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How Can Authorities Support Distributed Improvisation
During Major Crises? A Study of Decision Bottlenecks Arising
During Local COVID-19 Vaccine Roll-Out
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Despite the increased importance attributed to
distributed improvisation in major crises, few studies
investigate how central authorities can promote a har-
monic, coordinated national response while allowing for
distributed autonomy and improvisation. One idea im-
plicit in the literature is that central authorities could
help track and tackle common decision bottlenecks as
they emerge across “improvising” local authorities as
a result of shared, dynamic external constraints. To
explore this idea we map central functions needed to
roll-out vaccines to local populations and identify and
classify bottlenecks to decision-making by local au-
thorities managing COVID-19 vaccine roll-out in
Norway. We found five bottlenecks which emerged as
vaccine roll-out progressed, three of which could fea-
sibly have been addressed by changing the local au-
thorities’ external constraints as the crisis developed.
While the national crisis response strategy clearly al-
lowed for distributed improvisation, our overall findings
suggest that there is potential for central authorities to
address external constraints in order to ease common
bottlenecks as they emerge across local authorities
responding to the crisis. More research is to explore
alternative centralized response strategies and assess
how well they effectively balance centralized and dis-
tributed control. The study contributes to the growing
literature examining the interaction between local and
centralized response in crisis management.
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Introduction

Major public crises require coordinated re-
sponses from authorities at multiple levels. The
COVID-19 pandemic is a salient example,
leading several to question whether international,
national, regional, and local authorities would be
able to coordinate their activities to roll-out
vaccine effectively and fairly at unprecedented
scale (EU, 2021; Baharmand et al., 2021; Mills &
Salisbury, 2021). Authorities in many countries
faced a changing, uncertain situation involving
different vaccine types and suppliers, complex
networks of government, and health workers
under strain (Engel et al., 2022; Guttieres et al.,
2022; Weintraub et al., 2021). Managing such
crises requires that authorities strike a dynamic
balance between the centralized control needed
for a harmonized national response and the dis-
tributed autonomy needed to adapt effectively to
local situations. The current article studies this
issue through the eyes of decision-makers in-
volved in local COVID-19 vaccine roll-out in
Norway.

Centralized Versus Distributed
Crisis Control

Major crises involve time pressure, un-
certainty, high stakes, and stakeholders with
diverse perspectives (Hannah et al., 2009;
Mendonga, 2007). The increasing scale and
complexity of modern crises has led to the
concept of the transboundary crisis, which
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traverses geographical boundaries and policy
areas and requires multi-level actors with
conflicting responsibilities to work together
to develop and implement new solutions
(Ansell et al., 2010). Faced by such crises,
authorities rely on centralized preparedness
to coordinate a rapid and effective response at
scale. For optimal response, however, they
must also shape the conditions for distributed
improvisation, which allows for local-level
adaptations to unforeseen situations, sur-
prises, and local variations (Ley et al., 2012;
Mendonga, 2007). Being closer to the “sharp
end,” local actors are well positioned to un-
derstand adverse situations, and respond by
selecting from appropriate resources and
actions. They can apply new insights as they
see the effects of their actions — a sort of
“muddling through” that can outperform
detailed centralized planning (e.g., Flach &
Voorhorst, 2020; Lengnick-Hall & Beck,
2005; Ley et al., 2012; Lindblom, 1959;
Vicente, 1999). Compared to hierarchical
teams, networked teams have also been found
to share more knowledge and resolve chal-
lenges faster and more accurately in complex
scenarios (Schraagen et al., 2010). Given an
increasing emphasis on the importance of
distributed improvisation, central authorities
may need to develop the role that they play in
major crisis response. This concerns both
how to develop centralized rules, plans, and
procedures that do not constrain adaptative
local responses, and how to ensure a har-
monic, coordinated national response
alongside distributed improvisation
(Moorkamp et al., 2020).

In the field of cognitive systems engineering,
the challenge of balancing concentrated and
distributed action is recognized in accounts
of laws of cognitive work and the concept
bounded effectiveness (Hoffman & Woods,
2011; Woods, 2002). While autonomous lo-
cal actions are often more effective, effec-
tiveness is bounded since greater distribution of
autonomy by central authorities increases the
efforts and resources needed to harmonize
distributed actions, for instance, by establishing
a shared language among local authorities,

explaining varying perspectives, or developing
agreement on how to deal with conflicting
goals. To limit the extra costs of coordinating
distributed centers of control, there is a need to
balance the extent of a local, flexible response
with the more efficient coordination afforded
by centralized response (Hoffman & Woods,
2011).

Common Bottlenecks Emerge During
Crisis Response

The fields of resilience engineering and nat-
uralistic decision-making also support the ef-
fectiveness of local improvisation as part of
successful crisis response (e.g., Hollnagel et al.,
2006; Klein, 2017). Resilience is improved if
people in key roles have an impressive range of
response repertoires, enabling them to adapt
successfully to developing situations. Selection
of skillful responses requires that people can
recognize and negotiate different constraints in
the problem space in order to achieve their goals
effectively (Cook & Nemseth, 2006; Naikar,
2013; Woods & Hollnagel, 2006). While cer-
tain constraints will be specific to the unique
situations of local actors, distributed local
decision-makers will also share external con-
straints as they respond to national crises (Wilson
& Game, 2011). If such decision-makers try to
tackle the same problem by negotiating their
shared constraints independently of each other,
inefficiencies can arise in crisis response; where
the resulting local strategies vary in quality or
effectiveness, public perceptions of unfairness
can arise (Boin, 2019). In transboundary crises
like the COVID-19 pandemic, shared external
constraints can also change as the crisis develops;
central authorities reformulate priorities, resource
levels change, and so on (Christensen & Leegreid,
2020). The shared challenges or “common bot-
tlenecks” that dynamic external constraint sets
present will often not emerge until response
progresses across local actors (e.g., Flach &
Voorhorst, 2020; Woods, 2003). The challenge
for central authorities is how to engage with local
authorities to detect and address common re-
sponse bottlenecks as they emerge during the
crisis, so that solutions might be coordinated.
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Coordination Emerges During
Crisis Response

Though there has been relatively little focus
on the dynamics of management across levels
and organizations, the literature on crisis man-
agement also finds that improvisation, com-
munication, and coordination are central aspects
of effective response to crises (Williams et al.,
2017). According to this literature, actors im-
provise not only to make decisions, but to
mobilize resources and to communicate and
coordinate to establish order. The literature on
organizational resilience also emphasizes the
importance of enhancing improvisation, co-
ordination, and adaptive communication pro-
cesses for successful crisis response, in this case
across teams, disciplines, and organizational
levels (Raetza et al., 2021). Here, authors rec-
ognize a need to understand developing patterns
in communication and coordination that form
part of a resilient response to dynamic crises
involving distributed multiple actors, teams, and
organizations (Lengnick-Hall & Beck, 2009,
2016). Finally, the literature on multi-team
systems finds that coordination is needed to
allow teams to attend to intra-team goals while
ensuring their actions are cohesive with over-
arching system goals (Brown et al., 2021). If
teams are not familiar with each other or the
situation being managed, component teams must
engage proactively to establish coordinated
actions (Smith-Jentsch et al., 2009). Thus, co-
ordination can emerge as part of local impro-
vised responses, suggesting that central
authorities could also engage with local au-
thorities as response progresses in order to
harmonize emerging coordination efforts.

