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Concept mapping is a participatory mixed methodology that enables diverse participant groups
to develop shared conceptual frameworks that
can be used in a variety of policy contexts to
identify or encourage complexity, and the adaptive emergent properties associated with it. The
method is consistent with an evolving paradigm
of complex adaptive systems thinking and helps
groups address complexity in several ways: it is
inductive, allowing shared meaning to emerge; it
is based on a simple set of rules (operations) that
generate complex patterns and results; it engages
diverse agents throughout the process through a
range of participation channels (synchronous or
asynchronous web, face-to-face, etc.); the visual
products - the concept maps, pattern matches,
action plots - provide high-level representations
of evolving thinking; the results are generative,
encouraging shared meaning and organizational
learning while preserving individuality and diversity; the maps themselves provide a framework
that enables autonomous agents to align action
with broader organizational or systems vision.
The concept mapping process involves free listing, unstructured sorting and rating of ideas, and
a sequence of statistical analyses (multidimensional scaling, hierarchical cluster analysis) that
produce maps and other results that the participants then interpret. An example is provided of
a web-based project that mapped the practical
challenges that need to be addressed to encourage
and support effective systems thinking and modeling in public health work. It is suggested that
using concept mapping especially in combination
with other types of human simulation provides a
valuable addition to our methodological tools for
studying complex human systems.

The complexity of concept mapping for
policy analysis

C

ontemporary complexity theory leaves many
in the applied endeavors of policy analysis and
management bewildered. While the notion of
complexity - and especially its emphasis on emergent
and dynamically adaptive properties - is inherently
appealing to these audiences, there is a genuine confusion about how these attractive ideas might be applied
in policy and management practice. The complexity
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literature is replete with examples of complex systems
in nature such as ant colonies and slime molds, and
with generalizable complex systems using simulated
abstract agents such as termites and turtles. Even apparently more relevant examples, such as simulations
of city neighborhood evolution (Krugman, 1996),
RU RI WUDIìF MDPV 5HVQLFN   VHHP LQVXIìFLHQW
IRUDGGUHVVLQJWKRUQ\LOOGHìQHGSUREOHPVRIKXPDQ
interactions in ‘soft’ systems - in short, the area where
much of the most important policy analysis and manDJHPHQWZRUNRFFXUV
Much of the problem for people interested in
these types of systems seems to center around methRGRORJ\  RU WKH ODFN RI LW :KLOH WKH VFLHQWLìF DQG
philosophical underpinnings for complexity are well
established, and while there is a seemingly endless
literature of management advice that is purportedly
EDVHGRQSULQFLSOHVRIFRPSOH[LW\WKLQNLQJ 0F.HOYH\
 WKHSROLF\DQDO\VWDQGPDQDJHUORRNLQYDLQIRU
structured methodologies that can be used in practice
contexts to describe or encourage complexity and its
attendant emergent adaptive properties.
This paper nominates for inclusion in complexity methodology a participatory mixed methods
DSSURDFKNQRZQRULJLQDOO\DQGWHFKQLFDOO\DVoVWUXF
tured conceptualization’ and more widely and colloquially as ‘concept mapping’. We begin with a brief
introduction to the methodology of concept mapping
and a review of the ways it is currently used in policy
analysis and management contexts. We then present
DQ H[DPSOH RI D FRQFHSW PDSSLQJ SURMHFW LQ SXEOLF
health where the focus was on the practice of systems
WKLQNLQJDQGPRGHOLQJLWVHOI7KHH[DPSOHLVXVHGERWK
to introduce the method in some detail and illustrate
its use in context. Finally, we use the results of this
SURMHFWWRLOOXVWUDWHKRZFRPSOH[LW\LVUHODWHGWRWKH
FRQFHSWPDSSLQJPHWKRGRORJ\LQDWOHDVWWKUHHPDMRU
ways: (1) concept mapping is itself a complex adaptive
system (CAS); (2) the maps that result are useful for
identifying the properties of complex systems in policy
contexts; and (3) the maps can be used to manage
human systems toward a goal while at the same time
leveraging the dynamic, adaptive, evolutionary and
emergent potential of complex systems. We conclude
by suggesting how the methodology might be applied
usefully to understand and encourage complexity in
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policy analysis and management contexts.

A brief introduction to concept mapping

C

oncept mapping is a participatory mixed methodology (Greene & Caracelli, 1997) that enables diverse individuals and groups to develop
PXWXDOO\FRPSUHKHQVLEOHFRQFHSWXDOIUDPHZRUNVWKDW
can be used in a variety of policy contexts to identify
or encourage complexity, and the adaptive emergent
properties associated with it. The method is consistent with an evolving paradigm of complex adaptive
V\VWHPVWKLQNLQJDQGKHOSVJURXSVDGGUHVVFRPSOH[LW\
in several ways:
•

it is inductive, allowing shared meaning to emerge;
it is based on a simple set of rules (operations) that
generate complex patterns and results;

•

it engages diverse agents throughout the process
through a range of participation channels (synchronous or asynchronous web, face-to-face, etc.);

•

the visual products provide simple high-level
UHSUHVHQWDWLRQVRIHYROYLQJWKLQNLQJ

•

the results are generative, encouraging shared
meaning and organizational learning while preserving individuality and diversity, and;

•

WKH PDSV WKHPVHOYHV SURYLGH D IUDPHZRUN WKDW
enables autonomous agents to align action with
broader organizational or systems vision.

