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Embodying aspects of science, art, and technology, the field of cartography has a corpus of 
knowledge which is extensive: it interacts and overlaps with other disciplines to an enormous 
degree; and it is utilised and delivered in a wide range of contexts, from state-directed mass 
production agencies to personal mapmakers disseminating experimental visualisations over 
the web; and from knowledge engineers conceptualising database design to social historians 
interpreting apocryphal sketch maps traced on the Rhodian shore.

This special issue of Cartographic Perspectives, addressing issues related to “Education in 
Cartography,” reflects the breadth of study embodied by cartography. The scope of carto-
graphic data handling is immense, and it is no surprise that large numbers of school, college, 
and mature students have a natural interest in, and commitment to, the subject of cartog-
raphy. The way in which we teach and inform them of the nature of our discipline is crit-
ical: from the beginning of their educational experiences, such scholars can be prudently 
introduced to a vast range of description, interpretation, and analysis of the elemental tasks 
of a dynamic and fundamental discipline. The nurturing of societies of knowledgeable and 
committed citizens through means of education forms an unwritten contract which binds 
generations together: the rightful expectation of the young is that they will be educated by 
their elders, to transfer learning, experiences, and skills, along with the intelligence to rec-
ognise how they can improve society by enhancing previous knowledge and gaining wisdom. 

The subject matter of cartographic education is a three thousand year-old body of accumu-
lated wisdom, which is the core of “what” is to be taught. There is, therefore, a significant 
amount of material which forms that subject matter. Some is addressed because of curiosity; 
some addresses the accepted truisms of our discipline; some demonstrates the integral links 
of cartography to other human endeavours; some contributes to the status of cartographers as 
“experts” in their craft. Each aspect forms part of a “Body of Knowledge,” defining the con-
tent of our educational curricula. The dynamic nature of contemporary cartographic activity 
and its potential adaptation to future changes means there is an obligation for cartograph-
ic educators to regularly, in the light of advances in the discipline, revise the syllabus they 
teach; to take advice from industrial advisory panels, professional organisations, and institu-
tional/governmental reports; to maintain contact with alumni who are succeeding in the car-
tographic profession; and to increase the effectiveness of research-led teaching. In short, the 
varying experiences of those engaged in the nation’s classrooms in delivering education in 
cartography should be reported, disseminated, and considered. A new regular section within 
Cartographic Perspectives, entitled “Views on Cartographic Education” and edited by Fritz 

L E T T E R  F R O M  T H E  G U E S T  E D I T O R
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Kessler, will present such experiences, and all are encouraged to submit educational items 
to Cartographic Perspectives for inclusion. Fritz introduces this new section later in this issue. 

The new section will join other regular CP columns and, to preserve continuity, we have 
included some of these columns in this special issue, where appropriate. In “Cartographic 
Collections” (which focuses on map curatorship, documentation, and conservation), an ac-
count of the outreach work of the Boston Public Library is presented, with an emphasis on 
educating the public on the importance and value of an accessible municipal map collection. 
In the “Practical Cartographer’s Corner” (presenting tips and experiences from those en-
gaged in map design, creation, and production) the educational theme is maintained with an 
interesting account of production work being done by students in the labs of the University 
of Nebraska at Omaha. Finally, in “Visual Fields” (which addresses “cartographic aesthet-
ics and design, featuring examples of inspirational, beautiful, and intriguing work”), David 
Rumsey presents a fascinating artefact of early 19th century school-level education using 
maps, in the form of an atlas of the United States for blind children.

A number of other aspects of education are exemplified in the main reviewed papers of this 
special issue of Cartographic Perspectives. Pedagogy (the practice of teaching) is addressed in 
each. The online theme is considered further by Anthony Robinson, who has been at the 
forefront of promoting the most substantial increase in numbers of students of cartography 
in recent years, through his leadership of a massive open online course (MOOC) devel-
oped by Penn State University and commercial partner Coursera. Anthony’s paper address-
es, in particular, scalability issues in assessment of students registered for a distance-learning 
MOOC. In the context of an overview of how MOOCs developed, several detailed aspects 
of evaluating student work are considered. Peer grading, the role of visual analysis, iter-
ative design, progressive improvement, and detection of plagiarism in submitted material 
are each explored. A dynamic discipline such as cartography needs dynamic methods of 
educational discourse: MOOCs show one example of how contemporary technology can be 
used to renew cartographic education, and this paper probes important topics related to their 
implementation.

The outcomes of education are considered in the other main paper in this issue, in which 
Jeff Howarth reflects on spatial thinking and the pedagogy of GIS. Undertaking some prac-
tical testing of students on geography and GIS degree programmes, Jeff has been able to 
demonstrate the value of spatial thinking in education in many disciplines, how to enhance 
natural spatial thinking abilities, and how to “teach the teachers” to value spatial thinking 
in their syllabus development. The importance of Jeff ’s experiences to the development of 
cartographic education is in integrating conceptual issues in education, such as cognitive 
load theory and studies of expert knowledge, with the classroom activities involved in spatial 
learning.

The generic topics (in bold, above) covered in this special issue of CP are central to the 
agenda of the International Cartographic Association’s newly re-elected (2015–2019) 
Commission on Education and Training. One of its long-standing Terms of Reference is 
to monitor the provision of cartographic education around the world: the Commission has 
noted with concern the decline in cartographic education provision in some countries such 
as the United Kingdom, the Netherlands, and Germany, but also welcomes the burgeoning 
of cartographic education in other nations including Spain, Turkey, China, and Brazil. On 
the strength of its dynamic practitioners (both within the academy and through collaborative 



Cartographic Perspectives, Number 80, 2015    | 5 

commercial/governmental links), their innovation in publication and outreach, the flexibility 
of curriculum development informed by comprehensive Body of Knowledge and competency 
model documents, and the vitality of research activity, the United States also falls into the 
latter category. The initiative for this special issue of Cartographic Perspectives came from a 
realisation that the incisive discussions, debates, and presentations on the topic of educa-
tion in cartography at the April 2015 meeting of the Association of American Geographers 
deserved a fuller exploration and broader arena in which to be aired. Along with the regu-
lar, stimulating meetings of American cartographers in other forums, through organisations 
such as NACIS, there is admirable opportunity for cartographic educators in the USA to be 
innovative, effective, and pro-active in their approach. It is to be hoped that the experiences 
of American cartographic educators, involved in the range of topics mentioned above, from 
Body of Knowledge to public outreach, and from web mapping in the classroom to develop-
ing a cartographic “mind-set,” can continue to be described and disseminated in a way which 
helps the international community. This issue of Cartographic Perspectives is a major step in 
that direction.

David Fairbairn 
Guest Editor
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Evaluating Maps in a Massive Open Online Course

PEER -REV IEWED ART ICLE

New forms of cartographic education are becoming possible with the synthesis of easy to use web GIS tools and learning 
platforms that support online education at a massive scale. The internet classroom can now support tens of thousands of 
learners at a time, and while some common types of assessments scale very easily, others face significant hurdles. A partic-
ular concern for the cartographic educator is the extent to which original map designs can be evaluated in a massive open 
online course (MOOC). Based on our experiences in teaching one of the first MOOCs on cartography, we explore the 
ways in which very large collections of original map designs can be assessed. Our methods include analysis of peer grades 
and qualitative feedback, visual techniques to explore design methods, and quantitative comparison between expert rat-
ings and peer grades. The results of our work suggest key challenges for teaching cartography at a scale where instructors 
cannot provide individual feedback for every student.

K E Y W O R D S :  cartographic education; MOOCs; online learning; peer assessment

I N T R O D U C T I O N

A new spirit of institutional openness, coincident with 
the emergence of new forms of education via the internet, 
has combined to drive the development of learning expe-
riences that reach massive, global audiences. The massive 
open online course (MOOC) is one such example, grow-
ing from an initial pedagogical experiment with two thou-
sand students in 2008 (McAuley et al. 2010) to mature 
platforms today featuring hundreds of courses from uni-
versities around the world for an audience measured in the 
tens of millions (Pappano 2012). At the same time, map-
ping technology has proliferated to reach enormous new 
audiences through location-enabled mobile devices and 
easy to use web mapping tools. As a result, cartographers 
have the unique opportunity today to reach massive, glob-
al audiences through learning experiences at scale.

The potential to teach cartography to thousands, rather 
than dozens, has immediate attraction to cartographic ed-
ucators with an eye on encouraging a broader public un-
derstanding of best practices in map reading and design. 
It also introduces significant new challenges to overcome. 
We explore one of those challenges here by evaluating the 
extent to which map design assessment can take place in a 
massive, distributed global classroom. If we intend to ex-
pand the range of students who engage with cartography 

through increased openness, then we must address the 
fundamental issue of scale between the relatively few ca-
pable cartography educators in the world, compared to the 
very large potential audience of mapmakers who may be 
keen to learn.

In the sections to come, we begin by characterizing the 
state of the art in online teaching at scale. As part of this 
discussion, we focus on previous attempts to teach mas-
sive courses within the discipline of geography. Next we 
describe the use of peer assessment methods, which are 
the most common means for supporting evaluation of stu-
dent-generated projects in massive courses.

Using evidence gathered from teaching a MOOC on car-
tography, we follow our literature review with a method-
ological structure we have used to explore the reliability 
and utility of peer assessment through quantitative and 
visual analysis. The results of these analyses are then dis-
cussed and situated within the broader context of challeng-
es and opportunities for scaling cartographic education to 
massive audiences. We conclude with ideas for future re-
search to explore emerging dimensions of assessment in a 
new realm of massive online cartographic education.
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T E AC H I N G  G E O G R A P H Y  AT  S C A L E

This article is written at a time in which distance 
education methods and mapping technology have be-
come blendable and distributable in radical new ways. This 
potential has been a long time in the making, however, 
through decades of previous development in both areas. 
The rise of e-learning has roots reaching as far back as the 
1960s with early experiments fusing computing with ed-
ucation (Nicholson 2007). The science and technology of 
e-learning saw its renaissance, however, during the 1990s 
as delivery via the internet became possible for an increas-
ingly large audience of learners.

Distance education today can take many forms, including 
fully-online and blended models of instruction which em-
ploy synchronous as well as asynchronous types of engage-
ment through assignments, discussion, and content deliv-
ery (Unwin et al. 2011). The science of online instruction 
has also seen major developments and has been the sub-
ject of significant attention within geography itself (Clark, 
Monk, and Yool 2007; Terry and Poole 2012). Evidence 
from hundreds of controlled studies has helped reveal that 
design guidelines for effective online learning can be de-
veloped, and that courses designed with those imperatives 
in mind perform as well as their in-person counterparts. 
Furthermore, online classes can offer unique advantages to 
students in terms of flexibility and access to match a broad 
range of potential learning styles (Means et al. 2010).

Fully-online geography courses focused on the mapping 
and geographic information sciences began to appear at 
universities and colleges in the late 1990s, starting a trend 
which continues today to emphasize geospatial tech-
nology through online certificate and degree programs 
(McMaster et al. 2007). Classes offered in these programs 
may use a range of instructional models, including syn-
chronous and asynchronous content delivery, discussion 
systems, lecture videos, and virtual laboratories (Unwin 
et al. 2011). While online learning initially seemed to 
promise the ability to lower costs and support larger co-
horts in classes, these myths have largely been debunked 
by researchers (DiBiase and Rademacher 2005). Instead, 
the primary advantages of online learning today have to 
do with access, as there are millions of learners around 
the world who cannot attend in-person classrooms. This 
is particularly an issue for adult education, an area where 
online programs have grown very rapidly in the United 
States. Few professionals can relocate to attend on-campus 

experiences, and even when one is located nearby, not 
many can attend evening and weekend courses for weeks 
on end without interruption.

In the late 2000s, the first experiments began with a new 
approach to tackle the scale issue associated with online 
learning. George Siemens and Stephen Downes at the 
University of Manitoba launched a new online course in 
2008 titled Connectivism and Connective Knowledge, which 
was opened for anyone in the world to participate in for 
free via the internet. This experimental approach drew 
in more than two thousand learners from all over the 
world. Connectivism and Connective Knowledge is credited 
today as the first example of a massive open online course 
(McAuley et al. 2010). Soon, others began to experiment 
with developing MOOCs and new platforms for creating 
and delivering MOOCs. These new platforms included 
Coursera, launched by Andrew Ng and Daphne Koller 
from Stanford University, Udacity, created by Sebastian 
Thrun at Stanford University, and edX, which was co-de-
veloped by the Massachusetts Institute of Technology 
and Harvard University. Today, these platforms and 
many other new entrants are offering hundreds of class-
es to millions of learners. Coursera is currently the larg-
est MOOC provider, with more than 10 million students 
taking courses on its platform by late 2014 (Larson 2014). 
Generally speaking, MOOC platforms develop partner-
ships with universities to develop and deliver courses, with 
the platform providers offering their learning management 
systems and user base, and the university partners provid-
ing content and instruction.

There is no doubt that what encourages learning at a mas-
sive scale is the fact that MOOCs are normally free to 
take. While on the surface offering a free course may seem 
to benefit neither universities nor the MOOC platform 
providers, new models for revenue generation are emerg-
ing through MOOCs via the provision of microcreden-
tials for a small fee, and via lead generation to encourage 
MOOC students to enroll in traditional tuition-paid on-
line and residential learning programs. Those who support 
the evolution of MOOCs have pointed out the potential to 
reach large and globally diverse audiences that are not typ-
ically able to access higher education experiences. Those 
who are critical of the trend highlight the lack of sustain-
able revenue generation models, low class retention rates, 
and pedagogical concerns given the fact that instructors 
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cannot possibly provide individualized instruction and 
feedback with thousands of students at once.

Since 2013, several MOOCs on geography topics have 
been developed and taught across a variety of MOOC 
platforms. The first of these, a course called Maps and 
the Geospatial Revolution (hereafter also referred to as the 
Maps MOOC), was launched on the Coursera platform 
in February 2013 (Robinson et al. 2015). Subsequently, 
several other MOOCs on geospatial science and tech-
nology topics have been developed, including Introduction 
to GIS using Quantum GIS (www.canvas.net/browse/ 
delmarcollege/courses/introduction-to-geospatial- 
technology-1), Geodesign: Change Your World (www. 
coursera.org/course/geodesign), From GPS and Google 
Maps to Spatial Computing (www.coursera.org/course/
spatialcomputing), Geospatial Intelligence and the Geospatial 
Revolution (www.coursera.org/course/geoint), and Going 
Places With Spatial Analysis (www.esri.com/landing- 
pages/training/spatial-analysis). What these courses have 
in common is that they are targeting new audiences of 
geographic learners with free experiences to introduce key 
geospatial topic areas. Maps and the Geospatial Revolution 
appears so far to be the only MOOC that focuses explic-
itly on cartographic education, though we anticipate there 
to be many more options in this area in the near future.

The current state of the art in MOOC platform devel-
opment supports a limited palette of assessment types. 
Compared to traditional online learning with small co-
horts where individualized grading by an instructor is 
possible, MOOC assessments are normally limited to 
autograded quizzes and exams using multiple choice or 

true/false questions. The key exception to autograded as-
sessments in MOOCs is through the use of peer evalu-
ation frameworks. Many MOOC platforms provide peer 
assessment tools as the primary means by which individ-
ual projects can be evaluated at scale to provide formative 
feedback.

Peer assessment employs a simple concept at its core: 
students evaluate the work of their peers (Falchikov and 
Goldfinch 2000). In a traditional course, peer assessment 
is frequently employed as a means to generate peer-to-peer 
discussion on course content or project deliverables. Peer 
assessment is usually moderated by the instructor in this 
setting to ensure that feedback is constructive and consis-
tent. Peer assessment has been widely adopted in MOOCs 
to overcome the problem that MOOC assessment meth-
ods are otherwise limited to summative measures that 
come from autograded quizzes and exams (Suen 2014). 
In contrast to its application in non-massive courses, peer 
assessment is not easily moderated by an instructor in a 
MOOC where there may be thousands of assignments 
and reviewers at work.

In the sections that follow, we describe the development of 
a peer assessment intended to support formative feedback 
for individual cartographic design projects generated in a 
MOOC. Using data collected from students completing 
this assignment, we explore several ways in which the re-
sulting grades and assignment can be evaluated to gauge 
the challenges and opportunities that this framework 
poses for further explorations in teaching cartography at 
a massive scale.

P E E R  A S S ES S M E N T  I N  T H E  M A P S  M O O C

To explore the potential for map assessment in 
courses at scale, we have analyzed map contributions from 
students enrolled in Maps and the Geospatial Revolution. 
Since 2013, this MOOC has been taught three times by 
the first author, Anthony Robinson, enrolling more than 
100,000 students from over 200 countries and territories.

To evaluate peer assessment reliability and consistency, 
we use assessments and peer ratings from the first Maps 
MOOC taught in July, 2013. That session enrolled over 
49,000 students, with more than 36,000 participating 
once the class became active. 3,064 earned a passing grade 

in the course, with more than 8,000 students active during 
its f inal week. High attrition rates are common across 
MOOCs (Ho et al. 2014), and yet it would take over a 
hundred sections of a typical cartography course to reach 
even the relatively small subset who earned a passing grade 
in the initial offering of the Maps MOOC.

Students in the 2013 session of the Maps MOOC creat-
ed a total of 2,787 final project submissions. This project 
represented the culminating effort for the class, and it 
required students to find spatial data (or create it them-
selves) and create their own original maps to tell stories 
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about their chosen data 
sets. Three potential 
options were presented, 
from more diff icult to 
less difficult, depending 
on students’ self-assess-
ment of their mapping 
skill levels. Option 1 
suggested the use of 
Esri ’s ArcGIS Online 
tools, which students 
use in four lab assign-
ments in the course, and 
therefore the easiest op-
tion for those who have 
made maps of their own 
only as a result of taking 
the class. Option 2 sug-
gested the use of Esri’s 
StoryMap templates and 
tools, which requires 
technical skill beyond 
what is explicitly taught 
in the MOOC. Option 
3 encouraged students 
to use CartoDB, MapBox Studio, or a desktop GIS such 
as QGIS to complete their projects. This option was in-
tended to push the more experienced students taking the 
class to build upon their existing knowledge.

