sponsor meetigs at ECHN for additional feedback and to keepYhd RSt GAGKAY 9/ | |
parameters. As a result of these meetings, additional modifications, and in some cases
simplificationswere made to the model. The client presentations highlighted the importance
of gpproaching the main problem from the perspective that nurses were taking shortcuts. They
also helped identify an additional problem, that of supplies not getting charged to the patient..
Drawing on these presentations and additional research such asuifsing interviews, a new
/1[5 FYR LINRofSY aidliSYSyid 6SNB F2N¥SR® ¢KS TA
number of uncharged supplies being used by the target nursin@line
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Figure 8: Final Casual Loop Diagram
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The firstmajor area irthe revised CLD and dynamic hypothesis is the lack of feedback
present in themodel. This is due to the focus on a single nursing line rather than the greater
entity which is the hospital as a whole, effectively acting as an insualédrthe system. The
reason for dimited scope is that it better allows us to focus on policies specifically geared
towards nursing lines and allows for a manipulation of various sceffaridss is
representative othe lack of control and feedback currentigtive andavailableto ECHMNnd is
a more realistic fit for their problem¥ For example, as a neorofit hospital ECHN cannot
reduce the number of patients to offset costs easypr can the company afford reign in
problem nurseshrough the expensiverocess of hiring and firing in the current marke.
further example of an area lacking feedback, especially on a usable timescale, is the area
marked Loop 1 in the diagransince stocking is almost instantaneous, the daily stocking of the

supply closetevels has no bearing on total supplies used.

Loops 2 and 3 represent the resistance to change for the nursing staff in the form of
delayed reactions to external pressures and educational efforts. The effects on psychological
safety and price awarenesseanot instantaneous.The model will be designed such that high
psychological safety makes a nurse feel safe and secure in her job and therefore more likely to
fall into habitual mistakes. High price awareness, through strong educational efforts, creates

reduced losses

3L (Warren, 2004, p.332)
32 (Warren, 2004, p.333)
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Loop4 represents the limitations presented by psychological safety, nameigglu
times of extreme stresfor extended periodsThe effect can burn a nurse quitegating the

benefits gained from a low psychological safety on supply probl

Loop5 is a potential but currently inactive loop for ECHN. The loop represents the
factor ECHN can track when they are going over budgetadlodis them toadjust their efforts
in managemenpressure and educationatistoricallyusage of this fedolack has not been

high priorityissue untirecently.

A consideredmodel se&tor, but ultimately unusedwould be a financiaector forthe
model. Such a sector would like ideas related to dalfaountssuch as: the price of
educationalefforts, undarged suppliesnanagementpressur®2 a G Ay 3 YI yI ISNB Q
short term capital investment for long term gai@urrentyd / | b Q& LINA Y| NBE O2y OSN.
balancing the costs of the various options and solutipresented; they are insteafcused on
finding simple, small changes which can be designed around cheap curricdhough
financial variables like total uncharged supplies will appear in the final mibdgl,are not the
only important factorin decision makingAnother element dropped from thigersion of the
model is the idea of patient satisfactioan area of quantitative weakness. The concept of
patient satisfactonwagd y a4 S R NBLIX I OSR o6& ydzZNaSQa O2YYAlY:

in a timely mannerreflecting the call of shortcutduring times of high patient volume

2.3.2 Policy Insights and Reflections

Before creating the final modedpme key restrictions and potentially policy changes

which will need to be observed. ECHN only recently implemented countermeasures to control
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the disposabé medical supply problem. Thisaurredright around the time the United Stais
economy started showing deeper signs of distress in late 2068uding manual triggers in the
final model will help account for this facBased on interviews viitnurses, the four key
elementscurrently affectirg disposable medical supplies ananagement pressure in the form

of layoffs, economic pressures, a single education meeting, and smaller continuous education

efforts.

Thegoal is to reach as close to moal supply usage as possikdad to make sure that
normal supply usage is properly charged for. Feedback indicates that getting a perfect system
is likely an unwinnable goal, but the model should come close. There will almost constantly be a
low level ofover usageeven in the most ideal system, and nursedicated strongly that

shortcut usage will occur during high pressure situationsnatter what

2.3 Simulation Model

The next step in developing this model is to translate the qualitative representat
the problem seen in the last Causal Loop Diagharfrigure 8, ito a quantitative
representation that uses mathematical equations to represent causal IBksloing so, the
model provides a structure to analyzeet movement 6 supplies and their ses within the
system. The simulation model structure can be seefydpendix Cand for ease of explanation,

will be broken down into componentmaller components in the following pages
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Figure 9: Failure to Charge and SupplyLine Model Components

