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ABSTRACT

Why do we use maps? What sense of understanding does a map provide that a simple
list of directions cannot? Beginning with an examination of the most useful properties
of maps, we will then review a methodology for constructing a conceptual map used to
explore the complexities of a topic or problem.
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We use maps to avoid getting lost; at least that is our hope. However, if the
map doesn’t have sufficient detail, we may have to stop to ask for directions. How
many times have we received a long set of verbal instructions through our car
window, hoping that we will remember distances, landmarks, left and right turns?

What a well designed map provides is a visual sense of orientation, a non- lin-
ear understanding of where we are and where we are doing. Consider the map on
the figure 1.

If we are at point “A” in Baltimore, and we want to make it to class on time at
the University of Maryland Baltimore County (UMBC) in rush hour traffic, we
can consider our options: Head west on Wilkens Avenue? Join everyone else on
1-95 and I-695? If we decide to take the bus, or the train, then we need a different
map. So before we can decide which map we need, we must be very clear about
the purpose of our journey. Where and when are we going? What is the best
means of transportation? Do we want the quickest route? The safest Route? The
scenic route? The least expensive route? The route with the smallest carbon foot-
print? What if we wanted the healthiest route? Is there a map of biking lanes and
trails? Even more perplexing is the reality that we often want to satisfy more than
one need for successfully completing our journey; ideally, the fastest route would
also be the least expensive. Does the map above help us to assess these competing
priorities, to balance or connect our main concerns? If not, how might we design
a map that does?

Once we begin to ask more of a map (or an academic discipline) than its
frame allows, we need to move to a more conceptual approach. To draw from the
example on the figure 1, the map cannot show us which routes are most congest-
ed (although Google Traffic now does), which routes have the lowest frequency
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of accidents, which are most aesthetically pleasing, or if any corresponding bus/
train/bike routes exist.

Figure 1: Map of Maryland Baltimore County
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As we consider alternate approaches to mapping a journey from Point A to Point B,
let us turn to the map on the figure 2 of Napoleon’s march on Moscow during the War
of 1812 by French engineer Charles Joseph Minard ( translated; a larger version is avail-
able online at http://www.math.yorku.ca/SCS/Gallery/minard/minard-odt.jpg).

On June 24, 1812, Napoleon’s army of 422,00 men (some historians estimate
that the size of the Grand Armee was as high as 690,000), the largest army assem-
bled up to that point in European history, crossed the river Neman and marched
east towards Moscow. On September 14, 1812, Napoleon reached Moscow, which
had been abandoned and stripped of the supplies that Napoleon’s men needed
most at this point — especially food. The map visually depicts the direction in
which the army moved, its size, major river crossings and cities, the timeline of
the invasion and retreat, but most importantly, the temperature at key dates and
locations during Napoleon’ retreat during the onset of winter.

The tragic story told by this map is not the shedding of blood, nor some
victorious counterassault by the Russian army, but the power of Napoleon’s worst
enemy: the extremely cold weather during the fall and winter of 1812, where
temperatures dropped as low as 34 degrees below zero. The final number on the
map tells us that only 10,000 men lived to cross the Neman River to return home.
The highest estimate by historians is that perhaps 40,000 soldiers — less than ten
percent of the original army - survived the campaign.

A key quality of effective maps is the visualization of key connections be-
tween perspectives. In Minard’s map, we see the connection between geography,
temperature, and mortality (a striking aspect of the map is the rapidly thinning
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line, representing the number of soldiers, on Napoleon’s retreat). In the map of
Baltimore on the figure 1, we see literal road connections between downtown
Baltimore and the UMBC campus, as well as distance and direction.

Figure 2: Map of Napoleon’s Russian Campaign (1812-1913) Produced by Minard
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Source: http://www.math.yorku.ca/SCS/Gallery/minard/minard-odt.jpg
Note: This graphic has been translated from French to English and modified to most
effectively display the temperature data.

But how might we map the conceptual space in which we are grappling with a com-
plex problem? The complexity of the problem may require connections between concepts
from a variety of professional fields and academic disciplines. To use an analogy for a
mapping framework, imagine a wheel with the complex problem at its center, or “hub”™

Figure 3: Mapping Framework with the Complex Problem

F = professional Field (medicine, law, etc.)
D =academic Discipline (economics, biology, etc.)
0, = Question

| = Integrative Strategy

Any complex problem - such as how to provide services to elders who decide
to “age in place” (i.e. remain in their homes and use variety of services such as
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visiting nurses) — will invite a related set of questions and challenges. Questions
such as “who will pay for these services?” raise economic issues. Each discipline,
such as economics, offers tools with which to address these questions: concepts
such as opportunity cost or methods such cost — benefit analysis. In the field of
medicine, a method such as differential diagnosis might be a valuable tool for un-
derstanding the root cause of physical symptoms such as high fever or acute pain.
However, these disciplinary and professional perspectives do not exist in
isolation. The outer rim of the wheel connects these perspectives in a variety
of ways. There are three models of integration (Repko 2008) and five bridging
strategies (miller and Boix Mansilla 2004) that describe how disciplines and fields
interact with one another, i.e. what is happening at the interface between per-
spectives. For example, the American health care system finds itself in a conflict
between ethical clues (for example, do all citizens of a country — whether it be
Canada or the United States — have a right to receive health care? Is it ethical to
offer health care only to those who can afford it ?) and economic realities (how
will we fund a system that provides adequate health care for all Americans?).
We call this negotiation between disciplinary perspectives “advancing through
checks and balances” (Miller and Boix Mansilla 2004).

