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Abstract

OpenStreetMap (OSM), often thought of as a technological tool or platform, can be
envisioned as a community of communities and informed by a broad understand-
ing of geographical systems. In this article, we explore the community of university
students known as YouthMappers, who utilize OSM and related tools for humani-
tarian data creation, analysis and learning. Students approach OSM simultaneously
as aspiring members of the workforce in a global digital economy and as emerging
world citizens of a global society. Established in 2014, YouthMappers is a campus-
based consortium of more than 200 chapters in approximately 50 countries that
networks and supports engagement in humanitarian data with practitioners, govern-
ment agencies, and other actors. Open geospatial data are contributed to authentic
campaigns through OpenStreetMap and an ecosystem of open source and propri-
etary tools. A 2019 survey of YouthMappers and an analysis of YouthMappers data
contributions allow us to explore the following questions: Who are using open geo-
spatial tools, and in what context? Which open geospatial tools are being used and
where? How proficient are they as users? How confident do they feel? How pre-
pared does this make them for the future? How do these patterns vary across the
global digital divide? Results show evidence of mapping both locally and globally.
They also reveal a gendered confidence gap, and tool use patterns hint at a gendered
division of geospatial labor in some global contexts. Internships are key to unlock-
ing job opportunities, and are prevalent among YouthMappers members. Findings
also reveal that with growing self-reported proficiency, a commitment to the ethic of
being a good global citizen increases, underscoring the potential promise for open
geospatial tools to support not only workforce capacity, but also meaningful connec-
tions to learning about geography, place, people, and the world.
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1 Introduction: Open tools for an open community

OpenStreetMap (OSM) is generally thought of as technological product. In prac-
tice, however, it is much more than the end result of users contributing through
its tools. OSM defines itself as “a free, editable map of the whole world that is
being built by volunteers largely from scratch and released with an open-content
license” (OpenStreetMap Wiki contributors 2017), but the technology essentially
serves as a data platform where as many as 5 million users contribute, edit, down-
load and assess this shared public good. This leads some observers to describe
OSM as an “online project, a perspective that refocuses attention on the efforts of
creating the map over the map or database itself” (Brovelli et al 2019: 599). Other
scholars notice that these actors who are a part of this project more frequently
speak of OSM as a community, bringing into view the many sets of actors who
create it. In line with thinking about the constellation of elements that make up
a geographical system, we agree with this latter perspective, and add that it may
be best thought of “as a community of communities” (Solis 2017) or a “com-
plex socio-techno ecosystem that operates as a multi-scalar network™ (Vespignani
2009).

In the interest of analyzing this system, we reflect in this article on a unique
contributor community of university students who are mapping for humanitarian
purposes. This global student community operates under the banner of Youth-
Mappers, and engages in this ecosystem as a force of about 5000 or so users who
comprise a network of campus-based groups. Despite their common identity as
students, the wide participation of YouthMappers in building OSM through a
variety of tools, across more than 200 institutions of higher education operating
in more than 50 countries on all continents offer a unique opportunity to reflect
on the use of OSM-as-platform, related tools and their performances as mappers.
We explore this student-to-tool connection with the system, using both a contrib-
utor-centric analysis of dashboard metrics on their contributions and a survey of
the respondents with respect to their perspectives as they prepare to enter the job
market as members of a global society.

2 Background: The lens of YouthMappers

YouthMappers is a global consortium of university-based, student-led, and fac-
ulty-mentored local chapters, currently with members from 200 4+ university cam-
puses in 50 countries around the world (www.youthmappers.org). The co-found-
ing organizers, youth leaders, and supporters from the humanitarian community,
chiefly USAID, help to organize global connected campaigns and encourage local
mapping campaigns that directly address community-identified development
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needs. Open geospatial data are contributed to and used from the open platform
OpenStreetMap, and an ecosystem of open source and proprietary tools help to
structure data creation and numerous applied activities of members.

YouthMappers was founded by faculty from Texas Tech University, The
George Washington University, and West Virginia University, with support from
the US Agency for International Development’s GeoCenter, and now adminis-
tered at Arizona State University. The consortium encourages students to expand
experiences that lead to workforce capacity building, such as through internships
and research fellowships. Moreover, a key aim is to go well beyond just building
maps, to “build mappers” as members of a global society. The remote campaigns,
leadership fellowships, regional ambassadors program, support for conference
attendance, and blogs that promote exchange and solidarity among student peers
across continents all serve to create bridges through technology. Jointly identify-
ing common global targets such as the UN Sustainable Development Goals (Solis
et al. 2018a, b; Solis et al. 2020), helps to consolidate a common vision for open
geospatial tools at the service of community needs. Nevertheless, the flexibil-
ity of the consortium-chapter model allows each group of students to determine
which tools to apply, which applications to develop, and how to conduct their
own activities such as mapathons in unique ways that serve localized perspectives
on what is valuable. Perhaps unsurprisingly, outcomes are as “diverse and richly
contextual to the specific character of the campus and its students, as much as
they share some approaches, tools, and the humanitarian open data vision” (Coet-
zee et al. 2018).

Embedded within the complex and highly varied landscape of higher education
globally, populated with institutions that have wildly diverse standards, pedago-
gies, traditions, reputations, and assessments, the challenge of understanding the
impact of open geospatial tools in this context becomes clear. Previous research
on the network has explored questions of participation for learning standards and
competencies, as well as attitudes and perceptions. Within the US tertiary edu-
cation system, digital humanitarian mapping of YouthMappers has been linked
down to the very tasks and activities both to the National Geography Standards
(Heffron and Downs 2012) and the Geospatial Technology Competency Model
(GTCM) (DiBiase et al. 2010) via (Solis et al. 2017). This underscores the poten-
tial for formalization of authentic use of such tools for broad learning goals. Yet
in the global context, Hite et al. (2018) revealed stark differences between map-
pers in the US and from other countries in the network by examining the blogs
of YouthMappers. For students in the Global South, an overwhelming tendency
toward thinking on the collective level rather than the individual level has been
found, a tendency that persists across genders and nationalities, and that can be
considered evidence of students utilizing the experience to forge group or col-
lective identities, especially since the mapping contributes to authentic program-
ming (Hite et al. 2018). Indeed, Solis and DeLucia (2019) found that students
who know the purpose and understand the end use of digital humanitarian map-
ping are more satisfied and show greater awareness of the benefits of technol-
ogy, promoting reflection on affective aspects of learning about substantive con-
tent (e.g., disasters or needs in other parts of the world). When asked to respond
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to statements before and after mapping, informed mappers significantly change
their ideas about the importance of being a global citizen and giving back after
building the map (Solis and DeLucia 2019). This study adds to this literature by
exploring the tools that participants use to contribute, both in light of those con-
tributions and in light of their roles as students.

