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Abstract 
Local and regional ecosystems and larger communities 
of practice can serve to catalyze innovation through 
makerspaces and entrepreneurship centers. This paper 
examines how visual ecosystem mapping with Kumu 
and partnership development was applied in Appala-
chian communities in the midst of economic transition 
as well as California community colleges embraced in-
novation and inquiry-based learning. 

The power of ecosystems can address complex social 
challenges in organic and effective ways. A generative 
network or ecosystem consists of voluntary members 
that are connected by a shared vision or issue (Plastik, 
Taylor, & Cleveland, 2014) [1]. Academic mak-
erspaces can leverage the power of innovation and en-
trepreneurial ecosystems for a fluid approach for infor-
mation gathering and ultimately forming customized 
solutions for unique and evolving challenges (Hassan, 
2014) [2].  

Introduction 

Today’s complex problems require a systems ap-
proach, which incorporates diverse stakeholders and 
holistic solutions. By mapping an ecosystem of stake-
holders within the system, the complexity of players 
and relationships can be visually decoded for partici-
pants. Mapping an ecosystem involves identifying 
members of the ecosystem and making relational con-
nections. The map itself is merely a tool to be utilized 
to develop key relationships, leverage physical and so-
cial capital, and plan a strategy to meet the objectives 
of the ecosystem (Auerswald, 2015) [3]. Ecosystems 
mapping can be applied to assist in planning collabora-
tive efforts, such as a community makerspace or entre-
preneurial community development. In the case of 
makerspaces, ecosystems mapping was used to identify 

existing partnerships and potential partnerships to lev-
erage expertise, physical assets, and technology. The 
ecosystem maps also helped to identify the culture and 
activities of an academic makerspace. The application 
of ecosystems mapping for makerspace planning was 
inspired by entrepreneurial ecosystems mapping in Ap-
palachia.  

The National Association for Community College En-
trepreneurship (NACCE) began a focused effort on 
ecosystem development in January of 2015. A program 
funded with a $99,342 grant from the Appalachian Re-
gional Commission (ARC) that was matched by 
NACCE with $44,889 supported technical assistance 
training in the area of innovation in entrepreneurship 
among eleven Appalachian community colleges in 
poverty distressed areas. ARC funds and cost-sharing 
was used for personnel, travel, contractual, and online 
training expenses. 

Table 1. Community of Practice 
NACCE Appalachian 

Community of Practice 
Mentor college/Partner college State 
Garrett College MD 
Northeast State Community College MC TN 
Patrick Henry Community College VA 
Eastern West Virginia Community & 
Technical College 

WV 

Hazard Community & Technical College KY 
Big Sandy Community & Technical College KY 
Southeast Kentucky Community & Technical 
College 

KY 

Southern West Virginia Community & 
Technical College 

WV 

Somerset Community & Technical College KY 
Ashland Community & Technical College KY 
Roane State Community College TN 

The project engaged schools in several ways to 
improve each college's participation in its own, local 
entrepreneurial ecosystem and provided a pathway to 
lead change from within each individual college hierar-
chy. Activities were designed to increase entrepreneurs' 
engagement with community colleges, create internal 



  

teams within colleges devoted to increasing the colleg-
es' entrepreneurial behavior, provide a forum for dia-
logue among college presidents to share best practices 
in entrepreneurship, and leverage both college and 
community assets to spur innovation and job creation.  
 
Technical assistance was provided to staff at each of 
the colleges from NACCE and a local consultant. Re-
sults were mapped through MindMeister, a first gener-
ation mapping software. The objective of each map 
was to visually identify how entrepreneurship was sup-
ported by local “entrepreneurial ecosystems,” to iden-
tify what community colleges need to become the hub 
of a thriving entrepreneurial ecosystem, and then to de-
liver the resources and trainings to make this happen.  
 