R U B R I C  A N D  A S S E S S M E N T  D E S I G N

A critical pedagogical component for the design of any 
peer assessment is its grading rubric. Rubric design de-
serves special attention in a MOOC given the very wide 
range of backgrounds and expertise evident in their glob-
ally-diverse audiences. In addition, we know that MOOCs 
typically have more than 50% of their student populations 
speaking a primary language aside from English, so the 
language used to describe rubric elements must take this 
into account to the extent it is possible.

In conjunction with a learning designer, who helped ad-
vise on the development of the Maps MOOC content and 
assignments, we developed a four-part rubric that asks 

peer graders to evaluate how well each submission presents 
a complete story, how compelling that story is, whether 
or not the map design uses best practices in cartographic 
design, and the extent to which the map has an aesthet-
ic look and feel that reinforces its storytelling objectives. 
Each of these four elements could be rated from 0 to 3, as 
shown in the detailed rubric in Figure 1. The maximum 
possible grade for this assignment is therefore 12 points, 
and the assignment was weighted to make up 20% of the 
overall grade for the class.

The Coursera platform allows an instructor to speci-
fy how many submissions each student must grade. We 
chose to require a minimum of three graded submissions 
for each participant. To our surprise, most students vol-
untarily graded additional submissions. In fact, a total of 
1,825 submissions received at least five peer grades. The 
Coursera platform allows students to voluntarily grade 
more than the required number of submissions, and it uses 
the median rather than the mean of scores to determine 
the final grade for a peer review assignment.

Figure 1.
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R ES U LT S

To evaluate the extent to which map design can be 
assessed at scale, in this section we explore multiple as-
pects of peer grading results from the Maps MOOC. We 
begin by describing the general outcomes seen across three 
sessions of teaching the course. Next we provide evidence 
from a quantitative evaluation of the stability and reliabil-
ity associated with peer grading from the first session of 
the Maps MOOC. Finally, we show how techniques and 
tools from image analysis can be used to begin exploring 
the qualitative dimensions of map designs submitted in a 
massive course, using the second Maps MOOC project 
collection as an example.

P E E R  G R A D I N G  A C R O S S  A L L  S E S S I O N S

One mechanism for comparing peer assessment results 
across all three sessions of the Maps MOOC is to pro-
portionally summarize grading for each class. Figure 2 
shows peer grade distributions across eleven score rang-
es for each of the three Maps MOOCs taught so far. The 
average score for each session is also plotted as a line in a 
corresponding color on this graph.

The 2013 session featured a broader and flatter distribution 
of score ranges, particularly between 50% and 90%, com-
pared to the subsequent 2014 and 2015 sessions, which 
have strong peaks in the 80% to 90% range. Although 

the core course content has remained the same across all 
three sessions, improvements have been made each time to 
the instructions provided for the peer assessment activity, 
as it is one element of the course which appears to be the 
toughest for students to understand and execute compared 
to the autograded quizzes, lecture videos, and other ma-
terials. We suspect that improvements in how the assign-
ment is presented and explained may help students toward 
developing higher quality submissions that better fit the 
rubric imperatives. It is also possible that the size of the 
cohort plays a significant role, as the first MOOC in 2013 
had roughly twice as many participants as the 2014 and 
2015 sessions.

On average, scores have increased with each subsequent 
session by a small, but notable margin. Again, while we 
cannot be certain of the cause, one potential reason for 
this would be the constant improvements we have made to 
the assignment instructions to explain deadlines, the peer 
grading method itself, and how the rubric should be in-
terpreted/employed. Another potential explanation is that 
MOOC students in general are becoming more familiar 
and comfortable with peer grading as a common element 
of massive courses. We note that more students appeared 
to struggle with this concept in the 2013 class than in sub-
sequent courses, based on what we have seen students dis-
cuss in the forums about this assignment.

Figure 2.
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C O M PA R I S O N  T O  I N S T R U C T O R  G R A D I N G

To evaluate the extent to which peer grading correlates 
with expert grading by a qualified instructor, we manually 
graded a 5% random sample (93) from the set of submis-
sions that had received at least five grades (n=1825) from 
the first session of the Maps MOOC taught in 2013. The 
first author reviewed and graded each submission from 
this subset using the same rubric as used by the students 
for peer assessment and was blinded to the grades that had 
already been assigned by students.

Using this manually-graded set of assignments as a sam-
ple, we were able to evaluate the reliability and validity 
of peer grading. We define reliability as the tendency for 
peer graders to agree with each other when rating a given 
assignment, and we define validity here as the agreement 
between student-provided grades with expert-provided 
grades.

Reliability evaluation using intraclass correlation coeffi-
cient (ICC) analysis reveals that while agreement among 
individuals is low (ICC = 0.262), taking the averages of 
five scores provides significant improvements to reliabil-
ity (ICC = 0.640). Our evaluation of score validity using 
Pearson’s correlation coefficient shows that instructor 
grades have a strong positive correlation with peer grades 
provided by students (r = 0.619, p > 0.01). Further details 
on our analysis of reliability and validity, including the re-
sults of a student survey to evaluate the extent to which 
students understand and appreciate peer grading, can be 
found in a recent complementary article (Luo, Robinson, 
and Park 2014).

V I S U A L  A N A LYS I S

While quantitative evaluation provides insights regard-
ing the overall reliability and utility associated with peer 
grading in cartography courses at scale, this approach 
completely obscures the artifacts themselves. What should 
instructors do if they want to actually see and understand 
the map designs that students have created in such a large 
course environment? If thousands of maps are created and 
submitted, how can cartographic educators make sense of 
what was made beyond basic measures of overall grades 
and their reliability?

With this motivation in mind, we set out to explore the 
visual design of submissions from the second session of the 

Maps MOOC taught in the spring of 2014. This course 
generated 1,243 final project submissions from students.

To begin evaluating the look of these maps, first we man-
ually captured screenshots from every map submission and 
coded them into categories according to the tools used in 
their creation. Most of the maps (91%) utilized a type of 
Esri tool (ArcGIS Online, StoryMaps, etc.), while the 
remaining 9% utilized an alternative mapping platform 
(CartoDB, Mapbox, Google Maps, etc.). In the context 
of map design evaluation at scale, this is an important at-
tribute because it highlights the key media used to gen-
erate cartographic products across the globe, while it also 
assesses the extent to which students are applying the tools 
taught in the MOOC to make maps. This knowledge can 
help guide future course offerings by suggesting relevant 
tools to introduce students to. Moreover, the tools used 
to create maps, their popularity, and their ease of use all 
have a significant influence on map aesthetics and design 
processes.

To explore the visual characteristics of these maps, we 
adopted techniques from image analysis and utilized the 
ImageJ toolkit (Schneider, Rasband, and Eliceiri 2012), 
which allows us to combine qualitative categorizations 
we encode for submissions with automated evaluation of 
high-level image features extracted from screenshots of 
the map submissions. Essentially, each map image is rep-
resented by four attributes: the tool used to create the map; 
median saturation value; median brightness value; and 
median hue value. Given these attributes, we can plot the 
entire collection of map images in two-dimensional spaces 
to illuminate visual signatures of map design at both the 
global (entire class) and local (individual student) levels.

Figure 3 depicts a montage of the entire collection of stu-
dent maps, grouped by the different tools used for map 
creation and sorted darkest to brightest, from left to right, 
based on median brightness values. This montage conveys 
the distributions of maps by software type and highlights 
map types that tend to be brighter or darker overall. At 
full resolution, one can pan and zoom on the montage to 
explore and evaluate map designs at the individual level, as 
a collection, or within/ between mapping software groups.

For example, the most widely used Esri ArcGIS Online 
maps, shown in the uppermost block of Figure 3, tend to 
be brighter overall. In contrast, the Esri StoryMap sub-
missions, shown in the fifth block down, are considerably 
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darker. A closer look at maps in these two categories re-
veals that students who used Esri ArcGIS Online maps 
tended to map larger areas, essentially presenting informa-
tion at smaller map scales, which resulted in more ocean 
coverage and brighter base map elements. Students who 
used Esri StoryMaps tended to focus on very specific plac-
es, presenting their stories at large map scales and inte-
grating photographs to provide rich context. The lack of 
ocean and brighter base map elements resulted in overall 
darker maps. These insights allow cartographic educators 
to better understand the motivations behind students’ in-
dividual design choices as well as the role of mapping soft-
ware in shaping design decisions and overall aesthetics.

 Another approach to visualizing map design is to plot 
map images in a scatterplot using values associated with 
their visual features. Figure 4 plots map images by me-
dian brightness values on the horizontal axis and median 
saturation values on the vertical axis. The concentration of 
map images in the bottom right corner of the plot illus-
trates the strong tendency for students to design bright, 
unsaturated maps. This trend seems to align with both 
cartographic theory and with the default map layouts in 
spatial media authoring software designed with carto-
graphic theory in mind. These maps take visual hierarchy 
into consideration. The visual characteristics of the base 
map data which, in most cases, are most influential on the 

Figure 3.
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high-level visual features extracted from the map images 
are subtle and bright. The darker, more saturated colors are 
used sparingly in these maps to bring primary data to the 
top of the visual hierarchy.

At the inverse end of the plot, map images are dark, sat-
urated, and typically representative of designs that use 

satellite imagery as a base map. Maps located more cen-
trally in the plot tend to be vector/raster mashups, Esri 
ArcGIS Online story maps that integrate photographs 
into the map design, or large-scale maps composed pri-
marily of landmass. Outliers in the scatterplot may repre-
sent map designs that are novel, or that could benefit from 
constructive critique. From an evaluation perspective, the 

Figure 4.
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scatterplot serves as a tool that allows educators to assess 
students’ individual design decisions on visual hierar-
chy together with software’s influence on realizing those 

decisions. We explore additional methods for visual anal-
ysis of peer-assessed map designs in Nelson and Robinson 
(2015).

C H A L L E N G ES  F O R  M A P  A S S ES S M E N T  AT  S C A L E

Based on our results from evaluating map designs 
through quantitative and qualitative means as shown in 
the previous sections, we propose a series of new research 
challenges for cartographers to address in order to support 
map assessment at scale.

W H AT  C A N  B E  D O N E  T O  S U P P O R T  I T E R AT I V E 
M A P  D E S I G N  A N D  P R O G R E S S I V E  F E E D B A C K  AT 
S C A L E ?

Current peer assessment methods in MOOCs do not sup-
port iterative feedback and project development, making 
it hard to envision a cartographic design course that goes 
deeper in the way that most cartographic educators would 
desire. To move beyond single-stage peer assessment in 
a course at scale would require the development of new 
platforms that can organize multi-stage reviewing auto-
matically, as well as rubrics that take iteration into account 
automatically. In a typical cartography class, an instructor 
will normally assume prior knowledge gains as a class goes 
from week to week, and penalties for problems may in-
crease over time, while expectations for attention to detail 
also increase.

While this challenge is a significant one to tackle, it is 
worth noting that students are already engaging in iter-
ative refinement through informal means in a class like 
the Maps MOOC. We have observed students posting 
projects in progress to the discussion forum and solicit-
ing critique for multiple drafts over a period of days or 
weeks to improve their submissions. This promising sign 
is tempered by the fact that these students are engaging 
in ungraded peer review without a standardized rubric. 
These are two key aspects of peer assessment that would 
need to be adapted to support iterative progress in a formal 
assignment.

H O W  C A N  E D U C AT O R S  S E E  A N D  U N D E R S TA N D 
L A R G E  C O L L E C T I O N S  O F  M A P  S U B M I S S I O N S ?

As we have shown here, it is possible to begin making 
sense of very large collections of map submissions through 

the use of image analysis techniques, but these methods 
are only helpful in providing broad observations. These 
methods could be made more useful if there were inter-
active interfaces that provided not only for the overviews 
that are currently afforded, but also for more detailed drill 
down to review individual submissions that appear inter-
esting. Another technical hurdle to overcome is the need 
for instructors to capture thousands of submissions in some 
form that can be analyzed by these systems. Our experi-
ment required significant manual effort that no instructor 
would be able to execute under normal circumstances.

Dynamic maps present further challenges for computa-
tionally-assisted analysis. Here we have focused on simply 
exploring map designs via analysis of single screen cap-
tures. The vast majority of our submissions are actually 
from interactive digital maps which cannot be completely 
summarized by a single screen capture. Therefore we see 
the need for new techniques to help capture and compare 
dynamic map projects, potentially leveraging click-stream 
data to assess the synthesis of map design and interaction 
primitives as outlined by Roth (2013).

W H AT  C A N  B E  D O N E  T O  A U T O M AT E  T H E 
P R O C E S S  O F  D I S C O V E R I N G  F R A U D U L E N T 
S U B M I S S I O N S ?

Academic integrity issues are certainly not unique to dis-
tance learning or MOOCs, but we note here the need for 
better ways of discovering fraudulent submissions when 
faced with a massive collection of assignments to review. 
There is a wide range of tools available today that allow 
instructors to submit collections of written works to check 
for academic integrity violations, but to our knowledge 
there remains a gap in technology and services when it 
comes to supporting instructors who want to know wheth-
er or not a given image has been previously published. 
Manual searching is of course possible, but automated 
techniques are essential in the context of a massive course.

This problem becomes even more difficult if one consid-
ers submissions that feature interactivity, where it can be 
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trivially easy for students to claim another’s work as their 
own and where similarities may not be readily detectable 
using image analysis methods alone.

H O W  C A N  Q U A L I F I E D  C A R T O G R A P H I C  E X P E R TS 
B E  E A S I LY  I D E N T I F I E D  A N D  E N C O U R A G E D  T O 
A S S I S T  S T U D E N TS  I N  N E E D ?

Perhaps the greatest challenge we see in the further de-
velopment of peer assessment techniques for cartograph-
ic education at scale is the need for map design expertise 
to become more scalable. While we have shown here that 
a relatively simple assignment with an easily understood 
rubric can generate consistent and reliable results, we ex-
pect grading reliability and utility to decrease as the need 
for detailed cartographic expertise increases for a given 
assignment. For example, it may be easy for students to 
identify the need to normalize data on a choropleth map, 

but far harder to identify the incorrect use of a given pro-
jection, or the need to carefully align and distribute layout 
elements.

We do not, however, expect that such expertise may only 
reside with an instructor. Our experiences with the Maps 
MOOC have shown that there are significant groups of 
professional cartographers and geospatial analysts who 
take the class, even though it would seem to be far too 
basic for those audiences. Such students tend to be in-
terested in trying the MOOC platform itself, and some 
are clearly present in order to help novices get started in 
cartography. It would be ideal if students with expertise 
were more readily identifiable such that they could be then 
directed by an instructor to make interventions and help 
solve the scalability issue when it comes to providing ex-
pert feedback.

CO N C L U S I O N S  A N D  F U T U R E  R ES E A R C H

Our work here has contributed lessons learned from 
the development and evaluation of peer assessment at a 
massive scale through experiences in teaching a MOOC 
on mapping. We have shown how such an assignment can 
be structured, what happens when students grade each 
other, how those grades compare to instructor grading, 
and how techniques from image analysis can help instruc-
tors see large collections of maps designed for a MOOC 
assignment. Based on these evaluations of peer assessment, 
we have outlined several key research challenges that re-
quire further research in order to develop mature mech-
anisms for evaluating map designs in massive cohorts. 
Our analysis of students’ final map projects offers a unique 
evaluative approach to large map collections, assesses the 
extent to which students integrate theoretical concepts 
with current mapping tools and platforms, and can help 
guide future course offerings in designing content relevant 
to global cartographic aesthetics and demand.

As a next step in this research, we are focusing attention 
on the other types of feedback that we have collected from 
peer reviews in the Maps MOOC. In addition to numer-
ical scores from rubric-based evaluation, most peer assess-
ment frameworks provide for unstructured text feedback 

for reviewers to explain their ratings. In the context of the 
Maps MOOC, these data include thousands of qualitative 
descriptions from peer graders, and anecdotal reports from 
students indicate that these explanations are critically im-
portant sources of feedback in addition to the numerical 
ratings. To date we have not conducted a structured anal-
ysis of these data, and we anticipate that there are more 
lessons to be learned from what is contained therein. Text 
responses on peer assessment assignments introduce an-
other potential scale issue for educators to solve. If there 
are thousands of written responses, how can one instruc-
tor make sense of this feedback and use that knowledge 
to improve or refine a given assignment? We believe there 
is the potential to leverage topic-modeling tools, includ-
ing methods like latent Dirichlet allocation (Blei, Ng, and 
Jordan 2003), to computationally extract and summarize 
key topics in large collections of text. These techniques are 
in use today for a wide range of contexts where making 
sense of a large corpus requires some degree of automated 
summarization, and initial experiments have already been 
conducted to explore their potential utility for analyzing 
the massive conversations that take place in MOOC fo-
rums (Robinson 2015).
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This article presents a teaching model to support learning by solving problems with geographic information technology. 
Using the case study of a re-designed introductory course in geographic information systems, I present research from stud-
ies of expertise and Cognitive Load Theory that identify learning objectives and methods for problem-based instruction. 
I illustrate a general template for learning geographic technology by solving a problem based on a process of understanding 
the problem, developing a plan, and implementing the plan. This template also reinforces learning during practice and 
exam problems. The article aims to encourage future research on problem-based instruction of geographic information 
technologies that integrate cognitive studies of learning, spatial thinking, and problem solving.

I N T R O D U C T I O N

There are good instructional resources for those who 
ask the question, “How can I develop a GIS&T curricu-
lum that works?” (Prager 2011, 64). But as a junior mem-
ber of a department, the question I needed answered was 
slightly more modest: “How can I re-design components 
of a course that I have inherited from a colleague in a way 
that preserves what works while improving what could 
work better?”