3 Students preparing for the workforce

Over the last few decades, the geospatial workforce has grown globally across all
sectors, and the field is expected to have a compound annual growth rate (CAGR) of
19% from 2017 to 2023 (Jackson 2013). Humanitarian mapping efforts are one-way
for young people to gain valuable experience in both technical and practical aspects
of the geospatial industry and to take advantage of such opportunities by learning
the tools of the geospatial trade. Employability has emerged as a central concern
for universities and students (Jackson 2013; Sin and Neave 2016). Today’s global
economy has evolved to become ‘knowledge-driven’ and increasingly competitive.
University and college education more and more emphasize employment after grad-
uation, and there is increasing pressure on educational institutions on developing
the employability of students. Yet, research highlights that inadequate skills among
graduates remain a constant problem for joining the modern workforce (Cumming
2010). With the importance of employability skills being a question for students in
all degree tracks, students themselves have started to scrutinize the roles, and jobs
that are available for them ahead (Dowling and Ruming, 2013). The calls for look-
ing into student’s employability skills have opened the opportunity for researchers
to understand workforce preparation of students in higher education institutions. As
the landscape of the global economy changes, there is a growing recognition that
transforming learning in higher education institutions into employment-oriented
preparation is often not straightforward (Fallows and Steven 2000). Ever-evolving
technologies, shifting industries and the changing nature of jobs add to the complex-
ity of employability and workforce development efforts (Fallows and Steven 2000).
Employers today prefer graduates who are multi-skilled, not just trained for a spe-
cific job, and these changes occur rapidly, certainly on average more rapidly than
university degree programs can keep up with adaptation (Arrowsmith et al. 2011).
The study of geospatial systems includes many skill-based competencies and
in the present era of data, Geographic Information Systems (GIS) has emerged as
one important skill for career advancement—and not just for geographers. GIS has
grown to become an integral part of many degree programs. Including in fields
like economics (Overman 2010), public policy and management (Miller et al.
2007), planning (Holdstock 2016), public health (Craglia and Maheswaran 2016),
and many others. In fact, these skills are increasingly recommended additions and
increasingly as recommended addition for credentialing, and there is evidence that
shows GIS certificate programs can become more popular than the actual degree
track (Kawabata et al. 2010). Students from different majors who may not wish
to earn certificates may still choose to learn the importance of GIS literacy as an
important factor for decision making. Furthermore, there is growing recognition
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among students that non-technical skills are equally important as technical ones for
professional success (Medlin et al. 2001; Knobbs and Grayson 2012). ‘Teamwork’ is
one of the most important competencies consistently mentioned across all employa-
bility frameworks (Tymon 2013). Many of the soft skills present in mapping through
YouthMappers are considered important by professionals in geographic career fields
(Solem et al. 2008) as well others like engineering (Itani and Srour 2015) and busi-
ness (Robles 2012). Songer (2010) find that web-based GIS increases student’s
self-efficacy and content knowledge in general. Furthermore, open GIS is seen as a
potentially essential component for robust research, whereby the principles of open-
ness, transparency, and sharing underscore practices of critical spatial data science
(Brunsdon and Comber 2020). These are just some of the many reasons why higher
educational institutions are actively pursuing to integrate GIS-based coursework
to improve skills of an interdisciplinary body of students (Sinton 2009). What is
less well understood is how the extra-curricular activities students undertake during
their time at higher educational institution impacts their workforce development and
employability (Lau et al. 2014; Arranz et al. 2017), as well as the extent to which the
participation helps students in their career preparedness (Stuart et al. 2011). While
students prepare for careers through tertiary education, how might their association
with extracurricular activities such as YouthMappers help them acquire proficiency,
experience, and confidence in using geospatial tools, as well as learning related “on
the job” skills that are associated with humanitarian mapping?

4 Students emerging as global citizens

As noted above, the end goal of landing a job looms increasingly large in the minds
of students and universities alike. At the same time, the impetus for higher education
to prepare a broadly educated citizenry continues unabated. In the geospatial field,
humanitarian mapping is making important contributions not only to introduce tools
and skills, but also for opening possibilities to connect to others and contribute to
solving real world issues such as for disaster prevention and relief (Solis and Raja-
gopalan 2019). Geospatial data can help predict human and infrastructural exposure
to hazards, can help to formulate plans like evacuation strategies, and design inter-
ventions during disaster events like for response and recovery actions in vulnerable
areas. A prime example of how crowd mapping has made its mark is how a world-
wide community of mappers digitized buildings and roads based on high resolu-
tion imagery after the 2010 Haiti earthquake, allowing for emergency response by
aid organizations (Albuquerque et al. 2016). The Haiti efforts led to the formation
of Humanitarian OpenStreetMap Team (HOT), a community of practitioners who
built a network that aids and assists with creation of maps for disaster and inter-
national development issues on OSM. Studies suggest that crisis situations provide
motivation for volunteers to join humanitarian campaigns (Poiani et al. 2016). While
predominantly evolved as a response to disaster situation, this approach was soon
scaled to produce maps on an anticipatory basis before any crisis.

Mapathons (or mapping parties) have become one important way to engage par-
ticipants with mapping exercises (Coetzee et al. 2018). Not only does mapping give
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lay volunteers an opportunity to contribute to society, it is also an opportunity to
learn new technologies (Poiani et al. 2016). Given their relatively low entry cost,
mapping exercises also help develop spatial literacy skills as participants learn core
concepts of mapping and GIS technology (Quill 2018) while focused on the mission
of the map. These activities in the practitioner sector began to attract the interest of
students as well (after all OpenStreetMap was originally invented by a graduate stu-
dent). Clearly, humanitarian mapping exercises have a potential to help students gain
for their careers, as noted, but the social and soft-skill dimensions of being a part of
something worthwhile, to make a difference, is also a significant motivator (Solis
and Rajagopalan 2019).

Established as a space to give voice and leadership opportunities, and to grow
the community of students within the broader community of communities of OSM,
YouthMappers was designed to support the emergence of global citizens in the mak-
ing (Solis et al. 2020). Adaptations to the typical use of the tools, mapathons, and
even project tasks have grown the possibilities for OSM as a whole. For instance,
given the challenging timing of engaging university students in adhoc disaster
response which may hit during final exams, sponsors began seeking additional robust
end use cases for the mapping tasks, expanding into slow moving disasters such as
chronic health stresses (Solis et al. 2018a, b) and linking to the research interests of
YouthMappers own local research topics through fellowships and fieldwork support.
In these and other ways, YouthMappers efforts have successful in enhancing soft
skills like ‘teamwork’ and ‘creative thinking’ as per students’ own perceptions. This
dimension speaks to the intrinsic aspect for youth participation at the level of indi-
vidual motivation (Budhathoki 2010) or how being a part of a community motivates
open mappers (Budhathoki and Haythornthwaite 2012). In this sense, then, the map-
ping tools serve as a window on a global society, where youth can connect to other
people and places through the OSM as a community device. We expect that how they
utilize which tools, how they perceive themselves and each other will differ by char-
acteristics of the mappers, including their self-perceptions as global citizens, gender
and where they call home, be it in the Global North or Global South.

