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Complexity+is+rising

Time

Complexity

Individual

Y.+Bar9Yam,+Complexity+rising:+From+human+beings+to+human+civilization,+a+complexity+profile,+Encyclopedia+of+Life+Support+Systems+(EOLSS+
UNESCO+Publishers,+Oxford,+UK,+2002);+also+NECSI+Report+1997912901+(1997).+Reprinted+with+permission.
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Edge%of%chaos?

Participants,%44th G7%summit%in%La%Malbaie,%Wikimedia%Commons.%Licensed%under%Gov of%Japan%Standard%Ver.2.0%and%CC%BY%4.0.

https://commons.wikimedia.org/wiki/File:44th_G7_Summit_Group_Photo.jpg
http://www.kantei.go.jp/jp/singi/it2/densi/kettei/gl2_betten_1_en.pdf
https://creativecommons.org/licenses/by/4.0/


Common%responses%to%complex%problems

• Retreat

• Despair

• Believe%the%problem%is%beyond%hope

• Assign%blame,%figure%out%who%is%responsible

• Simple%solutions

• Galvanize%our%collective%response%and%invest%
significant%resources



Key$Messages
• Complex$systems/problems$are$not$the$same$as$
simple$or$complicated$systems/problems.

• Approaches to$complex/wicked$problems$are$not$
the$same$as$solutions to$simple$or$complicated$
problems.

• Systems$thinking$is$needed$when$defining$the$
problem$to$be$solved,$implementing$
interventions$and$when$assessing$their$impact.



Complex(is(not(the(same(as(complicated

Simple Complicated Complex

Bake(a(cake Send(a(rocket(
to(the(moon Raise(a(child

http://www.sigeneration.ca/social;innovation/complexity/



Complex(is(not(the(same(as(complicated

Simple Complicated Complex

Cake Rocket Child

http://www.sigeneration.ca/social9innovation/complexity/



Characteristics*of*Systems
Simple'or'Complicated'Systems Complex'Systems

Homogeneous Heterogeneous

Linear Nonlinear

Deterministic Stochastic

Static Dynamic

Independent Interdependent

No*feedback Feedback

Not*adaptive*or*self?organizing Adaptive*and*self*organizing

No*connection*between*levels*or*
subsystems

Emergence

Source:*Finegood,*D.T.,*Johnston,*L.M.,*Steinberg,*M.,*Matteson,*C.M.,*Deck,*P.B.**Complex*Systems*and*Behavior*Change.**In:*Health*
Behavior*Change*in*Populations.**Kahan,*S.,*Green,*L.W.,*Gielen,*A.,*Fagen,*P.*(eds).**Johns*Hopkins*University*Press,*435?458,*2014.



Simple Complicated Complex

Bake%cake Rocket%to%moon Raise%a%child

Problem%
definition Clear Some%uncertainty Lots%of%uncertainty

Rules Same%apply%
every%time

Continuously%
improved%until%
repeatable

No%direct%transference%from%
context%to%context

Expertise Not%really%
required

Requires%high%
levels%in%specific%
areas

Not%needed%to%develop%a%
common%understanding;%
may%be%helpful

Success Follow%
protocol

Experiment%to%
develop%protocol

Adaptation%and%continuous%
learning

Adapted%from%The%Australian%Prevention%Partnership%Centre

https://preventioncentre.org.au/resources/learn-about-systems/


Simple?

From+torange.biz licensed+under+CC8BY+4.0

https://torange.biz/vaccination-18976
https://creativecommons.org/licenses/by/4.0/


Complex?

From+Canadian+Obesity+Network+licensed+under+CC+BY<NC<ND+2.0

https://www.flickr.com/photos/144769815@N06/32123878083/
https://creativecommons.org/licenses/by-nc-nd/2.0/


We#need#to#start#thinking#differently

Reductionist Systems.Thinking

Problem#
exploration Isolate#parts Explore#emergent#nature#of#the#

whole

Goal Solve#a#problem Develop#shared#understanding#of#
problem,#approach,#progress

Nature#of#
problem

Understood#
objectively

Multiple#causes,#no#single#solution,#
perspective#and#context#matter

Responsible#to#
take#action Others Everyone

Adapted#from#The#Australian#Prevention#Partnership#Centre 12

https://preventioncentre.org.au/resources/learn-about-systems/


Key$Messages
• Complex$systems/problems$are$not$the$same$as$
simple$or$complicated$systems/problems.

• Approaches to$complex/wicked$problems$are$not$
the$same$as$solutions to$simple$or$complicated$
problems.