The first major occurrence in the model is the fact that supply levels, at the moment, do
not dictate usage for the systeni.he sipplyclosé levelfor each nursing line in the hospital
can be filled on an hourly basduring an ememncy situationandas suclthe day to day
fluctuationsbarely registraon a monhly timescale. Trse elements arestill present in the
model to provide an opprtunity to expand and test out additional scenarios in the futurae
number of supplies usefdr total normal supply usage is dictatéy patient numbers, while
extraneoussupply usagés calculatedrom total shortcut usage and overtreatmerfaid
extraneoussupply usage should be around 10% abtmtal normal supply usage when fit for
ECHN. Onthe left side of Figure 9, some of the normal supplies used arallgsto the failure
to charge rate, calculated to be around 0.2 based on nursing interviews. This supply line error
is either weakened or compounded by the models three main leveragegpqsyclological
safety,stress, and price awareness. Note that price awarenespsychological safety are

potentially calculated differently for each variable they influence, whereas stress is considered
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a universal constantn this case, price awamness is weighed a bit more heavily, as many
interviewednurses reflectedn how drastically they changed their habithen they realized
the true cost of supplies.

Shortcut Usage
per Patient

<Patients>

-
/ﬁShoncut Usage for Patient

Pressue on Nurses to Nurse Ratio Psychological Safety
Effect on ShortcutU Effect on Shortcut Usage .
ct on ShortcutUsage Price Awareness Effect

on Shortcut Usage

Real Patient to
Normal Patent ™ Nurse Ratio
per Nurse ) " .
ShortcutUsag <Price
%’ Awareness>

Figure 10: ShortcutUsage Model Sector

The Shortcut Hage sectoshares many traits with th&ilure to charge sectoseen
previously in Figure.®But the major change lies in tlzalculation for base shortcut usage rate,
represented by Shortcut Usage for Patient to Nurse Ratio. Rather than resaitbmguts to
patient satisfaction, the final model instead relied upon the nurse to patient ratio. Nurses
interviewed stated that even with the recent crackdowns on supply usage, if theyveeye
busywith high volumesthey would still use shortcuts to attend to their patts despite the
rules. he base rate was designed with the difference between normal and real workloads in
mind, so that high ratios caused a greater usage of shortdéntaddition, a secondary
difference is psychological safety has a more minor initee as many nurses will weigh their

patients before their fear, based on interviews and previously stated research.
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Figure 11. Overtreatment Sector

The overtreatment sector is essentially a less complicated version of thepgetwo

sectors. Base overtreatment rate is based on paseagain, with a rate of 0.5 widgets per

patient to reflect the information provided by ECHN about the 3 North nursing line. At normal

patient ratios, shortcut usage is also 0.5 per patient,stagthe total extraneous supply usage

tobemmE> X NRdzAKE.& 9/ 1 bQ{ NIGS
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Figure 12: Psychological Safety Model Sector

Psychological safetyorks from two main variables, management pressure and external
economic pressures. Bo#re normalized around a scale of 0 to 10 for ease of calculations, and
this normalization provides the added benefit of making future research easier by providing a
convenient feedback scafer interviews. The two combinedfects represent the pressures
which cause nurses to react and worry, and their influemoglifies psychological safet
Psychological safety acts as a representationas¥ secure a nurse feetsdbout her positiorand
how they react to theimvorkloads in turn Nurses who feel very s in their job security
represented by a higher psychological safety numbend the rules more easily than nurses
GAOGK f26SN) O2yFARSYOS® ¢KS &aSO0G2NJ AyOf dzRSa ¥FS
change and delayed reactions to new pregsuButpsychological safety is at best a limited tool
for policy changgbecause strong constant pressuran lead tadebilitating stress.

Psychological safety and stress sharelationship similar to generic overtinaad fatigue
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modelsused in SysterDynamics. Some overtinie controlled bursts can increase
productivity, or in the case of thECHNnodel decreaseéotal uncharged usage. But too much

overtime canalsodestroy productivity thanks to fatigueuildup.