5 Performance: What do they map and where?

To track and monitor the mapping activity and growth of YouthMappers, we ana-
lyzed the entire OSM database to identify contributions from mappers known to be
associated with a YouthMappers chapter. First, we curated a list of OSM usernames
for each responding YouthMappers chapter. These were collected through both the
annual chapter surveys (for rosters) and an online form (for individuals). We then
quantify their contributions to the map using the same approach to OSM data analy-
sis presented in by Solis and Rajagopalan (2019). This contributor-centric approach
to OSM data analysis allows us to efficiently process an entire planet’s worth of geo-
spatial information and extract individual map edits performed by known Youth-
Mappers through the analysis of OSM data and the metadata describing who edited
the map, when, and where. This allows us to account for both the number of indi-
vidual mappers as well as the quantity and types of contributions they make to
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OSM. This differs from other OSM metrics that measure presence based on spe-
cific hashtags (such as #youthmappers) in OSM changeset comments. We find these
hashtags to be noisier than expected because thousands of mappers not associated
with YouthMappers have contributed to humanitarian mapping tasks that include a
#youthmappers hashtag. Chapter response rates are estimated at 78%, so metrics are
conservative but appear to be representative of the community as a whole.

We present this quantified editing activity back to the YouthMappers community
through an interactive map and dashboard available at activity.youthmappers.org.
This map contains a filterable dropdown menu of active accounts so that Youth-
Mappers can quickly visualize the mapping performed by themselves, their peers,
or entire chapters. In addition, the map includes a link to submit missing OSM user-
names for tracking if a user cannot find themselves or their peers in the dropdown
menu (as well as the ability to remove their username from the list if desired). At
small-scale views, the map shows a heatmap of editing activity for the entire globe.
Individual features last edited are highlighted at higher zoom levels (Figs. 1, 2).

In the case of humanitarian mapping, the most common contributions to the map
are buildings and roads. Globally, YouthMappers have edited over 9 million build-
ings on the map and 145,000 km of roads. The effect of mapathons on monthly par-
ticipation can be clearly seen in Fig. 3 where there are significant spikes during spe-
cific months with large mapping events that appear to correspond to the academic
student rhythm (Fig. 3).

6 Results from a global survey across learning contexts: What
do they use and how do they do it?

A 2019 YouthMappers survey of students affords a unique opportunity to explore
the following questions: Which open geospatial tools for collection or analysis are
being used? How proficient are they as users? How confident do they feel in using
them? How prepared might this make them for the future? And how do these pat-
terns vary across the global digital divide? or across the digital gender divide? We
also offer some reflection to interpret some of these findings with respect to how
they correspond or fail to align with the original vision for establishing the Youth-
Mappers community within the broader OSM community.

In mid-March 2019, a global online survey of questions was issued via survey-
monkey to email addresses of all known YouthMappers contacts. These included
students who had registered for participation in any activity, mentors, individuals
signing up to receive the newsletter, and others (including non-students). In all,
2607 direct survey invitations were sent. Because YouthMappers network organizers
only manage the roster of student officers, and not all regular chapter members, a
social media campaign on Facebook and Twitter followed, with a direct weblink that
encouraged all students to respond. The survey was open for 8 weeks to mitigate the
staggered timing of semester exams or university breaks that unfold across world
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Fig.2 Example Cape Coast, Ghana local mapping by YouthMappers (features in green and blue were
last edited by a member of YouthMappers at the University of Cape Coast)

regions differently. At the time of ending survey data collection (May 2019), Youth-
Mappers numbered 151 university campus chapters in 42 countries. !

Of the 456 respondents, some were mentors or affiliates and were directed to a
different questionnaire. Respondents indicating status as students and participants of
YouthMappers numbered 338, of whom 30% were female. After removal of incom-
plete responses, and sorting for participants who had provided any answers to the
subset of questions explored in this paper, a final n=214 was used for the analysis
presented here. Of those, 64 or 30% identified as female. Respondents came from
32 different countries, spread across Asia, Africa, Europe, North America and Latin
America, and Caribbean. The responses were grouped into two categories—global
South (90%) and global North for purposes of summary regional comparison. Addi-
tional analysis of this survey is reported elsewhere, including results on workforce
competencies (Solis et al 2017; Solis and Rajagopalan 2019).

! Evidence of continued strong growth of the interest in open mapping among the world’s student popu-
lation comes from the consistent addition of YouthMappers chapters since founding, sometimes at the
rate of one new chapter per week: at the time of manuscript submission 6 months after the close of the
survey, the network had increased to 212 chapters in 50 countries.
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Fig. 4 Breakout of self-reported expertise by gender

In addition to basic data such as gender, country, university/college status, the
survey presented a series of Likert scaled statements for respondents to indicate
the degree to which they ‘agree’ or ‘disagree’. Responses were grouped across
three main axes of interest: gender, region, and stated level of expertise with open
geospatial tools. To analyze responses and differences, the mean, standard devia-
tion, variance, degrees of freedom was calculated for each relevant question. An
independent ¢-test for statistical significance was computed on the differences
between respondents by global South and global North, level of claimed exper-
tise, and by male and female participants. Respondents were also divided between
three groups of time spent with YouthMappers (Group I—Iless than a year; Group
2—between 1 and 2 years; Group 3—2 years or more). We used »? tests to calcu-
late differences in responses among the three groups (Fig. 4).

Respondents were asked to first identify which “open geospatial tools you cur-
rently use” then self-rate “your general level of proficiency in using these tools
overall” from beginner, to novice, to intermediate, to expert. While female stu-
dents were slightly less likely to answer that they were beginners, they were also
less likely to answer that they were experts. They identified at the “novice” level
more frequently compared to their male counterparts, but these differences in self
rating expertise were not found to be statistically significant among responding
YouthMappers. Interestingly, the percentage of students who consider their skill
level as ‘expert’ in geospatial tools increases with the time spent participating in
YouthMappers activities. Overall, 38% of students with 2 years or more partici-
pation in YouthMappers consider themselves as ‘expert’, while only 24.5% with
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Table 1 Self-reported proficiency of geospatial tools, by duration of participation
Beginner Novice Intermediate Expert Total

Years spent with YouthMappers, all respondents®

Less than 1 year 20 11 40 13 84

1-2 years 1 38 13 53

2 years or more 2 4 43 30 79

Total respondents 23 16 121 56 216
Years spent with YouthMappers, Male respondents®

Less than 1 year 16 4 26 11 57

1-2 years 1 1 28 9 39

2 years or more 1 2 29 24 56

Total males 18 7 83 44 152
Years spent with YouthMappers, female respondents®

Less than 1 year 4 7 14 2 27

1-2 years 0 0 10 4 14

2 years or more 1 2 14 6 23

Total females 5 9 38 12 64

A 4 test indicated that the relationship between years spent with mapping and self-reported proficiency

of tools by all respondents was significant [? (6, N=216)=40.230, p <0.05]