• Systems$thinking$is$needed$when$defining$the$
problem$to$be$solved,$implementing$
interventions$and$when$assessing$their$impact.



Systems'Thinking
• Set'of'analytic'skills'used'to'improve'capability'of'identifying'

and'understanding'systems,'predicting'their'behaviors,'and'
devising'modifications'to'produce'desired'effects'(Arnold'&'
Wade,'2015).'

• Way'to'make'sense'of'a'complex'system'that'gives'attention'
to'relationships,'boundaries'and'perspectives.''A'mental'
framework'that'helps'us'to'become'better'at'addressing'
complex'problems. Find'ways'to'shift'or'recombine'parts'to'
offer'improved'outcomes'(Adapted'from'TAPPC).

14

https://preventioncentre.org.au/resources/learn-about-systems/


Domains(for(a(systems(approach

Intervene

Define(
problem

Assess(
impact



Domains(for(a(systems(approach
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Linear'logic'models'suggest'a'
problem'is'only'complicated

Enhancing'Program'Performance'with'Logic'Models,'University'of'Wisconsin>Extension,'Feb'2003



Evidence(based,medicine,is,built,on,a,
reductionist,paradigm

http://hlwiki.slais.ubc.ca/index.php/Evidence(based_medicine



Social'ecological'models'do'not'
emphasize'interdependencies



Causal&loop&diagrams&emphasize&
interdependencies

https://www.gov.uk/government/publications/reducing;obesity;obesity;system;map



Problem(definition(depends(on(who(
is(in(the(room

Finegood,(DT,(Merth,(TDN,(Rutter,(H.((Obesity(18((Suppl.(1):(S13FS16,(2010.(Reprinted(with(permission.



Problem(definition(and$resolution$are(
concomitant

Reprinted(with(permission(from(B.(Butland,(unpublished(observations 22



“Defining”)Methods)and)Tools
• Causal)loop)diagrams
• Concept)mapping

• Network)mapping
• Visual/Graphic)
mapping

• System)effects)
mapping

• Fuzzy)cognitive)
mapping

• Intervention)level)
framework

• Group)model)building

• Delphi)methods



Principles*for*problem*definition

• Develop*a*shared*understanding*among*
stakeholders

• Use*heuristics*that*reflect*relevant*aspects*of*
complexity

• Work*on*problem*definition*and*problem*
resolution*together

• Use*methods*and*tools*that*support*co<creation**



Domains(for(a(systems(approach

Intervene

Define(
problem

Assess(
impact



Systems'Approaches'to'Intervention

• Support'individuals'/'
individuals'matter

• Match'capacity'to'complexity

• Set'functional'goals;'focus'on'
principles'that'GUIDE

• Distribute'decision,'action,'&'
authority

• Separate'simple'and'complex'
processes

• Establish'networks'and'teams

• Build'authentic'trust

• Utilize'the'relationship'
between'cooperation'and'
competition

• Act'locally,'connect'regionally'
and'learn'globally

• Move'from'“let'it'happen”'or'
“make'it'happen”'to'help'it'

happen

Based'on'the'ideas'of'BarIYam,'Wheatley,'Greenhalgh,'Solomon'&'Flores,'Quinn'Patton



Match&capacity&to&complexity

Y.&Bar3Yam,&Complexity&rising:&From&human&beings&to&human&civilization,&a&complexity&profile,&Encyclopedia&of&Life&Support&Systems&(EOLSS&
UNESCO&Publishers,&Oxford,&UK,&2002);&also&NECSI&Report&1997312301&(1997).&Reprinted&with&permission.&

Complexity

Capacity

Fail

Survive

High

Low

HighLow



Influence(Emergence
• Stage&1&– Networks:(

– self/organized,(based(on(self(interest
– have(fluid(membership

• Stage&2&– Communities&of&Practice:&
– also(self/organized,(but(people(commit(to(be(there(for(each(other
– used(to(share(knowledge(and(to(intentionally(create(new(knowledge
– good(ideas(move(rapidly(amongst(members

• Stage&3&– Systems&of&Influence:(
– can’t(be(predicted;(sudden(appearance(
– pioneering(efforts(at(the(periphery(suddenly(become(the(norm(
– policy/funding(debates(include(perspectives/experiences(of(pioneers
– critics(suddenly(become(chief(supporters

M(Wheatley(and(D(Frieze(©2006,(USING(EMERGENCE(TO(TAKE(SOCIAL(INNOVATIONS(TO(SCALE(



Spread'innovation

Greenhalgh)T.)Et)al.))The)Milbank)Quarterly,)Vol.)82,)No.)4,)2004)(pp.)581–629)