Emergent Coordination
Through Sensemaking

Collective sensemaking across authorities —
vertically and horizontally — can act as an im-
portant mechanism for emergent coordination in
complex, dynamic crises (Boin, 2019). Collective
sensemaking recognizes that (i) local actors make
response choices through social interactions with
other actors; (i) information can be selected from
various sources and interpreted across distributed
actors and used to construct narratives (Boin,

2019); and (iii) narratives inform collective ac-
tion (van der Giessen, Langenbusch, et al., 2022).
In major crises, collective sensemaking will have
a key role in the development of shared situa-
tional awareness — the degree to which
team members have the same situational
awareness on shared situational awareness re-
quirements (Endsley, 2015). Shared situational
awareness among distributed actors is one of the
main aims of coordination and lies at the heart of
successful coordination in response to major
crises (Cornelissen et al., 2014; Endsley & Jones,
2012; Moorkamp et al., 2020; Quinn & Worline,
2008; Weick, 1995). This implies that higher-
level authorities faced by centralized co-
ordination challenges could promote an emergent
coordinated response among local authorities by
establishing communication mechanisms that
help diverse actors make sense together across
local domains (Boin, 2019).

How Can Central Authorities Facilitate
Distributed Improvisation?

The literature therefore suggests that in-
creasingly complex crises require central au-
thorities to (i) distribute control to enable
improvised actions at local level and (ii) facil-
itate the coordination of local actions as re-
sponses develop. While (i) implies a top-down
process in which central authorities set con-
straints that guide while allowing for improvised
actions, (ii) suggests a bottom-up process in
which higher authorities respond to improvised
solutions and coordination needs as they
emerge. By facilitating collective sensemaking,
central authorities could promote shared situa-
tional awareness across distributed actors and
save local authorities from developing solutions
in parallel that end up being similar due to the
common external constraints that they share.
Shared situational awareness would also make
local authorities less likely to improvise different
solutions to the same problem, causing confu-
sion or perceptions of unfairness among mem-
bers of the public. Thus, the sort of preparedness
transboundary crises demand of central au-
thorities is not only about rehearsed behavioral
plans and actions, but about engaging with
cognitive orientation and emergent processes at
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local level as responses develop (Lengnick-Hall
& Beck, 2005, 2016).

Engagement with decision-makers in local
authorities would also allow central authorities
to identify bottlenecks to decision-making and
action as they emerge across local authorities. It
could then establish which bottlenecks are (i)
shared by local authorities due to the common
constraints that they face or (ii) specific to in-
dividual local authorities. While the latter might
best be eased by local “muddling through,” the
former might be eased either by communication
and coordination processes that central author-
ities facilitate, or by addressing external con-
straints that central authorities could help change
(e.g., Chewning & Doerfel, 2013).

Knowledge Gap and Contribution

Despite the increased importance attributed to
distributed improvisation in major crisis, little
has been done to investigate what central au-
thorities can do to promote a harmonic, co-
ordinated national response while allowing for
distributed autonomy and improvisation (Boin,
2019; Moorkamp et al., 2020). One way to
contribute would be to assess the validity of the
idea that central authorities could do more to
facilitate coordination and identify and tackle
common bottlenecks arising. An interesting
question in this regard is, to what extent do
common bottlenecks emerge across distributed
actors during crisis management, as a result of
dynamic, shared external constraints? Methods
from cognitive systems engineering and natu-
ralistic decision-making have been found to be
useful for systematic identification of bottle-
necks to decision-making (Cook & Nemseth,
2006; Hollnagel & Woods, 2005; Klein, 2017,
Militello et al., 2010). We therefore set out to use
these methods to identify and classify decision-
making bottlenecks faced by local authorities
managing COVID-19 vaccine roll-out in Nor-
way. First, we mapped the problem space de-
limiting possibilities for local authority activity
in resilience using Rasmussen’s means-ends
hierarchy (Naikar, 2013; Woods, 2003). Sec-
ond, we used this problem space to frame and
understand the results of cognitive task analysis
interviews, in order to identify common

bottlenecks to decision-making faced by people
in key roles for vaccine roll-out at local level
(Hoffman et al., 1998; Klein et al., 1982;
Militello & Hutton, 1998). Finally, we attempted
to classify common bottlenecks according to (i)
whether they were present before the crisis or
emerged during the crisis and (ii) how central
authorities might feasibly have helped addressed
them, for example, by facilitating coordination
among local authorities or by addressing ex-
ternal constraints. In this paper we describe our
findings and discuss the implications for central
authorities wishing to improve future multi-level
responses to transboundary crises.

Method
Case Background

Norwegian plans for handling national pan-
demics align with four principles of pre-
paredness: responsibility, proximity, likeness,
and cooperation. These outline how crises
should be managed at the lowest possible level
using organizational structures normally re-
sponsible for day-to-day operations, with each
actor responsible for achieving optimal out-
comes in cooperation with others (DSB, 2010,
cf. Decouttere, Banzimana, Davidsenet al.,
2021; Ministry of Health and Care Services,
2018; Norwegian Government, 2014). In line
with this, Norway’s local authorities arranged
COVID-19 vaccine roll-out to their populations
during 2021, with the Institute for Public Health
(IPH) and national health authorities together
setting important external constraints across
local authorities (Figure 1; Baharmand et al.,
2020; CONTRA, 2021). The main vaccine used
in Norway was the mRNA vaccine manufac-
tured by Pfizer.

Institute for Public Health guidelines include
recommendations on roles and responsibilities,
and local authorities set up core teams to manage
vaccine roll-out accordingly. In larger local
authorities the team includes a Chief Doctor,
a Vaccine Coordinator and/or a Vaccine Center
manager, with perhaps a communications and
logistics manager. In smaller local authorities,
roles and tasks are consolidated, perhaps in-
volving a Vaccine Coordinator and Chief Doctor
working together on vaccine roll-out. The Chief



BOTTLENECKS TO COVID VACCINE ROLL-OUT

national authorities and advisors

Vaccines,
Equipment

'y

Progress on KPls

'y

Information, glidance
Rules and regilations
Goals for vacgination
Criteria e.g. priority groups, [vaccination intervals

Vaccines,
Equipment

Progress on KPIs

local authority 1

| local authority 2

Figure 1. Vaccine roll-out in Norway is the result of an interdependent relationship between local and national

authorities. KPI = Key Performance Indicator.
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Figure 2. Timeline of key events in vaccine roll-out by local authorities (LA) in Norway. IPH = Institute of

Public Health; GP = general practitioner.

Doctor is responsible for decisions on medical
use and administration of the vaccine to the local
population, deciding whether vaccine is viable,
number of doses it is defensible to extract from
each vial, approving administration strategy, etc.
The Vaccine Coordinator will organize distri-
bution, storage, call in patients, and so on.
During the roll-out period covered (Jan—Sep
2021), central authorities made several changes
to plans. Figure 2 serves to illustrate events
affecting how COVID-19 vaccination was or-
ganized at local authority level in Norway.

