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Abstract
This paper presents a field research study invghapplication of the first three design Rules-ireUsf Toyota
Production System in a health care setting, whiled inany other health care organizations resemdlbsoken
system. Qualitative research is used to collesdidita and a combination of qualitative and quainté approaches
are used to analyze the data. A regression mesehls a significant association between propelicgtion of the
rules and outcomes of process improvement effofise results confirm that with some refinement, fhées-in-

Use are transportable to health care and may pe@ndanswer to health care’s systemic issues
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1. Introduction

Today, the growing body of health care literatwrggests that the health care industry is in a seriwisis and does
not have sound systems in place. A recent studyefidrts that nearly 100,000 people die of prevdatanedical
related errors annually in the U.S. Many schol#rgbate this poor performance of health care oizgtions to their
inability to manage operations [2-3]. Decadesierin order to fix the broken systems, healtheciaaders had
adopted different continuous process improvemadtifives such as the Total Quality Management 8ndSigma
but have met with limited success. In short, systén health care are still broken, and the inguséeds a model
to address them.

A third continuous improvement philosophy, lean ofanturing, also called Toyota Production Systel$J has
been gaining popularity in the U.S over the lasbfl8o years because of its ability to producestrae output with
a fraction of the organizational resources. Sochelgrs believe that TPS succeeds because ofédt#less effort to
eliminate waste in any form [4]. Others [5] reasioat Toyota succeeds because it uses specifis todispensable
for production. In a recent study, two researcliissover that Toyota’'s success is not due to feeific tools.
Rather they attribute its success to four so-caRetks-in-Use (we call the first three “TPS desighes” in this
paper) that it uses in designing work processesHé¢n though TPS, or lean, is widely acceptedhénrhanagement
literature as the most efficient production systgmeloped to-date, its applicability outside mantifeng is little
known [7]. In fact, to our knowledge, its applicitlyiin health care is scarce, and has very regdmten applied.
The central purpose of our research, therefor®, &pply the rules in a health care setting and firthe three TPS
design rules are indeed applicable, and if so, Wing second objective is to refine those desigesrin light of
their applicability in health care.

This paper is structured as follows. We startvéeng of the relevant literature, and then explicdte TPS design
rules or constructs as propounded by Spear and Bawe the related hypotheses. Next, we propoundesearch
approach. This section develops measures for dhstructs and we provide explanation on how we ldgesl
those measures. We then analyze the data and mpdinhdings. The results of our analysis sugitiest the three
TPS design rules with some refinement are transkerautside manufacturing, i.e., health care, aag be at least
a partial answer to fixing its broken systems.

2. Literature Review

Leading scholars describe work in organizationteims of “routines” as a “repetitive pattern ofieity in an entire
organization” [8]. Since the evolution of the cept more than twenty years ago, many researchees stadied
and researched its various characteristics. Despitensive studies on routines and their pervas@atire in
organizations, they have still been difficult tonceptualize [9]. These studies on routines areladdvith
ambiguities and their effects are less understd®]. [ Furthermore, if we try to understand howtioes are
constructed or if we want to imitate the same rmuth a different setting to achieve a similar lesfeperformance,



we can't replicate it exactly or easily [11-12] bese we do not have satisfactory knowledge absuiniter
working. Nonetheless, with the rapidly changingbgll marketplace and increased market demandsgehai
routines has become mandatory to meet those demands

One of the noteworthy contributions of the paseaesh on routines has been the conceptualizatiooutines to
explain organizational change [9,13]. Some smisobffer the concept of meta-routines to explaaonizational
change. Meta-routines, they define, are standaddizecedures for changing existing routines anctcfeating new
routines. From their empirical work at New Uniteldtor Manufacturing, Inc (NUMMI), a Toyota-Genetdbtors
joint venture, they note the usage of meta-routingshe workers to change routines thus remainiegtive in
work [14]. These research findings are corrobardig Spear and Bowen’s work who, from their 4-yéald
research, observe that Toyota and TPS driven plaréssuccessful because they use three Rules-irfddse
designing organizational routines and a meta-reufinfourth Rule for changing routines through peobsolving)
for improvement and adaptation. This paper corxctha first three TPS design Rules-in-Use that Taowmd TPS
driven organizations use to create new routinge anprove old ones.

2.1. Spear and Bowen’s Design Rules-in-Use

Spear and Bowen posit that Toyota designs produdigstems around three basic building blocks: #ietsy
connections, and pathways. Each building blocklmaeonstrued as a different type of routine. d@ésign Rules-
in-Use provide guidance on how these three roushesild be designed for gaining maximum efficiency.