In spring 1987, Bob Churchill began offering a course 
t it led “Cartography/Graphics” in the Geography 
Department at Middlebury College. Churchill viewed 
computer-based cartography as a “profitable pedagogical 
tool,” one that “can be used to illustrate many basic spa-
tial and cartographic concepts far more emphatically and 
convincingly than conventional classroom approaches” 
(Churchill and Frankland 1981, 69). In 1990, Churchill 
renamed his course “Geographic Information Systems” 
after the pedagogical tool that he used. He designed his 
course to introduce students to spatial analysis and car-
tographic design by showing them how to use GIS tools 
to solve authentic problems. He presented these tutorials 
live, during a three-hour laboratory meeting. At the end 
of each lab, he gave a homework assignment that required 
students to solve a problem that was analogous to the in-
class tutorial in many ways, but also presented some small 

twist where the solution he showed in class wouldn’t 
work and the students had to trouble-shoot independent-
ly. By 1999, his course had been made a requirement for 
all majors in both the Department of Geography and the 
Program in Environmental Studies. Then in late October 
2004, Bob called a colleague in the department to tell him 
he wasn’t feeling well enough to make it to class that day. 
On November 14, 2004, nine weeks into the fall semester, 
Bob Churchill passed away.

In 2007, I arrived at Middlebury, fresh from graduate 
school, to teach Bob’s class. I received eight labs that de-
scended from Bob’s course, but no other teaching materi-
als. There were no lab notes, no explanations for the con-
tent, and no lecture materials to accompany the laboratory 
tutorials. So I studied the labs like rare artifacts. Why did 
he spend the whole lab period demonstrating how to solve 
one long problem before students worked independently? 
How could he have presented the tutorials in ways that 
would help the students digest the depth of content that 
they contained? What made a problem different from the 
tutorial in a way that gave it a good twist?

This article shares answers to some of these questions and 
aims to help instructors who are engaged in the design of 
instructional materials that support learning while solving 
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problems with geographic information technologies. In 
the next section, I review research in expertise and cog-
nitive load theory that point to learning objectives and 
strategies for problem-based instruction. Next, I present 
my revisions to Bob’s teaching model to support prob-
lem-based learning in an introductory GIS course. The 
discussion section connects the framework to (1) general 

kinds of knowledge that characterize expertise, and (2) 
evidence-based methods for instructional design from 
cognitive load theory. The discussion concludes by con-
necting the framework to future research questions in car-
tographic education, including applications for teaching 
cartographic design.

L E A R N I N G  BY  S O LV I N G  P R O B L E M S

“The Strawman Report” (2003, 13) posits problem 
solving as a core component of learning GIS, arguing that 
it is “essential for academic programs to emphasize the 
practical aspects of the GIS&T domain along with the 
theoretical ones… Central to all paths is the development 
of problem identification and problem solving capabilities.” 
But the report does not offer instructors much specific 
guidance for doing this. Similarly, the Body of Knowledge 
for Geographic Information Science and Technology 
(DiBiase et al. 2006) that followed the Strawman Report 
provides a rich list of desideratum to define levels of com-
petency with geographic information technologies, but 
doesn’t offer prescriptive advice to help teachers support 
this learning.

So as I began to redesign Bob’s course, I started with a 
basic question: what do students do when they solve prob-
lems? Duncker (1945) defines a problem as a situation that 
arises when an agent “has a goal but does not know how 
this goal is to be reached.”

Whenever one cannot go from a given situation 
to the desired situation simply by action, then 
there has to be recourse to thinking. (By action 
we here understand the performance of obvious 
operations). Such thinking has the task of de-
vising some action which may mediate between 
the existing and desired situations.

This suggests that problem solving is the thinking that 
students must learn to do when they don’t know what 
to do. It also suggests that when students can do some-
thing without thinking about it, then the thing that they 
are doing is no longer a problem for them. Applied to the 
technology we teach, the latter point is presumably a basic 
learning objective for most GIS instructors: we’d like our 
students to be able to do things with geographic informa-
tion technology without having to think a lot about the 

software itself. In Marble’s (1998) pyramid of competency, 
this constitutes the first operational level (“if an operation 
is accessible from the interface tool bar, then the individ-
ual should be able to handle—and understand—it without 
too great an effort”).

But the first point is more challenging. How can instruc-
tion help students learn to think through a problem with 
a GIS? As an instructor, the issue is two-fold. First, what 
are meaningful learning objectives for “problem identifica-
tion and problem solving capabilities” that transcend skills 
that are specific to software? Second, how can instruction 
support learning and not make learning more difficult?

T H I N K I N G  T H R O U G H  P R O B L E M S

To get at the first question, I began by asking: how do 
experts differ from novices when solving problems? This 
question can be approached in at least two different ways 
and each reflects a different metaphor of learning (Sfard 
1998). One way is to identify kinds of knowledge that ex-
perts seem to possess and that novices do not possess. This 
frames learning with an acquisition metaphor, as some-
thing that learners can acquire, construct, and transfer. 
An alternative approach is to compare what experts seem 
to be able to do while solving problems that novices cannot 
do. This frames learning with a participation metaphor, as 
something that experts do rather than have, and as some-
thing embedded in practice. Below, I briefly follow both 
routes to outline learning objectives that can be drawn 
from each.

The f irst path considers expertise as domain-specif ic 
knowledge that experts acquire over years of experience. 
In an insightful review of research in physics, computer 
programming, and medicine, Mayer (1992) identifies four 
key differences between experts and novices. First, experts 
seem to understand facts differently than novices, where 
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facts are basic knowledge of a domain. Experts seem to 
store this basic knowledge in larger units and can access it 
more rapidly than novices. Second, experts seem to under-
stand the semantics of tasks differently than novices. They 
are more likely to recognize conceptual underpinnings of 
problems, while novices are more likely to focus on surface 
features. Third, experts seem to understand the schematic 
structure of a problem differently than novices. This can 
be observed be comparing how experts and novices sort 
problems. Experts are more likely to discriminate prob-
lem types with categories that ref lect a principle-based 
plan for solving problems, while novices are more likely to 
sort based on surface features of problems. Fourth, experts 
seem to understand strategies for generating and monitor-
ing solutions differently than a novice. Experts tend to 
employ large chunks of knowledge to plan solutions, while 
novices are less likely to work forward through a solution 
with a plan while considering alternatives.

Dana Tomlin’s (1990) textbook on cartographic modeling 
neatly illustrates each kind of knowledge in the domain of 
problem solving with a GIS. Factual knowledge is illus-
trated by his description of “Cartographic Models” (2–23). 
A cartographic model consists of map layers, which have 
a title, resolution, orientation, and zones; zones have a 
label, value, and locations, and so on. For Tomlin (an ex-
pert), a map layer consists of all these lower-level facts. A 
student who uses this textbook (novice) will likely learn 
each lower-level fact individually and slowly associate 
them into larger chunks. Semantic knowledge is illus-
trated by Tomlin’s description of “Relationships Between 
Cartographic and Geographic Space” (24–45). Here, he 
begins to explain reasons for measuring distances between 
the center points of cells and reasons for measuring length 
based on relationships of a location to its eight neighbors. 
The semantics of these tasks are revealed by Tomlin’s ex-
planations that are based on relationships between spatial 
concepts and cartographic models. Schematic knowledge 
is illustrated by Tomlin’s taxonomy of local, focal, and 
zonal operations (64–165). He sorts GIS operations into 
groups based on underlying spatial principles. Strategic 
knowledge is illustrated by his discussion of “more sophis-
ticated techniques” that involve “combining selected op-
erations into procedures that are tailored to the needs of 
particular applications.” These are similar to routines in 
computer programming and evidence a means of organiz-
ing knowledge about solutions in larger chunks organized 
around higher-level goals.

Another way of framing expertise is to examine what ex-
perts seem to be able to do rather than focus on the kinds 
of knowledge that experts seem to possess. For Schön 
(1983, 53–55), expert practitioners are often able to do 
things without thinking about them, without being aware 
of having learned how to do these things, and without 
even the ability to describe what it is that they know that 
allows them to act. This tacit knowledge he calls “know-
ing-in-action” and, importantly, it is something learned 
through practice and not through the conscious appli-
cation of principles. In addition, he describes the ability 
of expert practitioners to think on their feet, to learn by 
doing, or to think while acting, which he categorizes as 
“reflecting-in-action.” This again emphasizes what experts 
know to do, rather than what knowledge they have, and 
also situates this active knowing in a particular problem 
context.

As Sfard (1998) notes, the importance of recognizing two 
different frames for learning from or through experience is 
not to choose one as superior over the other, but rather to 
encourage instructors to incorporate the ideas of both in 
their design of learning environments. For me, the two to-
gether help shape objectives for both acquiring knowledge 
and learning by doing. For the former, objectives include 
helping students organize facts, explain how and why op-
erations work, compare and contrast different problems, 
and develop plans for solving them. For the latter, objec-
tives include helping students learn to do things without 
thinking about them, enable incidental learning through 
action, and encourage reflection while problem solving.

A final issue common to both frames of learning con-
cerns how to guide students through the process of solv-
ing problems. Pólya (1971) recognized that learning to 
solve mathematical problems requires some thoughtful 
guidance by teachers, and he provides a useful template to 
support learning by problem solving. He suggests teach-
ers should guide students through four phases of problem 
solving. First, help students understand the problem. This 
includes recognizing the goal, the initial states, and the 
conditions. Second, help students devise a plan by looking 
for analogies between the current problem and ones that 
have been solved previously. Third, help students carry out 
the plan and monitor each step to check if it is correct or 
as they expected it. Fourth, help students reflect on their 
result and the solution that obtained it, examining if there 
may be alternative ways to derive the result and whether 



Cartographic Perspectives, Number 80, 2015 Learning by Solving Problems – Howarth | 21 

there are parts of their solution that they might be able to 
use elsewhere.

C O G N I T I V E  L O A D  T H E O RY

While I developed these learning objectives, I also sought 
a framework to help understand learning as a cognitive 
process and how instruction may influence this process. 
I could sense that there were at least two components of 
Bob’s teaching model that students found difficult. First, 
students struggled to connect lecture content to the labs. 
Second, students struggled to keep up with the live tuto-
rials. It was difficult for them to click along with the tu-
torial, take notes, and connect software tools with deeper 
aspects of problem solving all at the same time. I wanted 
to understand if the difficulty lay in the material itself or if 
it instead had to do with the way that I presented the ma-
terial to students, or perhaps in some combination of the 
two. I found Cognitive Load Theory (Plass, Moreno, and 
Brünken 2010) to be particularly useful because it con-
siders ways in which the intrinsic content of material, the 
way an instructor presents this content, and the way that 
novices solve problems all interact to influence learning. 
In this section, I briefly outline the theoretical framework 
and the strategies it offers instructors for supporting learn-
ing while problem solving.

At first glance, Cognitive Load Theory (CLT) appears 
firmly embedded in the acquisition metaphor of learn-
ing. CLT views learning as an active process, involving 
the integration of new information with previous knowl-
edge and the construction rather than the replication of 
knowledge (Bartlett 1932). Sweller (2010) calls this the 
“borrowing and reorganizing principle” of learning: we 
borrow information from other people’s memory and then 
reorganize it by assimilating this new information with 
things we already know. CLT posits that learning involves 
the construction of general knowledge structures called 
“schemas” that we construct in working memory and then 
store in long-term memory (Figure 1). While the capacity 
of long-term memory appears to be quite vast, the capac-
ity of working memory is limited. CLT largely concerns 
how the limited capacity of working memory, as well as 
the previous knowledge stored in long-term memory, can 
affect how we use and acquire knowledge.

With respect to how we use knowledge, CLT pos-
its that schemas held in long term memory can be pro-
cessed in two ways. The first is unconscious processing, 

or something done without thinking and without placing 
load on working memory. In CLT, this process is called 
“schema automation” or “automatic processing.” This is 
distinct from “controlled processing,” which occurs in 
working memory and is characteristically slow, conscious, 
and limited (Schneider and Shiffrin 1977). Thus, although 
the jargon used to describe learning within a CLT frame-
work fits easily with the acquisition metaphor of learning, 
it does not necessarily exclude the participation meta-
phor, or at least the kinds of knowing described by Schön 
(1983). Automatic processing bears similarity to know-
ing-in-action, as both involve knowing without think-
ing. Additionally, controlled processing seems similar to 
reflecting-in-action.

With respect to how we acquire knowledge, CLT distin-
guishes three basic types of demands that learning places 
on cognitive processing systems (Moreno and Park 2010). 
Intrinsic load results from the process of representing the 
content that needs to be learned and deals largely with the 
inherent complexity, or the number of elements and their 
interactions or relationships between them that must be 
held in working memory at the same time during schema 
construction. Extraneous load results from elements that 
occupy a learner’s working memory which are independent 
of (and not essential to) the content to be learned and are 
instead attributed to the presentation of the information. 
Whatever capacity of working memory that is not occu-
pied with intrinsic or extraneous load then has the poten-
tial to be germane to the goal of schema acquisition and 

Figure 1. Cognitive Load Theory assumes a model of learning 
based on schema construction in Working Memory (WM), 
schema acquisition in Long Term Memory, and schema 
automation from Long Term Memory.
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automation. This germane load results from the active work 
of constructing and acquiring schemas.

A common goal of research guided by CLT is to identi-
fy instructional strategies that minimize extraneous load 
on problem solvers in order to better enable the processing 
demands of intrinsic and germane loads. In CLT, these 
strategies are called “effects” because they have been em-
pirically verified to affect learning outcomes.

The worked-example effect describes a decrease in extra-
neous load that can result when novices study a complete 
description of a solution (Sweller and Cooper 1985; Ward 
and Sweller 1990; Renkl and Atkinson 2010). Worked ex-
amples do not simply show students the answer. Rather, 
they share with students the process of thought entailed 
to solve the problem. Comparisons of learners who stud-
ied conventional problems and worked-examples have 
found that those who study worked-examples have better 
learning outcomes with respect to transfer performance, 
or higher performance reached with less time study-
ing problems and with less mental effort (Paas and Van 
Merriënboer 1994). Worked examples are not common 
in GIS education, but have been studied extensively in 
other domains, including statistics (Paas 1992; Quilici and 
Mayer 1996), algebra (Sweller and Cooper 1985; Carroll 
1994), geometry (Paas and Van Merriënboer 1994), data-
bases (Tuovinen and Sweller 1999), and design (Rourke 
and Sweller 2009).

Worked examples are most successful when they employ 
additional methods for presenting instruction that reduce 
extraneous load. One method is to present elements in in-
tegrated formats rather than in isolation. This is most im-
portant if the learner needs to hold the elements togeth-
er in working memory in order to construct and acquire 
a schema. This is called the split attention effect (Chandler 
and Sweller 1991; Sweller and Chandler 1994; Sweller et 
al. 1990). Another method is to replace multiple instances 
of information that present the same content and can be 
understood in isolation with a single source. This is called 
the redundancy effect (Chandler and Sweller 1991; Sweller 
and Chandler 1994).

There is also some evidence that the germane load of 
worked examples can be improved with additional meth-
ods. One method is to present worked examples that con-
tain task variability. This helps foster comparison of prob-
lem types and is called the variability effect (Paas and Van 

Merriënboer 1994). Another method encourages students 
to imagine a procedure or task after studying a worked ex-
ample presentation. This is called the imagination effect. It 
appears to helps learners automate previously constructed 
schemas when compared to methods that require learn-
ers to study a worked example without requiring them to 
close their eyes and imagine it (Cooper et al. 2001; Ginns, 
Chandler, and Sweller 2003; Leahy and Sweller 2004).

Another key insight from CLT concerns the limitations 
of the worked example and other associated effects that 
arise due to the previous knowledge a learner may bring 
to the classroom. The expertise reversal effect occurs when 
strategies that decrease extraneous load for novices have 
the opposite effect on learners with more domain exper-
tise (Kalyuga et al. 2001; Kalyuga et al. 2003). It appears 
that the worked example effect is strongest for novices. As 
learners develop domain expertise, providing them de-
tailed descriptions of solutions can be extraneous and in-
crease working memory load. It requires them to process 
additional information that is not germane to schema con-
struction and acquisition. As a result, guidance fading strat-
egies aim to minimize negative effects by sequencing in-
struction from worked examples to independent problem 
solving (Renkl et al. 2002; Renkl and Atkinson 2003). 
Often guidance fading strategies wean learners from 
worked examples by asking them to complete one or more 
missing steps in an otherwise worked-out solution, called 
the completion effect (Paas and Van Merriënboer 1994).

A common goal for all of these strategies is to enable ex-
planation activities as part of the solution process (Chi 
et al. 1989). Renkl (2010, 233) identifies several general 
strategies for eliciting explanations that connect to three 
kinds of knowledge that characterize expertise (Mayer 
1992, 387–414). In principle-based explanations, a learner 
explains an underlying domain principle for an operation 
or set of operations (semantic). In goal-operator explana-
tions, a learner identifies goals achieved by operators and 
recognizes relationships between goal structures and oper-
ator sequences (strategic). In example comparisons, a learner 
compares and contrasts the deep or functional structure of 
different examples (schematic).

At this point, we’ve discussed the following components 
to guide the design of problem-based instruction with 
geographic information technologies:
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1. Frame learning objectives with types of expertise 
drawn from both acquisition and participation 
metaphors of learning

2. Guide students through stages of problem solving

3. Present information with methods that manage 
cognitive load

The next section illustrates how I implemented these com-
ponents in my redesign of Bob’s course.

A  TE ACH I N G  MO D EL  TO  SU PP O RT  L E A RN I N G  BY  S O LV I N G  PRO BL E MS  WITH  G IS

The teaching model I currently use maintains two 
central components of Bob Churchill’s original model: (1) 
a worked-example method to introduce GIS tools to stu-
dents in the context of solving geographic problems, and 
(2) task variability by presenting students nearly analo-
gous practice problems following the introductory tutori-
al problem. The two major changes I made to this teach-
ing model are (1) to present the worked example as three 
stages of problem solving, and (2) to present the software 
tutorial as a pre-lab assignment. Figure 2 illustrates the 
main components of the teaching model. The vertical axis 
shows the three types of problems presented to students 
(tutorial, practice, exam). The horizontal axis represents 
three phases of problem solving (understand, plan, imple-
ment). The tone of each shape represents fading in a so-
cial dimension from instructor-led (black) to collaborative 
(hatched) to independent (hollow). The orientation of each 
shape represents sequencing in a transfer dimension, or 
the degree to which the problem is analogous to the first 
problem, from nearly analogous with a slight twist (only a 
slight rotation) to a problem that involves a situation that 
is not analogous to a tutorial problem (a large rotation). 