Build&trust&to&reduce&complexity
• Simple'Trust

– Devoid&of&suspicion,&demands&no&reflection,&no&conscious&choice
– Can’t&be&recovered&if&it&is&lost

• Authentic'Trust
– Mature,&articulated,&carefully&considered
– Recognizes&possibility&of&betrayal&and&disappointment
– Must&be&continuously&cultivated

• Cordial'Hypocrisy
– Façade&of&goodwill&and&congeniality&that&hides&distrust&and&cynicism
– Destructive&to&teamwork
– Makes&honest&communication&impossible

RC&Solomon&and&F&Flores.&&Building&Trust&in&Business,&Politics,&
Relationships&and&Life.&&Oxford&University&Press,&2001



Consider)a)spectrum)of)partnerships

Sponsorships Alliances Partnerships

independent interdependent interconnected

transactional collaborative co8ownership

information)
exchange

resource
exchange

resource
optimization

low)cost,
low)risk

limited)costs,
staff)time

leverage
leadership

equity)valued equity)needed equity is)core



Consider)intervention)levels

Paradigm

Goals

Structure

Feedback &)Delays

Structural)Elements

= dee
ply)

held
)bel

iefs

= wha
t)th

e)sy
stem

)is)t
ryin

g)

to)a
chie

ve

= info
rma

tion
)flow

s.)

con
nec

tivit
y,)tr

ust

= self
Breg

ulat
ion,

)

rein
forc

eme
nt,)a

dap
tati

on

= sub
syst

ems
,)ac

tors
,)

ope
rati

ng)p
aram

eter
s

Ef
fe
ct
ive

ne
ss

Di
ffi
cu
lty

Johnston,)Matteson,)Finegood.)Am)J)Public)Health)104:)1270B8,)2014.



GUIDE&for&Principles

•Prescriptive,&directional&– provides&advice,&guidance,&specifies&direction,&informs&priorities

• Effectiveness<oriented&– “Do&this…”&to&be&effective

• Distinctive&from&its&opposite&or&alternative

Guiding

• Points&toward&desired&results;&describes&how&to&be&effective

• Supports&making&choices&and&decisions

• Utility&resides&in&being&interpretable,&doable,&feasible&and&actionable

Useful

• Values<based,&ethically&grounded

• Meaningful

• Is&important,&evokes&a&sense&of&purpose

Inspiring

• Context&sensitive

• complexity&adaptable

• Enduring&(not&time<bound)

Developmental

• Can&document&and&judge&whether&it&is&followed

• Can&document&and&judge&what&results

• Can&determine&if&it&takes&you&where&you&want&to&go

Evaluable

Quinn&Patton,&M.&Principles<Focused&Evaluation:&The&GUIDE.&The&Guilford&Press,&New&York,&2018,&p.38.



Principles*for*intervention
• Focus*on*matching*capacity*and*complexity*for*
individuals/organizations*in*the*system

• Influence*emergence*by*nurturing*and*enabling*
networks*to*become*communities*of*practice

• Build*authentic*trust*to*reduce*the*complexity*of*
working*in*partnership

• Attend*to*higher*levels*(paradigms,*principles)*of*the*
system



Domains(for(a(systems(approach

Intervene

Define(
problem

Assess(
impact



Shared'Measurement
• Collecting'data'and'measuring'results'consistently'
across'all'participants'ensures'efforts'remain'aligned'
and'participants'hold'each'other'accountable.

• The'process'of'designing'and'managing'the'shared'
measurement'system'is'participatory'and'
transparent

• Quality'data'on'a'set'of'meaningful'indicators'is'
available'to'partners'in'a'timely'manner

Preskill et'al.'The'Guide'to'Evaluating'Collective'Impact'by'FSG'is'licensed'under'a'Creative'
Commons'Attribution—NoDerivs 3.0'Unported License.



Principles*for*Assessment
• Focus*on*adaptation*rather*than*attribution*and*fidelity

• Focus*on*improving*(rather*than*proving)*effectiveness**
• Create*shared*measurement*systems*

• Consider*outcomes*of*interest*to*diverse*stakeholders

• Emphasize*participatory*and*co?production*approaches*
• Value*different*types*of*evidence*(scientific,*practice,*

contextual)

• Develop*measures/methods*to*assess*complexity,*capacity,*
context*and*trust*

• Create*relevant*and*timely*feedback*loops

Adapted*from:*Riley,*Willis,*Holmes,*Finegood,*Best,*McIsaac.*Chapter*9:*Systems*Thinking*and*Dissemination*and*Implementation*Research.*
In:*Dissemination*and*Implementation*Research*in*Health:*Translating*Science*to*Practice.*Brownson,*R.C.,*Colditz,*G.A.,*Proctor,*E.K.*(eds).**

New*York:*Oxford*University*Press,*2nd edition.