Effect of Stress Fatigue
Impact of Stress Fatigue®—

on Improper Supply Usage _
TimetogetStress

Fatigue

Stress
Fatigue

Getting Stressed

Stress Affecting

Performance \

Pyschological Safety
buiding Stress
Figure 13: Stress Model Sector

In thedesign presented by Figure I&ychologicasafety can go to zergpit cannot be
the divisor in relationship to normal psychological safety. Instead, the variable of stress
affecting performance acts to turn the reversed tedaship into a usable form. The variable
also accounts for the fact that small variances of stress around the négwebhould not
create major changes to the current level of stress fatigue. Stress fatigue itself lowers even at
equilibrium psycholoigal safety, illustrating how the stock is self drainingrtanageable levels
over time From there, the impact of the stress fatigue itself is based around a simple effect
table. Stress iagoodsurvival mechanismo athresholdpoint. A manageable @l of stress
actually serveso help control the strength of the supply variablésit too much stress has the
potentially to turned a skilled nurses into a great wagteanks to excessive fatigueAdditional

support for this ideaf a stress breakdowstemsfrom basic human behavioral patterns
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someone undergoing panic attk is mostly useless. Conversely individuawithout any
stress at alllikely lacks the motivatiooomponent ofstress.

Education
Table for Effect o Efforts
Education Efforts /

Normal Educatiol

-~ efforts

Effect of Education
Efforts

‘ \
Price

> Awareness

A -
Change In Price
Awareness

Time to Change Price
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Figure 14 Education Model Secto

Structurally similar to, but simpler than, the Psychological Safetign of the model,

Price Avarenessds a potentially powerful leverage poin©Onehelpfulfactoris that Price
Awareness reacts to stimuli faster than Psychological Safety, basaarsing interviews This
means that solutions can be implemented quickly, thotlgdhopposite for problems also holds
true if solutions are reinforcedAlso, unlike psychological safety, there is no competing stress
to reduce educations effectivenes€£CHN has begun recently educational efforts as a
countermeasure for uncharged supplies, due to the 2009 recesdibis motivation was
formed from external factors and pressures than rather internal feedback loops.

In fact,the model haonce agairbeen lacking ay feedback, besides the delays

attached to some variablesThere is no way to break down the exact differedgeamics
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between shortcuts, failuréo charge, or overtreatment in order tdetermine if one problem is
particularlylarge. Even th&ariable of total uncharged supplies is at best an estinfraan

personal accounts and limited documentatiomhe only knownabsolutenumbers of widgets

come fromactual suppliesersus bdgeted supplies. Typically responses to these two numbers
are repesented bysingle time interventions rather than dynamic policy changes. So, despite
being outside the scope of the model, and likely requiring some specific managerial changes for

ECHN, an optional loop was added to the core model.
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Figure 15: Feedback for Correcting the system, Offline in Most Variations
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Structurally, the feedbadcsystem focuses on the ratio between the twsages to
determinethe amount of effort management should put into changing variabEdays
representthe time it takes to gather data and implement programs, and the changes are based
around normal levelsThe variable changing efforts can be customized to represent tolerable
ranges for over usag®here there is no change. Changing efforts is also dedigmreact to
the very dangerous scenario when normal usage is actually lower than total usage, implying
that patients are being undertreatedhitial tests using this model provided almost immediate
feedback, even with two sets of delgyvhich greatly educed ECHN supply problems.

However, as stated before, ECHN may not be able to implement such feedback policies in a
timely manner, especially considering start up netasoordinate a response and tracking

program

Chapter 3 Results and Discussion

3.1 Model Limitation
One of the most important simplifying assumptions of this model is thathkee is no

varying leel of acuity among theatients, unlike the real worldAlso he mechanics of patient
satisfaction aranerely represented through the nurdeQ LISNRLISOGA FS> y I YSt @&
ensure everyone is adequately treatmenthis is because the correlation between changing

supply usage and patient satisfaction is not immediately clear, and would be a large guess at

best.

On a large scale, cosise a problem which could be reflected in the madmrit

ultimately2 dz 8 A RS (G KS a02LJS 2F 9/ 1 b Qa priyh&ily 8na @ ¢KS L
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providing botheffective techniques andimple implementations Model limitations build for
specificorganizaions often carrysuchtraits and simplificationswhich actually customize the

model better than large more complicated equatiorisor example, the base calculations for
priccawaby Sda I yR LJa & OK 2 én2efidbléstafe highly 3ubjinéss suehF ¥ S O
the best way to calculate their shapes and scale was workingvaribusexperiencedECHN

membersand through testing

3.2 Base Results and Comparisons

To test the model of the structur@n equilibriumrun of the model ira steady state wil
FANBGO 0S ONBIGSRO® ¢ KAA NUzyQa LJzN1J2&asS Aa G2 K
reactions the way it has been predicted tobor this model the psychological safety and price
awareness variables will be attuned to ten, with the numbkpatients set to 100. The run will
also set the base overtreatment and shortcut usage per patient rates to 0.5, and finally failure
to charge to 0.2. The results for this base run should show a linear pattern for uncharged
extraneous supplies and totahaharged items. Since the model does not have any decaying or

growing functions at equilibrium, the system should remain stable.
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Selected Variables
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Figure 16: Equilibrium Test Run