Concept mapping is an integration of qualitative group process and quantitative analysis. There are
VL[PDMRUVWHSVLQWKHSURFHVV 7URFKLPE 
1. Preparation and focus formulation: The initial preSDUDWRU\SKDVHRIDFRQFHSWPDSSLQJSURMHFWSXUVXHV
the spirit of Aristotle’s dictum that “Well begun is half
GRQHr,QWKLVVWHSZHDFFRPSOLVKWKUHHPDMRUWDVNV
First, we identify who the participants will be, often
using a snowball or successive sampling approach.
Second, with the participants (or a subgroup of them)
ZHGHWHUPLQHWKHIRFXVIRUWKHSURMHFW:HW\SLFDOO\
accomplish this by developing a focus statement or
SURPSW WKDW GHìQHV WKH FRQFHSWXDO GRPDLQ WKDW WKH
map is intended to address and delimits the boundary
conditions for the ideas or issues that will be mapped.
To call it a ‘focus’ statement may be a bit of a misnomer, because the statement can be a very broad one as
LQq*HQHUDWHVSHFLìFWKLQJVRXURUJDQL]DWLRQVKRXOG
DGGUHVVrRUq2QHVSHFLìFFKDUDFWHULVWLFRIo&RQVWUXFW
X’ is…” In addition, in this step, we also determine
the focus for any ratings or other measures that might
be collected subsequently on the set of ideas or issues.
Finally, we determine the scheduling and logistics for
WKHSURMHFW$FRQFHSWPDSFDQEHGHYHORSHGLQDIDFH
to-face small group meeting at a conference setting over
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a day or two, it can involve hundreds or thousands of
participants collaborating virtually over the web, or
any combination of these.
2. Generation of ideas or issues: In this step we generate
a large set of issues or statements that address the focus
statement and constitute the basis of the concept mapSLQJSURMHFW,GHDOO\WKHSDUWLFLSDQWJURXSGHWHUPLQHV
the process for generating the statements, typically
through some type of idea generation (Nagasundaram
& Alan, 1993; Philipsen, et al   PHWKRG OLNH
EUDLQVWRUPLQJ $GDPV2VERUQ RUDIUHH
listing process (Coxon, 1999). Alternatively, they could
be compiled through a methodology for coding existLQJWH[W -DFNVRQ 7URFKLP RUWKURXJKVRPH
IRUPRIFRQWHQWDQDO\VLV .ULSSHQGRUI ,QPDQ\
cases, especially when the web is used for generating
ideas, more statements are created than can feasibly
EH KDQGOHG LQ VXEVHTXHQW VWHSV )RU PRVW SURMHFWV D
maximum of about a hundred statements will be at the
limit of what can be effectively processed. With web
brainstorming, many of the statements will be repetitive or redundant. If hundreds or even thousands of
statements are generated, it is necessary to synthesize
them to a more manageable number. This is typically
done through a combination of group process and conWHQWDQDO\VLV .ULSSHQGRUI 
3. Structuring of ideas or issues: In the structuring step
the participants provide their sense of how the issues
are organized or interrelated. This is accomplished primarily by having each participant do an unstructured
VLPLODULW\VRUWLQJ &R[RQ5RVHQEHUJ .LP
:HOOHU 5RPQH\ RIWKHVWDWHPHQWV7KLV
can be done either by manual card sorting, with one
statement per card, or with suitable electronic technologies for sorting (e.g., Concept Systems Incorporated,
  (DFK SDUWLFLSDQW LV DVNHG WR SODFH VWDWHPHQWV
WKDWWKH\WKLQNRIDVVLPLODUWRJHWKHULQJURXSVRUSLOHV
and to give each group a brief name. A statement can
be placed in only one group (i.e., forced choice). There
are no limits to the number of groups one can create
as long as all statements are not placed in one group or
each is not placed in its own group. In addition to the
VRUWWDVNSDUWLFLSDQWVDUHXVXDOO\DVNHGWRGRRQHRU
more ratings of the statements. Typical ratings are of
relative importance or feasibility of accomplishing each
statement, usually measured using a simple (e.g., 0-1,
1-5 or 1-100) rating format. Finally we also typically
gather some non-identifying demographic information
DERXWSDUWLFLSDQWVWRPDNHLWSRVVLEOHWRGRVXEJURXS
comparisons of results.
4. Representation of ideas or issues in maps: We ‘represent’ the ideas or issues by applying a sequence of
algorithms to the sorting data (note that no rating
or demographic data is used at this step). We begin
E:CO Vol. 7 No. 1 2005 pp. 11-22

by constructing from each person’s sort an N l N
(where N = number of statements) binary, symmetric
matrix of similarities, Xij. To do this, for each sort, for
any two items i and j, a ‘1’ is placed in Xij if the two
items were sorted in the same pile by the participant,
RWKHUZLVH D op LV HQWHUHG &R[RQ  5RVHQEHUJ
.LP:HOOHU 5RPQH\ 7KHQZH
obtain a total matrix Tij by adding across the individual
N l N similarity matrices. In this matrix, values range
from 0 (no people sorted the i,j statement pair in the
same pile) to the number of people who sorted (all of
them sorted the two statements in the same pile). The
total similarity matrix Tij is the input for non-metric
multidimensional scaling (MDS) analysis with a twodimensional solution. The solution is limited to two
GLPHQVLRQV EHFDXVH DV .UXVNDO DQG :LVK  
SRLQWRXWqfZKHQDQ0'6FRQìJXUDWLRQLVGHVLUHG
primarily as the foundation on which to display clusWHULQJUHVXOWVWKHQDWZRGLPHQVLRQDOFRQìJXUDWLRQ
is far more useful than one involving three or more
GLPHQVLRQVr S   7KH DQDO\VLV FUHDWHV WKH EDVLF
map - a two-dimensional (x,y FRQìJXUDWLRQRIWKHVHW
of statements - based on the criterion that statements
sorted together most often (more similar) are closer
on the map while those sorted together less frequently
(less similar) are further apart. The usual statistic that
is reported in MDS analysis to indicate the goodness of
ìWRIWKHWZRGLPHQVLRQDOFRQìJXUDWLRQWRWKHRULJLQDO
similarity matrix is called the stress value. Next, the x,y
values from MDS are the input for hierarchical cluster
DQDO\VLVXWLOL]LQJ:DUGpVDOJRULWKP (YHULWW DV
WKHEDVLVIRUGHìQLQJDFOXVWHU8VLQJWKH0'6FRQìJXration as input to the cluster analysis forces the cluster
DQDO\VLVWRSDUWLWLRQWKH0'6FRQìJXUDWLRQLQWRQRQ
overlapping clusters in two-dimensional space. There
LVQRVLPSOHUXOHE\ZKLFKDìQDOQXPEHURIFOXVWHUV
can be selected; typically a procedural algorithm is
XVHG 7URFKLPE 0DQ\GLIIHUHQWPDSVFDQEH
produced from these results.
5. Interpretation of results: The detailed map results are
interpreted by the participants, or a subgroup of them,
typically in a facilitated group meeting. They examine
the various maps, discuss the cluster results and label
each cluster. At this point, the rating and demographic
data can be incorporated. In addition to standard tables
RIDYHUDJHUDWLQJVE\VWDWHPHQWDQGFOXVWHUWZRVSHFLìF
graphics are typically produced: a pattern match graph
and a bivariate plot (sometimes termed a ‘go zone’ plot).
%RWKWDNHELYDULDWHUDWLQJGDWDHLWKHUDWWKHVWDWHPHQW
or cluster level, as input. They can be used to assess the
FRQVHQVXVEHWZHHQWZRJURXSVRISDUWLFLSDQWVWRORRN
at the agreement across two different ratings (e.g., to
FRPSDUHLPSRUWDQFHDQGIHDVLELOLW\UDWLQJV RUWRORRN
at changes over time.
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6. Utilization of results: Participants may use the mapping results in a great variety of ways, depending
on the circumstances and local needs. For instance,
maps have been used to develop conceptual models
IRU FRPSOH[ FRQVWUXFWV 'DXJKWU\  .XQNHO 
'H5LGGHUet al., 1997; Trochim, et al., 2003; White
& Farrell, 2001); identify perspectives of diverse
VWDNHKROGHUV 'RQQHOO\et al., 2000; Southern, et al.,
2002; Trochim, et al   DQG IRU SODQQLQJ DQG
evaluation (Biegel, et al., 1997; Johnsen, et al., 2000;
Shern, et al., 1995).
These are the six basic steps in the concepWXDO PDSSLQJ DOJRULWKP 8VLQJ WKHVH VLPSOH UXOHV
and allowing for different channels of participation
(e.g., manual versus web-based) and different participant subgroups at each step, enables considerable
complexity in possible mapping processes. The next
VHFWLRQSURYLGHVDQH[DPSOHRIDPDSSLQJSURMHFWWKDW
illustrates the method and shows one way it has been
implemented.

