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Abstract

7KH�&29,'����FULVLV�GHPRQVWUDWHV� WKH�GLFXOW\�RI� WUDQVODWLQJ�D�
PHWKRG�RI�RUJDQL]LQJ�GHYHORSHG�IRU�H[WUHPH�KD]DUGV�WR�RUJDQL]D-
WLRQV�ZLWK�VLPLODU�GHPDQGV�WR�EH�IDLOXUH�IUHH�EXW�LQ�D�PDUNHGO\�OHVV�
KD]DUGRXV�HQYLURQPHQW��7KUHH�FHQWUDO�UHDVRQV�IRU�WKLV��GLVFXVVHG�
LQ�WKLV�SDSHU��DUH����WKH�LQFRPSOHWH�WUDQVODWLRQ�RI�+52�WKHRU\�LQWR�
SUDFWLFH�����WKH�FKDUDFWHUL]DWLRQ�RI�+52�SUDFWLFH��7KH�HPEHGGHG�
SUREOHP�DQG����WKH�LQWHUQDOL]DWLRQ�RI�+52�SUDFWLFH��7KH�SXUSRVH�
RI�WKLV�SDSHU�LV�WR�PDNH�WKDW�PLVVLQJ�SDUW�RI�+52�PRUH�YLVLEOH��WR�
EH�RI�JUHDWHU�KHOS� WR� WKH�QHRQDWDO� FRPPXQLW\��DQG� WR� LQWURGXFH�
UHDGLO\�DGRSWHG�PHDVXUHV�WKDW�PRYH�DQ�RUJDQL]DWLRQ�
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Introduction

Despite the extreme and pervasive challenges to healthcare by 
the COVID-19 crisis, our healthcare system must not fail. Health-
care has borrowed the concept of the High-Reliability Organiza-
WLRQ� �+52��� FRGL¿HG� IURP�RUJDQL]DWLRQV� WKDW� FDQQRW� IDLO� GHVSLWH�
working with hazards or in hazardous conditions (Bourrier 2011). 
HRO derived from studies by the +LJK�5HOLDELOLW\�2UJDQL]DWLRQV�
Project at the University of California, Berkeley, in the 1980s to 
study nuclear aircraft carriers (USS Enterprise CVN 65 and USS 
&DUO� 9LQVRQ� &91� ����� WKH� $LU� 7UDႈF� &RQWURO� 6\VWHP� �)HGHUDO�
Aviation Administration), and Electric Operations and Power Gen-
HUDWLRQ�'HSDUWPHQWV� �3DFL¿F�*DV� DQG� (OHFWULF� &RPSDQ\� �5RE-
erts and Bea 2001; LaPorte 2011; Rochlin 2011). Changing an 
organization to HRO has been attempted through leadership, a 
WRS�GRZQ�DSSURDFK��ZLWK�OLWWOH�XVH�RI�%ORRP¶V�$ႇHFWLYH�'RPDLQ�RI�
Learning (Krathwohl 1964), how will HRO methods help individu-
als. This borrowing has been in a restricted manner, mostly from 
the normative frame for preventing system failure, the more sa-
lient and relevant principles are less visible and often unnoticed. 
The occasion for academic observers to participate in live-or-die 
operations is severely limited; thus, the ability to identify charac-
teristics necessary in both dangerous and routine operations is 
absent and their necessity in routine operations unnoticed.

The Incomplete Translation of Theory into Practice

,Q� WKH�PHGLFDO�ZRUOG��SUDFWLWLRQHUV�HQJDJH�ZLWK�D�ÀX[�RI�FRQWLQ-
JHQFLHV�LQ�DQ�HႇRUW�WR�PDNH�WKHP�PRUH�RUGHUO\��(ႇRUWV�WR�HQDFW�RU-
der sometimes succeed, sometimes fail, and most often, they pro-
duce both. And that mixing can threaten reliable functioning. As 
DQ�H[DPSOH��DIWHU�D�KRVSLWDO�KDG�ZRUNHG�WKURXJK�D�GLႈFXOW�SHULRG��
the CEO gathered leadership to thank them for coming together, 
working hard toward the resolution of the problem, and supporting 
WKH�VWDႇ��$�YRLFH�LQ�WKH�EDFN��IURP�D�OHDGHU��VRIWO\�VDLG��³6XFNHUV�´�
(an attendee, personal communication). Is that remark cynical or 
insightful or both? It depends both on whether it is top-down or 
bottom-up and on whether it is made by a spectator or an insider. 

8QGRXEWHGO\�WKHUH�ZDV�RUGHU�ZLWKLQ�WKH�³GLႈFXOW�SHULRG�´�EXW�LW�ZDV�
likely more pragmatic than normative, and the nature of that order 
was rendered less accurately by the concepts of a spectator than 
by the detailed acquaintance of the insider. 

1RWLRQV�RI�KLJK�UHOLDELOLW\�PDNH�D�ELJ�GHDO�RI�WKDW�GLႇHUHQFH��7KH�
high-reliability theory relies partially on that outside view in its reli-
ance on codifying a framework of guiding principles. But when 
those principles are seen as the core to produce reliability, that is 
where the emphasis gets misplaced. Reliability is more assured 
when practical engagement dominates when practice adjusts to 
WKH�ÀX[�RI�FLUFXPVWDQFHV��$QG�LW�LV�WKH�FRQVWLWXHQWV�RI�WKDW�HQJDJH-
ment that make higher reliability a property of neonatal work as 
well as with public health in general. Another way to say this is that 
High-Reliability Organizing (HRO), as a verb, describes this social 
action to threats. The High-Reliability Organization (also HRO), as 
a noun, describes the results of leaders who model HRO attitudes 
DQG� EHKDYLRUV� ZKLOH� VXSSRUWLQJ� VWDႇ� WR� HQJDJH� FRYHUW� GLVFUHS-
ancy or disruption. As a verb, HRO is ever-present and will spon-
taneously overlay the organization’s structure. As a noun, HRO 
emerges long before it is needed.

The verb and the noun are intertwined, which means that they 
jointly shape reliability. As a young medic on the Los Angeles City 
)LUH�'HSDUWPHQW�� ,�ZDV�RIWHQ� WKH�¿UVW�SHUVRQ�WR�UHDFK�VRPHRQH�
overwhelmed by events. In a comfortable place where they felt 
safe, they now were beyond uncertainty. Their eyes wanted to 
NQRZ��6KH�LV�2.��LVQ¶W�VKH"�+H�ZLOO�EH�¿QH��ZRQ¶W�KH"�7KHLU�H\HV�
searched to stop things, stop the pain, stop the grief, stop time, 
just stop. Their eyes searched for a future as they trembled for a 
lost future. We did not stop the heart. We did not put them in the 
pool. We did not drive the car. We could not return their home, 
their health, or their loved one. By our presence, we represented 
humanity. The moment of our arrival, you could see it in their face, 
the ripping apart ended. We saw what we had stopped. Without 
ZRUGV��ZH�FRXOG�IHHO�WKHLU�UHOLHI��:H�KDG�PHDQLQJ�LQ�RXU�HႇRUWV��,W�
was not our emergency. It was our rescue. That was a pragmatic 
constituent of our practice.