In recognition of the different levels of knowledge, 
proficiency with technology tools, and experience in 
ecosystem development, the cohort of eleven colleges 
was divided into four “mentor” colleges, considered to 
be more advanced in ecosystem knowledge and devel-
opment, and seven “partner” colleges, considered to be 
more nascent in this work. All colleges in the cohort 
were required to document their journey, identify their 
unique needs, and participate in ongoing coaching 
community of practice calls. Technical assistance re-
sources were offered as needed. Qualitative success 
stories were shared within the cohort of 11 colleges 
and with the NACCE membership of nearly 300 com-
munity colleges in the United States and Canada. 
 
Performance outputs/outcomes included continued 
support of an Appalachian Entrepreneurship Fellow; 
creation of a Regional Summit Series of high-impact, 
one-day events; adoption of the Presidents for Entre-
preneurship Pledge (PFEP) by eight of the ARC Re-
gion community college presidents; and development 
of additional resources for the participating colleges 
that were designed to increase local engagement and 
foster an entrepreneurial mindset within each college. 
 
Underpinning NACCE’s work in ecosystem develop-
ment in the Appalachian region was the framework of 
the PFEP. The five-step pledge that over 200 commu-
nity college presidents have signed in the past 5 years 
is: 

1.   Create or expand internal and external teams 
dedicated to entrepreneurship 

2.   Increase entrepreneurs' engagement in commu-
nity colleges 

3.   Engage in industry cluster development 
4.   Leverage both community college and commu-

nity assets to spur innovation and job creation 

5.   Create buzz and broad exposure of your col-
lege's commitment to entrepreneurship [4]. 
 

The Coleman Foundation funded a validation study 
that was conducted by People Talent Solutions (2014). 
The final report concluded that the PFEP Assessment 
is a reliable and valid predictor. Specifically, higher 
levels of agreement with activities and behaviors iden-
tified within the PFEP steps result in an increased 
probability that a college views itself as: 
 
• Having an culture of entrepreneurship 
• Using assets creatively 
• Being involved in and connected to one’s community 
• Having effective entrepreneurial leadership 
• Being able to address issues as they arise 
• Having a key role in the economic development 
• Having financial resources to explore opportunities 
• Having the freedom to try new things 
• Having a high level of entrepreneurial energy 
• Accepting of new ideas and approaches 
• Being a part of discussions that impact local industry 
• Having practical entrepreneurial ideas and activities  
• Having a “can do” attitude [4]. 
 
According to the People Talent Solutions (2014) re-
port, NACCE’s a priori 5-step model is most accu-
rately explained by a 4-step model. The following indi-
cates a possible interpretation of this model: 
 
1.  Create or expand internal teams dedicated to entre-
preneurship 
2. Create or expand external teams dedicated to entre-
preneurship 
3. Engage entrepreneurs, assets and create awareness 
4. Engage in industry cluster development and under-
stand local trends 
 
The relative weights analysis revealed that the step 
having the largest impact on how the college is per-
ceived is engage entrepreneurs, assets and create 
awareness. This is the core of ecosystem mapping and 
engagement and accounts for 32.2% of R-square which 
is an approximation of how much of how a college 
views itself can be explained by the 4-steps. 
 
• Engage in industry cluster development and under-
stand local trends accounts for 30.6% 
• Create or expand internal teams dedicated to entre-
preneurship accounts for 20.8% 
• Create or expand external teams dedicated to entre-
preneurship accounts for 16.4% [4]. 
 



  

Notably, the State of California’s system of 114 com-
munity colleges comprises nearly 30% of NACCE’s 
college members. The PFEP has been a useful tool for 
dozens of these institutions. The application of ecosys-
tem mapping and the creation of makerspaces was in 
part a response to a need to prepare a workforce for 
21st century needs, the California Community College 
system has made a $17 million investment in making 
education through the CCC Maker initiative [5].CCC 
Maker is an open source educational initiative in which 
28 community colleges are developing strategies in in-
novation and maker education through interdiscipli-
nary, inquiry-based learning which takes place in col-
lege makerspaces. To address the diverse physical and 
intellectual assets to host a maker culture, the project 
director of CCC Maker engaged NACCE to incorpo-
rate ecosystems development and mapping, inspired by 
the Appalachian ecosystems project. Inquiry-based 
learning might require finding technological or subject 
matter experts beyond the educational institution. By 
mapping the connections from within a maker ecosys-
tem, colleges could identify potential partners and re-
sources to support their efforts and ensure long-term 
sustainability.  
 