Empirical)evidence)for)a)systems)approach

Implementation Science 2007, 2:28 http://www.implementationscience.com/content/2/1/28

Page 3 of 8
(page number not for citation purposes)

publications on organizational change and guideline
implementation. To focus the search on diabetes, we
added disease-specific MeSH and text word terms, ran a
preliminary search, and reviewed 200 titles and abstracts
(determined by saturation, until no further new terms
were identified) for additional text word terms. The search
terms are available in Additional File 1. We did not search
the management literature, nor did we seek out unpub-
lished data.

Inclusion and exclusion criteria
Inclusion criteria were randomized, quasi-randomized, or
controlled clinical trials published in English and con-
ducted in economically developed countries as identified
by the International Monetary Fund or the Organization
for Economic Cooperation and Development [24]. We
excluded non-English articles because non-English stud-
ies comprise only 1% of the EPOC registry. We excluded
studies reporting only the following nonclinical out-
comes: patient or provider knowledge; self-efficacy; satis-
faction; or other attitudes and beliefs. We also excluded
studies of: Type 1 or gestational diabetes; patients < 18
years old or patients younger and older than 18 but not
reporting results separately for adults; work site health
interventions; exercise rehabilitation or smoking cessa-
tion; and disease prevention or screening only.

Four investigators independently reviewed overlapping
groups of differing halves of the citations' titles and
abstracts generated by the full literature search to assess
agreement regarding potentially eligible publications.
Raw agreement was 94%. If eligibility was uncertain after
review of the title and abstract, the full article was
reviewed. Eligible studies were independently reviewed
and jointly abstracted in detail by teams of two investiga-
tors. Disagreements were resolved by consensus of the
group of investigators.

Assessment of leveraging of characteristics of CAS
Eligible publications were independently evaluated by
two raters with content expertise in complexity science to
assess the extent to which the intervention utilized any of
the following characteristics of a CAS: individuals' capac-
ity/ability to learn; the interconnections between individ-
uals; the ability of participants to self-organize; and the
tendency of participants to co-evolve. These are represent-
ative of critical elements of CAS [18,19]. The definition of
each characteristic used by reviewers is shown in Table 1.
Each study was given a point for each of the characteristics
present in the study design, for a possible lowest score of
zero and highest score of four. Table 2 gives specific exam-
ples of interventions that met criteria for each score, with
the characteristics they were felt to reflect. The raters were
blinded to the outcomes of the studies. The kappa for

these scores between reviewers was 0.78, with conflicts
subsequently resolved by discussion.

Assessment of reported outcomes
Because of the heterogeneity across study outcomes, we
did not use effect size as the outcome variable. The most
commonly used outcome was change in hemoglobin A1c,
but this was used in only 14 studies of variable duration,
four of which contained unit of allocation error, or mis-
match between the unit of randomization and unit of
analysis. Additionally, some studies compared change in
hemoglobin A1c with baseline values, rather than with
controls. To overcome this, a rating scale was used to
assess the efficacy of the intervention. The outcomes of
each study were assessed by two independent raters on a
scale of 0 (no effect), 0.5 (mixed results), and 1 (interven-
tion effective) based on the type (process versus out-
come), number, and statistical significance of outcomes
reported. The specific criteria used for each rating, along
with specific examples of the reported outcomes for each
rating, are shown in Table 3. Raters were blinded to study
interventions, and one was different from the interven-
tion raters. The kappa for these scores was 0.79, with con-
flicts resolved by discussion.

Statistical analysis
Because of the small number of studies identified, we used
Fisher's exact test to test the significance of the relation-
ship between total number of characteristics of complex
adaptive systems being leveraged by an organizational
intervention and the strength of outcomes reported, as
well as between each individual characteristic and the
strength of outcomes. Because a mismatch between the
unit of allocation and analysis may bias a study toward
positive results, we divided studies into two groups based
on whether a unit of analysis error was present. A second
analysis using Fisher's exact test was performed including
only those studies that did not contain a unit of analysis
error. Finally, a third analysis using logistic regression was
performed to weight studies based on both sample size
and duration of intervention. All statistical analyses were
performed using Stata 8.0 (College Station, Texas).