When pragmatics such as these are translated into more abstract 
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“In the medical world, practitioners engage 
ZLWK�D�ÀX[�RI�FRQWLQJHQFLHV�LQ�DQ�H௺RUW�WR�
PDNH�WKHP�PRUH�RUGHUO\��(௺RUWV�WR�HQDFW�
RUGHU�VRPHWLPHV�VXFFHHG��VRPHWLPHV�
IDLO��DQG�PRVW�RIWHQ��WKH\�SURGXFH�ERWK��
$QG�WKDW�PL[LQJ�FDQ�WKUHDWHQ�UHOLDEOH�
IXQFWLRQLQJ��”



4NEONATOLOGY TODAY�www.NeonatologyToday.net�April 2020

QRUPDWLYH�VWDWHPHQWV��QXDQFHV�DQG�¿QH�WXQLQJ�DQG�VXEWOH�EXW�LP-
portant cues tend to be lost. Nuances get restored by action. Jim 
'HQQH\��&DSW���/$)'��KLPVHOI�D�YHWHUDQ�RI�WZR�9LHWQDP�FRPEDW�
WRXUV��ZRXOG�UHPLQG�KLV�FUHZ��³7KH�HPHUJHQF\�KDV�D�YRWH��,Q�WKH�
IDFH�RI�D�YRLG��PRYH�IRUZDUG�´�$�/RV�$QJHOHV�&LW\�¿UH¿JKWHU��DU-
riving on a confusing, volatile scene to assist me on the Rescue 
$PEXODQFH��XWWHUHG�D�SRZHUIXO�YHUVLRQ�RI�D�SUDJPDWLF�VWDQFH��³,�
GRQ¶W�NQRZ�ZKDW¶V�KDSSHQLQJ��EXW�,�NQRZ�ZKDW�WR�GR�´�%LOO�&RUU��P\�
¿UH�FDSWDLQ��DQG�::,,�86�1DY\�YHWHUDQ��6RXWK�3DFL¿F�7KHDWHU��
JDYH�PHDQLQJ� WR�RXU� UHVFXH�ZRUN�� ³:KDW�ZH�GR� LV�KHOS�SHRSOH�
ZKHQ�WKH\�FDQQRW�KHOS�WKHPVHOYHV�´

What’s relevant here for the COVID-19 crisis is that key leaders 
from an outside position, misread subtle, recurrent cues and failed 
to alter their practice in ways that took those cues more seriously. 
High reliability is seldom a heavy-handed intervention. Instead, it 
gets worked out during activity, by means of small activities that 
KDYH�ODUJHU�FRQVHTXHQFHV��)RU�H[DPSOH��D�UHVFXH�DPEXODQFH�UH-
sponds with a team of two (except for shootings), both of whom 
were trained literally to protect the other’s back. If we both faced 
the same direction at any time, it was a fail – you watched your 
partner’s back and, if a threat approached, you took care of it, 
allowing your partner to treat the patient. I learned 1) the most 
LPSRUWDQW�SHUVRQ�RQ�WKH�VFHQH�ZDV�WKH�¿UH¿JKWHU�RQ�WKH�KRVH�RU�
the medic treating the patient, they knew what was needed, and 2) 
there was no need to protect myself while treating a patient since 
that was my partner’s job. One person could watch the backs of 
����SHRSOH�ZKLOH�HႇHFWLYHO\�IRFXVLQJ�RQ�KLV�RU�KHU�WDVN�DW�KDQG��
7KDW¶V�WKH�VHFUHW�RI�¿UH¿JKWHUV�HQWHULQJ�D�EXUQLQJ�EXLOGLQJ�ZKLOH�
others run out. They are safe because 3-4 people are watching 
their back. Treatment is possible because the team can focus on 
their task and help people when they cannot help themselves.

A further dimension of a pragmatic stance toward high reliability 
LQ� UHVFXH�ZRUN� LV�JURXQGHG� LQ� WKH�EHOLHI� WKDW� ³:KHQ�\RX�JR� µRQ�
VFHQH�¶� \RX� EHFRPH� SDUW� RI� WKH� SUREOHP�´� ���<RX�PD\� QHHG� WR�
EH�UHVFXHG��NHHS�ZKHUH�\RX�FDQ�HVFDSH��RU�EH�UHDFKHG�����<RXU�
FRXQWHQDQFH�� VWDQFH�� DQG� YRLFH� FKDQJH� WKH� VFHQH�� ���<RX� FDQ�
only solve these problems from within. As neonatologists, physi-
cians, nurses, respiratory care practitioners, social workers, di-
etitians, people need to become part of the problem so they can 
¿JXUH�RXW�VROXWLRQV��3URIHVVLRQDOV�FDQQRW�UHWXUQ�OLIH�WR�ZKDW�LW�ZDV��
but they can stop the destruction.

If we translate pragmatics of rescue protection and awareness 
into sensitivities in neonatal units, then it is clear that such units 
are more exposed to disruptions from the virus. COVID-19 can 
LPSDLU�RSHUDWLRQV�ZKHQ�H[SHULHQFHG�VWDႇ�EHFRPH�LQIHFWHG�GXH�WR�
life outside or movement within the hospital. COVID-19 can enter 
the NICU, infecting babies with unknown consequences. Safety 
from the virus has become more like safety from ionizing radiation 
in nuclear propulsion and nuclear power. Both are (1) invisible, (2) 
the damage is delayed, and (3) the disease is untreatable (sup-
portive care is the only option).

Similarities between virus spread and radiation are not just a con-
venient metaphor. HRO originated in the context of nuclear reac-

tor operations when researchers tried to explain a surprisingly low 
rate of incidents and errors, even of aircraft incidents and errors, 
on a nuclear-powered aircraft carrier, CVN 70, Carl Vinson. In this 
VHWWLQJ��µWKH�QXFOHDU�ZD\¶�RI�WUDLQLQJ��6DIHW\�DZDUHQHVV��DQG�UHOL-
ability of operations, permeated the ship. 

The initial investigators, Rochlin et al. (1987; see also Bourrier 
2005), coined the phrase HRO to describe an organization that 
³DSSHDUV�WR�VXFFHHG�XQGHU�WU\LQJ�FLUFXPVWDQFHV��SHUIRUPLQJ�GDLO\�
a number of highly complex technical tasks in which they can-
QRW� DႇRUG� WR� µIDLO�¶´�7KH\� HODERUDWHG� WKDW� GHVFULSWLRQ� LQ� WKH� YHU\�
next sentence where they highlighted the notion of error: there 
LV�D�³GHYRWLRQ�WR�D�]HUR�UDWH�RI�HUURU�>WKDW@�LV�DOPRVW�PDWFKHG�E\�
SHUIRUPDQFH�´� ,QLWLDOO\�� UHOLDELOLW\�ZDV� LQWHUSUHWHG� WR�PHDQ�D�]HUR�
UDWH�RI�HUURU��/HVV�FOHDU� LV� WKH�GLUHFWLRQ�RI�FDXVDOLW\��'R�VSHFL¿F�
HRO practices reduce error, or does error reduction, for whatever 
reason, shape a more constrained routine for reliability? Whether 
HRO practices prevent errors or it is the prevention of errors that 
creates an HRO, the idea of error continues to dominate and to 
draw attention away from a more detailed look at how HRO is 
deployed on the front line. 