The goals of the CCC Maker are to prototype relevant 
and sustainable solutions to meet 21st century work-
force needs through innovation education. The major 
categories included interdisciplinary instruction, inter-
nal logistics and programming, workforce develop-
ment, innovation, and entrepreneurial ecosystems [5]. 
 
Methods 
In this action research project, stakeholders developed 
and mapped local, regional, and national ecosystems to 
support community-based innovations through mak-
erspaces and entrepreneurship centers. In participatory 
action research participants are the researchers because 
they apply their own knowledge and experience to find 
solutions to complex challenges within their own com-
munities [6]. In times of growing complexity, such as 
education redesign to meet the needs of the 21st cen-
tury, participatory action research addresses complex-
ity through identification of the challenges, planning 
for solutions, real implementation of solutions, and re-
flection of the process with the intent to start a new cy-
cle of improvement [7].The cyclical process of Plan-
Act-Reflect over several phases empowers researchers 
and participants to approach an idealized solution [8]. 
 
The cyclical process of participatory action research in-
cluded the steps of identification, planning, action, re-
flection, and repeat. The participatory action research 
process was applied through three different lenses. 

First, NACCE provided the process for individual col-
leges to develop ecosystem maps within their own 
communities. The maps were used to identify opportu-
nities and gaps, plan a strategy incorporating gaps and 
opportunities to address the challenge whether it was 
local economic transformation or supporting a college 
makerspace, enact the plan, and reflect upon the pro-
cess and outcomes, and repeat the process to reach 
goals. Second, in both the Appalachia and CCC Maker 
projects, colleges participated in communities of prac-
tice to share results and contribute to their knowledge 
and application of ecosystems development for entre-
preneurial, economic, and educational transformation. 
Colleges within the communities of practice learned 
from each other and applied shared knowledge back in 
their own local ecosystems projects. Third this infor-
mation was used to revise the research process for cur-
rent and future ecosystems projects for communities of 
practice. 
 
The impetus for the initial participatory action research 
cycle was to support economically distressed commu-
nities in transition in Appalachia by developing ecosys-
tems to support entrepreneurial innovation. In the CCC 
Maker initiative, ecosystem development and mapping 
was used to support emergent challenges in innovation 
education and the longer term vision of sustaining 
makerspaces as the center of education innovation and 
interdisciplinary education [9]. Appalachian results 
were mapped through a linear mapping software.  
 
In the Appalachian ecosystems project, ecosystems 
were developed and identified through a facilitated 
process with an external consultant. This method was 
valuable to learn more about the community mapping 
process, but it was highly labor-intensive to send a fa-
cilitator to eleven communities throughout Appalachia. 
The mapping software used in the Appalachia project 
was offline and linear. While the modeling software il-
lustrated a snapshot in time of the members of the eco-
system, it was static, stored offline, and did not allow 
for interactivity with stakeholders and users. The mod-
eling software was effective to view the ecosystem for 
strategic planning and future activities.  
 
For the CCC Maker project, participating community 
colleges were empowered to develop their own maps 
through a series of professional development webinars 
and workshops. The CCC Maker leadership team 
guided the process in order to account for data collec-
tion that will be valuable to document the process and 



  

eventually scale the pilot to all a 114 community col-
leges throughout the California Community College 
system.    
 