YA 4 test indicated that the relationship between years spent with mapping and self-reported proficiency

by males was significant [? (6, N=152)=30.573, p<0.01]

A 4 test did not find any statistically relationship between years spent with mapping and self-reported

proficiency by females

80
Years spent
with
YouthMappers
60

M Less than 1 year
M1 -2 years
2 years or more

40

Percent

20

Beginner

Fig.5 Self-reported proficiency of geospatial tools, by duration of participation
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Table 2 Open geospatial tools used by YouthMappers students, by gender

FEMALE MAPPERS MALE MAPPERS

Average number of tools aAs4z7s 3:593333333 0.10895833
%among % among n=64 %among % among n=150

Total tools named 212 named list respondents 502 named list respondents
Josm 38 17.9% 59.4% 107 21.3% 71.3%: 12.0%:
Other Tool 12 5.7% 18.8% 42 8.4% 28.0% ‘WWE
IdEditor 26 12.3% 40.6% 68 13.5% 453%:  47%
Mapillary 2 0.9% 3.1% 11 2.2% 7.3% 4.2%
Python 0 0.0% 0.0% 5 1.0% 3.3% 3.3%
ENVI 0 0.0% 0.0% 4 0.8% 2.7% 2.7%
Google Earth / Maps 1 0.5% 1.6% 6 1.2% 4.0% 2.4%
Maps.Me 2 0.9% 3.1% 8 1.6% 5.3% 2.2%
ODK-OMK 3 1.4% 4.7% 9 1.8% 6.0% 1.3%
Geoserver 1 0.5% 1.6% 4 0.8% 2.7% 1.1%
OSMtracker 2 0.9% 3.1% 6 1.2% 4.0% 0.9%
Umap 1 0.5% 1.6% 3 0.6% 2.0% 0.4%
FieldPapers 1 0.5% 1.6% 2 0.4% 1.3% -0.2%
SAGA 1 0.5% 1.6% 2 0.4% 1.3% —0.2%
OSMAND 2 0.9% 3.1% 4 0.8% 2.7% —0.5%
PostGIS 2 0.9% 3.1% 3 0.6% 2.0% -1.1%
ERDAS 3 1.4% 4.7% 4 0.8% 2.7% -2.0%
Geoda 2 0.9% 3.1% 1 0.2% 0.7% -2.5%
ArcGIS 16 7.5% 25.0% 33 6.6% 22.0% -3.0%
R 3 1.4% 4.7% 2 0.4% 1.3% -3.4%
KoboCollect 6 2.8% 9.4% 8 1.6% 5.3% —4.0%:
QGIs 46 21.7% 71.9% 97 19.3% 64.7%
OsM 54 25.5% 84.4% 111 22.1% 74.0%

Compared by gender, the number of tools as a percentage of named tools, t=-1.67, p=0.0503; and as a percentage of respondents naming each tool by gender,
t=0.05, p+0.476; neither reaching statistical significance by gender.

1-2 years do so; meanwhile 15.5% of those with less than 1 year of participation
claim the same. A y? test indicated that the relationship between years spent with
mapping and self-reported proficiency of tools was significant across all respond-
ents at p <0.05. Further breakdown by gender revealed that this result held for
male respondents, significant at p<0.01 but we did not find any statistically
relationship between years spent with mapping and self-reported proficiency by
females (Table 1; Fig. 5).

The survey collected an open-ended list of all tools each respondent identified as
using. As seen in Table 2, female YouthMappers named an average of 3.48 tools to
the 3.59 named by their male counterparts. This difference was not found to be sta-
tistically significant by gender, whether calculated as the number of tools named or
calculated as a percentage of respondents naming each tool. Nevertheless, there are
subtle patterns of difference in the use of specific tools visible across the responses.
Ordered by use predominantly by male students (top, blue) to use predominantly by
female students (bottom, orange), Table 2 presents an array of multipurpose open
(and some proprietary) tools to collect, analyze, and visualize geospatial data under
the context of humanitarian mapping. Interestingly, the three most often named
tools, OSM, JOSM, and QGIS are at polar ends of the use spectrum: male map-
pers more often list JOSM, while female mappers most often list OSM and QGIS.
R is used in greater proportion by female respondents (despite that they make up a
smaller proportion overall) (See also Bivand 2020). Those tools that are among the
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Table 3 Use of open geospatial tools and skills acquired, by duration of participation

Statement Means and standard deviation in different ~ Results of
groups ANOVA
0-1 year 1-2 years 2 years or F-value F-prob
more

Mean SD Mean SD Mean SD

Count of reported number of tools cur-  2.60 1.670 3.59 2.407 4.18 2.768 9.281  0.000
rently using

Number of skills learned through par- 434 3831 522 3.653 6.37 4318 5333  0.005
ticipation in YouthMappers activities
or informal trainings

o
«n

6.5
M Tools
M Skills
6.0

»
o

5.5

5.0

currently using
w
"

w
o

4.5

Mean Number of Geospatial Tools
Mean Number of skills learned through
participation in YouthMappers

N
(5}

4.0

Less than 1 year 1-2 years 2 years or more
YEARS SPENT WITH YOUTHMAPPERS

A [F(2,215)=9.821, p < 0.01]. Significant differences found between Group<lyear and Group 1 to 2 years (p < 0.05);
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Fig.6 Count of geospatial tools and skills, by duration of participation

least often mentioned also are among the most used on par by respondents of any
gender.

Closer examination of the number and type of tools used by gender reveal at the
lowest and highest levels, the differences are strongest, where beginning female
mappers name on average one less tool, but female mappers claiming that they are
experts are using nearly one more tool than male counterparts. Expert female map-
pers report using both JOSM and GIS at near universal rates. Despite that these
descriptive differences are interesting, the strength of these patterns is not found to
be statistically significant (Table 3; Fig. 6).

With respect to the duration of participation, a one-way ANOVA was conducted
to compare the mean number of geospatial tools used by the students revealing a
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significant difference [F(2,213)=19.211, p <0.01] between three categories of time
spent participating in YouthMappers activities. Post hoc comparisons using the
Tukey test show that there was a significant difference between students participat-
ing ‘less than 1 year’ and ‘2 years or more’ (p <0.01), with students in the latter cat-
egory on average using 1.58 geospatial tools more than those from ‘less than 1 year’.
There was also a significant difference between ‘less than 1 year’ and ‘1-2 years’
(»p=0.037) where students participating in YouthMappers activities for 1-2 years on
average use 0.99 more geospatial tools those from ‘less than 1 year’ group. One-
way ANOVA also reveal a significant difference in mean skills learned among the
three groups. Post hoc comparisons show a significant difference between ‘less than
1 year’ and ‘2 years or more’ (p < 0.05) whereas YouthMappers with 2 years or more
of participation have on average claimed to have learned 2.03 more skills than those
with less than 1 year. These results support the idea that the longer YouthMappers
students participate, the greater number of open tools they will use and the more
skills they will acquire (Table 4).