A preoccupation with error and with HRO as a remedy is found in 
several standards for healthcare. HRO is endorsed by the Joint 
Commission (Chassin and Loeb 2013), the US Agency for Health-
care Research and Quality (Hines et al. 2008), the US Military 
Health System (Department of Defense 2014), and the Institute for 
Healthcare Improvement (Nolan et al. 2004). These organizations 
introduced HRO into healthcare through leadership, a top-down 
approach, with error reduction becoming a standard for safety and 
reliability. A lingering question is what is the practical essence of 
HRO? The COVID-19 Crisis has refocused attention away from 
the top-down normative strategies toward more bottom-up prag-
matic tactics. That reorientation has grounded high reliability more 
¿UPO\� LQ�RSHUDWLRQV�� OHVV�SUHRFFXSLHG�VROHO\�ZLWK�HUURU��DQG� OHVV�
fully in the managerial language of design, human factors, lever-
aging, anticipation, rules, root causes, and problem-solving.

Well-meaning professionals overlook or leave behind the practi-
cal, bottom-up nature of HRO that produces its pragmatic strength. 
Responsiveness to rapid, nuanced, or subtle changes in the envi-
ronment occur at the level of the individual, hence the bottom-up 
characteristics of HRO (van Stralen 2008, van Stralen et al. 2008, 
van Stralen and Mercer 2015).

Captain Chesley Sullenberger has been especially eloquent on 
the importance of reliance on bottom-up, pragmatic processing, 
DV�D�FRUH�SURSHUW\�RI�+52V��³'XULQJ�D�FULVLV��WKHUH�LV�QRW�WLPH�WR�
WKLQN�DERXW�HDFK�VSHFL¿F�ELW�RI�NQRZOHGJH�RU�H[SHULHQFH�WKDW�ZH�
depend on to make sense of imperfect information and ambiguity. 
But having those resources immediately accessible in our minds, 

“High reliability is seldom a heavy-
handed intervention. Instead, it gets 
ZRUNHG�RXW�GXULQJ�DFWLYLW\��E\�PHDQV�
RI�VPDOO�DFWLYLWLHV�WKDW�KDYH�ODUJHU�
FRQVHTXHQFHV�”

³7KHVH�RUJDQL]DWLRQV�LQWURGXFHG�+52�LQWR�
KHDOWKFDUH�WKURXJK�OHDGHUVKLS��D�WRS�GRZQ�
DSSURDFK��ZLWK�HUURU�UHGXFWLRQ�EHFRPLQJ�
D�VWDQGDUG�IRU�VDIHW\�DQG�UHOLDELOLW\��$�
OLQJHULQJ�TXHVWLRQ�LV�ZKDW�LV�WKH�SUDFWLFDO�
HVVHQFH�RI�+52"�7KH�&29,'����&ULVLV�KDV�
UHIRFXVHG�DWWHQWLRQ�DZD\�IURP�WKH�WRS�
down normative strategies toward more 
ERWWRP�XS�SUDJPDWLF�WDFWLFV��”
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we use them in a conceptual decision-making process to frame 
the decision. We essentially quickly come up with a paradigm of 
how to solve the problem. It is after the fact that we retrospectively 
EHJLQ�WR�DWWULEXWH�VSHFL¿F�UHDVRQV�IRU�WKH�GHFLVLRQV�WKDW�ZH�PDGH��
&DSW��&KHVOH\�³6XOO\´�6XOOHQEHUJHU��SHUVRQDO�FRPPXQLFDWLRQ��´

The Characterization of Practice: The Embedded Problem

COVID-19 disrupted healthcare systems that had incorporated 
robust, responsive patient safety programs intended to absorb 
regional disasters. The magnitude of the COVID-19 crisis over-
whelms healthcare systems worldwide, yet we must continue with 
routine healthcare demands while accommodating the system 
impairment and increased healthcare demands caused by CO-
VID-19. Healthcare, other than public health and occupational 
medicine, tends to occur in controlled medical environments. A 
GLVHDVH�FUHDWLQJ�DQ�HSLGHPLF� LV�DQ� LOO�GH¿QHG�SUREOHP� WKDW�KDV�
challenged societies in the past. COVID-19 has changed the en-
vironment, embedding itself to reduce healthcare assets such as 
SHRSOH��HTXLSPHQW��EXLOGLQJV��DQG�PHGLFDWLRQ��+52��DV�FRGL¿HG�
from US Naval aviation, emerged from the embedded problem. 
Normative HRO, an abstract representation of HRO, has replaced 
Pragmatic HRO. 

7KH�¿UVW�DQG�PRVW�VXVFHSWLEOH�DVVHWV�DUH�RXU�KHDOWKFDUH�SHUVRQ-
nel. HRO for individuals and small groups increases strength, ef-
IHFWLYHQHVV��VHOI�HႈFDF\��DQG�UHVLOLHQFH� WR� LGHQWLI\��HQJDJH��DQG�
continue to engage novel, emergent, and unexpected situations. 
The demands will continue to assault personnel, but to do noth-
ing or to continue the normative stance will increase the harm to 
those who work in this environment and impair medical care. We 
cannot return personnel to their pre-crisis state during or after the 
COVID-19 crisis, but we can ensure they are supported, given 
PHDQLQJ�WR�WKHLU�HႇRUWV��DQG�WKDW�WKH�LQHYLWDEOH�GDPDJH�LV�QRW�JUD-
tuitously allowed to increase. 

)RU�RUJDQL]DWLRQV��SHUVRQQHO�DQG�H[HFXWLYHV�ZLOO�EHFRPH�DOHUW�WR�
subtle and nuanced disruptions, early heralds of failure, and covert 
FRPSHQVDWHG�VWDWHV�WR�HQJDJH�HDUO\�DQG�PRUH�HႇHFWLYHO\��,PSUR-
visation and learning by doing, components of Pragmatic HRO, 
generate solutions, and reduce damage in unforeseen ways. 
HRO values and attitudes support personnel in their natural drive 
WR�¿QG�ZKDW�ZRUNV� WR�KHOS�SHRSOH�ZKR�FDQQRW�KHOS� WKHPVHOYHV��
HRO, as the verb form, describes a scale-free network approach 
that overlays organizations and systems to increase sensitivity to 
HDUO\�KHUDOGV�RI�IDLOXUH�WR�LQFUHDVH�WKH�HႇHFWLYHQHVV�RI� LQWHUYHQ-
tions. While HRO methods move the organization toward a more 

desirable end-state, it does not, except for mental performance, 
increase resources 