Participants

We selected 21 local authorities represent-
ing different population sizes, densities, and

locations across Norway, and invited them to
participate by email; nine authorities agreed to
take part. Together study participants repre-
sented seven of Norway’s 356 municipalities,
and two out of about 50 city district authorities.
In the case of three of the municipalities, we
interviewed several core team members to
learn how people in key roles in the same
municipality collaborated to organize COVID-
19 vaccination. The final group of participants
represent a range of key roles, and diverse local
authorities with a collective population of ca.
500,000 people, just under 10% of the pop-
ulation in Norway (Table 1).

The remainder of this section outlines our
approach based on cognitive systems engi-
neering, as described by Woods (2003) and
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TABLE 1: Overview of Participants With Role, Location in Norway and Population Size.

Municipality (M) or district Area of

Interview Role (D) Norway Population
1 Chief doctor M1 Eastern 25-50,000
2 Vaccine coordinator
3 Communications manager
4 Chief doctor M2 Eastern >75,000
5 Vaccine coordinator and center

leader
6 Logistics manager
7 Vaccination coordinator and center M3 Eastern 0-10,000

leader
8 Chief doctor M4 Southern >75,000
9 Vaccine coordinator M5 Northern 50-75,000
10 Vaccination center leader Mé Eastern 25-50,000
11 Vaccination coordinator M7 Eastern 50-75,000

Vaccination center leader

12 Chief doctor D1 Oslo 50-75,000
13 Chief doctor D2 Oslo 50-75,000

Cook and Nemseth (2006), which has been
shown to allow for the systematic extraction of
bottlenecks to decision-making in complex
situations. To assist in identification of
decision-making or other macro-cognitive
bottlenecks, the results of cognitive task and
critical decision analyses were used to con-
struct an account of the functional problem
space faced by local decision-makers. This
problem space was then used to give context for
accounts of decision-making and other macro-
cognitive functions and processes so that
cognitive bottlenecks to goal achievement
could be identified.

Interview Procedure

Interviews were conducted with 14 local
authority representatives in September 2021,
each lasting 80—160 min. To prepare, we re-
viewed key documents and notes from pre-
liminary interviews with a county-level Chief
Doctor; the head of vaccine roll-out at IPH; and
a representative from each of two central au-
thorities (Directorate of Health and Ministry of
Health and Care). To prepare interviews with
local authority representatives, we used framing
questions from Crandall et al. (2006), and
adapted questions on cognitive task analysis
from Crandall et al. (2006), Applied Cognitive

Task Analysis (Militello & Hutton, 1998) and
the Critical Decision Method (Hoffman et al.,
1998; Klein et al., 1982) (Appendix 1). In the
first interview, questions from Cognimeter were
used to confirm the suitability of cognitive task
analysis for analysis of key tasks identified
(Chrenka et al., 2001; Hutton et al., 2003). Tasks
identified by each role type scored highly on
cognitive dimensions for situational awareness,
course of action development and evaluation,
course of action monitoring and planning,
teamwork and coordination, and information
attention and management. Interviews were
recorded and transcribed, the transcripts ano-
nymized, and then coded in N-VIVOI12 using
a scheme developed in analysis of the first in-
terview transcript. Procedures were ethically
approved by NSD, the Norwegian Centre for
Research Data.

Transcript Analysis

Interview transcripts were analysed in three
sweeps:

1. Problem space/work domain analysis (Naikar,
2013). We coded text on Purposes of the roll-
out system; Values people have as they act to
achieve system purposes; System functions
(goal-related); and Components (materials,
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tools, and infrastructure that in combination
with other resources perform system functions).
Texts describing Actors/roles and main Ac-
tivities were also coded.

2. Decision-making and other forms of mac-
rocognition (Crandall et al., 2006; Klein &
Wright, 2016; Woods, 2003). We captured
information on goal-related cognitive de-
mands and challenges faced by decision-
makers, including those relating to com-
munication and coordination within and
between teams and organizations, by coding
text on Social organization; Constraints;
Information (used or needed); Decision-
making (goal-related); Expectations (goal-
related); Planning (for actions); Adapting or
re-planning; Coordinating; and Sensemaking.

3. Critical decision analsysis. Text describing
10 critical decisions, one each from 10
participants, were also coded using the
above nodes. Critical decisions studied were
as follows: How to train staff arriving at the
vaccination center due to start in half an hour
(identified by two participants); How to deal
with changing dose intervals (1 participant);
How to prioritize health personnel (2 par-
ticipants); Whether to throw away or use
vaccine doses (3 participants); and How to
handle IT system crash at vaccination centers
(2 participants).

The total number of passages coded under
each node are given in Appendix 2. Coding was
performed by a single researcher. Text for
a randomly selected single interview (M5,
Table 1) was also coded by an experienced
human factors professional after a short expla-
nation of the codes, and general agreement
confirmed.

Developing the Problem Space

The results of the first sweep were used
together with a review of relevant documents
(DSB, 2010, 2018; Ministry of Health and
Care  Services, 2018; NIPH, 2016;
Norwegian Government, 2014) to develop our
understanding of the common work domain of
decision-makers (Naikar, 2013; Rasmussen,
1986). Text on Purposes, Values, and Com-
ponents were consolidated into categories and

used to populate the problem space (Results,
Figure 3). In a final step, system functions
(middle row, Figure 3) were identified by
considering (i) relevant coded text and (ii) how
abstract functions act as a link between
components and their specific functions on the
one side, and values and functional purposes
of the system on other (in line with Naikar,
2013).

Identifying Bottlenecks

The final coded text was then reviewed to
identify common goal-related cognitive chal-
lenges (bottlenecks) and associated decision
needs and re-grouped accordingly by pasting
into a document. To assist in this process, we
analyzed coded responses in light of the
problem space (see Figure 3) to try to un-
derstand how decision-makers navigated
constraint-shaped demands and dilemmas as
they tried to achieve goals for vaccine roll-out
in line with their values. This process is evident
in the descriptions of emergent bottlenecks in
the Results.

Results
Problem Space

From the coded text, we identified five dis-
tinct functional purposes that were common
across local authorities’ roll-out systems (top
row, Figure 3). While representatives described
different strategies used to achieve goals, seven
functional values — preferred ways of achieving
goals or assessing progress — were common
across local authority representatives (second
row, Figure 3). Not wasting doses was a domi-
nant value, salient especially when doses were
going out of date and priority patients were not
available for vaccinating.

Components used to carry out tasks were
grouped for the purposes of clarity and
summarized at the bottom of Figure 3. Fi-
nally, 16 central system functions identified
are also presented. On analyzing the inter-
views, we noted that these functions align
well with questions participants sought to
answer at the outset of vaccine roll-out. For
example, several participants wondered how
they would map priority groups (function 2)
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Figure 3. Functional domain or “problem space” analysis for local organization of vaccination, developed from
interviews with 14 representatives from nine local authorities. IPH = Institute of Public Health, HD = Directorate

of Health, LA = Local Authority.

or call in patients to match available doses at
short notice (function 4).