Neither are there statistically different results in terms of whether respondents say
they “understand what is meant by open geospatial data.” However, when it comes
to confidence levels, the differences are statistically significant at p <0.01. Female
mappers are less likely to strongly agree, more likely to disagree, that they are con-
fident in their ability to use the technologies, even when controlling for proficiency
levels (Table 5).

On the other hand, when the respondents are categorized according to their region
of origin, Global South or Global North (including US and European chapters), the
“confidence gap” is not significant. Neither are the number of tools, or patterns of
use for JOSM or QGIS. However, the meanings of “open geospatial data” are statis-
tically significantly less clear for YouthMappers in the Global South at the p <0.05
level (Table 5; Figs. 7, 8).

What this means for students who learn to use open geospatial tools is that
they feel very prepared for professional careers, especially among those who have
developed proficient expertise. Those who rate themselves as experts are more
likely to feel very prepared when compared to those who are intermediate, who
are more likely to only feel somewhat prepared (p <0.05). Even among those sim-
ply exposed as beginners, a large majority feel somewhat or very prepared for the
geospatial workforce. We found no statistically significant difference between male
and female respondents. Results show that 65.7% of students “strongly agree” that
"their frequent participation with geospatial/mapping technology through Youth-
Mappers make them a stronger candidate for employment". Likewise, 62.3% feel
that their YouthMappers experience has been “very helpful” in preparing students
for a professional career, where answers were statistically significantly higher for
female respondents at p <0.05 level. Respondents from the Global South (M =3.52,
SD=0.74) feel their experience with YouthMappers has been more helpful com-
pared to respondents from the Global North (M =3.10, SD=0.79) and the difference
is significant at p <0.05 (Fig. 9).

In order to attempt to identify the ways in which these tools were utilized in
the activity context of YouthMappers, we asked respondents to indicate whether
they were able as a direct result of their chapter participation, to enjoy a set of
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How prepared do you feel for your professional career after you finish your degree? (n=213)

Expert

Intermediate

Novice .
Beginner I

0%  10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

. Not at all prepared [l Only a little prepared Somewhat prepared . Very prepared

Fig.7 Career preparedness

professional development or job opportunities. Activities such as field mapping with
open tools (70 male to 48% female), or teaching local community members how
to use open mapping (59 male to 30% female) were predominantly undertaken by
the male members of student groups, up to twice as likely. This resonates with the
above pattern of gendered use of data collection versus analysis tools. In any case,
the responses suggest that increased engagement led to greater chance for internship
and job offers. For most activities, there is no clear statistically significant relation-
ship to getting a job, with three notable exceptions: (1) the combination of taking
formal coursework in open geospatial technologies and having a previous internship
increased the likelihood of landing a paid job; (2) incorporating formal reflection
on learning processes such as through journaling was more likely to reflect the dif-
ference between having only an internship and also getting a job (p <0.05); (3) 4
test of independence reveals a significant relation [;(2 (6, N=196)=20.43, p<0.01]
between years associated with YouthMappers and getting either Internship or job
offers as a result attributed to participation in YouthMappers (Table 6).

Respondents reported that ‘teamwork’ is the most acquired soft-skill due to
participating in YouthMappers, which is followed by ‘creative thinking’. Males
and females have different perspectives in terms of which soft skills were gained
as a result of their participation in YouthMappers activities. Higher percentages of
female students report ‘teamwork’, ‘creative thinking’, ‘global learning’ and ‘written
communication’ compared to males. As students spend more time with YouthMap-
pers activities, the results of chi-squared tests show there is a self-reported increased
general acquisition of soft skills by students. Higher percentages of students who
have spent 2 years or more with YouthMappers report enhancing soft skills com-
pared to those who have spent less than a year with the community.
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Not at all helpful A little helpful Somewhat helpful Very helpful

How helpful has your YouthMappers experience been in preparing
you for a professional career?

Fig. 8 Helpfulness of participation in YouthMappers, by gender and by global region

These soft skills are not only important for the workforce development, but
also relative to preparing as global citizens. In prior related research (Solis and
DeLucia 2019: 530) we found that comparing groups before and after doing pur-
poseful open mapping for the first time significantly changed their level of agree-
ment with the importance of being a good citizen. With these results, we confirm
that in the global network of YouthMappers, there is widespread agreement about
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Students doing these YouthMappers activities say they were able,
as a direct result of their chapter participation, to:
Attend a national or international conference

' Serve in an unpaid internship
Receive a paid internship
Obtain a job offer

N
¢

(5

MALE |Fematel - ACTIVITIES ¥

83% Attended or organized a Mapathon 13% 24% 5%

78% Received training

28% | 27% |initiated a local chapter-led project

70% | 48% |Conducted field mapping 17% | 26% | 6%

Recruited new members to their

ax chapter or for a new chapter

Taught local community members

=il | how to use open mapping

15% | 25% 8%

Took college curriculum with

18% 16%
humanitarian mapping

1% | 26% 9%

Completed a formal university course

7 % | 29%
e o dedicated to humanitarian mapping g =
Conducted onli xch ith
n% | 28% bl b 14% | 24% | 10%
another chapter
rformed h to local
2% (Rl c et 1% | 2% | 4%

secondary, middle or primary schools

Served as an officer or leader of their

228 local YouthMappers chapter

14% | 26% 6%

Participated in an in-person exchange

28% | 23%
with another chapter

14% 13% |Served as a mapping Intem

Received a YouthMappers

3% e Leadership or Research Fellowship

Fig. 9 Outcomes of open geospatial participation in YouthMappers, by gender
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the importance of being a good citizen (96.0% of respondents think it is very
important or extremely important). However, when examining the proficiency
that mappers gain in the open geospatial tools, it may be a matter of degree: stu-
dent experts felt it was extremely important (84.9%) versus being just very impor-
tant (9.43%) while mappers at intermediate levels are in slightly lower agreement
(extremely 65.5%, very important 31.9%), with a difference significant at the
p <0.05 confidence level.

7 Discussion: Towards open tools for an undivided future

From the findings above, a few notable observations and questions arise. Given the
varied use of particular tools across genders, patterns of a gendered division of labor
may be visible. In particular, activities that require public engagement, field excur-
sion, or community-based data collection require some particular tools that are more
frequently used by male members of chapters. On the other side, female students
more often report using tools that could be deployed in a campus lab setting, and
that may be more typically related to analysis of data that would have been field
collected. However, this survey did not explore in depth the applications of such
different toolsets, so the results should inform future queries that unravel a more
sophisticated understanding not only of the digital divide, the gender digital divide,
but a gendered division of labor and use that could be used to target the specialized
roles that female mappers are assuming, in ways that leverage rather than directly
confront socio-cultural norms, in order to promote tool learning that can begin with
easier uptake, and move towards a full array of adoption.

