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EXECUTIVE SUMMARY

In January 2019 the Calhoun Center for 
Higher Education Innovation at Virgin-
ia Tech launched a multiyear project de-

signed to explore the connections between adapta-
tion and inclusiveness in learning. Our thesis was 
that a full-fledged commitment to adaptive learn-
ing has the potential to diversify the emerging 
knowledge economy while also making it more 
inclusive. Moreover, increased diversification and 
inclusiveness can enhance socioeconomic sustain-
ability and enable our society to engage all perti-
nent voices when approaching complex problems. 

To test this thesis, we first explored an adap-
tive and inclusive approach to defining what we 
mean by learning and knowing. A dynamic defini-
tion allowed us to then openly explore adaptation 
to specific aspects of learning including: i) How is 
learning realized? ii) When is learning delivered? 
iii) Who is included in learning?

Our first step was to bring together 60 individ-
uals, each with significant direct experience with 
adaptive learning. These individuals came from 
30 different organizations representing a range of 
sectors: higher education, K–12 education, indus-
try, and non-profit. Together, we collaboratively 
developed a three-stage plan: 

•	 Stage 1: Record emerging practices in a pre-
liminary report and discuss them during a two-
day workshop in Washington, D.C. (March 
2019–October 2019)

•	 Stage 2: Synthesize the outcomes of the re-
search and discussions into a report that sum-
marizes emerging practices and provides an 
agile framework of recommendations for fur-
ther development of adaptive and inclusive 
lifelong learning. This report concludes the 
second stage. (November 2019–August 2020)

•	 Stage 3: Launch working groups to further 
explore and test the recommendations of this 
report. These working groups can be found at 
the end of this report. They are launching in 
August 2020 and are open to participation by 
entities and individuals interested in the proj-
ect. (August 2020–August 2021)

While implementing the second stage of our 
project, a number of world events intervened, 
which only served to amplify the urgency of our 
mission. One such event, COVID-19, is already 
showing the speed with which scientific and 
technical knowledge can be developed, shared, 
and advanced as never before. This, of course, 

EXECUTIVE SUMMARY
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has profound implications for the development 
of life-saving treatments. At the same time, 
COVID-19 has laid bare the social disparities in-
herent in 21st century socioeconomic structures 
and highlighted the challenges we face as a society 
in coordinating the handling of complex issues. 
Entire segments of the population are effectively 
excluded from participating in, and reaping the 
benefits from, the knowledge-based economy. In-
dividual achievement is being disconnected from 
social progress. What is clear is that we must do a 
much better job of bringing together diverse indi-
vidual perspectives and experiences if we expect 
to produce collective action that is both wise and 
equitable. 

This report begins with an introduction that de-
fines our meaning of inclusive knowledge and ex-
plains how our proposed definition expands some 
of the traditional understandings of knowledge. 
First and foremost, we conceptualize knowledge 
not as a fixed product or outcome—something 
stored in our brains, computers, books, or institu-
tions that we access as needed. Nor do we sepa-
rate the mind (cognition) from the body (action). 
Rather, we see knowledge as inclusive, dynamic, 
and evolving. This report takes a knowledge in 
action approach where knowledge is an emergent, 
pragmatic, situated, and historical process that is 
practiced collectively in the classroom, on the job, 
in the neighborhood, on the road, on the internet, 
and at home. 

Our understanding of knowledge in action as 
relational comes from the fact that knowledge ex-
ists in many different contexts, and those contexts 
vary from one individual to the next. To have re-
lational knowledge, we also need to account for 
personal knowledge; active and embodied knowl-
edge-making by individuals. Because human be-
ings have unique life experiences, their accumulat-

ed knowledge, learning preferences, and pathways 
will also be unique. Adapting our learning prac-
tices to fit diverse needs and experiences will 
increase our capacity to be inclusive. Inclusive 
participation will benefit all learners as they dis-
cover how to engage with multiple perspectives. 
Over time, learners will come to value, leverage, 
and embody difference, which in turn will make 
them agile learners with the ability to intuitively 
combine their expertise with the diverse expertise 
of others, and structure collective intelligence for 
addressing complex societal tasks and challenges. 

In Chapter I we review literature that estab-
lishes adaptive development of domain-specific, 
domain-general, and life skills as key to train-
ing diverse, versatile learners for a collaborative 
21st century economy. Learners who develop all 
three layers of skills in an interconnected fash-
ion are able to transfer knowledge across differ-
ent relational contexts. This in turn enables them 
to connect their diverse experiences to multiple 
professional pathways and collaborative contexts, 
as well as adjust their stock of skills to changing 
workforce needs. 

Chapter I also highlights several organizations 
that have developed agile training frameworks in 
an effort to address 21st century proficiencies. In 
some cases, organizations are also providing on-
ramps for nontraditional learners who may be under 
or unemployed. A key takeaway is that co-creation 
processes enable learners who are at risk of being 
left behind to acquire integrative multilayer skills 
that are needed in the 21st century economy.

Chapter II focuses on ways to adapt existing 
best practices to better serve the needs of learn-
ers as they develop and expand their multilayer 
skills across professional and personal contexts. 
As we explain, educators and employers must first 
acknowledge that learners already possess unique 
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skill sets that simply need to be tapped into. Edu-
cators and employers must then find creative ways 
to partner with learners, enabling them to connect 
existing skill sets and aspirations to future career 
pathways and acquire the additional skills neces-
sary for these individualized pathways. 

The way we propose to facilitate this partner-
ing is to structure learning experiences as networks 
of short modules that utilize different learning mo-
dalities and connect through multiple pathways 
to allow learners to develop skill proficiency and 
connectivity precisely when it is needed and in 
the most efficient customized manner. Structuring 
pathways of short modules allows just-in-time in-
formation to emerge in the course of learning such 
that a learner’s pathways can change and evolve 
to reflect the new situation. Utilization of different 
learning modalities (e.g., experiential, theoretical, 
in-person, asynchronous, blended, etc.) helps to 
address the needs of a truly diverse body of learn-
ers and cover the full range of knowledge types. 
We conclude the chapter by discussing a number 
of existing and emerging technological tools and 
technology-assisted processes that facilitate adap-
tive learning. These include intelligent/cognitive 
tutors combined with interactive content; the In-
ternet of Things and paired technologies such as 
augmented/virtual reality and robots for embodied 
interactive learning; and multidimensional data 
analytics for assessment of progress and adapta-
tion of learning.

In Chapter III we survey a number of adaptive 
learning programs currently being implemented 
in academia, industry, and communities. As we 
show, these programs are increasing access to 
learning by employing multiple delivery modal-
ities, alternative cost structures, holistic support 
mechanisms for diverse learners, transferability of 
learning, and transparency of learning outcomes 

across institutions. We show how these programs 
are mobilizing people to learn whenever and how-
ever they require it regardless of barriers that may 
exist at the individual, social, or cultural levels. 
We also consider new approaches to cross-sector 
learning and credentialing that increase access and 
reduce cost while allowing for the learning record 
to stay with the learner rather than with the insti-
tution.

In Chapter IV we propose advancing inclu-
sive and integrative adaptive learning through 
cross-sector cooperative communities organized 
around transdisciplinary themes of societal im-
pact. As envisioned, these communities value and 
engage all aspects of knowledge in action, rely on 
inclusive and non-hierarchical participation and 
promote integrative, multilayer skill development 
for all participants. We further propose expanding 
these communities by developing Point of Need 
Learning Platforms (PNLP) that allow diverse 
learners to explore the mapping of their existing 
skills to current and emerging training and em-
ployment pathways. PNLPs provide efficient indi-
vidualized pathways for immediate learning needs 
while guaranteeing that learning is transferable to 
other contexts and situated within integrative pro-
fessional and personal development. PNLPs con-
tain interconnected, modular content that has been 
developed by all participating sectors and that ac-
commodates all types and levels of learning need. 
Many of the modules integrate multi perspective 
learning and bring diverse learners together to ex-
plore complex problems. PNLPs use high dimen-
sional analytics to continuously adapt to societal 
and individual needs and provide a lifelong learn-
ing record owned by the learner. 

PNLPs can be developed by adopting, exper-
imenting with, and evolving many of the recom-
mendations presented in this report. The model of 
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institutional change proposed in this report is the 
result of integrative discourse between a radical 
paradigm shift—inclusive transdisciplinary com-
munities supported by PNLPs—and the gradual 
change processes embedded in existing institu-
tions.

Appendix A summarizes the Calhoun Dis-
covery Program (CDP) at Virginia Tech. The 
CDP focuses on the development of versatile 
and collaborative lifelong learners through adap-
tive and integrative training of domain-specific, 
domain-general, and life skills. The learning is 
embedded in cross-sector transdisciplinary com-
munities focused on sustainable and equitable so-
cio-technical innovation. 

In closing the report, we propose the establish-
ment of nine Working Groups with learners and 

learning professionals working in and across sec-
tors (K–12, Higher Education, Industry, etc.). Tak-
ing place in the second half of 2020 and Spring of 
2021, the groups will collect more information on 
emerging adaptive learning practices and engage 
participants in reflexive dialogue on their experi-
ences with various learning models and approach-
es. The insights gained from these groups will be 
analyzed and incorporated into a draft of a cross 
sector PNLP for Industry 4.0 and Sustainable De-
velopment. The findings of the working groups 
will also be presented in a digital book published 
by Virginia Tech Publishing at the end of 2021. 

We thank you for reviewing this report and 
welcome questions and suggestions as well as 
inquiries for participation in the working groups. 
Please contact us at cchei@vt.edu. 



Introduction: 
Inclusive Knowledge in Action
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This report addresses the globalized 
knowledge economy in the 21st centu-
ry; not only as it exists today, but the 

knowledge economy needed to meet the demands 
of tomorrow. This report proposes that in order for 
our knowledge economy to grow and be sustain-
able, it must be inclusive in ways that enable it to 
adapt to—and incorporate within it—the person-
al and professional growth of a large and diverse 
body of lifelong learners. In this introduction, we 
first define what we mean by inclusive knowledge 
and explain how our proposed definition expands 
some of the traditional understandings. We then 
show that an expansive and dynamic conceptual-
ization of knowledge increases inclusion and pro-
motes lifelong adaptive learning as a mindset and 
a practice.

Inclusive Knowledge in Action

The way we learn and know in today’s world is 
deeply shaped by the informational and relational 
practices of educators and decision-makers across 
the educational enterprise. This begins in K–12 
schools and continues through higher education, 
on-the-job training, and continuing professional 
education. Within the established educational en-
terprise, longstanding learning practices approach 

knowledge in exclusionary ways. Top-down prac-
tices represent knowledge as discrete components 
of information, disciplinary-based, and siloed in 
terms of what individuals need to know, what con-
stitutes expertise, and where they learn—such as 
classrooms and workplaces. This means that our 
traditional understanding of knowledge has been 
defined in terms of cognitive expertise developed 
and acquired through education, reading, and re-
search that is largely held and protected by practic-
ing professionals and degree-granting institutions.

In a similar fashion, we have come to view 
the organizations that make up the educational 
enterprise as repositories of knowledge and ex-
pertise tailored to a specific mission or mandate. 
Knowledge is often considered a product that 
organizations can have and that is stored within 
domain-specific databases, procedures, and proto-
cols. In the higher education sphere, students en-
ter schools and colleges to acquire specific subject 
matter knowledge that is organized according to 
varying levels of specialization. Students are test-
ed at each level to ensure mastery of the knowl-
edge, from which they ultimately move on, de-
grees in hand, ready to work in jobs that align with 
the specific knowledge they have acquired. 

INTRODUCTION

Authors: Jared Keyel, Anne Khademian, Thanassis Rikakis
Contributors: Sylvester Johnson, Lisa McNair, Joseph Haldane, John Flato, Catherine 
Amelink
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In contrast to such understandings, this report 
takes a knowledge-in-action approach (Argyris & 
Schön, 1978; Dewey 1933; Polanyi, 1958; Schön, 
1983). Rather than conceptualize knowledge as a 
fixed product or outcome—something stored in 
our brains, computers, books, or institutions that 
we access as needed—and rather than separate the 
mind (cognition) from the body (action), we be-
lieve it is important to see knowledge as inclusive, 
dynamic, and evolving. Knowledge in action is an 
emergent, pragmatic, situated, and historical pro-
cess. It is practiced collectively in the classroom, 
on the job, in the neighborhood, on the road, on the 
internet, and at home. 

A fundamental component of knowledge in 
action is tacit knowledge that has been acquired 
through experience (Polanyi, 1958) rather than 
absorbed through verbal explanation or written 
form. Existing exclusive meritocratic approaches 
have largely ignored or overlooked expertise and 
knowledge that is acquired through our day-to-
day activities—in business, in school, on the bus, 
playing sports, painting, or cleaning at home. Yet, 
anyone who knows the best driving routes across 
a city, the safest schools and best teachers, the ex-
perience of troubleshooting home computer net-
work issues for friends and family, or the tactics 
to catch a particular kind of fish has tacit knowl-
edge. Knowledge in action involves synergistic 
interactions of explicit, implicit, and tacit knowl-
edge (Polanyi, 1967; Reber, 1989) combined with 
integrative cognitive, psychomotor, and affective 
learning (Anderson & Krathwohl, 2001). 

Knowledge in action is also relational and 
personal (Dewey 1933; Dourish, 2001; Polanyi, 
1958). To understand knowledge as relational is to 
emphasize the importance of the historical, social, 
technical, cultural, and economic contexts in which 
knowledge is situated (Coghlan & Brydon-Miller, 

2014). When considered in these contexts, knowl-
edge is not a set of rational, discoverable facts that 
can be neutrally applied to test an idea, do a task, 
or solve a problem. In fact, what we know cannot 
be distinguished from how we know it (Polanyi, 
1958) or from the multiple interactions that give 
meaning to information. To have relational knowl-
edge, we also need to account for personal knowl-
edge—active and embodied knowledge-making 
by individuals. Individuals accumulate knowledge 
differently based on their mode(s) of participation, 
preferences, situational contexts, and goals. Each 
person brings the totality of the knowledge they 
have acquired across many different contexts to 
any new learning situation. To structure effective 
learning, we need to recognize that comprehen-
sive personal knowledge accumulates in the per-
son rather than the formalized curricula. Because 
everyone has different life experiences, their ac-
cumulated knowledge will be diverse, and their 
learning preferences and pathways may also be 
multiple. To include everyone and allow everyone 
to develop most effectively, adaptation of learning 
is imperative. 

If we focus solely on knowledge as an out-
come, we end up with clusters of knowledge de-
fined by particular understandings of the world. 
This, in turn, leads to pre-set paths to expertise 
that invariably limit other possible paths that are 
otherwise able to emerge in adaptive situations. 

Knowledge in action is an 
emergent, pragmatic, situated, 
and historical process practiced 
collectively in the classroom, on 
the job, in the neighborhood, 
and at home.
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Such is true with disciplinary sets of scientific 
rules about the physics of the universe, homoge-
neous understandings of the relationship between 
social services and human behavior, and collective 
understandings of national identity. In this context, 
knowledge, beliefs, and convictions are seen as a 
given, set in stone, requiring compromise and ne-
gotiation to navigate differences, or the give and 
take of academic investigation and deliberation 
to make incremental adjustments. Alternatively, 
when we understand collective meaning as a way 
of knowing, the relational, diverse, and enacted 
nature of knowing comes to the fore, with op-
portunities for continuous adaptation and formu-
lation of new ideas, techniques, and approaches. 
A pluralistic and dynamic knowledge-in-action 
discourse resists the creation of static knowledge 
structures and permanent hierarchies of knowledge 
power. In fact, by its very nature, this discourse is 
deconstructive. In view of these characteristics, it 
is perhaps more useful to understand knowledge 
in action not as a fixed outcome but as an active 
system of multiple ways of knowing that are dy-
namic and engage a multitude of process-product 
permutations. 

Connecting highly individualized ways of 
knowing to collective ways of knowing is an age-
old challenge. Institutional standardization can 
circumnavigate this issue by advancing homo-
geneity of collective knowing but homogeneous 
groups get stuck on local maxima (Page, 2007). 

Heterogeneous groups can achieve global maxima 
and transformative change, but the connectivity of 
these groups is highly challenging (Eagle, Macy, 
& Claxton, 2010). The interrelation of dynamic 
personal knowledge of lifelong learners and the 
diverse, collective intelligence of learning soci-
eties may hold the key to solving this problem. 
Adaptive learning practices that address diverse, 
personal knowledge needs can promote inclusive 
participation. 

This results in diverse relational contexts for 
all participants and encourages participants to 
embody difference. Learners that can embody 
multiple points of view become aware of the full 
complexity of societal problems and the need for 
collaborative approaches to complexity. Members 
with diverse expertise can then coalesce around 
complex societal tasks and challenges and share 
their knowledge intuitively with one another, in-
cluding less experienced members, resulting in 
collective intelligence. This promotes the em-
powerment and mobility of individuals within 
and across organizations, and mitigates the loss of 
organizational memory (Harnecker, 2007). Col-
lective intelligence also facilitates a flatter pro-
fessional pyramid since the “expert” is a dynamic 
notion that emerges from context (Guattari, 1972). 
For example, while an experienced medical doctor 
might lead in making diagnoses, an experienced 
nurse or physical therapist might be most effec-
tive in promoting participatory health for patients 
(Sepkowitz, 2020). Collective intelligence can 
thus be conceptualized as a complex ecosystem 
where instructors are also learners and diverse 
participants inform the continuous adaptation of 
personal and relational knowledge. This, in turn, 
enables participants, as a group, to successfully 
navigate complex tasks and facilitate recovery 
from disruptions or systemic failures (Hutchins, 
1995). As these intelligence ecosystems grow they 

Knowledge in action is 
relational and personal. It 
involves active and embodied 
personal knowledge-making by 
individuals in multiple contexts.
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can promote the realization of learning societies 
built upon the process of participation (UNESCO, 
2008, 2019). Members of a learning society seek 
to embody process-oriented creation and dissem-
ination of knowledge. As a result, participation in 
itself becomes a form of knowledge. We expect 
that the creation, building mechanisms, and func-
tion of learning societies as institutions of dem-
ocratic governance will help acknowledge and 
address wider racial, gender, and socioeconomic 
inequalities (UNESCO, 2019). 

Throughout history, educators have contem-
plated how to develop learning societies and re-
think their approaches to the content and forms of 
learning to increase accessibility and inclusivity. 
Learning and education are inherently evolution-
ary; practices and approaches shift and respond 
to social, economic, and political changes over 

time (Whitney, 2010). The initial creation of uni-
versal primary and secondary education, for ex-
ample, was a leap forward for inclusion. In the 
United States in the late 19th century, the Morrill 
Acts framed public education as a democratizing 
force in society by allowing for greater access to 
higher education for diverse populations (Geiger, 
2015). These acts also allowed for the creation of 
land grant universities, like Virginia Tech, that at-
tempted to expand education to new students and 
subjects. Efforts to expand access and inclusion of 
diverse learners and knowledge have taken place 
throughout the world. In the United Kingdom, for 
example, institutions founded in the 19th century, 
such as University College London and the Lon-
don Mechanics’ Institute (now, Birkbeck College, 
University of London), offered education to wom-
en and people from a much broader range of social 
backgrounds. Birkbeck College began as a pioneer 
in adult learning as well. More recently, the Open 
University was founded in the UK in 1969 with a 
commitment to modernization and growth in tech-
nological development. It was an early advocate 
and practitioner of increasing access to education 
through distance learning and was a precursor for 
online learning that is now vital in a university set-
ting. 

Like these earlier iterations and efforts to ex-
pand educational opportunities, we are proposing 
an adaptive approach to learning with the poten-

The interrelation of lifelong 
learners’ dynamic personal 
knowledge and learning 
societies’ diverse collective 
intelligence may hold a key to 
connecting the individualized to 
the collective.

Outcome-focused
Institutionalized

Segregated
Standardized

Process-focused
Personal
Integrative
Adaptive

Figure I: 

Four Key Dimensions of Inclusive Knowledge Presented as Expansive Continua
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tial to create vastly more inclusive and accessible 
learning possibilities that leverage knowledge in 
all its dimensions. Rather than seeing differences 
as polarizing binaries (i.e., outcome focused vs 
process focused), adaptive learners and learning 
societies can explore the full space between the 
two notions, thus moving from the binary cate-
gorization to expansive continua (Dewey, 1906, 
1933; Xenakis, 1971). In Figure I, we present, 
as continua, the four key dimensions of inclusive 
knowledge discussed in this introduction. 

When we value the full spectrum of knowl-
edge, adaptation becomes both a mindset and a 
mechanism. Individuals adapt in ways that enable 
them to engage and embody many different types 
of knowledge. Learning structures adapt to facili-

tate the engagement and growth of different types 
of knowledge, and societies adapt to value and 
embrace the diverse personal knowledge of their 
members. Prior personal and relational knowledge 
becomes highly transferable to many new types 
of contexts and becomes stronger and deeper pos-
terior knowledge (Tenenbaum et al., 2011). This 
deep inclusion and (re)valuing of a vast array of 
knowledge modes and practices increases a soci-
ety’s human capital (Spence & Hlatshwayo, 2012). 
Consequently, those societies are able to find 
multi-perspective solutions to complex problems 
that promote socioeconomic sustainability (Mor-
rar, Arman, & Mousa, 2017). Knowledge becomes 
a “powerful tool for taking action” to “deepen de-
mocracy and to struggle for a fairer and healthier 
world” (Hall & Tandon, 2017, p. 13).



Chapter I:
The Integrative Professional and 
Personal Development Model (IPPD) 
and 21st Century Knowledge
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In this chapter, we lay the foundation for the 
remainder of the report by establishing the 
basis for the claim made in the introduction, 

that a new framework for learning and training is 
necessary to meet the knowledge requirements of 
the 21st century. Definite socioeconomic changes are 
influencing the global economy, and our society is 
at risk of not having the human capital or adaptive 
ability to navigate them. We show that sustainable 
growth of human capital requires integrative and 
continuous development of a wide range of skills tai-
lored to the diverse interests, abilities, and capacities 
of each learner. We survey emerging frameworks of 
learning and training throughout higher education 
and industry that aim to address these needs. Finally, 
we propose a new model for Integrative Professional 
and Personal Development (IPPD) comprised of two 
main components, personal knowledge and relation-
al knowledge. The personal knowledge is organized 
as a three-layer hierarchy: life skills, domain-gener-
al skills, and domain-specific skills. Diverse and dy-
namic relational knowledge provides the context for 
the development of integrative personal knowledge.

1.1 Lifelong Learning Needs in the 21st Century 
Economy

It is no secret that the American labor market is 

in the midst of major structural change. The most no-
table change is the shift from tradable sector jobs to 
more non-tradable sector jobs. According to Spen-
ce and Hlatshwayo (2012), in the years leading up 
to the 2008 recession, 97% of employment growth 
occurred in the non-tradable sector—largely jobs in 
government, health care, and retail. Non-tradable 
jobs are jobs performed by a domestic workforce 
creating goods and services that cannot be traded 
internationally (Hlatshwayo & Spence, 2014; Spen-
ce & Hlatshwayo, 2012). Economists caution that 
growth in the non-tradable sector cannot continue 
forever. Standing in the way are restraints on gov-
ernment budgets, reduced public sector spending, 
and high levels of consumer debt (Spence & Hlat-
shwayo, 2012).

The story is different when it comes to the trad-
able sector—that part of the workforce producing 
goods and services that can be traded internation-
ally—e.g., manufacturing, information processing, 
mining, etc. In the US, the tradable sector has ac-
tually seen net contraction. The only real growth 
has been in high-income occupations such as con-
sulting, computer systems design, finance, and in-
surance. These occupations face competition from 
individuals performing the same occupations in oth-
er countries (Spence & Hlatshwayo, 2012). In an 

CHAPTER I
The Integrative Professional and Personal Development 
Model (IPPD) and 21st Century Knowledge
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effort to address the expected slowed growth in the 
non-tradable employment sector and contraction/
income inequality in the tradable sector, a dynam-
ic response is required that emphasizes growth of 
human capital.

Following Spence and Hlatshwayo’s (2012) 
recommendation of increasing human capital, it 
is important not to overlook social issues. One of 
which is the lack of access to the essential knowl-
edge and educational tools that are necessary not 
only to survive in the 21st century economy but to 
improve learners’ lives and develop to their full 
capacities (World Economic Forum, 1990). Large 
segments of the current and future global work-
force are either excluded or left behind. For exam-
ple, 70% of the world’s poor reside in Sub-Saharan 
Africa (World Data Lab, 2019), and the majority 
of this population is under the age of 25 (Couli-
baly, 2019). The learners of this region need both 
access to knowledge as well as greater economic 
opportunities for employment. Everyone, regard-
less of their sex, gender, religion, or geographic 
background, has the right to learn (UNESCO, 
2000, 2019).

In practice, this requires universal access to 
the knowledge economy as well as a basic recog-
nition and valuing of all ways of knowing. Devel-
oping an inclusive definition of knowledge and 

the knowledge economy means rethinking current 
practices that exclude a vast amount of existing 
human capital. Fundamentally, thought leaders 
and institutions of trust must develop ways to con-
nect the economy to this human capital, instead of 
connecting human capital to the economy. Focus-
ing on the needs, diverse interests, abilities, and 
capacities of lifelong learners may be the first step 
toward influencing such a shift.

Furthermore, any effort to connect the economy 
to human capital must be progressive rather than re-
actionary. Currently, smart factories, artificial intel-
ligence (AI), and automation disrupt the status quo 
(Muro et al., 2019). The needs of learners change as 
a result of these disruptions, which in turn requires 
that knowledge dissemination practices change. 
In fact, those responsible for providing additional 
knowledge and greater access must continuously 
adapt their methods of dissemination on behalf of 
learners that face challenges to successfully navi-
gate these economic and technological shifts. For 
learners to thrive in an environment facing constant 
disruptions by machine learning, artificial intelli-
gence, and future unknowns, institutions of trust 
will need to re-conceptualize training by focusing 
on the development of all types of human skills 
over a lifetime rather than idealizing preparation to 
be centered on a single career and limited to per-
forming specialized tasks within one discipline.

Institutions of trust will need 
to reconceptualize training 
to encompass a more holistic 
competence model enabling a 
learner to thrive over a lifetime 
of constant disruptions and 
uncertainty.

Expected slowed growth in 
the non-tradable employment 
sector and contraction in the 
tradable sector of the economy 
requires a dynamic response in 
growing the human capital.
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According to economist David Autor (2015), 
programmers attempting to replace the tasks per-
formed by humans with machines face immense 
challenges when it comes to more abstract and 
nonroutine categories. Similarly, economists at 
MIT in quantifying the effects of automation 
and AI on employment and wages, conclude that 
learners who possess nonroutine cognitive skills 
such as flexibility, problem solving, and complex 
communication face less threat from automation 
than those who perform routine cognitive tasks, 
routine manual tasks, and nonroutine manual tasks 
(Autor et al., 2003; Autor & Price, 2013).

In the United Kingdom and European Union, 
officials have a long history of investing in life-
long learning programs as a response to economic 
issues (Popović, 2014; Rees & Bartlett, 1999b). 

These governing bodies view such programs as 
adequate responses to economic downturns and 
hope to address emerging gaps between industry’s 
needs and the populations’ skill set. Such an ap-
proach is not without criticism (Coffield, 2000; 
Popović, 2014; Rees & Bartlett, 1999b). One crit-
icism is that it places the impetus on the learners 
to acquire an adequate skill set rather than recom-
mending the formation of partnerships to assist in 
upskilling (Rees & Bartlett, 1999b). Another ar-
gument is with the naïve belief that improving the 
basic skills of a population will resolve a nation’s 
macroeconomic issues (Brown & Keep, 2000). 
More education or training will not help someone 
residing in a geographic region that lacks employ-
ment opportunities (Popović, 2014). 

A philosophy of lifelong learning may be an 

Table 1.1 

Comparison of Machine and Human Expertise

Adapted from Holmes, W., Bialik, M., & Fadel, C. (2019). Artificial intelligence in education: Promises 
and implications for teaching and learning. pp. 24–25.
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important first step on the path toward universal 
access and equity if it engages comprehensively 
all the types of knowledge embodied by learn-
er and especially the less extractable, more-dif-
ficult-to-assess categories of tacit and implicit 
knowledge (UNESCO, 2000). By focusing on 
one’s knowledge in action (Polanyi, 1958; Schön, 
1987), individuals become more valued (Rees 
& Bartlett, 1999) and self-actualized (Maslow, 
1968). Furthermore, lifelong learning needs to 
also address alignment to opportunities specific to 
one’s relational contexts (i.e., geographic region). 

Institutions of trust also have an important 
role to play in supporting individual learners in 
the pursuit of lifelong learning programs (Popo-
vić, 2014; Rees & Bartlett, 1999b). The report 
Robot-Ready: Human+Skills for the Future of 
Work stresses the importance of educators, state 
governments, and employers collaborating in an 
effort to find a common language to describe (a) 
the totality of skills employers seek in composing 
job descriptions and (b) how the learner knows 
and applies the in-demand competencies of criti-
cal thinking and communication during their ca-
reers (Weise et al., 2018). Traditional training and 
learning assessment mechanisms often disregard 
learners’ tacit knowledge gained through expe-
riences across every aspect of daily life. Instead, 
they focus on explicit knowledge within the class-
room and prepare graduates to practice within the 
domain-specific area of their chosen fields, with 
little regard for acquiring the “know-how” to per-
form within the context of a complex job (Eraut, 
1985) or a fast-evolving global society. This fo-
cus on explicit, domain-specific knowledge is a 
remnant from the second industrial revolution that 
viewed learners’ socioeconomic needs being ful-
filled by a single career focused on performing 
a set of specialized tasks that evolved gradually. 
In this often-disrupted economy, these traditional 

systems of education do not fully meet the needs 
of the learners, their current and future employ-
ers or society as a whole (Banerji, 2007; National 
Academy of Engineering, 2005; Flowers, 2009). 
The resulting knowledge shortfall can be espe-
cially pronounced when learners lack the high-de-
mand, transferable skills, such as communication, 
collaboration, and problem solving that are critical 
to the economy of the 21st century (Rhodes, 2019; 
Snell et al., 2016).

An early foundational framework for un-
derstanding inclusive knowledge is Benjamin 
Bloom’s taxonomy, which emphasizes three do-
mains of learning: cognitive, affective, and psy-
chomotor. The goal of this taxonomy is to create 
learning opportunities to help promote change 
in individual behaviors (Bloom, 1956). Cogni-
tive learning focuses on the “amount and kind of 
knowledge” that the student possesses (Bloom, 
1956, p. 28). The affective domain focuses on “a 
feeling tone, an emotion, or a degree of acceptance 
or rejection,” by which an individual learns and 
then incorporates situational values (Krathwohl et 
al., 1956, p. 7). Finally, the psychomotor domain 
“emphasize[s] some muscular or motor skill, some 
manipulation of material and objectives, or some 
act which requires a neuromuscular coordination” 
(Krathwohl et al., 1956, p. 7). As learners have ex-
periences that engage these domains, they become 
better equipped with skills to take on more com-
plex challenges. The taxonomy shows this poten-
tial for growth by organizing each domain in rising 
levels of competency. Many curricular programs 
use Bloom’s taxonomy as a guide to developing 

Lifelong learning will not solve a 
nation’s macroeconomic issues.
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learning outcomes, with first- and second-year 
courses using lower levels of the taxonomy while 
third- and fourth-year courses focus on the high-
er levels. However, most traditional curricula de-
velop learning outcomes that focus solely on the 
cognitive domain (Senge, 1990). This approach is 
counter to the well-established understanding that 
knowledge in complexity is embodied, experien-
tial and integrative (Dewey, 1938, 1966; Dourish, 
2001; Hutchins, 1995).