To continue testing reference modes, we will next look at howpiguign education up
and down changes the total uncharggdmsin the model. In theory, to match our reference

modes, education growth and decay should directly correspond to the model.
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Figure 17: Education Growth and Decay Changes for Total Uncharged items

Now, looking at psychological safety, the model will start fro a base and present four
differentscenarios. The model will have management pressure decay and rise, followed by a
similar trend with start job economy pressure already high. Intheory, if the model set pressure
for both job economy and management pressure to 10 each, stress would overrideany benefits

we gain. Thisideaof extreme value testing will be looked at in another section.
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Total Uncharged Items
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Figure 18: High Pressurebut Avoiding Too Much Stress

As can be seen above in Fgure 18, the behaviorpresented is as predicted. All the

optionsimplemented produce the desirable result of reducing total numbers of uncharged

items save for the one option where management rams down pressure too much. At the same

time, the behaviorshows how stress weakensthe impact of psychologicasafety when there is

too much pressure on the nurses. The next variable has a similarlimitation. The number of

patients changes normal supplyusage, the number of possible overtreatments, and puts more

pressure on nursesto use shortcuts due to worse nurse to patient ratios. That meansin theory,

for a positive change of 50 and a negative change of 50, the positive change should have a

larger impact based on the theoriesfor shortcut usage. Also, as patient levelsincrease total

normal usage, there are more chancesfor afailure to charge. Hgure 19 largely supportsthe

estimated reference modes for the model.
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Total Uncharged Items
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Figure 19: Patients Levels and Total Uncharged items

Next,thenext Y2 RSt gAfft 0SS FdddzySR (2 NRdzAKte& 9/ |
NEBLINBASYGAY 3 9/ 1 bQa LINE LBhér&dence dabdesSaydiemie$ oSt 2 F
interviews indicate that low edacational efforts have been causing growth into total uncharged
supplies and uncharged extraneous supply usage, and that a recent increase in job pressure has
been bringing these overusage levels down back ddwrbe exact, the model starts with a low
edlOlF GAZ2YyFE STF2NI A (G2 NBLNBaSyd 9/1bQa fAYAGSFE
economy pressure is then ramped up to represent the current economic conditions, which have

had a positive effect on the amount of uncharged items.
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Selected Variables
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Figure 20. ECHN Reference Shape Test

The modelesults showrin Figure20 largdy matchthe proposed behavioral references
Y2RSas> fUK2dzaAK Ad0Qa Of SFNJ GKI G MHRRMIADWIEE GS
levels. In order to shape a range of viable scenarios, some additional testing examines how the
model reacts to stimuliStill, this does make a clear indication that the underlying causes of the

reference modes can be explained.

3.3 Sensitivi ty Analysis
Sendivity analysis was performed dhe following variablespatients, economic

pressures, base treatment ratésr overtreatment and shortcutsA sensitivity chart compares a
numberof likely values for each parameter and generates a dynamic set of confidence intervals
the resultant behavioral mode of the moddtor ease of understanding, the sensitivity tests

were done on the equilibrium; the reasoning behind testing on the equilbris it more easily
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allows the strength of individual variables to be observEuke confidence intervals result the
probability of a point being calculated from a range of variable testa Monte Carlo
distribution. These tests allow the model to reggent at which points policy changes can have
the largest value and impattEach sensitivitghart has a line representirtge shown variables
base case behavior, in this case extraneous supply usage at 100 widyetar the largest
positivevariationon supplies wagom patients rather than the other variable optien

Patients wereset randomlyfrom a range 1 to 200 with 100 being the normal base number of
patients.The variable patients dictate the usage rates for the entire model and without gatien
the model should fail to change. Note that the variance stretches into additional extraneous
supply usage more easily as higher patient numbers create ever higher shortcuf wdlge
lower numbersdo not possess such an impalbte that the largesimpact is a standard

deviation of only 50%.