In a disruptive, confusing, and volatile situation, the analysis of the 
situation, the search for patterns, and attempts to create structure 
teaches people how to engage and create stronger designs to 
SUHYHQW�V\VWHP�IDLOXUH�HႇHFWLYHO\��7UDYHOLQJ�EDFNZDUG� LQ� WLPH� WR�
DWWULEXWH�VSHFL¿F�UHDVRQV�IRU�DQ�LQFLGHQW�GHYHORSV�VWXUGLHU�VWUXF-
tures for our future but with a hidden bias directing individuals 
to pursue pathways that make sense rather than have authen-
WLF�FDXVDOLW\��7KH�SUDJPDWLF�VWDQFH�IUDPHV�WKH�LQFLGHQW�ZLWK�³WKDW�
FRXOG�EH�PH�´�D�SHUVRQDO�VWDQFH�IRU�LQWURVSHFWLRQ��DQ�H[DPLQDWLRQ�
of our personal capabilities, asking what early heralds we should 
be attentive to, the actions we might take, responses we could 
H[SHFW��DQG�ZKRP�ZH�FRXOG�WXUQ�WR�IRU�KHOS��)UDPHG�DV�D�QRUPD-
WLYH�LQFLGHQW��WKH�ZDWHU�ODQGLQJ�DSSOLHV�WR�HQJLQHHUV��SLORWV��ÀLJKW�
FUHZV��DQG�SDVVHQJHUV��)UDPHG�DV�D�SUDJPDWLF�LQFLGHQW��WKH�ZD-
ter landing applies to all of us because unexpected incidents are 
a part of living.

Capt. Sullenberger was trying to increase the angle of at-
tack as much as possible just prior to touchdown before the 
DLUFUDIW�VWDOOHG��LQ�RUGHU�WR�PD[LPL]H�WKH�ÀDUH�DQG�WKXV�PLQL-
mize the airplane’s downward velocity when it impacted the 
ZDWHU��+LV�HႇRUW�ZDV�IUXVWUDWHG�EHFDXVH�WKH�SKXJRLG�GDPSHU�
prevented him from getting the last 3 1/2 degrees of nose-up 
pitch that would otherwise have been available before the 
stall. Consequently, the sink rate was higher than it other-
wise would have been, and the rear fuselage structure was 
EUHDFKHG�WR�WKH�H[WHQW�WKDW�D�ÀLJKW�DWWHQGDQW�VHDWHG�LQ�WKH�
rear was injured and water entered the airplane. Automa-
tion that was intended to improve safety and comfort actually 
hindered the most adaptable part of the system, the human 
pilot. 6XOO\�ZDV�QRW�DZDUH�RI�WKLV�XQWLO�ZH�GLVFRYHUHG�LW�LQ�RXU�
LQYHVWLJDWLRQ� (Emphasis added) Christopher A. Hart, former 
Chairman NTSB (personal communication).

A convergent, deductive, analytic approach drives the search for 
facts and information which will guarantee our conclusions. The 
VHFXULW\�RႇHUHG�E\�VWUXFWXUHV�ZH�FUHDWH�DQG�DFWLRQV�ZH�WDNH�UHLQ-
forces the normative frame, but that is narrowing and increasingly 
FRQ¿QLQJ��GHVWLQHG� WR�FDVFDGH� LQWR�GHVWUXFWLYH� IDLOXUH�ZKHQ� WKH�
environment intrudes into the problem. As in Sullenberger’s water 
landing, a pragmatic frame enhances our capability to solve prob-
OHPV�OLQNHG�WR�GHHSHU��XQLGHQWL¿DEOH�VWUXFWXUHV�

Structuring a problem enhances our ability to teach and develop 
solutions. We describe problems with numerical variables and 
quantities, goals, objectives, protocols, and rules – these are 
well-structured problems (Simon 1973). The presenting situa-
WLRQ�LGHQWL¿HV�WKH�ZHOO�VWUXFWXUHG�SUREOHP��LW� LV�UHDGLO\�REVHUYHG��
FDWHJRUL]HG�� DQG� GH¿QHG�� 7KH�PRVW� WULYLDO� ZHOO�VWUXFWXUHG� SURE-
OHP�FRQWDLQV� WKH�GH¿QHG�HOHPHQWV�RI� WKH�VLWXDWLRQ�� LQWHUYHQWLRQ��
and objective (Dieterly 1980), a common source for protocols and 
UXOHV��)RU�RWKHU�GH¿QHG�SUREOHPV��ZH�VHOHFW�IURP�D�OLPLWHG�DUUD\�RI�
interventions and/or identify a limited number of objectives. 

The well-structured problem supports planning and risk analysis 
and reinforces the normative frame, creating complacency toward 
the organization’s capability to respond to crises. Some problems, 
however, are not well-structured, such as the LOO�VWUXFWXUHG�SURE-
OHP��6LPRQ��������WKH�HQYLURQPHQW�PRGL¿HV�RU�FUHDWHV�SUREOHPV��
and the environment will precipitate failure with a visible symp-
WRP��XQDFFHSWDEOH�SHUIRUPDQFH�LQ�WKH�¿HOG��9RQ�+LSSHO�DQG�7\UH�
1995). More likely, we encounter problems with symbolic or verbal 
variables, vague or nonquantitative goals, and no available proto-
FROV�RU�DOJRULWKPV�±�WKH�LOO�VWUXFWXUHG�RU�LOO�GH¿QHG�SUREOHP��6LPRQ�
1973). Information is in the problem space; if the problem space 
LV�PRGL¿HG�� WKHQ� WKH�SUREOHP�VROYHU�PXVW�GUDZ�XSRQ� ORQJ�WHUP�

³&29,'����GLVUXSWHG�KHDOWKFDUH�V\VWHPV�
WKDW�KDG�LQFRUSRUDWHG�UREXVW��UHVSRQVLYH�
SDWLHQW�VDIHW\�SURJUDPV�LQWHQGHG�WR�
DEVRUE�UHJLRQDO�GLVDVWHUV��7KH�PDJQLWXGH�
RI�WKH�&29,'����FULVLV�RYHUZKHOPV�
healthcare systems worldwide, yet we 
PXVW�FRQWLQXH�ZLWK�URXWLQH�KHDOWKFDUH�
demands while accommodating the 
system impairment and increased 
KHDOWKFDUH�GHPDQGV�FDXVHG�E\�
COVID-19.”
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memory, modify instructions, and obtain information from the en-
vironment outside of the problem space (Simon 1973). 

7KH� LOO�VWUXFWXUHG�SUREOHP�SUHVHQWV�DV�DQ�XQGH¿QHG�VLWXDWLRQ��D�
discrepancy observed or disruption experienced, with the opera-
WRU�XQDEOH�WR�FOHDUO\�GH¿QH�RU�UHDGLO\�LGHQWLI\�WKH�VLWXDWLRQ�IRU�HQ-
gagement. Between the rules and protocols, interventions will be 
uncertain and multiple, and objectives vague, multiple, in parallel, 
or serial (Dieterly 1980).