Figure 1. Glendale College Ecosystems Full Map  

 
 
 
Figure 2. Glendale College ecosystems map with part-
ner connections 

 
For the CCC Maker initiative, it was decided to use 
Kumu, an open source online systems mapping plat-
form, as the mapping software for several reasons. 
First, Kumu allows users to build visual representa-
tions of stakeholders and relationships. Second, the 
Kumu filtering features helped users to filter and cate-
gorize stakeholders within the ecosystem. Third, be-
cause it is open source, community of practice mem-
bers and ecosystem stakeholders could easily access 
maps for ideas or resources. Finally, Kumu’s model al-
lows for the creation of a statewide meta-map to repre-
sent the entire CCC Maker ecosystem.  
 
Results 

In the Appalachia project, community college entrepre-
neurship programs and centers led local efforts to iden-
tify ecosystems partners and enact strategies for eco-
nomic development and entrepreneurial efforts. Out-
comes included community-based makerspaces to en-
courage niche manufacturing, business incubators, and 
advances in ag-tech to support sustainable agriculture. 
The larger community of practice of participating col-
leges generated numerous best practices in ecosystem 
cultivation as well as interest from new ecosystem 
partners to continue the work in rural economic devel-
opment and entrepreneurial education at a regional 
level.  
 
Eight of the eleven colleges in the cohort made notable 
progress in advancing entrepreneurship in their respec-
tive ecosystems. The entire cohort made some progress 
toward achieving the following goals that included – 
strengthening regional partnerships, continuing to uti-
lize NACCE educational and training resources, and 
strengthening their own local networks with support 
from other colleges. 
 
NACCE’s commitment to ecosystem mapping and en-
trepreneurial leadership through the Presidents for En-
trepreneurship Pledge (PFEP) continues in the Appala-
chian region. Notably, on August 3, 2017 a group sign-
ing of six community college presidents from the Ken-
tucky community college system took place along with 
a professional development workshop focused on en-
trepreneurial thinking, action and problem-solving. 
 
Preliminary results in the CCC Maker project reveal 
robust local, regional, and statewide ecosystems. CCC 
Maker members have also found innovative applica-
tions of the Kumu maps, including clustering different 
types of relationships and sharing visual maps with 
ecosystems stakeholders, including college leadership.  
 
In the CCC Maker initiative 28 community colleges 
completed Kumu ecosystems maps and provided narra-
tive on how they used their ecosystem maps to inform 
their makerspace implementation plan. Themes that 
emerged from the narrative of the CCC Maker imple-
mentation plan proposals were as follows:  

1.   There were perceived strong internal interdis-
ciplinary ecosystems already in place at many 
colleges. Colleges leveraged these existing in-
terdisciplinary partnerships in order to build 
upon strengths and energy.  

2.   Many colleges noted that their industry and 
employer partnerships were needing expansion 



  

and attention. As a result, colleges intention-
ally planned activities to engage industry part-
ners.  

3.   The mapping process revealed unique partner-
ships with K12 partners and community part-
ners, such as public libraries and non-profit or-
ganizations. 

4.   The ecosystem mapping process served as a 
guide in the planning process. For instance, 
one college proposed a mobile makerspace af-
ter identifying strong relationships with local 
high schools and middle schools.  

 
Discussion 
The NACCE Appalachian ecosystem project demon-
strated the value in identifying and mapping relation-
ships to catalyze community transformation. While 
CCC Maker applied many of the same concepts, the 
topic, scope of the project, and advances in mapping 
technology inspired the next generation of ecosystem 
mapping for transformation. In both cases, facilitating 
communities of practice resulted in application of eco-
systems maps toward strategic planning and how to op-
timize the potential of the ecosystem by intentionally 
investing in relationships.  
 
The lessons of the NACCE Appalachian ecosystems 
project have inspired professional development activi-
ties which have been shared throughout the nearly 300 
colleges in the NACCE network.  
 
While still in the nascent stages, the CCC Maker pro-
ject shows promise of how ecosystem mapping can 
drive education innovation to engage a broader com-
munity. The next steps in the CCC Maker ecosystems 
project include developing a meta-map to encompass 
all the CCC Maker maps and professional development 
and technical assistance in partnership engagement, es-
pecially around industry partners.  
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