Emergent Bottlenecks

Though local authorities organized vaccine
roll-out independently, our analysis revealed
seven bottlenecks to vaccine roll-out that were
common across local authorities due to their
shared constraints (Table 2). Five of these bot-
tlenecks were emergent, that is they only became
apparent as the crisis developed (column 5,
Table 2). Our analysis shows that each of these
five emergent bottlenecks could feasibly have
been improved by increased shared situational
awareness vertically and horizontally across au-
thorities (column 6). Three out of five emergent
bottlenecks could feasibly have been addressed by
addressing external constraints as the crisis pro-
gressed (column 7). We refer to the latter as the
three main emergent bottlenecks and present them
in more detail below (the remaining two emergent
bottlenecks are presented in Appendix 3).

Extracting Doses From Vials. At the start of
roll-out in January 2021 vaccine demand greatly
exceeded supply, so the number of doses extracted
from each vial had a direct influence on both the
speed at which people could be vaccinated (“as
fast as possible”) and the overall availability of
vaccines (“as many as possible”) (cf. Figure 3). At

the start of vaccine roll-out local authorities
were advised by IPH to take out five doses from
each vial of Pfizer vaccine, but after a few
weeks a six-dose extraction was recommended.
Several participants described how Chief
Doctors learned of descriptions of how to use
advanced techniques to take out seven doses,
and how their core team had then “muddled
through” to achieve seven-dose extractions that
helped them better achieve functional purposes
in line with values (Figure 3). In contrast, other
participants reported discussing extensively
whether to move from five to six doses, and
whether extracting seven doses was defensible.
Ultimately, IPH left the decision about whether
seven doses should be extracted up to each
municipality’s Chief Doctor, so each local
authority had effectively to decide itself
whether it condoned “off-label” use of vaccine
(i.e., non-regulatory use). The result was that
local authorities extracted different amounts
from their Pfizer vials. While some managed to
get several thousand extra doses out of their
vials after they had independently improvised
a seven-dose extraction method, others did not.

Asked how core teams learned about the
possibility of extracting seven doses, several
commented on hearing “rumors,” or gathering
information from emails or “reading this or that”



BOTTLENECKS TO COVID VACCINE ROLL-OUT

(penunuo))

jje1s pue syusied
pazijoud — sjielsp 10e3u0)-

K|ddns peyiwi|
‘aWnayl| YOS — SUIDIBA-
syuened paziuoud jo
Ayjige|iene pue o1 aduelsiqg-

jawinay| 01 aso|d sl 1l

}JI USAS BUIDDEA BSN aM URD-
;e
Auoud yojew 1sowe
oym a|jdoad puly em

ued Moy ‘siy} Op 1,ued am J|-
;auden
asn 0} awi Hoys ul

3}l @sn 1O sulddeA

[2A9] [B20] sanuoyine |enuad Aq euo1d Aond Buiydiew Jo asodsip 01
18 yum }jeap 1seq ‘oN SOA SOA panssi sdnoi6 Ayuoud jo1si- || ‘OL'Y'Z'L s|doad pul} em ued moH-  Jayiaym Buipeq
{0s op
01 1U8dl4e aIoW yonw
1 eus1d uoneziuoud
Buiysrew jsowje
950y} 91BUIDDBA 0] YO U S|-
¢Ajie) pue Apusisisuod
|oued Ayuoyine |eooj sosed auljiepioq
YHIM uoleioge||od ul Buipuelsispun SS9SSB OM OpP MOH-
padojansp — [auuosiad paJteys dojanrsp ¢9znuoud
Yijeay [eonud Buiuysp 01 |suuosiad yijeay sanuoyIne |enusd Aq oM pjnoys [suuosiad
BLISYLID JB1edd ‘SO |ED1ILID UO UOISSNISIP ‘SO S panssi sdnou6 Ajuoud jo 1si-  §'g |eonLud-yijeay yYoiypn-  siuened Buiznuoud ¢
Ajddns
paloaye aupoea a|qeipaidun-
oq ued 3snJ3 o1gqnd S|eAIS1Ul SOP SANDDYD (senuoyine
104 yo1ym Ul shkem Jusiayip 1sow jo aBpsjmous |enusd Aq |eassiul
pue ‘sy7 Aq eo130eud |enyoe oynusds Buidopreg- asop o1 sebueyd o}
SUJ9DUOD /] UO S|BAJS1UI SSOP SUIDJBA sanuoyne 1unodoe 0} syuswiulodde s|jeAssul
Joj Junodde sjeAsalul Buibueyd jo spaye |enqued Ag pspuswiwiodal uoneuddeA asop Buibueyd
asop ul sabueyd ‘seop Hd| 4o} 9|qIsiA axew ‘sap SO sjeasiul 8s0d-  91'6'Y'E sbuelleal am pjnoys- yum Buiesq ¢
S$3J0M1BU UOIIeDIUNWIWOD
|e120Ss snoleA-
pasn aq p|noys senbiuyss) uonoesxs
1 Usym JOJ SUONIPUOD Uo sajoIe JouIsIUl-
Yyum ‘poyraw saousnbasuod |ein sad
UoNoeIIX® BSOP-UBASS pue seonoe.d Jo sy S9SOP "OU pPapUBWIWOIBI ¢lein auipden ad sesop s|eln wouj
popUSWIWODaI ‘S9N  SSOJDR SSOUDIEME PadU ‘SOA SO uo saulepIND- 91°Z1'/ £ 10'9 'G 19e11X® M P|NoYS- sosop Bunoenxy |
£S1UleIISUodD ;sseualeme $Pausmoq |eute1x3 (€ @nbi4 suoisidap ndIYIg Josusnog

|euterxe Buibueyd
Aq passaippe eq p|nod

[euonenys paieys
Aq passaippe aq pjnod

juabisw]

MOJ-piW) [euonduUNY

SjulRIISUOD)

(V1) senuoyiny [e207 Ag InQO-||0y dulddeA Buung sypsusjnog uowwo) g 31gvL



um ® - Journal of Cognitive Engineering and Decision Making

10

|[2A8| |e20|
1e yum jesp isaq ‘'oN

sonsiBo)

uonnqguisip pue

‘Ul-|[ed/UoiedyIRuSp!