The actual map can often look more complex than the model on the fiigure 3.
Consider the concept map on the figure 4, designed by UMBC student Donna
Viola for an interdisciplinary studies assignment in which students were asked,
“what is the relationship between food production/consumption and energy pro-
duction/consumption in the United States?” The solid lines indicate connections

to academic disciplines or professional fields; the dotted lines indicate interdisci-
plinary connections driven by key questions.

Figure 4: Relationship between Food and Energy Production/Consumption

B ErgInEETIg:
Healthyrmedicine: |
what are the heahh eMfects of our

an be deseloped 1o
help sake the enargy

what new technodegies
cumrent focd coreumption habits? |

WO people wamt to Buy

Ecanormics:
(heast dizsase, abesingd new rechoodogies? erisis? [renewable, =tc | ~what will be the costs of
H |I Isupesy owd demanal TR W new energy technalogy?
| i by -
I | y
Hewr could pennie be II - B !
compeNed to oharge | . Wl e decfinnlogdes be
their matimg hobits ro 1 o o - fomdeal? h
Improue their heaith? | Whot ervvironmendnl "
| | effects ove deerimencal " \ .
| i \ o
| | #o human heakn? : Y I“""‘J;"’:":';"‘"'-‘”"
- ; 3 e e thve e
|I Ex: polutian, giobal Political schenvce ' W rchactdiriat
| [ womming " what are the current pokdes 9 " L
e <

- = vegandieg food and energy \

— R S R ------| production?
¢~ Foodproduction/ ™\ b fture palicies might be

——— i Energy production/ .""\

{ -
.. consumption ,{:‘ % Institubed and how wil they .. consumption /J
e SN ey ,-\\\ be enforced? “n e o
Fa N — < S
i | .l'\ ™ Sackkagytodture: S S
f. | 1 \, waaruy s AV AT TR T 2 o
/ | LY frasch food and energy a< they do? e b
,-"' | 3 | !\.‘ forw can consamplion rates be // rd - [ 5
— i B b b N | decreased io more reasonabie i | How wil the disrnution of

Paycnakgy Lo | leels? / r 5 | re=cerres be govermed?
-haw can we et Feanomics [ {f‘, i
peop ke 1 change thair what are b Y2 LY Enviconmenial soence: =]
eating habits? Scanpmics Behind our Y| e many resources are svamable A [T —

«currernt food production 4 Far foad ard enengy producbon? v eechnalogies offect

e consumpion? I', hoe shoidd land e be divided J_." ehg grwranment, i ot

I'. between food afd energy 7 all? fbarter, worse?)
|| purposes?
«changing our sating 4
habigs ¥ | Higkary: .—“E‘I-
1 | -whiy ane the Amiercan focd and E Lo 2
MRy Systems the wiry they are nl\:*"_(mnﬂ,
R Taelay? [Sil-SEpEraent, MEat-aatirg) = A p— o

Ricle gr cost iaf

oavertsing in fosd | .
compaigns?

10

Shaondal the

{ povernment fund
ol i igas?

Donra Viols

www.crossingtheborder.com.np



CONCEPT MAPPING MODEL...

How does this method of concept mapping help us to understand the prob-
lem or complex topic at hand? First, it is important to remember that the prob-
lems we face are part of a larger system, or stand at the interface of two or more
system (as in the case of the food/energy map). The concept map allows us to
see the problem space in a way that makes visible connections between different
perspectives, and to deploy a variety of bridging strategies! or models of integra-
tionl! that may contribute to an integrative and innovative solution to the prob-
lem. Second, mapping allows us to explore a complex issue in a non-liner way:
As we ask key questions from the perspective of one discipline, we realize that
other disciplines may also have relevant concepts or theories to help answer the
question. There is no single “route” to exploring complex issues. Third, mapping
allows us to refine our research questions and our perspective on the problem as
we proceed. We may discover that what we were researching is a symptom rather
than a root cause, or that our initial research question is too broad. For example,
in a recent discussion on the future of America’s energy policy, it became ap-
parent that many of the strategies proposed by the American Clean Energy and
Security Act of 2009 do not address the root problem: being more efficient with
the use (and capture of) the variety of energy sources readily available to us. It
was noted in class that at University Maryland Baltimore County, an Honors Uni-
versity known for its science and engineering programs, there is not a single solar
panel or wind turbine in place.

To focus more on an integrative analysis of a system, consider the map on the
figure 5. Although the methodology is somewhat different (instead of posing

Figure 5: Concept Map o Energy Policy Summit Meeting, INDC 330 April 15th, 2010
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CONCEPT MAPPING SOFTWARE

Questions for each discipline, key concepts and issues are identified), there are

clearly some important integrative strategies to consider:

1. (Checks and balances) We need to consider the environmental impact of new
technologies that we create.

2. (Checks and balances) We need to consider the economic impact of the new
policies we create.

3. (Bridging the explanation-action gap) Following on #2, if we create a new
policy for “carbon capture” for example, we must create an action strategy that
would help to solve the problem that we can explain. In this case, policymak-
ers and scientists agree that we must reduce carbon emissions (or the excess
amount of CO2 in the atmosphere). The explanation then is to create policies
that call for carbon capture. But how? What do we do with that excess car-
bon? Dr. Craig Venter is working on an action plan using synthetic biology to
create a CO2-eating organism that would produce fuel that could be used in
the existing biodiesel fuel system.

Although the concept mapping model on the figure 3 and the concept maps on

the figures 4 and 5 were done in Microsoft Word, there are concept mapping

programs that are specifically designed “scaffold’ the process:
«  C-Map tools htt://cmap. ihmc.us/conceptmap.html
e  Mindjet http://www.mindjet.com/
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