Over the duration of the semester, instruction transitions 
from Tutorial to Practice at a weekly interval (each week, 
students solve both types of problems), repeating this pat-
tern for several weeks before students attempt Exam prob-
lems during a staged take-home format.

Below, I illustrate the teaching model with an example 
drawn from the second week of instruction that used a 
version of IDRISI by Clark Labs.

U N D E R S TA N D I N G  T H E  T U T O R I A L  P R O B L E M

The week begins in lecture when students first receive a 
verbal description of a problem on a sheet of paper. There 
are at least two learning objectives for the phase of under-
standing the problem:

1. To recognize functional components of a problem

2. To develop complementary verbal and pictorial 
models of the goal

Both objectives aim to focus atten-
tion away from surface features of the 
problem and towards the problem’s 
deeper structure. For the first, I try 
to help students identify descriptions 
of the goal state, the initial state, and 
the conditions. To do this, I mark up 
the problem with different colors to 
distinguish different components and 
encourage students to do the same. 
Using an overhead projector or a dig-
ital tablet, I use different colors to un-
derline or highlight the goal state, the 
initial states that are given to them, 
and the conditions or constraints that 
are given to them (Figure 3).

Figure 2. Teaching model for learning to solve problems with GIS.
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For the second learning objective, I draw schematic di-
agrams of the spatial relationships that define the prob-
lem’s key conditions (Figure 4). I tend to draw the pictures 
in front of the students, rather than just flash pre-made 
graphics on a screen, as I find that this helps encourage 
students to draw along with me. Thus the graphics in 
Figure 4 are a bit more crisp-looking than what students 
would see on the blackboard.

P L A N  T U T O R I A L  S O L U T I O N

The next stage involves developing an initial plan for solv-
ing the problem. We continue this discussion in lecture. 
The four learning objectives are to:

1. Decompose a problem into a hierarchy of 
sub-tasks

2. Map general functions to specific operations

3. Develop good representations of each sub-goal

4. Organize tasks into a sequence of moves to be 
implemented

For the first objective, I first show students how to decom-
pose the goal into a series of sub-tasks by focusing on telic 
(“in order to”) relations of goals (Figure 5a). For example, 
I ask, “In order to find lots that meet both area and dis-
tance conditions, what two things must we know first?” 
That should lead to two sub-tasks: find lots that satisfy 
area condition and find lots that satisfy distance condition. 
We continue this decomposition activity until we bottom 
at the initial states that were given to us. At this point, we 
reflect on the structure of the task hierarchy in order to 

recognize how sets of tasks suggest larger chunks of the 
procedure. In this example, we can connect three chunks 
of tasks to the three conditions visualized during problem 
representation.

Next, we focus on mapping specific tasks to general func-
tions that can be described with key terms (Figure 5b). 
To do this, I have students compare a task to related sub-
tasks and ask students, “What seems to be the key term 
that appears in the goal description but not in the relat-
ed sub-goals?” This should encourage students to identify 

Figure 3. Help students recognize functional components of a problem’s verbal description.

Figure 4. Helping students develop pictorial representations of a 
problem’s functional components.
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vernacular terms for the 
function of each goal. 
For example, “and” is 
the key term in the first 
goal as it doesn’t appear 
in the two related sub-
tasks. This activity cre-
ates a list of vernacular 
words that identify the 
function of each task 
that we can then map 
to technical terms for 
each tool (Figure 5c)

This sets up a return visit to the phase of understanding 
problems. Essentially, we’ve broken one problem into 
many little problems. Students may again need help un-
derstanding the components of each new little problem 
and help developing pictorial models to complement their 
verbal descriptions. To do this, I draw schematic diagrams 
of each sub-problem that aim to help students understand 
principles for solving them. Figure 6 provides an example 
for the sub-problem “to identify each individual.” We re-
turn to the idea of transforming an initial state to a goal 
state under certain conditions. To help students associ-
ate the abstract concept with things they already know, I 
transition drawings from everyday objects to technical im-
plementations (Figure 6).

After helping students understand each subtask, we then 
resume the planning phase and discuss efficient ways to 
arrange the tasks in a workflow. Students may need help 
thinking about how task hierarchies can inf luence se-
quencing strategies. There are at least three components 
to planning solutions: (1) identify connections between 
tasks, (2) make the solution efficient by removing steps, 
and (3) determine a sequence. (The busy-looking Figure 7 
shows these three components all at once, though I tend 
to draw them for students in a sequence.) I encourage stu-
dents to think about planning a workflow as something 
akin to writing: first focus on making an initial draft and 
then consider how this might be improved through revi-
sions. As a first draft, we draw a workflow diagram that 
transcribes each task and shows relationships between 
them. Figure 7 shows this with black ink. In our revision, 
we focus on ways to make the solution more efficient by 
eliminating steps that will not affect the answer. Figure 
7 illustrates this with red ink. Third, we explore princi-
ples for ordering actions in a workflow by considering how 

the structure of the solution may exert some control over 
the sequence of operations. Looking at the work flow dia-
gram, whenever two branches join to make a larger stem, 
we can tell that no step after a confluence can begin until 

Figure 5. A verbal task hierarchy that maps vernacular key terms to technical operations.

Figure 6. Help students understand sub-tasks by thinking from 
everyday objects to technical concepts.
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all steps in each branch have 
been completed. We can 
also see that nothing about 
the problem’s structure con-
trols which of these two 
branches gets taken up first.

I M P L E M E N T  T U T O R I A L 
S O L U T I O N

The next stage involves implementing the plan to solve the 
problem. Students study these learning materials as home-
work in preparation for our laboratory meeting. The two 
learning objectives are:

1. To learn routine tasks of navigating the GUI and 
of operating tools

2. To monitor the solution implemented with respect 
to the plan

To implement solutions, I make video tutorials that com-
bine a spoken narration with a screen capture of my inter-
action with the software to help guide students through 
the graphic user interface of the software and help them 
connect these actions back to the plan for solving the 
problem. This allows students to study the tutorial at their 
own pace and gives them time to take notes while they 
follow along. Students are required to study these mate-
rials before coming to our lab meeting. To help students 
connect these actions with the plan, I use the task hierar-
chy to segment these software tutorials (Figure 8). Each 

video provides a worked example for how to execute one 
step in the plan. The playlist does not show how to use a 
tool twice. When students can produce correct answers by 
implementing the plan with computer software, they are 
required to take a short quiz. This also provides incentive 
to study the plan and implementation materials.

P R A C T I C E  P R O B L E M

With the practice problem, instruction fades from direct-
ed, or instructor lead, to collaborative problem solving. The 
understand, plan, and implementat phases of the practice 
problem all occur in the computer laboratory. I encourage 
students to work in pairs or small groups of not more than 
three. The learning objectives of this stage are to:

1. Support learning through task variation

2. Foster self-explanations during each stage of prob-
lem solving

The means to these ends consists of a new problem that 
in most parts has an analogous structure to the initial 

Figure 7. Help students think through three phases of workflow planning: initial draft in black, revisions for efficiency in red, sequencing in 
twilights.

Figure 8. The task hierarchy segments implementation lessons.



Cartographic Perspectives, Number 80, 2015 Learning by Solving Problems – Howarth | 27 

training problem. The surface features differ and there is 
at least one part of the problem that is not analogous with 
the tutorial problem. For example, I often use a variant of 
this island biogeography problem following the first-year 
student parking lot problem.

In 1967, Robert MacArthur and Edward 
Wilson published a monograph titled The 
Theory of Island Biogeography. The theory posited 
that certain biological characteristics of islands, 
such as the number of resident species, could 
be predicted based on the island’s area and 
distance from the mainland. The “area effect” 
posited that the rate of extinction would be in-
versely related to the island’s area: extinction 
rates would be higher on smaller islands than 
on larger islands. The “distance effect” posit-
ed that the rate of immigration would be in-
versely related to the island’s distance from the 
mainland: immigration rates would be higher 
on islands near the mainland than on islands 
far from the mainland. Jared Diamond (1969) 
tested the theory, using bird species lists from 
California’s Channel Islands. Using the raster 
layer named “CA_borderland,” please make 
a single map layer that codes each Channel 
Island based on both distance and area. Classify 
the islands with 20km increments for distance 
(<20, 20–40, etc) and a log scale for area (1km2, 
10km2, 100km2, etc). The final layout should 
show the mainland and show each island with 
a single code that represents both the distance 
class and area class.

What makes this problem different than the tutorial prob-
lem? First, the surface features are different. We’re dealing 

with islands and the mainland rather than parking lots 
and dorms. We’re also concerned with the movement of 
critters rather than first year college students. Second, 
the initial condition and the goal state are both different. 
Students will need to separate the mainland and islands 
as separate layers in this problem and they will need to 
figure out how to develop a coding scheme that uses one 
value to represent two attributes. But the key spatial rela-
tionships that define the problem’s conditions do not differ 
from the practice problem. The mainland and islands are 
all disjoint, as were the dorm and parking lots. Because of 
this, the middle part of the solution is directly analogous 
to the tutorial problem.

In the laboratory meeting, students are required to com-
plete each task in the three-phase workflow presented in 
the tutorial. They are required to check in with an instruc-
tor after they have completed their plan and then again 
after they have completed their implementation. Through 
these interviews, the instructor aims to elicit explanations 
from students. Questions may include:

• Example comparisons: Q. Why does your plan differ 
from the plan for the tutorial problem? A. We need to 
separate the mainland from the islands because you 
didn’t provide them on separate layers like last time. 
And we need to use addition here to combine the area 
and distance classes rather than multiply them.

• Goal-operator explanations: Q. What would happen 
if you had calculated the area of islands without first 
doing the GROUP step? A. I would calculate the area 
of the entire archipelago rather than each individual 
island.

Figure 9. Plan for practice problem. Conditions are analogous to tutorial problem. Initial states and goal present new twists.
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• Principle-based explanations: Q. Will you be able to 
see any of the small islets that surround these islands 
in your final answer? A. If they are smaller than the 
square of the cell size, then probably not.

After implementing their plans, the students are then re-
quired to show their answers to an instructor and correct 
any mistakes if necessary. When they have arrived at the 
correct answers, the instructor again engages the students 
in the final reflection stage of problem solving.

• Example comparisons: Q. How does this workflow 
differ from the tutorial? A. It’s pretty similar, we just 
used addition rather than multiply at the end. And we 
defined classes differently in the steps before that.

• Goal-operator explanations: Q. Why are the cells 
immediately adjacent to the mainland feature never 
less than 100m distance? A. The minimum distance 
from the target is the cell size of the raster layer.

• Principle-based explanations: Q. Do you think the 
area that you calculated might overestimate or under-
estimate the area of the islands? A. Well, on one hand 
you could say it underestimates it because it calculates 
planimetric area rather than surface area. But on 
the other hand, it basically adds together chunks of 
10,000 square meters, so maybe that overestimates 
things?

When students have arrived at the correct answer, pre-
sented the answer in the requested layout, and provided 
satisfactory answers to the prompts, they have completed 
this part of the instruction.

E X A M  P R O B L E M

After three or more weeks of cycling through tutorial and 
practice problems, I give students an exam that aims to 
both assess their learning in the course up to this point 
while also proving an opportunity for them to continue 
to learn. Exam problems (I generally give two) have some 
analogies with tutorial and practice problems. One exam 
problem will also involve a twist that results from a novel 
spatial relationship in the problem conditions. For exam-
ple, consider this problem:

When driving on a road, your cell phone call 
will likely be dropped when you drive across 

a coverage zone boundary (or at the first pixel 
on the road that is immediately adjacent and 
outside of a coverage zone). Given a layer that 
shows the number of cell towers that can be 
“viewed” from every location in the state and 
another layer that shows state highways, make a 
table that reports the number of pixels on each 
road where your call would likely get dropped. 
Don’t worry about the direction you may be 
driving, just report the total number of pixels 
on each road that are immediately adjacent to 
and outside of a coverage zone. Assume that if 
at least one tower is visible at a pixel, then that 
pixel is in a coverage zone.

This problem can be solved in five steps or fewer with tools 
that the students learned in the tutorial and practice prob-
lems described above, but many students struggle mightily 
with the problem. To solve it, they must work out a new 
spatial relationship in the problem conditions that differs 
from those they have previously encountered (Figure 10). 
In CLT language, they have not acquired schemas for 
solving all parts of this problem and must engage in the 
construction of a new schema without guidance.

As Figure 2 indicates, the exam is again structured around 
three phases. The exam begins with a presentation of each 
problem by the instructor. I tend to draw schematic pic-
tures of the problem’s conditions, helping students with 
this one part of understanding the problem in order to 
draw their attention to the key condition of the problem. 
I also provide students with pictures of the real datasets, 
including pictures of the metadata (cells size, extent, refer-
ence system, data schema, etc.). Students then have a peri-
od of time to develop plans for solving the problems. They 
are asked to complete a detailed workflow (input-opera-
tion-output diagrams) and detail all parameters for each 
operation that may affect the outputs. They are permitted 
to experiment with their plan using any of the data from 
the tutorials and practice problems from previous weeks, 
but do not have access to the exam datasets during this 
planning phase.

After several days, we meet again and students submit 
the original materials from the planning phase (workflow 
descriptions). They have been instructed to save a copy of 
these materials for the next phase. I then make the data-
sets available and students have a window of time to im-
plement their plans. Ideally, they can implement their 
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plans without any changes and arrive at the correct an-
swer, but this case is usually quite rare. If their plan needs 
some adjustments, they are required to make the necessary 
corrections on their copy of the original workflow or, if the 
corrections are quite extensive, on a new worksheet.

After a couple days, we meet again and students submit 
the answers to the problem along with their corrections 
to their plans, if necessary. I then share with students the 
correct answers to the problems and discuss possible solu-
tions and common errors. If students did not submit the 
correct answers in their implementation materials, then 
they are required to write a verbal description of each error 
that remained in their implemented plans and to demon-
strate to an instructor that they understand how to pro-
duce the correct answers to both problems. When they 

have submitted these final corrections, they have finished 
the exam.

Thus at the end of the exam, we have sampled each stu-
dent’s understanding of GIS at three different moments 
during the process of solving the problems. This establish-
es a simple assessment framework. Figure 11 shows four 
general groups of learners. The top group develops a cor-
rect solution during the planning phase. The lower group 
submits plans with some errors, but can correct these er-
rors independently once they are able to interact with the 
problem datasets. The answers and plans they submit at 
the implementation phase are both correct. The next group 
submits implementation materials with incorrect answers 
and errors in workf low, but once they can discuss the 
problem with an instructor, they are able to explain their 

Figure 10. Conditions for one exam problem present a twist from conditions learned in tutorial and practice problems.

Figure 11. Assessment framework for exams.
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errors and demonstrate that they can implement solutions 
that produce the correct answers. The final group may still 
have difficulty with this final part of the exam, struggling 

to correct errors and perhaps failing to ever produce the 
correct answers.

D I S C U S S I O N

I preserved two main components of Bob Churchill’s 
original course: presenting a tutorial that showed students 
how to solve a problem with a GIS and providing anal-
ogous problems with some twists in practice and exam 
problems. Both of these components are, in theory, sup-
ported by principles from cognitive load theory. In theo-
ry, the tutorial as a worked example should help students 
devote cognitive resources to learning factual, semantic, 
strategic and schematic knowledge associated with the 
problem. This is because the students won’t have to devote 
cognitive resources to naïve problem solving strategies, 
like means-ends analysis, that focus attention on mini-
mizing differences between the present state and the goal 
state. In theory, presenting students with analogous prob-
lems that contain different twists (or non-analogous com-
ponents) should also help schema construction based on 
the variability effect.

One substantive change to the teaching model involved 
expanding the worked example into three stages (and 
creating moments of reflection) in tutorial, practice, and 
exam problems. This represents my attempt to establish a 
general template for a worked example that involves GIS 
but transcends the use of the tools themselves. Table 1 out-
lines the main learning objectives of each stage and con-
nects them to different kinds of knowledge and knowing 
that they aim to support. Hopefully, this helps distinguish 
the worked example method from the practice of teach-
ing “cookbook” labs. In the latter, the instructor merely 
provides students with click-by-click instructions for solv-
ing a problem given the specific software the instructor 
has chosen to teach. As I use the term, a worked example 
aims to support learning factual, semantic, schematic, and 
strategic knowledge, while also providing opportunities to 
learn tacit knowledge during the implementation phase, 
and conveys all of this as kinds of thinking that guide the 
clicking of a solution.

The second change to the teaching model did not alter 
the substance of the course but rather changed the mode 
of presentation. The video tutorials re-package content 
that Bob had formerly presented as a live demonstration 

into a format that students can study at their own pace. 
Video provides viewing controls (pause, rewind, forward, 
and variable playback speed) that allow students to cater 
instruction more to their individual needs. Students can 
pause to take notes, rewind if they miss a step, and stop 
when they are tired and want a break. In theory, allow-
ing students to self-segment the instruction into small, 
reviewable chunks lowers the intrinsic load of the in-
struction. Furthermore, students can also watch on dou-
ble-time if the content seems familiar or they can choose 
to skip entire sections. In theory, this provides a means 
to lower the extraneous load of instruction that may arise 
from expertise reversal for advanced students.