An example: Mapping the complexity of
systems thinking in public health

T

KHH[DPSOHSURMHFW>@XVHGWKLVV\VWHPVPHWKRG
of concept mapping to map the challenges that
V\VWHPVWKLQNLQJDQGPRGHOLQJSRVHIRUSXEOLF
health with several groups of participants who have
EHHQ H[SORULQJ V\VWHPV WKLQNLQJ DQG PRGHOLQJ D
W\SHRIoPLVHHQDEËPHp>@RIV\VWHPVXVLQJV\VWHPV
to study systems.
Participants: A total of 359 individuals, who comprise the email distribution lists of two large public
health systems groups were invited to participate in
WKH SURMHFW 2QH JURXS LV WKH 6\QGHPLFV 1HWZRUN
VSRQVRUHG E\ WKH 86 &HQWHUV IRU 'LVHDVH &RQWURO
DQG3UHYHQWLRQ 0LOVWHLQ 7KHRWKHULVWKH,QLtiative on the Study and Implementation of Systems
(ISIS) sponsored by the National Cancer Institute of
WKH861DWLRQDO,QVWLWXWHVRI+HDOWK %HVWet al., in
SUHVV :KLOHERWKDUHEDVHGLQWKH8QLWHG6WDWHVWKHLU
membership is international.
There were 133 unique visitors to the brainstorming webpage (since brainstorming is anonymous,
LWLVXQNQRZQKRZPDQ\RIWKHVHXQLTXHYLVLWRUVDFtually added statements). There were 56 participants
ZKRFRPSOHWHGWKHVRUWWDVNDQGZKRFRPSOHWHG
the ratings.
Procedures: The general procedure for concept mapSLQJ 7URFKLPE ZDVVXPPDUL]HGDERYH3DUWLFLSDQWVZHUHQRWLìHGRIWKHVWXG\DQGGLUHFWHGWRWKH
EUDLQVWRUPLQJZHEDGGUHVV7KH\ZHUHDEOHWRWDNHSDUW
either via fax or over the web; almost all participation
ZDVZHEEDVHG>@7KHIRFXVVWDWHPHQWWKDWJXLGHG
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the web-based brainstorming was:
“/NE SPECIºC PRACTICAL CHALLENGE THAT NEEDS TO BE ADdressed to encourage and support effective systems
thinking and modeling in public health work is...”

8VLQJ DV\QFKURQRXV RQOLQH EUDLQVWRUPLQJ
participants were allowed to enter as many statements
as they wished and because there is no direct participant interaction there is no criticism or discussion
DERXWWKHVWDWHPHQWV%HWZHHQ'HFHPEHUDQG
)HEUXDU\WKHJURXSJHQHUDWHGVWDWHPHQWV
ZKLFK ZHUH V\QWKHVL]HG DQG HGLWHG WR D ìQDO VHW RI
100 statements. Each participant was then invited to
SDUWLFLSDWHRYHUWKHZHELQWKHVRUWLQJDQGUDWLQJWDVNV
DQGZDVDVNHGVHYHUDOVLPSOHGHPRJUDSKLFVTXHVWLRQV
)RUWKHUDWLQJHDFKSDUWLFLSDQWZDVDVNHGWRUDWHHDFK
VWDWHPHQWRQDSRLQW/LNHUWW\SHUHVSRQVHVFDOHIRU
how important the statement is (relative to the other
statements) in terms of being a challenge that must be
DGGUHVVHGWRHQFRXUDJHDQGVXSSRUWV\VWHPVWKLQNLQJ
and modeling in public health, where 1=relatively unimportant (compared with the rest of the statements);
2=somewhat important; 3=moderately important;
 YHU\LPSRUWDQWDQG H[WUHPHO\LPSRUWDQW
Data Analysis. For the MDS analysis, the stress value
was 0.300. This compares favorably with normative
data on meta-analyses (Trochim, 1993) that showed
WKDW WKH DYHUDJH VWUHVV YDOXH DFURVV  SURMHFWV ZDV
ZLWKDUDQJHIURPWR)RUWKHFOXVWHU
analysis, an eight cluster solution was selected as the
one that preserved the most detail and yielded substantively interpretable clusters of statements.

Results and discussion: The resulting maps were interSUHWHGE\WKHSURMHFWIDFLOLWDWRUVDQGWKHGLUHFWRUVRIWKH
WZRQHWZRUNVWKDWSDUWLFLSDWHG7KHVWDWHPHQWVLQHDFK
cluster were reviewed and a consensus achieved about
the appropriate cluster labels. The labeled cluster map
is shown in Figure 1.
Beginning on the lower right of the map, and
SURFHHGLQJ FORFNZLVH WKH FOXVWHU Explore Systems
Paradigms & Perspectives>@ LQFOXGHG VWDWHPHQWV
(N=15) that describe the paradigmatic shifts associated
ZLWKV\VWHPVWKLQNLQJDQGWKHLQíXHQFHRIVXFKWKLQNing on the perspectives people bring to public health
ZRUN)RUH[DPSOHRQHRIWKHìIWHHQVWDWHPHQWVLQWKLV
FOXVWHUZDVq5HFRJQL]HWKHLPSRUWDQFHRIDV\VWHPV
paradigm to public health (e.g., ecological, systemic,
holistic, participatory, multi-dimensional, construcWLYLVWDGDSWLYHFRPSOH[DQGQRQOLQHDUIUDPHZRUNV r
The cluster Utilize Systems Incentives (N  HPSKDsized the need to address political and social factors
WKDWLQíXHQFHWKHXVHRIV\VWHPVWKLQNLQJLQFOXGLQJ
LVVXHVRIEXUHDXFUDF\SHRSOHpVIHDUV HJMREORVVWRR
GLIìFXOWIHDURIFKDQJH IDFWRUVLQDFDGHPLFHQYLURQments that limit adoption or use of systems approaches,
DQGMXULVGLFWLRQDOFRQíLFWVDPRQJRUJDQL]DWLRQV7KH
Expand Cross-Category Funding cluster had the highest average importance rating and consisted of statements (N=10) primarily related to funding. The term
‘cross-category’ was used in the label because these
statements challenge traditional funding categories and
explicitly encourage a more integrative systems-based
YLHZRIìQDQFLQJ)RULQVWDQFHRQHRIWKHVWDWHPHQWV
in this cluster was: “Increase funding for transdisciSOLQDU\DQGLQWHUDJHQF\FROODERUDWLYHSURMHFWVZLWKD