1.2 Higher Education Evolves

The need to update educational structures to 
address all types of human skills and their relation 
to contemporary workforce needs has been pre-
dicted for over 30 years (Jantsch, 1972; d’Hain-
aut, 1986). In 1991, Guest introduced the concept 
of the T-shaped individual as a variation of the 
Renaissance man: someone who develops gener-
alizable skills by practicing across disparate spe-
cialization areas such as computing and music. 
Guest’s (1991) definition of T-shaped individuals 
aligns with what Fadel, Bialik, and Trilling (2015) 
refer to as versatilists—learners who exhibit deep 
knowledge in a range of subjects as well as the 
generalizable skills to transfer knowledge across 
these domains. These learners “apply a depth of 

skill to a widening scope of situations and expe-
riences, gaining new competencies, building new 
relationships, and assuming new roles,” which 
makes them adaptable learners, not generalists (p. 
12). 

Unfortunately, The T-shaped individual con-
cept gradually evolved away from the original 
concept of versatility. By 2006, Spohrer was call-
ing for T-shaped individuals who acquire a greater 
breadth of knowledge in addition to a deep knowl-
edge in one discipline. Interdisciplinary programs 
aimed at T-shaped learning, where the depth is 
associated with the segregated discipline, are 
now embedded in the majority of US Universities 
(Knight, 2013). Foundational education programs 
that continue to associate depth of knowledge with 
a few specific subsets of personal knowledge fail 
to acknowledge and leverage the relation of do-
main-specific and domain-general skills and the 
overall dimensionality and differentiation of per-
sonal knowledge. It is our contention that the sim-
plification of learning into an outcome-focused, 
discipline-specific specialization, combined with 
a loosely-related body of general knowledge, 
contributes to the mismatch between learning 
outcomes produced by higher education and the 
skills demanded by employers and required by 
our complex societal needs (Hart, 2015; Madrigal, 
2017). Furthermore, as societal problems become 
increasingly more complex and dynamic, demand 
for the full scope of personal and relational knowl-
edge will continue to grow.

Several organizations are acting as thought 
leaders by taking action to aid learners in their dis-
covery, application, and continuous adaptation of 
their full personal and relational knowledge within 
today’s knowledge economy. The following para-
graphs illustrate a few examples of efforts under-
way:

Versatilists “apply a depth of skill 
to a widening scope of situations 
and experiences, gaining new 
competencies, building new 
relationships, and assuming 
new roles,” which makes 
them adaptable learners, not 
generalists.
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The Coalition of Urban Serving Universities 
(USU) and the Association of Public and Land 
Grant Universities (APLU) state in their 2019 re-
port Delivering 21st Century Skills, that universi-
ties need to partner with industry leaders in order 
to develop and continuously improve the curric-
ulum. Both organizations call for innovation in 
meeting the needs of individuals and society when 
it comes to the evolving workforce. This means 
focusing on technical, human, and social compe-
tencies in addition to the cognitive. The USU and 
APLU also recommend changes in affordability 
and more mobile credentials.

The National Association of Colleges and Em-
ployers (NACE) annually surveys employers to 
ask what skills they value most when hiring recent 
graduates. In 2019, they rated the following skills 
in order of importance: critical thinking/problem 
solving; oral/written communications; teamwork/
collaboration; information technology application; 
leadership; professionalism/work ethic; and career 
management. Researchers at NACE also state that 
the way for undergraduates to differentiate them-
selves amongst their peers is to exhibit “outstand-
ing credentials in a number of non-industry specif-
ic desired skill areas” (DuPre & Williams, 2011, 
p. 8).

The Association of American Colleges and 
Universities (AACU) maintains a list of value ru-
brics that includes such skills as “inquiry and anal-
ysis, critical thinking, creative thinking, written 
communication, oral communication, quantitative 
literacy, information literacy, reading, teamwork, 
problem-solving, civic knowledge and engage-
ment—local and global, intercultural knowledge 
and competence, ethical reasoning and action, 
global learning, foundations and skills for lifelong 
learning, and integrative learning” (Association 
of American Colleges & Universities, 2020, para. 

2). AACU’s Liberal Education and America’s 
Promise initiative (LEAP) is responsible for the 
development of rubrics as part of leaders’ efforts 
to connect the economy’s needs to a liberal educa-
tion (Association of American Colleges & Univer-
sities, 2011).

Similar calls for changes in education appear 
in current literature. For example, Joseph Aoun, 
president of Northeastern University, proposes a 
new model called humanics, which he defines as 
“mastery of content as well as the development of 
particular skills” (Aoun, 2017, p.53). The purpose 
of this new model is twofold: (1) to enable learn-
ers’ comprehension of the continuously advancing 
technological world that surrounds them, and (2) 
to enhance their ability to transcend that world 
through acquiring robot-proof skills, such as cre-
ativity and mental flexibility. The author recom-
mends greater skill sets under the headings of data, 
technological, and human literacies (Aoun, 2017).

The Lumina Foundation’s Degree Qualifica-
tions Profile (DQP) is a highly developed model 
of bridging academia with the needs of the 21st 
century workforce. At the time of its second it-
eration, over 400 colleges and universities have 
adapted it. It aims to calibrate learners’ knowledge 
and abilities per degree level by offering mech-
anisms for proving the learners’ ability to apply 
what they have learned over the course of their 
college careers. While it does not standardize de-
grees, it does clarify the general proficiencies that 
graduates need to achieve regardless of their field 
of study within the specific degree level, currently 
covering associate’s through master’s. The DQP 
also “assumes that general education and the ma-
jor must work together” (Adelman et al., 2014, p. 
10). The DQP serves different higher education 
institutions as a tool to help shift from grades as a 
marker of performance to learners’ levels of pro-
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ficiencies. These proficiencies are organized into 
five broad categories outlined below.

Specialized Knowledge: This area of proficien-
cy concerns the learners’ subject field. While the 
institution may have certain proficiencies regard-
ing the subject, there are also accrediting profes-
sional and licensing bodies that develop standards. 
All fields usually require that this specialized 
knowledge be recognized in the learner’s ability to 
comprehend and apply terminology, theory, meth-
odologies, literature, and solve complex problems 
relating to the subject.

Broad and Integrative Knowledge: This area 
of proficiency may include the learner’s area of 
specialization but, primarily, it incorporates learn-
ing across different fields. Rather than typical 
general education courses that are prescribed as 
part of the curricula at most universities, the DQP 
guides learners to explore, connect, and apply 
broad learning concepts and methods across con-
texts and throughout their careers (Adelman et al., 
2014, p. 14).

Intellectual Skills: This group of skills crosses 
over many fields and domains. The skills of ana-
lytic inquiry, use of information sources, engaging 
diverse perspectives, ethical reasoning, quantita-
tive fluency, and communicative fluency interact 
with the other areas of learning outlined in the 
DQP.

Applied and Collaborative Learning: Students 
exhibiting proficiency in this category use what 
they have learned either individually or via group 
effort. They demonstrate their problem-solving 
abilities across sectors such as the classroom, 
community, and work. Evidence of this proficien-
cy might also be demonstrated by incorporating 
the skills used in expertise within their field(s) of 
major.

Civic and Global Learning: As the name sug-
gests, this proficiency is all about students inte-
grating and applying their knowledge to create a 
greater impact across civic, social, environmental, 
and economic challenges.

Inclusivity plays an important role for insti-
tutions of trust as they implement an integrative, 
lifelong learning philosophy. To be of service re-
quires that institutions of higher education broad-
en their scope to serve all learners regardless of 
their life stage. Learners facing unemployment or 
underemployment will not have the time or the re-
sources (Dede, 2019) to dedicate to those tradition-
al, explicit representations of knowledge acquisi-
tion such as degrees or certificates. Associations, 
non-profits, and educational institutions that truly 
recognize this area of need will provide practical 
frameworks for implementing change that closes 
the gap between the competencies needed for mo-
bility in this new economy and the existing knowl-
edge repertoires of those learners already situated 
in the workplace.

1.3 Meeting the Talent Demand Through On-
ramps

Strada Institute (Weise et al., 2019) finds that 
32 million adults in the US are either underem-
ployed or unemployed. This situation has grown 
even more dire due to the COVID-19 pandemic’s 
influence on the economy. At the time of this re-
port, an additional 29 million people had made 
first-time benefit claims for unemployment insur-
ance during the Spring of 2020 (US Bureau of La-
bor, 2020). Many adults have less than two years 
of education and/or come from low-income envi-
ronments. This means that they risk being left be-
hind as technologies advance. The Strada Institute 
draws attention to this problem with its On-ramps 
to Good Jobs Report (2019). According to Strada, 
on-ramps are “the leading edge of a new market of 
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intermediaries connecting working-class adults to 
better economic opportunity” (Weise et al., 2019, 
p. 3). On-ramps focus on serving adults who are 
unable to seek a degree due to possible barriers 
like finances, time, and childcare constraints while 
matching them to employers wanting to use a more 
diverse talent pipeline.

On-ramps differ from other established pro-
grams that currently exist to educate and train 
adults, namely those offered by community col-
leges, federal workforce programs, apprentice-
ships, and so-called last-mile providers such as 
code academies (Weise et al., 2019, p. 12). On-
ramps align learners without traditional, four-year 
degrees to high demand opportunities that require 
basic, technical, and human skill development. 
Lasting anywhere from a few weeks to several 
months, and occasionally as long as two years, 
these programs not only offer intensive services 
and training in areas such as reading and math 
but also, broaden learners’ human skills, includ-
ing critical thinking, creative thinking, problem 
solving, communication, teamwork, persistence, 
self-efficacy, and professionalism. These pro-
grams also “hone high-demand, technical skills in 
computer programming, information technology, 
business and financial services, and cybersecurity” 
(Weise et al., 2019, p. 8). In 2019, Strada identified 
65 on-ramps in the US. The report goes on to high-
light nine successful on-ramps from non-profit or-
ganizations, for-profit providers, and workforce 
boards. Some of these organizations even provide 
post-placement support to aid the new employee 
in confronting challenges and understanding how 
not only to succeed but to advance in the new en-
vironment.

Kevin Cooper, Assistant Dean of Applied Tech-
nology at Indian River State College in Fort Pierce, 
Florida, provides on-ramps for highly-skilled tech-

nical workers in nuclear energy by partnering with 
industry. By listening to the needs of employers, 
he removed the college algebra barrier by creating 
courses for students to learn only the precise alge-
bra, trigonometry, and statistics skills necessary to 
work within the field of nuclear energy. Members 
of industry provide guest instruction in these math 
classes to provide the learners with real-world, 
workforce application. The result has been a 90% 
success rate in these courses that center on match-
ing learners’ needs with specific industry needs 
(National Science Board, 2019). 	

The World Economic Forum (WEF) makes 
similar suggestions for action in the white paper 
Accelerating Workforce Reskilling for the Fourth 
Industrial Revolution (World Economic Forum, 
2017), which comes out of its “Shaping the Future 
of Education, Gender, and Work” system initia-
tive. This initiative aims to bring together govern-
ments, businesses, and other stakeholders so that 
they are better prepared to anticipate and manage 
economic and industry transitions. One important 
part of this is workforce training. The first step is to 
take stock of individuals’ current skills repertoire. 
Only after this step is completed, training is rec-
ommended based on each learner’s particular skill 
set and the needs of the specific workplace. The 
initiative recommends a consistent feedback loop 
between industry and educational institutions for 

On-ramps offer intensive 
services, hone high-demand 
technical skills, and broaden 
learners’ human skills for 
learners without traditional, 
four-year degrees.
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the purpose of understanding future skill demand. 
Furthermore, the WEF believes that co-funding 
models between government and employers could 
increase access to lifelong learning programs pre-
viously unattainable to those with less formal edu-
cation or technical skills. Other recommendations 
from the initiative include affecting adult learners’ 
motivation via policy creation and increased ac-
cessibility, creating shorter modules, and promot-
ing and maximizing on-the-job training opportu-
nities. The initiative recommends targeting those 
learners who need it most: the ones employed in 
small and medium-sized enterprises, lower-skilled 
workers, and older workers. Lastly, the initiative 
recognizes techniques such as gamification in 
learning as well as tools such as blended online 
learning for motivating adult learners and expand-
ing access. 

The Fraunhofer Institute for Production Sys-
tems and Design Technology in Berlin proposes 
a “holistic competence model” (Hecklau et al., 
2016) for sustainable workforce development for 
the fourth industrial revolution. The model is based 
on a close examination of the critical issues facing 
today’s companies—economic, social, technical, 
environmental, political, and legal. It aims to al-
low companies to meet the talent demand created 
by the technological shift, even as they qualify and 

retain their older employees. The model identifies 
four categories of competency:

1.	 Technical: The knowledge and skills related 
directly to doing one’s job, including such do-
main-specific knowledge as state-of-the-art 
knowledge, media skills, and process under-
standing.

2.	 Methodological: The skills and abilities relat-
ed to problem solving, decision making, con-
flict resolving, and research and analysis; also, 
efficiency oriented towards the domain-gener-
al knowledge category.

3.	 Social: The skills and abilities, as well as the 
overall attitude, to cooperate and communicate 
with others (p. 2). This includes intercultural, 
language, communication, and networking 
skills, as well as the ability to work in a team, 
transfer knowledge, and demonstrate leader-
ship skills (p. 4).

4.	 Personal: Hecklau et al. refer to this set of 
skills as “social values, motivations, and at-
titudes” (p. 2). This ultimately comes down 
to being “flexible” with one’s job responsi-
bilities, which is operationalized into specif-
ic skills such as accepting change (such as 
working virtually), the ability to work under 
pressure, having a “sustainable mindset,” and 
“compliance” (in response to stricter rules for 
IT security, working with machines, or work-
ing hours) (p. 4).

Systems approaches to the fourth industrial 
revolution, that aim to address sociotechnical and 
socioeconomic issues in an integrative manner, are 
collectively referred to as Industry 4.0. Industry 
4.0 is defined by five core technologies that have 
evolved to define 13 enabling technologies (Habib 
et al., 2019) that are supporting five Sustainable 
Development Goals (SDG) for the year 2030 

Training is recommended based 
on each learner’s particular skill 
set and the needs of the specific 
workplace. Co-funding models 
between government and 
employers increase access to 
lifelong learning.



22

CHAPTER I

(United Nations General Assembly, 2015; World 
Economic Forum, 2016b). The original five core 
technologies were developed from the integration 
of traditional Operation Technologies (OT) and In-
formation Technologies (IT). The SDG outcomes 
require that technical development of the enabling 
technologies be placed in a systems context of 
People, Peace, Planet, Prosperity and Partnership. 
Implementation of such systems approaches to a 
technology-enabled sustainable society requires 
the valuing of all the skills of the Fraunhofer report 
and the preparation of a workforce that can easily 
connect domain-general skills as well as personal 
and social competencies to domain-specific profi-
ciency (De Weck et al., 2011). It furthermore re-
quires an inclusive and lifelong learning paradigm 
for all participants (UNESCO, 2019).

1.4 Integrative Professional and Personal 
Development Model

To achieve the level of sustainable workforce 
participation that the new knowledge economy re-
quires, current modes of learning and training must 
be rethought. This is achievable by embracing the 
notion of knowledge in action (as detailed in the 
introduction of this report). This report proposes 
an Integrative Professional and Personal Devel-
opment (IPPD) model (see Figure 1.1) that aims 
to recognize and co-develop all skills and compe-
tencies encompassed within a knowledge in action 
framework. This IPPD model is a combination and 
adaptation of the Rees and Bartlett (1999b) model 
for creating learning societies, the John B. Carroll 
model of three stratum theory (1993), and the Po-
lanyi, Argyris, and Schön writings of knowledge 
in action (1958, 1978, 1983). The IPPD model is 
also informed by the initiatives and literature dis-
cussed in previous sections of this chapter.     

The IPPD model recognizes that knowledge 
in action has two highly interrelated compo-

nents: personal and relational. Furthermore, the 
IPPD model represents personal knowledge as a 
three-layer hierarchy of skills that can be dynami-
cally organized into competencies. The three lay-
ers (from top to bottom of the hierarchy) are:

•	 Life skills and personal fulfillment

•	 Domain-general skills (highly transferable 
skills and abstract concepts)

•	 Domain-specific skills (specialized knowledge 
and related task performance)

The three layers of skills are integrated. The 
learner achieves competencies as well as depth 
and sustainability of personal knowledge through 
concurrent growth across all layers rather than 
through compartmental training in one skill, a sub-
set of skills, or one layer of skills. In terms of the 
IPPD model, competency is defined as a combi-
nation of strong skills across all three layers that 
enables the learner to do a job well. Skills develop 
across professional and personal experiences that 
span the process-outcome continuum. Higher-lay-
er skills are aggregates of diverse knowledge ex-
periences that can generalize to many lower-layer 
skills; higher-layer skills inform and are informed 
by many lower-layer skills. In the following sec-
tion, each skill layer of the IPPD model is defined 
and its relation to existing theories of knowledge is 
discussed. Following the definitions, recommen-
dations are made for implementing learning strate-
gies that can assist learners with IPPD. In Chapter 
II, the authors discuss detailed recommendations 
for adaptive instructional design that supports and 
promotes lifelong IPPD.

1.4.1 Social Learning

The global component of the IPPD mode 
represents socially constructed and contextual-
ly situated learning while acknowledging that a 
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Figure 1.1 

Skills and Skill Relations in Integrative and Adaptive IPPD
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Domain Specific Skills
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paradigm shift is necessary to ready all learners, 
regardless of education level or age, for the 21st 
century knowledge economy. This in turn depends 
on strategic cross-sector partnerships that leverage 
a broad scope of social learning.

The IPPD social learning component takes 
inspiration from Rees & Bartlett’s (1999b) social 
learning model, which identifies the role of “so-
cial connectivity and the institutions of trust and 
cooperation in providing the economic founda-
tion on which market-based economies can flour-
ish and prosper” (Bartlett & Rees, 2000, p. 161). 
The IPPD model expands on the social learning 
model to include theories of situated cognition 
(Brown, Collins, & Duguid, 1989), collective in-
telligence (Hutchins, 1995; Schuler, De Cindio, 
& De Liddo, 2015), and constructivism (Bruner, 
1990; Piaget, 1963; Vygotsky, 1978) as well as 
additional theories of social learning (Bandura, 
1986, 1997, 2001). The IPPD model emphasizes 
the importance of—and interactions between—
social, technical, cultural, and economic contexts 
and the history or legacies within which knowl-

edge is situated (Coghlan & Brydon-Miller, 2014). 
Knowledge, in this context, is not a set of rational, 
discoverable facts that can be neutrally applied to 
test an idea, perform a task, or solve a problem. 
Rather, this knowledge is indistinguishable from 
how one acquires it (Polanyi, 1958) and the multi-
ple interactions that give meaning to information. 

As mentioned in the introduction, learners ac-
cumulate knowledge across many different rela-
tional contexts (school, work, home, society) and 
carry their accumulated knowledge to every learn-
ing context. Domain-general and life skills are 
more abstract and can thus transfer across different 
relational contexts and support integrative devel-
opment across different personal and professional 
situations. It is a key reason why these skills are 
gaining in importance in the 21st century econo-
my. Leveraging domain-general and life skills can 
provide inclusive and efficient entry points and 
pathways to the domain-specific components of 
different relational contexts for all learners. These 
entry pathways, however, need to be adaptive. 
Fixed relational contexts (i.e., standardized tests 
in mathematics using symbolic methods) may not 
strongly relate to the intelligences of some learn-
ers, thus portraying these learners as lacking in 
ability. Adapting relational contexts (i.e., using 
symbolic and statistical methods in teaching basic 
mathematical principles) can provide connections 
for differentiated learners (Costa et al., 2018; Van 
Herwegen et al., 2018). 

This report proposes an 
Integrative Professional and 
Personal Development (IPPD) 
model that incorporates 
the personal and relational 
components of knowledge in 
action. The model represents 
personal knowledge as a three-
layer hierarchy of skills: domain-
specific, domain-general, and 
life skills.

The relational component of 
the IPPD model emphasizes 
the technical, cultural, and 
economic contexts within which 
knowledge is situated.
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1.4.2 Life Skills and Personal Fulfillment

Personal growth strategies tend to focus on de-
veloping an individual’s resilience in response to 
threats to the economy. We need strategies that go 
beyond this to consider an individual’s satisfaction 
and fulfillment, which in turn will benefit society 
as a whole (Popović, 2014). Rees and Bartlett’s 
(1999b) personal development model, which calls 
for an increase in each individual’s “capacities to 
achieve self-fulfillment in other spheres of life, 
not just economic activities,” inspires this lay-
er of skills within the IPPD model (p. 21). Life 
skills span the cognitive, psychomotor, and affec-
tive domains (Anderson & Krathwohl, 2001) and 
thus cannot be treated only as high-level cognition 
(Carroll, 1993). Often tested as personality traits 
(National Research Council, 2013), such integra-
tive skills are key components of complex profes-
sional competencies (NACE, 2017) as well as indi-
cators of success in other areas of one’s life (Kelly, 
2016). More and more, researchers (Holmes et al., 
2019) and industry representatives (NACE, 2017) 
are coming to terms with the evolving needs of 
the 21st century economy, and a key part of this 
is valuing each individual’s ability to exercise life 
skills in multiple contexts. Life skills are critical to 
leverage social learning for professional and per-
sonal development and to inform the reorganiza-
tion of lower-layer skills to deal with a fast-chang-
ing world. The overarching goal is for learners to 
acquire appropriate generalizable life skills as they 
realize their own principles and values within a 
rich and inclusive social learning context.

The most salient life skills and personal ful-
fillment skills are communication (Adelman et al., 
2014; APLU & USU, 2019; NACE, 2017); col-
laboration (Rhodes, 2019; Weise et al., 2019); re-
flection (Schön, 1987); cultural agility (Adelman 
et al., 2014; Aoun, 2017); self-direction (Aoun, 
2017); empathy (Aoun, 2017); creativity (APLU 

& USU, 2019; Rhodes, 2019); productivity (Trill-
ing & Fadel, 2009); efficiency (Hecklau et al., 
2016); as well as exhibiting values and principles 
that indicate a learner can coexist with others (Na-
gel, 1986).

Georgia Tech’s (2018b) whole-person educa-
tion initiative (Initiative 1) is one example of a 
university taking action to answer employers’ calls 
to develop these skills in future employees (Geor-
gia Tech, 2018b; 2018c). Initiative 1 acknowl-
edges the need for learners to develop not simply 
discipline-specific knowledge (e.g., engineering 
fields) but higher-level skills that span beyond 
the cognitive domain such as the interpersonal 
and intrapersonal. The interpersonal skills include 
communication, teamwork, and leadership. The 
intrapersonal skills cover adaptability, initiative, 
discipline, ethics, and persistence. These are rec-
ognized as traits that lead to long-term success 
(Georgia Tech, 2018c).

Higher education’s commitment to life skills 
and whole person development needs to be re-
inforced by explicit engagement and valuing of 
these skills by industry. The Boeing Values-Based 
Leadership Model establishes eight different life 
skills/character traits that are explicitly connect-
ed to success and career development within and 
across the domain-specific areas of the company 
(Boeing, 2020). 

The overarching goal is for 
learners to acquire generalizable 
life skills that are critical to 
leveraging social learning for 
professional and personal 
development.
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1.4.3 Domain-General Knowledge

This layer of skills of the IPPD model is key 
for learners wanting to adopt a lifelong learning 
mentality because it assists them in achieving 
knowledge transfer and connecting life experi-
ences to domain-specific skills. Domain-general 
skills are also referred to as transferable skills and/
or abstract concepts in the knowledge frameworks 
covered in section 1.2 and section 1.3. The most 
common general skills covered in these frame-
works are logic and deduction, quantitative and 
computational thinking, analytical thinking and 
problem-solving, written and oral communication, 
data and information literacy, sensorimotor skills 
(i.e., visual perception, auditory perception), gen-
eral memory, and systems thinking.

It is important to realize that domain-gener-
al and domain-specific are areas of teaching and 
learning, which are not exclusive of one another 
(Perkins & Salomon, 1989). Learners who have 
domain-general knowledge may use techniques 
that exhibit metacognition, such as self-monitor-
ing and self-directing their own learning through 
the use of self-questioning. Such skills need to 
be taught in conjunction with those that are do-
main-specific (Perkins & Salomon, 1989). Devel-
opment of domain-general skills in tandem with 
domain-specific skills can gradually accelerate 
learning of domain-specific skills through knowl-
edge transfer. An example of this is the use of 
proof in mathematics, which a student may learn 
in a specific domain but, through guidance by an 
instructor, see the concept’s ready application in 
both philosophy and English. Once the concept is 
learned and carried across sectors, it can be highly 
transferable to real life such as dissecting a politi-
cian’s argument or deconstructing a pundit’s edito-
rial (Fadel et al., 2015). Another example is that of 
an undergraduate student who practices analyzing 
poetry in a British survey course and is then able 

to count that as a skill to be applied when it comes 
time to enter the workforce as a financial analyst 
(Aoun, 2017).

An example of domain-specific and do-
main-general learning from military training is 
the Department of Defense Language Institute’s 
use of Mordecai Meirowitz’s board game, Master-
mind, to test the aptitude of potential cryptogra-
phers (J. Avery, personal communication, August 
2019). If a learner could demonstrate the logical 
reasoning necessary to detect the encoder’s hid-
den pattern in the game’s colored pegs, then the 
examiners viewed this as a skill transferable to the 
language school training administered in Monte-
rey, California. The evidence of pattern recogni-
tion skills indicated the presence of cryptographic 
skills required to break encoded communications. 
Additionally, a person with such transferable skills 
might easily transition into the fields of machine 
learning or robotic computing (Lu, Yang, & Chu, 
2017).

Greater research is needed in order to make 
evidence-based recommendations on how to best 
teach domain-general knowledge in tandem with 
domain-specific knowledge (National Research 
Council, 2013). Throughout this report, we ex-
plore the role of collaborative learning as a strate-
gy where the learners’ roles and responsibilities in 
a domain-general context are explicitly stated and 
easily coupled with more domain-specific projects. 

Domain-general skills assist 
learners in achieving knowledge 
transfer and connecting life 
experiences to domain-specific 
skills.
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Another generalizable strategy is the combination 
of instruction and construction through guided ex-
periential learning (Mooney, 2013). For example, 
assigning a research paper that is conceptualized 
and written over the course of a semester would al-
low an instructor to guide the students in deadlines 
that work backwards from the due date while scaf-
folding the learner with suggested benchmarks to 
teach them project and time management in addi-
tion to the domain of the research. Offering tech-
niques for memory recall in tandem with content 
development aids the learner in priming their own 
memory or explicitly stating what should be in 
their own schema before presenting content. Such 
techniques may assist with long-term memory and 
logical deduction.

1.4.4 Domain-Specific Knowledge, Task 
Performance, and Competencies

Woolfolk and Margetts (2013) define do-
main-specific knowledge as pertaining to “a par-
ticular task or subject” (p. 251) and the Lumina 
Foundation in its Degree Qualifications Profile 
refers to this category of knowledge as the learn-
er’s field of study. Within the IPPD model, a do-
main-specific field of study is approached as a set 
of closely related domain-specific skills (see Ap-
pendix A). For learners to reach high proficiency 
in a specific skill or task, they need only master 
a specific domain or sub-domain (Hoffman et al., 
2014). However, to reach expert status in a field of 
study, they must be able to integrate high proficien-
cy in relevant domain-specific skills within a com-
plex competency envelope that spans domain-spe-
cific, domain-general, and life skills (Hoffman et 
al., 2014, p. 64). The ability of highly competent 
medical doctors to relate to their patients (through 
strong personal and relational life skills) and con-
nect that process to abstract knowledge of human 
behavior and specialized knowledge of their sub-

field is a knowledge-in-action paradigm that spans 
all three layers of skills and integrates profession-
al and personal development across the full span 
of the process-to-outcome continuum (Osterberg 
et al., 2016; Thornton, 2013). For this reason, the 
IPPD model approaches competencies as multi-
layer networks of skills.

To understand the development of skill profi-
ciency it is important to understand the differenc-
es between tasks and skills. David Autor (2013) 

in “The ‘Task Approach’ to Labor Markets” de-
fines the word task as a “unit of work activity that 
produces output” and defines skill as “a worker’s 
stock of capabilities for performing various tasks” 
(p. 4). He advances this further by claiming that 
skills must be applied to a task for output to oc-
cur. To move this into the realm of education, if 
an instructor wants the learner to acquire a skill, 
the process may begin with readings and lectures, 
but practice is what ultimately moves the newly 
acquired knowledge into an application. Outside 
of education, the sport of baseball may serve as a 
similar example of tasks providing output. A per-
son may have great knowledge about the sport of 
baseball through knowledge of the statistics and 

To reach expert status in a field 
of study, learners must be able 
to integrate high proficiency in 
relevant domain-specific skills 
within a complex competency 
envelope that spans domain-
specific, domain-general, and 
life skills.



28

CHAPTER I

rules of the game and by observing players’ per-
formance on the field. This does not mean, how-
ever, that the individual has the skill of accurately 
throwing the ball, running to the base with enough 
speed to avoid being tagged out, or judging the 
player’s pitch with enough accuracy to hit the ball 
into an open area of the field.

Furthermore, a task is a building block that 
links theory to practice. Learners perform many 
tasks over the course of their academic careers: 
studying, answering questions, listening, and 
taking exams. However, it does not necessarily 
follow that they have developed these tasks into 
a skill (Boulet, 2015). Performing tasks may be 
indicative of knowledge gained from the content. 
However, a skill has not been achieved until the 
learner is able to provide an output (Autor, 2013) 
that has developed from applying classroom learn-
ing to task performance. To use the sport of base-
ball as an example again, someone new to intra-
mural sports might be able to hit a baseball (task) 
when receiving pitches off of their own team’s 
pitcher but still not have the skill to avoid strik-
ing out when facing different pitchers due to their 
misjudgment of the ball’s speed and location with 
respect to the strike zone.

Following the paradigms of previous multi-
layered human intelligence models (Carroll 1993; 
Johnson & Bouchard, 2005), the IPPD model 
representation (Fig 1.1) places measurable per-
formance of tasks under domain-specific skills. 
The placement highlights that specialized tasks 
cannot be performed well without proficiency in 
pertinent domain-specific skills. However, as tasks 
get more complex, dynamic or ambiguous they 
require the concurrent application of domain-spe-
cific and higher layer skills for masterful perfor-
mance. Holmes, Bialik, and Fadel (2019) as well 
as Hoffman, Ward, Feltovich, et al., (2014) advise 

educators to become better at assisting learners in 
efficiently achieving the high proficiency of skills 
necessary for masterful performance in the face of 
an economy that is ever-changing and increasingly 
complex. Based on their research into the possible 
threat of artificial intelligence on human workers, 
Dreyfus and Dreyfus (1986) developed a five-
step guide to skill acquisition. This guide explains 
how someone passes through at least five levels of 
“qualitatively different perceptions of his task and/
or mode of decision making as his skill improves” 
(p. 19). The five levels of proficiency are: novice, 
advanced beginner, mastery, proficiency, and ex-
pert. As learners advance through each of these 
levels over their lifetimes, they become increas-
ingly able to integrate domain-specific knowledge 
with domain-general knowledge and life experi-
ence. This integration across skill layers increases 
proficiency and facilitates speed of acquisition.