The relatively few instances of finding statistically significant differences by gen-
der are intriguing. Despite that female students name a similar number of tools they
are proficient in, and distribute themselves similarly along a spectrum from beginner
to expert, they still reveal a “confidence gap,” when it comes to utilizing the technol-
ogy. This finding would support efforts to explicitly build confidence through well-
designed interventions that may include an “overdetermined” set of components that
are known to support women'’s participation (Solis et al. 2018a, b).

Most interesting, however, is the finding that with growing self-reported profi-
ciency, a commitment to the ethic of being a good global citizen increases. Future
research should explore the mechanisms by which learning how to use open geospa-
tial technologies for authentic humanitarian mapping might lead to such understand-
ings, and how exactly this practice might diverge or converge in different educa-
tional contexts.

In terms of where YouthMappers are mapping, we see evidence of both participa-
tion in global humanitarian mapping efforts as well as local mapping. For example,
a very active YouthMappers chapter in Ghana, The University of Cape Coast Geo-
graphical Society, mapped over 100,000 buildings across Zimbabwe, Kenya, and
Ghana in the first half of 2017 before mapping thousands of buildings locally in
Cape Coast in the latter half of that year. Similarly, the University of Dar Es Salaam
YouthMappers was very active in mapping buildings in Mozambique in 2016 and
has subsequently added thousands of buildings and roads in their home city in the
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years since. These anecdotes highlight the mission of YouthMappers to “not just
build maps, but built mappers” in that these students are introduced to OSM through
humanitarian mapping, and then choose to continue mapping outside of the humani-
tarian context, contributing to open data in their own communities, and likely their
own research initiatives.

There are a number of important limitations of this study. First of all, given the
lack of gender significance for many questions does not necessarily indicate that
gender differences are not present; merely that the survey did not detect them in this
study. Indeed, the lack of gender differences can be an enlightening result in itself,
particularly when there may be biased assumptions about the way female versus
male students use geospatial tools, or how they contribute to data systems. Also, the
open geospatial tool ecosystem is a rapidly changing one, and students may not be
able to articulate their full engagement through open-ended questions. For instance,
no respondent mentioned the Tasking Manager, yet YouthMappers global cam-
paigns are always posted on the HOT TM and local chapter-initiated efforts appear
on the TeachOSM instance of TM. Furthermore, our YouthMappers have contrib-
uted to the testing and early use of Al-assisted mapping tools, namely Facebook’s
RapID tool. Other augmented tools, or artificial intelligence technologies such as
machine learning were not explicitly queried, yet represent one of the fastest grow-
ing areas for development. Finally, the lack of availability of a control group to com-
pare these results, means that future longitudinal research should be implemented in
order to illuminate changes and shifts in results.

8 Conclusion

The findings presented here confirm that the YouthMappers design contributes to
key capacity building elements for students to prepare for geospatial careers, which
include positive results for female mappers and for students in the Global South.
The study indicates areas for further research and potential awareness-raising among
participants about the value of extracurricular humanitarian mapping. By increas-
ing geospatial skills among university students to prepare them for employment and
careers, along with its efforts to eliminate gender disparities in acquiring such skills
and deploying such activity in service to humanitarian and development purposes,
YouthMappers makes important contributions to the global spatial community of
communities that characterizes OpenStreetMap.

On the basis of our findings, this paper hopes to stimulate discussions around
the need to introduce such purposefully-designed extracurricular activities like
YouthMappers in universities/colleges to both enhance the learning experience, and
develop additional job market skills, in order to better prepare university/college stu-
dents for working as global citizens in a geospatial workforce. The key role of tools
in developing these skills and experiences underscores the critical interface between
users and technology within geospatial systems (See et al. 2019). This system should
carefully consider the role of higher education, which continues to reevaluate the
place for learning within a new global reality (Care et al. 2018; Trilling and Fadel
2012; AACU 2007). As we have witnessed the rise in the open use of technologies,
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open source development of software, open data platforms and mechanisms, and
open massive learning trends (Chronicle Review 2016), these open tools are pre-
sumed to hold a unique potential to support—or at least influence—the realization
of twin ambitions: optimal technological performance in an information society, and
global understanding of the meaning of living in that society through technologi-
cal collaboration. In order to effectively break open the gender divide (Borgonovi
et al. 2018) and the digital divide (Lane 2009), open systems and open tools have
thus been promoted as integral to 21st century learning (South and Stevens 2017).
Within this complex narrative and accompanying critiques, there is a particularly
unique role for geospatial tools, and for open projects to map across a digital divide
to inclusively enlist global workforce talent, while acting in the interest of global
citizenship.

Among various efforts in geographic disciplines aiming to realizing the edu-
cational promise for open geospatial tools, YouthMappers is one program that is
uniquely poised to explore a dual goal of using open platforms and tools for both
workforce development and developing global geographic understanding around
humanitarian issues. Indeed, in the industry of geospatial technologies as a major
component of this digital transformation, two forces that parallel these trends are
notable: first, the rise in geospatial jobs in nearly every country on the planet (Demp-
sey 2019); and secondly, the rise in the utility of geospatial technologies within the
“digital humanitarian” landscape by a vast array of actors, drivers, participants
and beneficiaries (Meier 2015; Gomez-Barrén et al. 2019; Haworth 2018). Digital
humanitarian mapping efforts are one-way for students to gain valuable experience
for workforce preparation, contribute to authentic development needs, and network
across a global landscape of actors serving to apply open geospatial tools for social
benefit. While the digital divide may still be present within the open geospatial
realm, humanitarian uses of mapping tools appear to be far better balanced, evi-
denced by the participation rates of women in communities such as OpenStreetMap
at large to be estimated at 10% or less, but within the Humanitarian OpenStreetMap
Team to be 28%; and among students even greater participation rates are estimated,
where women are nearly 40% of YouthMappers (Holder 2018).

In the end, the dual aims of education to build a strong, digitally enabled work-
force while citizens live in a globalized society should be continuously questions
and re-examined in light of our own geospatial technology revolution. As Cinnamon
(2015) reminds us, this transformation is unfolding in what is “in actuality a vast,
shifting, and heterogeneous land-scape of spatial data production approaches.” As
such, assessing the experiences of the YouthMappers community within the OSM
community promises an insightful foray into questions about how open geospatial
tools for humanitarian data creation, analysis, and learning play out or not. If we
succeed in capitalizing on open geospatial technologies like OpenStreetMap for
twenty-first century education, how will that change the platform and tools we use?
And might we enable a new generation of young leaders to not only map their world,
but define their world by mapping it?