Videos present words as spoken narration and pictures as 
animations. This differs from the more traditional strate-
gy of providing lab instructions as printed text and static 
images. Future research on how the presentation of words 

Understand Problem

Recognize functional components Strategic

Develop complementary verbal & 
pictorial models

Semantic, 
Schematic

Plan Solution

Decompose hierarchy sub-tasks Strategic

Map general functions to specific 
operations

Factual, Semantic

Develop good representations of sub-
goals

Factual, Semantic, 
Schematic

Organize tasks in sequence Strategic

Implement

Learn routine tasks and data structures
Factual, Strategic, 
Knowing-in-action

Monitor solutions
Strategic, 
Reflecting-in-action

Table 1. Learning objectives of worked examples and different 
kinds of expertise that they support.
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and pictures influence learning can be informed by multi-
media learning theory (Mayer 2009; Mayer 2014), which 
bears some similarities to CLT. Furthermore, the teaching 
model presented here may be useful for instructors who 
are considering teaching models that blend online with 
more traditional instruction by helping identify when in-
structor-student interaction may be most beneficial versus 
when a  synchronous learning environments may be more 
beneficial because they allow students to self-pace the 
instruction.

Other principles from Cognitive Load Theory helped 
guide the design of teaching opportunities that resulted 
from expanding the worked example across lecture, pre-
lab, and in-lab instruction (Table 2). For example, the split 
attention effect is a familiar plague of lecture-lab format 
classrooms (DiBiase 1996), where instruction presents 
concepts and tools separately. The problem, however, is 
that it’s not particularly easy to present concepts and tools 
at the same time, or at least in a way that students can hold 
both in working memory at the same time. The examples 
of a task hierarchy (Figure 5), sub-task representation 
(Figure 6), and workflow plan (Figure 7) are attempts to 
present lecture content that help students develop schemas 
that integrate kinds of knowledge (strategic and semantic) 
that are employed when solving problems. Similarly, my 
decision to not create a video module for any task more 
than once (Figure 8) connects to both the redundancy ef-
fect and the completion effect. The imagination effect sup-
ports my strategy of drawing pictures of a problem’s func-
tional components (Figure 4) on the blackboard in front 
of students, rather than showing them prepared slides. It 
also motivates the strategy of having students plan solu-
tions as a workflow before they interact with the computer 
to implement the plan. Finally, the strategy of social fad-
ing from instructor lead, to collaborative, to independent 
problem solving reflects the principle of guidance fading 
and also fosters a participatory learning environment.

The example provided in this article deals with a problem 
of spatial analysis with GIS tools. Future research can ex-
amine the generalizability of this framework to other do-
mains of cartographic education, including cartographic 
design, and other tools of cartographic practice, includ-
ing print-based and web-based technology. This con-
nects to several recent research programs on map design. 
Discourse analysis of map-making strategies by students 
(Wiegand 2002) illustrates one method to investigate 
how students are thinking about making maps. Research 
on multi-objective decision-making in map design (Xiao 
and Armstrong 2012) similarly aims to “help novice map 
makers understand the design process and make carto-
graphic principles more relevant to an expanding com-
munity of non-geographers.” Expert systems research can 
help identify if-then rules of cartographic decision making 
(Buttenfield and Mark 1991; Brus, Dobešová, and Kaňok 
2009) that aim to explain reasons for particular actions 
in a solution. Similarly, a pattern language framework 
for teaching mapmaking explicitly aims to help students 
plan and understand reasons for actions in creative design 
workflows (Howarth 2015).

CO N C L U S I O N

This article presented a teaching model for prob-
lem-based learning with GIS that incorporates findings 
from studies of expertise and cognitive load theory. I 
developed a general template for a worked-example that 
guides learners through three stages of problem solving 
and apply strategies for managing cognitive load while 

learning. CLT helped guide my redesign of a teaching 
model inherited from a senior colleague, providing a basis 
to keep the parts that should (in theory) work, while also 
identifying other parts that might make learning more 
difficult. CLT also raises important questions of the cur-
rent model that may lead to revisions in the future. For 

Table 2. Connecting presentation strategies to cognitive load 
effects.

Presentation Strategy Cognitive Load 
Effect

Lessons integrate different kinds of 
knowledge

Split-attention effect

Video playlist does not teach same tool 
twice

Redundancy effect

Presentations of concepts with words 
and pictures unfold in front of students

Imagination effect

Social fading from instructor-lead to 
collaborative to independent problem-
solving

Guidance fading

Video playlist omits some steps Completion effect
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example, do the learning goals in my strategy of present-
ing the worked example in stages add extraneous load? 
Does the presentation of tools in the context of a problem’s 
solution complicate the transfer of knowledge, creating an 
Einstellung effect, where the learner is more likely to apply 
previously constructed schema than create novel solutions? 

This article aimed to present the process by which a cur-
rent teaching model evolved with the hope of encouraging 
future research that tests strategies for presenting infor-
mation to learners at the intersection of cognitive theories 
of learning, spatial thinking, and problem solving.

R E FE R E N C ES

Bartlett, Frederic Charles. 1932. Remembering: A Study 
in Experimental and Social Psychology. Cambridge: 
Cambridge University Press.

Brus, J., Z. Dobešová, and J. Kaňok. 2009. “Utilization 
of Expert Systems in Thematic Cartography.” In 
Intelligent Networking and Collaborative Systems, 285–
89. Barcelona: IEEE. doi: 10.1109/INCOS.2009.56.

Buttenfield, B. P., and D. M. Mark. 1991. “Expert 
Systems in Cartographic Design.” Geographic 
Information Systems, 129–50. doi: 10.1016/
b978-0-08-040277-2.50015-5.

Carroll, William M. 1994. “Using Worked Examples as 
an Instructional Support in the Algebra Classroom.” 
Journal of Educational Psychology 86(3): 360–67. doi: 
10.1037/0022-0663.86.3.360.

Chandler, Paul, and John Sweller. 1991. “Cognitive 
Load Theory and the Format of Instruction.” 
Cognition and Instruction 8(4): 293–332. doi: 10.1207/
s1532690xci0804_2.

Chi, Michelene T. H., Miriam Bassok, Matthew W. 
Lewis, Peter Reimann, and Robert Glaser. 1989. “Self-
Explanations: How Students Study and Use Examples 
in Learning to Solve Problems.” Cognitive Science 13(2): 
145–82. doi: 10.1016/0364-0213(89)90002-5.

Churchill, Robert R., and Phillip Frankland. 1981. 
“Using Interactive Computer Mapping to Teach 
Cartographic Concepts at Middlebury College.” 
In Computer Mapping Applications in Urban, State 
and Federal Government Plus Computer Graphics 
in Education, edited by Patricia A. Moore, 69–76. 
Cambridge, MA: Harvard Graduate School of Design.

Cooper, G., S. Tindall-Ford, P. Chandler, and J. 
Sweller. 2001. “Learning by Imagining.” Journal of 
Experimental Psychology: Applied 7(1): 68–82. doi: 
10.1037/1076-898X.7.1.68.

Diamond, Jared M. 1969. “Avifaunal Equilibria and 
Species Turnover Rates on the Channel Islands of 
California.” Proceedings of the National Academy of 
Sciences of the United States of America 64(1): 57–63. doi: 
10.1073/pnas.64.1.57.

DiBiase, David. 1996. “Rethinking Laboratory 
Education for an Introductory Course on Geographic 
Information.” Cartographica 33(4): 61–72. doi: 
10.3138/0137-7R27-1701-5417.

DiBiase, David, Michael DeMers, Ann Johnson, 
Karen Kemp, Ann Taylor Luck, Brandon Plewe, and 
Elizabeth Wentz, eds. 2006. Geographic Information 
Science and Technology Body of Knowledge. Washington, 
DC: Association of American Geographers.

Duncker, Karl. 1945. “On Problem-Solving.” Translated 
by Lynne S. Lees. Psychological Monographs 58(5): 
i–113. doi: 10.1037/h0093599.

Ginns, Paul, Paul Chandler, and John Sweller. 2003. 
“When Imagining Information Is Effective.” 
Contemporary Educational Psychology 28(2): 229–51. doi: 
10.1016/S0361-476X(02)00016-4.

Howarth, J. T. 2015. “A Framework for Teaching 
the Timeless Way of Mapmaking.” Cartography 
and Geographic Information Science 42: 6–10. doi: 
10.1080/15230406.2015.1058693.

Kalyuga, Slava, P. Ayres, P. Chandler, and J. 
Sweller. 2003. “The Expertise Reversal Effect.” 
Educational Psychologist 38(1): 23–31. doi: 10.1207/
S15326985EP3801_4.



Cartographic Perspectives, Number 80, 2015 Learning by Solving Problems – Howarth | 33 

Kalyuga, Slava, Paul Chandler, Juhani Tuovinen, and 
John Sweller. 2001. “When Problem Solving Is 
Superior to Studying Worked Examples.” Journal 
of Educational Psychology 93(3): 579–88. doi: 
10.1037/0022-0663.93.3.579.

Leahy, Wayne, and John Sweller. 2004. “Cognitive 
Load and the Imagination Effect.” Applied Cognitive 
Psychology 18(7): 857–75. doi: 10.1002/acp.1061.

Marble, Duane. 1998. “Rebuilding the Top of the 
Pyramid.” ARC News.

Mayer, Richard E. 1992. Thinking, Problem Solving, 
Cognition. New York: W. H. Freeman.

———. 2009. Multimedia Learning. Cambridge ; New 
York: Cambridge University Press. doi: 10.1017/
CBO9780511811678.

——— , ed. 2014. The Cambridge Handbook of Multimedia 
Learning. Second Edition. New York: Cambridge 
University Press. doi: 10.1017/cbo9781139547369.

Moreno, Roxana, and Babette Park. 2010. “Cognitive 
Load Theory: Historical Development and Relation to 
Other Theories.” In Cognitive Load Theory, edited by 
Jan L. Plass, Roxana Moreno, and Roland Brünken, 
9–28. Cambridge; New York: Cambridge University 
Press. doi: 10.1017/CBO9780511844744.003.

Paas, Fred G. W. C. 1992. “Training Strategies for 
Attaining Transfer of Problem-Solving Skill in 
Statistics: A Cognitive-Load Approach.” Journal 
of Educational Psychology 84(4): 429–34. doi: 
10.1037/0022-0663.84.4.429.

Paas, Fred G. W. C., and Jeroen J. G Van Merriënboer. 
1994. “Variability of Worked Examples and Transfer 
of Geometrical Problem-Solving Skills: A Cognitive-
Load Approach.” Journal of Educational Psychology 
86(1): 122–33. doi: 10.1037/0022-0663.86.1.122.

Plass, Jan L., Roxana Moreno, and Roland Brünken, 
eds. 2010. Cognitive Load Theory. Cambridge ; New 
York: Cambridge University Press. doi: 10.1017/
CBO9780511844744.

Pólya, George. 1971. How to Solve It; a New Aspect 
of Mathematical Method. Princeton, NJ: Princeton 
University Press.

Prager, Steven D. 2011. “Using the GIS&T Body of 
Knowledge for Curriculum Design: Different Design 
for Different Contexts.” In Teaching Geographic 
Information Science and Technology in Higher Education, 
edited by David J. Unwin, Kenneth E. Foote, Nicholas 
J. Tate, and David DiBiase, 61–80. John Wiley & 
Sons, Ltd. doi: 10.1002/9781119950592.

Quilici, Jill L, and Richard E Mayer. 1996. 
“Role of Examples in How Students Learn to 
Categorize Statistics Word Problems.” Journal 
of Educational Psychology 88(1): 144–61. doi: 
10.1037/0022-0663.88.1.144.

Renkl, Alexander, and Robert K. Atkinson. 2003. 
“Structuring the Transition From Example Study to 
Problem Solving in Cognitive Skill Acquisition: A 
Cognitive Load Perspective.” Educational Psychologist 
38(1): 15. doi: 10.1207/S15326985EP3801_3.

———. 2010. “Learning from Worked-Out Examples 
and Problem Solving.” In Cognitive Load Theory, edited 
by Jan L. Plass, Roxana Moreno, and Roland Brünken, 
91–108. Cambridge; New York: Cambridge University 
Press. doi: 10.1017/CBO9780511844744.

Renkl, Alexander, Robert K. Atkinson, Uwe H. Maier, 
and Richard Staley. 2002. “From Example Study to 
Problem Solving: Smooth Transitions Help Learning.” 
The Journal of Experimental Education 70(4): 293–315. 
doi: 10.1080/00220970209599510.

Rourke, Arianne, and John Sweller. 2009. “The 
Worked-Example Effect Using Ill-Defined Problems: 
Learning to Recognise Designers’ Styles.” Learning 
and Instruction 19(2): 185–99. doi: 10.1016/j.
learninstruc.2008.03.006.

Schneider, Walter, and Richard M. Shiffrin. 
1977. “Controlled and Automatic Human 
Information Processing: I. Detection, Search, and 
Attention.” Psychological Review 84(1): 1–66. doi: 
10.1037/0033-295X.84.1.1.

Schön, Donald A. 1983. The Reflective Practitioner: How 
Professionals Think in Action. New York: Basic Books.



Cartographic Perspectives, Number 80, 201534 | Learning by Solving Problems – Howarth

Sfard, Anna. 1998. “On Two Metaphors for 
Learning and the Dangers of Choosing Just 
One.” Educational Researcher 27(2): 4–13. doi: 
10.3102/0013189X027002004.

Sweller, John. 2010. “Cognitive Load Theory: Recent 
Theoretical Advances.” In Cognitive Load Theory, edited 
by Jan L. Plass, Roxana Moreno, and Roland Brünken, 
29–47. Cambridge; New York: Cambridge University 
Press. doi: 10.1017/CBO9780511844744.004.

Sweller, John, and P Chandler. 1994. “Why Some 
Material Is Difficult to Learn.” Cognition 
and Instruction 12(3): 185–233. doi: 10.1207/
s1532690xci1203_1.

Sweller, John, Paul Chandler, Paul Tierney, and 
Martin Cooper. 1990. “Cognitive Load as a Factor 
in the Structuring of Technical Material.” Journal of 
Experimental Psychology: General 119(2): 176–92. doi: 
10.1037/0096-3445.119.2.176.

Sweller, John, and Graham A. Cooper. 1985. “The Use of 
Worked Examples as a Substitute for Problem Solving 
in Learning Algebra.” Cognition and Instruction 2(1): 
59–89. doi: 10.1207/s1532690xci0201_3.

“The Strawman Report.” 2003. Alexandria, VA: 
University Consortium for Geographic Information 
Science.

Tomlin, C. Dana. 1990. Geographic Information Systems 
and Cartographic Modeling. Englewood Cliffs, NJ: 
Prentice Hall.

Tuovinen, Juhani E, and John Sweller. 1999. “A 
Comparison of Cognitive Load Associated with 
Discovery Learning and Worked Examples.” 
Journal of Educational Psychology 91 (2):334–41. doi: 
10.1037/0022-0663.91.2.334.

Ward, Mark, and John Sweller. 1990. “Structuring 
Effective Worked Examples.” Cognition and Instruction 
7(1): 1–39. doi: 10.1207/s1532690xci0701_1.

Wiegand, Patrick. 2002. “Analysis of Discourse in 
Collaborative Cartographic Problem Solving.” 
International Research in Geographical and 
Environmental Education 11(2): 138–58. doi: 
10.1080/10382040208667476.



© by the author(s). This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 
4.0 International License. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

Cartographic Perspectives, Number 80, 2015

DOI: 10.14714/CP80.1311

The Norman B. Leventhal Map Center at the Boston Public Library – Thornberry et al. | 35 

Evan Thornberry
Leventhal Map Center

ethornberry@bpl.org

Michelle LeBlanc
Leventhal Map Center

mleblanc@bpl.org

Ronald E. Grim
Leventhal Map Center

rgrim@bpl.org

The Norman B. Leventhal Map Center at the 
Boston Public Library: The First Ten Years of Public Outreach 

and Educational Programming Using Historic Maps

The Norman B. Leventhal Map Center at the 
Boston Public Library (LMC/BPL) was launched in July 
2004 as a partnership between Norman B. Leventhal and 
the Boston Public Library. In 2007, it became a separately 
incorporated 501(c)3 non-profit organization governed by 
an independent Board of Directors. Created to promote 
the use of maps as an important educational tool to under-
stand history, geography, civilization, and the world today, 
the LMC seeks to preserve, catalog, study, and exhibit the 
Boston Public Library’s rare and historically significant 
collection of over 200,000 maps and 5,000 atlases dating 
from 1482 to the present. Approximately 10 percent of the 

maps (20,000) and 20 percent of the atlases (1,000) date 
from before 1900.

Founded in 1848, the Boston Public Library was the first 
free publicly supported municipal library in the United 
States. It was the first to lend a book, open a branch li-
brary, and create a dedicated children’s room. It is the 
second largest library in the United States by number of 
volumes and is one of only two public libraries that is a 
member of the Association of Research Libraries. Today, 
the BPL and its 24 branches serve almost 3.5 million peo-
ple annually.

ACC ES S I B I L I T Y  TO  S C H O L A R S,  G E N E R A L  R ES E A R C H E R S ,  A N D  C A S UA L  V I S I TO R S

In 2011, the LMC moved from its temporary library 
location to a newly renovated space in the 1896 McKim 
Building of the Boston Public Library’s Central Branch, 
located at Copley Square in downtown Boston. Upon 
entering, LMC visitors are greeted with a map gallery, 
which features rotating exhibitions of about thirty objects 
every four months. The new LMC space also includes a 
learning center where patrons can browse over 1000 refer-
ence titles, a securely equipped research room that invites 
patrons to conduct research in a comfortable environment, 
and a state-of-the-art storage vault to house the histori-
cally significant collection. The LMC is staffed with eight 
full-time positions.

In-depth reference services are provided at the Map 
Center, Monday through Friday. On average, the LMC 
assists between 20 and 25 researchers per month in the 
research room, while staff answer nearly 120 addition-
al map-related inquiries in person per month. While 

appointments are suggested, the LMC often accommo-
dates casual researchers who have serendipitously become 

CARTOGRAPHIC COLLECT IONS

Figure 1. Visitors enjoy the Norman B. Leventhal Map Center 
Gallery.
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interested in the collection as a result of viewing exhi-
bitions in the map gallery. The free accessibility of the 

collection allows these casual visitors an opportunity to 
experience a research library’s collections first-hand.