At the novice level of proficiency, elements 
are context-free, meaning learners have no expe-
riential-based knowledge of the skill content. All 
behavior of learners at this stage is described as 
rule-driven, limited, and inflexible (Benner, 2004). 
Students judge their performances by how well 
they follow the rules because they “lack [a] coher-
ent sense of the overall task” (Dreyfus & Dreyfus, 
1986, p. 22). Students move to the next level, ad-
vanced-beginner, when they have gained some ex-
perience through real situations. These situations 
are similar to examples that have been provided in 
class or read in textbooks. An example of this lev-
el would be a driver new to using a manual five-
speed transmission. The driver no longer looks at 
a range on the odometer to tell if they have shifted 
into the appropriate gear, but instead relies on the 
sound of the engine revving to indicate the need to 
shift up or down (Dreyfus & Dreyfus, 1986). Both 
levels are still rule-based and objective, relying on 
what was previously learned.
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The third level of skill acquisition is referred 
to as mastery. Learners reach this level when they 
exhibit hierarchical decision-making, which re-
quires the domain-general skills of deduction and 
decision making. For example, a nurse-trainee is 
gradually able to decide, through experience, what 
is most important and which patient needs atten-
tion most urgently. The fourth level of skill acqui-
sition, proficiency, is achieved when a learner is 
able to leave the rule-based supports of those early 
stages. At this stage the learner realizes the most 
salient features of a situation and forces other less 
relevant features into the background (Dreyfus & 
Dreyfus, 1986). Moreover, the learner sees simi-
larities with past professional and life experienc-
es and is able to draw upon this domain-general 
knowledge to inform their decision-making in a 
mix that is both intuitive and analytical.

The final, fifth stage of skill acquisition, ex-
pert, describes an individual who has “an immense 
library of distinguishable situations…built up on 
the basis of [their] experience” (p. 32). In thinking 
of these stages and the journey one takes involving 
deliberate practice over years in order to reach their 
goal of achieving expertise (Ericsson et al., 1993), 

the domain-specific knowledge accrued through 
explicit forms early in one’s education serves as a 
foundation as the learner navigates from novice to 
expert in their practice. The accrued experience of 
placing domain-specific knowledge into complex 
life situations integrally informs all layers of skills 
and the adaptation of the skills to deal with differ-
ent relational contexts.

1.5 Characteristics of Integrative Development

An irregular hierarchy representation of the 
IPPD (Figure 1.1 above) is chosen to highlight 
several key characteristics of the model.

1. Skill interconnectivity can be represented 
as an irregular hierarchical network. The circular 
nodes in the IPPD figure represent skills and the 
lines (edges) represent their connectivity. There 
are multidirectional connections across skill lay-
ers (domain-specific sport and music practice 
both improve domain-general sensorimotor skills 
and improved sensorimotor skills improve sports 
and music performance) but also within layers 
(understanding of derivatives in calculus can be 
supported by practicing problem sets across phys-
ics, math, business, and design). The hierarchical 
network approach of the IPPD model symbolizes 
the purpose of training and education, which is to 
increase proficiency in domain-specific skills and 
increase the learners’ ability to transfer skills and 
capabilities to higher levels (Goldstein & Ford, 
2002) and across domains and sectors when ap-
plying them in the workforce. The desire for more 
transferable skills is based on the proposed insta-
bility of skills—a 42% predicted shift between 
the years of 2018–2022 of the core skills needed 
to do a job (World Economic Forum & Boston 
Consulting Group, 2018). Strong and custom-
ized connectivity among the three layers of per-
sonal knowledge allows adaptability to changing 
relational contexts. The IPPD approaches skills 

As learners advance over their 
lifetimes through proficiency 
levels they become increasingly 
able to integrate domain-
specific knowledge with 
domain-general knowledge and 
life experiences. This integration 
increases proficiency and 
facilitates speed of acquisition.
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growth as the result of complex interdependencies 
between the skills of an individual and the knowl-
edge economy institutions, and society overall. 
According to Schön (1987), there is a difference 
between knowing something and taking action 
on that knowledge. Similarly, in the Lumina DQP 
(Adelman et al., 2014), learners achieve high pro-
ficiency only when they exhibit the ability to apply 
knowledge in complex and changing situations. It 
is not a matter of “seat time” or grades.

Within an IPPD model, the three domains of 
Bloom’s (1956) taxonomy (affective, psychomo-
tor, and cognitive skills) grow in a parallel and in-
terconnected manner. Their interconnected growth 
characterizes the domain-general and domain-spe-
cific abilities of a person and supports the growth 
of interrelated life skills such as communication, 
reflection, relatedness, adaptability, creativity, and 
empathy. As one moves up the IPPD hierarchy, 
skills become more general and more integrative. 
A significant portion of domain-general and life 
skills may be tacit and transferable. For exam-
ple, as a waitress gains expertise in her job, she 
is also building tacit abilities in everything from 
multi-faceted communication and quantitative in-
telligence to multi-tasking and responding to un-
foreseen events. 

A simple example of interconnected, hierarchi-
cal skill development is that of a student evolving 
into a professional pianist. Societal discourse and 
shared creative practice shape the student’s musi-
cal aspirations and communication needs (Dewey, 
1934). These aspirations advance life skills such 
as understanding and directing complex feelings, 
leveraging critique to drive reflection, and com-
mitment to rigor. To achieve good piano perfor-
mance technique (specialized task performance), 
the student must demonstrate a combination of 
skills including (a) specialized sensorimotor skills 

(using the fingers to concurrently control multiple 
piano notes), (b) general sensorimotor skills (the 
ability to read the notes and use multisensory feed-
back in order to apply the prescribed pressure for 
the appropriate duration given by the score), (c) 
specialized understanding of a musical form (e.g., 
Chopin’s Nocturne), and (d) abstract abilities to 
understand formal relations, memorize structures, 
and map them over time. Sensorimotor skills and 
formal understanding that are trained through mu-
sic performance are highly transferable to mathe-
matical, spatial, and verbal performances (Wan & 
Schlaug, 2010). Mathematical reasoning improves 
formal understanding, which collectively im-
proves the performance of specific musical pieces. 
Sensorimotor, affective, and cognitive skills sup-
port and improve life skills such as communica-
tion, reasoning, and reflection. The sharing of a 
moving performance that promotes societal reflec-
tion constitutes an example of integrating personal 
development into societal development (Carayan-
nis, 2014) and denotes that the piano player has 
reached the level of expert. High competency in 
piano performance can therefore be seen as a net-
work of multilayer skills spanning life and profes-

The purpose of training and 
education is to increase 
proficiency in domain-specific 
skills and increase the learner’s 
ability to transfer skills and 
capabilities to higher levels and 
across domains and sectors. 
The learner’s ability will vary 
and necessitates adaptive 
instructional approaches.
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sional experience. When supported by relational 
knowledge contexts that favor knowledge transfer, 
these integrated skills can inform and be informed 
by research and education in many fields of human 
performance (from neuroscience to social science 
to sports science). 

2. Every learner’s personal knowledge is dif-
ferent. Individuals accumulate knowledge based 
on their own mode(s) of participation, preferenc-
es, situational contexts, and goals (Anderson, Red-
er, & Simon, 1996; Brown, Collins, & Duguid, 
1989). There is evidence of this type of layering 
in Michael Eraut’s (2004) research on professional 
development when he claims that “there will also 
be aspects of a person’s knowledge that have been 
constructed through lifelong learning and have 
become unique to them, i.e., outside the circle of 
shared cultural knowledge, because of the unique 
set of situations in which they have participated” 
(p. 202). Even though people can have similar col-
lections of skills (nodes), each person will have 
different skill strengths (depicted by size of nodes 
in Figure 1.1) and will have developed these skills 
through different connectivity. Domain-specific 
skills and training will transfer more readily for 
some learners and less so for others, depending 
on each learner’s general ability and strategies 
as well as their “crystalized ability to transfer 
the skill from past experience to similar tasks” or 
“fluid ability, flexible adaptation of skills to nov-
el learning tasks” (Clark & Voogel, 1985, p. 121). 
Because of this, the degree to which specific low-
er-level skills are connected to higher-level skills 
will vary from person to person, which in turn will 
necessitate adaptive instructional approaches. The 
links in the network representation of personal 
knowledge (Figure 1.1) have different strengths, 
however, both strong and weak links need to be 
considered for professional and personal develop-
ment. A performance of a specialized task (a key 

characteristic of assessing professional develop-
ment) may have a strong link to domain-specific 
knowledge (Carroll, 1993) but it is critically con-
nected to many other things (Rees and Bartlett, 
1999b).

3. Skill development is process focused and 
outcome focused. A significant amount of personal 
knowledge is built through activities that focus on 
process. For example, participation in team sports 
and cultural activities can help individuals devel-
op complex networks of skills across layers while 
also connecting personal and relational develop-
ment (e.g., developing into a good team mem-
ber across varied situations). For many learners, 
these process-based activities may not produce a 
strong measurable outcome such as high-end per-
formance in sports or arts. However, the ability 
of these participatory processes to develop skills 
across all layers of personal knowledge (including 
some of the more complex abstract skills near the 
top of the hierarchy such as teamwork, communi-
cation, reflection, and recovery from failure) can 
help performance in other measurable outcomes 
that are strongly connected to professional devel-
opment.

For example, there is a strong correlation be-
tween women who become student athletes and 
their success in achieving leadership positions in 
Fortune 500 companies (Zarya, 2017). There is 

A significant amount of personal 
knowledge is built through 
process-based activities (e.g., 
sports and arts) that help 
professional development in a 
tacit manner.
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significant research and theory (Carayannis, 2014; 
Dewey, 1938; Florida, 2002) indicating that societ-
ies that support participatory cultural activity build 
a reservoir of tacit complex knowledge amongst 
their citizens, which then enables these societies to 
be more resilient to change and disruptions. This 
is not knowledge that is measurable at the level 
of individual performance in specialized outcomes 
but knowledge that is evident in the higher layers 
of personal knowledge and in the collective. The 
irregular hierarchy representation of skills of the 
IPPD model aims to highlight the complex and 
idiosyncratic connectivity and transferability of 
knowledge across different experiences that is fa-
cilitated by aggregated development of higher lay-
er skills. One of the working groups to follow this 
report (see Working Groups section) will explore 
how an IPPD approach to knowledge can lead to 
revaluing of arts and humanism as mechanisms for 
supporting collective experience that advances ev-
eryone’s domain-general and life skills.

A society that defines knowledge inclusively 
(across the full spectrum of the four dimensions 
outlined in our introduction) is better able to rec-
ognize and benefit from the full diversity of per-
sonal knowledge of its members as well as the full 
range of skills of each person in their many dif-
ferent manifestations and combinations. Adaptive 
learning is critical to identifying and advancing 
different types of personal knowledge. Valuing of 
diverse knowledge within society encourages each 
individual to embody and relate to difference. It 
also generates complex pluralistic discourse 
among individuals. Such discourse can provide 
sustainable solutions to complex problems.

1.6 Collective Responsibility for Integrative 
Professional and Personal Development

A number of times in this report, the authors 
note that institutions of trust play an important role 

in developing learners. The authors also provide 
examples that demonstrate the need for institu-
tional partnering. Creating and mapping pathways 
for the skills and competencies that already exist 
in the learner and those that need to be acquired 
for future careers and promotions are crucial for 
the learner’s success.

1.6.1 Knowledge Transfer

Developing a robust skill repertoire depends 
on each learner’s ability to transfer existing and 
newly developed knowledge to areas beyond the 
context in which the knowledge was developed 
(i.e., beyond the classroom). Enabling learners to 
transfer their knowledge as they apply their skills 
across different contexts and in unknown settings 
still to come will enhance their performance and 
increase their mobility over their careers. While 
such knowledge transfer is difficult to achieve 
(Baldwin & Ford, 1988), instructors, trainers, 
learners, and employers all must share in the re-
sponsibility for success. When instructors are able 
to take specific concepts, constructs, and tools of 
one domain and explicitly connect them to other 
domains and/or applications, they help to make 
the content more meaningful to the learner and 
enable knowledge transfer via practice and across 
different contexts (Fadel et al., 2015).

It is well known that learners often natural-
ly acquire domain-specific and domain-general 
knowledge in tandem (Perkins & Salomon, 1989). 
When designing for instruction it is important to 
ask, “What concepts will remain in the learner af-
ter they graduate?” (Fadel et al., 2015). In other 
words, “How can this content be taught in a way 
that enables the learners to transfer it to other do-
mains and possibly real-world applications while 
also providing them with the essentials to the dis-
cipline?” (Fadel et al., 2015). Instructors wanting 
to operationalize integrated domain-specific and 
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domain-general acquisition of skills may find it 
useful to set up a matrix as described by (Fadel et 
al., 2015). If doing so, instructors need to realize 
that it is not unusual for the matrix to be uneven-
ly or incompletely populated across the layers of 
the IPPD model. The idea of mapping connections 
between the domain-specific and the domain-gen-
eral works well with what Fadel, Bialik, and Trill-
ing (2015) refer to as concepts and metaconcepts. 
Take, for example, the idea of rate of change, 
which students frequently learn in mathematics 
classes by memorizing “rise over run” when de-
termining the facts about a line (Fadel et al., 2015, 
p. 77). In physics, the concept is used to figure 
relationships between velocity, position, and ac-

celeration. While learned in a specific domain, the 
abstract of it helps with understanding change in 
one’s everyday life. A general member of the pub-
lic may use it to understand how pandemics spread 
(Fadel et al., 2015).

This approach of teaching math inside and out-
side the first principles method can apply to the 
overall teaching of derivatives. Many disciplines 
have calculus as an element and many of those 
disciplines teach the fundamentals of calculus as 
building blocks to the final outcomes. A derivative 
represents a change over time of some fixed pa-
rameter that has an implied direction of movement 
represented by a function or vector. A second de-

rivative will reveal a higher-level rate of change or 
a maximum or minimum value. Unless you are a 
mathematician, the real knowledge for a discipline 
is understanding the purpose of each derivative 
and how to use it, not the process by which it is 
obtained. The Wikipedia article on time deriva-
tives (“Time Derivative,” n.d.) gives the following 
examples from physics: (1) force is time deriva-
tive of momentum, (2) current is time derivative of 
charge, and (3) power is time derivative of energy. 
It also discusses the following examples from eco-
nomics: (1) the flow of net fixed investment is the 
time derivative of the capital stock, (2) the flow 
of inventory investment is the time derivative of 
the stock of inventories, (3) the growth rate of the 
money supply is the time derivative of the money 
supply divided by the money supply itself, and (4) 
the growth rate of the labor force is the time deriv-
ative of the labor force divided by the labor force 
itself.

All of these examples use the same fundamen-
tal processes that can be laborious and confusing 
to develop from first mathematical principles. 
However, effective integrative thinkers will be 
able to grasp the relationships being expressed by 
the examples, even when they are not part of their 
core discipline training, because the relationships 
are contextually understandable. They can calcu-
late an outcome through the understanding of the 
contextual relation and the use of computational 
tools that do not require deep first principle math-
ematics understanding. Teaching computational 
tools and how to use the results in context would 
provide the real knowledge to integrative think-
ers. Adaptively, students could dive deeper into 
the results in different domains or into the funda-
mentals of mathematics if so desired. The entry 
point to understanding and using derivatives can 
even be experiential. For example, a pianist has 
tacit knowledge of velocity being a derivative of 

Knowledge transfer is difficult 
to achieve. Instructors, trainers, 
learners, and employers all must 
share in the responsibility for its 
realization.
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rate of displacement of a piano key from rest po-
sition to the hammer hitting the string; the faster 
that displacement the louder the note. The pianist 
uses this tacit knowledge expertly to control dy-
namics and with the appropriate instructional sup-
port could translate that knowledge into other do-
mains that use derivatives. Earlier in this section 
we discussed the relevant real-life example of the 
Indian River State College in Fort Pierce, Florida 
that removed college algebra barriers by creating 
courses for students to learn only the precise alge-
bra, trigonometry, and statistics skills necessary to 
work within the field of nuclear energy (National 
Science Board, 2019).

This section focused on knowledge trans-
fer processes between domain-specific and do-
main-general skills in order to highlight that these 
skills can develop in tandem and that they are 
synergistic. The authors discuss in more detail in 
Chapter II, how connections between domain-gen-
eral skills and life skills may be achieved through 
informal approaches such as mentoring, advising, 
solving research problems, or participating in col-
laborative problem-solving projects.

1.6.2 Learner Autonomy

While the beginning awareness of transfer 
may originate with an instructor, trainer, or peer 
in a learner’s educational institution or place of 
employment, the ability to continue moving and 
enhancing a skill set belongs to and resides within 
each learner. As such, instructors, mentors, man-
agers, counselors, and advisors can assist learn-
ers in realizing their prior knowledge and skills 
through a learners analysis, which can be viewed 
as an inventory for the purpose of connecting that 
knowledge to new concepts and realizing its rele-
vance through application outside of the original 
acquisition context (Anderson, Reder, & Simon, 
1996).

In a similar way, simultaneously acting as a 
guide on the side, an instructor or a mentor may 
empower the learner to develop and implement 
their own metacognitive strategies and self-reg-
ulation (Ford et al., 1998); practices that will re-
main with the learners and assist their professional 
and personal development throughout their life-
times. Doing so aids learners in realizing how their 
own inventory of knowledge and skills connects 
to possible goals within the range of their zones of 
proximal development (Vygotsky, 1978). It might 
also help them gain the self-efficacy and where-
withal to pursue and develop whatever skills they 
might need to fill the gap between their current 
professional states and their goal states. Resourc-
es provided by institutions of trust can assist them 
throughout this co-creation.

A well-structured co-creation paradigm can 
empower the learner without losing quality or rig-
or. For example, the highly ranked Computer Sci-
ence (CS) program at Carnegie Mellon University 
identifies only eight computer science courses and 
four mathematics courses as fixed requirements of 
the BS degree. Proficiency in other areas of the de-
gree is achieved by the student choosing from a list 
of electives per area. Many of the electives bridge 
CS with another field of knowledge. Students are 
also required to complete a minor outside of CS. 
Finally, students can receive significant hours of 
credit for research and work with industry (i.e., in-
ternships) (Carnegie Mellon University, n.d. -b).

Beyond the classroom or training context, 
higher education bears the responsibility to assist 
learners as they discover and align their career 
goals via pathways. Part of this responsibility can 
be achieved by fostering learners’ relationships 
with representatives from industry for the purpose 
of later exploring opportunities through intern-
ships or cooperatives (Coffield, 1999; Matusovich 
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et al., 2016) that serve the dual purpose of (a) “try-
ing on” various job roles prior to committing to a 
specific career, and (b) aiding learners in moving 
or generalizing their knowledge from the class-
room to the job and vice versa as they see the skills 
being applied in the workplace. Once learners de-
cide on a career goal, they need the flexibility to 
customize their personal curricula to match that 
goal (Georgia Tech, 2018a). This may be achieved 
through the traditional format of coursework, 
through experiential learning opportunities with 
industry, or via shorter, just-in-time mediums of-
fered via services like Coursera, LinkedIn Learn-
ing, or boot-camps.

Lifelong adaptive and integrative professional 
and personal development also requires a co-cre-
ation paradigm that engages both the employer 
and employee. At a time when automation and 
socioeconomic innovations make job tasks fleet-
ing (Manyika et al., 2017), learners can perform 
certain tasks within the context of their jobs while 
simultaneously developing more inherent capa-
bilities that, with the right support structures, can 
be portable (Muro et al., 2019). Because individ-
uals add value to their place of employment (and 
the economy more broadly), the workplace sys-
tem must also give value to the individual in the 
form of remuneration, as well as opportunities for 
personal and professional development (Wolff & 
Resnick, 2012). In return, employees should be 

encouraged to grow their capabilities—including 
but not limited to specific job task knowledge—in 
such a way that they are building a foundation for 
mobility within the organization and/or the econo-
my more broadly.

Evidence of this thinking is being put into ac-
tion by companies such as Amazon, AT&T, and 
General Electric (GE), all of whom explicitly map 
pathways that enable their employees to clear-
ly see routes to advancement or career changes. 
Chapter III of the report includes a summary of 
the adaptive lifelong learning programs instituted 
by GE Appliances for facilitating worker mobility 
and advancement. Details on these programs and 
their outcomes are provided In the Resources sec-
tion.

It is important to note in closing that integra-
tive development of skills allows all learners to 
connect their diverse life experiences to multiple 
professional pathways. It also makes each learn-
er’s complex stock of skills highly adjustable to 
changing workforce needs and provides employ-
ers with a large diversity of intelligences for deal-
ing with 21st century complexity. In the remaining 
chapters, the authors discuss how developing such 
a non-linear model can only happen through on-
going trial, innovation, and collaboration between 
and among different sectors.



Chapter II:
Adaptive Approaches to Integrative 
Professional and Personal Development
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In this chapter, we explore adaptive learning 
methods designed to achieve integrative 
professional and personal development. 

We argue that the mapping of personal experience 
and aspirations to adaptive career paths requires us 
to rethink the notion of curriculum. The primary 
focus must be on the skills and competencies that 
individual learners accumulate rather than on the 
courses they take. We then propose an approach to 
learning in which the curriculum is conceived as 
a network of modular learning experiences con-
nected through multiple pathways that allow in-
dividual learners to develop skill proficiency and 
connectivity in their own unique ways. Finally, we 
discuss a number of existing technological tools 
and technology-assisted processes that facilitate 
adaptation in the learning experience.

2.1 Adaptation and Integrative Development

Integrative Professional and Personal Devel-
opment (IPPD) is “lifelong,” occurring throughout 
the stages of one’s life; “life-wide,” taking place 
across a range of activities and social settings; 
and “life-deep,” referring both to the multilayer 
complexities of 21st century competencies (as out-
lined in the previous chapter) and to the cultural 
and social values that influence learning (Banks et 

al., 2007). Such learning takes place in everyday 
settings and family activities; the workplace and 
professional settings; designed spaces (such as 
studios, classrooms, museums, and libraries) and 
programs; and increasingly, online and via mo-
bile technology. Within this context, the notion of 
“learning” is varied and therefore requires a high 
level of adaptation. 

What this adaptation looks like is determined 
by asking the following questions:

•	 Who is the learner? How do we facilitate 
the emergence of each person’s knowledge, 
strengths, and aspirations so that we can cus-
tomize learning to these strengths and aspira-
tions? How do we integrate continuous and 
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Integrative Professional and 
Personal Development is 
“lifelong,” “life-wide,” and “life-
deep.”  This notion of learning is 
varied and requires a high level 
of adaptation.
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active learner participation into an individu-
alized program of professional and personal 
development?

•	 What is the learner’s need(s)? Needs can range 
from a minor upgrading of skills to reshaping 
of an entire career.

•	 When, where, and how can the most effective 
learning take place? In answering these ques-
tions, it is important to anticipate that timing, 
delivery mode, and place of learning might 
have to change along the way.

•	 How do we track, record, and reward lifelong, 
life-wide, and life-deep learning? How do we 
make pathways flexible so as to respond to 
learner development and discovery and to the 
changing needs of the world?

•	 How do we facilitate the merging of human 
expertise with technological tools and the 
continuous development of cyber-human in-
telligence to help address the complexity and 
dynamicity of high-dimensional adaptive and 
integrative learning?

Prior to the emergence of the current knowl-
edge economy, opportunities for adaptive lifelong 
learning tended to focus on the needs of non-tra-
ditional learners, especially working professionals 
with a need for enhanced on-the-job knowledge or 
a desire for career mobility through the attainment 
of a certificate or an advanced degree. For the most 
part, the programs (or products) created to address 
these needs have usually been delivered through 
correspondence courses, video programs, and 
more recently, asynchronous online instruction—
modes that allow for flexible access and self-paced 
engagement. Higher education institutions have 
recognized the need for adaptive learning at least 
since the emergence of the new economy, but for-
mal implementation has been sporadic (Crow & 

Dabars, 2020). The need for more inclusive ap-
proaches to learning that also address rising costs 
and restrictive access to educational programs is 
driving higher education institutions to rapidly 
consider alternative approaches to curriculum de-
velopment and course delivery (e.g., EdX, Cour-
sera, Edplus). 

While these programs are invaluable, it might 
help us to also look outside of higher education 
to identify emerging trends in learning and de-
velopment organizations, especially within in-
dustry where flexible and customizable learning 
approaches are being implemented. Looking for 
emerging solutions to adaptive learning across 
sectors is also consistent with the spirit of inte-
grative personal and professional development. 
After all, school typically occupies only 18.5% of 
a person’s lifetime waking hours (Stevens, 2005), 
which means that most people attain the majority 
of their knowledge through adaptive “free-choice” 
learning outside of the classroom setting. This 
kind of learning can be characterized as “learn-
er-motivated, guided by learner interests, volun-
tary, personal, ongoing, contextually relevant, col-
laborative, nonlinear, and open ended” (National 
Research Council, 2009, p. 11). The current time 
window is opportune for cross-sector sharing of 
practices for scaling of adaptive learning across 
higher education and professional training.

2.2 Co-Creation Approaches to Learning

A growing number of studies are discovering 
both social and economic reasons for rethinking 
traditional approaches to curriculum develop-
ment. For instance, Robert J. Sternberg (2006) has 
found that students perform significantly better 
when teachers forgo a textbook-based curriculum 
in favor of a curriculum constructed around stu-
dents’ everyday cultural experiences or adaptive 
skills they learned outside of the classroom. This 
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is experiential learning at its best. In another study, 
Sternberg and colleagues (2006) found that “when 
we teach students in a way that fits how they think, 
they do better in school” (p. 33).

In their book Unlocking Student Potential: 
How Do I Identify and Activate Student Strengths, 
Yvette Jackson and Veronica McDermott (2015) 
argue that learners demonstrate in everyday, 
non-academic settings many of the skills that ed-
ucators think students need to be college ready. 
These skills include exercising independence, re-
sponding to the demands of a situation, compre-
hending and critiquing, and using technology and 
digital media (p. 6). The key, they maintain, is to 
tap into these skills, make learners aware of them, 
and help learners to employ them in other settings. 
When this happens, learners are (a) better pre-
pared to learn and (b) more likely to view them-
selves as capable, valued, and respected. This, in 
turn, promotes greater engagement, performance, 
and enjoyment in learning in an academic setting 
(Jackson & McDermott, 2015, p. 8).

The challenge, unfortunately, is that social 
norms tend to push learners to focus on their 
deficits rather than their achievements. Most of 
the time, these deficits are defined by standards 
and models that originated during the second in-
dustrial revolution—standardized testing of do-
main-specific skills and task performance (i.e., 
grades in standardized tests). Not surprisingly, stu-
dents judge themselves based on these standards 
and models, even though in some cases they may 
be outmoded. It is essential, therefore, to count-
er this tendency by empowering students to rec-
ognize their strengths and then build upon them. 
Jackson and McDermott (2015) cite numerous 
studies showing the benefits of this positive rein-
forcement. For instance:

•	 Confidence increases when teachers empha-

size a student’s strengths. This produces neu-
rological stimulation that, in turn, builds more 
confidence (Jensen, 1998).

•	 When students reveal their interests, and when 
they are allowed to practice skills based on 
those interests, they exercise personal strengths 
more frequently, which causes the brain to cre-
ate more neurons, thereby helping them to be 
more efficient and perform better (Anderson, 
2005).

•	 Focusing on students’ positive talents improves 
their emotional health, which is directly tied 
to better learning and performance (Costa & 
Kallick, 2014).

•	 When teachers intentionally bridge learning 
with students’ cultural backgrounds and inter-
ests, students are better able to tap into innate 
strengths, which enables them to learn better 
(Duncan-Andrade & Morrell, 2008; Mahiri, 
1998).

2.2.1 Redefining Strength

When many of us hear the word “strength” in 
a professional or educational context we think of 
the Clifton StrengthsFinder (Clifton, Anderson, 
& Schreiner, 2002), which identifies a strength as 
a natural talent embedded in a person’s identity. 
If cultivated over time, this talent can become a 
strength and, for the most part, it remains relative-
ly stable across situations and experiences. This 
notion has been enormously influential in the busi-
ness world. The Gallup Clifton StrengthsFinder 
assessment is used by 90% of Fortune 500 compa-
nies in their organizations (Clifton StrengthsFind-
er, 2019). And yet, there is a danger in viewing a 
person’s dynamic skill set through such a restric-
tive lens: We risk identifying a person’s strength 
tags prematurely and then locking them into an un-
necessarily circumscribed learning path. Once this 
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happens, strength tags have a tendency to become 
fixed, which can then limit adaptive development.

For this reason, our IPPD model approaches 
strengths as a dynamic amalgam of tacit, implicit, 
and explicit skills. By empowering social learning 
across different contexts, this amalgam of skills 
acts as an anchor for varied personal and profes-
sional development pathways—i.e., for forming 
many different types of explicit competencies. 
Changes in relational context and personal de-
velopment will enable a person’s unique array of 
skills to emerge, develop, and evolve, which might 
in turn force us to rethink that person’s perceived 
strengths. For example, strong hand-eye coordi-
nation may manifest in sports or crafts. Within 
an inclusive and adaptive learning context, this 
ability can become a strength that contributes a 
great deal to a career as a neurosurgeon, archi-
tect, sports coach, or airplane pilot. A learner may 
have strengths that are not emerging because of 
the teaching methodology. Research at Kingston 
University London has shown that learners who 
may struggle with symbolic methods of teaching 
fundamental math skills can achieve high levels of 
mastery of these skills through statistical methods 
of teaching (Costa et al., 2018; Van Herwegen et 
al., 2018). Even a simple change to testing meth-
odologies can result in a different ranking of a per-
son’s skills because that person’s tacit and personal 
skills may not be captured by institutionalized and 
standardized testing (Bhattacharyya et al., 2013).

2.2.2 Integrative Lifelong Development through 
Collective Co-Creation

The IPPD model links integrative develop-
ment to adaptive learning by emphasizing that a 
person’s accumulated life, domain-general, and 
domain-specific skills do not have to be narrow, 
fixed, or immovable. They can be reorganized, ex-
panded, and remixed in response to different con-

texts and evolving learner needs and aspirations. 
Continuous personal discovery is most likely to 
happen when learners are active participants in 
dynamic learning processes. There is significant 
research showing that learning is most effective 
when it combines (a) instruction with construc-
tion and (b) knowledge assimilation with knowl-
edge accommodation (Mooney, 2013; Niemiec & 
Ryan, 2009). An integrative co-creation approach 
to learning brings together instances across the full 
spectrum of the four-dimensional inclusive knowl-
edge representation discussed in the Introduction 
of this report. For example, participatory design 
exercises tend to be more successful when they 
encourage self-authorship and team formation; 
this is more likely to happen when the exercises 
move constantly between process-focused and 
outcome-focused instances and between segregat-
ed and integrative work (Senge et al., 2012). When 
the learner explores different pathways, they find 
new strengths and discover new interests. This 
opens new opportunities for professional careers 
and personal development. Institutions must, in 
turn, adapt their learning and career pathways to 
accommodate the learners. In other words, learn-
ing is most successful when it happens via contin-
uous co-creation.