33 (Stermen, 2000, p.88587)
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sensitivity anylasis, patients,feedback off
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Figure 21: Patient Sensitivity Anylasisfor Extranous Supply Usage

The current model design ssich thatnurses will eventually reach a threshold where
shortcutusageis almost maxe out, limiting growth. Anothelimit is presented by Figui22,
illustrating the conflicting balance between stress and psychological safety. Pressure from Job
Economy conditions is a completely uncontrollableeaswf the model, dependent onlyn
extemal factors. Yet this singular factor can create both positive and negative changes ranging

up to 50%.
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pressure from job economy, feedback off
EqualibrumRun
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Figure 22: Job Economypressure Sensitivity Anylasidor Extranous Supply Usage

Figure22 highlights thehow easilyimportant policy decisionsan beinfluenced by the
external marketjob economy pressuraffects the same variable asanagement pressure
psychological safetyif both sets of pressure are high, nurses would move closer to minimal
psychological safety and miaxum stress.A managerial team crackingwn on nursing staff
during an already stressful tinperiodO2 dzf R dzy RSNXYAY S (GKS K2raelJA G £ Q
range of variables for this test was only 0 to 10, which represents the minimum and maximum

of job economy pressure.
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base over usage sensitivity anylasis, feedback-off
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Figure 23: Base Treament Rate Increase for OverUsadger Extranous Supply Usage

The two variables which dictate overtreatment rate and shortcut rate illustrate the fact
that the model will never achieveuhder current conditions except in some extremely rare
cases. If ECHN wants to reigrextraneoussupply usage and uncharged supplies tipeticy
changes must be madas they are laeady doing.flthe base vagables are just three times
higher, the suppés see an almos00 widget increaseand four times higher is almost 400
ECHNcould benefit from a preemptivedampeningof problem ares. That way if there was
ever such a large increase, the hospitals budget would not be taken by surpastars vinich
could incrase these base numbers do exist; a new patient trend of requesting overtreatment

or the discovery of dandy, new shortcut could raise the rates.

3.4 Extreme Value Testing

Extreme value testing is useful in determining how robust the madehder a wide

GFNASGe 2F O2yRAUAZ2Yy ad sinimOdel logi@tBaRmighthaNg ol SNY A Y
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unnoticed ifextreme values were not tested. Extreme value testing is espeuigiigrtant in a

model heavily formed from personnel thoughts, @hmental models can end up mixed up.

3.4.1 Extreme Pressure

Minimum levels are physiological safety are possibleumusealistic. At these levels
managersvould likely see little tano improvement with theamount of uncharged hospital
supplies dudo the high amount of stress nursesuld eventually undergdow levels of stress
shouldalso result invery poor results since the low stress is effectively compounding the lack of
worries. To test these ideas will set the pressures to both extremellg higximum values and

the minimumof 0. The results of Figurd Beflect this idea.
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Figure 24: Extreme Value Testing for Pressures
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3.4.2 No Patients

Without any patients the hospital line should just shut down, since patieictste the
how many supplies are used duriagery step of the process. If the model is still moving
supplies, something is wrong with the linEigure 5 fits this predicted behavidoy stepping

the line down to O.

Total Supply Usage
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Figure 25: No Patients, No Supplies

3.4.3 No Supplies on Hand
Thanks to quick restocking, nopglies in the closet should not produce any discernable

changes in the model results, nor should any errors be produEeglre & supports thisdea.
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Total Supply Usage
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Figure 26: No Starting Supply Run

3.5 Scenario Analysis
After the sensitivity analysis and extreme value testing, the development of possible

w»
x

A0SYINA2a Oly o6S3IAyd ¢KNBS aO0SylFINA2a oSNB
3 N2 dzy Rthe @iddi §rdund represents the parameters, designed from staff interviews,
which currently make the most sense for ECHi middle ground it meant to be the closest to

ECHNQ current situation, while the other two scenarios represent the worst and best possible

case ECHN may currently be in or working towards in case the middle scenario isincorrect. Each

of these scenarios will be created withoutyapolicy corrections in place so that the base shape
can be determinedThe values for all three soarios are summarized in Table o make

policy impact more clearly seen the models will all have base overtreatment rates and shortcut

usage rates of 0.8nd 0.2 for failure to charge rate, with efforts focused on variable changes.
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Best Case Middle Case Worst Case
EducationEfforts 11 hours/week 4.5 hours/week 2.5 hours/week
Management Pressure | 6 units 5 units 8 unit
Job Economy Pressure| 7 units 7 units 8 units
Time to Change Safety| 6 months 3 months 1.5months
Perceptions
Time to Change Price | 4 montls 2 monhs 1 month
Awareness

Table 4: Scenario Analysis Equations

The variables presented in table four are all easily changeable. Time to change safety
perceptions and time to change price awareness are both variables representing informational
and acceptance delays. The current economic conditions can change at any moment while
price awareness and management pressure can also change at any mohhenscenarios
gSNBE RSaA3IySR (2 dirknthdsitbriadddzialbateXiagabilitd o ndke &
effective changes. For that reason, during the initial evaluation protessdditional feedback

loop will be activatedind the base starting stock will be the same in each case.