WO R L DW I D E  ACC ES S I B I L I T Y  T H R O U G H  T H E  W E B S I T E

The LMC website, maps.bpl.org, was launched in 
2006 and continues to be the central location for the Map 
Center’s web presence as well as the main access point to 
the freely available digital collection. As the map collec-
tion is cataloged, conserved, and digitized, the maps are 
added to the site. Currently more than 7,000 digital map 
images are now accessible through the website where users 
can download, zoom, pan, and buy a reproduction of each 
of LMC’s digital items. The LMC’s website receives over 
11,000 views on average per month, a number that has 
grown steadily since its launch.

In addition to the LMC’s collection, agreements have 
been made with other institutions such as the American 
Antiquarian Society, Boston Athenaeum, British Library, 
Harvard Map Collection, Library of Congress, New York 
Public Library, and Newberry Library, as well as private 
collectors, to include American Revolution Era prima-
ry source material from their map collections within the 
LMC’s website. This has been done in an effort to pro-
mote digital philanthropy, diversify the digital collections, 
and provide an access hub for historical maps. So far, the 
number of these types of items included in the LMC’s 
digital collections is over 1,050 maps.

ACC ES S I B I L I T Y  TO  T H E  P U B L I C  T H R O U G H  E X H I B I T I O N S

The LMC has mounted multiple gallery exhibitions 
since occupying its new space. Each was curated to include 
roughly 30 maps or cartographic items, and exhibitions 
have included physical tours, gallery guides, lecture pro-
grams, and outreach programs. More recent gallery exhi-
bitions have also been formatted for the web as a virtual 
tour. They can be viewed at the Boston Public Library’s 
exhibitions webpage: www.bpl.org/exhibitions. One re-
cent exhibition, City of Neighborhoods: The Changing Face 
of Boston, featured current and historical maps and pho-
tographs portraying changes in Boston’s neighborhood 
demographics over the past 100 years. Over 48,000 peo-
ple visited the exhibition, which was also translated into 
Spanish, Haitian Creole, and Chinese to accommodate 
the city’s most common non-English speakers.

Since the LMC moved into its new space, the staff has 
also completed two major exhibitions featuring about 90 
objects each. The first, Torn in Two: 150th Anniversary of 
the Civil War, hosted in the BPL’s Main Exhibition Hall 
from May to December 2011, celebrated the American 
Civil War’s sesquicentennial by featuring 50 historic maps 
and 40 photographs, prints, and related materials. In 2012 
and 2013, the exhibition toured to the Grolier Club in 
New York City, Ford’s Theater in Washington, DC, and 
the Osher Map Library in Portland, Maine, where addi-
tional audiences could view the collection.

The second major exhibition, titled We Are One: Mapping 
America’s Road from Revolution to Independence, opened 
in May 2015 in the BPL’s Main Exhibition Hall. The 

Figure 2. Screenshot of the Norman B. Leventhal Map Center’s 
website.
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exhibition commemorates the 250th anniversary of Britain’s 
1765 Stamp Act by displaying 60 maps and 40 related 
graphic documents, paintings, and three-dimensional ob-
jects. The exhibition closed at the end of November 2015, 
but will travel to Colonial Williamsburg in 2016 and to 
the New York Historical Society in 2017.

A C C E S S I B I L I T Y  T O  T E A C H E R S  A N D 
S C H O O L  C H I L D R E N  T H R O U G H 
E D U C AT I O N A L  O U T R E AC H

Educational programming for K–12 students is at 
the core of the Map Center’s mission to spark young peo-
ple’s curiosity about the world. Educational activities range 
from intensive programs where students are introduced 
to how to think about and engage with historic maps, to 
teacher training workshops that expand educators’ views 
of the ways in which they can teach with maps. Over 
2,500 students and teachers participate annually in edu-
cation programs both in the Map Center and at schools. 
The students range from second graders learning about 
the elements of maps, to high school students researching 
the history of their Boston neighborhoods. Approximately 
50% of the students are from Boston Public Schools.

Additionally, over 200 teachers annually participate in 
professional development workshops ranging from half-
day workshops to one-week institutes. The LMC contin-
ues to expand partnerships for offering workshops, includ-
ing the Museum of Fine Arts in Boston, Boston National 
Historical Park, and the Library of Congress’s Teaching 
with Primary Sources program.

The Center’s website serves as the main access point for 
map resources, lesson plans and activities for younger 
students. The website includes the Maps in the Classroom 
section, where downloadable map reproductions can be 
searched by location and curriculum topic. Additionally, 
the Teacher Resources section of the website includes lesson 
plans, curriculum units, and map activities searchable by 
grade level, location, time period, and topic.

In connection with the We Are One exhibition, the Map 
Center has made the American Revolution the main 
focus of its educational programming for students and 
teachers in 2015–2016. Funding for these initiatives has 
come largely from the Library of Congress’s Teaching 

with Primary Sources Program (Eastern Region), and 
the Massachusetts Foundation for the Humanities. This 
initiative has created resources and opportunities for stu-
dents and teachers to take advantage of the rich American 
Revolution era resources available at the Leventhal Map 
Center and Boston Public Library. Components of this 
project include:

• Teacher Fellowship Program

Through a competitive application process, the LMC 
selected two teachers who spent 10 days during 
the summer of 2015 doing extensive research in the 
Map Center, BPL, and Library of Congress collec-
tions. Fellows produced lessons and resources focused 
around teaching the American Revolution with maps.

• Summer Teacher Institute — Mapping Boston’s Role 
in the American Revolution

In partnership with: Boston National Historical Park, 
Massachusetts Historical Society, Bostonian Society/
Old State House, Old South Meeting House, Paul 
Revere House, Old North Church, and the National 
Archives and Records Administration. Twenty-seven 
teachers spent a week investigating the Revolution 
with a geographical focus. Teachers received three 
graduate credits from Framingham State University.

Figure 3. Exhibition catalog cover for Torn in Two.
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• American Revolution Map Sets & Teaching 
Materials

Working with a teacher advisory group, the Map 
Center has produced the first in a series of map sets 

connected to the collections of the LMC and Library 
of Congress. These sets will be presented at teach-
er workshops and available for any teacher from the 
LMC website.

F U T U R E  P L A N S

The LMC has recently been awarded grants from 
the National Endowment for the Humanities and the 
Institute of Museum and Library Services to improve ac-
cess and use of its digital collections, starting with items 
that pertain to the American Revolutionary War Era 
and including collections from numerous partner institu-
tions. Among the many enhancements being developed, 
users will be enabled to georeference maps and create 
digital overlays, and educators will be able to access, uti-
lize, and create digital lesson plans related to the maps for 

classroom teaching. All of the resulting developments will 
be available in an open source repository for use by other 
cultural institutions. A 5-year plan for Map Center gallery 
exhibitions includes such titles as Women in Cartography, 
Shakespeare’s World, and Under Your Feet; each one explor-
ing different cartographic and historic topics. Each exhibi-
tion will eventually become available online and accessed 
through the LMC’s website, as will upcoming news re-
garding events or developments within the collection.
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I N T R O D U C T I O N

Popularized in the mashup era, heat maps show the den-
sity of point features with a yellow-orange-red color con-
tinuum. Figure 1 shows an example of a heat map depict-
ing the prevalence of tornadoes. Google’s Geo Developers 
Blog describes these maps as a representation of “geospatial 
data on a map by using different colors to represent areas 
with different concentrations of points — showing overall 
shape and concentration trends” (Yeap and Uy 2014).

The term “heat map” is not universally used within the GIS 
world. Yeap and Uy (2014) mention that they are generally 

known as “intensity maps.” Esri’s (2012) ArcGIS docu-
mentation refers to this type of map as a “point density 
interpolation” that is useful for purposes such as “finding 
density of houses, crime reports, or roads or utility lines 
influencing a town or wildlife habitat.”  While “point den-
sity interpolation” is a valid term for this method, “heat 
map” is more frequently used and understood. For exam-
ple, QGIS, an open source GIS program, has a module for 
the production of “heatmaps.”

Heat maps take noncontiguous point data and display 
them as being continuous. This method is not appropriate 

PRACT ICAL  CARTOGRAPHER'S  CORNER

Figure 1. A heat map of tornado locations from 1950 to the present.
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for all data. While mapping elevation or temperature as a 
continuous surface would make sense, mapping data that 
do not vary continuously over space may not. Additionally, 
having too few points upon which to base the surface will 
typically lead to larger errors.

The term “heat map” has been used in statistical analy-
sis for many years. Figure 2 shows a “cluster heat map,” 
a statistical matrix used to show correlation between dif-
ferent variables. Dziuda (2010) defines this method of 
visualization as “a graphical representation of data where 
the individual values contained in a matrix are represent-
ed as colors.” Wilkinson (2009) finds “the earliest sources 
of this display in late 19th century publications,” and calls 
them the “most widely used of all bioinformatics displays.”  
Eventually, this form of statistical analysis transitioned 
into the creation of cartographic heat maps.

Heat maps were so named because of their color schemes, 
which move from yellow, to orange, then to red as values 
increase, giving the appearance of getting “hotter.” The 
term heat map is sometimes erroneously applied to other 
types of maps, particularly choropleth maps (see Figure 3), 
which could be mistaken for heat maps due to their fre-
quent use of similar colors.

M A K I N G  H E AT  M A P S

Heat maps show the density of points in an area as a ras-
ter. They are formed by creating a distance buffer around 
each point in a data set. Once the radius distance has been 
chosen, the circles are placed on the map; the raster shows 
the number of overlapping circles in each cell (Figure 4). 

Figure 2. A statistical cluster heat map. From Benucci et al. (2011).

Figure 3. The labeling of a choropleth map as a “Heat Map.” 
From www.gasbuddy.com. Figure 4. How buffers overlap within the heat map.
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Increases in the number of overlapping of circles will re-
turn a higher density and color the map accordingly. In an 
interactive map, the buffer can be defined by the user and 
manipulated to show more or less overlap.

The Google Maps developer’s page (www.developers.goo-
gle.com/maps) includes code to create a heat map from 
point data. In Figure 5, the example map shows taxi pick-
up locations in San Francisco. The pick-up locations have 
been geocoded from street addresses to determine their 
latitude and longitude. These points are then given a ra-
dius defined within the code (see Example 1). The over-
lapping radii create the higher density and give each area 
a color value. The user changes the radius within the map 
by choosing one of the buttons on the top of the map. The 
code that produces this map is shown in Example 1.

H E AT  M A P  VA R I A B L E S

Examining the Google Maps API code, you can see the 
function changeRadius that defines the radius of the 
matrix is 20 units. However, when zooming in and out 
within the Google heat map, the actual unit of measure 
changes with the zoom level. Figure 6 shows the same San 
Francisco taxi pick-up locations at three different zoom 
levels. One can clearly see how the changing unit creates 
different representations of the same data at each map 
scale.

M I S L E A D I N G  O V E R L A P S

A possible problem of using overlapping circles is that a 
high density may be indicated where there are actually few 
points, as seen in Figure 7.

Figure 8 shows an example heat map of golf courses the 
state of South Carolina. We see that the method does 
not accurately represent the density of points. Notice that 
there are areas where the heat map indicates a high con-
centration of golf courses, but there are no data points. 
This area has received a higher value because of the overlap 
of the circles centered on nearby points. This problem is 
particularly common when non-continuous data are being 
used to create a heat map.

Identifying this problem is difficult without seeing the 
points, and so placing the point data on a layer above the 
heat map helps prevent misleading the map user. Reducing 
the circle radius also reduces the frequency of this problem.

Figure 5. The Google Maps API Heat Map from the Google 
Developers Page.

Figure 6. Google heat maps of San Francisco taxi pick-up locations at three different zoom levels.
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// Adding 500 Data Points
var map, pointarray, heatmap;

var taxiData=[       // setting the points using LatLng
 new google.maps.LatLng(37.761344,-122.406215),
 new google.maps.LatLng(37.760556,-122.406495),
 new google.maps.LatLng(37.759732,-122.406484),
 new google.maps.LatLng(37.758910,-122.406228),
 new google.maps.LatLng(37.758182,-122.405695),
 new google.maps.LatLng(37.757676,-122.405118),
 new google.maps.LatLng(37.757039,-122.404346), // lat/long points
 new google.maps.LatLng(37.756335,-122.403719),
 new google.maps.LatLng(37.755503,-122.403406),
 new google.maps.LatLng(37.754665,-122.403172),
 new google.maps.LatLng(37.759732,-122.403112),
 new google.maps.LatLng(37.751266,-122.403355),
];
function initialize(){      // defining options for the map
 var mapOptions={
 zoom: 13,      // setting zoom for the map
 center: new google.maps.latlng(37.774546, -122.433523), // creating a center for the map
 maptypeid:google.maps.maptypeid.SATELLITE  // defining the type of map (satellite)
 
 };
map = new google.maps.Map(document.getElementById('map-canvas'), // calling google map
      mapOptions);

var pointArray = new google.maps.MVCArray(taxiData); // calling the taxiData to create the points

heatmap = new google.maps.visualization.HeatmapLayer({
 data:pointArray     // turning the array into the heat map layer
 });
heatmap.setMap(map);      // setting the heat map on the map
}
function toggleHeatmap(){
 heatmap.setMap(heatmap.getMap() ? null:map);
}
function changeGradient(){     // sets the colors for the heat map
 var gradient = [     // rgba colors for the gradient
 'rgba(0,255,255,0)','rgba(0,255,255,1)','rgba(0,191,255,1)','rgba(0,127,255,1)',
 'rgba(0,63,255,1)','rgba(0,0,223,1)','rgba(0,0,191,1)','rgba(0,0,159,1)',
 'rgba(0,0,127,1)','rgba(63,0,91,1)','rgba(191,0,31,1)','rgba(255,0,0,1)',
 ]
 heatmap.set('gradient',heatmap.get('gradient')?null:gradient;
}
function changeRadius(){      // defines the radius of the points
 heatmap.set('radius',heatmap.get('radius')?null:20; // setting the radius at 20 units
}
function changeOpacity(){      // setting the opacity of radii
 heatmap.set('opacity',heatmap.get('opacity')?null:0.2; // setting opacity to 20%
}
google.maps.event.addDomListener(window,'load',initialize);

Example 1. Google Maps API heat map code.
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C O N C L U S I O N

This article highlights the practical uses as well as the 
disadvantages of heat mapping. Along with desktop GIS 
software, there are also online methods for creating heat 
maps. The advantage of heat maps is that the mapped dis-
tribution is easily interpreted. These maps can be visually 

stimulating and users are able to make quick comparisons. 
As a visual tool, heat maps can be very powerful but the 
mapping method can be problematic. Although these 
maps show valuable information, there is often no indi-
cation of how the values are determined, and the method 
of determining values may create high values in areas that 
have no points.  While heat maps may be visually stimu-
lating, the representation may be incorrect and misleading. 
The technique should be used with caution, and only when 
the underlying points can also be displayed. 
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Figure 7. The heat map method can create a high density for an 
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number of golf courses along the coast and inland.
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I N T R O D U C T I O N

The mapmaking process has evolved from hand-drawn 
linework on vellum to an interwoven, digitally and tech-
nologically rich fabric. This evolution has permeated the 
entirety of the cartographic process, including data col-
lection, which software and applications are used to make 
maps, and how maps are disseminated. Cartographic in-
structors and, in fact, anyone who has participated in 
mapmaking for any length of time, have witnessed con-
tinuous technological advances that have enabled, for ex-
ample, web, mobile, and cloud mapping. These are truly 
interesting times to be a cartographer.

In spite of the attractiveness of where cartography present-
ly is situated, one should remain vigilant as to the promise 
of where it may venture. For the professional, keeping pace 
with the constantly changing technologies can be quite 
challenging. While often promising, new technologies do 
not necessarily retain their original luster as newer ver-
sions quickly supersede previous ones. More specifically, 
cartography instructors often must pick and choose which 
technologies are most appropriate to integrate into their 
curriculum. Although technological evolution has been 
a factor throughout the history of mapmaking, the pres-
ent pace of technological change is particularly rapid, and 
shows no signs of slowing. It is this changing cartographic 
landscape, and questions over how to deliver a current and 
relevant curriculum, that form the scope of this special 
issue of Cartographic Perspectives. This special issue on 
cartographic education is also the platform for launching a 
new section titled Views on Cartographic Education.

R AT I O N A L E  F O R  N E W  S E C T I O N

When developing content for a cartography course, many 
instructors probably tap into material they experienced 
during their own college classes. Others modify those 

previous lessons by integrating new content from various 
outside resources focused on teaching specific ideas. Still 
others create fresh approaches to instructing students how 
to make maps. Views on Cartographic Education is designed 
to provide a forum for cartography instructors to share 
ideas on what worked in the classroom and what didn’t. 
This new section will allow the sharing of teaching expe-
riences (both good and bad aspects) with other instructors, 
promote the development of a standard content for car-
tography courses, and act as a resource for current profes-
sional cartographers seeking to learn the new skills and 
knowledge needed for a rapidly changing career field.

TA R G E T  R E A D E R S H I P

This new section is not intended to be an outlet for aca-
demics pursuing original peer-reviewed research or con-
trolled experimentation dealing with cartographic edu-
cation (although CP ’s Editor would welcome these kinds 
of submissions!). Rather, this section is intended to be a 
forum where pedagogical experiences in cartographic in-
struction in the classroom or the lab environment, and 
beyond, are shared. Of particular interest to readers are 
novel approaches instructors take to teaching cartography. 
In addition to the more traditional academic classroom 
environment, this section will appeal to a larger non-aca-
demic group. For instance, cartography lab employees can 
seek out information from this section to help with their 
workflow efficiency, secondary school teachers can see an 
activity that could be incorporated into their classroom 
as an exercise on map design, programmers can find new 
code samples that they can include in software, and ca-
sual mappers can learn how to use newly developed open 
source mapping software. In other words, topics found in 
this section are not intended to only appeal to those teach-
ing in a traditional academic classroom environment, but 
to the larger cartographic community.

Fritz Kessler
The Pennsylvania State University

fck2@psu.edu

Introducing Views on Cartographic Education

VIEWS ON CARTOGRAPHIC EDUCATION
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P O S S I B L E  C O N T E N T  I D E A S

Below are a few possible ideas on content for this new 
section:

• Share lab exercises where clear learning goals are 
stated and outcomes can be assessed

• Debate as to what constitutes the range of appropriate 
content in cartography courses

• What pedagogical approaches have been successful 
when teaching content that is challenging?