One example of an integrative co-creation ap-
proach to learning is Maria Montessori’s well-es-

Active participation in dynamic 
learning processes creates 
continuous professional and 
personal development. Skills are 
reorganized and expanded in 
response to different contexts.
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tablished method for early childhood education 
(Mooney, 2013). The Montessori method values 
self-directed, hands-on learning, with the goal 
being for children to become self-motivated in 
all areas of their development: cognitive, emo-
tional, social, and physical (American Montessori 
Society, 2020). Recent research shows that chil-
dren who attend such preschools perform better 
in academics and social cognition, are more mas-
tery-oriented, and tend to enjoy academic tasks 
over recreational ones (Lillard, et al., 2017). There 
is, however, some debate over the effectiveness of 
the Montessori method. Advocates believe it pre-
pares students for success as they age, but some 
studies have found no difference in Montessori 
versus traditional education for middle and high 
schoolers (Lopata, Wallace, & Finn, 2005; Ruijs, 
2017). Some speculate that teachers in these high-
er grades have not been adequately trained to de-
liver a continuation of the Montessori curriculum, 
that there are more options available for other spe-
cializations in high school, or that this curricular 
framework which was developed based on ear-
ly childhood development works well for young 
children but that students in traditional schools 
eventually catch up. Another possible explanation 
is that the focus on standardized, domain-specif-
ic outcomes in traditional middle and high school 
education disincentivizes the continuous growth 
of domain-general and life skills a child begins to 
build in early Montessori education. Nevertheless, 
the Montessori method is a helpful example of 
the types of co-creation in learning for which the 
IPPD strives.

In the realm of higher education, co-creation 
approaches to learning are opening new opportu-
nities for college students to customize their learn-
ing experiences—or “journeys”—in ways that 
go against the traditional educational paradigm, 
which expects students to excel in tasks and spe-

cific knowledge before they have had a chance to 
reflect and develop as individuals. For instance, 
Taran Cardone (2018) describes how we might use 
design thinking to customize learning through a 
model called personal learning design. Educators 
can engage students in personal learning design by 
asking them to “map out experiences as big as their 
overall college journey and as small as specific ex-
periences along that path” (p. 15). For their part, 
students are encouraged to ask themselves, “What 
unique combination of involvement, coursework, 
and everyday interactions would amount to a 
journey that mattered?” (p. 11). In a similar vein, 
Journeysmap.com is an online tool that enables in-
dividuals to chart their life journey from pre-kin-
dergarten through secondary and college educa-
tion, to their career, and beyond. If a learner has a 
dream career, they can search through the database 
and discover multiple paths to achieve that dream. 
Self-discovery exercises like journey mapping can 
be effective because they exploit the strong rela-
tionship between personal and relational knowl-
edge, enabling people not only to discover their 
abilities and interests but to also gain confidence 
by seeing how different abilities can be combined 
to solve complex problems. 

Co-creation approaches to learning can lever-
age inclusive relational contexts to promote 
self-discovery for all kinds of learners while di-
versifying their interpersonal relations and conse-
quently expanding their aspirations. This contrib-
utes to the development of much-needed social 
capital, which Avis (2002) and Szreter (1998) ar-
gue is crucial to boosting the economy while also 
increasing social inclusion and cohesion. Collec-
tive intelligence scholars propose defining Collec-
tive Intelligence for the Common Good as a meth-
od for harnessing the power of a diverse group to 
promote societal good, improve civic engagement, 
and produce transformative solutions to complex 



42

CHAPTER II

problems through democratic decision making 
(Schuler, De Cindio, & De Liddo, 2015). In other 
words, bring people with a variety of skills togeth-
er to leverage those skills for the broader, social 
good. In turn, those same people discover and 
gain confidence in their abilities, grow and devel-
op personally, and create wide societal aspirations. 
Appreciative inquiry may be one method of pro-
moting self-discovery and collective intelligence. 
Appreciative inquiry is a process that “encourag-
es organizations to identify strengths and imagine 
possibilities to outgrow problems and realize vi-
sions” (Tschannen-Moran & Tschannen-Moran, 
2011, p. 422). Instead of focusing on problems that 
can spiral down to a blame game, appreciative in-
quiry, which is founded on positive psychology, fo-
cuses on identifying positive aspects of people and 
the situation and therefore shifts the team’s mind-
set in new, positive directions (Tschannen-Moran 
& Tschannen-Moran, 2011). From there, the team 
can explore tasks to solve complex problems or 
may begin to understand how their own skills can 
be used in other areas of their lives (personal de-
velopment). We discuss in more detail the issue of 
participation as knowledge creation in Chapter IV.

2.3 Understanding Learners’ Personal and 
Relational Knowledge

Our current learning institutions and systems 
are very good at measuring domain-specific skills 
through standardized approaches. But this only 
takes us so far. IPPD-based learning strategies 
supported by relevant high-dimensional analytics 
(see section 2.5) can help us understand and pos-
sibly begin to quantify integrative development 
across domain-specific, domain-general, and life 
skills. However, in order to track and understand 
the totality of a learner’s personal knowledge, 
we also need a qualitative framework, one that 
focuses on the experience of personal develop-
ment. Combined with quantitative approaches to 

multi-layered skills, this qualitative framework 
can inform the comprehensive implementation of 
lifelong adaptive and integrative learning.

One possible starting point for developing a 
qualitative framework is Ken Wilber’s model for 
integral theory, commonly referred to as AQAL, 
which is shorthand for “all quadrants, all levels, 
all lines, all states, all types.” Wilber et al. (2012) 
contend that “this is the simplest set of distinctions 
that account for the complexity of our evolving 
world and the depth and breadth of consciousness 
for which authentic practice strives” (p. 1628). 
While it is often said that AQAL “makes sense of 
everything,” the framework is not totalizing. In 
fact, Wilber (2012) would argue that it leaves out 
most of the details, to be filled in by new discover-
ies and individual experiences. We provide here a 
brief overview of the AQAL elements, and Owen 
Cardwell explores the AQAL model in more detail 
in the Resources section.

•	 Quadrants refer to the four dimensions of be-
ing-in-the-world: interior/exterior and indi-
vidual/collective, which translate into think-
ing (I), behavior (It), culture (We), and social 
systems (Its). The first two quadrants—I and 
It—focus on individuals and their strengths, 
abilities, frame of mind, and how they relate 
to the physical environment. The We and Its 
quadrants help the individual see how they fit 
within the broader social world. Using Wil-
ber’s AQAL model, an integrally developed 
person is one who can draw upon all four 
quadrants. According to Wilber et al. (2011), 
“phenomena arise in all four dimensions si-
multaneously. The four quadrants co-arise (or, 
more precisely, ‘tetra-arise’) in the experience 
of every now” (p. 1704). In order to be both 
aware of the narrative being performed and 
able to reframe that narrative, it is important to 
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recognize all four dimensions in any situation.

•	 Levels of Consciousness are higher-order struc-
tures that emerge as evolution breaks into new 
territory. These structures reflect attitudes of 
consciousness (such as egocentric, ethnocen-
tric, world-centric). According to Wilber et al. 
(2011), there are higher and lower structures 
of consciousness, and it is possible to grow to 
higher levels in progressive stages or waves of 
development. For example, as human beings 
we move from childhood to adolescence to 
adulthood; as a society America moved from 
slavery to segregation to civil rights. Our level 
of consciousness defines our worldview.

•	 Lines of Development are specific areas in 
which growth and development occur (e.g., in-
terpersonal, moral, musical, needs, cognitive). 
They are also sometimes called “multiple in-
telligences” or “streams” of development.

According to the AQAL model, consciousness 
does not develop monolithically in all areas at the 
same time. The pace of growth may differ in different 
areas, and growth in some areas may be necessary for 
growth in others, yet multiple developmental lines 
can be distinguished through which growth occurs in 
a relatively independent fashion (Wilber et al., 2011). 
Psychologists have identified multiple dimensions of 
development (Abes, Jones, & McEwen, 2007; Kohl-
berg, 1971, 1981). In this report, our focus is on lines 
of development that address existential questions 
and have potential connections to the IPPD life skills 
such as reflection, self-discovery, values, and princi-
ples. The idea behind these self-evaluative questions 
is to bring forward a person’s tacit life skills that can 
facilitate adaptive and lifelong learning.

•	 Self: Who am I?

•	 Interpersonal: Who are the people with whom 
I coexist?

•	 Cognitive: What am I aware of internally and 
externally?

•	 Values: What is important to me and what is 
important to others?

•	 Emotional: How do I feel?

•	 Empathy: How do others feel?

2.4 Moving From Fixed Courses and Curricula 
to IPPD-based Adaptive Learning Platforms

If a traditional learning model focuses on the 
courses someone took, a learning model focused 
on IPPD shifts the focus to the skills that accu-
mulate in the learner and on how these skills can 
quickly transform to meet fast-changing work-
force needs. Lifelong application of an IPPD mod-
el requires highly adaptive learning platforms that 
(a) can recognize the full stock of the learner’s ex-
isting skills across the IPPD layers, and (b) allow 
learners to pick up skills in many different ways 
and environments (ranging from practical experi-
ence in the job to a formal course) and to compile 
skills into competencies through customized path-
ways. 

An adaptive learning platform that supports 
IPPD requires full flexibility of timing and con-
tent. A learner can access and exit structured learn-
ing fitted to their needs at any time. The learning 
experience can range from a short module focused 
on a single skill to a long pathway that produces 
multiple competencies. Learners can, and should, 
engage in these experiences throughout their 
lives and realize adaptive pathways on their own 
schedule. IPPD-based learning platforms recog-
nize all types of knowledge (tacit, implicit, and 
explicit) and all layers of skills (domain-specific, 
domain-general, and life) thus allowing all types 
of experiences to contribute to learning. For in-
stance, upskilling for an employee can include 
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everything from apprenticeships and mentoring 
to online content and flipped classrooms (Lohr, 
2020). The timing flexibility of an IPPD-based 
platform refers to when a person chooses to en-
gage an experience but also how long they will 
spend on that experience. Organizing content in 
smaller units (modules) and allowing each person 
to take different amounts of time to complete each 
unit can contribute to completion and retention 
rates (University of Detroit Mercy, n.d.). Modular 
content also allows testing for different ordering 
of concepts which helps with adaptation to learn-
er needs and with the creation of overall analytics 
to inform ordering recommendations (Koedinger, 
McLaughlin, & Stamper 2014). Modular content 
also contributes to just-in-time advising as learner 
analytics emerging from small learning units can 
be used to frequently update the learner pathways. 

An IPPD-based adaptive learning platform can 
effectively be structured as a dynamic collection 
of networks of modules that connect through mul-
tiple pathways to allow learners to develop skill 
proficiencies in a customized manner. Different 
modules can approach the building of skill profi-
ciency through different formats (experiential, the-
oretical, in-person, asynchronous, blended, etc.) so 
as to accommodate different ways of learning and 
different learners. We represent modular building 
of skill proficiency in Figure 2.1a: square nodes 

represent modules while links represent pathways 
between modules (or flexible prerequisites). Profi-
ciency in the targeted skill progresses through the 
novice, capable, and skilled levels (see Chapter 
I). Each proficiency level has multiple modules 
available that are interconnected by multiple path-
ways. To further advance a co-creation paradigm, 
entry-level modules are short and focused on 
helping learners discover their preferences before 
committing to a longer pathway. In the Resourc-
es section, we discuss a current pilot program at 
Virginia Tech in geography where entry to more 
specialized geography courses is facilitated by 
short, asynchronous entry-level modules open to 
all university students.

Instructors developing content for an IPPD 
based platform should aim to connect domain-spe-
cific and domain-general knowledge in the learn-
ing experiences wherever possible. This may en-
able a learner to more easily transfer knowledge 
between domain-specific areas, scaffold faster 
across levels of proficiency, and begin to embody 
an integrative understanding of the relation of do-
main-specific skills to domain-general skills. For 
example, domain-general knowledge of the con-
cept of derivatives can be mapped by instructors 
across domain-specific modules in engineering, 
business, and physics (see Chapter I). This would 
allow learners with experience in novice- and ca-
pable-level engineering modules to skip some 
novice-level modules when acquiring related busi-
ness information technology skills. Approaching 

Lifelong application of an IPPD 
model requires highly adaptive 
learning platforms that recognize 
all of learners’ existing skills and 
allow learners to pick up skills in 
many different ways.

An IPPD-based adaptive learning 
platform can be structured 
as dynamic, multi-pathway 
networks of diverse modules.
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complex concepts, such as derivatives, through 
different domain-specific lenses (i.e., engineering 
and business) also enhances the student’s ability to 
connect seemingly disparate skill sets and builds 
the life skill of creativity (Page, 2008). Figure 2.1b 
illustrates this idea and highlights that tracking the 
accumulation of multilayered skill development 
in the learner, rather than progress through a fixed 
sequence of courses, can significantly shorten 
learning paths and reduce burden on the learner. In 
Figure 2.1b, skills are represented as oval nodes.

An IPPD-based platform places structured 
learning experiences between domain-specific and 
domain-general skills and between domain-gener-
al and life skills. Learning experiences that focus 
on connecting life skills with domain-general skills 
can also be modular and may include self-discovery 
design exercises, collaborative problem-solving, 
and various forms of experiential learning that en-
gage complex and inclusive “real world” contexts. 
The gradual integration of skill layers achieved 
through IPPD-based adaptive learning can facili-
tate collaborative engagement of real-world chal-
lenges and the emergence of diverse collective in-
telligence. For example, domain-specific skills in 
philosophy, design, social science, and computing 
can be mapped, through appropriately structured 
modules, to the domain-general concepts of logi-
cal deduction and derivation. The common space 
of the domain-general concepts can in turn facil-
itate a collaborative learning experience between 
these diverse disciplines on integrated security. 
This collaborative experience would build life 
skills and address societal purpose. It would pro-
mote multi-perspective discourse and reflection 
that can address the high dimensional complexity 
of safety and security in the 21st century while also 
being fulfilling for all participants. The coordina-
tion of learning experiences across layers reduces 
the need for any one learning experience to map 

to all three layers while shortening learning paths 
and still achieving an integrated development of 
skills across the three layers. 

Figure 2.1a 

Adaptive Pathways Between Modules at 
Different Levels of Proficiency

An IPPD-based platform places 
modular learning experiences 
between domain-specific and 
domain-general skills and 
between domain-general and life 
skills.
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In Figure 2.2, we illustrate the layered nature 
of learning experiences recognized and facilitated 
by an IPPD-based platform. The size of the oval 
nodes denotes the strength of skills achieved by 
the learner while the proximity of nodes shows 
similarity of skills. The size of the links that con-
nect skills shows the connectivity strength of skills 
embodied by an individual learner. Development 
of integrative knowledge is based partly on struc-
tured learning modules and partly on the learner’s 
tacit knowledge from various life experiences. 

Competencies within the IPPD-based plat-
form can thus be seen as customized networks 
involving strong skills across the three layers that 
allow someone to perform a job well. Compe-
tencies are partly standardized and institutional 
(due to structured learning provided by various 
mediums) and partly personal and adaptive. For 
example, two people can become competent en-
gineers by taking different sets of engineering 

specific modules (as well as following different 
paths between modules) and by connecting the 
domain-specific skills arising from these modules 
to different combinations of domain-specific, do-
main-general, and life skills. Furthermore, per-
sonal competencies (i.e., being a good partner) 
are related to professional competencies (i.e., 
being a good engineer)—they both rely on and 
develop the life skills of collaboration, commu-
nication, and agility. We highlight these potential 
connections to emphasize the importance of in-
tegrated personal and professional development. 

Competencies within an IPPD-
based platform can be seen as 
customized networks involving 
skills across the three layers that 
allow strong job performance.

Figure 2.1b 

Shortening Domain-Specific Pathways Through Domain-General Skill
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Mobility of the learner across learning experienc-
es on the vertical (layer of skills) and horizontal 
(type of skills) facilitates integrative learning and 
promotes complex thinking and dynamic lifelong 
learning.

It is also worth noting that while the size and 
combinations of nodes and edges in Figure 2.2 

are fixed, this is merely a limitation of the dia-
gram. Indeed, we believe that adaptive lifelong 
learning is and should be flexible with respect to 
the formation of competencies. Network shaping 
is informed and continuously updated based on 
a combination of institutional knowledge, learn-
er analytics, and workforce data. Our modular 

Figure 2.2 

Multilayer Skill Development Supported by Multilayer Modular Learning

Life Skills

Domain Specific Skills

Domain General Skills
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approach to implementing adaptive learning for 
IPPD makes it easy to add or subtract modules 
and improve mappings of modules to skills and 
skills to competencies as societal knowledge 
evolves. 

The notion of admissions to an IPPD-based 
adaptive learning platform becomes the just-in-
time quantitative and qualitative identification of 
a learner’s tacit strengths and aspirations, explicit 
and implicit skills, and related zones of proximal 
development. The notion of advising becomes a 
set of individualized recommendations of path-
ways for developing existing skills into explicit 
competencies and for overall professional and 
personal development. 

Of course, when advising learners on pathways 
it is easier to recommend immediate steps than it is 
faraway steps (Vygotsky, 1978). In this respect, a 
Hierarchical Bayesian Modeling (HBM) approach 
to learning in complexity (Tenenbaum et al., 2011) 
might be helpful to those advising learners utilizing 
an IPPD-based platform because it is statistical (rath-
er than deterministic), allows for updating the prior 
knowledge model of the learner at every learning 
step, and accounts for multiple layers of skills work-

ing together. For example, collecting large amounts 
of learner data across sectors could allow previous 
experiences of a learner as a waitress, trucker, or 
mechanic to be modeled as probabilities of existing 
skills across the three IPPD layers. This modeling 
could inform the recommendation of pathways for 
each of these learners to reskill for software en-
gineering employment (Lohr, 2020) while allow-
ing for the recommendations to be updated con-
tinuously as the different learners begin to tackle 
their learning pathways. An HBM approach also 
accommodates the combined modeling of the 
learning environment and the individual learner, 
which can significantly increase the efficacy and 
efficiency of learning (Koedinger et al., 2013). For 
example, the probability of the number and type 
of repetitions of a particular exercise necessary 
for a learner to grasp a concept can be modeled in 
tandem with a particular learner’s prior skill stock 
and emerging learning preferences. 

An HBM approach to adaptation is also com-
patible with both human and computational models 
of learning and can thus facilitate the development 
of cyber-human systems that support IPPD-based 
platforms (Rikakis et al., 2018). In section 2.5, 
we discuss a number of technological advances 
(i.e., the Internet of Things) that can be combined 
with human expertise to instrument a wide range 
of learner-observed characteristics across multi-
ple learning contexts (i.e., performing specialized 
tasks at work and studying related skills through 
online learning). Considering the resulting data 
as a single unified ecosystem could eventually 
uncover the distributed nature of human learning 
that is embedded in a thick network of human be-
haviors. The ability to shed light onto the so-called 
“ghost in the machine” (Koestler, 1967), where 
knowledge making is embodied across a variety 
of learner actions, has a powerful appeal (Madha-
van & Richey, 2016). A holistic cyber-human un-

Rather than traditional 
admissions, learners enter 
IPPD-based platforms through 
just-in-time identification of 
tacit, implicit, and explicit skills. 
Advising becomes individualized 
pathway recommendations for 
developing existing skills into 
IPPD-based competencies.
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derstanding of personal and relational “knowledge 
in action” (see the Introduction) would facilitate 
the development of IPPD-based platforms that can 
recognize and leverage the full range of skills of 
differentiated learners. 

An IPPD-based platform that recognizes the 
sum of the knowledge gained by an individual 
would also require new structures for credential-
ing this knowledge. Such a change entails a shift 
from credentials emanating from institutions to 
portable credentials owned by individuals. 

While badging (Zucker & Hicks, 2019) and 
micro-credentials (Georgia Tech, 2018a) provide 
possible solutions, they are not without issue. In 
“Credential Inflation and the Future of Universi-
ties” Collins (2002) argues that the pressure for 
institution based micro-credentialing comes pri-
marily from institutions of knowledge and is not 
based on employers’ needs. Coffield (1999) also 
warns against emphasis on micro-credentialing, 
rather than integrative knowledge embodied by 
the learner. He warns that many learners will pur-
sue badging or micro-credentials for the sake of 
employment acquisition or promotion without 
regard for mastery in their professional practice. 
The issue of how to create and store credentialing 
outside of a specific authority such as the original 

employer or educational provider remains a chal-
lenge. An integrative record should be an external 
representation of the internal layers of personal 
and professional development that an individu-
al participating in the economy and society have 
sought and created. Certifying learning across 
many modalities is challenging, but can be done. 
We discuss approaches to this issue in more detail 
in Chapter III.

Appendix A contains a description of the Cal-
houn Discovery Program (CDP) that has been set 
up to support integrative learning across the layers 
of the IPPD model through modular and diverse 
learning experiences and customized pathways. 
The CDP is in its early stages and works within 
the constraints of traditional university curricu-
la. Thus, the CDP cannot fully engage the open 
co-creation paradigm of an IPPD-based platform 
as discussed in this section. However, the CDP 
does provide an ongoing proof of concept ex-
periment of many of the integrative and adaptive 
learning concepts explored in Chapters I and II.

2.5 Technological Tools for Aiding Adaptation

Person-to-person tutoring and mentoring is 
still one of the most effective ways to implement 
adaptive and integrative learning (Bloom, 1984) 
but it is not always an option, especially at a large 
scale. Fortunately, a number of tools, platforms, 
and technological solutions are being developed 
that combine human expertise and technological 
strengths to deliver integrative adaptive learning 
at scale. 

2.5.1 Intelligent Tutor Systems

Intelligent tutor systems (ITS) show signifi-
cant promise for implementing adaptive learning 
at scale. In essence, an intelligent tutor is a com-
puter program designed around the concept of 
mastery learning. Performance feedback enables 

An integrative learning 
record should be an external 
representation of an individual’s 
internal layers of development. 
This requires a shift from 
institution-based to portable 
credentials owned by individuals.



50

CHAPTER II

learners to adapt their approach to learning a skill 
until they reach a desired level of performance 
(Georgia Tech, 2018a). Likewise, intelligent tu-
tors adapt over time. They are programmed with 
domain knowledge and gain both tutoring and 
learner knowledge through interactions. Cognitive 
tutors are an especially promising subcategory 
of intelligent tutors, although they are also com-
plex and costly. Cognitive tutors aim to simulate 
human-student learning both in terms of domain 
knowledge and learner representation (Koedinger 
et al., 2015; Aleven et al., 2016). This approach al-
lows learners to self-pace and find a learning path 
that works best for them. For example, the num-
ber and manner of training repetitions per skill 
component and the order the skill components are 
presented can vary while the intelligent tutor is 
also providing rewards and hints. The learner gets 
individualized support (tutoring), which has been 
shown to increase performance by two standard 
deviations and increase attainment for all students 
(Bloom, 1984; Ericsson, Krampe, & Tesch-Römer, 
1993) without requiring extensive interaction with 
a teacher.

Intelligent tutors (like many other artificial in-
telligence applications) are most effective when 
the goal of learning is clear and fixed (Kelly, 
2016). Therefore, they are best at teaching standard-
ized, domain-specific skills. For example, the Open 
Learning Initiative (OLI) at Carnegie Mellon Uni-
versity (CMU) and Georgia Tech’s virtual teaching 
assistant (TA) program, Jill Watson, have had sig-
nificant success in developing cognitive tutors for 
teaching programming to large numbers of students 
(Koedinger et al., 2015; Goel & Polepeddi, 2016). 
The OLI has also had success in cognitive tutors 
for teaching basic math concepts to secondary ed-
ucation students as well as introduction to writing, 
communication, and psychology to CMU students 
(Joo & Spies, 2019). Interactive learning through 

online education, like that provided by intelligent 
tutors, is much more effective than a passive mas-
sive open online course (MOOC) and provides sig-
nificant promise for bringing adaptive learning to 
greater numbers of people (Koedinger et al., 2013).

Analytics from interactive large-scale learning 
is important for developing intelligent tutors that 
understand the engagement and progress of differ-
ent learners and can use this information to cus-
tomize learning paths, provide feedback, and even 
predict the level of mastery (or grade) a learner is 
likely to reach (Ginda et al., 2019). The data col-
lected not only improves intelligent tutors but also 
provides information that can be used to update the 
structure of the domain knowledge. For example, 
work at CMU has shown that some exercises wide-
ly used for teaching math in secondary education 
are not as effective as others, and that the order of 
problem-solving skills traditionally used for teach-
ing basic math skills in primary schools may not 
be optimal (Koedinger, McLaughlin, & Stamper 
2014). Interactive learning can be further enhanced 
by availability of human experts to deal with un-
expected or complex situations. For example, both 
in the CMU and the Georgia Tech course, complex 
questions are passed to TAs (Goel & Polepeddi, 
2016).

Interactive adaptive teaching of some do-
main-specific skills at scale can increase efficiency 
without losing quality. The experiences of CMU 
and Georgia Tech show very little difference in 
learning outcomes between students who took 
the interactive learning versions of introduction 
to computer science courses compared with those 
who took the course in a traditional instructor for-
mat (Georgia Tech, 2018a). However, the students 
that took the online version reported spending less 
time on the course (Georgia Tech, 2018c). Sim-
ilarly, Boeing reports that in its training courses, 
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learner trajectories can be optimized equally well 
for online learning and in-person learning de-
pending on the skills sought (Ginda et al., 2019). 
Moving some of the mastery of domain-specific 
skills to interactive learning would also free up 
time for faculty to focus on teaching more com-
plex domain-specific or domain-general skills. 
A very promising future direction for interac-
tive online learning is the development of hybrid 
computer-human courses where the intelligent tu-
tors deal with the teaching of the more repetitive 
domain-specific skills, and educators (trainers, 
teachers, instructors, and professors) teach more 
complex domain-specific and domain-general 
components (Georgia Tech, 2018a). This could be 
extremely valuable at a time when the need for do-
main-general skills connected to domain-specific 
skills is increasing, the number of people that re-
quire this type of training is expanding, and where 
knowledge dissemination through technology en-
abled learning and social networks is driven by the 
understanding that decisions are based on rapidly 
altering foundations. 

2.5.2 Peer-to-Peer and Collaborative Learning

Another human-to-human issue that needs to 
be addressed in interactive online learning is that 

of peer-to-peer and collaborative learning. This is-
sue is beginning to be addressed by cloud-based 
tools for writing, editing, and collaboration such 
as Amazon Web Services (AWS), Google Suite, 
and Microsoft OneDrive used in combination with 
Skype, Zoom, or another teleconferencing appli-
cation. Not surprisingly, these approaches have 
gained in popularity during the recent closing of 
schools during the global COVID-19 pandemic 
(Miller, 2020; Novet, 2020), and it seems likely 
that they will continue to be used in tandem with 
in-person teaching even after the pandemic.

2.5.3 The Internet of Things

A significant amount of technology-assist-
ed adaptive learning focuses on cognitive skills. 
However, our report proposes that adaptive learn-
ing should address the totality of human skills and 
learning situations. One potential avenue for ap-
plying adaptive learning to the totality of human 
skills is the proliferation of wearable, household, 
workspace and manufacturing items and equip-
ment that are interconnected via the internet (the 
Internet of Things). The Internet of Things (IoT) 
presents an opportunity for data-driven, interac-
tive, and adaptive learning in varied contexts as 
human activity data can be combined with tool, 
environmental, and human-tool-environment in-
teraction data. Opportunities are emerging to in-
strument, analyze, and enhance individualized 
learning and collective cyber-human intelligence 
within all learning environments: the classroom, 
the factory, the office, the studio, the farm, the 
road, the hospital, and the meeting room. This 
gives us the opportunity to better understand and 
support integrative personal and professional de-
velopment.

The National Science Foundation (NSF) is 
funding related research through the Future of 
Work at the Human-Technology Frontier (FW-

Opportunities are emerging 
to instrument, analyze, and 
enhance individualized learning 
and collective cyber-human 
intelligence within all learning 
environments to better support 
integrative professional and 
personal development.
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HTF). One example is the Intelligent Cognitive 
Assistants (ICA) research that is focused on the 
creation of systems that demonstrate harnessing of 
machine intelligence to work collaboratively and 
enhance human cognitive and physical capabili-
ties. This physico-cognitive systems research is 
focused on contextual knowledge, sociotechnical 
systems, and natural human-ICA interfacing. As a 
follow up, the NSF has proposed using brain-like 
computing as the logic unit for ICAs.

The fast-evolving computing interfaces and 
mobile computing platforms will gradually allow 
humans to interact with embedded computing in-
telligence in manners that are highly customized 
to the environment. For example, in the Shirley 
Ryan Ability Lab of Chicago, sensors in the rooms 
of patients use radio-frequency identification 
(RFID) tags to recognize which doctor has entered 
the patient’s room and project information perti-
nent to the interaction of that doctor with a specific 
patient on the patient’s health screen above their 
bed. Doctors can customize consultation and treat-
ment parameters. The doctor’s attention can shift 
from the routine task of completing charts to the 
higher-level tasks of interacting with the patient 
and making decisions. In a recent publication, Ri-
kakis (2018) discusses current IoT applications 
being developed by his team that allow therapists 
to remotely supervise and adapt interactive reha-
bilitation at the home. These applications make it 
possible for more patients to receive cost-effective 
therapy while minimizing travel. The interactive, 
data informed nature of the therapy engages pa-
tients in their recovery while also upskilling thera-
pists to use IoT applications and high-dimensional 
data for adaptive decision making. Rikakis also 
recommends designing and supporting cyber-hu-
man learning in a way that leverages the ability of 
experts for interconnected decision-making across 
multiple layers of skills and the ability of comput-

ers to provide detailed longitudinal data. 

IoT-supported training and learning can also 
expand and leverage the emerging landscape of 
smart manufacturing and cyber-supported ser-
vices. For example, the emerging idea of collabo-
rative robots (cobots) aims to use worker expertise 
for realization of higher-level tasks while passing 
lower-level tasks associated with the 3 Ds (dirty, 
dull, dangerous) to robots that are controlled by 
the worker. This approach allows the worker to 
learn new skills (operation, control, and mainte-
nance of robots) while at the same time increas-
ing efficiency, productivity, and safety (McAfee 
& Brynjolfsson, 2017). Caterpillar Inc. provides 
technologies to companies for upskilling con-
struction workers and supporting more efficient 
production schedules. For example, construction 
crews can combine drone supported scanning and 
modeling of road sites with robotic construction 
tools to reduce road construction time by 50% 
while also significantly increasing fuel efficiency 
and site safety (CAT, Inc., 2020). At the Adap-
tive Lifelong Learning Workshop held in Octo-
ber 2019, GE Appliances participants proposed a 
seemingly futuristic scenario in which technicians 
will use mobile 3D printers to create customized 
appliance parts during troubleshooting and main-
tenance visits to homes thus eliminating waiting 
time and follow up visits. The worker upskilling, 
environmental sustainability, and service quality 
potential of such approaches is significant.