3.6 Other Scenario Analysis
In addition to the main model, modifications were made to look at some other

scenarios. Please see Appendioihe model.
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3.6.1 New Inventory System Scenario

Though ECHIS not interestedn control system optiondue to capital coststhis model
included such an idea. The idea is that if all items used could be tracked initmsive
manner, then ECHNouldsee which specific nurses were hayidifficulties with hospital
polices. These nurses could be worked vgprecificallyand as an added bonus the mere
thought of knowing the hospital management knew which supplies you used would hopefully
cause nursgeto be more careful.Thechanges intie model are simpleEffectively a strong
monitoring system would work similar to a closethegap function. The system could track
offending supply levels and effectively react to reduce them to zero. Such a system has the
potential to work since the prop@sl monitoring systentags both the nurse and retrieved
supply automatically. However, the system is not infallible, and can be worked around. An
added benefit to such a system would be a pretiseakdownof what supplies nurses are

using to further higHight problem areas.

3.6.2 Shortcut Usage

An additional proposed solution was taking a look@pplies used by nurses during
shortcuts and replacing those supplies with cheaper reusable variants or a disposable version of
the product which could be chagd for. The hope is that by doing so, the hitedpcan allow
nurses to us¢heir shortcuts and also partially negate excessive supply usage. The dhifficult
this process is that it would require a long study to identity the most common shortcuts dand no
all of those shortcuts could necessarily be replacechade into a billable itemFor themodel,
30% of the supplies used shortcutsare consideredreplaceable, a rough estimate based on

talking with ECHMNfficials. The additional reductionwhile rot large, are promising and help
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negate the fact that shortcuts will almost always be used in worst case patient to nurse ratio

scenarios.

3.6.3 Additional Nurses

Due to regulatory ruleghe hospitalislimited to a certainnumberof nursesper nursing
line before they must ad@dditional hyers of nursing management.dgt lines arealready fully
staffed This problem is in addition to the general nursing shortagees plaguing the United
Sates Still this scenario was briefly looked at and it reacte@gpected. A lower nurse to
patient ratio meant that there were less supplies being used on shortwitts all other

variables at their normal values.
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Chapter 4: Conclusions and Recommendations

All test models will be availablim .zip formwith thisdocument for further examination.
4.1 Worst Case

In a worst case scenarinurses actually react too quicklyatehanges. With additional
testing, it was revealed that the worst case scenario, at slower reaction speeds, actually
corrected itself much beer. In addition, theeffect of priceawareness and psychological
safeties arenon-existent Psychological safety, in this worst case scenario, is cancelled due to
high stress from too much pressure. The nurses act in a wasteful manner which is severely
detrimental to the hospitals needsThis is not an entirely unrealistic scenapopr economic
conditions, harsh managemenio educational effortsk YR 'y aS@OSNB2Yy S A&
could harden nurses against changes to their basic routinesahdncepressuregproblems
This hardeningnowever,could actual help the nurses react better because they would not be
bothered by smaller fluctuationi$ their delays were highThough this model stabilizes at an
undesirable level, it takes longer to get tieegiving ECHN more time to potential catch the
problem.In this scenariojob economy pressure proves to be the models undoing and difficult

to compensate for
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Uncharged Extranous Supplies
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Figure 27 : Extraneous Supply Usage for WorstScenario
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Figure 28: Uncharged Supplies for Worst $enario

4.2 Best Case
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The best case scenario benefitted heavily from low supply usage coeffithantss to
peak psychological safety and strong education effoftsis is relly the optimal scenario for
ECHN as external pressures help shape policy and management pressure is not too high.
However, further testing with the best case scenario illustrated that such low numbers did not
react much to changes in model delayhisbest case scenario may be a too good, an almost
unrealistic portrayal of the nursing world, highlighted by its lack of reaction to changing delays.

There is also the issue that hovering at such a high pressure threshold is very dangerous.