Disturbances and disruptions occur in the world of practice, not 
theory. COVID-19 is such a disruption. Because concepts are 
discrete, interruptions in a process can break the causal chain 
of classical logic and rationality. Continuous perceptions do not 
match discrete concepts; our grasp of events challenges the ac-
FXUDF\�RI�RXU�FRQFHSWV�ZLWK�WKH�FRQVHTXHQFH�RI�PLVLGHQWL¿FDWLRQ�
and misunderstanding (Schulman 2004). Used rigidly, problems 
become linear, puzzle-solving processes, utilizing only the con-
cepts we could conceive, which has carried grave consequences 
at the international level (Wolfberg 2006). To Boyd (1976), though, 
WKH� DQDO\VLV� VHUYHG� WR� GLႇHUHQWLDWH� FRQFHSWV�� D� WUDLW� SDUWLFXODUO\�
useful during disruptions or for complex situations when he would 
combine analysis, a destructive cognitive force, with synthesis, a 
constructive cognitive force, for his model 'HVWUXFWLRQ�DQG�&UH-
ation (Boyd 1976).

Theories follow the law of the excluded middle from classical logic, 
which ensures discrete concepts, not permitting facts or concepts 
to overlap. Properties and concepts that are discrete, coherent, 
and congruent will tightly couple with other properties and con-
cepts. This tight coupling results in tightly coupled principles and 
concepts that lack interstices or overlap between other principles 
and concepts. Tight coupling permits design and interpretation 
for research, development of algorithms and rules to integrate 
systems, and the creation of procedures and protocols to guide 
people carrying out complex tasks. The tight coupling, however, 
comes at the expense of being congruent with the operational en-
vironment, an environment which commonly comprises multiple 
systems that incorporate diverse models. 

Practice does not follow the law of the excluded middle. In prac-
tice, nonlinear interactions generate properties that are unpredict-
able because of the combination of various characteristics of the 
source elements. Boundaries between properties are fuzzy and 
LQ�ÀX[�DQG�ZLOO�RYHUODS�ZLWK�SURSHUWLHV�RI�RWKHU�SULQFLSOHV�DQG�FRQ-
FHSWV��7KRXJK� WKH�FRQFHSWV�ZLWKLQ�D� VSHFL¿F� V\VWHP�DUH� WLJKWO\�
coupled, interactions of diverse concepts and systems are loosely 
coupled. That is, interactions within the environment generate 

new concepts that are imprecise and superimposed on and/or 
disconnected from other concepts. Loosely coupled concepts are 
the general experience in the operational environment.

7KH�RSHUDWLRQDO�HQYLURQPHQW�LQÀXHQFHV�SHUFHSWLRQV��LQWHUDFWV�ZLWK�
VLWXDWLRQV��DQG��XOWLPDWHO\��DႇHFWV�VROXWLRQV��3UREOHPV�HPHUJH�RU�
appear as disruptions in processes, or they become noticed as 
GLVFUHSDQFLHV� LQ� WKH�HQYLURQPHQW�� HLWKHU�PXVW�EH� LGHQWL¿HG�DQG�
interpreted. The perceptions of individuals are continuous, yet the 
IUDPH�IRU�LGHQWL¿FDWLRQ�DQG�DQDO\VLV�LV�HVWDEOLVKHG�WKURXJK�RUJD-
nizational or social norms and discrete concepts. Paul Schulman 
�������REVHUYHG��³'LVFUHWH�FRQFHSWV�VLPSOLI\�DQG�ODJ�EHKLQG�FRQ-
tinuous perceptions, which means that our grasp of events is sub-
MHFW�WR�PLVVSHFL¿FDWLRQ��PLVLGHQWL¿FDWLRQ��DQG�PLVXQGHUVWDQGLQJ�´�
The danger of these occurrences is not only failure from reliance 
RQ�QRUPDWLYH�IUDPHV�DQG�GLVFUHWH�FRQFHSWV�LQHႇHFWLYH�IRU�WKH�VLWX-
ation, but it is also from that failure appearing or accepted as a 
success.

More likely is the problem that is embedded within the environ-
PHQW��,Q�WKLV�FRQFHSWLRQ�RI�WKH�µHPEHGGHG�SUREOHP�¶�WKH�HQYLURQ-
PHQW� FRQWDLQV� LQIRUPDWLRQ�ZKLOH� LQÀXHQFLQJ� WKH� VWUXFWXUH�RI� WKH�
SUREOHP��5HOLDQFH�RQ�D�QRUPDWLYH�IUDPH�VXႈFHV�LQ�WKH�PDMRULW\�RI�
instances, but some embedded problems will not respond, objec-
tives cannot be reached, or desired goals cannot be met. In those 
cases, a pragmatic frame can move the situation toward a more 
GHVLUHG�HQG�VWDWH��7KH�DELOLW\�WR�ÀXHQWO\�XWLOL]H�D�SUDJPDWLF�IUDPH��
where the sciences are brought to bear on the particular, is a form 
of practical wisdom.  

,�ZDV�D�/RV�$QJHOHV�)LUH�'HSDUWPHQW�SDUDPHGLF�ZRUNLQJ�LQ�
Watts when I treated a patient on the side of the road. A 
SROLFH� RႈFHU� VWRRG� QH[W� WR�PH��$Q� ROGHU�PRGHO� FDU� GURYH�
by, heavy blue smoke from the tailpipe clouded the street. 
Los Angeles struggled with smog, it was the mid-1970s, and 
YHKLFOH� HPLVVLRQ� FRQWUROV� KDG� LQFUHDVHG�� ³'RQ¶W� \RX� JLYH�
WLFNHWV�IRU�WKDW"´�,�DVNHG��+H�UHSOLHG��³:HOO��,�FDQ�JLYH�KLP�D�
WLFNHW��:KHQ�KH�FDQ¶W�SD\�WKH�¿QH�RU�µ¿[�LW¶�FRVWV��KH�ORVHV�KLV�
car. He can’t drive to work; he loses his job. His family has 
QR�LQFRPH��:KDW�KDYH�,�VROYHG"´

The Gap Between Theory and Practice

The COVID-19 crisis demonstrates the gap between theory and 
practice is far deeper and more troubling than a discussion of the 
>QRUPDWLYH@�VFLHQFH�DQG�>SUDJPDWLF@�DUW�RI�PHGLFLQH��8VLQJ�D�PRUH�
accurate distinction, the normative stance and pragmatic stance 
will align the objective, decontextualized normative stance with 
theory and VFLHQWL¿F� UDWLRQDOLW\. The subjective, contextualized 
SUDJPDWLF�VWDQFH�ZRXOG�DOLJQ�ZLWK�DႇHFWLYH�MXGJPHQW�DQG�SUDFWL-
FDO�UDWLRQDOLW\. A science of practice can emerge.