@ Springer



Open geospatial tools for humanitarian data creation, analysis, ... 623

References

AACU 2007 College learning for the New Global Century: a report from the National Leadership Coun-
cil for Liberal Education and America’s Promise. American Association of Colleges and Universi-
ties, Washington, DC. https://www.aacu.org/sites/default/files/files/LEAP/GlobalCentury_final.pdf.
Accessed 1 Dec 2019

Albuquerque J, Herfort B, Eckle M (2016) The tasks of the crowd: a typology of tasks in geographic
information crowdsourcing and a case study in humanitarian mapping. Remote Sens 8(10):859

Arranz N, Ubierna F, Arroyabe MF, Perez C, Fdez de Arroyabe JC (2017) The effect of curricular and
extracurricular activities on university students’ entrepreneurial intention and competences. Stud
High Educ 42(11):1979-2008

Arrowsmith C, Bagoly-Sim6 P, Finchum A, Oda K, Pawson E (2011) Student employability and its
implications for geography curricula and learning practices. J Geogr High Educ 35(3):365-377

Bivand RS (2020) Progress in the R ecosystem for representing and handling spatial data. J Geogr Syst.
https://doi.org/10.1007/s10109-020-00336-0

Borgonovi F, Centurelli R, Dernis H, Grundke R, Horvat P, Jamet S, Keese M, Liebender AS, Marcolin
L, Rosenfeld D, Squicciarini M (2018) Bridging the digital gender divide: include, upskill, innovate.
OECD Report, Paris https://www.oecd.org/internet/bridging-the-digital-gender-divide.pdf

Brovelli MA, Ponte M, Shade S, Solis P (2019) Citizen science in support of digital earth. In: Guo
H, Goodchild MF, Annoni A (eds) Manual of digital earth. Springer, Singapore. https://doi.
org/10.1007/978-981-32-9915-3

Brunsdon C, Comber A (2020) Opening practice: supporting reproducibility and critical spatial data sci-
ence. J Geogr Syst. https://doi.org/10.1007/s10109-020-00334-2

Budhathoki NR, Haythornthwaite C (2012) Motivation for open collaboration: crowd and community
models and the case of OpenStreetMap. Am Behav Sci 57:548-575. https://doi.org/10.1177/00027
64212469364

Budhathoki NR (2010) Participants’ motivations to contribute to geographic information in an online
community. PhD diss., Univ of Illinois Urbana-Champaign

Care E, Griffin P, Wilson M (2018) Assessment and teaching of 21st century skills. Springer, Washing-
ton, DC. https://doi.org/10.1007/978-3-319-65368-6

Chronicle of Higher Education, Editors (2016) The past and future of higher education. Chronicle Rev
63(12). https://www.chronicle.com/article/the-past-and-future-of-higher-education/

Cinnamon J (2015) Deconstructing the binaries of spatial data production: towards hybridity. Can Geogr
59:35-51

Coetzee S, Minghini M, Solis P, Rautenbach V, Green C (2018) Towards understanding the impact of
mapathons: reflecting on YouthMappers experiences. Int Arch Photogramm Remote Sens Spat Inf
Sci XLII-4/W8:35-42. https://doi.org/10.5194/isprs-archives-XLII-4-W8-35-2018

Craglia M, Maheswaran R (eds) (2016) GIS in public health practice. CRC Press, Boca Raton

Cumming J (2010) Contextualised performance: reframing the skills debate in research education. Stud
High Educ 35(4):405-419

Dempsey C (Ed) (2019) GIS jobs clearinghouse. GIS Lounge, Santa Clara. https://www.gjc.org/

DiBiase D, Corbin T, Fox T, Francica J, Green K, Jackson J, Jeffress G, Jones B, Mennis J, Schuckman
K, Smith C, Van Sickle J (2010) The new geospatial technology competency model: bringing work-
force needs into focus. URISA J 22(2):55-72

Dowling R, Ruming K (2013) Synergies between geography, planning and vocationalism in curriculum
development and implementation. J Geogr High Educ 37(2):204-219

Fallows S, Steven C (2000) Building employability skills into the higher education curriculum: a univer-
sity-wide initiative. Educ Train 42(2):75-83

Gomez-Barron JP, Manso-Callejo MA, Alcarria R (2019) Needs, drivers, participants and engagement
actions: a framework for motivating contributions to volunteered geographic information systems. J
Geogr Syst 21(1):5-41. https://doi.org/10.1007/s10109-018-00289-5

Haworth BT (2018) Implications of volunteered geographic information for disaster management and
GIScience: a more complex world of volunteered geography. Ann Assoc Am Geogr 108(1):226-240

Heffron S, Downs R (eds) (2012) Geography for life: national geography standards, 2nd edn. National
Council for Geographic Education, Washington, DC

@ Springer


https://www.aacu.org/sites/default/files/files/LEAP/GlobalCentury_final.pdf
https://doi.org/10.1007/s10109-020-00336-0
http://www.oecd.org/internet/bridging-the-digital-gender-divide.pdf
https://doi.org/10.1007/978-981-32-9915-3
https://doi.org/10.1007/978-981-32-9915-3
https://doi.org/10.1007/s10109-020-00334-2
https://doi.org/10.1177/0002764212469364
https://doi.org/10.1177/0002764212469364
https://doi.org/10.1007/978-3-319-65368-6
https://www.chronicle.com/article/the-past-and-future-of-higher-education/
https://doi.org/10.5194/isprs-archives-XLII-4-W8-35-2018
https://www.gjc.org/
https://doi.org/10.1007/s10109-018-00289-5

624 P. Solis et al.

Hite R, Solis P, Wargo L, Larsen TB (2018) Exploring affective dimensions of authentic geographic edu-
cation using a qualitative document analysis of students’ YouthMappers blogs. Educ Sci 8(4):173.
https://doi.org/10.3390/educsci8040173

Holder S (2018) Who maps the World? Why equitable maps are more accurate and humane. CityLab 14
March. https://www.citylab.com/equity/2018/03/who-maps-the-world/555272/.