The first building block, an activity, is defined avork tasks that people or machine do to transforaterials,
information or energy. Toyota specifies an activityterms of four parameters: content, sequenceing, and
outcome. Content refers to the specific tasks witn activity. Sequence refers to the sequenttidran executing
the tasks. Timing refers to the time taken byvidlial tasks, and outcome refers to the resultheftask. Spear
and Bowen define Rule 1 as:

Rule 1: All work shall be highly specified as to contesgguence, timing, and outcome

The second building block, a connection, is the masm by which adjacent customers and suppliarsster
material, information, and energy. Thus, SpearBodien define Rule 2 for connection as:
Rule 2: Every customer-supplier connection must be diad, there must be an
unambiguous yes-or-no way to send requests and/ee@sponses.

The third building block, a pathway, is defined easeries of connected activities that create atidedegoods,
services, and information. Thus Spear and Bowéinel®ule 3 as:
Rule 3: The pathway for every product and service mustitngls and direct.

Spear and Bowen’s research posits some basic jpiescio understand the inner working of routineidbeWhat

makes their study stand apart from others is tmatdesign rules capture in sufficient depth thecifipgty that is

needed in describing the inner working of a routinéet, they are simple to understand and are ralile in real
world settings, suggesting that these principlesteansferable not only across organizational batied but also
across diverse sectors, thus alleviating the diltiies associated with transferring the best pecastior routines to
another setting.

2.2 Hypotheses
Our initial work in the research site suggests tierly all failing processes can be explained biokation of one

or more of these design rules, resulting in ereord wasted time and resources. Based on ourifiedgstigations,
we induce three hypotheses related to the Ruléssin-

H1: Increased activity specification leads to bett@cpss outcome in a health care setting.

H2: Increased connection clarity leads to improvedess outcome in a health care setting.

H3: Increased pathway simplification leads to bettecpss outcome in a health care setting.



3. Research Approach

The setting of this research was Community MediCahter (CMC), a 137-bed facility located in Missmul
Montana, offering services in obstetrics, pediatricehabilitation, surgery, neonatal intensive caraclear
medicine, emergency, cardiology, and general médara.

3.1. Data Collection

The first author stayed for nine months in CMC apeént approximately 1600 hours studying work preees
conducting action research, and then performingnédrresearch. In the first stage he observed wwookesses
across functional specialties, coaching participattevery level, and assisted them in conductioglem solving.
In the second stage (June-August 2004), he fornsallgcted and interviewed 18 participants (purposampling)
from various functional departments who had attemhfgb solve process-related problems. Prior tartteview,

an expert checked the questionnaire for validitye iuestions were based on the research questsad po the
study. At each interview, the first author askeécific questions about “activity”, “connection”né “pathway”

and a few open-ended questions were also askedgimemt understanding. After the interview, heety@mn

interview report based on notes and his memorygane it to the informants to check factual errémsall the cases,
the informants reviewed and approved the documéhinv8 hours. As the interviews were based @nioblem
they addressed using an A3 report, he collectedABereport and other artifacts from each informdamit

triangulation.

3.2. Case Development

First, we developed eighteen case reports based tre artifacts that were available: (1) the imiew reports, (2)
A3 problem solving reports, (3) minutes of meetin@9 policies and procedures, and (5) emails.achEone was
used as a check against the others. However,ritmany document for building the case report wasitiierview

report that the first author obtained from eacloinfant. The case report provided us with a comprafie account
of the problem we studied for the research. [baowed us to become intimately familiar with kacase.

Creating the case report was an iterative procesdl aources of data were revisited multiple tineesepresent the
reality as closely as possible. As a check omattequacy of the case reports, an expert read eaeh Einally all

the case reports were entered in the Atlas Ti so#twndexed by case number and informant’s nahine case

reports were then coded for activity, connectiord pathway using a pre-determined coding schemelaleed for
each construct.

3.3. Quantification of Variables

For this study, we defined three-independent véggb activity specification, connection claritynca pathway
simplification - and one dependent variable, thgree of change realized from each case as a péneqgiroblem
solving effort. In the following sections, we debe the four variables and the quantification jesx

According to Spear and Bowen, workplace activitgdmll be specified in terms of four parameters:teot)

sequence, timing, and outcome. To measure the ehargpecificity for those activities addressedirmyproblem
solving, we compared the states of each parameferéband after problem solving. If the underdiag of the
“content” in an activity moved from the individudiscretionary level (i.e. used own discretion teide on what
tasks to accomplish for an activity) to the grogmsensus level, or to a level covered by codifieticgs and
procedures, and thus the tasks needed to be adsbetplfor an activity became more explicit and «ckeaall, we

interpreted that as an increased activity spetifinafor “content” and assigned a score of “1” tatt parameter.
This process was repeated for the three other deasn The scores of each parameter were theeddialobtain a
measure of change in activity specification onregeaof “0” (which meant no change in the levekpécificity in

any parameter) to “4” (which indicated increaseécsjication in all four parameters).