• Discuss successes and failures resulting from an expe-
riential teaching/learning process

• Introduce novel ways of teaching cartographic content

• Discuss the use of multimedia such as YouTube vid-
eos, to teach cartographic topics

• Report on new technology and how this technology 
could be integrated into the classroom

• Details of interesting or challenging classroom 
experiences

• Results of or ideas on engaging students with proj-
ects outside the lab environment (e.g., community 
outreach)

T H I S  S E C T I O N  N E E D S  YO U !

Content for this new section is welcomed from around 
the cartographic community: instructors at institutions 
of higher education, mapping software developers, pro-
fessionals in private industry, freelancers, government 
employees, and more. All are encouraged to share their 
teaching experiences and/or their practical “how-to” 
knowledge. The pool of potential contributors is vast, and 
you are encouraged to be a part of it!

T H E  S U B M I S S I O N  A N D  R E V I E W  P R O C E S S

The submission process is handled through CP ’s journal 
management system. To submit your article for consider-
ation, please visit cartographicperspectives.org for specif-
ic guidance on the submission process. Articles submit-
ted for publication consideration to this new section will 
undergo a modified review process. All articles will be 
vetted by the Section Editor and two reviewers, who will 
comment on the article’s clarity, currency, and degree of 
interest to CP ’s readership. The publication decision will 
mirror that which is used for articles appearing in CP ’s 
peer-reviewed sections.

S U G G E S T I O N S  T O  A U T H O R S

In writing an article for this new section the following 
three points should be kept in mind. First, authors should 
explain the rationale and motivation for the article. In 
other words, there should be some discussion as to why 
this article was penned (e.g., experimentation with a novel 
teaching approach) and why the reader would be inter-
ested in this information. Second, the author should re-
flect on the outcomes of the experience. These reflections 
should include results that were deemed both good and 
bad. Third, illustrations, screen captures, and images are 
especially encouraged to be submitted as part of the arti-
cle. Evidence of instructional outcomes through finished 
map examples is particularly encouraged.

Articles submitted to this section should be between 1,000 
and 2,500 words. Depending on content, longer or shorter 
submissions will also be considered.

Fritz Kessler,
Section Editor
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The Atlas of the United States Printed for the Use of the Blind 
was published in 1837 for children at the New England 
Institute for the Education of the Blind in Boston. 
Without a drop of ink in the book, the text and maps in 
this extraordinary atlas were heavy paper embossed with 
letters, lines, and symbols. To the best of our knowledge, 
this is the first atlas produced for the blind to read with-
out the assistance of a sighted person. Braille had been 
invented by 1825, but was not widely used until later. It 
represented letters well, but could not represent shapes and 
cartographic features.

Samuel Gridley Howe (1801–1876) was the founder and 
president of the New England Institute (later known as 
the Perkins Institute) and produced the atlas with the as-
sistance of John C. Cray and Samuel P. Ruggles. Howe 
was the husband of Julia Ward Howe, the American abo-
litionist and author of the US Civil War song “The Battle 
Hymn of the Republic.” He was a champion of people with 
disabilities and believed that blind youth could be taught 
geography through maps created with his special paper 
embossing process. In his introduction to the atlas, Howe 
notes that crude attempts had been made to create maps 
for the blind, but they used primitive methods of creating 

This enlarged view of the Vermont map shows the various symbols used as well as the impressions of the underlying blocks used in the 
embossing method. Mountains are shown as a series of short lines in this detail of the Green Mountains.

This map of the District of Columbia shows Washington (w. city), 
Georgetown (g), and Alexandria (a) as well as the President’s 
house (p) and the Capital (c).
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Map of Maine.
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relief and required the assistance of a sighted person. He 
claimed that his new embossing method was superior in 
all respects. Today, it is difficult to know how successful 
the atlas was, although there can be little doubt that these 
maps helped Howe’s blind students visualize geography. 
We do know that 50 copies were made and five survive 
today, including one available in the David Rumsey online 
map collection. The atlas includes 24 state maps with a 
page of text describing each state and the symbols used on 
the maps. In our scans, we have lit the maps and text pages 
from one side to create shadows that reveal the embossing.

The first map in the atlas is of Maine, with dotted lines 
showing the border with Canada and New Hampshire. 
Numbers and letters indicate towns, rivers and lakes, and 
numbers 6 through 9 and 44 through 47 show longitude 
from Washington DC and latitude. The map shows a scale 
of 50 miles. All of this and more is explained in the text 
page for Maine, which follows the map.

Howe wrote about the success of his method of raised re-
lief to teach geography to blind children: “They soon un-
derstood that sheets of stiff pasteboard, marked by certain 
crooked lines, represented the boundaries of countries; 
rough raised dots represented mountains; pin heads stick-
ing out here and there, showed the locations of towns; or, 
on a smaller scale, the boundaries of their own town, the 
location of the meeting-house, of their own and of the 
neighboring houses, and the like; and they were delighted 
and eager to go on with tireless curiosity. And they did 
go on until they matured in years, and became themselves 
teachers, first in our school, afterwards in a private school 
opened by themselves in their own town.”

Eventually Braille proved more effective than Howe’s 
method of embossed letters, but his maps remain today 
as wonderful examples of teaching the basic elements of 
geography and spatial relationships to blind students, en-
abling them to create the idea of maps as visualizations in 
their memories. And the Perkins Institute he led contin-
ues to teach blind students today, comprising a long and 
successful record of blind education, including the teach-
ing of Helen Keller.

You can view the entire atlas at davidrumsey.com.

David Rumsey is President of Cartography Associates, a digital 
publishing company based in San Francisco, and is Chairman 
of Luna Imaging, a provider of enterprise software for online The title page of the atlas.

The text page titled “map of maine, explanation” that follows the 
Maine map.
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image collections. He was a founding member of Yale Research 
Associates in the Arts, also known as PULSA, a group of artists 
working with electronic technologies. He subsequently became 
Associate Director of the American Society for Eastern Arts in 
San Francisco. Later, he entered a 20 year career in real estate 
development and finance. Rumsey retired from real estate in 
1995 and founded Cartography Associates, beginning a third 
career as a digital publisher, online library builder, and soft-
ware entrepreneur.

Rumsey began building a collection of North and South 
American historical maps and related cartographic materials 
in 1980. His collection, with more than 150,000 maps, is one 
of the largest private map collections in the United States. In 
1995, Rumsey began the task of making his collection public by 
building the online David Rumsey Historical Map Collection, 
www.davidrumsey.com. Currently the online web site has 
over 64,000 high resolution images of maps from his collection. 
The site is free to the public and is updated monthly. Recently, 
Rumsey has been creating historical map projects both in Google 
Earth, Google Maps and the virtual world of Second Life.

The covers of the atlas. Even the title label on the spine is raised and embossed, saying “Atlas of The United States.”

Visual Fields focuses on the appreciation of cartographic aesthetics and design, featuring examples of inspirational, 
beautiful, and intriguing work. Suggestions of works that will help enhance the appreciation and understanding of the 
cartographic arts are welcomed, and should be directed to the section editor, Laura McCormick: laura@terracarta.com.
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G I S  T U TO R I A L  F O R  P Y T H O N  S C R I P T I N G

By David W. Allen.
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276 pages. $70.00, softcover.
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Review by: Adam P. Dixon, World Wildlife Fund & 
University of Maryland, Baltimore County

The newest book from Esri Press on Python scripting, GIS 
Tutorial for Python Scripting, is a hands-on walk-through 
of the many capabilities available within ArcGIS for 
Desktop which can be programmed using Python. Esri 
has recognized since the beginning that the world of geo-
graphic analysis cannot be contained within a GUI inter-
face and has made some laudable strides in combining the 
graphical with scripting to allow analysts optimal utility 
of their software. The purpose of the book is to showcase 
the integration of Python within the ArcGIS desktop in-
terface and to teach Python from this perspective. It is 
pleasantly written, with a can-do attitude that relentless-
ly implores the reader to apply his or her problem-solving 
skills through twenty-three tutorials ranging from basic 
manipulation of attribute tables to creating custom tools. 
Tutorials, exercises, and sample data are all based on the-
oretical needs of a municipal GIS manager. The author, 
David Allen, is the GIS manager for the city of Euless, 
Texas, part of the megalopolis of Dallas-Fort Worth.

The book’s five chapters total 255 pages in length, fol-
lowed by 21 pages of appendices. Chapters are divided 
into tutorials that address overarching concepts of Python 
in ArcGIS. The chapters begin with using Python in la-
beling and field calculations, move through stand-alone 
Python scripting (covering cursors and loops allowing 
advanced access to data), then on to the mapping module 
(convenient for map automation), and end with creating 
ArcGIS toolboxes and Python add-ins. The stand-alone 
scripting chapter—arguably the most useful—contains 
nine tutorials, while the mode of the other four chapters is 
three tutorials. Each tutorial begins with a short explana-
tion of the topic at hand (formatting labels, loops, cursors, 

while statements, etc.) and then dives right in to typical 
challenges at a suburban municipal GIS office. One tu-
torial covers the calculation of the flow rate of wastewater 
through the city’s sewer system, where the variety of un-
derground pipe sizes and pipe materials necessitates a set of 
if-else statements within the field calculator of the ArcGIS 
attribute table. Another tutorial takes the reader through 
the steps needed to create lists of all the single-family and 
multi-family structures within the fire department’s re-
sponse zones and to use the list to output a set of PDF 
maps for the fire department manager. Following each tu-
torial is an exercise based uponin which the user practices 
the concept with a similar but different question. Most of 
the code from the tutorials can be applied within the exer-
cises as the new concepts are reinforced through repetition 
and referencing the previous tutorial steps.

GIS Tutorial for Python Scripting was copyrighted in 2014, 
and written for ArcGIS 10.2. The current version of 
ArcGIS at the time of this writing is 10.3. You will ab-
solutely need an ArcGIS license to use the book to learn 
Python. I actually used 10.2.2 throughout my read of the 
book, and found that it generally worked, but did run into 
some problems that could not be resolved. Since basic 
principles of Python and the desktop environment gener-
ally stay more constant, I would advise readers up to five 
years in the future just to downgrade to ArcGIS 10.2 to 
complete the tutorials, and then to upgrade back to the 
current version upon completion. I imagine after five years 
from now, this book will be obsolete.

GIS Tutorial for Python Scripting is well written. The au-
thor’s pedagogical theory is that hands-on problem solving 
leads to thorough absorption of the information. This is 
generally true, but he wasn’t completely successful at giv-
ing all the tools and information needed to complete the 
exercises, thus eliciting unnecessary frustration. Which 
brings me to my next complaint: the book felt cheap. 
Esri Press books as a rule do not have the best printing 
or paper quality. It is no doubt a little silly to spend re-
sources on books about ArcGIS 10.2 when ArcGIS 10.3 
and so on will be available soon thus casting the infor-
mation into obsolescence in a frighteningly short amount 
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of time. Regardless, the cheapness of the book, and more 
importantly the lack of attention to detail in the format-
ting lead to further frustrating moments, especially if you 
are unaware that a literal reading of the book is not always 
advised. It is hard to advise against character-for-charac-
ter literalism when Python programing syntax is case and 
character sensitive; an errant space or apostrophe can take 
a frustratingly long time to discover. But that is indeed the 
case. The user of the book must do the best he or she can 
to get through it and leave it at that.

Using the book to teach Python programming to a group 
of students might really make this book shine. Minor er-
rors in the book could be quickly discovered by a Python 
expert teacher and immediately resolved. Further, the 
content matter and pace of the exercises are perfectly suit-
ed for the brief and concentrated sessions that make up a 
semester. Frustration must be the greatest barrier to entry 
to programming. If the user cannot find a solution within 
the programming syntax, he or she is doomed, and thus 
a person like a lab assistant to ask questions is a godsend. 
Without assistance, determined persistence is the only re-
solver of intractable programming errors. One of the un-
spoken lessons of the book (and learning to program in 
general) is that with practice, identifying and resolving 
errors becomes easier, but begins as a seemingly wide river 
with a strong current to swim. Which brings us back to 
the qualities of this book. It could use a touch of mercy, es-
pecially for the solo practitioner. The independent Python 
tutee, with only the book as his or her guide, will have 
problems. Each tutorial walks the reader through the steps 
in a concisely explanatory manner. There were multiple 
times however, the tutorial was precisely followed and the 
final script refused to function as warranted by the reci-
pe, due to formatting errors or typos wreaking havoc on 
Python’s exacting syntax. A flawlessly formatted program-
ming book might not exist. But the design of each tuto-
rial could be vastly improved by including the full code 
employed during the session at the end for reference (or 
at least put it in an appendix or online). As it is, the code 
is chopped into pieces throughout the tutorial and piec-
ing it together can be confusing. The can-do attitude and 
problem solving virtues of the book begin to seem foolish 
and bring only misery when one spends hours on a tutorial 
only to give up because no solutions appear possible.

No mention is made of non-Esri applications where 
Python programming may be useful. Quantum GIS has 
a Python interface for instance, and it would have been 
good to know how these interact. GDAL utilities are 
also accessible with Python. A new Python library called 
Pygeoprocessing has been developed by developers at the 
Natural Capital Project (goo.gl/4Obalz). I am just touch-
ing the surface of all the geographic Python tools out in 
the world. It is not surprising that an Esri book does not 
contain these concepts but a nod in the name of collegiali-
ty would have been nice.

GIS Tutorial for Python Scripting is sold throughby Esri 
for $70.00 and comes with all the sample data required. 
If you use ArcGIS at your workplace and are in the mar-
ket for Python tutorial material, this is a good buy. You’ll 
have a guided tour of the use of Python and understand 
the full set of the impressive capabilities available to you 
in ArcGIS. You should expect to spend quite of bit of time 
to complete the book. I was slightly beyond a newbie in 
Python prior to undergoing this exercise and spent at least 
fifty hours getting through all of the materials. Some of 
the tutorials take longer than the others, but in general 
they take about two hours or more when you include the 
exercise.

The book is thus at best a wonderful curated tour of 
Python use in the proprietary GIS software package, and 
at worst a plodding and frustrating exercise in teaching 
oneself how to program. The spectrum of your experience 
navigating through the book will certainly touch these 
highs and lows, although the exercise in totality did seem 
worth it. Having completed the tutorials I’ll be able to ap-
proach Python in a much more creative and constructive 
manner in my daily work, and I’m now able to get started 
with more confidence on a programming project I’ve had 
on the back burner. I felt like the first three chapters were 
much more important than the final two, which dealt with 
ArcGIS toolbox and toolbar creation. These felt more like 
an ArcGIS tutorial than a Python one. If you are a teach-
er, you might find this set of tutorials a great walk through 
the many typical activities your students will encounter as 
GIS professionals. The self-study aspects of the book (es-
pecially the first three chapters) would complement a larg-
er syllabus covering the Python universe.
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A  R A I L R OA D  AT L A S  O F  T H E  U N I T E D  S TAT ES  I N  194 6,  VO L U M E  5 :  I OWA  A N D 
M I N N ES OTA

By Richard C. Carpenter.

The Johns Hopkins University Press, 2013.

232 pages, 170 color maps. $70.00, 
hardcover.

ISBN: 978-1-4214-1035-7

Review by: Jed Marti, Artis LLC

The A Railroad Atlas of the United States in 1946 series cap-
tures the extent and geographic organization of railroads 
near the height of their influence on the American land-
scape. Volume 5 details Iowa and Minnesota; the previous 
4 volumes cover the northeastern states.

In 1946, railroads employed 1.3 million people maintain-
ing tracks and equipment with a military-like organiza-
tion. Any town of importance had one or more railroads 
servicing its industry and transportation needs. In these 
times, before the arrival of the daily train, “the day was 
glorious with expectancy; after them, the day was a dead 
and empty thing” (Twain 2009). Railroads were very much 
at the forefront of life as they are now in the background.

Following a short introduction are maps of Minnesota and 
Iowa followed by some short notes on each. Two import-
ant pages list railroad company abbreviations, many of 
which are no longer obvious to us (e.g., MILW: Chicago, 
Milwaukee, St. Paul, and Pacific Railroad).

The maps are hand drawn and labeled and are taken from 
a variety of sources both modern and historical. Except for 
some details, they are based on USGS 1:250,000 and 7.5 
minute quadrangles, or historical atlases. Important pop-
ulation centers have more detailed maps. There is consid-
erable railroad detail but little other content than bodies 
of water, political boundaries, and place names. The au-
thor has hand drawn railroad features from a selection of 
10 colored pens. Railroad markings mostly concern oper-
ational details: round houses, control towers, train order 
offices, switch controllers, bridges, crossings, viaducts, sta-
tions, coaling stations, telegraph call letters, and milepost 
markers. Somewhat wider markings delineate multiple 
tracks on the same grade and dashed lines indicate aban-
doned lines.

An appendix for each map provides railroad operational 
details such as dates for construction of switching mecha-
nisms, towers and abandonment. Much of this is dry detail 
but a few nuggets of colorful history scattered through-
out make for delightful reading. An index of place names 
completes the volume.

Why would a cartographer want a historical atlas and is 
this the one they should purchase? This is an attractive 
volume and the maps are more appealing than the mod-
ern black and white SPV’s Comprehensive Railroad Atlas of 
North America series. The color coding helps separate the 
railroad features from political and water features. The 
inclusion of notes on each map is also welcome; I’m un-
able to find any similar comprehensive attempts. Could 
we wish for more? Modern GIS could generate historical 
maps, with the 3rd dimension being compressed time. 
Color and animation could bring out the salient features 
against the changing historical background.

Can this volume be useful to the modern transportation 
planner? We are experiencing a minor change in atti-
tudes about public transportation. Light rail, trolleys, 
and interurban services are available or being constructed 
in most large cities and have increasing ridership. Many 
such existed in the past but were destroyed by the ubiq-
uitous automobile. The late 1800’s saw a massive increase 
in these systems, many constructed with little thought to 
who would use them. It behooves us to study both the suc-
cesses and failures. Much of the infrastructure lies buried 
beneath us—grades and routes constructed earlier can be 
reused if their locations are known.