1uened oy sweishs

s|qelo|ie} ‘a|qe|iene
Kjjeousueb epinoid ‘sep

[9A9] [B20]
1e pauIwIalap 159
saibajes uonnqguisip
BUIDDEA ‘PauIWILIBP
Kj|jeoitjod asem

sjutes}suod Buiwinsse ‘oN

SoA

saouanbasuod
pue sweisAs
e1EP JO Sy SSO.IdE Papasu

ssaualeme paseatdul ‘w®>

SV

UO SJUIRJISUOD [eUIBIXD
Jo seouenbasuod 1noge
saijLIoyINe [RIUSD WOyl

O] ssaualeme |ediliaA ‘m®>

ON

ON

saA

alemyos Buiuies|-e-

s|teisp
19e3U0D pue suonesyienb

‘s@dunosal uewny jo 3siI7-

adon0u
uoys 1e A|ddns payiwi)

‘s|qe1dipaidun — suiddeA-

(swuswpedsp
Jay10 woly parnIdal

aq yeis ued — Ao1jod -

S|aA8] uonddjul 41-AINOD- 9L'YL ‘€L 'ZL'LLOL'9

Jeis ‘sauidoen ‘mucm_yma
91eulpio0d 01 a|ge|ieAe

swaisAs elep snolep 9L'LL ‘0L'S'Y'E'Z

suoijedo| pasiadsip

ul syusned paziioud

0] paJaisiulwpe aq

01 ‘@2130U 1IOYs 1e aUIddeA
paAl-uoys jo Addns
panwi| A1eA ‘s|gerdipaidun

uanIb sy Auey 91'9'G'p'L

£ado10u Hoys
1e JJe1s ujes) @M Op MOH-
£92110U 1I0ys 1e Jjels
paijijenb puy am op moy-
jusym pue
919YyMm 'OYM 10} SBUIDIBA
Auew moy pesu sisjuad
YdIym MOUY| M Op MOH-
;@onou
uoys 1e syusned Auoud
yum spusuwiuiodde
SUIDDeA WIUOD
pue ul |[ed ‘Ajpuspi 01
we1sAs e dn 195 am op MOH-
¢Auoud jo sepio
pue ‘sesop Bunsem
10U (1) ‘Apuasedsuen
pue Apuaidiye
‘Ajojes Buijeurnoen
(1) ®)lym @dn0U HoYSs
1e 9]BUIPIOOD M OP MOH-

ul

Jjeis uieuy 0} paau
Yt Yum Hels
|euonesado 1oy

pasu ayy Bupuejeg /

sauIddeA
Bunnguisip pue
syuaned ui Buijed
10} swiashs

eyep Buiysiigelsy 9

Jeis pue
sauiddeA ‘syusied
Buneuipioo) g

{SIUles}Suod
|eutorxe Buibueyd
Aq passaippe oq p|nod

(ssaualeme
[euonenys paieys
Aq passaippe aq p|no)

$Pausoqg
juabisw]

|eusax3

(€ 24nbi4
MOJ-pIW) [euoildund

SjulesIsuoD)

suolsiap NI

Josusog

(Penunuod) :z 31avlL



BOTTLENECKS TO COVID VACCINE ROLL-OUT 1"

in the media about how others in Norway or
other countries had succeeded, and searching to
find the method they had used. One described
how they bought a magnifying glass with a fitted
light from a superstore to develop their ex-
traction method, after reading about how others
had done so. Another described finding docu-
ments linked via Facebook groups for doctors
in Norway, and then learning more through
a chance conversation with a friend who
worked for one of the first local authorities to
report extracting seven doses. Yet another
found out through their work on vaccine
preparation with pharmaceutical technicians.
Opinions varied as to technique for extracting
seven doses, with one commenting that the
methods available from other countries were
complicated involving the use of “several
needles,” but that “we tried to simplify, and it
ended up being quite simple.”

In several cases we heard how Chief Doctors
championed six or seven doses had worked to
convince the managers responsible for the
people who would have to extract the extra
doses. One such manager described the initial
cause for concern about extracting seven doses:

“So we had a lot discussion for and against
going for it. I am happy I criticized and
asked questions at the start so that [the
Chief Doctor] understood that this was
a process for the staff who would work
with the wvaccine. It was not about
changing procedure and that’s that, be-
cause there is a safety margin that...when
you extract using the new method you
don’t see completely clearly how much is
in the injection so you have to trust that
whoever has extracted the vaccine has
done it right.”

Vaccine Coordinator, M1

The same manager said, “it took weeks to
convince me,” but it was a “healthy” process in
which the decision was made together. A
similar process was evident in the other
municipalities. Note how these discussions
effectively involve core team members ne-
gotiating the problem space in Figure 3 and

arriving conclusions after negotiating values
and goals (e.g., “safe vaccination” vs. “as
many as possible” or “do not waste doses”).
Respondents reported they were not aware of
similar negotiations in other local authorities
unless they had actively tried to find out, for
example, by contacting an acquaintance.

Positive consequences assessed on deciding
to extract seven doses included getting “more
out of the vaccine we get” and that more vaccine
sooner would be “better for the population.” A
clear negative consequence considered was the
extra training burden. Champions were careful,
however, to ensure patients received full worthy
doses of vaccine. For this reason, and because of
the advanced medication technique, some saw
an advantage in centralizing operations within
the local authority:

“We began quickly to extract “off-label”,
for the rumours flew that you get out more
than five doses, but there was also
a nursing home that couldn’t manage to
get out five doses, some managed only
four, so ... we decided quickly that the
extraction was complicated, we should
pull everything together.”

Vaccination Centre Leader, M7

Reflecting on whether IPH could have done
more to encourage local authorities to extract
seven doses, most seemed to think that IPH had
got it about right to let each local authority
decide, so that they could make decisions based
on locally available competence and equipment.
Not everyone agreed, however, some pointing to
lack of shared understanding about how many
doses the authorities “allowed” them to take out,
others calling for a unifying strategy at national
level, in which conditions for extracting seven
doses in terms of method, equipment, and
technical competence were laid out, and where
each local authority was not left to find out how
to do things itself. One downside of allowing
each local authority to decide itself was that
those who succeeded in getting out more doses
were uncertain how to use them when neither
they nor IPH had planned for them. Another
downside was that vaccination went at different
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speeds in adjacent local authorities, a threat to
fairness.

Based on the respondent accounts, increased
shared understanding about practices on dose
extraction across local authorities could have
saved time and resource used on independently
improvising solutions to a common problem.
While central authorities could not recommend
seven-dose extraction, they could have re-
sponded to the emerging bottleneck by issuing
a protocol with a description for conditions to be
met before using it. The ability to track how
many doses per vial were being extracted by
each local authority would also have allowed
them to track the emerging bottleneck.

Dealing With Changing Dose Intervals.
Many of the participants commented that
changing recommended intervals between vac-
cine dose 1 and 2 was difficult for the local
authorities to handle:

“One of the most notable changes we had
to deal with was dose intervals, from when
we started with short intervals between
doses, which were then changed...from 21
to 28 days to six weeks, three months,
back again, it affected us in terms of how
we planned for patients and the staffing of
the vaccination.”

Vaccine Coordinator, M5

One health nurse was surprised that interval
changes applied to those who had already re-
ceived a first dose, such that appointments for
dose 2 of the vaccines — already agreed and
confirmed — had to be altered. A vaccine co-
ordinator described how this was difficult to
make sense of. IPH sent out doses so that the
second dose could be given according to the new
intervals they had set, assuming local authorities
could reschedule appointments. Changes be-
came so routine that some local authorities
started predicting them in order to cope:

“Then I judged that...for we aren’t talking
about so many people and in a way the
dose supply had increased a lot, so I as-
sumed the interval would change again,
and anyway I could save up spare doses

from the week before so I could give
people their second dose at the originally
agreed time even though in IPH’s eyes it
was too early.”