7KH�/LPLWV�RI�6FLHQWL¿F�5DWLRQDOLW\

6FLHQWL¿F� WKHRU\�DQG�UDWLRQDOLW\�DVVXPH�GLVFUHWH�D�SULRUL� WKHPHV�
and concepts that are outside of the human mind (Sandberg and 
Tsoukas 2011; Zundel and Kokkalis 2010). The goal is to repre-
VHQW� DQ� ³RXWVLGH´� YLHZ� RI� WKH� ZRUOG�� D� GLVSDVVLRQDWH�� REMHFWLYH�
representation that is disinterested in personal experience and 
SUDFWLFDO� FRQFHUQV��7ZR� SULQFLSOHV� RI� FODVVLFDO� ORJLF� DOVR� GH¿QH�
FRQFHSWV�IRU�VFLHQWL¿F�UDWLRQDOLW\�����ELYDOHQFH is a statement that 
is either true or false, and 2) WKH�H[FOXGHG�PLGGOH states that en-
tities are discrete with distinct properties. With facts, deductive 
reasoning guarantees the truth of the conclusion. The application 
of classical logic, which emphasizes truth, with deductive reason-
ing provides top-down analysis of new concepts, whether they are 
ZLWKLQ�WKH�RULJLQDWLQJ�WKHRU\��6FLHQWL¿F�UDWLRQDOLW\�HQVXUHV�WKH�LQ-
tegrity of theory by isolating theory from practice and context

³7LJKW�FRXSOLQJ�SHUPLWV�GHVLJQ�DQG�
LQWHUSUHWDWLRQ�IRU�UHVHDUFK��GHYHORSPHQW�
RI�DOJRULWKPV�DQG�UXOHV�WR�LQWHJUDWH�
V\VWHPV��DQG�WKH�FUHDWLRQ�RI�SURFHGXUHV�
DQG�SURWRFROV�WR�JXLGH�SHRSOH�FDUU\LQJ�
RXW�FRPSOH[�WDVNV��7KH�WLJKW�FRXSOLQJ��
KRZHYHU��FRPHV�DW�WKH�H[SHQVH�RI�
EHLQJ�FRQJUXHQW�ZLWK�WKH�RSHUDWLRQDO�
environment, an environment which 
FRPPRQO\�FRPSULVHV�PXOWLSOH�V\VWHPV�
that incorporate diverse models.”
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2SHUDWRUV�LQ�WKH�¿HOG�GHYHORS�WKHLU�RZQ�ORJLF�RI�SUDFWLFH�EXLOW�XSRQ�
contextual relations entwined with people and work (Sandberg and 
7VRXNDV���������)RU�=XQGHO�DQG�.RNNDOLV���������WKH�DEVHQFH�RI�
practice within the theory is how theoreticians see theory making, 
DV�WKHPHV�LQ�WHUPV�RI�D�SULRUL�VFLHQWL¿F�DVVXPSWLRQV��WKH�VFLHQWL¿F�
VXEMHFW�GRPDLQ. By including engagement of practice, the theory 
would move into the practical world, closing the gap between the-
ory and practice to create the SUDFWLFDO�GRPDLQ�RI�HQJDJHPHQW� 
7KH�VLJQL¿FDQFH�RI�HQJDJHPHQW�RI�SUDFWLFH�GHULYHV�IURP�WKH�DW-
titudes taught to rookies in the military and public safety – always 
engage, in some way, engage even if to evacuate the area.

A practical domain of engagement recognizes the overlapping 
and loose coupling of concepts necessary to complete a task, also 
the pragmatic stance, and illuminates the study of the problems 
of transferring academic work to organizational practice. Engage-
ment is the active learning by doing in context, not an outcome of 
UDWLRQDO�GHOLEHUDWLRQ��DQG�FDQQRW�EH�REMHFWL¿HG�IRU�WKHRU\�PDNLQJ�
(Zundel and Kokkalis 2010). Engaged action comes from insight 
and immediate feedback, with negative feedback marking the 
safe boundary of performance and positive feedback generating 
JURZWK��$OO�IHHGEDFN�JHQHUDWHV�LQIRUPDWLRQ��³0LVWDNHV´�LQGLFDWH�D�
change in circumstances (Paget 1988) or interference from the 
environment (Von Hippel and Tyre 1995). But mistakes are ob-
VHUYDEOH��DQG�WKHUHIRUH�FRUUHFWDEOH��:HLFN�������������(ႇHFWLYH�
responsiveness brings strength through change, allostasis.

Impaired engagement develops from motivated reasoning and 
failure to act. Motivated reasoning biases one to reject information 
WKDW�FRQÀLFWV�ZLWK�FORVHO\�KHOG�EHOLHI��D�GDQJHURXV�SURSRVLWLRQ�GXU-
LQJ�WKH�&29,'����FULVLV��)DLOXUH�IURP�QRW�DFWLQJ�LV�QRW�GHWHFWDEOH��
therefore not correctable and becomes organizational knowledge. 
The attitude toward error, mistakes, and failure, either as a gener-
ation of knowledge and safety or as intellectual failings, will leave 

D�ORQJ�LPSULQW�RQ�WKH�¿HOG�RI�QHRQDWRORJ\�

The COVID-19 Crisis shattered system qualities, attributes, and 
operations while creating further interrelated problems and con-
WH[WXDO�DQG�LQÀXHQWLDO�IDFWRUV��WKH�UHDVRQ�IRU�IXOO�VSHFWUXP�DQDO\VLV�
�:ROIEHUJ��������³7KHUH�DUH�YDOXDEOH�SHUVSHFWLYHV�WR�EH�JDLQHG�
IURP�GLYHUVH�FRQWH[WV�´�5RJHU�%XVK��&KDLU�³$FKLHYLQJ�+LJK�5HOL-
DELOLW\�7DVN�)RUFH�´�7KH�-RLQW�&RPPLVVLRQ��SHUVRQDO�FRPPXQLFD-
tion). Information in one area may address limitations in another, 
DQG�WKH�¿QGLQJV�LQ�D�GLႇHUHQW�DUHD�PD\�H[SODLQ�WKH�UHVXOWV�HOVH-
ZKHUH� �3DZVRQ� HW� DO�� ������� %HWZHHQ� GRPDLQV�� µERXQGDU\� RE-
jects,’ arrangements, or common objects in the shared boundary 
DOORZ�FROODERUDWLRQ�ZLWKRXW�FRQVHQVXV�JLYLQJ�JURXSV�ÀH[LELOLW\�DQG�
shared structure (Leigh Star 2010).

³7KH�DLUOLQH� LQGXVWU\�FROODERUDWLYH�VDIHW\� LPSURYHPHQW�SUR-
cess, CAST, which greatly improved airline safety beyond 
expectations, contains all the major HRO elements and ef-
fectively implemented HRO at an industry level (as opposed 

to a company level), and they did so without any reference 
WR�RU�NQRZOHGJH�RI�WKH�FRQFHSW�RI�+52�´�&KULVWRSKHU�$��+DUW��
former Chairman, NTSB (personal communication).

³7R� FRPSUHKHQG� DQG� FRSH� ZLWK� RXU� HQYLURQPHQW�� ZH� GHYHORS�
PHQWDO�SDWWHUQV�RU�FRQFHSWV�RI�PHDQLQJ´��%R\G��������:H�UHFRQ-
struct order and meaning through analysis of the mental patterns 
to discard and synthesis of new mental patterns, iterations of un-
structuring and restructuring that create concepts and meaning, 
changing our perception of reality (Boyd 1976).