Table 1: Characteristics of complex adaptive systems abstracted

Characteristic Definition

Agents who 
learn

People can and will process information, as well as 
react to changes in information

Interconnecti
ons

Change in pattern of interactions, including non-
verbal communication, among agents Introducing 
new agents into the system.

Self-
organization

Order is created in a system without explicit 
hierarchical direction

Co-evolution The system and the environment influence each 
other's development

Implementation Science 2007, 2:28 http://www.implementationscience.com/content/2/1/28

Page 5 of 8
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do not improve process or outcome measures for patients
with the chronic illness diabetes [3-5]. Only 50% of rand-
omized or controlled clinical trials meeting criteria for
this systematic review demonstrated significant improve-
ment in most or all endpoints. In support of our hypoth-
esis that implementation strategies consistent with CAS
theory will be more likely to be effective, we found a sig-
nificant relationship between the number of CAS charac-
teristics utilized in an intervention and the intervention's
effectiveness in improving process or outcome measures
in patients with Type II diabetes. This was true in studies
conducted across a diversity of clinical settings and
reported outcomes. This finding potentially widens the
scope of the application of CAS theory beyond the current
literature that focuses on describing clinical settings as
CAS [14,15], to build upon the idea that we can use CAS
to both design and implement interventions [16,20] that
are more likely to lead to improved performance.

Specifically, the finding that interventions incorporating
features of CAS were more effective suggests that a
dynamic approach to the design of organizational inter-
ventions to improve patient outcomes may be helpful.
Rather than designing one-size-fits-all interventions that
require adherence to a rigid, pre-set course of action,
allowing participants to have input and control that
reflect their local environment, as well as allowing them
to adapt or deviate from a set plan as results evolve, may
lead to more effective change. In short, we suggest that
thinking about the intervention as a participatory, adap-
tive process rather than a set blueprint will lead to more
effective interventions. These approaches currently exist;
one example includes the Institute for Healthcare
Improvement's Framework for Spread [57]. However, our
finding that less than one-third of studies identified in our
search allowed for self-organization suggests that their use
is far from universal.

Two individual characteristics, co-evolution (ability of
participants to modify practices based on forces internal
and external to the clinical setting) and interconnections
(changing the pattern of communication between partici-
pants) had the strongest relationship with intervention
effect. It is difficult to interpret the lack of a relationship
between other individual characteristics and strength of
outcomes, as the number of studies included in this anal-
ysis was small, particularly after those with level of analy-
sis error were excluded. However, the significant
association between the overall number of characteristics
of CAS and the intervention effectiveness, in the absence
of a clear association for all individual characteristics,
could imply that combinations of characteristics are more
effective,i.e., the interventions should consider the holis-
tic nature of practices. The number of studies was too
small to allow for this analysis.

The association between interventions that influenced the
interconnections between participants and intervention
effectiveness may suggest that interventions that focus on
the quality and pattern of relationships between partici-
pants in a clinical setting may be superior to those that
focus on trying to change the behavior of a single partici-
pant. What sets this apart from other theories of organiza-
tional change is the scope of this approach to allow
consideration of multiple aspects of the clinical setting,
and the nonlinearity of the relationships between them.
This inherent nonlinearity implies that inputs and out-
puts are unlikely to be proportional, particularly across
clinical settings and over time, and suggests the need for
the following specific approaches: involvement of more
than one type of participant in both intervention design
and implementation, use of more than one method of
connecting agents in an organization, and continual reas-
sessment of the effect of an intervention coupled with a

Table 4: Distribution of CAS and effectiveness of interventions

Total CAS Score Rating of Intervention 
Effectiveness

Total No. 
Studies with 
each CAS 

Score

0 0.5 1

0 1 0 0 1
1 1 1 0 2
2 1 3 0 4
3 0 7 11 18
4 0 1 6 7

Total No. Studies at each 
Level of Effectiveness

3 12 17 32

p = 0.002

Flowchart of publication inclusionFigure 1
Flowchart of publication inclusion.

5,590 publications 
identified by search 

strategy

157 publications 
included for full review 
by teams of reviewers 

5,433 publications 
ineligible based on 
review of abstract 

125 publications 
ineligible based on full 

review

32 studies eligible 

Leykum et)al.)Implementation)Science)2:28,)2007
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Key$Messages
• Complex$systems/problems$are$not$the$same$as$
simple$or$complicated$systems/problems.

• Approaches to$complex/wicked$problems$are$not$
the$same$as$solutions to$simple$or$complicated$
problems.

• Systems$thinking$is$needed$when$defining$the$
problem$to$be$solved,$implementing$
interventions$and$when$assessing$their$impact.
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