2.5.4 Virtual and Augmented Reality

Alongside the Internet of Things, virtual real-
ity and augmented reality (VR and AR) are also 
fast evolving computing interfaces that can en-
hance learning and improve collaboration (Hen-
derson, et al., 2009). AR can provide just-in-time 
assistance to any learner or worker performing 
a complex task. For example, a digital image of 
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the components of a circuit and their functional-
ity can be overlaid on the physical electric circuit 
that someone is studying or fixing (Bohn, 2019). 
Combined with remote assistance from experts for 
more complex challenges, AR-assisted tech sup-
port can allow each and every person to become 
part of their own technical support team. This plu-
ralized access to technology can get more young 
people excited and empowered to join the tech 
workforce. Similar AR approaches can be used to 
continuously support and upskill current techni-
cians on the job as tools and platforms continu-
ously evolve and complexify. Critically, in these 
scenarios, technology does not, and should not, 
replace the human technician. Rather, it allows an 
individual to reskill and provide support to a large 
number of clients as the need for tech support of 
smart infrastructure increases.

Like augmented reality, virtual reality can pro-
vide immersive visualizations of physical spaces 
to allow learners to develop skills using realistic 
scenarios. For instance, VR can simulate certain 
kinds of laboratories so that research can be con-
ducted without risks typically associated with haz-
ardous work environments (Thalheimer, 2015). 
Likewise, for language learning VR can simulate 
immersion in a faraway setting, e.g., a student in 
Malawi can virtually visit Kyrgyzstan, minimizing 
the logistical barriers of time, distance, and cost. 
Moreover, VR applications have shown promise 
in creating educational experiences that benefit 
students with special needs. The Jackson School 
in Victoria, Australia, for example, has integrated 
VR sessions with relaxation and/or meditative ap-
plications and experiences into its offerings with 
significant success (Herold, 2014). These technol-
ogies can also aid in detection and responsiveness 
to learning disabilities (e.g., dyslexia). Determi-
nations as to the degree of attention required can 
be made by storing large data sets associated with 

eyeball movement and analyzing thousands of 
such data sets. This can be combined with natural 
language processing (NLP) and deep learning to 
offer human brain-like functionality in assessing 
writing skills, subjective responses to questions, 
and so on. Finally, it can help to predict paths and 
help with interventions to assist the realization of 
the paths (Ginda, 2019; Madni, 2015).

2.5.5 Big and Good Data and AI-Supported 
Learning

Each of the above technology-assisted learning 
and training scenarios rely on increased amounts 
of high-dimensional data for understanding hu-
man learning, its interactions with technology, and 
its interactions with the overall relational environ-
ment. When technology-supported learning is de-
signed by experts, the resulting data can be both 
big data and good data (data that can be used to 
understand and improve learning) (Koedinger et 
al., 2013). 

Good data can lead to meaningful and impact-
ful improvements in AI for adaptive learning. As 
with the current intelligent tutors, we can develop 
technology-supported learning where cyber and 
human intelligence work together to deal with 
simple and complex skills in an integrative and 
adaptive manner. The aim of this type of learning 
is to advance human capability (of the learner and 

When technology-supported 
learning is designed by learning 
experts, and supported by co-
creation processes, the resulting 
data can be both big data and 
good data.
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the trainer) rather than replace their human cap-
ital. Combined with appropriate socioeconomic 
mechanisms that address issues such as the dig-
ital divide and persistent inequalities of access 
due to gender, race, or ethnicity as well as other 
socio-technical solutions to security and privacy 
(UNESCO, 2019), cyber-human adaptive learning 
at scale can increase access to learning and effi-
ciency of learning (Georgia Tech, 2018a). In fact, 
the World Economic Forum discussion of Industry 
4.0 calls for smart factories that take advantage of 
the Internet of Things while also advancing inclu-
sive and equitable growth of human capital (World 
Economic Forum, 2016a; 2016b).

The growth of technology-supported learning 
across all sectors of society and the economy can 
also help produce data-supported advising for in-
dividualized learning pathways and careers. Da-
ta-supported advising is already showing promise 
within universities helping to improve student 
retention and degree completion for all students 
including underserved populations. For example, 
Georgia State University’s GPS Advising uses 
predictive analytics and a system of more than 
800 alerts to track all undergraduates daily, identi-
fy at-risk behaviors, and have advisers respond to 
alerts by intervening in a timely manner to get stu-

dents back on track. Since the University initiated 
this technology-assisted advising in 2012, fresh-
man fall-to-spring retention rates have increased 
by 5% and graduating seniors are taking fewer 
excess courses in completing their degrees. This 
past academic year, the system generated more 
than 55,000 individual meetings between advisers 
and students to discuss specific alerts, all aimed at 
getting students back on path to graduation (Geor-
gia State University, 2020). It is important to note 
in this example that students and advisors work 
in tandem with technology to produce effective 
adaptive learning pathways and experiences. 

In addition to universities, companies like Au-
todesk (a software company that focuses on archi-
tecture, engineering, construction, manufacturing, 
and beyond) are shifting away from a “learn-to-do” 
paradigm and preparing for a “do-to-learn” world 
where the imperative for continuous professional 
and personal growth drives the creation of new in-
frastructures to support seamless learning across 
secondary and higher education and throughout 
the arc of one’s career. 

In Autodesk’s particular case, this means that 
expert tool-services must also become powerful 
lifelong learning platforms. These platforms will 
allow users to simulate with data-rich visualiza-
tions what they know, don’t know, and need to 
know to succeed. Essential to this research is that 
users and learners be able to securely self-simu-
late their potential futures by incorporating tool, 
project, and team data as well as automated badg-
ing, external learning and credentialing systems 
(including universities), and aggregated industry 
trend data. 

Team knowledge and learning visualizations 
are a critical component of Autodesk’s vision for 
dynamic adaptive learning systems. Autodesk re-
searchers understand the most complex work at a 

Companies are shifting from 
a “learn-to-do” paradigm for 
employees to a “do-to-learn” 
approach across individuals’ 
careers. This means that expert 
tool-services must also become 
powerful lifelong learning 
platforms.
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company occurs on teams. While there has been 
considerable experimentation with related orga-
nizational forms (e.g., agile development frame-
works) and some progress with supporting tech-
nologies (e.g., Slack-like tools) there has been a 
paucity of research and productization in assem-
bling teams with the optimal collective knowledge 
to address specific complex project challenges. 
Autodesk believes that the ability to assemble the 
“collective creative brain” of a team will be cru-
cial in the coming years. 

Autodesk researchers are addressing this issue 
by developing tool-services that allow team man-
agers to visualize the actual data-derived skills of 
team members relative to the specific constraints 
of a project. Given the importance of teams to-
day this function alone has considerable value, 
but the ultimate goal of these services should be 
to simultaneously infer and visualize the proximal 
learning potential (lateral transfer of knowledge 
between members) of any given team configura-
tion. As we have discussed throughout this report, 
knowledge in action is both personal and relation-
al. In the near future, relational skills, such as the 
ability of employees to teach and mentor on teams, 
will be highly valued skills supported by a range 
of professional development opportunities.

Common cross-sector databases of up-to-date 
workforce analytics that track and value the totali-
ty of skills can further enhance adaptive and inclu-
sive career development and lifelong learning. It is 
therefore  important to explore the potential for cre-
dentials to become a network of dynamic machine 
learning agents that make learning recommenda-
tions based on the movement of learners through 
them. Blockchain technology offers a potential ap-
proach to organizing and credentialing integrated 
professional and personal development learning 
across all types of environments and experienc-
es. Blockchain can track every learning instance 
when it occurs, creating an immutable record that 
can be easily verified and analyzed to assess the 
learner’s interests and competences. This can help 
create multiple pathways by breaking learning into 
smaller bite-size chunks, which can be combined 
in a myriad of ways. For example, institutions can 
offer project-based education as an alternative to 
college courses and certify student work done via 
Blockchain databases. This technology can also be 
used to secure collaborations between universities 
and industries that involve the use of shared repos-
itories (e.g., student certification and achievement 
data), introduce methods to design and continu-
ously update global professional and personal de-
velopment assessment mechanisms, and verify the 
authenticity and accuracy of knowledge bases and 
repositories. The data from these repositories can 
then be shared with third parties such as employ-
ers or LinkedIn and integrated with learning plat-
forms to help shape lifelong learning pathways. 

The streamlined verification of integrative and 
continuing professional and personal development 
can track and certify institutional and employ-
ee training and related achievements to facilitate 
job transfers and career planning. For example, 
Maryville University is currently implement-
ing two strategic blockchain initiatives: the Ca-

The ability to assemble the 
“collective creative brain” of 
a team will be crucial in the 
coming years. This requires tool-
services that can simultaneously 
infer and visualize the proximal 
learning potential of any given 
team configuration.
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reer-Focused Student Digital Profile and the Life-
long Student Digital Profile. The first initiative is 
built based on the eight career competencies estab-
lished by the National Association of Colleges and 
Employers (NACE, 2019), which help Maryville 
students develop the domain-specific and do-
main-general skills that employers have been 
asking for. Once they complete the training, the 
blockchain solution will provide verifiable creden-
tials with learning artifacts. The second initiative 
will address lifelong learning needs and offer both 
current and former Maryville students the ability 
to post, share, and verify their own learning re-
cords on Blockchain. New learning opportunities 
will be presented based on the learners’ expressed 
needs.

Together, AI and Blockchain have significant 
synergistic potential not only for adaptive creden-
tialing and advising but also for learning (Thibo-
deaux, 2018). For example, the Chinese adaptive 
learning startup Squirrel AI claims that AI has 
helped increase student test passing rate by 17% 
and reduced the course dropout rate by 56%. So 
far, Squirrel AI has developed over 30,000 “ac-
ademic concepts” (Peng, 2018). Although not in 
use in any formal education system yet, Amazon’s 
Alexa has also developed over 100,000 skills and 
many universities in the United States are using 
the technology to create their own solutions such 
as Oral Roberts University’s QM-mirror (Buckler, 
2019). 

To keep up with the fast pace of development of 
technology-assisted adaptive learning, employment 
and training institutions will need to make intentional 
investments and plans for updating content and tools 
as well as professional development for existing facul-
ty and staff. For example, in the fall of 2019, Univer-
sity of Central Florida (UCF) initiated a focused proj-
ect to develop online, blended, and adaptive-learning 

courses. Over the course of three years, the university 
will create 50 new online or blended courses and 50 
adaptive-learning courses. Professional development 
training will be provided to approximately 120 faculty 
members from a minimum of five colleges and de-
partments. Eight technology-enhanced, active-learn-
ing classrooms will be built. 

The COVID-19 crisis has further emphasized 
the need for well-structured alternatives to traditional 
knowledge dissemination mechanisms and increased 
the pressure for proactive and significant investments 
in technology-assisted adaptive learning. Cross-sec-
tor partnership may be the most effective avenue to 
handling the complexity, cost and urgency for such 
learning at scale. For example, the Carnegie Mellon 
Simon Initiative aims to build a cross-sector learning 
ecosystem supported by technological infrastructure 
to improve educational practices and develop new 
“intelligent tools” that are easy for faculty and learn-
ers to use. The initiative aims to make all of the de-
veloped tools and methods available globally for any 
individuals or institutions to adopt (Mission, 2020).

The promising tools and approaches surveyed in 
this chapter are not without risks to their users and 
the societies in which they flourish (Goel & Poleped-
di, 2016; Kadel et al., 2019). These technologies hold 
the potential to create much wider access to knowl-
edge and learning. At the same time, they have the 
potential to exacerbate existing stratifications within 
societies if they are not available widely and equita-
bly. For adaptive learning to facilitate the democrati-
zation of knowledge, opportunities to access and use 
the tools and technologies must be universal. Neither 
the networks nor the technologies that may facilitate 
them are necessarily or intrinsically more participa-
tory or democratic (Davies & Spicer, 2015) without 
intentional commitments on the part of members to 
make them so. Moreover, there are significant privacy 
and security concerns as the amount and reach of data 
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collection continues to expand exponentially. Clear 
policy and security approaches are needed to ensure 
that this information is protected and that individuals 
“own” their records and data. Realizing the potential 
of these approaches and tools requires serious discus-
sion and action on the part of every member and sector 
of society (government, industry, education, and com-
munities) to ensure that the expansion and adoption of 
such approaches do, in fact, expand equity, inclusion, 
and human flourishing, rather than re-entrench and in-
tensify existing inequalities. 

In Chapter III we present a number of efforts un-
der way to increase equitable access to adaptive learn-
ing. In Chapter IV we propose the future development 

of cross-sector Point of Need Learning Platforms 
that utilize and advance combinations of the learning 
methodologies and technologies referenced in this 
chapter to support the inclusivity and adaptivity of 
integrative personal and professional development at 
scale. As we look toward the future, we envision that 
the wide embodiment of IPPD-based adaptive learn-
ing will create participants who have deep commit-
ments to the values of discourse, collaboration, and 
participation with which they will work with others to 
build truly democratic learning societies by address-
ing all of the necessary social, economic, and political 
challenges inherent in such a project.



Chapter III: 

Adaptive Learning Pathways: Examples 
from Higher Education, Industry, and 
Across Sectors
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If we are to prepare people to meet the 
needs of the 21st century workforce, we 
must be able to offer multifaceted learn-

ing opportunities. The education we provide 
must be customizable, just-in-time, and life-
long; and it must integrate professional and per-
sonal development within a pluralistic societal 
context. This goal, however, cannot be met by 
higher education alone. What we need are Quin-
tuple Helix Knowledge ecosystems—cross-sec-
tor partnerships that span the five sectors of 
education, industry, government, civil society, 
and socio-ecological environments (Carayannis, 
2018; Rikakis, et al., 2019). The Quintuple He-
lix embodies what Ann Balsamo (2010) calls a 
“culture of participation” in which intelligence 
is assumed to be distributed, multimodal, devel-
oped, practiced, and expressed through “the use 
of technologically-mediated informational and 
social networks” (Balsamo, 2010, p. 424).

To achieve this new kind of distributed, 
adaptive learning, we will have to rethink cur-
rent linear, fixed-term paradigms in education 
and find ways to develop new models that afford 
lifelong learning capabilities, increase access 
through multiple modalities, expand alternative 
cost structures, while enhancing transferability 

of learning and transparency of learning out-
comes. This means being willing to cross tra-
ditional boundaries that artificially divide edu-
cation, community, and economy into separate 
sectors.

Fortunately, none of this is hypothetical or 
futuristic. Very real pilots and trials exist in ed-
ucational institutions, industry, and communi-
ties, and in many cases, they cut across sectors. 
In this chapter, we survey a few of these pilots 
and trials to provide evidence of what is already 
occurring and to exhibit what is possible. First, 
we single out a few innovative college and uni-
versity programs before turning to industry. Fi-
nally, we close the chapter by exploring a few 
cross-sector programs.

CHAPTER III
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To achieve distributed, adaptive 
learning, we need cross-sector
partnerships that span the five 
sectors of education, industry, 
government, civil society, and 
socio-ecological environments.
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3.1 Adaptive Pathways in Higher Education

A number of universities recognize the criti-
cal role of adaptive and integrative education in 
developing lifelong learners who can easily navi-
gate a more mobile and inclusive workforce. Re-
alizing that the traditional higher education model 
is one-size-fits-all, these universities are devel-
oping new pathways that align with the needs of 
learners at any number of different points in their 
lives, whether they are out of work, between jobs, 
exploring upskilling or reskilling, or discovering 
career possibilities during K–12. The fact is that 
most every learner now needs this adaptivity in or-
der to continually develop new skills to stay ahead 
of perpetual change in business, technology, and 
industry. These institutions are adjusting to meet 
the unique needs, interests, and aspirations of to-
day’s diverse body of learners. While we primarily 
focus on North American universities, similar pro-
grams exist around the world.

Multiple colleges and universities have devel-
oped innovative undergraduate programs that em-
phasize the discovery and development of person-
al knowledge for the 21st century. Here are just a 
few examples:

Arizona State University (ASU). ASU has been 
out in front in its efforts to serve the needs of learn-
ers everywhere. While developing ASU’s high-
ly publicized partnership with Starbucks, which 
launched in 2014, university leaders recognized 
the growing need to deliver affordable, high-qual-
ity programs to underserved and underrepresented 
communities from around the world. EdPlus was 
created to be the central enterprise unit at ASU 
that focuses on the “design and scalable delivery 
of digital teaching and learning models to increase 
student success and reduce barriers to achievement 
in higher education.” EdPlus programs enable stu-
dents, wherever they may be, to access fully on-

line courses and programs so that they can “reach 
important milestones, improve skills, and engage 
with a world of problem solvers like themselves” 
(EdPlus, 2018). This model of digitally-enhanced 
education incorporates industry project-based 
learning, collaborative university programming, 
lifelong learning support, and personalized pro-
fessional development.

By 2018 ASU’s EdPlus had graduated over 
7,000 online students which has substantially risen 
from the initial 1,200 enrolled in 2012. The pro-
gram has grown exponentially in enrollment, man-
aged programs, and collaborations. Besides the 
Starbucks partnership, ASU has developed mas-
sive initiatives with the Mayo Clinic and Adidas 
while expanding research being conducted in the 
ActionLab, an innovative research space dedicat-
ed specifically to learning and teaching with tech-
nology integration. It is evident that ASU seeks 
new ways to connect the learner to every opportu-
nity available. For example, instead of competing 
for enrollment increases, PLuS Alliance, which is 
part of EdPlus, shares students between various 
academic institutions. Instead of traditional enroll-
ment competition, these universities work together 
to leverage their resources for the learner to ensure 
access to viable learning pathways regardless of 
social, cultural, and economic background.

Bennington College. Bennington has made 
the concept of field work central to its educational 
programs since the college was founded in 1932. 
Every Bennington student is required to complete 
200 hours of qualifying field work each year. They 
do so during a six-week Field Work Term (FWT), 
which is held every January and February when 
no academic classes are being offered on campus. 
Students work in a variety of fields and geographic 
locations pursuing interests that they discovered or 
developed while at Bennington. The FWT allows 
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students to “map a territory for study and prac-
tice that goes beyond the bounds of a traditional 
major and hones their ability to thrive in a world 
without givens, to tolerate ambiguity, and to find 
solutions even when a path is not laid out before 
them” (Bennington College, n.d.). In the process, 
they are getting practical experience while making 
professional connections that encourage them to 
“discover both their role in and responsibilities to 
the world” (Bennington College, n.d.).

Brown University. Brown’s Open Curriculum 
is tailored to students who want “the freedom to 
study what they choose and the flexibility to dis-
cover what they love.” They are encouraged to be 
the “architects of their own education” by devel-
oping their own personalized course of study. The 
idea is that by making students responsible for 
their own intellectual and creative development, 
they will become “deeply creative thinkers, intel-
lectual risk-takers, and entrepreneurial problem 
solvers.” Brown expects graduates to leave the 
university “prepared to thrive as independent, in-
novative leaders no matter what path they pursue” 
(Brown University, n.d.).

George Mason University (GMU) is work-
ing with Northern Virginia Community College 
(NOVA) to eliminate transfer barriers for commu-
nity college students and create streamlined path-
ways toward bachelor’s degree completion in the 
key sectors of technology, health, and education 
(George Mason University, 2019). NOVA stu-
dents with less than 30 credits completed can join 
the ADVANCE program at GMU and prepare to 
transfer into a GMU bachelor’s program (George 
Mason University, 2019). NOVA and GMU are 
collaboratively designing the joint degree path-
ways in close partnership with employers.

Georgia Tech has also taken significant steps to 
rethink the traditional university model. The uni-

versity advances and implements the ideas around 
the “sharing, experiential, entrepreneurial, sub-
scription, and partnership” university and strives 
to be a “Deliberately Innovative Organization,” 
which focuses on whole person education, new 
advising strategies and methods, and a distribut-
ed worldwide presence (Georgia Tech, 2018a, p. 
6). The overarching focus of their work is a deep 
commitment to lifetime education that reconcep-
tualizes the university not as a physical place that 
one enters and exits during predefined life stages 
but rather as a platform for learners who are di-
verse across age, socioeconomic status, and other 
backgrounds.

Grinnell College. At Grinnell, all incom-
ing students enroll in a one-semester, four-credit 
course known as a First-Year Tutorial. Tutorials 
are taught by faculty members from all academ-
ic departments who then become advisers to their 
tutorial students until they declare a major field 
of study. It is the only required class at Grinnell 
outside of the requirements to complete a major 
(Grinnell College, n.d.-a). As explained on Grin-
nell’s admissions page:

The rest is up to you. Because as you sharp-
en your strengths and your passions, you’ll 
also discover all the places your academic in-
terests can lead you. This requires the freedom 
to explore, along with focused guidance and 
mentorship for support. So take the lead shap-
ing your studies—and know we’ll always have 
your back (Grinnell College, n.d.-b).

Hult International Business School is focus-
ing lifelong learning efforts on building business, 
digital, and human skills for learners. Forty-four 
skills were identified for this portfolio using em-
ployment data. For each of these skills a learner 
can target a desired maturity level. The maturity 
levels are drawn from the Lumina Foundation 
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Model (one to eight levels), with Hult Internation-
al Business School focusing on the first four levels 
(novice to independent) (Adelman et al., 2014). 
Learners can adapt their learning journey based on 
their current skill level, and the speed and breadth 
they need in acquiring a new portfolio of skills. 
The learning is focused on the learner demonstrat-
ing “what they can do” beyond what they know 
via a range of practice and authentic assessment 
activities.

Northeastern University. As part of its 2025 
Plan, Northeastern is developing a network of 
campuses around the world to provide lifelong 
learning opportunities to aspiring learners from all 
walks of life. Each campus is designed to be an 
intercultural hub for learning and discovery in a 
distinctly local setting. Learners become “mem-
bers” of the Northeastern  Lifetime Learning Net-
work, which gives them access to the school’s pro-
fessional programs from anywhere in the world 
wherever they live and work. As members (not 
limited to Northeastern graduates) they can form 
customized pathways of learning via nearly 200 
master’s and doctoral degrees, bootcamps, and 
certificate programs. Much of the coursework and 
curricula have been developed in cooperation with 
corporate and nonprofit partner institutions and 
can be delivered through multiple channels (on-
ground, online, hybrid). Northeastern describes its 
dedication to diversity of learning in its mission 
statement as follows:

Northeastern will expand the range and im-
pact of global experiential learning to include 
short-term experiences in heavily structured 
majors such as engineering; semester-long 
exchange programs with global universities; 
curriculum-based group projects abroad; and 
degree programs that incorporate one or two 
years of study and work in the host nation’s 

language. Learners will also have the option 
of taking on a project assignment from an in-
dividual professional anywhere in our global 
network to master a specific skill—a flexible 
alternative to a full course or co-op (2020, 
para. 2–3).

Purdue University is collaborating with the 
City of Indianapolis in partnership with commu-
nity, industry, and academic leaders to bridge the 
gap between secondary and post-secondary edu-
cation. This cross-sector partnership resulted in 
Purdue Polytechnic High School (PPHS). The 
developers of PPHS recognized that many high 
school graduates were insufficiently prepared to 
succeed in technical, STEM-related post-second-
ary programs and high-tech careers. PPHS was 
designed to inspire and engage students through 
an immersive STEM experience that delivers ex-
periential, hands-on learning: “Students collabo-
rate with fellow classmates, coaches, and industry 
mentors to successfully complete projects that are 
designed by our industry partners” (Purdue Uni-
versity, 2019). As they develop critical thinking 
and problem-solving skills—not to mention confi-
dence—they leave high school with college credit, 
“in-demand industry credentials,” and preferred 
admission to Purdue Polytechnic Institute.

Another way that Purdue is expanding its 
reach is through its non-profit public online uni-
versity, Purdue Global, which provides personal-
ized online learning experiences aimed specifical-
ly at working adults. Purdue Global concentrates 
on delivering degree plans that are individually 
tailored to those with prior learning experience—
from college, work, and military. By allowing stu-
dents to transfer eligible prior learning (transfer, 
experiential, and credit by exam) they can shorten 
their term of study, increase the value of their prior 
knowledge, and save considerably on educational 
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fees and tuition. Indeed, according to the Purdue 
Global website, online bachelor’s degree students 
who graduated from Purdue Global 2018–2019 
and applied eligible prior learning credits saved 
an average of $29,000 toward the total degree 
(Purdue Global, 2020). This dedication to adap-
tive learning has certainly achieved Purdue’s goal 
of serving the educational needs of adult learners 
who would otherwise not be able to return to a 
traditional school setting or start new educational 
pathways.

University of Central Florida (UCF). UCF 
significantly increased access to its educational 
programs by partnering with Florida’s state col-
leges (two-year public institutions) on a program 
called Direct Connect. This program guarantees 
admission to UCF upon completion of an associ-
ate (AA) degree or articulated (AS) degree from 
one of the partner colleges, which, by policy, ad-
mit any high school graduate (University of Cen-
tral Florida, n.d. -a). Over a decade of experience 
with the program shows that the graduation rate 
of Direct Connect has been approximately the 
same as that for students who were admitted di-
rectly from high school. Completion of the asso-
ciate degree indicates that the student has already 
demonstrated resourcefulness and resilience. The 
percentage of UCF diplomas awarded to students 
from underrepresented groups doubled as a result 
of Direct Connect. More recently, UCF expanded 
the Direct Connect concept beyond the region by 
offering a direct pathway to online baccalaureate 
degrees from UCF to graduates of partner com-
munity colleges and state colleges. In addition, 
UCF Downtown opened in Fall 2019 as a physi-
cal partnership campus in Orlando where students 
are taught their first two years by Valencia College 
faculty and complete their degrees taught by UCF 
faculty on the same campus (University of Central 
Florida, n.d. -b).

The University of Waterloo. At Waterloo in-
coming undergraduates can choose an educational 
pathway that allows them to pursue their interests 
through a mix of classroom time and “learn by do-
ing” experience. More than 120 courses include 
labs, and the university offers a co-op program 
with an extensive list of industry partnerships. For 
instance, a student who might be interested in a 
career in health care can choose from a variety of 
programs that deliver the necessary science foun-
dation while they explore their particular interests 
in medicine, optometry, pharmacy, etc (Universi-
ty of Waterloo, 2019). It is expected that students 
will refine their interests over the first two or three 
years, after which they can apply to the profes-
sional program of their choosing. 

Virginia Tech (VT). In addition to the exam-
ples above, hundreds of colleges and universities 
have incorporated adaptive learning at the level 
of an academic unit (department or school) rather 
than the whole institution. For instance, the My-
ers-Lawson School of Construction at VT utilizes 
a cross-sector curriculum with an innovative in-
stitutional structure and teaching approaches de-
signed to improve adaptivity, mobility, and access. 
The School bridges engineering and design educa-
tion at VT and uses a transformative learning ex-
perience approach to change the way that students 
learn Construction Management (CM). In place of 
theory-laden, lecture-based instruction, educators 
create a learning environment that favors visual 
learning and working collaboratively with facts 
and data on real world coursework (Holt et al., 
2018). This approach allows CM students to re-
flect on learning styles, which is especially invalu-
able in cases where students might be struggling 
in a course because the instructor’s teaching style 
does not align with their learning styles (Holt et 
al., 2018).
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Western Governors University (WGU) is an 
online, non-profit educational institution that ap-
peals to working adults with clear career goals 
(Lohr, 2020). Conceptualized in 1997 by 19 gov-
ernors wanting to increase constituents’ access to 
higher education by making it more flexible and 
affordable, WGU operates as a competency-based 
university (Pichette & Watkins, 2018). This means 
that learning outcomes focus on “what students 
know and can do” and are assessed based on learn-
ers’ performance of those competencies and/or 
their project-based learning (Pichette & Watkins, 
2018, p. 6). Other traits of competency-based ed-
ucation (CBE) offered by institutions like WGU 
include self-pacing, credentialing for mastery, rec-
ognition of prior knowledge, and clear embedding 
of competencies within the curriculum (Pinchette 
& Watkins, 2018). In a Gallup survey, alumni of 
WGU stated that having a mentor as well as the 
ability to choose programs they deemed as work-
force relevant were two traits that led to their sat-
isfaction (Etherington, 2018). 

3.2 Adaptive Pathways in Industry

In this section, we highlight a few examples 
of industry-sponsored programs who apply the 
principles of adaptive and integrative learning. 
These companies understand the need for their 
current and future employees to develop targeted 
skills and competencies enabling them to meet 
the demands of an evolving economy. Through 
providing new learning opportunities that aid 
both personal and professional growth, they 
ready their employees to adapt to new changes as 
well as advance within the company. Each entity 
singled out below supports an organizational cul-
ture promoting employee development because 
company leadership recognizes that employee 
development is critical to ongoing operational 
success.

General Electric Appliances. Through its 
GROW program, General Electric (GE) Applianc-
es offers open employee workshops that are fa-
cilitated by leading experts on curated topics and 
taught collaboratively by industry leaders—from 
GE and beyond—as well as learning and develop-
ment staff. The workshops focus on the four skill 
domains of self-leadership, leading others, leading 
teams, and leading businesses that are critical to 
GE’s organizational goals and culture. These broad 
skills correlate with GE’s desired work competen-
cies, and they are the basis for measuring both 
strengths and areas of development for employees. 
Most importantly, these workshops engage em-
ployees by providing opportunities to apply new-
ly learned content in practical job contexts, thus 
connecting broad skills development to task per-
formance. Workshop offerings have increased in 
number and expanded in scope from 2017 to 2019, 
and many of the courses offer digitally accessible 
content or products enabling employees to have a 
blended learning experience.

Boeing. Boeing’s approach to adaptive learn-
ing is based on designing an internal knowledge 
transfer system that is enabled through the Boeing 
Knowledge Network portal. It is capable of shar-
ing information on program execution, research 
achievements, and process changes while link-

Companies apply the principles 
of adaptive and integrative 
learning to assist current and 
future employees in developing 
targeted skills, preparing to 
adapt to new changes, and 
advancing within the company.
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ing interface users to Boeing designated experts, 
communities of practice, and resources such as 
the Boeing Technical Journal. The Boeing Knowl-
edge Network aims to provide continuous training 
in the Boeing Values-Based Leadership (Boeing 
2020) model that is connected to specific edu-
cational content focused on the development of 
multilayer skills relevant to job functions. Some 
of the specifics are realized through the Degreed 
program that emphasizes courses in project man-
agement, data analysis, and business processes. 
Additionally, Boeing creates online content that 
enables employees to pursue various learning cer-
tificates. Two examples are the MIT xPRO class 
on advanced manufacturing and the edX MicroBA 
programs that will be completely online and cost 
approximately $12,000 per employee. To upskill 
the non-technical workforce, Boeing has provid-
ed a $10 million gift to establish a partnership 
with the National Science Foundation to acceler-
ate training in crucial skill areas for the future US 
workforce (National Science Foundation, 2018). 
The resulting grants support design, development, 
implementation, and analysis of online courses in 
model-based engineering, model-based systems 
engineering, mechatronics, robotics, data science 
and sensor analytics, program management, and 
artificial intelligence. The intended outcome of the 
grants is development of learning systems that can 
maximize their effectiveness for a diverse base of 
learners.

AT&T Inc. enables employees to personalize 
learning to their specific needs and learning goals 
through a mapped learning system. This enables 
their employees to identify other jobs within the 
company as well as sign up for training opportu-
nities that would facilitate advancement within the 
company. According to Julia Stiglitz of Coursera:

At AT&T, they have taken all of their job 

categories, mapped them onto competencies, 
and aligned them to learning opportunities. 
Individuals can go onto a personalized-learn-
ing system and see if their jobs are on the de-
cline or on the rise. They can discover jobs 
that they are interested in, see the associated 
competencies, and take advantage of learning 
opportunities that will enable them to make a 
transition. The transparency of AT&T’s system 
is remarkable and empowering to employees 
(Alturi et al., 2017, pp. 5–6).