We define “connection clarity” as the mechanismvyich a supplier transfers materials, patientsyises, and
information to an adjacent customer. Through atioa research in the hospital, we found that cotioes can be
clarified by specifying five parameters:
* requester - person who requests goods or services;
» responder - person who responds to the request;
* method of transfer - mechanism by which responéegives request and/or goods or services are dedive
to the requester;



« notification - requester alerted when the goodseovices are delivered by the
responder and/or the responder knowing the rednassbeen made; and
e response time - time to meet such requests byegponder.

We measured change in connection clarity in terhadove parameters in a manner similar to actsfitgcification.
For example, if the understanding of “requester’vet from an individual discretionary level (i.e.yAody can
request goods or services in place of a desigriatbdidual) to a group consensus level, or to @leovered by
codified policies, and thus became amply clearlt@m@ who should request, we interpreted that asnareased
connection clarity. In such case, we assignedttlthat parameter. The process was repeated doottier four
parameters. The individual scores were summea getta total score which varied between “0” (nargfe in any
parameter for connectioalarity), and “5” (which suggested change in allefiparameters). If a case addressed
multiple “connection clarity” related problems, wemputed the mean value for total scores of eacimexiion
addressed in that case.

Based on Spear and Bowen’s research, we definhwapaas a series of connected activities thateraad deliver
goods, services, or patients. Extending SpearBowlen’s characterization of a “simple” and “diregathway
based on our action research, we define “pathwapl#ication” in terms of three parameters - braeghoops, and
delay:

* branched pathway - supplier uses two or more gattsliver goods or services to the adjacent custom

the process chain;
* looped pathway - a sequence of steps that is regheatil a particular condition is met; and
« delay - goods and services do not proceed immdygi@t¢he next process step.

Like “activity specification” and “connection clayi” we followed a similar procedure to measure ti@ange in
pathway simplification. We compared the before afidr states of the pathway to measure the changathway
simplification as a result of problem solving.wé observed a simplification of multiple paths {induals followed
two or more paths to deliver goods or services dhasetheir personal discretion) to a single patiti{plesignated
by a group of individuals to deliver goods or seed) due to problem solving and thus became ekpdicall, we
assigned “1” to that parameter. This exercise vegeated for loops and delays as well. The scofesach
parameter were then summed up to obtain a mea$utgange in pathway simplification that varied beémn “0”
(which meant no change in pathway simplificationyl @3” (which indicated increased simplification &fl of the
three parameters).

Finally, we defined outcome (the dependent variablhis study) as the change in the performancihefprocess
due to problem solving. Outcome measures varigah fone case to another. These variations incluglentimber

of denials from Medicare, the amount of lost chargm medical supplies, the number of over-ageds bill
outstanding, restraint documentation rate and so &e compared the performance level before (baseline
performance) and after problem solving to meashee dhange in performance. Because the measures wer
different in each case, we computed them in terhpeentages to provide a common datum for coraparacross
cases. The outcome variable was brought into petispeonly when the codification and quantificatiof the
independent variables were complete.

4. Results

In total, 18 cases were studied. Two cases werkided from the final analysis because the paditip in those
cases were still implementing the actions whenesegd last by the first author. Therefore, no reswitre available
for analysis. The participants in the remainingesaaddressed either one, two, or all three indkrvariables
depending on the problems they studied.

The correlations among the variables were firstudated. The results indicate that the activitgcification (r =

0.764, p<0.01) and pathway simplification (r = B6$<0.01) are significantly correlated with theaume. The
connection clarity is positively correlated but recate (r = 0.445, p = 0.08). However, given théurea of

gualitative data used in the analysis, such p gabaanot be ignored. A strong positive correlaBaists between
connection clarity and pathway simplification (10827, p<0.01) suggesting collinearity. Specificatonnection
is the interaction between two adjacent suppliats@istomers in the pathway, and pathway is assefieonnected
activities. In essence, connection clarity is oomided within pathway simplification.



As problem-solving outcome (dependent variable)edeed on activity specification, connection clarignd

pathway simplification (independent variables), emducted a multiple regression analysis on thedd®s. In
cases where an activity, connection or pathwayneasddressed during problem solving, we assumedhange”

in those un-addressed parameters and used “Oufmeguent computation. Prior to running the regjoesanalysis,
the linearity of each independent variable wittpezs to the outcome variable was checked by drattiedivariate
scatter plot. The plots showed linearity. Thenmality of the data was ascertained statisticadlyeach construct
and the variables conformed to normality assumptiohregression analysis. Using Minitab 14.0 safey we

constructed three models and performed three niltipear regression models with outcome as theségnt

variable and activity specification, connectioneknity, and pathway simplification as independeariables. The
regression results are summarized in Table 1.