Support Dynamic
& Diverse Networks

Inspire
Integrative
Learning

Use Systems
Measures
& Models
Foster Systems
Planning
& Evaluation

Show Potential of
Systems Approaches
Explore Systems
Paradigms &
Perspectives

Expand
Cross-Category
Funding

Utilize
System
Incentives

Figure 1 Eight-cluster concept map of practical challenges that needs to be addressed to encourage and support
effective systems thinking and modeling in public health work
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systems focus.” Foster Systems Planning & Evaluation
(N   VXJJHVWHG WKDW ZH LQWHJUDWH V\VWHPV WKLQNLQJ
and modeling into how we approach traditional planQLQJDQGHYDOXDWLRQWDVNV)RULQVWDQFHRQHVWDWHPHQW
was: “Integrate organizational planning and evaluation
functions around a systems approach.” In the cluster
Use Systems Measures and Models we saw statements
(N=10) that relate to systems-based measurement
and data collection, the use and evaluation of systems
methods and models, and the development of systems
tools and approaches. One statement, for example,
called directly for “Development of methods and
tools that encourage systems approaches in research
and evaluation.” The cluster Support Dynamic and
Diverse Networks contained statements (N   WKDW
HQFRXUDJHQHWZRUNVFROODERUDWLRQVWHDPVDQGSDUWnerships that span across traditional disciplines and
boundaries, and value the diversity of perspectives.
$QH[DPSOHVWDWHPHQWZDVq8VHSDUWLFLSDWRU\DFWLRQ
DSSURDFKHVWRSDUWQHUZLWKFRPPXQLWLHVWRFRGHìQH
public health problems, challenges, needs, assets, and
resources.” Inspire Integrative Learning had the most
statements (N  UHíHFWLQJWKHIDFWWKDWWKHWRSLFV
in this cluster were most frequently brainstormed
by participants. It included training and education,
GLVVHPLQDWLRQDQGGLIIXVLRQRIV\VWHPVWKLQNLQJDQG
approaches, use of interactive and web-based resources
and a broad emphasis on understanding the area of
V\VWHPVWKLQNLQJDQGPRGHOLQJ)RULQVWDQFHRQHRI
the statements in this cluster called for “A critical mass
of practitioners who are able to approach public health
from a nonlinear perspective,” while another called directly for “Training and education in systems research
techniques for public health professionals.” Finally,
the cluster in the center of the map, Show Potential of
Systems Approaches (N=11), had statements related
to broader demonstration of the value and impact of
V\VWHPV WKLQNLQJ DQG PRGHOLQJ )RU H[DPSOH RQH
VWDWHPHQWZDVq5LJRURXVUHVHDUFKWKDWGHPRQVWUDWHV
WKH YDOXH RI V\VWHPV WKLQNLQJ PHWKRGV DSSURDFKHV
and research.” This cluster can be thought of as a central
attractor in the dynamic cycle of the overall map. As the
exterior clusters interact in various ways their activity
converges on the central cluster where it is synthesized
and disseminated, in turn exciting new activity in the
H[WHULRUFOXVWHUVDQGFUHDWLQJDNLQGRIPHDVXUDEOHoWLPH
step’ for each cycle.
Finally, each cluster name was carefully reYHUVHFKHFNHGZLWK WKH FOXVWHU VWDWHPHQWV WR HQVXUH
that they were as adequately represented by cluster
label as possible. In many cases, single words in the
FOXVWHU QDPH UHSUHVHQW ZKROH ìHOGV RI LQTXLU\ VXFK
DV LQWHJUDWLYH OHDUQLQJ QHWZRUNV SODQQLQJ HYDOXDtion, etc., and each term in the cluster name interacts
with the others to modify them. Thus, the modifying
effect of the term ‘systems’ on the term ‘planning’ is
Trochim & Cabrera

QRWPHUHO\VHPDQWLFLWUHíHFWVDGUDPDWLFDOO\GLIIHUHQW
paradigm from the traditional planning function. Foster Systems Planning & Evaluation, could not have been
named simply ‘Foster Planning & Evaluation’, because
the statements in the cluster clearly pointed toward
new paradigms of planning and evaluation based on a
systems perspective. The traditional sense of planning
and evaluation, in which planning precedes action
and evaluation follows it, does not fully characterize
the statements in the cluster. Instead, the statements
VXJJHVWWKDWDPDMRUFKDOOHQJHWRV\VWHPVWKLQNLQJLQ
public health is to encourage a more systemic view of
planning and evaluation. Foster Systems Planning &
Evaluation suggests a form of planning that is continuous and integrated throughout with evaluation, with
both encouraging evolution and adaptive learning (i.e.,
WKHUHLVFRQVWDQWG\QDPLFIHHGEDFNEHWZHHQSODQQLQJ
action and evaluation).
Another good example of labeling issues is illustrated by the cluster Utilize System Incentives. The
VWDWHPHQWVUHíHFWHGWKHLGHDWKDWLQFHQWLYHVPXVWWDNH
DV\VWHPVYLHZLQWRDFFRXQW HJq5HGXFHWKHRYHUemphasis on immediate positive program impacts by
WDNLQJDORQJHUWHUPYLHZrq$GGUHVVLVVXHVRISROLWLFV
DQGEXUHDXFUDF\WKDWKLQGHUV\VWHPVWKLQNLQJr ,QFHQtives that do not consider the wider systems view or the
possible unintended consequences of the incentive as it
perturbates through the system are not system incentives because they do not motivate the system toward
the desired goal. For example, the same incentive could
be placed at different points in the system and range
from having either little or no effect to having profound
or catalytic effects. In this way, Utilize System IncentivesDFWVOLNHDUXOHWKDWLQVWUXFWVXVWRJDLQDEHWWHU
understanding of the basins of attraction and tipping
point bifurcations of the system, and then to utilize
these systems-based features as potential attractors
of individual behavior, much the way that a changing
environment presents new niches to which individual
organisms may be attracted. In a similar manner, each
of the labels was selected to convey as succinctly and
WKRURXJKO\DVSRVVLEOHWKHV\VWHPVWKLQNLQJLPSOLFDtions of the content.
Perhaps most interesting is the notion that
we can interpret this map through the lens of complex
V\VWHPV WKLQNLQJ LWVHOI )URP D G\QDPLFDO V\VWHPV
perspective, we can view the map as a collection of
dynamically interacting ‘cluster agents’ each changing
the behavior of the other. From a complex systems
(CAS) perspective, clusters are interpreted as simple
rules which, if followed, would generate self-organized
emergence. We consider each of these systems-based
interpretations in turn.
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(a)
(b)
rules and auton- information
omous agents
íRZVDQGDGDStation
(1)
‘Inside’
(CM as a CASmethod)