Vaccine Coordinator, M3

Several local authorities were keen to stick to
the dose interval agreed with patients so as not to
“mess people about,” and to avoid a great deal of
extra telephone work in making new appoint-
ments. Changed dose intervals also created
a need for more medical assessments of in-
dividual cases (e.g., when the interval was in-
creased from 3 to 6 weeks, the 3-week interval
was kept for those with immunodeficiencies). A
further consequence was that local authorities
who had innovated and worked hard to get more
doses out of each vial were caught short.

“We got out [many] extra doses [so] we
vaccinated more people than IPH thought
we had. So when the first message came
that we should go to a 12-week dose in-
terval, I had to ring IPH and say that’s all
very nice, but I don’t have patients for
more than eight weeks more of vaccinating
according to what you say you will send us
in the coming weeks. And then you get
a message, “then keep the 8-week in-
terval”, but the public still think they will
get 12 weeks so they ask, why not
12 weeks? Then 2-3 weeks go by and [the
dose interval] goes down to nine weeks.
Luckily, we hadn’t moved to 12 weeks yet,
so we didn’t have to move all the patients,
but after only ten days we are up to
12 weeks again! Then we got told that
even though we wouldn’t have patients to
vaccinate in the last three weeks, we had to
do it, we had to move to 12 weeks, and that
meant we had to swap 12,000 appoint-
ments. And then some weeks pass by and
we get more doses and must move the
same group again to earlier appointments!
Then we struggle with those who aren’t
too bothered about exactly when they get
vaccinated, they have rearranged plans
once and don’t want to be bothered to
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change plans again. They think, ok I could
get it in August but I will get it in Sep-
tember anyway, it doesn’t matter. But we
in the municipality have to move them,
because we will get the doses earlier, and
we can’t store them or they’ll be
unusable.”

Chief Doctor, M1

Ultimately, participants worked around offi-
cial recommendations since they were con-
cerned about the effects on public trust. When
the changes frustrated people, it also increased
the load of enquiries to be dealt with by the local
authority, who already had increased burden
from re-arranging potential appointments. It is
likely that the effects of so many changes to the
dose intervals were not fully visible to central
authorities, implying a need for increased shared
situational awareness to allow central authorities
to account for conflicting functional purposes
caused by changes to an important external
constraint (cf. Figure 3).

Prioritising Patients. With a strain on
hospital resources, concern in society, and few
doses arriving in the first few months of roll-
out, it was important for authorities to prioritize
(1) in a way that would most effectively prevent
serious illness and reduce the treatment burden
and (ii) fairly. IPH issued clear higher-level
descriptions of at-risk priority groups before
vaccine roll-out, based on the findings of an
expert group (Appendix 2). In addition, IPH
gave local authorities a share of doses to be
used on frontline health personnel as the crisis
progressed. Local authority representatives
working in the field reported that they were still
left with “more granular” prioritization deci-
sions that were one of the most difficult
challenges they faced during roll-out. These
related mainly to (i) whether “near-priority”
people in the same location as prioritized
groups should also be vaccinated for the sake of
effectiveness and (ii) which health personnel
should be prioritized as critical. Two of the
local authorities reviewed procedures after
reports that the “wrong” people had been
vaccinated.

“It wasn’t clear which health personnel we
should prioritize. There are many different
types of health personnel, who are they in
relation to the legislation, in relation to
function or what did they mean? We used
a lot of time finding out who we should
prioritize.”

Vaccination Centre Leader, M7

One described how they tried and failed to
get hold of people, who then got upset when
they found out that vaccine had been used on
others. Several local authorities asked family
doctors to provide lists of patients ranked in
terms of priority but found it difficult to en-
sure that the family doctors applied priority
criteria consistently. It was clear that local
authorities had used time and effort on
questions of priority. Some described how
they made sense of the situation and adapted
in order to deal with it:

“...they have 3000 staff in Health and
Wellbeing, so it’s easy to pick out and
prioritise the most critical 100 or 200, but
if you have 1000 doses and limited time,
we would have had to have a list of names
and said [randomly] yes and no to each
one, so we had to delegate the prioritiza-
tion to each section.”

Chief Doctor, D2

“each family doctor couldn’t call in pa-
tients [randomly] based on the number of
vaccines allocated, so we had a lot of
discussion about which illnesses...how at
the centre we have fixed criteria and say no
to people who don’t match them”

Vaccination Centre Leader, M2

“those that worked with developmentally
challenged persons set themselves high up
on the priority list, but drop-in medical
service (legevakt) lower down...but we
see the whole picture and of course ranked
drop-in services as the most important in
this system here. We gave clear guidance
on how to prioritize but of course the needs
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of those like us are perhaps more visible to

2

us...

Logistics Manager, M2

“it was terribly difficult, should we pri-
oritize care assistants...vulnerable people
are wholly dependent on them for their
most basic needs, but they are a group
without education and a weak voice...on
the other hand dentists — who have strong
representation — are protected, but then
again dentists are exposed to infection.”

Chief Doctor, M2

Priority decisions were too complex to be
based on a logical comparison of pros and cons,
but rather solutions were found that they be-
lieved matched the circumstances well. The
challenge of prioritization decisions was that
once made, they were visible to all, and there
were consequences for fairness of prioritizing
differently within or across local authorities.
There was, however, little central support to
coordinate difficult decisions, just a message
that “local authorities are different so you have
to prioritize yourselves.” This approach fails to
account for patients seeing others like them in
the neighboring municipalities getting vacci-
nated first, or for health personnel living in one
local authority working in another local au-
thority where colleagues have been vaccinated.
Several representatives therefore felt a need for
clearer guidance or coordination on how to
prioritize groups to limit the consequences for
fairness of varying assessments. One represen-
tative sought more discussion about priority
decisions among neighboring municipalities to
base decisions on a broader awareness. Local
authorities also sought clearer direct central
guidance during roll-out specifically about
which health personnel should be prioritized.

Discussion

We interviewed 14 decision-makers in key
roles working for different local authorities in
Norway in the critical COVID-19 vaccination
period from January to September 2021. Bot-
tlenecks to decision-making were identified

from accounts of cognitive tasks in the context
of a shared vaccine roll-out “problem space.”
Central to the problem space are 16 system
functions needed to organize roll-out so that as
many people as possible are vaccinated as fast
and as fairly as possible, in the order set out in
authority guidelines, and while maintaining
public trust in the authorities’ handling of the
pandemic. The 16 functions are needed to ensure
that the “three flows” of vaccines, patients, and
staff (Decouttere, Vandaele, et al., 2021) are
aligned with system values and goals. They
should be supported when designing improved
roll-out systems. The 16 functions also align
well with questions decision-makers have at the
start of roll-out, so can also form a basis for
training or decision support.