Total Uncharged Items

400
300
5
z 200
.g
100
0

0 8 16 24 32 40 48 56 64 72
Time (Month)

Total Uncharged Items : best case test 2, feedback on, control testifg
Total Uncharged Items : best case test 2, lower delays, feedback on, control testing
Total Uncharged Items : EqualibruimRun

Figure 29: Best Case Time Delay testing

In this scenario, the red line has nearly 6 times the delay of the blue line, and yet the
difference between the two is much smaller than expectéafact, there is a possibility of

overshoot in thigolicy if there is a targeted threshold in case ECHN does not want to stray too

close to negatives.
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4.3 Middle Ground

In the middle ground scenarithe results closeinof / | b Q& OdzNAasBughi ST F2 NJ
pulses and changing efforts will primarily lested around similar coefficientdhe middle
ANRBdzy R NIYy dzLJ I @SNE NBFfAAGAO OdzNNByid a0Syl N
feedback currently built into the model is actually strong enough to bring the middle case
scenario actually does img down total uncharged items, primarily through rising education

rather than management pressure.
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Figure 30: Middle Ground Where ECHN can Head

4.3.1 Middle Ground Education Tests

The additional model testing revealed two maonceptdo consider for policy design

education needs to be continuously applied for the strongest results, versus singular gailses
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seen in Figur&l, and that the effects of relaying on management pressure in rough economic
times can be very dangeus, an idedurther reinforced by Figur@2 and previous scenarios at
the threshold. Testing in this model area also highlighted how much additional feedback could

help ECHNas much of the undercharging and over usage was solved by an active feedback

loop.
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Figure 31: Power of Education

4.4 Other Scenarios

4.4.1 New IS Controls

Two additional scenarios were tested for the modalthese scenarios the model was

Y2RAFTASR (2 AyOf dzRS 2 LJiA 2y atiors SgehppeBiE) iTkeSe & O 2 LIS
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scenarios includécapital improvements to supply contradéd the embracing aghortcuts

used bysomenurses.

Improvements to supply closebntrols suggests that if the hospital could track
individual nurse usage rather thasupply line usagehen nurses would be more likely to follow
hospital policy and use the bare minimum of supplies. The problem is implementing such a
system wihout it becoming too cumbersome. &y of the manual techniques to implement
such a system wadd inversely impacy’ dzNJalflity @ work. The affect of this scenario is a
modification ofreversepsychological safety, the idea being that if management knows you
specifically are overusing supplies thiey can find and respond to you more easillyshares
the inherent problem with psychological safety in the fact that in a high pressure sityation
nurses will stillvork to help their patients firstAn additional benefit of such improvements

would be better overall data tracking and feedbac&rhmps enough to offset costs.
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Total Uncharged Iltems
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Figure 32 Total Uncharged Items and Normal Supply Usage with Supply Line Control

For the model the scenario was test startiiog a base of 0 and then increasing the
bases to see how the IS consavould react. The hope was that the IS controls could quickly
bring down total uncharged items to lower levels and help restrain growth and overshoot.

Based on the results, this is a promising but prohibitively expensive methodology.

4.4.2 Embracing Shortcuts

Even in an ideal patient to nurse ratio, many nurses still use shortcuts. As such, the next
idea would be to use those shortcuts to the hospitals advantage and use cheaper
supplies/reusable purposefully for these shortcuts. The advantages oh#tlsod include the
ability for nurses to maintain their work rate and by extension patient satisfaction in high

pressure scenarios at a limited supply co¥he models below reflect three key variables
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influenced by the new model. What the model stru@utoes is it shifts a small portion of the
shortcut usagevidgets into thelegitimate, normal path. This cuts down on extraneous
supplies, and the overall amount of uncharged supplies. However, uncharged normal supplies
actually increase because there arew more normal supplies periothitial results indicate

that even at low levels this methodology could make a noticeable impact.
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Extranous Supply Usage : charged shortcuts, 0.1 chargeed
Extranous Supply Usage : charged shortcuts, 0.5 chargeed
Extranous Supply Usage : charged shortcuts, 0.3 charged

Figure 33: Legal shortcuts cut down onextraneoussupplies
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Figure 34: Total Uncharged ItemsLower than Normal Model
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Figure 35: Greater Normal Supplies means More will be Uncharged
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4.5 Policy Recommendations and Insights