Would you use this atlas as a guide for some fieldwork or 
railroad tourism? As suggested in the introduction, proba-
bly only in conjunction with some other atlas that is also at 
1:250000 scale; the lack of modern roads and features on 
the maps makes it a difficult activity using this atlas alone. 
This would be exacerbated in unpopulated areas where few 
such features exist and railroad remnants may be more in-
teresting to find. An open question is whether or not all 
the features shown are from 1946. If a Midwestern river 
changes course (as they are wont to do) are we seeing the 
1946 river or the 2013 river? An atlas with 2013 features 
and 1946 rails might be confusing and consequently be 
limited to just this purpose. Finally, the hardback format 
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might be a problem on a field trip, what with spilled coffee 
and lunch.

Is this a collection of maps a cartographer would enjoy 
perusing for their artistic qualities? Certainly, this work 
is a major undertaking for a single person. The patience 
necessary to draw the maps and the steady hand for filling 
in the details on hundreds of them (this is the 5th vol-
ume after all) is unlikely to be found again, killed by the 
very technology we wish might have been used. That being 
said, there is much more one could wish for in details and 
references.

As a railroad nut (the polite term is “railfan”), I random-
ly examined some of the voluminous literature of railroad 
history and there is nothing of this scope even at the state 
level. Individual volumes may present more history (Carr 
1989; Whitehouse 1988) but the maps are of secondary 
importance or non-existent. Most are in black and white 
and not particularly easy to decipher. Authors tend to con-
centrate on specific railroads or locales. Internet collections 
are not comprehensive and have only short histories, per-
haps one or two photographs, and uncertain scholarship.

Mr. Carpenter has begun a vast undertaking—more than 
three fourths of our land mass remains to be serviced. This 
5th volume is part of the Johns Hopkins University Press 
series Creating the North American Landscape which cov-
ers such esoteric topics as alley houses, the development 
of public courthouses, and the evolution of the mobile 
home. I look forward to further volumes that encompass 
the West—a vast railroad landscape for mining and pub-
lic transportation, the remains of which are still visible to 
those that will look.
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Review by: Timofey Samsonov, Lomonosov Moscow 
State University

Abstracting Geographic Information in a Data Rich World 
is an ambitious work that presents cutting edge achieve-
ments in one of the most complicated areas of profession-
al cartography: map generalization. The ten hot research 
topics that comprise this 400-page volume are tightly 
fitted into a synoptic observation format that makes you 
feel the variety, depth, and breadth of contemporary map 
generalization research. While the fundamental work ed-
ited by Buttenfield and McMaster (1991; glorified by Dr. 

Anne Ruas as a “generalization bible” in its preface) [1]
concentrated on generalization rules and knowledge engi-
neering, this book follows the direction established by the 
2007 ICA volume Generalisation of geographic information: 
Cartographic modeling and applications (Mackaness et al. 
2007). It discussed the possibilities of on-demand map-
ping, real-time generalization, and agent-based systems 
that allow simultaneous generalization of a set of objects 
from different themes. The current volume is significantly 
more user-centric, wider in scope, and primarily addresses 
solving complex high-level methodological and techno-
logical problems, while leaving the many technical imple-
mentation details to the bibliography list that is available 
to inquisitive readers.

The main body of the book stretches from Chapters 2 to 
11. Each chapter consists of two parts: the first part states 
the problem and reviews current approaches to solving 
it, the second part consists of three case studies (except 
Chapter 11, which includes results from seven national 
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mapping agencies and the INSPIRE program). This for-
mat allows the reader to quickly assess the significance of 
the problem and the effectiveness of its particular solu-
tions. As the authors of Chapter 5 “Generalisation opera-
tors” state, they did not make an exhaustive review of gen-
eralization operators, concentrating instead on network 
generalization aspects in the “case studies” part. However 
the brief synoptic overview of operators is still here in the 
theoretical part of the chapter. This principle is true for 
every part of the book. The focus is on current problems, 
and historical overview is kept to a minimum. It gives the 
reader quick access to current achievements of map gener-
alization research instead of a long slog through a boring 
textbook that mentions all previous contributions to the 
problem and its surroundings.

The concept of data enrichment is woven through almost 
every chapter of the book and seems to be one of the most 
important generalization tools. The editors emphasize the 
necessity of a very rich geographical model for a high level 
of automation in Chapter 1. Enrichment is a key to ex-
traction of high-level structural properties of geographical 
distributions, which is important for generalization of object 
groups and systems. Data enrichment shows its usefulness 
both in tasks of generalization itself and in evaluation of 
generalization results. This is illustrated by case studies 
concerning hydrography networks and building patterns 
generalization in Chapters 6 and 9 respectively.

The book largely avoids digging into the innards of par-
ticular generalization operators and relationship measures 
between features, while concentrating on generalization 
process modeling (Chapter 7) and spatial relationship ontolo-
gies (Chapter 3) instead. These help users to formalize the 
knowledge about execution sequences of generalization 
operators and underlying spatial reasoning that is based on 
data analysis. Introduction of fuzzy relationships (Chapter 
3) is important for effective data enrichment, because it 
allows for detecting patterns in not-ideally-arranged ob-
ject groups. These patterns are then harmonized during 
generalization.

Evaluation is important for the description of spatial rela-
tionships and characteristics of objects that are altered by 
the generalization process. The book stresses the necessity 
of automated evaluation of generalization due to require-
ments of contemporary map production environments 
and on-demand mapping. Coupled with increasing de-
mand for a user-centric approach, this points to a need for 

methods that estimate map quality from the point of view 
of an abstract reader. Map readability formulas present-
ed in Chapter 9 are an example of one possible approach 
to this task. Overall, the eligibility of every generalization 
solution depends on the user requirements that result in 
map specifications, which can be discovered through knowl-
edge-based systems and wizards in case of on-demand 
mapping systems. This task is investigated in Chapter 2.

Chapters 4 and partly 7 are more concerned with the tech-
nological base of generalization. In Chapter 4 a variety of 
topological data structures including tGAP and SSC (Space-
Scale cube) are presented. These technological means are 
supposed to be effective in progressive data transfer and 
continuous zooming. The concept of 5D space-scale is 
vividly illustrated here and it possibly has a big potential 
not only in generalization but in multiscale data anal-
ysis too. A significant part of Chapter 7 is dedicated to 
usage of web services to provide generalization geoprocessing 
tools—another technological advancement that will cover 
requirements of web-based generalization systems in the 
near future.

Four application topics are singled out in separate chap-
ters—integrating and visualizing volunteered geograph-
ic information (VGI; Chapter 5), terrain generalization 
(Chapter 8), generalization in context of schematized 
maps (Chapter 10), and generalization in practice within 
national mapping agencies (Chapter 11).

It is not a surprise that VGI received a great deal of at-
tention in the book—2014 celebrated ten years of the 
OpenStreetMap (OSM) project, which has shown fan-
tastic results providing an overwhelming amount of de-
tailed and useful spatial data. However research in OSM 
generalization is still in its infancy, a fact emphasized in 
Chapter 5, which shows the simplicity of applied opera-
tors. Geosensor networks and popular social media also 
produce a large amount of spatial information that should 
be integrated with existing data for their usage in explor-
atory research. Some experiments in this area are also pre-
sented here. Overall, this chapter leaves the feeling that it 
more states problems than solves them, and I am sure that 
the topic of VGI generalization will be one of the hottest 
in the forthcoming decade.

Three interesting issues of terrain generalization men-
tioned in Chapter 8 are worth drawing attention to. The 
first is visualization-oriented DEM generalization, in which 
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terrain models are generated for a specific method of rep-
resentation: hypsometric coloring and hillshading. The 
second is the possibility of including terrain in multi-agent 
models to make adjustments to surface geometry during 
generalizations to preserve topology and avoid conflicts. 
The third aspect is security of maps derived after general-
ization—specifically for generalization of isobathic maps. 
All these contexts are well illustrated by case studies.

Schematized maps represent the highest level of abstraction 
and are interesting both as a quintessence of generaliza-
tion and as a vivid representation of main structural fea-
tures. Some specific approaches to their creation and ap-
plications as well are presented in Chapter 9.

The final chapter “Generalisation in practice within na-
tional mapping agencies” is quite impressive. It demonstrates 
the variety of approaches to automated map production 
workflows in seven different countries (six European and 
USA) and international activity (INSPIRE). The differ-
ence between digital cartographic model (DCM) and 
digital landscape model (DLM) is shown here even more 
prominently than in the previous methodological chap-
ters, being illustrated by real production examples. In this 
chapter the reader will find fully automated production 
workf lows proudly presented by the Ordnance Survey, 
IGN France, and Kadaster NL—probably the most excit-
ing result contained in this book. If you have read the book 
straight through from the beginning, at this point you will 
be satisfied to read these examples of real-world applica-
tions that prove that the previous investigations now have 
practical output, and the dream of automated generaliza-
tion is becoming a reality. However, much is to be done in 
the world of abstracting of geographic information. Every 
chapter of the book states its own problems that are also 
summarized in the concluding chapter of the book.

This volume is probably not for all cartographers; it is 
deeply focused and is particularly oriented toward spe-
cialists in generalization problems. This focus makes it 
unsuitable for a novice reader who is unfamiliar with the 
technological and methodological complexities around 
abstraction of geographic information. All topics of the 
current generalization agenda are discussed, which makes 
this book invaluable for those who want to remain up to 
date in this area. The questions raised here are not the 
kind that can be quickly implemented from description. 
They concern high-level architecture of generalization sys-
tems and will take time to reconstruct. The authors of the 

book assume that the reader will be familiar with a va-
riety of functions, such as line simplification, measuring 
distances, constructing triangulations etc., which are just 
atomic components in the presented methodologies.

Though it comes close, the book does not quite feel like a 
fully integrated monograph. It is still more like a compi-
lation of topics, sometimes written independently of one 
another—little nuances betray it. For example, the design 
of schemes is dissimilar across chapters (compare, for ex-
ample, Figures 3.19, 10.15, and 11.11—three completely 
different points of view to design!). In Chapter 5, the au-
thors use the term “Dimensional change” (p130), whereas 
the term “Collapse” is almost universally recognized and is 
used to denote this operation in Chapter 6, which provides 
the observation of generalization operators. Information 
redundancy is not completely avoided, either. When you 
approach Chapter 8 in the second part of the book, you 
may note Figure 8.1, which illustrates the difference be-
tween model and cartographic generalization, despite the 
fact that this dichotomy was discussed more than once 
earlier.

There are also a few methodological aspects in the book 
that I found to be insufficiently developed or missing im-
portant conditions. In Chapter 4 the authors explain ad-
vantages of smooth tGAP/SSC structure while not men-
tioning that it can result in too narrow polygonal features. 
This is unacceptable in map generalization and can be 
clearly seen in Figure 4.7d (middle gray polygon). Some 
constraints in feature width should be introduced here 
and maybe a combination of classic and smooth structure 
should be tested. There are also real cases in which aggre-
gation of polygons and their removal is invalid (adminis-
trative units, or countries, for example).

The Quadtree-based point generalization case study 
(Chapter 6), while being very interesting overall, miss-
es analysis of the artificial regularity of some results. It 
also provides a strange explanation of priority between 
displacement in horizontal/vertical directions vs. diago-
nal—as if it is not known how the algorithm works and its 
influence has been discovered just from results of data pro-
cessing. But possibly, this explanation is a consequence of 
the limited text space available for explanation. In Chapter 
9, the authors discuss schematized maps and mention car-
tographic line frequency (OLLpA), then suggest the new 
Bertin (Bt) unit for its measurement. It seems strained and 
artificial to me, since by definition the OLLpA (as it is 
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given in the book) is simply line density measure in cm per 
cm2 for example (see equation in Chapter 10.4.1).

In the introduction chapter the authors, trying to describe 
the full scope of problems in a limited text frame, some-
times become inaccurate in their statements. For example, 
they mention Hausdorff distance as a shape characteris-
tic (6), but Hausdorff distance is more likely a measure 
that can be applied to estimate the proximity relationship 
(Chapter 3) between two groups of points or between two 
lines or two polygons, but is not a direct shape charac-
teristic. In some places, more details would be better for 
understanding the material. The procedure of harmoniz-
ing requirements in the EuroSDR case study (Chapter 1) 
remains a black box; how it was performed in particular 
is unclear. An explanation of the algorithm for matching 
GPS trajectories with incomplete user-generated road data 
(Case 3 in Chapter 5) is too short and difficult to under-
stand. The same concern comes up again in Chapter 9, in 
which map readability formulas are discussed but ironical-
ly not one formula is provided.

However that may be, these issues are inconsequential 
and very few in number. Overall this book provides a re-
ally critical contribution to summarizing, conceptualizing, 
and discussing the main problems and solutions in map 
generalization to date. Many questions that arise during 
the reading of the book can be cleared up via detailed 

inspection of the bibliography lists at the end of each 
chapter. I recommend this book to everyone who works 
with map generalization and wants to be productive in 
solving his or her tasks, as well as those who are interested 
in understanding short- and mid-term perspectives in map 
generalization developments.

Fifteen years passed between the founding of the ICA 
working group and the appearance of their 2007 book. 
This follow-up volume required only half as long to be 
published. This is a clear indication of increased activity in 
the field and of the necessity of spreading knowledge, not-
ing problems, and initiating new discussions in the map 
generalization community. I hope that this accelerating 
rate of publications means that we will see the next book 
in a few years with even more impressive results.
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support initiatives like Cartographic Perspectives, Natural Earth, 
and CartoTalk.com

 and help us keep bringing people 
together to grow the world of maps!

serve on a committee
work with other members to keep 
making NACIS better

run for the board
help decide the future of your Society

send us your ideas
tell us how we can help serve the world of cartography
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email info@nacis.org to get started!

GET INVOLVED

CONNECT

COMMUNITY

@NACIS
nacisnews

nacis.org
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Books: Invert the first author's name (last name, first ini-
tial or name, and middle initial). Middle initials should be 
given wherever known. For books with multiple authors, 
authors’ names are listed in the order in which they appear 
on the title page, with the last author’s name preceded by a 
comma and and. Note: With more than ten authors, invert 
first author’s name and follow it with a comma and the 
words et al. without italics in the reference list.

The general format is: Name of author(s). Year. Title in 
Italics. City of Publication: Publisher Name.

Robinson, A. H., J. L. Morrison, P. C. Muehrcke, A. 
J. Kimerling, and S. C. Guptill. 1995. Elements of 
Cartography, 6th Edition. New York: John Wiley & Sons.

Articles in Periodicals: Author’s or authors’ names as in 
Books, above. Year. “Title of Article.” Title of Periodical, 
volume number, page numbers, DOI if available. Follow 
punctuation and spacing shown in the following example.

Peterson, M. 2008. “Choropleth Google Maps.” 
Cartographic Perspectives 60: 80–83. doi: 10.14714/
CP60.237.

Articles in edited volumes: Name of author(s). Year. “Title 
of Article.” In Title of Edited Volume, edited by [Editor’s 
or Editors’ names, not inverted], page numbers. City of 
Publication: Publisher’s Name.

Danzer, Gerald. 1990. “Bird’s-Eye Views of Towns 
and Cities.” In From Sea Charts to Satellite Images: 
Interpreting North American History through Maps, 
edited by David Buisseret, 143–163. Chicago: 
University of Chicago Press.

Websites: Websites may be generally referenced in running 
text (“On its website, the Evanston Public Library Board 
of Trustees states…”) rather than with a URL listing. For 
more formal citations, use the following format: Name of 
author(s). Year. “Title of Document.” Title of Complete Work 
(if relevant). Access date. URL.

Cartography Associates. 2009. “David Rumsey Donates 
150,000 Maps to Stanford University.” David 
Rumsey Map Collection. Accessed January 3, 2011. 
http://www.davidrumsey.com/blog/2009/8/29/
david-rumsey-donates-150-000-maps-to-stanford.

Maps: Maps should be treated similarly to books, to the 
extent possible. Specific treatment may vary, however, and 
it is often preferable to list the map title first. Provide suffi-
cient information to clearly identify the document.

A Plan of the City of New York and its Environs. P. 
Andrews, sold by A. Dury in Dukes Court, St. 
Martins Lane, surveyed by John Montressor, 1775.

E-mail correspondence: E-mail messages may be cited 
in running text (“In an e-mail message to the author on 
October 31, 2005, John Doe revealed…”) instead of in a 
note or an in-text citation, and they are rarely listed in a 
bibliography or reference list.

Additional examples:  For addit ional  examples , 
please consult The Chicago Manual of Style, 16th ed. 
 (chicagomanualofstyle.org).

DOI NUMBERS: DOI numbers for references must be in-
cluded whenever available. You can look up DOIs at www.
crossref.org/SimpleTextQuery.

REFERENCES LIST:  The list of references should begin in 
a separate section, immediately after the text. Entitle the 
section “References” and list all references alphabetically by 
the author’s last name, then chronologically. Provide full, 
unabbreviated titles of books and periodicals.

FOOTNOTES:  Footnotes should be used sparingly: i.e., 
only when substantive enough to amplify arguments in 
the text. They should be addressed to a single point in the 
manuscript. Footnotes should be numbered sequentially in 
the text and will appear at the bottom of the page.

UNITS OF MEASURE:  Cartographic Perspectives uses the 
International System of Units (metric). Other units should 
be noted in parentheses.

EQUATIONS: Equations should be numbered sequentially 
and parenthetically on the right-hand edge of the text. 
If special type styles are required, instructions should be 
provided in the margin adjoining the first case of usage. 
Authors should carefully distinguish between capital and 
lower-case letters, Latin and Greek characters, and letters 
and numerals.

TABLES: Tables should be discussed in the text and denot-
ed by call-outs therein, but the meaning of a table should 
be clear without reading the text. Each table should have a 
descriptive title as well as informational column headings. 
Titles should accent the relationships or patterns presented 
in the table.

INSTRUCT IONS TO AUTHORS (CONTINUED)
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