In the context of the problem space, we
identified seven common bottlenecks to
decision-making by local authorities during
COVID-19 vaccine roll-out. Each bottleneck
was shaped by the local authorities’ shared
external constraints. Five of the bottlenecks
were not apparent to authorities at the outset but
emerged only as the roll-out progressed. The
three main emergent decision bottlenecks cen-
tered around extracting doses from vials, dealing
with changing dose intervals and prioritizing
patients. We observed several examples of how
local authorities improvised to deal with these
bottlenecks and changing external constraints in
the face of local conditions. Most notably, some
core teams searched for ways to extract extra
vaccine doses from vials as they learned from
social and other information sources that this
was possible, and then “muddled through” to
perfect an advanced extraction technique in the
context of local constraints. Similarly, local
actors improvised solutions to challenges posed
by changing dose intervals and unpredictable,
short-notice vaccine supply, and were willing to
go outside of procedures and guidelines in order
to conserve important goals. In real-world
contexts, improvised data systems, the use of
pensioned health workers and extra “off-label”
doses afford much-needed flexibility to adapt in
the face of unpredictable vaccine supply, staff
shortages, and changing dose intervals. These
affordances could have been threatened if



BOTTLENECKS TO COVID VACCINE ROLL-OUT 15

national strategy had not allowed for distributed
improvisation — which it clearly did.

Despite this, we wonder if the positive effects
of distributed improvisation might have been
improved further if central authorities had de-
tected the three main emergent bottlenecks as
they arose, and then responded by changing
external constraints. Most notably, detection of
varying dose extraction levels among different
local authorities might have prevented IPH
making frequent, sweeping changes to dose
intervals that failed to account for those local
authorities who had innovated to extract seven
doses from their vials. In addition, all five
emergent bottlenecks could arguably have been
eased if local authorities had had a greater level
of shared situational awareness, which national
or regional authorities could have helped
facilitate.

Thus, while central and local authorities
appear to have implemented distributed im-
provisation effectively, there was less evidence
that central authorities facilitated the co-
ordination of local improvised actions as the
response progressed. The need for coordination
of emerging local responses was evident in calls
from some respondents for IPH to disseminate
a recommended seven-dose extraction method
along with conditions to be met before use; and
in the need for IPH and other local authorities to
learn about the potential negative effects on
public trust that frequent changes to dose in-
tervals could have. A need for clearer prioriti-
zation of health personnel for vaccination also
emerged, and clearer stakeholder-centered
guidelines could have been worked out in
response.

A recent commission into the overall crisis
response by Norwegian authorities concluded
that the roll-out response was largely successful,
and we should emphasize that this was reflected
by the comments of our participants (NOU,
2022). A willing, proactive, and cooperative
work culture among core teams at local level
helped harness the distributed autonomy local
authorities were given. Initial high levels of
public trust in the authorities was another key
element in a successful crisis response (Chris-
tensen, 2020). With the aim of improving re-
sponses still further, however, it is important to

ask whether high levels of public trust could
have been better maintained, and the effec-
tiveness of the roll-out optimized, if improvised
actions across local authorities had been har-
monized. An evaluation of a previous vaccine
roll-out crisis in Norway supported this idea by
concluding that local variation in decisions on
vaccine administration, logistics, and the de-
velopment of public trust could have limited the
efficiency and perceived fairness of national
vaccine roll-out (DSB, 2010).

Turning to how local improvised actions
might be harmonized, we saw several examples
of coordination emerging across local authori-
ties. Chief Doctors sought out information on
seven-dose extraction methods from acquain-
tances in similar positions in other municipali-
ties, and nearby local authorities set up groups to
borrow vaccines from each other to deal with
unpredictable supplies and unexpected prob-
lems. Engagement by central authorities to
identify, support, and expand on such emergent
coordination by local actors could lead to sup-
portive mechanisms where they are needed
most. Given differing interpretations by local
authorities on key aspects of vaccine roll-out
(e.g., number of doses it was okay to extract,
which health personnel groups to prioritize,
importance of attending to recommended dose
intervals), collective sensemaking needs to be
facilitated. This would increase shared aware-
ness among crisis actors representing different
local and central authorities, of common chal-
lenges, good solutions and discrepant ap-
proaches, and thus help avoid suboptimal
solutions, confusion, or perceptions of un-
fairness among the local authorities’ inhabitants.
In the context of the multi-team literature, de-
veloping optimal joint cognitive systems for
nationwide vaccine roll-out is not just about
local authorities aligning activities and goals
with those of national authorities, but a two-way
iterative process in which national authorities
and IPH coordinate to ensure alignment with the
different strategies local authorities use to ach-
ieve nationwide goals. The challenge for IPH
and national health authorities is how to co-
ordinate, communicate, and understand the
varying strategies and affordances of 356 local
authorities in this way.
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Study Limitations

The picture we have drawn is neither perfect
nor complete. One limitation is that we have had
restricted access to participants busy with im-
portant work and have therefore built our picture
from limited views of the “system elephant.”
While we have not interviewed IPH or authority
representatives in depth, they were involved in
preliminary discussions and workshops for the
project. Given that our approach has been to
look at what shapes decision bottlenecks for
local responders — to look at the system through
the eyes of local decision-makers — we do not
regard this as a serious limitation.

While we have attempted to be as explicit as
possible about the process used to generate
observations and patterns to be functionally
accounted for, it has not been possible to de-
scribe explicitly how we identified bottlenecks
insight about the “deeper dynamics” of complex
social systems. This is related to the difficulties
of warrant in functional analysis and the use of
insight in cognitive systems engineering, as
discussed by Woods (2003). On a more technical
point, some researchers might question the
conciseness of our approach to cognitive task
analysis, and not least our use of a curtailed
critical decision method, but we found the de-
scribed process to be efficient and effective
given the restricted time we had with the people
we spoke to. Finally, while only one researcher
coded the text, we do not think this has com-
promised the study because the nodes used are
easy to understand and coding of a randomly
selected interview by a second rater showed
close agreement.

Conclusion

Analysis of cognitive interviews with
decision-makers involved in local COVID-19
vaccine roll-out in Norway identified seven
bottlenecks to decision-making that were
common across local authorities due to their
shared external constraints. Five of these
bottlenecks emerged as the crisis progressed.
To improve management of major crises in the
future, we speculate that central authorities
might consider how they can facilitate co-
ordination to improve shared situational

awareness with and among local authorities
and track and address common decision bot-
tlenecks as they emerge. More research is
needed, however, to explore alternative cen-
tralized response strategies and assess how
well they effectively balance centralized and
distributed control.

This article is part of the CONTRA project
(https://contra.uia.no) financed by the Research
Council of Norway.
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Appendix I CTA Questions

. Can you tell us about your background and

current position in the municipality?

. Concerning how vaccination is organized by

the municipality:
a. What are the municipality’s goals?
b. Can you describe what the municipality
has to do to organize vaccination?
¢. Who is responsible for what?
d. Who does what?

. Concerning your role in organizing the

vaccination:
a. What have been your main goals?
b. What have you done to achieve these
goals?
c¢. Can you break this down into four to six
main tasks?

. For each task identified, as appropriate:

a. Can you give me the big picture?

b. What questions do you have as you
approach this task?

¢. How do you answer? Which information
do you need? What do you have to
follow up or monitor?

d. What makes things go well?

e. Has anything happened to cause problems?
What are the most critical challenges?

. Startup:

a. How did you find out what to do?

b. How were tasks distributed among
roles?

c. Was there any training involved?

. Decision-making:

a. What are the most important decisions
you have had to take?

b. Which have been the most challenging?
¢. What did you think about at the time?

. Information:

a. Can you describe an instance where you

have had to act based on limited information?

b. How did you look to review the situation
to account for new information?