Why Does this Matter? The Pragmatic Stance 

)RUJLQJ� RXU�ZD\� WKURXJK� WKLV� HPEHGGHG�� LOO�GH¿QHG� SUREOHP� RI�
the COVID-19 crisis, we will receive many recommendations from 
VSHFLDOLVWV� LQ� GLYHUVH� ¿HOGV�� 7KH� VWDQFH� ZH� WDNH� QRZ�� ZKHWKHU�
the normative stance with Normative HRO versus the pragmat-
LF�VWDQFH�ZLWK�3UDJPDWLF�+52�� LQÀXHQFHV�ZKRP�ZH�ZLOO�DFFHSW�
UHFRPPHQGDWLRQV�IURP�DQG�WKH�UHOHYDQFH�RI�ZKDW�WKH\�RႇHU��7KH�
VWDQFH�ZH�WDNH�ZLOO�KDYH�ORQJ�ODVWLQJ�HႇHFWV��LQFOXGLQJ�WKH�SHUFHS-
tions and faith of the families we provide care for and the public 
in general. The gap between theory and practice can be closed 
by informed practice, that is, to understand the theory and sci-
HQWL¿F� UDWLRQDOLW\� WR� VXSSRUW� SUDFWLFH� UDWKHU� WKDQ� JXLGH� SUDFWLFH��
Neonatologists, by engaging situations in context, bridge the gap 
by using theory to improve care for practical outcomes (Zundel 
and Kokkalis 2010.)   

Discrete categories establish a basis for research. Disregarding 
subjective mental responses supports objective empirical mea-
surement. Common sense forms a basis of judicious, practical 
decision-making. The environment can constrain or endanger op-
HUDWLRQV��)URP�WKHVH�SUHPLVHV��DFDGHPLFLDQV�JHQHUDWH�FRQFHSWV�
and theories, creating bodies of knowledge others can master 
and teach. Concepts are discrete, coherent, congruent, organized 
mental models that contribute to research and understanding. The 
discrete nature of a concept follows from the rule of the excluded 
middle in classical logic, either the proposition is true, or its ne-
gation is true. Coherence describes how a concept, following a 
logical sequence or building from deeper structures, integrates 
with established models. Congruence describes how the concept 
represents, agrees with, or relates to established concepts and 
the real world.

:KDW�PDNHV�D�GLVFLSOLQH�VRFLDOO\�DQG�SROLWLFDOO\�UHOHYDQW�LQÀXHQF-
es the agenda for research, education, and training. A normative 
frame is orderly, measurable, amenable to research studies, and 
able to be mastered. A pragmatic frame comprises continuous 
and overlapping perceptions with degrees of truth and contingent 
SULQFLSOHV��D�GLႈFXOW�DUHD�IRU�DFDGHPLF�VFKRODUVKLS��7KH�SXEOLF�LV�
more accepting of discrete, well-accepted concepts. The model of 
a domain, driven by theory or practice, is a social action with the 
SXEOLF�DQG�JRYHUQPHQW�EXW�DOVR�VHQLRU�OHDGHUV�LQ�WKH�¿HOG��SURGXF-
LQJ�D�ORQJ�ODVWLQJ�LQÀXHQFH�RQ�VFKRODUVKLS�DQG�SUDFWLFH��6KHUPDQ�
������� ,W�DOVR� LQÀXHQFHV�FUHGLELOLW\��YLVLEOH�GXULQJ� WKH�&29,'����
crisis as healthcare professionals engage an unseen virus with 
VWRFKDVWLF�HႇHFWV�RQ�SDWLHQWV��IURP�PLOG�V\PSWRPV�WR�UDSLG�GHDWK�
following a short illness. Inductive reasoning causes frequent 
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³)DLOXUH�IURP�QRW�DFWLQJ�LV�QRW�GHWHFWDEOH��
WKHUHIRUH�QRW�FRUUHFWDEOH�DQG�EHFRPHV�
RUJDQL]DWLRQDO�NQRZOHGJH��7KH�DWWLWXGH�
WRZDUG�HUURU��PLVWDNHV��DQG�IDLOXUH��HLWKHU�
DV�D�JHQHUDWLRQ�RI�NQRZOHGJH�DQG�VDIHW\�
RU�DV�LQWHOOHFWXDO�IDLOLQJV��ZLOO�OHDYH�D�ORQJ�
LPSULQW�RQ�WKH�¿HOG�RI�QHRQDWRORJ\�”
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adjustments in knowledge as the strength of evidence changes. 
Branching time and updated beliefs have symbols as propositions 
and operators, but not in classical logic. They come from temporal 
logic and doxastic (belief) logic, respectively, two of a number of 
PRGDO�ORJLFV�WKDW�TXDOLI\�WKH�WUXWK�RI�MXGJPHQW��OLNH�µQHFHVVDULO\¶�RU�
µSRVVLEO\�¶�0RGDO�ORJLFV�GHSHQG�RQ�WKH�PRGH�RI�WKH�ORJLF�V\VWHP��
for example, epistemic logic (knowledge) and deontic logic (duty 
or obligation). How we develop practical rationality for our respec-
tive disciplines has long-acting implications for the public’s trust 
and faith in healthcare.

Moving HRO into predictably stable environments relaxes pres-
sure that had selected for HRO characteristics. Traits once neces-
sary for survival may disappear, with some breaking down quickly 
while others linger (Lahti et al. 2009). Normative HRO represents 
a release from environmental pressure and constraints.

%HKDYLRUV�DQG�EHOLHIV�FRPH�LQ�VXLWHV��)RU�H[DPSOH��ORFDO�UHVSRQVH�
to the environment means you accept and respond to the actions 
of others who are also responding. When members share the 
same intent, this self-organizing action becomes adaptive impro-
visation. Imposing rigid hierarchy or rank, or blaming members, 
distracts from responsiveness and degrades team formation and 
performance. Adopting the normative form of HRO while continu-
ing rigid enforcement of rules or authoritarian structures, such as 
obedience without initiative or conformity without creativity, de-
grades HRO. The qualities that make HRO a powerful method 
against severe adversity or operations in hostile environments are 
lost in the moment they are needed most. 