3.3 Adaptive Pathways that Cross Sectors

In the previous two sections we highlight exam-
ples of adaptive learning programs from the high-
er education and industry sectors. Here, we draw 
attention to a number of innovative cross-sector 
partnerships that are also taking place. These part-
nerships include K–12, higher education, commu-
nity, industry, and government. The individuals 
and organizations in each sector recognize the 
power of collaboration for the purpose of creating 
effective adaptive learning programs that meet a 
range of different needs. Out of these cross-sec-
tor partnerships arises research on how powerful 
cognitive, psychomotor, and social-emotional 
learning occurs, especially when implementing an 
inquiry-based pedagogical approach.

Through the National Research Council, we 
have consensus study reports summarizing re-
search in cross-sector learning and guiding fu-
ture questions for further inquiry (Hein, 2009; 
National Research Council, 2000). Most impor-
tantly, the council’s reports connect cross-sec-
tor, inquiry-based learning to society’s ability to 
address complex issues, such as the 21st century 
workforce, civil society, and issues of inclusion 
and equity. Cross-sector learning venues collec-
tively cover many aspects of “lifelong, life-wide, 
and life-deep” learning (Dierking & Falk, 2016, p. 2). 
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The inclusive makeup of these partnerships en-
sures that individual participants are made aware 
of the multitude of learner-centered perspectives 
and needs. An increased awareness leads to plural-
istic discourse and adaptive learning ecosystems. 
Cross-sector partnerships and interdependencies 
between and among multiple sectors can provide 
experiential learning opportunities creating vir-
tuous cycles that support learners, industry, and 
societal development. For clarity of presentation, 
we divide such partnerships into two subsections. 
First, we highlight partnerships that involve indus-
try and educational institutions (K–12 and higher 
education). Then, we focus on partnerships that 
span community, industry, and academia.

3.3.1 Partnerships Bringing Together Industry and 
Education

Industry and K–12

Located within North Central Kentucky, the 
Jefferson County Public School District (JCPS) 
provides a model of cross-sector collaboration. 
JCPS serves the most populous county in the state 
and encompasses the City of Louisville. In 2016 
school leaders embarked on an ambitious effort 
to increase awareness of, and access to, pathways 
outside of the traditional college degree route—
everything from health services and information 

technology to manufacturing, construction, and 
hospitality. To do this, they shifted their focus to-
wards graduating learners who were career ready. 
To make such a focus a reality, they partnered 
with engaged local businesses and industry, which 
included GE, Norton Healthcare, United Parcel 
Service, and Lantech. Out of these partnerships 
emerged the Academies of Louisville.

The Academies of Louisville launched in Fall 
2017 with the mission to “evolve public high 
school education by equipping students with the 
skills and 21st century know-how needed to thrive 
in an ever-changing global economy” (Jefferson 
County Public Schools, n.d., n.p.). JCPS’s acad-
emy model requires a high school senior to com-
plete four core courses in a specific pathway of 
interest combined with access to other work cer-
tifications or direct work experiences. The inte-
gration of traditional core courses such as histo-
ry, math, and English into the curriculum round 
out each student’s chosen pathway. The program 
got off to a good start in the 2017–2018 academic 
year, with 11 of the 28 JCPS High Schools partic-
ipating in the new model. Since then, the number 
of academies has risen to 15, and business partic-
ipation has expanded exponentially, from 20 em-
ployers to over 115 in Louisville. As a result, JCPS 
now promises that after four years in an academy, 
students will graduate with:

•	 Direct career and industry exposure

•	 Industry and college field trips

•	 Job shadowing experience

•	 Junior- and senior-year internships through 
SummerWorks

•	 Ability to earn college credits and industry 
credentials

•	 Ability to earn work experience through co-
ops or apprenticeships 

Individuals and organizations 
spanning K–12, higher 
education, community, industry, 
and government recognize 
the power of collaboration for 
creating effective adaptive 
learning programs.
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•	 Networking opportunities with local industry 
professionals

•	 Success skills and a postsecondary transition 
plan

The United Way of Southwest Virginia 
launched the Ignite Tech Talent program to devel-
op a pipeline of industry-specific talent in the re-
gion. Their goal is to facilitate learners, beginning 
with those in middle school, continuing through 
high school, all the way to community and four-
year college programs, to engage in information 
technology careers. Potential employers actively 
participate in each stage of the learning process 
via career fairs, internships, etc. Learning path-
ways are chosen by the learner, align to domain 
specific and transferable skills and provide credit 
while advancing education. These experiences and 
education culminate in full time information tech-
nology employment. To achieve this, the United 
Way of Southwest Virginia leverages partnerships 
across multiple school districts, community col-
leges, the workplace development board, and in-
dustries (United Way of Southwest Virginia, n.d.).

Industry and higher education

Autodesk extensively partners with second-
ary and higher education institutions throughout 
the world. The company has been able to grow 
these partnerships by creating a dedicated educa-
tion group, while offering free full versions of all 
software for students and faculty together with a 
robust learning platform called Design Academy 
that enables further collaboration. Additionally, 
the Autodesk education group forms extensive 
relationships with developers of external learning 
platforms while partnering with community col-
lege systems and universities for the purpose of 
supporting curriculum development and integra-
tion of making-based pedagogies. Finally, the ed-

ucation group launched a major multi-divisional 
initiative that builds advanced learning and cre-
dentialing systems for the purpose of integrating 
learners’ experiences across educational segments 
and their entire professional lives.

California Polytechnic State University (Cal 
Poly) and Amazon Web Services (AWS), an Ama-
zon.com company, partner to develop the Cal Poly 
Digital Transformation Hub (DxHub) to provide 
learners with real world problem-solving skills 
while also developing cloud technologies essential 
to addressing the digital transformation changes 
in government, education, and non-profit sectors. 
What makes DxHub unique from Amazon’s point 
of view is that it is “adapting the AWS innovation 
process to engage communities of stakeholders, 
AWS resources, and Cal Poly and California State 
University subject matter experts to quickly un-
derstand problems from the viewpoint of the cus-
tomer and then formulate solutions that address 
those needs” (Cal Poly, 2019, n.p.).

ASU established a partnership with Starbucks 
in order to provide tuition-free higher education 
to eligible company employees. The program pro-
vides full tuition reimbursement for over 80 de-
gree programs. In a similar vein, FedEx partners 
with the University of Memphis to offer new path-
ways for their employees, 50% of whom do not 
have credentials post high school. As part of the 
program, eligible employees can earn high school 
equivalency credits as well as college degrees.

The Louisville chapter of the Kentucky Fed-
eration for Advanced Manufacturing Education 
(KY FAME) represents a partnership of regional 
manufacturers whose goals are to implement ca-
reer pathways and apprenticeship-style education-
al programs that create highly-skilled workers for 
the 21st century. The KY FAME model allows as-
sociated manufacturing employers to hire employ-
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ees to work three days a week while attending a lo-
cal educational partner for two days a week. Over 
a period of two years, the goal is for the employee 
to simultaneously earn an associate’s degree while 
gaining valuable work experience. Additionally, 
the college credits earned by the employee are 
transferable to a four-year college degree, thus 
providing an additional pathway for the employee.

During the formation of KY FAME Louisville, 
partners from manufacturing sought an ideal aca-
demic partner that would be local in proximity and 
dually serve as support for learners and also the 
community. They chose Jefferson Community and 
Technical College (JCTC) as a key partner. JCTC 
responded by rapidly developing and implement-
ing an advanced manufacturing technology cur-
riculum. This reciprocal partnership serves both 
the college and industry by providing workplace 
opportunities for learners while aligning with lo-
cal industries’ needs. In doing so, KY FAME gen-
erates a reputation for developing workers that 
meet 21st century skill requirements. Since 2015 
the program has grown to 50 annual participants. 
Likewise, the community college will open a new 
facility in Fall 2020 dedicated entirely to advanced 
manufacturing.

Cross-sector partnerships may span both local 
and national dimensions. For example, Advanced 
Robotics for Manufacturing (ARM), headquar-
tered in Pittsburgh, the home of Carnegie Mellon 
University’s (CMU) National Robotics Engineer-
ing Center (NREC), serves as the nation’s largest 
learning collaborative in robotics and workforce 
innovation. ARM and CMU partner to build the 
CS-STEM Network (CS2N), an inexpensive, cus-
tom-built learning management system (LMS) to 
address national workforce development issues 
(Carnegie Mellon Robotics Academy, 2020). In 
order to close the gap between needed skills by in-

dustry and future graduates with aligning interests, 
the platform provides flexible, robust learning that 
provides obtainable skills directly related to robot-
ics work. This platform allows educators and in-
dustry representatives to easily integrate new con-
tent. CS2N updates existing pre-apprenticeship 
community-college level certifications and associ-
ate degree programs from across the nation to ad-
dress the evolving needs of its industry members. 
CS2N also allows for “customizable online train-
ing materials that are available 24/7, micro-certifi-
cations that guide students toward a certification, 
the ability for instructors to create classes, and 
automated assessment features that enable instruc-
tors to track students’ progress” within the LMS 
(Carnegie Mellon University, 2019, n.p.). Through 
the CS2N, learners are able to track personal prog-
ress, peer assess work, and share accomplishments 
on social media networks, personal web pages, or 
with colleagues.

FirstBuild based in Louisville, Kentucky and 
backed by GE Appliances, identifies as a “co-cre-
ation community” that serves as a cross-sector 
partnership model between the greater Louisville 
community and GE Appliances. By moving part of 
its innovation process beyond its brick and mortar 
location to an open community of practice, where 
community members learn to design and innovate 
through participation in a makerspace, GE helps 
to grow community talent and gain insight for in-
novation, beta testing, marketing, and manufactur-
ing on behalf of its design department. As GE’s 
projects undergo the feedback cycle with the local 
community, the company harnesses the resulting 
collective knowledge for product improvement.

In the greater Washington, D.C. metropolitan 
area, Alpha Corporation (Alpha), a woman-owned 
engineering and construction consulting firm, has 
focused on building forums for cross-sector col-
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laboration between startup communities, state 
and local governments, academic intuitions, and 
other stakeholders in the built environment. This 
initiative has emphasized providing practical and 
mutual opportunities for education, ideation, and 
commercialization to organizations across the 
highly complex and often ‘slow-to-adapt’ design 
and construction industry (Agarwal, Chandrase-
karan, & Sridhar, 2016). In taking this approach, 
Alpha looks to bridge the gap between theoreti-
cal solutions and industrial value by increasing 
project-based learning environments to support 
buildings, civil infrastructure, transportation, and 
utilities. This work has led to the creation of ac-
ademic and commercial partnerships to foster the 
increased integration, implementation, and adop-
tion of digital solutions across architecture, engi-
neering, construction, and project controls.

The Northern Virginia Smart Region Initiative 
(NVSRI) focuses on strengthening the regional 
technology cluster in Northern Virginia through 
collaborative learning for professionals, and in 
2019 received an i6 Grant from the US Econom-
ic Development Administration (EDA). NVSRI 
brings together local and national stakeholders in 
the design and construction industry from across 
the Northern Virginia region. These stakeholders 
include Arlington City and the City of Fairfax, 
Virginia Tech, Northern Virginia Community Col-
lege, Amazon Web Services, Alpha, the Center for 
Innovative Technology (CIT), Smart City Works 
startup actuator, Refraction coworking communi-
ty and Cushman & Wakefield. Together, NVSRI 
is focused on mitigating the risk profile of ear-
ly-stage construction and property technology 
startups throughout the region, while at the same 
time enabling easier access to project-based re-
sources and pilot opportunities (Smart City Works, 
Inc. et al., 2019; “Northern Virginia Smart Region 
Initiative,” n.d.). As a result, early-stage organiza-

tions working to navigate the complex value chain 
of the built environment have a clearer path to re-
alization while existing industry stakeholders are 
able to better understand the advancements and 
changes to the industry.

3.3.2 Community, Academia, and Industry

Community partnerships integral to diversifying 
and innovating learning pathways

The Institute for the Future’s (IFF) 2019 book, 
Partnership Power: Essential Museum Strategies 
for Today’s Networked World provides guidance 
for museum professionals wishing to create and 
sustain effective learning partnerships and col-
laborations. As such, the institute, located in Palo 
Alto, California, collaborates with the Cincinnati, 
Ohio-based non-profit KnowledgeWorks to pro-
duce regular “navigating the future of learning” 
forecasts that identify drivers of change, thematic 
provocations related to each driver, and examples 
of actual projects currently addressing these driv-
ers (KnowledgeWorks Foundation, 2020). Similar 
collaborations that use systems theory as a founda-
tion and have a goal of creating collective impact 
have the ability to span geographic location for the 
purpose of addressing complex challenges related 
to today’s rapidly changing world.

Universities have much to contribute to their 
communities, not only by building town-gown re-
lationships but also by actively engaging through 
community service and volunteerism. One such 
example is Fort Valley State University’s iHelp 
Center. The iHelp Center is working with a net-
work of community partners to “flood the streets 
with iHelp scholars and volunteers” (iHelp Cen-
ter, 2020). The university aims to address genuine 
needs in the community while improving student 
retention by making volunteerism compulsory 
(Association of Public & Land Grant Universi-
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ties [APLU], 2019). Using the concept of “com-
muniversity,” iHelp prepares students to be ser-
vice-centered leaders of the future (iHelp Center, 
2020). Community needs are also being addressed 
through a partnership between the local University 
of California, Riverside; the Community Founda-
tion; and Riverside Unified School District. The 
partnership provides service-learning opportuni-
ties and community-based academic internships 
for students, while providing the university with a 
better understanding of the Riverside community, 
thus increasing its capacity for affecting positive 
change within the region (APLU, 2019).

Community support for non-traditional learners

Wayne State University partners with the De-
troit Regional Chamber of Commerce and other 
community stakeholders to re-engage adult learn-
ers who have completed some college but left 
school prior to degree completion. This partner-
ship serves that specific audience by providing 
new information and resources regarding higher 
education opportunities in the area. Using artifi-
cial intelligence, prospective students use the plat-
form to ask questions about college 24/7 through 
Facebook Messenger. This effort is part of a much 
broader partnership between Wayne State Univer-
sity and the Detroit Regional Chamber that sup-
ports adult learners in making progress toward the 
Detroit-wide goal of boosting college attainment 
(Lumina Convening, 2019; Wayne State Univer-
sity, 2019b).

In Northeast Ohio, Cleveland State University 
and College Now Greater Cleveland collaborate 
on a grant-funded project called (Re)Connect to 
College, designed to help “comeback” students 
earn their degrees. Together they identify students 
who left the university before graduating and 
help them re-enroll. Students who might have left 
school due to affordability issues can receive fi-

nancial assistance. Once they are re-enrolled, stu-
dents have access to bolstered academic advising, 
which helps keep them on track toward a degree 
(APLU, 2019). Not only does this program benefit 
students, it helps the Cleveland area by increasing 
the talent pool for local employers. After helping 
230 former students return to their studies in its 
first year, (Re)Connect to College is now scaling 
up its efforts by implementing targeted outreach 
strategies using historical data; providing more 
comprehensive student support services; tracking 
employment outcomes for participating students; 
and developing new models for broadened out-
reach to students with some college credits but 
no degree, including students who did not attend 
Cleveland State University (APLU, 2019).

The Phoenix Rising Initiative at the Universi-
ty of Lynchburg is a grant-funded workforce pro-
gram for young adults ages 18–24 who have been 
involved in the criminal justice system and thus 
are seen as disengaged youth. The program utiliz-
es the Gallup StrengthsFinder assessment to deter-
mine the participants’ talents and strengths. Each 
participant is then connected to Journeys, an on-
line interface for career and technical education, to 
explore career options (Journeys, n.d.). The “jour-
ney” is undergirded with a curriculum, co-devel-
oped for Phoenix Rising by Edmin.com and The 
Learning Company in Durham, North Carolina. 

The Journeys Map App was designed based on 
the realization that there is a high ratio in K–12 
of students to career counselors, specifically about 
482 students to one counselor, and that many stu-
dents are in danger of being left behind in terms 
of career guidance (American School Counseling 
Association, 2015). Journeys is a learner-centric 
platform designed to create personalized and high-
ly relevant pathways based on an individual’s in-
terests, strengths and skills. Journeys also serves 
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as an aggregator of data from a wide range of 
sources to ensure learners of all ages can explore 
their options. Examples include O*NET OnLine, 
College Scorecard, and Indeed.com so that a large 
amount of data is provided with each search result.  

Non-profit-led cross-cutting partnerships for 
sharing resources

The Association of Public and Land Grant Uni-
versities (APLU) has a number of commissions 
that bring together representatives from across 
member universities to address critical issues of 
the day. The Coalition of Urban Serving Universi-
ties (USU) serves as one such commission. USU 
is a network of public urban research universities 
that leverages the intellectual capital and economic 
power of their institutions in order to improve their 
communities. “Guided by the belief that public ur-
ban universities are anchors in their regions, USU 
undertakes a variety of efforts to build a skilled 
workforce, drive robust economic growth, address 
inequities, and enhance community sustainability. 
To achieve these aims, USU institutions partner 
with key stakeholders in their communities such 
as K–12 systems, local businesses, health systems, 
workforce organizations, community organiza-
tions and philanthropic foundations” (Association 
of Public and Land Grant Universities & Coalition 
of Urban Serving Universities [APLU & USU], 
n.d., n.p.).

One way the APLU-USU partnership advanc-
es its goals is through Collaborative Opportuni-
ty Grants (COGs), which support public urban 
universities working to advance student success, 
degree completion, and community transforma-
tion. Institutions awarded COGs undertake a va-
riety of nascent reforms touching virtually every 
aspect of the student experience to establish the 
environment necessary for students to thrive. All 
COG efforts must center on collaboration between 

a public university and an external organization 
such as another university, community college, 
school district or local government (APLU, 2019). 
All COG projects must align with at least one of 
five priority investment areas: Strengthening the 
K–12 pipeline; rethinking financial aid; engaging 
faculty; partnering with employers and workforce 
organizations; and leveraging community assets 
(APLU, 2019). Since 2017, APLU and USU have 
awarded grants to 19 institutions. Of those, 14 in-
vest in some type of partnership that focuses on 
three issues related to adaptive learning through 
cross-sector approaches: Building new pathways; 
better integrating experience into the curriculum; 
and creating better transitions in and out of school 
(APLU, 2019).

Ithaka S+R is a non-profit organization that 
provides research and strategic guidance to help 
the academic and cultural communities serve the 
public good and navigate economic, technolog-
ical, and demographic change. The organization 
partners with higher education institutions, con-
sortia, state systems, philanthropies, and other 
education organizations to collaboratively design 
and evaluate projects that make higher education 
more accessible to diverse learner populations. 
The Adaptive Learning Statistics (ALiS) is one 
example of Ithaka S+R’s work. In 2017, Ithaka 
S+R co-led a multi-year pilot initiative in Mary-
land which brought together faculty from multi-
ple two- and four-year institutions to develop and 
adopt a common adaptive learning courseware to 
teach introductory statistics using active learning 
and flipped classroom pedagogical approaches. 
The details of the project findings and lessons can 
be found in the final report (Joo & Spies, 2019). 
One lesson worth highlighting is that the cross-in-
stitutional collaborations created by the pilot en-
riched ongoing conversations about improving 
math education, both within and across the partic-
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ipating institutions. The project also contributed to 
the statewide discussions around developing and 
sharing of openly licensed instructional materials 
and resources among faculty across Maryland col-
leges and universities. Ithaka S+R also recently 
released a playbook on how to develop success-
ful collaborative networks in and around higher 
education to drive systemic change that will have 
potential for far-reaching social impact (Joo, Sel-
ingo, & Alamuddin, 2019). The playbook provides 
a conceptual grounding for large-scale collabora-
tive networks that tackle cross-cutting challenges 
of student success, economic mobility, and racial 
and socioeconomic equity. It also unpacks a set of 
critical steps for starting and sustaining successful 
networks, with rich examples from the field to il-
lustrate.   

An Achievable Dream (AAD) is a unique col-
laboration among public school systems and com-
munity and corporate partners in Eastern Virginia. 
AAD, Inc., a 501 (c)(3), promotes the education-
al success of students that have been identified as 
requiring additional interventions due to social 
risk factors. AAD provides a holistic approach to 
education for those students who will best bene-
fit from extended learning time, social and moral 
learning, additional enrichment experiences, ad-
ditional technology, and parent/student contracts. 
AAD recruits and coordinates broad-based col-
laboration with health systems, local military, fire 
department, emergency responders, law enforce-
ment, colleges and universities, sponsoring corpo-
rations, families, local parks and recreation, local 
businesses and civic groups, and private donors. 
Students in these schools score as well as, or high-
er than, other students in the state of Virginia on 
the state’s Standards of Learning (SOL) exams. 
Other outcomes include a 100% graduation rate 
with the majority of students enrolling in honors 
or Advanced Placement courses during their high 

school careers. Of these students, 95% attend col-
lege and 5% enter the military. Members of the 
class of 2017 received $2 million in scholarship 
funds (Results, 2020).

CMR Institute, a non-profit healthcare educa-
tion organization in Roanoke, Virginia, leverages 
a variety of delivery strategies to provide partners 
in the pharmaceutical and life sciences industries 
with flexible, customized, and continuous learn-
ing opportunities. The CMR catalog of over 100 
eLearning courses is extended through a variety 
of instructional approaches, including microlearn-
ing, podcasts, videos, webinars, and the option of 
in-person specialized workshops. In addition to 
supporting industry partners through innovative, 
technology-mediated strategies, CMR has also 
collaborated with higher education institutions to 
develop credit-bearing learning programs for in-
dustry professionals.

3.4 On-Ramps and Off-Ramps

The development of various new pathways 
between institutions, industry, community, and 
government cannot be implemented without due 
consideration of viable on-ramps and off-ramps 
that facilitate transitions and cross-sector inter-
dependencies for supporting learners’ extraneous 
needs (Weise et al., 2019). On- and off-ramps need 
well-designed entry and exit points in order to (a) 
advance learners’ economic mobility in the short 
and long term, (b) supply high-demand indus-
tries with skilled workers, and (c) catalyze change 
within society to re-envision traditional pathways 
and redesign the structures that exist for a broader 
array of learners (especially income constrained 
learners and workers). These on-ramps consider 
their learners’ needs with wrap-around support 
systems such as transportation, childcare, career 
navigation, basic needs, and financial aid. On-
ramps also acknowledge the need for a core cur-
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riculum for bridging or upgrading, as well as other 
forms of professional development. Ramps need 
to encompass re-engagement services and strate-
gies that would enable learners to achieve learn-
ing goals as they require them through on-the-job 
experiential learning, competency-based assess-
ments, and integration of career and academic 
planning (Weise et al., 2019). Ultimately, ramps 
bridge gaps between sectors and help leverage 
partnerships to develop greater access and mobili-
ty. Many of the cross-sector pathway examples in 
this report are effective because of built-in support 
mechanisms developed as integral parts of the in-
novative changes being implemented.

3.5 Expanded Access and Reduced Cost

In order to create successful knowledge de-
mocracies that can cross all sectors of society, 
there must be effective intercommunication, ex-
changing of resources, and strong interdependent 
relationships. Essentially, sectors operating in 
silos need to reach out and start dialogues about 
how they can support accessibility to knowledge 
for all their constituents. The examples given in 
this chapter show that such collaborations already 
exist and succeed while significantly advancing 
inclusion. If a learner is unable to afford an institu-
tional pathway such as a traditional four-year col-
lege degree, there are alternative paths that offer 
equal value at a significantly reduced cost across 
different sectors.

The cost issue must be faced head on, par-
ticularly because historically high income and 
wealth inequality directly impact many learners’ 
opportunities to access the education they need 
(Charlotte Report; Haveman & Sneeding, 2006). 
Education is no longer required only for the ad-
vantaged few in the knowledge economy (APLU 
& USU, 2019). Instead, certain levels of training 
or learning are a required necessity to work, live, 

and contribute. Too many present-day institu-
tions focus on the overserved and well-educated 
populations of America, which makes them unaf-
fordable to a large swathe of prospective learners 
(Goldrick-Rab, 2016). As The New York Times put 
it in a recent opinion piece, the cost of college is 
“far greater than [even] tuition,” with many peo-
ple deferring significant life events such as mar-
riage or homeownership as a result of student loan 
debt, and many people completely forgoing fur-
ther education altogether or seeking alternatively 
undervalued pathways to learn (Is It Still Possible 
to Pay for College?, 2019, para. 1). New financial 
models that allow a diversified learner population 
to access affordable and more flexible learning op-
portunities will decrease barriers to various modes 
of learning and to the overall knowledge economy.

Inclusion necessitates varied pathways with al-
ternative cost models as well as expanded admis-
sions models for accommodating a more diverse 
learner population and many types of personal 
knowledge. Even moderate adaptations to admis-
sions criteria and processes that are combined with 
support structures for different types of learners 
can have significant effect on inclusion. ASU, for 
example, is moving towards an earned admission 
model. Instead of paying tuition up front or pro-
ducing proof of suitability to study at the insti-
tution, ASU provides courses online to progress 
towards admissions to an ASU degree. To enroll, 
ASU requires no transcripts, no formal applica-
tion, and eight weeks of time to complete a course. 

Inclusion necessitates varied 
pathways with expanded 
admissions structures and new 
financial models.
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The most significant aspect is that ASU does not 
require payment for a course until it is completed 
and passed by the student, which reduces the risk 
and financial stress associated with applying for 
a traditional four-year degree. Earned admission 
allows students who have exited traditionally re-
strictive educational pathways with debt and low 
GPAs to access learning on their own terms. Stu-
dents can pursue a pathway of their own choos-
ing while demonstrating the ability to succeed 
based on personal merit and motivations. More-
over, when a student achieves admission to ASU, 
earned admission credits are transferred towards 
the degree pursued.

Purdue Global’s access model is saving its stu-
dents significant amounts of money by allowing 
the transfer of non-traditional credit via portfo-
lio assessment. In 2018, incoming Purdue Glob-
al students who passed EL206 and submitted a 
portfolio for evaluation earned an average of 33 
quarter credit hours toward their Purdue Global 
undergraduate degrees. The National University 
of Singapore presents another example of rethink-
ing financial as well as access models across an 
ecosystem of institutions. In 2018 the university’s 
programs were reassessed and restructured with 
several other local universities in eight priority or 
emerging industries to provide better enrollment 
access and reduced the financial burden for cur-
rent students and alumni (APLU & USU, 2019). A 
number of American universities are implement-
ing adaptive approaches to admissions as well as 
cost structures—including the UCF, Georgia State, 
and the University of Maryland, Baltimore County 
(UMBC)—with a positive impact on the diversity 
of the student body as well as completion percent-
ages (Georgia State University, 2019). 

Another important way to rethink educational 
costs and access is through Open Education (OE). 

OE has increased access to various pathways and 
affordable learning credits by reducing direct ma-
terial costs for the learner. One of the most promis-
ing aspects of OE are Open Educational Resourc-
es (OERs)—free textbooks and other learning 
resources that can be retained, reused, revised, 
remixed, and redistributed (Bliss & Smith, 2017) 
thanks to the use of open licensing (e.g., Creative 
Commons). Many US institutions are implement-
ing OER usage through new approaches to in-
structional design. Librarians across institutions in 
the US digitally curate OER repositories and pro-
mote usage of the materials in professional devel-
opment workshops for faculty. As a result, OERs 
are saving learners millions of dollars per annum 
in higher education (Bliss & Smith, 2017).

3.6 Cross-sector, Learner-Centric 
Credentialing

A key feature coming out of the cross-sector 
paradigm shift that we propose is the need for a 
transparent system of credentialing. The fast-paced 
and changing nature of the 21st century economy 
requires it. Learners at all life stages must be able 
to skill up or re-skill quickly in order to smoothly 
transition in, out, and across the workforce. This is 
only possible if there is full transparency when it 
comes to documenting skills attained from learn-
ing experiences. One assumed way to achieve this 
is through stackable credentials or badges earned 
in competency-based frameworks. Collins and 
Halverson (2018) explain that eventually course 
streams and disciplines could be streamlined to re-
flect the competencies needed for jobs. Instead of 
earning a degree, a learner would earn stackable 
badges or credentials that employers require for 
certain sectors (Collins & Halverson, 2018).

Stackable badging, however, is only one way 
to reimagine credentialing—and it is limited by 
the fact that it tends to reify internal institutional 
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credentialing issues. We need to shift the growing 
interest in developing new forms of credentialing 
beyond the narrow scope of training task perfor-
mance or building specialized skills. Portable cre-
dentialing should address integrative personal and 
professional development (see Chapter I) and en-
compass sectors beyond the confines of academic 
institutions. If the goal is to increase access and 
build seamless, integrated, and customizable edu-
cation and training pathways across sectors, then a 
shift to competency-based or skill-based learning 
is only a partial response to placing the learner at 
the center of transparent credentials. Lee Ruben-
stein stresses the importance of alternative and 
learner-centric forms of credentialing:

Leaders need to understand and value the 
alternative credentials that are available. If I’m 
an employer, I need to be saying, “Here are 
the 12 competencies that I need you to get. I 
don’t care where you get them. You don’t need 
to spend $200,000 in four years to go do that. 
You just need to show us some proof” (Alturi 
et al., 2017, p. 4). The idea that you enter at 
the bottom and four-plus years later you end at 
the top and you’re done is a fiction. It doesn’t 
mean anything anymore. Learners need to be 
able to enter at any different point along the 
way, take what they need, and get going to do 
whatever it is they wanted to do. We have to 
try to find a way to help alternative credentials 
become a currency among learners that is re-
spected and valued by employers (Alturi et al., 
2017).

The learning transcript is currently owned and 
determined by the institution from which a learner 
has graduated. To advance inclusive and integra-
tive personal knowledge, we must ask if there can 
be a common platform for learners to: (a) earn cre-
dentials, (b) organize and own the record of their 

credentials, and (c) carry their credentials from 
sector to sector throughout their lives (Whitney, 
2010). 

A major concern of alternative forms of cre-
dentialing is how to prove skill attainment and 
ensure quality and mobility of control. To address 
these issues, the University of Melbourne is de-
veloping a blockchain-based credential system 
designed and owned by learners (APLU & USU, 
2019). Blockchain algorithms secure credential 
information, learner data, and ensure the surviv-
ability of the learning record, allowing learners to 
own their academic records and achievements and 
successfully track them over multiple institutions 
and many years (Knowledge Media Institute & 
The Open University, 2018). A unique feature of 
blockchain is the ability to let learners post their 
verifiable learning artifacts such as a video clip, a 
piece of music, or a computer programming code, 
which can provide instantaneous audio and visu-
al evidence of a learner’s mastery and proficiency 
of certain knowledge subjects and skills. Block-
chain can be used to provide a sharable and veri-
fiable learning transcript that incorporates digital 
badges, certificates, awards, and micro-credentials 
alongside transcripts. Other cooperatives such as 
the Digital Credentials Consortium (DCC) led by 
MIT are also focusing on transparency of learner 
records. Comprising nine universities from five 
countries, DCC is working to create a shared plat-
form and standards to issue and verify what stu-
dents have learned across sectors—not just the ed-
ucational institutions that they might have attended 
(McKenzie, 2019). In both examples, the goal is to 
increase reporting of skills attained across sectors 
and depict learning that engages both personal and 
professional development.