After developing the Systemybamics modelor ECHNand establishing several
scenariosit becameapparentd K &G 9/ 1 bQa ydzZNEAY3I fAyS LINRof SYa
low cost The key for ECHN meake a long term impact is to find a way to keepses
informed about the price of the items they are using aeefx their awarenss constantly igh;
a process which can be done relatively cheaply based on responses from the nthigng
process is best promoted with constant small reminders than occasional large meatings
ARSI o O1 SR dzLJ 0 &.Qn&t&hnjqaeNerSviaprotetdh¥ &ffectiveiS t
label items in thesupplyclosets with thek (i Se6<R@ the hospital, so nurses can see the value
of an item regularly and understand its coslurrently the items are unlabeled and therefore
lack the aHity to promote price awareness; if anything unlabelled items likely decrease the
perception of valueAn alternative could be a simple list of prices in the supfdgest with a
list of key offending items and their value to the hospital¥ G KA & Y S pdssbR2f 238 A2
then regular staff meetings need to include a supply based component to illustrateaswbts
their long term impact Under worstase scenario conditions, such efforts wosiidl create a

change, just not as strong as ECHN would like to see.

The middle ground scenario provides a basis for establishing giodldetermines that
with the right policy and the current economic state then ECHN could see a tuajaround
in as little as a year. Though as a precaution, efforts to educate theagthificrease their

price awareness should remain in place even as the ecorstraggthensbecause of the
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reduced effect of psychological safetifter all economic pressures likely account for some of

9/ 1 bQa OdzZNNByd LINPINBLaaD

Another element highlightetdy the models was the lack of feedback present for ECHN.

Ly GKS SPSt2LIYSyid 2F GKS Y2RSftquaniadtivedataK2t Sa ¢
especially when pertaining to the underlying problems of the modéany individual pieces of

data are bured too deep for ready analysis. This missing data, if tracked by future incarnations

2T 9/ 1 bQa 26y L{ ORoxidd refin@nentzing if discoverinyg ndwdzNIi K S NJ
controls. In fact one of the greatest sources of data is readigylablefor ECH; the nurses of

the nursing lines know both their strengths and flaws quite well, readily pointing out the most

commonly used shortcut items and explaining their own motivations. Such informagidd

greatly benefit ECHN as a whole if shared

Disposale Medical Supply Line Controls are entirely possible for ECHN to implement in
a timely and efficient manner. With minimal effort, it is likely they could reduce supplyeu®
be only2-3% over.With a longer term focus on breaking down the exact nataf their supply
lines, they could possibly see results approaching near 0%, perhaps even applying lessons

learned to other parts of the hospital.
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Appendices

Appendix A: Variable List

Utilization ratio

Supply use rate

Supplies

Culture

Order volume
Supplyexpenditures
Departmental spending
Expenses

Sense of entitlement
Entitlements affect on spending
Union

Non-union

Seniority

Time to gain seniority
Acceptance of change

Training time

Rebellion against implemented policies
Cost saving initiative factor
Stres factor

Stress affect on want to cut corners
Supply card usage

Lack of accountability

Backtalk acceptability

Budget

Supply costs per person
Desired supply costs per person
Desired budget

Administrative time allotted
Education factor

Education training tira

Effect of punitive action factor
Punitive action

Chaos factor

Economy worries

Ease of work

Improper use factor

Speed of work

Ease affect on work

Patient card usage

Patient care
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Patient care quality

Worker bitterness

Management enforcement factor
Communiation breakdown factor
Costs saved

Economic opportunity factor

Jobs at risk factor

Nurse overrun

Years of nursing service

Merit reward

Unionization factor ability to do job
Nurses

Supply widgets

Costs of supplies per widget
Perceived inequality

Nursing li inventory

Time spent reordering

Usage rate

Understanding of value of items used
Habit factor

Attitude factor

Technology

Overabundance usage

Average supply used per day
Patient request frequency
Perception of time away frorhJl (i A egsiile) &
Sticker Chages

Nurse Work Load

Appendix B: Nurse Interview Questions
ECHN Hospital Questions

1. Do you feel that patients ask for more supplies than they need? If yes, how frepeently
work day do you feel this happens? Do you think these kinds of requestsipaldenecessary
supplies for your patient unit?

2. How would you describe your own efforts to control supplies? Have you been educated on
proper utilization of the different supplies?

3. Have you ever found yourself using supplies in unique, cleves teesave time? If so why
and what?
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4. If you had the option where you could setsotof your daily tasks and only be responsible
for that task, which task would you choose? If there was a responsibility you would like to drop,
what would it be?

5. How big of a priority is supply management during your daily work rout®ealeof 11 5)
6. What could be done to make hospital supplies easier to work with?

Note:
I n this case supplies are defined as fAdi sposa
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Appendix C: Full ECHN Model Picture

Figure 36: Full ECHN Model
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