³+52��DV�DQ�DEVWUDFW�UHSUHVHQWDWLRQ�RI�ZRUN�WKDW�LV�GRQH�RXW�
there, a representation by academics, is the very object that 
has been turned into a normative frame, a frame you want to 
UHSODFH�ZLWK�D�PRUH�SUDJPDWLF�IUDPH�´�3HUVRQDO�FRPPXQLFD-
tion from Karl Weick

5HIHUHQFHV�
%RXUULHU��0DWKLOGH��������³$Q�LQWHUYLHZ�ZLWK�.DUOHQH�5REHUWV�´�

(XURSHDQ�0DQDJHPHQW�-RXUQDO���������������
%RXUULHU��0DWKLOGH��������³7KH�OHJDF\�RI�WKH�KLJK�UHOLDELOLW\�

RUJDQL]DWLRQ�SURMHFW�´�-RXUQDO�RI�FRQWLQJHQFLHV�DQG�FULVLV�
PDQDJHPHQW��������������

%R\G��-RKQ��������'HVWUXFWLRQ�DQG�FUHDWLRQ��2SHUDWLRQDO�/HYHO�
RI�:DU��86�$UP\�&RPPDQG�DQG�*HQHUDO�6WD௺�&ROOHJH��
&HQWHU�IRU�$UP\�7DFWLFV�������

&KDVVLQ��0DUN�5���DQG�-HURG�0��/RHE��������³+LJK�UHOLDELOLW\�
KHDOWK�FDUH��JHWWLQJ�WKHUH�IURP�KHUH�´�7KH�0LOEDQN�4XDUWHUO\�
����������������

'HSDUWPHQW�RI�'HIHQVH��������'HSDUWPHQW�RI�'HIHQVH�%ULH¿QJ�
E\�6HFUHWDU\�+DJHO�DQG�'HSXW\�6HFUHWDU\�:RUN�RQ�WKH�
0LOLWDU\�+HDOWK�6\VWHP�5HYLHZ�LQ�WKH�3HQWDJRQ�3UHVV�
%ULH¿QJ�5RRP��KWWSV���ZZZ�GHIHQVH�JRY�1HZVURRP�
7UDQVFULSWV�7UDQVFULSW�$UWLFOH���������UHWULHYHG������������

'LHWHUO\��'XQFDQ�/��������³3UREOHP�6ROYLQJ�DQG�'HFLVLRQ�
PDNLQJ��$Q�,QWHJUDWLRQ�´�1$6$�7HFKQLFDO�0HPRUDQGXP�
�������0R௺HWW�)LHOG��&DOLIRUQLD��1$6$�$PHV�5HVHDUFK�
&HQWHU��

+LQHV�6��/XQD��.��/RIWKXV�-��HW�DO��������%HFRPLQJ�D�+LJK�
5HOLDELOLW\�2UJDQL]DWLRQ��2SHUDWLRQDO�$GYLFH�IRU�+RVSLWDO�
/HDGHUV���3UHSDUHG�E\�WKH�/HZLQ�*URXS�XQGHU�&RQWUDFW�1R��
��������������$+54�3XEOLFDWLRQ�1R�����������5RFNYLOOH��
0'��$JHQF\�IRU�+HDOWKFDUH�5HVHDUFK�DQG�4XDOLW\��$SULO�
������

.UDWKZRKO��'DYLG�5���%HQMDPLQ�6��%ORRP��DQG�%HUWUDP�0DVLD��
�����7D[RQRP\�RI�(GXFDWLRQDO�2EMHFWLYHV�+DQGERRN�,,��
$௺HFWLYH�GRPDLQ��1HZ�<RUN��1HZ�<RUN��'DYLG�0F.D\�
&RPSDQ\��

/DKWL��'DYLG�&���1RUPDQ�$��-RKQVRQ��%HYHUO\�&��$MLH��6DUDK�

3��2WWR��$QGUHZ�3��+HQGU\��'DQLHO�7��%OXPVWHLQ��5LFKDUG�
*��&RVV��.DWKOHHQ�'RQRKXH��DQG�6XVDQ�$��)RVWHU��������
³5HOD[HG�6HOHFWLRQ�LQ�WKH�:LOG�´�7UHQGV�LQ�(FRORJ\�DQG�
(YROXWLRQ������������±����

/D3RUWH��7RGG�5��������³2Q�YHFWRUV�DQG�UHWURVSHFWLRQ��
5HÀHFWLRQV�RQ�XQGHUVWDQGLQJ�SXEOLF�RUJDQL]DWLRQV�´�-RXUQDO�
RI�&RQWLQJHQFLHV�DQG�&ULVLV�0DQDJHPHQW���������������

/HLJK�6WDU��6XVDQ��������³7KLV�LV�QRW�D�ERXQGDU\�REMHFW��
5HÀHFWLRQV�RQ�WKH�RULJLQ�RI�D�FRQFHSW�´�6FLHQFH��
7HFKQRORJ\��	�+XPDQ�9DOXHV�����������������

0F&RQQHOO��0DUN��'DYHG�YDQ�6WUDOHQ��������(PHUJHQF\�PHGLFDO�
GHFLVLRQ�PDNLQJ�LQ�WKH�WDFWLFDO�HQYLURQPHQW��7KH�7DFWLFDO�
(GJH��1DWLRQDO�7DFWLFDO�2FHUV�$VVRFLDWLRQ������������������

1RODQ��7KRPDV��5RJHU�5HVDU��)UDQFHV�*ULQ��DQG�$QQ�%��
*RUGRQ��������,PSURYLQJ�WKH�UHOLDELOLW\�RI�KHDOWK�FDUH��
,QVWLWXWH�IRU�+HDOWKFDUH�,PSURYHPHQW

3DJHW��0DULDQQH�$��������7KH�XQLW\�RI�PLVWDNHV��$�
SKHQRPHQRORJLFDO�LQWHUSUHWD��WLRQ�RI�PHGLFDO�ZRUN��
3KLODGHOSKLD��3$��7HPSOH�8QLYHUVLW\�3UHVV��

3DZVRQ��5D\��7ULVKD�*UHHQKDOJK��*LOO�+DUYH\��DQG�.LHUDQ�
:DOVKH��������³5HDOLVW�UHYLHZ�D�QHZ�PHWKRG�RI�V\VWHPDWLF�
UHYLHZ�GHVLJQHG�IRU�FRPSOH[�SROLF\�LQWHUYHQWLRQV�´�-RXUQDO�
RI�KHDOWK�VHUYLFHV�UHVHDUFK�	�SROLF\��������VXSSO���������

5REHUWV��.DUOHQH�+���DQG�5REHUW�%HD��������³0XVW�DFFLGHQWV�
KDSSHQ"�/HVVRQV�IURP�KLJK�UHOLDELOLW\�RUJDQL]DWLRQV�´�
$FDGHP\�RI�0DQDJHPHQW�3HUVSHFWLYHV���������������

5RFKOLQ��*HQH�,��������³+RZ�WR�KXQW�D�YHU\�UHOLDEOH�RUJDQL]DWLRQ�´�
-RXUQDO�RI�FRQWLQJHQFLHV�DQG�FULVLV�PDQDJHPHQW���������
������

5RFKOLQ��*HQH�,���7RGG�5��/D�3RUWH��DQG�.DUOHQH�+��
5REHUWV�������³7KH�VHOI�GHVLJQLQJ�KLJK�UHOLDELOLW\�
RUJDQL]DWLRQ��$LUFUDIW�FDUULHU�ÀLJKW�RSHUDWLRQV�DW�VHD�´�1DYDO�
:DU�&ROOHJH�5HYLHZ���������������

6DQGEHUJ��-|UJHQ��DQG�+DULGLPRV�7VRXNDV�������³*UDVSLQJ�WKH�
ORJLF�RI�SUDFWLFH��7KHRUL]LQJ�WKURXJK�SUDFWLFDO�UDWLRQDOLW\�´�
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