(2)
‘Outside’ (CM
as part of a CAS
simulation)

(c)
IHHGEDFNDQG
evolution

(d)
simulation

CM is: a CAS-method; based on simple
rules; emergent
map may identify
simple rules for external CAS

Information in
the form of brainVWRUPHGLGHDVíRZ
through the CM
rule set; Participants
and statements are
co-adaptive

The CM method
includes a sequence
of steps that encompass both blind variation and selective
UHWHQWLRQ %965

CM is a CASPHWKRGWKDWPDNHV
human simulation
transparent

Combined with
other human simulations, concept
maps identify possible simple rules of
outside CAS

Map acts as ‘internal
model’ for systemlevel cognition; map
is information moving through system;
Transparency of CM
allows all agents to
adapt to system’s
evolving internal
model

Initial CM leads to
iterations of CM
and human role
play simulation that
evolve system state

‘Simple rules’ from
‘inside’ CM can be
tested in ‘outside’
human simulations

Figure 2 Concept mapping and complexity: An inside-outside model
Clusters as dynamic interacting agents
)URPWKHSHUVSHFWLYHRIG\QDPLFVHDFKFOXVWHULVOLNH
a semi-autonomous agent functioning in a highly
integrated system, acting as a dynamically interacting
FRQFHSWXDO RU WKHPDWLF oDJHQWp WKDW LQíXHQFHV RWKHU
cluster-agents when coupled. In effect, when one cluster interacts with another cluster, they mutually affect
each other. For example, when interacting with Explore
Systems Paradigms & Perspectives, Inspire Integrative
Learning WDNHV RQ D VOLJKWO\ GLIIHUHQW PHDQLQJ WKDQ
when it is considered in connection with Use Systems
Measurement & Modeling. In the former case, learning
would be centered on systems paradigms and perspectives at a conceptual or epistemological level; in the
latter, learning would be more formal and adaptive,
using systems-based measurement and modeling to inIRUPGHFLVLRQPDNLQJDQGDFWLRQ,QDQRWKHUH[DPSOH
Support Dynamic & Diverse Networks interacts with
Expand Cross-Category Funding to create diverse and
G\QDPLF QHWZRUNV RI PRQHWDU\ íRZV DQG IHHGEDFN
loops. Show Potential of Systems Approaches, which
contains statements relating to research, researchHUV DQG oEHVW SUDFWLFHVp WDNHV RQ D GLIIHUHQW PHDQLQJ
when combined with Support Dynamic & Diverse
Networks; suggesting innovative notions about supSRUWLQJ LQWHJUDWLYH GLYHUVH QHWZRUNV RI UHVHDUFKHUV
and practitioners. The cluster-as-agent interpretation
generates pairings of 56 possible tuple interactions and
beyond that in even higher-order triples or n-tuples.
7KHLQWHUSUHWDWLRQLVG\QDPLFEHFDXVHZLWKMXVWHLJKW
simple clusters, a diverse number of possible innova-

16

tive ideas result. For example, the map might lead us to
DVNZKDWZRXOGDG\QDPLFQHWZRUNRIEHVWSUDFWLFHVLQ
V\VWHPVWKLQNLQJDQGPRGHOLQJORRNOLNH"(DFKFOXVWHU
ODEHOLQFOXGHVERWKDQDFWLRQDQGDQREMHFW7KHREMHFW
portions of the cluster names were meant to suggest the
VHQVHWKDWWKHFOXVWHUVLQWHUDFWOLNHVWUXFWXUDOHQWLWLHV
OLNHDJHQWV:HPRYHQH[WWRFRQVLGHULQJWKHDFWLRQ
portion of each label which was included to suggest
that clusters can be perceived as simple rules.
Clusters as simple rules
A second systems-based interpretation of the map is
founded on the notion from the theory of complex
adaptive systems (CAS) that simple local rules lead to
emergent complexity. We deliberately worded each
FOXVWHUODEHODVDVLPSOHDFWLRQREMHFWUXOHWKDWFRXOG
EH XVHG E\ SHRSOH HQJDJHG LQ SXEOLF KHDOWK ZRUN WR
encourage and manage a complex and adaptive system.
In other words, each cluster label completes the prompt
WKDW ZDV WKH IRFXV IRU WKLV SURMHFW DQG FRQVWLWXWHV D
‘practical challenge’ that needs to be addressed. The
especially intriguing notion from a systems point of
view is that if one follows the eight rules represented
by the cluster names, emerging systems-oriented orJDQL]DWLRQVDQGQHWZRUNVZRXOGUHVXOW

Complexity and concept mapping

W

ith the example of the map in mind we turn
now to the primary intent of this paper,
the assessment of how concept mapping
is related to complexity and how it can be applied as
E:CO Vol. 7 No. 1 2005 pp. 11-22

a method for research into human complex adaptive
systems. We begin by identifying four broad themes
that characterize concept mapping and correspond to
PDMRUFRQFHSWVLQFRPSOH[LW\UXOHVDQGDXWRQRPRXV
DJHQWVLQIRUPDWLRQíRZVDQGDGDSWDWLRQIHHGEDFNDQG
evolution; and simulation. This is certainly not the only
way to characterize complexity, nor is it necessarily the
best. But it will serve as a device to understand concept
mapping and its relationships to complexity.

:HPDNHDGLVWLQFWLRQLQWKLVSDSHUEHWZHHQ
‘inside’ and ‘outside’ (see Figure 2) concept mapping
ZLWKUHVSHFWWRFRPSOH[LW\DQGLWVPDMRUFKDUDFWHULVtics. By ‘inside’ we are referring to the concept mapping
method itself (Figure 2, cell 1a-1d). We argue that the
internal concept mapping process is itself a CAS. The
‘rules’ of the concept mapping algorithm - the focus
prompt, brainstorming, statement synthesis, sorting
DQG UDWLQJ VWDWLVWLFDO DQDO\VLV FOXVWHU LGHQWLìFDWLRQ
cluster naming and interpretation - produce a map
that can be thought of as an emergent property of the
adaptive participant actors and the methodological rule
set.

using a sequence of statistical analyses (multidimensional scaling and hierarchical cluster analysis) that
the participants or agents then interpret. From an
instrumentalist perspective, concept mapping itself
is a complex adaptive system (Figure 2, cell 1a). It is
sensitive to the initial conditions of the focus prompt.
It engages multiple independent agents who follow
a simple set of rules that lead to the emergence of a
map. In this regard, concept mapping, both inside and
RXWVLGHHQFRXUDJHVGLYHUVLW\ +ROODQG 
EHFDXVHLWIRVWHUVWKHIUHHíRZRIGLVSDUDWHLGHDVLQWR
aggregations and because it is participatory, allowing
diverse groups of agents to adapt to a shared set of ideas
(Figure 2, cells 1b and 2b). In terms of process, the
rules are to brainstorm, sort, rate, and label or name
the emergent map structures. On the analytic side,
the rules are constituted in the manipulations of the
sequence of statistical procedures that includes at its
center multidimensional scaling and hierarchical cluster analysis. (These statistical procedures also involve
VLPSOHUXOHVDQGGDWDWKDWDFWOLNHDJHQWVDOWKRXJKLQ
the case of MDS, for example, there are no adaptive or
emergent properties of the data. In other words, the
same data will always produce the same results.)