A number of organizations and higher educa-
tion institutions are exploring the possibilities of 
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broader based, all-encompassing platforms for 
credentialing. For example, the American Asso-
ciation of Collegiate Registrars and Admissions 
Officers (AACRAO) and the Association of Stu-
dent Personnel Administrators (NASPA) channel 
the idea of electronic medical records (Green & 
Parnell, 2017). Reasoning that if an electronic 
medical record can follow a patient throughout the 
medical system, then it is possible for an educa-
tional equivalent to track and detail all experienc-
es and knowledge from various activities in work, 
education, and community interaction (Whitney, 
2010). Known as Comprehensive Student Records 

(CSRs) or Electronic Learning Records (ELRs), 
the AACRAO and NASPA published a report in 
2017 for pilot projects in several universities on 
CSRs (Green & Parnell, 2017). The results indicate 
that CSRs demonstrate a broader set of competen-
cies and skills to employers while easing employ-
er risk in hiring. Most important, CSRs emphasize 
learner access and control of their transcript while 
allowing for transparency in educational reporting 
throughout a learner’s lifespan (Green & Parnell, 
2017). While research is in its infancy, the good 
news is that interest in and need for these plat-
forms is growing.



Chapter IV:
Point of Need Learning and Inclusive 
Learning Societies 
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We conclude this report by returning 
to the theme of social inclusion. 
In previous chapters, we have dis-

cussed the interconnected nature of inclusion, ad-
aptation, and integrative development. Figure 4.1 
shows how this interconnectedness works in prac-
tice: Learning environments that leverage inclu-
sive, relational knowledge provide support for the 
integrated professional and personal development 
of individual participants. Integrative development 
brings forth the different skills, competencies, and 
aspirations of learners, which drives learning ad-
aptation. Adaptation supports difference, thus cre-
ating diverse relational contexts.

Throughout this report, we have elaborated 
many promising examples of individuals, orga-
nizations, and institutions working to implement 
adaptive lifelong learning. However, each of these 
examples on its own presents only one piece of the 
puzzle. What is necessary, we believe, is a para-
digm shift in social inclusion spurred by the wide 
adoption of integrative and inclusive adaptive life-
long learning. Indeed, given sufficient time, wide 
adoption of these learning practices can address 
one of the many crucial dimensions that lead to the 
emergence of inclusive learning societies (Rees & 
Bartlett, 1999b; UNESCO, 2000). 

Developing learning societies in which mem-
bers are committed to lifelong learning for all 
requires addressing a number of complex chal-
lenges. It necessitates, for example, understand-
ing and addressing the linkages between learning, 
health, nutrition, and a safe environment (UNES-
CO, 2000). It also requires work at all levels and 
within all sectors of societies to rectify inequali-
ties based upon gender, race, class, ethnicity, and 
religion (UNESCO, 2019). Serious and ongoing 
questions concerning the appropriate combina-
tions and safe deployment of technologies, how to 
train and support committed educators, and how to 
create high-quality learning materials must all be 
addressed. Governments, industry, and civil soci-
ety each have parts to play in the funding and de-
velopment of learning throughout the lifespans of 
all members of society. Moreover, the established 
missions and related value systems of educational 
institutions also need to be examined. 

In the remainder of this chapter, we explore 
what it will take to get us on the path to a paradigm 
shift in social inclusion. We propose leveraging 
existing and emerging cooperative learning com-
munities that engage all layers of skills in our In-
tegrative Professional and Personal Development 
(IPPD) model. The next step is to create Point of 
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Need Learning Platforms (PNLP) that can begin to 
connect smaller communities of integrative learn-
ers into inclusive, adaptive learning networks. The 
interaction of novel learning practices in these 
networks with established practices from existing 
organizations can disrupt the current paradigm and 
gradually lead to societal change and an inclusive 
knowledge economy.

4.1 Participatory Knowledge and Flatter 
Organizations 

If learning and knowledge practices are to 
change, it is vital that we expand our under-
standing of knowledge. We must move beyond 
societal and organizational biases that favor 
only outcome-based, institutional, and standard-
ized knowledge and instead engage with the full 
spectrum of knowledge and its varied types and 
manifestations (Hope & Martelli, 2019). Inclu-
sive learning societies, as we envision them, are 
built upon the process of participation in learn-
ing. Members of a learning society seek to em-
body process-oriented creation and dissemination 

of knowledge. As a result, participation in itself 
becomes a form of knowledge. Adaptive learning 
practices that incorporate participation as a means 
of addressing diverse personal knowledge needs 
have a much better chance of identifying—and 
valuing—all types of knowledge. This, in turn, 
increases inclusion, which leads to further adap-
tation.

Pateman (1970) notes that as far back as the 
18th and 19th centuries, thinkers including Jean-
Jacques Rousseau and John Stuart Mill held that 
democratic participation throughout society is it-
self a form of education. Both philosophers un-
derstood that participation—control over the pro-
cess and outcomes of the decisions affecting one’s 
life—can teach citizens to better understand the 
viewpoints and needs of others. In fact, the more 
one participates, the better able one is to do so. 
Daily interaction, dialogue, and co-creation with 
others can open up new possibilities for pursuing 
and developing a wider array of knowledge and 
achieving self-actualization. Crucially as well, 
studies have shown that individuals are happier 

Figure 4.1 
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and have higher levels of satisfaction when they 
can participate deeply in the creative endeavors of 
their workplace (Knudsen, Busck, & Lind, 2011; 
Pateman, 1970; Rothschild-Whitt & Whitt, 1986). 

Learning through the process of inclusive par-
ticipation leads to relational structures that are flat-
ter,  less rigid, and less hierarchical than traditional 
organizational approaches to knowledge. Because 
everyone is learning from everyone else, the in-
teractions and organizational structures become 
less hierarchical. Knowledge, in such settings, is 
not viewed as power but rather as a fundamental 
building block of inclusive growth. The more each 
member of the community knows, and the great-
er access each has to knowledge co-creation, the 
better off all members become (Rothschild-Whitt, 
1979, 1986). Less hierarchical modes of interac-
tion can create a virtuous cycle in which individu-
als are able to learn with a commitment to valuing 
and working across multiple knowledge practic-
es, and continue to build deeper capacities to do 
so from their engagement with others (Pateman, 
1970). This builds reciprocal trust in and between 
learners and learning institutions while facilitating 
community building and the emergence of inclu-
sive learning societies. Because these societies fo-
cus on the process of inclusive participation and 
therefore facilitate much flatter interactions and 
relationships within and across organizations, they 

incorporate a much wider set of experiences. As 
a result, this diversity of experiences, approaches, 
and understandings creates richness and dynamic-
ity. When members exist and interact in the midst 
of complex and diverse networks, dialogue begins 
to emerge that crosses and transcends boundaries 
and fundamentally deconstructs pre-existing pre-
suppositions (Osborne, 2015). Having said this, 
it is important to explain that we are not arguing 
against outcome-based knowledge practices. Rath-
er, we are proposing that communities that achieve 
inclusion through participatory processes are also 
able to produce transformative outcomes (Page, 
2007; Schuler, De Cindio, & De Liddo, 2015). 

In the Introduction, we presented a four-di-
mensional model of inclusive knowledge. We can 
now add to this model a fifth, organizational di-
mension. If we think of organizational forms and 
practices as existing on a continuum, then at the 

Inclusive learning societies 
are built upon participation 
in learning, which leads to 
flatter, relational structures that 
incorporate a much wider set of 
experiences.
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far left we would find strictly hierarchical struc-
tures under which members have rigid, narrowly 
defined roles and tasks and all decision-making 
processes flow from the top down. At the far right, 
we would find organizations with completely flat 
structures in which every member has equal op-
portunities for participation. Although the major-
ity of current organizations occupy the middle to 
left side of this continuum, a growing number of 
organizations are experimenting with practices 
on the right side of the continuum (Democracy at 
Work Institute, 2018).

4.2 Communities of Integrative Learners as 
Pilots for Learning Societies

Communities of Practice (COP) embrace char-
acteristics that span the full breadth of the five di-
mensions of our knowledge representation, with 
emphasis on the right side of the continua. COPs 
are social networks that develop a shared knowl-
edge base and adopt a core practice or initiative 
(Barab et al., 2002; Wenger, 1998). Learning is 
bi-directional between novices and experts, thus 
promoting flat and diverse peer-to-peer relational 
structures. Participatory learning leads to dynamic 
concepts of the practices that facilitate further in-
clusion and adaptation. Collins (2006) argues that 
COPs have historically existed in cultures where 
apprenticeship was a key means of learning new 
skills or competencies. Today, communities of 
practice exist both online and in traditional me-
diums. One type of COP that has gained a lot of 
attention recently is the maker community. Maker 
communities bring together practitioners from all 
sectors of the knowledge economy in an effort to 
connect age-old learning through crafts with some 
of the most cutting-edge fabrication and knowl-
edge-sharing technologies. They are also defined 
by their emergent making practices rather than 
the homogeneous practices of a specialized cohort 
(Galaleldin & Anis, 2017). Through their inclu-

sive processes, maker communities as a whole are 
beginning to redefine manufacturing for the 21st 
century (Schmidt, 2017). 

The desire for integrative approaches to grand 
societal challenges has led numerous universities 
to explore transdisciplinary and trans-sectoral 
COP over the past 15 years (National Academy 
of Science, 2004; Popowitz, 2018). In her 2008 
paper, Klein identifies three main clusters of in-
terdisciplinary and transdisciplinary discovery: 
(1) international networks of interdisciplinary re-
search, (2) transdisciplinary team science, and (3) 
transdisciplinary, trans-sectoral problem-oriented 
research with stakeholders in society. Realizing 
cluster three is particularly challenging because of 
its trans-sectoral nature, heterogeneity of practic-
es, and expanded notion of expertise (e.g., exper-
tise can arise from experience as well as formal 
study). Traditional organizational structures in ac-
ademia are almost orthogonal to these approaches. 
Therefore, academia is adopting COPs as a path-
way for jump starting much-needed trans-sectoral, 
transdisciplinary activity within higher education 
(Crow & Dabars, 2015; ESSENCE, 2016).

Over the past 50 years, transdisciplinarity has 
tended to be seen as a pluralistic, process-focused 
practice that can synergize with and continuously 
deconstruct (contextualize, decontextualize, and 
recontextualize) the disconnected, domain-spe-
cific practices of academia (Derrida, 2004; Fou-
cault, 1969; Nicolescu, 2002; Osborne, 2015). 
Contextualizing specialized work within dynamic 
multi-perspective discourse is seen as a promis-
ing avenue for collectively addressing complex 
societal challenges (Darberllay, 2015). As ear-
ly as 1972, Jantsch proposed a transdisciplinary 
university that he conceptualized as a four-layer 
hierarchy moving from the specific to the general 
(Jantsch, 1972). On the first two layers, learners 
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and researchers focus on domain-specific empir-
ical and pragmatic knowledge. At the third layer 
they turn to domain-general systems approach-
es, while at the fourth layer they consider socie-
tal purpose, meaning, and values. This multilayer 
approach to knowledge integration acknowledges 
the difficulty of connecting pluralistic societal dis-
course about life’s purpose and values directly to 
domain-specific discovery. It proposes a graduated 
approach to knowledge integration that is paral-
leled by a measured shift of focus from outcome to 
process and from concrete to abstract. 

We know, however, that knowledge is both 
personal and relational. Multilayered collective 
intelligence requires learners to embody the dif-
ferent layers and be cognizant of the full complex-
ity of societal problems and the need for collab-
orative solutions. In turn, learners must rely on 
communities of trust that value and support in-
tegrative personal and professional development 
across skill layers and differentiated contributions 
to collaborative contexts. COPs have the potential 
to facilitate this interconnectivity of multilayered 
personal knowledge and multilayered relational 
knowledge. 

They provide a nexus for social learning where 
highly abstract ideas (i.e., making as reflection), 
domain-general ideas (i.e., design for additive 
manufacturing), and highly specific processes 
(i.e., improving the filaments for metal 3D print-
ing) can coexist and co-inform. By spanning mul-
tiple sectors of knowledge ecosystems, COPs gain 
a continuous flow of new and diverse perspectives 
while also endowing members with new insights 
and abilities, which they can then transfer to their 
domain-specific and domain-general contexts as 
well as other relational contexts (Wenger, 2000). 
Therefore, mobility across skills layers and prac-
tices is central—both to the participants and to the 

organizational structure. With this in mind, we 
believe that cooperative communities of learners 
structured around transdisciplinary themes of so-
cietal impact that structurally engage all layers of 
skills of the IPPD model are ideal for exploring the 
recommendations of this report. 

An example of what we have in mind is the Be-
yond Boundaries initiative at Virginia Tech, which 
developed transdisciplinary themes as the fourth 
layer of a hierarchical structure of knowledge dis-
covery and dissemination (Bleizner, Grant, & Ri-
kakis, 2016). The hierarchy progresses gradually 
from the domain-specific to the domain-general 
and from outcome-focused to process-focused. 
Departments form the base layer followed by the 
college (layer two), the interdisciplinary team sci-
ence (layer three), and transdisciplinary cross-sec-
tor discourse (layer four). The connectivity of 
transdisciplinary themes with the disciplinary and 
interdisciplinary structures of the university de-
pends to a large extent on the participants (faculty, 
students, community, and industry partners). These 
participants move easily and continuously among 
concerns of their disciplines, interdisciplinary 
centers, and transdisciplinary societal purpose dis-
course. To emphasize the critical role of integrative 

Multilayered collective 
intelligence requires learners 
to embody the different skill 
layers and recognize the need 
for collaborative solutions. 
In turn, learners must rely on 
communities of trust that value 
integrative development and 
collaboration.
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knowledge practitioners, multilayer COPs were 
organized around each transdisciplinary theme 
and were tagged as talent “destination areas.” 
Destination area COPs are envisioned as dynamic 
social nexuses. They are deliberately designed not 
to be independent units with buildings, directors, 
or other organizational and bureaucratic structures 
because this risks turning them into their own silos 
or relics of the past that are hard to sunset once 
new societal challenges have surfaced (Amelink & 
Nicewonger, 2019; Nicewonger & Amelink, 2019; 
Popowitz, 2018). Transdisciplinary knowledge is 
embodied in the participants of the COPs, not in 
an institutional unit, and engages all skill layers of 
the IPPD model. The knowledge of the communi-
ty and of individuals continuously adapts as new 
perspectives emerge through pluralistic discourse 
and new members join the community. As new 
societal challenges emerge, these lifelong learners 
can easily transfer their multilayered, transdisci-
plinary abilities to new contexts. 

Although transdisciplinary COPs hold signifi-
cant promise for advancing inclusive and integra-
tive adaptive learning in higher education, the sus-
tainability of these communities within traditional 
academia remains a challenge (Popowitz, 2018). 
The working groups that we will launch follow-
ing this report will explore in depth the opportu-
nities and challenges of transdisciplinary, adaptive 
learning in academia. The groups will engage in 
quantitative and qualitative research informed 
by multiple sources and perspectives. One such 
source will be an extensive ethnographic research 
project being led by Todd Nicewonger that exam-
ines the sociocultural experiences of faculty in-
volved in inter-/transdisciplinary initiatives in US 
higher education. The project provides a critical 
look at the issues these faculty and staff face as 
they work on developing collaborations with col-
leagues from diverse disciplinary backgrounds. In 

the process, this project provides a vehicle for the 
voices of participants, who share stories and ex-
amples that touch on both the difficulties and mis-
conceptions underlying these initiatives, as well 
as the creative strategies that are emerging out of 
this work. The work illustrates the importance of 
hearing and reflecting on the experiences of peo-
ple who are engaged in inter-/transdisciplinary ac-
tivities and practices. 

Besides universities, a number of other orga-
nizations (schools, businesses, and non-govern-
mental organizations) have been exploring new 
ways to engender cooperation with flatter deci-
sion-making, ongoing education, and recipro-
cal valuing of different types of knowledge and 
practice. These examples, too, provide valuable 
insights into developing inclusive learning societ-
ies. The much-studied Toyota Production System, 
for example, incorporates a deep commitment to 
problem-solving through continuous interchange, 
communication, and experimentation among man-
agers, production line technicians, engineers, and 
many others. As Spear (2004) argues, the basic 
Toyota philosophy is that “any operating system 
can be improved if enough people at every lev-
el are looking and experimenting closely enough 
(para. 31).” This practice allows employees to en-
gage in continuous learning and sharing of infor-
mation with one another at all levels.

Many businesses are working to achieve par-
ticipatory knowledge ecosystems through what 
Rothschild and Whitt (1986) call demystifica-
tion. This is the process by which “formerly ex-
clusive, obscure, or esoteric bodies of knowledge 
are simplified, explicated, and made available to 
the membership at large” (p. 190). Such process-
es enable members to build a macro-picture of 
their workplace, learning about an entire organi-
zation and the various tasks, facets, and functions 
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required to operate it. Wolff and Resnick (2012) 
argue that building strong relationships among 
different firms is a strategy to further increase 
learning opportunities and sharing of knowledge 
because it creates an ecosystem in which members 
can learn from partners in other businesses and 
build connections for support and training across 
organizations. A robust learning society can thus 
emerge by connecting individual flat and dynamic 
organizations into a knowledge network organized 
around a trans-sectoral practice or theme with po-
tential for significant societal impact.

The Mondragon Corporation in the Basque re-
gion of Spain is a well-known and successful ex-
ample of a democratic business ecosystem. Found-
ed in 1956, Mondragon is not a single business but 
rather an interconnected complex of cooperatives 
each producing different products and services 
and each retaining the capacity to make its own 
decisions. The majority of its 74,000 employees 
have the right to vote on important business deci-
sions and the corporation is known for its commit-
ments to educational initiatives and community 
development. Mondragon’s cooperatives operate 
according to the principle of “learning by doing,” 
which is essentially the educational idea that peo-
ple can learn to do something through practice and 
reflection—as long as they have access to resourc-
es, support, and training. It is also about “having 
confidence in people that they can have success 
using their labour through trial and innovation” 
(Heales et al., 2017, p. 31).

Mondragon’s yearly revenues of €12 billion (ap-
proximately $13.2 billion), combined with its demo-
cratic organization, has enabled the corporation to ac-
cumulate sufficient capital to develop what has been 
called a “social innovation eco-system,” which in-
cludes a university, medical services, and other com-
munity supports (Heales et al., 2017, p. 45). Mon-

dragon invests heavily in education by, among other 
things, creating schools and training facilities that are 
open to employees and non-employees alike (Heales 
et al., 2017, p. 52). Many organizations around the 
world have learned from Mondragon’s approach. 
One example is the Evergreen Cooperative Initiative, 
a network of employee-run businesses in Cleveland, 
Ohio, operating with a commitment to community 
reinvestment and environmentally sustainable eco-
nomic development in partnership with local insti-
tutions such as Case Western Reserve University and 
the municipal government (Alperovitz, 2013). 

4.3 Point of Need Learning Platforms

Learning communities, either in education 
or industry, that embrace flatter, participatory or-
ganizational structures provide ideal relational 
contexts in which to explore the integrative and 
adaptive lifelong learning practices and recom-
mendations of this report. We propose that Point 
of Need Learning Platforms (PNLP) can connect 
smaller participatory knowledge projects into 
large scale inclusive and adaptive learning net-
works. Indeed, based on all the work presented in 
this report thus far, we argue that the key value 
these platforms bring to the table is participation. 
A successful PNLP can facilitate participation for 
anyone interested regardless of background or pre-
vious experience. 

PNLPs can be developed by adopting, ex-
perimenting with, and evolving many of the rec-
ommendations of this report. We propose that 
PNLPs be created and continuously developed 
by cross-sector communities of integrative learn-
ers spanning K–12, higher education, industry, 
and community organizations. Each PNLP can be 
structured around a transdisciplinary, trans-sec-
toral collective intelligence theme such as the 
World Economic Forum discussion of Industry 4.0 
that places technological and economic develop-
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ment within a systems context that also engages the 
support of the five Ps: people, peace, planet, pros-
perity, and partnership (United Nations General 
Assembly, 2015; World Economic Forum, 2016b). 
As discussed in Section 4.2, these themes require 
diverse perspectives and necessitate concurrent 
application and development of interconnected 
domain-specific, domain-general, and life skills 
by all participants. Because every active learner 
has domain-general and life skills, these skills can 
become their entry point into any transdisciplinary 
PNLP. Some learners may start their participation 
at the edge of a transdisciplinary theme and its cor-
responding PNLP. But as is the case with traditional 
COPs, increased participation will assist each learn-
er with interconnected development of customized 
networks of life, domain-general, and domain-spe-
cific skills that can lead the learner to the core of the 
community.

PNLPs embrace all the structural characteris-
tics of IPPD-based adaptive learning platforms 
that are presented in Chapter II (Section 2.4). They 

are cyber-physical/cyber-human platforms that al-
low diverse learners to map their existing skills 
to current and emerging training and employ-
ment pathways. PNLPs are continuously updated 
through broad, cross-sector participation support-
ed by high-dimensional workforce and learning 
analytics. For example, if two very distinct activ-
ities—such as working at a motorbike shop and 
taking an online math course—have repeatedly 
been shown to assist learners in developing partic-
ular skills related to Industry 4.0, both experienc-
es can be included as part of a PNLP on Industry 
4.0 along with adaptive pathways that can mature 
these skills and connect them to Industry 4.0 com-
petencies. The connection of these experiences 
within a PNLP may also inform the redesign of 
the math course and the workflow in the bike shop. 
PNLPs organize content in modules and provide 
flexible connectivity between modules. Modules 
utilize and combine different learning modalities 
ranging from in-person, hands-on experiences to 
distributed, asynchronous learning and team-based 
explorations of complex problems. Learning is en-
hanced by using cutting-edge technologies such as 
interactive content applications, cognitive tutors, 
augmented reality, and robots. The use of these en-
abling technologies facilitates the development of 
descriptive and predictive analytics to help inform 
mentoring and advising. 

A PNLP promotes learner agency and mobil-
ity within and across personal knowledge layers 
(domain-specific, domain-general, life skills, and 
relatedness), knowledge types (explicit, implicit, 
and tacit), and learning domains (cognitive, af-
fective, and psychomotor). PNLPs are thus well 
positioned to accommodate and connect different 
learning experiences with the needs of all types 
of learners, including K–12, higher education, the 
current workforce, those who are reskilling, and 
those rejoining the workforce. By recognizing and 

Point of Need Learning Platforms 
(PNLPs) are cyber-physical 
platforms dynamically structured 
around transdisciplinary and 
trans-sectoral themes of societal 
impact. PNLPs contain modular 
content developed by all 
participating sectors and allow 
any learner to map their existing 
skills to current and emerging 
training and employment 
pathways.
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leveraging the existing diverse skills of learners, 
drawing resources (educators and trainers, learn-
ers and learning content, labs and facilities) from 
across sectors, and connecting learners to acces-
sible learning contexts (e.g., a partner facility 
close to their home) the PNLP can minimize cost 
to the learner. PNLPs reduce the need for lengthy 
full-time residential learning and the need for the 
creation of large, standalone, and expensive infra-
structures of residential learning, which in certain 
cases might also be duplicative if, for instance, 
two higher education institutions in the same state 
are developing similar expensive labs that end up 
competing with each other. As an adaptive plat-
form, the PNLP integrates multiple on-and-off 
ramps and diverse forms of credentialing includ-
ing individualized electronic learning records 
owned and managed by the learner. We propose 
that universal, free-at-the-point-of-use PNLPs 
represent an adaptive, inclusive, efficient, and fea-
sible approach to meeting the needs of a vast array 
of learners. 

The business model for a PNLP is based on 
extensive participation resulting from widespread 
demand. Entities and individuals from different 
sectors join a PNLP because they want to be a 
member of a community that can tackle a trans-
disciplinary theme of societal impact by address-
ing the totality of the problem space (technical, 
financial, societal, environmental, etc.). All par-
ticipants realize that the continuous and multilay-
ered integrative learning necessary for tackling 
the theme requires broad participation across all 
societal sectors. The largest contribution that in-
dividual participants bring is their knowledge and 
active engagement. This model presupposes that 
resource-rich entities will be open to subsidize 
the participation of resource-constrained entities 
because they value integrative learning through 
comprehensive participation. 

It is also important to highlight that a PNLP is 
not a traditional online learning platform although 
it can synergize with existing distributed learn-
ing platforms such as Coursera or edX. A PNLP 
places each module of learning in the context of 
IPPD that can support collective intelligence for 
addressing complex and current societal themes. 
For example, a learner may engage calculus or 
programming in an Industry 4.0 focused PNLP, 
but that domain-specific learning would be con-
nected to domain-general skills (e.g., computa-
tional thinking) and life skills (e.g., collaboration) 
that help integrate specific knowledge into com-
plex problem solving for Industry 4.0. In this case, 
the PNLP helps develop an integrative learner who 
can do computer science; it does not credential a 
computer scientist. Furthermore, a PNLP rec-
ognizes and leverages all types of knowledge in 
action (i.e., knowledge acquired through formal 
training and life experiences) and combines all 
modes of learning (e.g., hands-on apprenticeships 
in facilities of partners, online modules with peer 
mentoring, and team-based projects embedded in 
society). 

The ARM initiative mentioned in Chapter III 
may be an ideal context for establishing a PNLP 
that connects many communities from different 
sectors, all of which are engaged in robotics for 
manufacturing research and training. As discussed 
in the Resource section, the Calhoun Center is fa-
cilitating the creation of a cross-sector COP that 
aims to gradually develop a PNLP on Industry 
4.0 for Sustainable Development. An ARM or In-
dustry 4.0 PNLP could connect small exploratory 
communities within existing organizations into a 
large trans-sectoral community that practices in-
clusive adaptive lifelong learning. As we discuss 
in the next section, the resulting large community 
can produce transformative knowledge paradigms 
within the community itself and help gradually 
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shift some of the existing knowledge practices 
of affiliated organizations towards more adaptive 
and inclusive approaches. This combination of 
disruptive and gradual change has the potential to 
support the emergence of an inclusive knowledge 
economy. 

4.4 Predictive Modeling of Practices Within an 
Inclusive Knowledge Economy

Throughout this report, we have contrasted 
the knowledge practices of the 20th century with 
those that are demanded of us in the 21st century. 
We have argued that the majority of institutional-
ized knowledge practices of the 20th century can 
be found on the left side of our five-dimension-
al knowledge continuum (Rikakis et al., 2019). 
Based on the notion that knowledge should be 
standardized, outcome-focused, and disseminat-
ed via silos, these practices have been safeguard-
ed through strong gate-keeping mechanisms and 
dominant bureaucracies. The growth of interdis-
ciplinarity over the past 50 years (Knight, 2013; 
Sa, 2008; Sciences, 2005), as well as the more 
recent expansion of adaptive and inclusive prac-
tices highlighted in this report have fostered a 
gradual shift to the right. Still, this gradual shift 
has been slow in producing the scope of change 
necessary for developing an inclusive 21st centu-
ry knowledge economy. Many employment needs 
(Hart, 2016), knowledge needs (Donovan, 2015; 
Madrigal, 2017), and socioeconomic sustainabili-
ty needs (Carayannis, 2019) remain unaddressed. 
The 2020 COVID-19 pandemic is a recent exam-
ple of the need to address interconnected issues 
of health, socioeconomic and racial inequalities, 
and exclusion from the learning and knowledge 
enterprise. Established knowledge practices are 
producing significant advances that are life-saving 
and unimaginable even 25 years ago. However, 
the focus on segregated specialization has limited 
our capacity to adopt integrative system approach-

es to complex socioeconomic problems (Basken, 
2020). Our educational institutions are optimized 
for a subset of learners and learning practices but 
are not nearly dynamic enough to adapt to new 
learning modes and expansive learning needs. The 
learning societies and inclusive knowledge econo-
my that this report is exploring would situate us to 
more effectively mitigate and address these com-
plex challenges. 

As we have shown in this report, the best way 
to engage successfully with the complexity of 21st 
century socioeconomic problems is to first ac-
knowledge and then cultivate the strong relation-
ship between adaptive and integrative develop-
ment of lifelong learners and pluralistic relational 
contexts. At the same time, we have argued that 
small pluralistic communities of adaptive learners 
within otherwise traditional institutions may not 
have the necessary synergies to succeed and scale 
their activity. The fact is that adaptive and inte-
grative learning practices do not synergize well 
with the dominant markers of the previous cen-
tury—e.g., national rankings that promote exclu-
sion as a sign of success, standardized testing that 
rewards homogeneity of perspectives, and hiring 
practices that focus primarily on knowledge as a 
product and individual achievement (Crow & Da-
bars, 2020). Because the majority of institutions 
of learning continue to focus on practices on the 
left side of our five-dimensional representation, a 
single institution or single learning/training unit 
within an institution that attempts to shift its prac-
tices decidedly to the right may find itself exclud-
ed from the national learning establishment, and 
its members may find their career mobility signifi-
cantly reduced (Adler, 2015). 

In their recent book, Crow and Dabars (2020) 
suggest that one solution to this problem is for 
like-minded institutions to come together and form 
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alliances so that they can advance inclusive, in-
tegrative and dynamic learning practices at scale. 
This is certainly an intriguing idea, but it may be 
unrealistic to ask the majority of well-established 
professionals in current knowledge institutions to 
incorporate the adaptive learning recommenda-
tions of this report. In many cases, their personal 
knowledge models are likely far away from the 
models proposed in the report. Furthermore, there 
is significant evidence to suggest that building ex-
ploratory transdisciplinary communities for adap-
tive learning on the foundation of institutionalized, 
outcome-based, and siloed knowledge leads to 
these communities failing or gradually morphing 
into more traditional approaches and siloed prac-
tices (Popowitz, 2018; Samuels, 2015).

Rather than building entirely new exploratory 
communities from scratch, we propose identify-
ing individuals and communities within existing 
knowledge and employment institutions who are 
already practicing adaptive learning within plural-
istic relational contexts and find ways to connect 
those individuals and groups with large networks 
of adaptive learning outside of their institutions. 
The key to facilitating such connections is PNLPs, 
which have the potential to greatly increase the 
impact for these alliances, thus increasing their 
potential for committed participation and success. 

Combining emerging practices from net-
works of adaptive learning with current practices 
from traditional learning units will lead to more 
balanced distributions of practices that span the 
full range of the five dimensions of our inclu-
sive knowledge representation. The availability 
of an expanded palette of practices will encour-
age knowledge-practitioner mobility by enabling 
learners to explore the different available prac-
tices and combinations. Mobile knowledge prac-
titioners will gradually embody multiple per-

spectives (i.e., disciplinary, interdisciplinary, and 
transdisciplinary). Traditional polarities (i.e., local 
vs. global or adaptive vs. standardized) will coex-
ist within these practitioners as synergistic points 
of view (Chaterjee, 2019). These “impartially-par-
tial” knowledge practitioners (Chatterjee, 2019; 
Oxford Consortium, 2019) will personify the phil-
osophical concept of The View from Nowhere (Na-
gel, 1986). They will be partial (i.e., passionate) 
about their experiences and points of view but also 
impartial in that they are aware of the wide spec-
trum of possible experiences, the limitations of 
individual points of view, and the richness that re-
sults from the interaction of different experiences. 