. Collaboration:

a. Which other actors are important for you

in your work?

b. How is your work influenced by com-
munication or actions of actors outside
the municipality?
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9. Sustainability:

a. Can you describe the work in terms of

efficiency? Were priority groups vaccinated

as quickly and effectively as possible?

b. Can you describe the work in terms of
waste avoidance?

c. Can you describe the work in terms of
fairness? Were all people in a priority group
equally informed and have access to
vaccine?

d. How were each of these factors influ-
enced by communication and action of
actors outside the municipality?

10. Shortened Critical Decision Method based on

Crandall et al. (2006):

a. Can you think of an incident or difficult
situation in which you had to make

a critical decision, a decision where you

lacked sufficient information or

knowledge on which to base the de-
cision? It can be a decision involving
other actors or organizations.

Choose most suitable decision for analysis

b. Can you tell a story about the events in
the order in which they happened?

What happened when?

Identify key decision point(s) and run
through or select from following
probes:

If you had to describe the situation to another
at that moment, how would you summarize
the situation?

What were your goals at the time, what was
the most important thing you were trying to
do?

What did you know? What didn’t you know?

What information did you use to make your
decision? Where did it come from? How
did you use it?

What other decisions could you have made at
the time?

How did you choose to act as you did?

Was this a familiar situation?

Can you describe any training relevant to the
situation or decision?

Was your experience from other situations
relevant?

What told you that was the right decision?

How long did it take to make the decision?
Was there time pressure?

Did you consult with others?

How did you know whether to trust any advice
or guidance you got?

What information could have helped you?

Appendix 2 Priority Groups

Order of priority of vaccination for groups with
increased risk of serious outcomes 2020-12-v2-
anbefalinger-og-prioriteringer-2-utgave-
korrigert-forside.pdf (fhi.no)

Care home inhabitants (r = 40.000)

Age 85 years and over (n = 120.000)

Age 75-84 and over (n = 290.000)

Age 65-74 years (a), people aged 18-64

years with high risk (b) (n = 1.540.000)

5. Age 55-64 years with underlying illness/
condition (n = 175.000)

6. Alder 45-54 years with underlying illness/
condition (rn = 125.000)

7. Alder 1844 years with underlying illness/
condition (n = 160.000)

8. Alder 55-64 years (n = 650.000)

9. Alder 45-54 years (n = 745.000)

bl i

Appendix 3 Analysis of Two Other
Emergent Bottlenecks

Deciding Whether to Dispose of or
Use Vaccine

In finding solutions, local authorities appeared
to be choosing between two conflicting goals:
vaccination as fast as possible and matching
priority criteria (Figure 3). If forced to choose,
local authorities chose the former. One critical
decision involved a Chief Doctor deciding to
vaccinate patients at care homes who fell just
outside of the priority group criteria (85 years
and over). It took time and resources to
transport vaccine doses, to prepare them, and
they had to be used up before it was too late.
Including the few patients at each care home
who were slightly under 85 years old was much
more effective than again having to transport
and prepare vaccine for them again. Still, such
decisions were not taken lightly and made
despite:


https://www.fhi.no/contentassets/d07db6f2c8f74fa586e2d2a4ab24dfdf/2020-12-v2-anbefalinger-og-prioriteringer-2-utgave-korrigert-forside.pdf
https://www.fhi.no/contentassets/d07db6f2c8f74fa586e2d2a4ab24dfdf/2020-12-v2-anbefalinger-og-prioriteringer-2-utgave-korrigert-forside.pdf
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“...enormous pressure, like everyone
wanted to know who we had vaccinated, how
old they were, which order, people were on
us the whole time, private people, local
people, but also the health authorities and
IPH.”

Chief Doctor, D1

Another local authority representative de-
scribed a situation in which there was little
time left to use up extra doses it had managed
to extract from the vials it was given. Rather
than waste them, they found people to vac-
cinate who were known to be in a nearby
location with society-critical roles, even
though they did not meet priority criteria. A
third participant identified as critical, a de-
cision to use vaccine with very little time left
before they went out of date:

“We had some vaccines...they had been
opened such that they could only be used
for 10 min more...and we hear all the time,
don’t throw away, don’t throw away, so we
want to use them but were not sure
whether we could. So we rang IPH and
were unsure and they said they would
check. Meanwhile we found information
on IPH’s website, with graphs and ev-
erything, it said it was ok, we all checked
it. There was only a couple of minutes left,
so we used it. Then 2 min after the
deadline, they rang and said we shouldn’t
have done it, we should have been
stricter.”

Chief Doctor, D2

In making this decision on consultation with
a Vaccine Center Leader and an experienced
nurse, the Chief Doctor had weighed up the goal
of using all viable vaccine against the possibility
of reduced effect or increased risk of side-
effects, as well as the implications of compli-
cating the way the vaccination was registered.
Another concern was uncertainty created by
having to swap vaccine to be used at the last
minute, for the person vaccinating and the pa-
tient being vaccinated.

Short-Notice Coordination of Patients,
Vaccine and Staff

Vaccination requires that patients, vaccine
and staff are located and ready at the same
time. Several constraints converged to make
coordination decisions challenging, espe-
cially at the start of roll-out: Pfizer vaccine
longevity was short, and smaller, rural au-
thorities could receive as little as 1-3 vials
(each containing 5-7 doses) to be adminis-
tered to a small number of prioritized patients
in dispersed locations. Many authorities got
5 days’ notice on how much vaccine would be
coming, including weekends and the levels
supplied were unpredictable. These con-
straints made prepared plans redundant (e.g.,
strategies used to distribute vaccine in the
previous influenza pandemic of 2009 could
not be used). Local authorities had to im-
provise logistical solutions that allowed them
to control distribution and longevity while
vaccinating safely, efficiently, and trans-
parently, in order of priority and without
wasting doses (Figure 3). Short vaccine
longevity also created logistical problems
when many doses were supplied — the prob-
lem then being how to find enough people in
prioritized groups to be vaccinated within the
time available. Participants agreed that lack
of predictability and control over incoming
dose availability was one of the most difficult
problems they faced, affecting their ability to
plan other system functions such as choice
and staffing of locale, and communicating
with the public. It meant that local authorities
had to adapt rapidly and work intensely under
pressure to avoid wasting doses, to keep the
vaccination program visible and transparent
to the public, and to keep doing things right.
The relevant external constraints changed
frequently during roll-out; thus, the co-
ordination bottleneck is classified as emer-
gent in Table 2.

Most local authorities recognized that central
authorities (i) were challenged by variable and
unpredictable supplies of vaccine to Norway and
(i1) could not create a permanent and robust
“buffer” stock of vaccine to improve



22 um ® - Journal of Cognitive Engineering and Decision Making

predictability, since this was not in line with the
functional purposes of the system (as many and
as fast as possible) and might have been difficult
for the public to understand (public trust). Re-
ponses suggest, however, that increased shared
situational awareness across local authorities
would have provided a basis for identifying or
sharing effective strategies to deal with the
converging constraints. It would also have given
central authorities insight into the consequences
of the constraints and obviated a need to find
simple ways to explain the challenges to the
public.
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