By ‘outside’ (Figure 2, cells 2a-2d) we mean
how a map is used instrumentally as a tool to manage an
organization or policy toward some desired end while
simultaneously leveraging the capacity of complex
human systems to adapt and evolve. In other words,
RQFHWKHPDSHPHUJHVLWLVXVHGDVDGLVFUHWHREMHFWE\
the people who developed the map, in order to better
understand and/or direct organizational action or
policy. This inside-outside distinction points to the fact
that the concept map process (inside CAS) generates a
map that is useful for representing ‘simple rules’ that
can then be used to enhance the human system (outside
CAS) and in turn to test the rules that were generated.
Previously, we have had no appropriate structured empirical method that can be used to identify the ‘simple
rules’ of complex human systems. Concept mapping
and its processes and algorithms have the potential to
DFFRPSOLVKMXVWWKDW7KXVZKLOHUXOHVDQGDJHQWVLQIRUPDWLRQíRZVDQGDGDSWDWLRQVLPXODWLRQDQGIHHGEDFNDQGHYROXWLRQDUHDOOFKDUDFWHULVWLFVRIWKHFRQFHSW
mapping method (e.g., ‘inside’ - Figure 2, cells 1a-1d)
they can also be used to characterize the application of
WKHUHVXOWVRIWKLVPHWKRG HJDPDS WRVWDNHKROGHUV
‘outside’ of the participant group (Figure 2, cells 2a-2d).
In the discussion that follows, we will explore some of
the relevant ideas in the study of complex systems and
apply them to both inside and outside applications of
concept mapping.

,QIRUPDWLRQÀRZVDQGDGDSWDWLRQ
Much of what occurs in complex systems is based on
WKHíRZRILQIRUPDWLRQWKURXJKWKHV\VWHP &DEUHUD
2002) and the subsequent adaptations made by agents
LQUHVSRQVHWRWKHVHFKDQJLQJíRZV +ROODQG 
:KHWKHUWKHíRZLVDSK\VLFDOSURFHVVWKDWFDUULHVLQIRUPDWLRQDVHQHUJ\ HJTXDUNVDQGDWRPV FKHPLFDO
processes (e.g., pheromones) that carry information
between one organism and another, biological material
(e.g., DNA) that carries information across generations,
technology (e.g., bits and bytes) that carries information from one computer to another, or psycho-social
communications that carry information from one
person to another, the central idea is that agents and
V\VWHPVDGDSWWRFKDQJLQJLQIRUPDWLRQíRZV$WYDULous points in the concept mapping process, individual
DJHQWVDGDSWWRWKHFKDQJLQJíRZRILGHDV,QWKHEUDLQstorming phase, agents are adapting to the synchronous
or asynchronous generation of new statements based
on a focus prompt. In the cluster naming phase, individual agents or actors are adapting to suggested labels
for emergent clusters. At a larger scale, the system
itself adapts to the new information provided by the
completed map, a snapshot or internal model of the
system’s cognitive state at a given point in time. At the
next time step, the system responds to this ‘snapshot’
by adapting to the information it contains.

Rules and agents
The concept mapping process involves free listing or
brainstorming based on a focus prompt, unstructured
sorting and rating of ideas, and the generation of maps