Holdstock DA (2016) Strategic GIS planning and management in local government. CRC Press, Boca
Raton

Itani M, Srour I (2015) Engineering students’ perceptions of soft skills, industry expectations, and career
aspirations. J Prof Issues Eng Educ Pract 142(1):04015005

Jackson D (2013) Business graduate employability—Where are we going wrong? High Educ Res Dev
32(5):776-790

Kawabata M, Thapa RB, Oguchi T, Tsou MH (2010) Multidisciplinary cooperation in GIS education: a
case study of US colleges and universities. J] Geogr High Educ 34(4):493-509

Knobbs CG, Grayson DJ (2012) An approach to developing independent learning and non-technical
skills amongst final year mining engineering students. Eur J Eng Educ 37(3):307-320

Lane A (2009) The impact of openness on bridging educational digital divides. Int Rev Res Open Dis-
trib Learn. https://doi.org/10.19173/irrodl.v10i5.63

Lau HH, Hsu HY, Acosta S, Hsu TL (2014) Impact of participation in extra-curricular activities dur-
ing college on graduate employability: an empirical study of graduates of Taiwanese business
schools. Educ Stud 40(1):26-47

Medlin BD, Dave DS, Vannoy SA (2001) Students’ views of the importance of technical and non-
technical skills for successful IT professionals. J] Comput Inf Syst 42(1):65-69

Meier P (2015) Digital humanitarianism: how big data is changing the face of humanitarian response.
CRC Press, Boca Raton

Miller FL, Holmes TL, Mangold WG (2007) Integrating geographic information systems (GIS) into
the marketing curriculum. Mark Educ Rev 17(3):49-63

OpenStreetMap Wiki Contributors (2017) About OpenStreetMap. https://wiki.openstreetmap.org/
wiki/About_OpenStreetMap

Overman HG (2010) GIS a job: What use geographical information systems in spatial economics? J
Reg Sci 50(1):165-180

Poiani TH, dos Santos Rocha R, Degrossi LC, de Albuquerque JP (2016) Potential of collaborative
mapping for disaster relief: a case study of OpenStreetMap in the Nepal earthquake 2015. IEEE
Hawaii international conference on system sciences (HICSS), pp 188-197

Quill TM (2018) Humanitarian mapping as library outreach: a case for community-oriented mapa-
thons. J] Web Librariansh 12(3):160-168

Robles MM (2012) Executive perceptions of the top 10 soft skills needed in today’s workplace. Bus
Commun Q 75(4):453-465

See L, Costa Fonte C, Antoniou V, Minghini M (2019) Volunteered geographic information: looking
towards the next 10 years. J Geogr Syst 21(1):1-3. https://doi.org/10.1007/s10109-018-00291-x

Sin C, Neave G (2016) Employability deconstructed: perceptions of Bologna stakeholders. Stud High
Educ 41(8):1447-1462

Sinton DS (2009) Roles for GIS within higher education. J Geogr High Educ 33(S1):S7-S16

Solem M, Cheung I, Schlemper MB (2008) Skills in professional geography: an assessment of workforce
needs and expectations. Prof Geogr 60(3):356-373

Solis P (2017) Building mappers not just maps: challenges and opportunities from YouthMappers
on scaling up the crowd in crowd-sourced open mapping for development. Presentation AAG
Annual Meeting, Boston

Solis P, DeLucia P (2019) Exploring the impact of contextual information on student perfor-
mance and interest in open humanitarian mapping. Prof Geogr 71(3):523-535. https://doi.
org/10.1080/00330124.2018.1559655

Solis P, McCusker B, Menkiti N, Cowan N, Blevins C (2018) Engaging global youth in participatory
spatial data creation for the un sustainable development goals: the case of open mapping for
malaria prevention. Appl Geogr 98:143-155. https://doi.org/10.1016/j.apgeog.2018.07.013

Solis P, Tu Huynh N, Carpenter D, Adames de Newbill M, Ojeda L (2017) Using an authentic pro-
ject based learning framework to support integrated geography education linked to standards and
geospatial competencies. Res Geogr Educ 19(2):36-65

@ Springer


https://doi.org/10.3390/educsci8040173
https://www.citylab.com/equity/2018/03/who-maps-the-world/555272/
https://doi.org/10.19173/irrodl.v10i5.63
https://wiki.openstreetmap.org/wiki/About_OpenStreetMap
https://wiki.openstreetmap.org/wiki/About_OpenStreetMap
https://doi.org/10.1007/s10109-018-00291-x
https://doi.org/10.1080/00330124.2018.1559655
https://doi.org/10.1080/00330124.2018.1559655
https://doi.org/10.1016/j.apgeog.2018.07.013

Open geospatial tools for humanitarian data creation, analysis, ... 625

Solis P, Tu Huynh N, Huot P, Zeballos M, Ng A, Menkiti N (2018) Results of an overdetermined
design for high school girls’ learning in geospatial technologies for climate change. Int Res
Geogr Environ Educ 28(2):151-174. https://doi.org/10.1080/10382046.2018.1513447

Solis P, Rajagopalan S (2019) Workforce development and YouthMappers: understanding perceptions
of students in humanitarian mapping. In: Minghini M et al (eds) Proceedings of academic track at
State of the Map 2019, 29-30, Heidelberg https://zenodo.org/communities/sotm-2019 DOI: https
://doi.org/10.5281/zenodo.3387717

Solis P, Rajagopalan S, Villa L, Mohiuddin MB, Boateng E, Wavamunno Nakacwa S, Pefia Valen-
cia MF (2020) Digital humanitarians for the sustainable development goals: YouthMappers as a
hybrid movement. J Geogr High Educ

Songer LC (2010) Using web-based GIS in introductory human geography. J Geogr High Educ
34(3):401-417

South J, Stevens K (2017) Reimagining the role of technology in education: 2017 National Education
Technology Plan Update, version 2.0. US Department of Education, Washington DC. https://
tech.ed.gov/files/2017/01/NETP17.pdf

Stuart M, Lido C, Morgan J, Solomon L, May S (2011) The impact of engagement with extracurricular
activities on the student experience and graduate outcomes for widening participation populations.
Active Learn High Educ 12(3):203-215

Trilling B, Fadel C (2012) 21st century skills: learning for life in our times. Wiley, New York

Tymon A (2013) The student perspective on employability. Stud High Educ 38(6):841-856

Vespignani A (2009) Predicting the behavior of techno-social systems. Science 325:425-428

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Affiliations

Patricia Solis' @ - Jennings Anderson? - Sushil Rajagopalan?

Jennings Anderson
jennings.anderson @ gmail.com

Sushil Rajagopalan

srajag20@asu.edu

Knowledge Exchange for Resilience, Arizona State University, Tempe, AZ 85281, USA
Department of Computer Science, University of Colorado Boulder, Boulder, CO 80309, USA
School of Sustainability, Arizona State University, Tempe, AZ 85281, USA

@ Springer


https://doi.org/10.1080/10382046.2018.1513447
https://zenodo.org/communities/sotm-2019
https://doi.org/10.5281/zenodo.3387717
https://doi.org/10.5281/zenodo.3387717
https://tech.ed.gov/files/2017/01/NETP17.pdf
https://tech.ed.gov/files/2017/01/NETP17.pdf
https://orcid.org/0000-0003-1374-9400

	Open geospatial tools for humanitarian data creation, analysis, and learning through the global lens of YouthMappers
	Abstract
	1 Introduction: Open tools for an open community
	2 Background: The lens of YouthMappers
	3 Students preparing for the workforce
	4 Students emerging as global citizens
	5 Performance: What do they map and where?
	6 Results from a global survey across learning contexts: What do they use and how do they do it?
	7 Discussion: Towards open tools for an undivided future
	8 Conclusion
	References