Table 1.Results of regression analysis

Variable Model 1 Model 2 Model 3
Activity Specification 0.186*** 0.158*** QL57***
Connection Clarity 0.075* 0.000
Pathway Simplification 0.124** 0.124
R 0.69 0.733 0.733
Adjustment R 0.642 0.692 0.667
F 14.44*** 17.89*** 11.01%**

#n <0.01; *p<0.05 *p<0.10;N =16

The first model includes the activity specificatiand connection clarity as the independent variahted outcome
as the dependent variable. The activity specificaits found to be a significant predictor of oute® thus lending
significant support to H1. The connection clartigo predicts outcome, though weakly supportingH&e The

overall model is significant. The first model expk 69% of the variation in the outcome with anoagsed

significance at p<0.01. The second model displagtivity specification and pathway simplification dke

independent variables and outcome as the depewndgable. The activity specification is a signifitgredictor of

outcome, thus H1 is supported. Pathway simplificatis also a significant predictor, thus supportig. The

overall model is significant and explains 73% df trariation in the outcome at p< 0.01. The thirddelancludes
all the variables (independent and dependent). athgity specification is a significant predictahus supporting
H1. The other two variables are insignificant pcests of outcome, most likely due to collinearityf.he model

explains 73% of the variation in outcome at p< 0.Uhough all the models are significant, the secoratiel

provides the best explanatory power for the vaaih outcome, as indicated by the adjustédt&tistic.

5. Discussion

This paper points to a number of interesting angmqally important findings that can advance tlyeand inform
practice. First, we examined the impact of ince€aactivity specification on outcome and the emplriresults
(regression models 1, 2, and 3) provide evidencgtrohg positive association, thus supporting Hitlis implied
from Spear and Bowen’s work that in specifying ativity, one would first define content, next segoe, and then
timing. Undoubtedly, a high level in specificity a&hieved when the tasks within an activity arestim After all,
timing of tasks is a critical aspect of superiorfpgnance. In a manufacturing set up, such spgifsounds
logical and possible because processes are usap#yitive in nature and every task is very wefirded. However,
findings of our research suggest that for healtle,cacreasing specification of activities seemprove process
performance even if timing is not done.

The results of the first regression model suggeat tonnection clarity moderately supports H2 ,(iiecreased
connection clarity leads to better process outcom®ur classification of “connection clarity” inrtas of five
distinct parameters (Requester, Responder, Methdaamsfer, Notification, Response Time) is moréeetive in
building better connections than the characteopatdirect, send, and receive) provided by SpedrBowen, thus
refining their description of connection to suié thealth care context.

The results of the second regression model indigasitive association between increased pathwaplgication
and outcome, thus lending support to H3 that irswdapathway simplification leads to better procaseome.
Spear and Bowen describe the ideal pathway as lsimgnd “direct.” We defined the term “pathway

simplification” in terms of “branch”, “loops” anddelay” because such characterization closely rédemnthe



pathways we observed and it was much simpler forousompare changes due to problem solving usingeth
terms.

The second regression model provides the best madpda for the variation in the outcome. In otheords,
specifying activities and simplifying pathways wikad to improved results. However, simplificatioh the
pathways was possible because many unclear coongciiithin the pathway were addressed during proble
solving. In fact, the correlations between pathwayplification and connection clarity were foura e highly
significant (r = 0.827 at p <0.01). Put anotheywdesigning activities and developing clear cotinachrough our
characterization will essentially lead to simplifipathways and improved outcome.

6. Conclusions

Our study provided several important contributitmshe existing body of literature. Notably, byings TPS design
Rules-in-Use in a non-manufacturing environmeet, health care, we extended and validated SpekBawen’s
model. We found that outcome of a process istipe8i related with design Rules-in-Use. Thus,iserease in
activity specification, connection clarity, and Ipaty simplification is associated with improvedfpemance. We

refined their characterization of connection anthpay for use in a health care context. We induttedterm
“connection clarity” and “pathway simplificationdbtdevelop robust and clear connections and to emsatplified

pathways in a health care context respectively. algde attempted to define activity specificatiooneection
clarity, and pathway simplification on a continutmnmeasure change. Though we agree such quatitifida be a
crude measure of performance, nonetheless it pedvis with an objective way of comparing the befamd after
states of a process due to problem solving.
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