+\SRWKHWLFDOO\ RQH FDQ LPDJLQH D oVWULQJp
RIFRQFHSWPDSVOLQNLQJRQHWLPHVWHSWRDQRWKHULQ
which each snapshot informs the next action in much
the same way as the evolving cognition of an individual
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results in adaptive changes to their behavior. In the
longer time horizon of an organization, the system is
cognitively evolving and adapting at the system level,
rather than merely at the actor or agent level; in other
words, as the individuals adapt and follow simple rules
to generate an emergent map, the map itself informs
the new behaviors of the individuals in the system.
So, while the individual behavior results in a map that
represents the system’s cognitive state, the system’s
cognitive state informs the next evolution of individual
EHKDYLRUDQGVRRQ7KLVSURFHVVRIoOLQNHGpFRQFHSW
mapping can be thought of as a dissipative structure
1LFROLV 3ULJRJLQH LQZKLFKDJHQWLQWHUDFWLRQ
DQGLQIRUPDWLRQíRZPRYHWKURXJKDVWDWHVSDFHWKDW
LVLQFRQVWDQWíX[EXWPDLQWDLQVLWVHVVHQWLDOVWUXFWXUH
and function. A map emerges that constitutes a snapshot of this dissipative structure over an extended time
VFDOH WKDW IHHGV EDFN WR WKH DJHQWV ZKR JHQHUDWHG LW
FKDQJLQJWKHLUWKLQNLQJDQGFRQVWLWXWLQJDFRPSUHKHQsible representation that they can use instrumentally
and around which they can interact.
To concretize some of these ideas, consider
again the example map in the systems in public health
study. The agents (members of the ISIS and Syndemics initiatives) engaged in a simple rule process that
led to an emergent map at time step 1 (t1). The t1 map
LVWKHQIHGEDFNLQWRWKHV\VWHPRISHRSOHZKRJHQHUated it. Because the system of individuals, not each
individual, generated clusters and ratings for certain
statements that were more cohesive or more important
than others and because these clusters and ratings are
different as a whole from any of the individual ratings
and clusterings, the map that emerged is different than
any one of the maps that might be generated by a single
individual. In t2, when the map is provided for review,
the individuals in the system will interact with this
new information; they will have a better understanding of the various system components, the relative
importance of certain statements over others and
the ways in which the system collectively organized
the statements into clusters. In other words, the map
will act as an internal model +ROODQG IRUWKH
system as a whole. Based on this new information,
the individual actors will adapt their own perceptions
and actions within the system. If another concept
PDSSLQJSURMHFWRFFXUVLQt3, a new map emerges at t
that will be different than the map generated at t1. We
FDQVD\WKDWWKHV\VWHPpVWKLQNLQJUHSUHVHQWHGE\WKH
map, has evolved. In particular, one of the ways the
map evolved is that the concept mapping process in
t0 and the emergence of the map in t1 illustrated some
RI WKH DWWUDFWRU EDVLQV DQG íRZV LQ WKH V\VWHP DQG
that the emergence of the map at t3 and tUHíHFWHGWKH
combined effects of those attractors. In simple terms,
having seen the ways in which the system structures
VHOIRUJDQL]HLQGLYLGXDOVZLOOEHQHìWIURPDQGDGDSW
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to these structures by reinforcing them or changing
them in some way. An individual in the system will
EH EHWWHU DEOH WR XQGHUVWDQG KRZ WKHLU WKLQNLQJ DQG
the system’s structure are similar or different and can
adapt accordingly.
When the simple rules of concept mapping
are implemented, complexity and adaptation are encouraged. The sensitivity to initial conditions (SIC)
that is characteristic of chaotic systems exists in the
sensitivity of concept mapping research on the initial
focus prompt. A great deal of expertise and care must be
given to the selection of an adequate focus prompt. Yet,
even the same focus prompt can yield dramatically different maps due to the complex adaptive nature of the
process itself. Following simple rules of brainstorming,
V\QWKHVLV VRUWLQJ UDWLQJ DQG FOXVWHU LGHQWLìFDWLRQ
and naming, each map is an emergent property of the
dynamics of the system.
Feedback and evolution
Throughout, the concept mapping process generates
IHHGEDFN DFURVV SDUWLFLSDQWV DQG D EOLQG YDULDWLRQ
(brainstorming) and selective retention (statement
synthesis, cluster identification, prioritization of
‘attractor’ topics) of ideas (Figure 2, cells 1c and 1d).
This ‘two-step’ process (Cabrera, 2002) is evocative
of Campbell’s ‘evolutionary epistemology’ or selection
theory in general (Campbell, 1991) or Blind Variation
6HOHFWLYH5HWHQWLRQ %965 WKHRU\LQSDUWLFXODUZLWK
clear ties to the biological theory of evolution (Cabrera,
2002). The concept mapping process is evolutionary
LQWZRGLVWLQFWZD\V7KHìUVWLVWKH%965WKDWRFFXUV
‘inside’ (Figure 2, cell 1c) the concept mapping research
(e.g., between brainstorming (BV) and the selective
UHWHQWLRQ 65  RI V\QWKHVLV FOXVWHU LGHQWLILFDWLRQ
etc.). An evolutionary process also occurs ‘outside’
)LJXUHFHOOF WKHUHVHDUFKSURMHFWZKHQFRPSOHWHG
maps, which are themselves generated by the system
under study (e.g., the people in the study), are used
E\WKHV\VWHPWRLQIRUPLWVHOIDQGWRWDNHFRQWLQXHG
action. In the outside application, concept maps act
as internal models for system cognition (Figure 2, cell
2b) and individual actors will adapt their behavior to
this internal model. In other words, the map itself, is
DJURXSIHHGEDFNPHFKDQLVPVLPLODUWRWKHIHHGEDFN
ORRSRQHFUHDWHVLQVHOIUHíHFWLRQ7KHVHOIUHíHFWVRQ
its state and develops a description (an internal model)
RIWKDWVWDWHWKDWLVWKHQXVHGWRWDNHDFWLRQDQGDOWHU
the state. In turn, this internal model leads to longer
ODVWLQJoEXLOGLQJEORFNVpWKDWDUHWKHQXVHGZKHQHQFRXQWHULQJIXWXUHVFHQDULRV +ROODQG &RQFHSW
mapping as a process is a group version of this type of
UHíHFWLYHDQGDGDSWLYHIHHGEDFNORRS7KHPDSLWVHOI
the emergent property of another closed CAS, is then
XVHG DV D IHHGEDFN PHFKDQLVP IRU WKH ODUJHU V\VWHP
that created it.
E:CO Vol. 7 No. 1 2005 pp. 11-22

Simulation
Concept mapping can also be thought of as a type of
‘human simulation’ for complex social systems that is
analogous to more traditional computational simulations that are currently used in CAS. Just as in computational simulations, small changes at different points
in the concept mapping process can lead to dramatically
different emergent results. These traditional computational simulations are at this point largely incapable of
adequately modeling systems involving humans and
ideas. For example, while computational simulations
have been successful in modeling ant colonies, trafìF íRZ SDWWHUQV DQG XUEDQ GHYHORSPHQW -RKQVRQ
2001), they have yet to demonstrate utility in modeling complex social interactions such as managing
organizations or how a particular group perceives its
predicament. Concept mapping provides a potentially
useful method for such areas.
As one form of human simulation, concept
mapping can effectively be combined with other forms
of simulation such as role playing or scenario gaming to
formalize the experience of the actors in the simulation
and better understand the complexity in the attendant
systems. Studies that combine concept mapping with
role play simulations have great potential for enhancing
our understanding of complex social and organizational systems constituted of people, their ideas and
WKHLUDFWLRQV7KHV\VWHPVWKLQNLQJLQSXEOLFKHDOWK
study described above provides a good context where
VXFKUHVHDUFKPLJKWEHXQGHUWDNHQDQGKRZLWPLJKW
proceed. In the public health study, the concept mapping method (inside) was used to generate a candidate
list of ‘simple rules’ that can be used to manage systems
WKLQNLQJ HIIRUWV LQ FRPSOH[ SXEOLF KHDOWK V\VWHPV
+DYLQJGHYHORSHGWKLVoLQVLGHpPDSLWFDQEHXVHGDV
the basis of a role playing simulation designed to test
how the simple rules outlined in the map might play
out in a hypothetical real-world context.
For example, a simulation might be constructed around the idea of developing a new multi-organi]DWLRQDOSXEOLFKHDOWKQHWZRUNIRUWREDFFRFRQWURO$
GLYHUVH UDQJH RI DFWRUV HJ SROLF\ PDNHUV IXQGHUV
practitioners, researchers, community members) could
EHLGHQWLìHGZLWKHDFKRQHJLYHQDVFULSWRIEDVLFVWDJHV
LQWKHGHYHORSPHQWRIWKHQHWZRUNDQGVSHFLìFUROHV
or parts that they can play at each stage. The role play
VLPXODWLRQFRXOGWDNHSODFHRYHUWKHFRXUVHRIDPXOWL
GD\PHHWLQJZKHUHWKHJURXSZRUNVWKURXJKWKHìUVW
\HDULQWKHGHYHORSPHQWRIWKHQHWZRUNLQDVHULHVRI
sessions that represent time-steps. Different actors
would, according to script, have subgroup meetings
DVWKHQHWZRUNHYROYHVZKLOHDWRWKHUWLPHVWKHZKROH
group might convene. The scripts would be relatively
loose, describing the role the actor is to play and speFLìF oUXOHVp WKH\ VKRXOG NHHS LQ PLQG DV WKH\ SOD\ LW
Trochim & Cabrera

(with the rules derived from the map). Thus, while
the whole simulation would be structured, the actors
would be free within the constraints of their roles to
PDNHWKLQJVXSDVWKH\JRDORQJ%DVHGRQLQFRPLQJ
DQGLPSHUIHFW LQIRUPDWLRQDFWRUVZRXOGPDNHORFDO
decisions that would in turn be transmitted to other
groups involved in the simulation, and the group as a
whole. The facilitators could adapt the nature of each
round of instructions of the simulation depending on
the results of the previous time-step. By evaluating
how the role play proceeds, it would be possible to asVHVVKRZZHOOWKHUXOHVLQíXHQFHWKHHPHUJLQJV\VWHP
It would also be possible to study the implications of
different rules in a more controlled fashion. In the
simplest sense, one could conduct two independent
VLPXODWLRQVRQHMXVWDOORZLQJSHRSOHWRIROORZUROHV
DQGDGDSWDVWKH\VHHìWWKHRWKHULQVWUXFWLQJYDULRXV
DFWRUVWRXVHVLPSOHUXOHVLGHQWLìHGWKURXJKWKHPDSping. A comparison of what emerges would illustrate
the impact of the rules. In similar fashion, comparative
simulations would enable contrasting of different rules
and combinations of rules to explore their implications
and potential real-world implications. Just as algorithmic computational simulations are currently important
in complexity science, the coupling of concept mapping
to identify rules for a human role play simulation could
potentially provide an analogous simulation laboratory
for exploring complexity in social systems.

Conclusions

T

his paper illustrates the potential utility of concept mapping as a CAS-method for research on
human complex systems. While there are many
new CAS-methods for studying physical, chemical,
and biological systems and fewer to study simpler social
V\VWHPV VXFKDVVPDOOZRUOGQHWZRUNVWUDIìFSDWWHUQV
and urban design), there are surprisingly few methods
that are useful in studying the most complex human
systems comprised of people and their ideas. Without
VXFKPHWKRGVLWLVGLIìFXOWWRJDLQDQ\SXUFKDVHRQWKH
FRPSOH[LQWHUDFWLRQVWKDWPDNHXSKXPDQRUJDQL]Dtions and their social environments. Concept mapping,
as a CAS-method, allows the researcher to assemble a
diverse group of participants with a broad array of ideas
on a topic and to generate an emergent map that may
then serve as an internal model for the system itself.
Combined with other forms of human simulation, this
map can then be used to test certain rule structures
with the hopes of eventually identifying a ‘human algorithm’ for directed, purposive organizational action.
In this sense, the concept mapping method occupies
a unique position relative to its methodological peer
group and relative to complexity.
One important concern that remains to be
DGGUHVVHG LV ZKHWKHU XVH RI PHWKRGV OLNH FRQFHSW
mapping may lead to the negative consequences associ-
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DWHGZLWKWKHLGHDRIoJURXSWKLQNp -DQLV 
*URXSWKLQN RFFXUV ZKHQ JURXSV UHVLVW GLYHUJHQW
WKLQNLQJDQGEHFDXVHRIWKHLUGHVLUHIRUFRQVHQVXVGR
not consider a broad range of alternatives in decision
PDNLQJ 7KH VWUXFWXUHG DQG SDUWLFLSDWRU\ QDWXUH RI
concept mapping, the independent and anonymous
involvement at various steps, and the blind variation
WKDWRFFXUVDWVHYHUDOSRLQWVLQWKHSURFHVVPDNHLWGLIìFXOWIRUWKHJURXSWRIRUFHFRQVHQVXVXQOHVVLWH[LVWV
LQGHSHQGHQW RI HIIRUWV WR FUHDWH LW 7KH LQíXHQFH RI
systems attractors in the concept mapping process is no
GLIIHUHQWWKDQWKHLQíXHQFHRIWKHVHVDPHDWWUDFWRUVLQ
everyday activities except that in concept mapping they
become transparent to the system and its actors. Where
concept mapping is different is that it provides a systemic and formalized research tool for understanding
WKHVHV\VWHPVHIIHFWVDQGIRUPDNLQJWKLVXQGHUVWDQGing publicly available. The mapping process, in effect,
KHOSVWRPDNHWKHV\VWHPPRUHWUDQVSDUHQWWRWKHDFWRUV
within the system. In many cases, this transparency
can be effective in pointing out conformity pressures
and power disparities such as minority control (TroFKLPD 7KHGLYHUVLW\DQGSDUWLFLSDWRU\QDWXUH
inherent in the concept mapping method as well as
the transparency effects of the emergent map in fact
PDNHFRQFHSWPDSSLQJDQHIIHFWLYHFRXQWHUPHWKRG
IRUJURXSWKLQN
Concept mapping essentially turns the traditional modeling and simulation of CAS on its head;
whereas CAS simulations usually involve independent
cellular automata that operate under simple rules and
lead to adaptivity and emergent phenomena, in the
internal case of concept mapping, the emergent property is a set of rules for the system. These rules were
derived from a process based on what can be termed
the ‘meta rules’ of the concept mapping method. We
have a map that is itself emergent from the CAS of the
mapping process inductively identifying candidates for
implicit simple rules in the system that, if consciously
and coherently applied, may lead to greater creativity
(blind variation), emergence and adaptation (selective
retention). In this regard, concept mapping as a method
helps us to identify candidates for simple rules of a
complex human system. In turn, using the concept
map in combination with other human simulations,
these candidate rules may be tested and validated, and
the results used to revise and adapt the rules.
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>@ 'HWDLOHG UHVXOWV RI WKH SURMHFW DUH SURYLGHG DW
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>@7KHWHUPmise-en-abîme literally means “placing
LQWR LQìQLW\r DQG UHIHUV WR WKH IRUPDO WHFKQLTXH LQ
Western Art of an image that has a copy of itself within
LWUHFXUULQJWRLQìQLW\+HUHLWLVPHDQWWRVXJJHVWWKDW
WKHPDSSLQJSURFHVVLVDV\VWHPVWKLQNLQJDSSURDFK
XVHGWRVWXG\V\VWHPVWKLQNLQJDW\SHRIVHOIUHIHUential image within an image.
>@7KHSURFHVVLPSOHPHQWHGKHUHZDVDFFRPSOLVKHG
using the online technology developed by Concept
Systems Inc. All analyses were conducted and maps
produced using the Concept System© computer
software that was designed for this process. For additional information, see http://www.conceptsystems.
com/.
>@In the descriptions of map results, cluster labels are
shown in italics.
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