The acceptance of multiple realities by mem-
bers of knowledge ecosystems (Nicolescu, 2002) 
can in turn advance multi-perspective reflective 
practice (Darbellay, 2015; Osborne, 2015). When 
integral combinations of common and differenti-
ated features are embodied by individual members 

Our model for predicting 
institutional change allows 
for informed discourse 
between a radical paradigm 
shift and the gradual change 
processes embedded in 
existing institutions. Combining 
emerging and current 
practices can lead to balanced 
distributions of practices that 
span the full range of the five 
dimensions of our inclusive 
knowledge representation.
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and communities of knowledge, high network den-
sity across both homogeneous and heterogeneous 
practices can emerge, leading to the transforma-
tion of existing knowledge organization and so-
cioeconomic outcomes (Eagle, Macy, & Claxton, 
2010; Grabher & Stark, 1997; Reagans & Zuck-
erman, 2001; Tegarden et al., 2009). Diversity in 
ideas and practices will increase individual and 
team creativity and help teams avoid getting stuck 
on local maxima (Page, 2007). This pluralistic 
discourse can then gradually establish at scale the 
notions of inclusive knowledge discussed in our 
introduction, thereby setting the stage for adaptive 
lifelong learning at scale. 

How should we think about this expansion of 
knowledge production and dissemination across 
the five dimensions of inclusive knowledge? One 
possible approach is to model the expansion pro-
cess as a one-dimensional random walk along 
each knowledge dimension the outcomes of which 
are binomial at any step. The outcomes of a large 
number of such steps can, under fairly general con-
ditions, be shown to be approximately Gaussian as 
a result of the Central Limit Theorem (Gnedenko 
& Kolmogorov, 1954; Hermans & Lentz, 2013). 
Although one can expect the knowledge features 
used on each dimension to span a broad scope, 
the overall distribution of feature usage, across 
all participating learners over time, will behave 
in a manner consistent with a normal distribution, 
with a larger number of experienced features ac-
cumulating near the center. Figure 4.3 represents 
the normal distribution outcome of this modeling 
process over each of the five dimensions. 

Moreover, the expansion can also be modeled 
as probabilistic decision making in uncertainty 
through a “many in one” approach. This approach 
is based on the assumption that, by and large, learn-
ing societies of the 21st century will be serving an 

inclusive citizenry capable of a high level of dia-
lectical bootstrapping (Herzog & Hertwig, 2009). 
These individuals will have a heightened aware-
ness of the relation of their individual knowledge 
to the full scope of societal knowledge. They will 
also be able to engage different viewpoints, which 
will enable them to improve their personal knowl-
edge continuously. The collective decision mak-
ing of these individuals then becomes the base of 
an updated “wisdom of crowds” model that is not 
biased toward “shallow, lowest common denomi-
nator information, at the expense of novel or spe-
cialized knowledge” (Prelec, Seung, & McCoy, 
2017).

A more intuitive way to understand the “ran-
dom walk” and “wisdom of crowds” models of 
knowledge expansion is to think of it in terms of 
people making “satisficing” decisions in complex-
ity (Simon, 1957). “Satisficing,” a combination of 
“satisfying” and “sufficing,” is an idea that dates 
back to Ancient Greek philosophy. In short, the 
idea is that when people are facing problems, the 
solutions to which span a large continuum, adopt-
ing solutions near the middle of the continuum is 
a great starting point for addressing the majority 
of needs (Plato & Richards, 1966). Then, by tak-
ing gradual steps to the left and right of center, 
good solutions can be found for most problems 
(Dewey 1906, 1933). For example, various com-
binations of standardized and adaptive learning 
pathways can produce quality control and access 
at scale across many different types of learners. 
As discussed in Chapter I, an experienced crafts-
person and a college graduate may vary consider-
ably in their personal knowledge when they need 
to use derivatives for optimization. A PNLP that 
balances participatory process with outcome will 
have pathways that, on the one hand, allow the 
craftsperson to gradually translate tacit knowledge 
of optimization into understanding of the notion 
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of derivatives and, on the other, allow the college 
graduate to translate symbol-based expertise in 
derivatives to real-world optimization problems. 
By including both types of learners into the same 
community, we provide opportunities for both to 
exchange perspectives and learn from each other. 
The analytics and pathways of the PNLP serving 
this community are further enriched through the 
participation and interaction of these learners lead-
ing to expanded inclusion capacity of the commu-
nity. The normal distributions with high standard 
deviation described in this section are not the re-
sult of uninformed compromise where different 
biases cancel each other out. They are the result 
of continuously improving societal wisdom that 
emerges through multi-perspective reflective dis-
course supported by inclusive adaptive learning 
that aims for IPPD. 

Our model for predicting institutional change 
allows for informed discourse between a radical 
paradigm shift (distributed networks of diverse 
integrative learners supported by PNLPs) and 
the gradual change processes embedded in exist-
ing institutions. By institutional change, we mean 
both change within organizations and change in 

the wider realm of societal knowledge. This calls 
for institutions to abandon a one-size-fits-all men-
tality when imagining their internal organization. 
For example, universities can promote the coexis-
tence of traditional disciplinary departments with 
interdisciplinary centers and cross-sector trans-
disciplinary communities of practice. Each par-
adigm will come with its own customized learn-
ing, discovery, personnel, budget, and assessment 
structures. Although such disruption may increase 
entropy within organizations momentarily, our 
model proposes that over time these separate para-
digms will fuse into one coherent, expansive, and 
dynamic paradigm. 

In short, what we are describing in this report 
is not a new model that replaces existing institu-
tions. We see networks of adaptive learning as a 
model that can thrive alongside existing institu-
tions and attract collaborators throughout society. 
We propose that distributed networks of integra-
tive learners should be based on practitioners who 
embody or aspire to the pluralistic knowledge in 
action principles of this report. Such practitioners 
exist already within our institutions and are look-
ing for opportunities to advance adaptive and 

Figure 4.3 
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integrative learning within a different epistemo-
logical context. We see increased demand among 
young people for a more inclusive and sustainable 
knowledge economy. We have a unique opportu-
nity to scale the training of adaptive learners and, 
in the process, mature adaptive learning mecha-
nisms. Advancement of adaptive lifelong learning 
at scale can provide a disruptive paradigm that 
promotes a calibration of knowledge practices to-
ward an inclusive, collaborative, and sustainable 
knowledge economy. 
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In August 2020, we will be launching a se-
ries of working groups with learners, ed-
ucators, and professionals across sectors 

(K–12, Higher Education, Industry, etc.). Orga-
nized around specific themes, these groups will 
explore, critique, and evolve the recommenda-
tions of this report. We envision working groups 
as opportunities for participatory assessment of 
the report as well as bridges to form partnerships 
for actionable items such as grant-funded pilot 
programs and new education modules, tools, and 
platforms. Although working groups will begin 
virtually, we anticipate the possibility of holding 
in-person workshops in the spring of 2021. The 
insights gained from these events will be analyzed 
and incorporated into a digital book on Inclusive 
and Integrative Point of Need Learning to be pub-
lished by Virginia Tech Publishing in the second 
half of 2021.  At that time we will also start the 
implementation of a Point of Need Learning Plat-
form for Inclusive  and Sustainable Industry 4.0

Participation in working groups is open 
through application. The participant lists given 
below are therefore continuously updated. If you 
are interested in participating, please contact the 
Calhoun Center at cchei@vt.edu 

Proposed working groups include: 

1.	 From School, to Manufacturing Employ-
ment, to Lifelong Learning (with a focus on 
pathways in advanced manufacturing)

Coordinator: Amy Arnold

Current Participants: Dave Hare, Kristin 
Wingfeld, Chip Blankenship, Robert Smith, 
Lisa McNair

This working group will leverage knowl-
edge from a number of initiatives mentioned 
in Chapter III to (i) bring together people and 
entities that have successful experiences in 
these types of learning pathways, (ii) leverage 
ongoing work in places like the Academies of 
Louisville and FAME for developing adap-
tive pathways in high school curricula that 
can lead directly to successful employment 
in advanced manufacturing for learners from 
various backgrounds, and (iii) begin to define 
a point-of-need approach for lifelong learning 
in advanced manufacturing that can provide 
upskilling and career development opportuni-
ties to all levels of workers. This group will 
synergize with the Future Talent Council Ad-
visor Boards on the Future of Talent in Manu-

WORKING GROUPS
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facturing and Employer & Educator Relation-
ships.

2.	 Adaptive and Integrative Learning in Glob-
al Academia—the International Academic 
Forum (IAFOR), the Association of Public and 
Land-grant Universities (APLU), and the Fu-
ture Talent Council (FTC)

Coordinators: Joseph Haldane, Shari Garmise, 
John Flato, Jared Keyel

Current Participants: Daniel Kjellsson, Paul 
Heilker, Dale Whitaker, Juliet Greenwood, 
Rebecca Clark-Stallkamp, Marianna Savoca, 
Peter Sforza

This working group will engage a diverse 
group of educators and scholars from around 
the world with a focus on the IAFOR, APLU 
and FTC networks. The group will gather 
emerging practices in developing adaptive and 
integrative professional and personal devel-
opment (IPPD) curricula across the globe and 
form partnerships for the exchange of lessons 
learned and/or coordination of efforts across 
institutions. The group will also look into fac-
ulty and staff development issues as well as 
technology development issues for delivering 
adaptive lifelong learning. The group will fo-
cus on the enabling technologies discussed in 
Chapter III and the combinations of gradual 
and transformative change discussed in Chap-
ters III and IV. 

3.	 Adaptive and Integrative K–12 Preparation 
in Underserved Areas—Trusting the Young 
Learner 

Coordinators: Owen Cardwell, Chrystal Harris, 
Chris Glover, Scott Bess, Karen Eley Sanders, 
Amy Arnold 

Current participants: To be determined

This working group will bring together 
people and entities that have successful ex-
periences in implementing adaptive and in-
tegrative learning in K–12 with a focus on 
underserved areas. The goal is to make recom-
mendations and build partnerships for scaling 
this work. The group is also planning a work-
shop on collaborative self-discovery exercises 
that can expose young learners to an adaptive 
learning framework, help them discover their 
strengths, and allow them to have some own-
ership of the adaptive learning process by con-
necting these strengths to future aspirations 
through customized pathways. This working 
group will bring together two focus groups of 
50 10th grade students from Newport News, 
Virginia and Lynchburg, Virginia. 

4.	 Cross-Sector Summit on Adaptive Learning 
for an Inclusive Workforce at the Intersec-
tion of Humans and Technology 

Coordinators: Renee Schlechta, Michael Richey, 
Jay Chance, Shahab Sagheb, Amy Arnold, 
Catherine Amelink

Participants: By invitation

In manufacturing and engineering indus-
tries, several key technologies are impacting 
the workforce’s knowledge development. 
These include robotics and automation; indus-
trial Internet of Things and advanced sensing; 
digital twins (corresponding data packages 
for each design and part); cyber security for 
production systems; augmented and virtual 
reality, e.g., for inspection tasks; and additive 
manufacturing  technologies; among others. 
Taken in total, these technologies are posed to 
transform manufacturing capabilities, enabling 
greater operational flexibility (in the form of 
reconfigurable production assets), strategic 
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flexibility (in the form of granular, data-driven 
business intelligence), and advanced knowl-
edge management (in the form of knowledge 
graphs and data lakes). 

The development and implementation of 
these technologies within a systems context of 
the five Ps (People, Peace, Planet, Prosperity 
and Partnership) can facilitate much needed 
socioeconomic sustainability. This summit 
will focus on the structuring of partnerships 
that can coordinate the commitment of signifi-
cant resources towards sociotechnical systems 
approaches that increase manufacturing capa-
bility and flexibility while also advancing in-
clusive and equitable growth of human capital. 
The summit will bring together experts from 
industry, academia, government, and commu-
nity to explore training and production sys-
tems that leverage cyber-human intelligence to 
tackle these complex goals. The summit will 
also explore the potential of cross-sector Point 
of Need Learning Platforms (PNLP), as pre-
sented in this report, for educating, reskilling, 
and upskilling all related members of the cur-
rent and future workforce to utilize and lever-
age these technologies. Since PNLPs advance 
targeted domain-specific skills while also lever-
aging and advancing diverse domain-general 
and life skills, they can become a key mecha-
nism for inclusively enhancing the profession-
al and personal development of human capital 
and driving the five Ps of Sustainable Devel-
opment Goals. The summit will be hosted at 
the Boeing Leadership Center in St. Louis, 
Missouri. 

5.	 Integrating IPPD Adaptive Learning in 
Current Higher Education Structures—
Calhoun Discovery Program 

Coordinators: Lisa McNair, Amy Arnold, 

Jared Keyel, Thanassis Rikakis, Shahabedin 
Sagheb, Mike Kretser, Alkan Soysal, Robert 
Smith, James Ivory, Chip Blankenship, Joan 
Banks-Hunt

This working group will focus on a three-
year assessment of the Calhoun Discovery 
Program (CDP) as a pilot for an IPPD-based 
adaptive learning curriculum within existing 
structures in higher education. 

6.	 An Inclusive Workforce Development Work-
shop with Virginia Mayors—Focus on In-
dustry 4.0

Coordinators: Anne Khademian, Scott Weimer, 
Jared Keyel

Current participants: To be determined

The overarching goal of this working 
group is to ask mayors across cities of varied 
sizes and demographics to identify (i) current 
skills, built through both formal training and 
life experiences, that exist in their communi-
ty; (ii) current and future skills needed in their 
community; and (iii) training mechanisms 
(including learning mechanisms and support 
structures) that can leverage existing skills to 
train an inclusive workforce for the future in 
their city. The working group will focus on 
mapping diverse “knowledge-in-action” skills 
that exist in current cities to an inclusive In-
dustry 4.0 workforce.

7.	 Institutional Partnerships with Local Em-
ployers in Rural Settings

Coordinator: Catherine Amelink

Contributor: United Way of Southwest 
Virginia

Current participants: To be determined
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Starting in the summer of 2020, this work-
ing group will explore how student internships 
with local employers in a rural setting coupled 
with project-based classroom work provided 
by local employers can help to provide oppor-
tunities for adaptive learning and help to fur-
ther expand this model to other communities 
and learning contexts such as community col-
leges. 

8.	 Transdisciplinary Relational Knowledge for 
Integrative Development and Revaluing the 
Humanities and Arts

Coordinators: Sylvester Johnson, Ico Bukvic, 
Catherine Amelink, Thanassis Rikakis, Roger 
Reynolds

Current participants: To be determined

This working group will explore structured 
trans-sector, transdisciplinary discourse as a 
relational context for advancing inclusive defi-
nitions of knowledge and promoting adaptive 
and integrative learning. The working group 
will also explore how transdisciplinarity as a 
relational context for IPPD can bring forward 
and revalue humanities and arts as applied 
learning experiences that develop critical do-
main-general and life skills in tandem with in-
clusive collective intelligence.

9.	 Towards a Point of Need Platform for Inclu-
sive and Sustainable Industry 4.0

Coordinators: Thanassis Rikakis, Sylvester 
Johnston, Jenna Joo, Randy Swearer, Robert 
Smith, Mike Kretser, Anne Khademian, 
Kimberly Carlson, David Tegarden, Michael 
Richey, Chip Blankenship, Andrew McCoy, 
Mukul Kumar, Ronan Mac Domhnaill, Tazio 
Grivetti, David Tinnaple, Jared Keyel, Amy 
Arnold

Current participants: To be determined

This working group will leverage work in 
all other working groups to draft a model of a 
PNLP that can advance an inclusive approach 
to workforce training and overall sustainable 
development for Industry 4.0. The group will 
address:

•	 A systems approach that advances point-
of-need learning that places technology 
development within the five Sustainable 
Development Goals of Industry 4.0.

•	 Dynamic cross-sector workforce analytics 
that explore domain specific, domain gen-
eral, and life skills involved in competen-
cies for Industry 4.0 and Sustainable De-
velopment.

•	 Cross-sector development of modular, 
just-in-time training content that leverages 
knowledge mapping of existing integrative 
skills of all types of learners to emerging 
Industry 4.0 needs.

•	 An Industry 4.0 credentialing system that 
is owned by the learner and tracks and de-
tails all Industry 4.0 related experiences 
and knowledge of each learner from vari-
ous activities in work, education, and com-
munity interaction.

•	 Technologies and computational tools for 
supporting a PNLP for Industry 4.0 with 
a focus on Industry 4.0 enabling technolo-
gies as discussed in Chapter III.

•	 Cross-sector collaborations to reduce cost 
and increase access.

•	 Applications of Industry 4.0 PNLP to smart 
construction or construction 4.0.
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The Calhoun Discovery Program (CDP) 
is set up as a pilot for embedding an 
Integrative Professional and Personal 

Development (IPPD) curriculum, as outlined in 
this report, within existing institutional structures 
at Virginia Tech. The goal of the program is to help 
prepare integrative, lifelong learners who: 

•	 Can move easily across knowledge domains 
and pick up diverse new skills in a just-in-time 
approach, 

•	 Can connect their specialized knowledge to 
complex collaborative contexts for problem 
setting and problem solving, 

•	 Use complex relational and collaborative con-
texts for self-discovery and personal fulfill-
ment, and 

•	 Connect personal fulfillment to advancing an 
equitable and sustainable society.

The CDP helps learners develop these com-
petencies through integrative development of 
domain- specific, domain-general, and life skills. 
The connectivity and integration of these skills are 
supported by:

•	 Inclusive social learning that includes a highly 
structured collective intelligence component,

•	 Learning experiences that connect domain-spe-
cific skills to domain-general skills, 

•	 Learning experiences that connect domain-gen-
eral skills to life skills, 

•	 Coordination of learning across experiences 
so as to facilitate integration of different skills 
within the learner, and

•	 A co-creation approach, between instructors, 
partners, and students, spanning all of the CDP 
learning experiences.

CDP instructors aim to develop a student’s 
self-authorship for the purpose of carrying inde-
pendence in tandem with collective awareness 
over a lifetime of learning, while also developing 
the complex networks of skills necessary for in-
tegrative professional and personal development 
within diverse relational contexts (Baxter Magol-
da, 1999). Using the strategies outlined earlier in 
the report can aid students in finding their voices, 
engaging in content more meaningfully, and re-
alizing they may always adapt transferable skills 

APPENDIX A
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Author: Thanassis Rikakis
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Lester, Chip Blankenship, John Tracy, Amy Arnold, Les Duffeld, Howard Haines
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to new settings. The curriculum asks the instruc-
tor to meet the students where they are, regard-
less of what development stage they may be ex-
hibiting (Kegan, 1994), by welcoming them and 
asking for their input. As mentioned in Chapter 
II, we recommend validating the students (Baxter 
Magolda, 1999) by acknowledging what they al-
ready have in their repertoire and respecting their 
diverse ways of knowing (Chickering & Reisser, 
1993). This is done in addition to lessening what 
Moore (1993) describes as transactional distance, 
“the psychological and communication space be-
tween the teacher and learner” (p. 22). Secondly, 
CDP course design values the learners’ experi-
ence (Baxter Magolda, 1999; Brown, Collins, & 
Duguid, 1989). This is done by connecting the 
learning to students’ life experiences or situating 
a problem in a real-life context, as well as provid-
ing alternative options for students to advance. 
Including students’ experiences in the learning 
environment aids in their ability to connect new 
information and engage in interdependent learning 
(Baxter Magolda, 1999). Lastly, all voices, includ-
ing student-to-student and student-to-instructor, 
collaborate to construct shared meaning (Baxter 
Magolda, 1999). Students participate more when 
the instructor engages in dialogue rather than lec-
ture (Shor & Freire, 1987). A related strategy that 
fosters a co-creation paradigm is for the instructor 
to take on the role of ‘guide on the side’ by physi-
cally moving to the students’ location and guiding 
the discussion rather than giving away all knowl-
edge (Baxter Magolda, 1999). These strategies are 
devised to enable students to realize that they play 
a necessary role in knowledge creation.

As proposed in this report, inclusive, collec-
tive learning can help develop life skills (commu-
nication, collaboration, versatility, complex think-
ing, and creativity) that are critical for success in 
the 21st century knowledge economy. To realize an 

inclusive relational context, the CDP aims to at-
tract learners with many different life experiences 
as well as instructors from academia and indus-
try with different areas of specialization. Thanks 
to significant industry and philanthropic support, 
all CDP students receive tuition scholarships and 
additional grants for experiential learning. Admis-
sion to the CDP is based on a holistic review of 
GPA, learning skills exams, essays, portfolios of 
work, as well as interviews that explore the inter-
ests of the students in adaptive and collaborative 
learning. In the first two years, this approach has 
produced gender-balanced cohorts with 25% of 
the students being from underserved and/or under-
represented backgrounds.

The CDP invited ten programs at the univer-
sity to engage based on their expressed interest 
in combining disciplinary learning with collabo-
rative experiential learning that spans profession-
al and personal development. Students applying 
to the CDP choose paths in business information 
technology, business management, computational 
modeling and data analytics, electrical and com-
puter engineering, industrial design, industrial and 
systems engineering, communication, environ-
mental policy and planning, smart and sustainable 
cities, and creative technologies.

Additionally, the CDP invited institutional 
partners from industry and the non-profit sectors. 
Qualifiers for engagement include (a) interest in 
supporting an integrated approach to personal and 
professional development of students; (b) com-
mitment to an inclusive workforce; and (c) will-
ingness to embed experts from their companies 
into the program as visiting faculty. In the first 
year, Boeing, General Electric, Caterpillar, and 
the non-profit Share Charlotte participated. More 
non-profit and industry partners will be added in 
the future.
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Recruiting this diverse set of students and insti-
tutional partners was critical for the CDP to achieve 
an inclusive social learning environment. The next 
step was to establish an inclusive transdisciplinary 
theme for the CDP that would facilitate the struc-
turing of collective intelligence among the diverse 
participants. The selected theme needed to achieve 
four goals in parallel:

1.	 Engage the specific interests and abilities of all 
academic and industry participants regardless 
of disciplinary background or industry special-
ization;

2.	 Promote integrative development of do-
main-specific, domain-general, and life skills 
by the participants so as to allow them to tack-
le collaborative work within the theme;

3.	 Enable educators to employ a systems ap-
proach to collaborative sociotechnical inno-
vation that could facilitate the connection of 
different individual knowledge to collective 
intelligence;

4.	 Engage a sociotechnical area of current impor-
tance so as to leverage the strengths and fulfill 
the mission of Virginia Tech as a land-grant 
institution.

As we began to structure a collaborative so-
ciotechnical innovation theme for the program, it 
was important to consider the significant body of 
research over the past 15 years in engineering sys-
tems/design thinking approaches to collaborative 
technology innovation. The goal of the research 
is to systematize an integrative approach to col-
laborative innovation that addresses the technical 
components (feasibility) along with the business 
(viability) and design (desirability) components 
(De Weck et al., 2011; IDEO, n.d.). A further goal 
is to structure learning methodologies that train 
experts who can work in teams to implement these 

systems approaches (Miller, 2010). The CDP aims 
to build on this work while adding the component 
of sustainability (socioeconomic and environmen-
tal), thus emphasizing the societal impact of the 
program.

We refer to the four components of the CDP 
systems approach to collaborative sociotechnical 
innovation as sets. From an industry perspective, 
the four sets can represent the following simpli-
fied elements of a solution concept for a problem 
space: (1) desirability aligns with a definable real 
need from a use case; (2) feasibility aligns with a 
technical approach that exists and has some matu-
rity; (3) viability aligns with how the technical ap-
proach can be manufactured reliably and repeated-
ly, is testable, and can be accomplished for a cost 
that is reasonable to the desirability constraint;, 
and (4) sustainability aligns with a solution con-
cept that embraces societal benefits such as being 
eco-friendly, policy compliant, regulation com-
pliant, life-cycle cost supportable, and promotes 
inclusive economic prosperity. As shown in Fig-
ure A1, some elements of these four sets overlap. 
Systems approaches to sustainable sociotechnical 
solutions need to address the interrelations and in-
terdependencies among all the key elements of the 
four sets through extensive collaboration of peo-
ple with different experiences and knowledge.

The CDP chose to focus on the sociotechnical 
innovation theme of Industry 4.0 for Sustainable 
Development. The theme meets the goals of the 
CDP and interests of the participants while be-
ing well suited to the systems approach described 
above. Industry 4.0 is defined by five core technol-
ogies that have evolved into 13 enabling technolo-
gies (Habib & Chissom, 2019), which are support-
ing five Sustainable Development Goals (SDG) 
for the year 2030 (United Nations General Assem-
bly, 2015; World Economic Forum, 2016b). The 
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SDG outcomes require that technical development 
of the enabling technologies be placed in a sys-
tems context of the five Ps: People, Peace, Planet, 
Prosperity and Partnership. The World Economic 
Forum’s discussion of Industry 4.0 elaborates fur-
ther on the SDG by focusing on the productive co-
existence of human and machines: Smart factories 
that take advantage of the Internet of Things while 
also advancing inclusive and equitable growth of 
human capital (World Economic Forum, 2016b). 
Implementation of such systems approaches to a 
technology-enabled, sustainable society requires 
the valuing of the technical, social, methodologi-
cal, and personal competencies of the Fraunhofer 
Report model discussed in Chapter I (Hecklau 

et al., 2016). The complexity and dimensionality 
of the SDG requires that lifelong IPPD learners 
come together to generate collective intelligence 
and leverage that collective intelligence for further 
integrative development. Within the CDP systems 
model, exploration of the Industry 4.0 for Sustain-
able Development theme requires each individual 
participant to embody domain-specific proficiency 
along with domain-general knowledge across the 
four sets and mature life skills. This allows all par-
ticipants to (1) have an integrative understanding 
of the problem space and (2) collaborate success-
fully with people that have significant expertise in 
different domain-specific elements of the four sets.

The CDP has chosen to concentrate on six 

Figure A1 

Integrating the Four Sets for Sociotechnical Innovation with the Participation of 
Students from 10 Different Programs
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components of the Industry 4.0 for Sustainable 
Development theme based on the particular inter-
ests of our faculty and partners. Around each com-
ponent, we are developing a work cell: a hands-on 
lab in the university that hosts student, faculty, and 
partner activity that spans the four sets of the sys-
tems approach. The first four work cells focus on 
the maturation of a key enabling technology at the 
worker/machine interface:

1.	 Cyber Physical Systems-Smart Factory, Fo-
cus: Human Augmentation

2.	 Design for Advanced Manufacturing

3.	 Factory and Equipment Upgrade and Retrofit-
ting

4.	 Semi-Automated Inspection, Focus: Drone-
Based Inspection 

As enabling technologies mature, a Point-of-
Need Learning Platform (PNLP) will be required 
to educate and upskill all related members of the 
workforce in order to utilize and leverage the 
technologies. The PNLP advances targeted do-
main-specific skills while also leveraging and ad-
vancing diverse domain-general and life skills. It 
thus becomes a key mechanism for enhancing the 
professional and personal development of human 
capital and driving the SDG outcomes. It is highly 
likely that point-of-need learning may utilize an 
enabling technology, such as augmented reality, 
to provide a learning delivery system that is sym-
biotic with maturing the ecosystem (see Chapter 
II). An additional key element of the ecosystem 
required to support the SDG outcomes of Planet, 
Prosperity and Partnership is a stable supply chain. 
The supply chain includes the people, machines, 
and materials that allow the worker-machine in-
terface to be realized. A collective intelligence ap-
proach to a sustainable supply chain for Industry 
4.0 aims to create global partnerships, reduce the 

ecological footprint, promote sustainability for the 
planet through the use of enabling technologies, 
and bring prosperity to individuals throughout the 
ecosystem in an equitable and inclusive manner. 
With this in mind, we developed two more work 
cells that relate to all four enabling technologies:

5.	 Digital Thread and Supply Chain Synchroni-
zation

6.	 Inclusive Human Capital Development

A more detailed presentation of our systems 
approach to Industry 4.0 for Sustainable Develop-
ment is provided in the Resources section.

A significant part of the learning process in 
the CDP throughout each year of study is realized 
through collaborative, hands-on projects connected 
to the work cells. Students are thus guaranteed re-
al-world problems and real-world data as well as 
expert multidisciplinary, multi-sector supervision 
for their projects. All student projects embrace a 
systems approach and are realized by student teams 
with expertise that spans the four sets. Projects are 
offered at the concept, prototype, and applied level 
with multiple possible pathways between the differ-
ent projects at each level. Students structure path-
ways of projects based on their emerging interests 
and through assistance from faculty and industry 
mentors. Through projects in students’ chosen path-
ways, they gradually learn how to collaboratively 
understand complex problem spaces and embrace 
solutions spanning the four sets. Students realize 
collaborative projects through studio-based cours-
es, internships, and externships. Senior capstones 
are realized in a similarly collaborative manner. 
Student teams realizing collaborative innovations in 
the work cells can be hired as individuals or teams 
to further implement these innovations within an in-
dustry partner organization after graduation. Alter-
natively, student teams can start their own venture 
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that leverages their ideas and collaborative skills. 

It is important to note that because work cell 
projects combine academic and industry expe-
rience, they bridge these two relational contexts 
for the students, thus further assisting their tran-
sition to the workforce. Industry and academia 
have teamed for decades to provide experiential 
learning opportunities. Industry has aligned colle-
giate hiring outcomes to students who participate 
in experiential learning. However, in a tradition-
al experiential learning setting, students work in 
disciplinary-based teams that aim to improve or 
develop a discipline-specific capability for a prod-
uct. For example, a cohort of aerospace engineer-
ing students will develop a drone for a Design, 
Build, Fly program or a cohort of mechanical en-
gineering students will improve the mechanisms, 
structure, and engines for a car. In such situations, 
the outcome usually focuses on only one of the 
sets (i.e., feasibility). Because a student must have 
some knowledge within their discipline, their par-
ticipation in these experiential learning opportu-
nities requires them to be at least a second-year 
student, and often a third- or fourth-year student. 
More recently, we are seeing teams composed of 
students from different disciplines (i.e., engineer-
ing and business) covering two sets (i.e., feasibil-
ity and viability). But even in these contexts, the 
students predominantly perform work in their cho-
sen disciplines.

The CDP shifts the paradigm by giving stu-
dents experiential learning opportunities that are 
situated within a sociotechnical systems approach 
to building collective intelligence (the cross-sector 
context of Industry 4.0 for Sustainable Develop-
ment work cells). The CDP thus brings together 
students, faculty, industry, and community part-
ners to form transdisciplinary communities of 
practice (COP) in which members develop shared, 

relational knowledge around core practices (Bar-
ab et al., 2002; Wenger, 1998). Every experience 
in the program is designed to engage all compo-
nents of sociotechnical innovation, which means 
that it also engages many different types of do-
main-specific knowledge. The CDP embeds stu-
dents in such experiences throughout their studies, 
expecting them to produce systems-level solutions 
at every level. The students can see how differ-
ent domain-specific expertise can complement 
each other within a collective intelligence context. 
They also learn, in practical terms, how to con-
nect domain-general knowledge to different types 
of domain-specific knowledge. They realize that 
such connectivity requires that every participant 
embody both domain-specific and domain-general 
knowledge and that, in many cases, they need to 
possess working knowledge of the domain-specif-
ic knowledge of their peers. Furthermore, students 
realize the critical role of life skills in dealing with 
complexity and ambiguity of sociotechnical sys-
tems in a collaborative manner that leads to collec-
tive intelligence. This CDP relational knowledge 
framework advances personal knowledge along 
with an ever-expanding overlap of skills among 
participants, as well as greater awareness of sys-
tems approaches and increasing collective intelli-
gence ability by all members. The overall social 
learning at the CDP also incorporates structured 
and unstructured informal exchanges between 
program participants from different disciplines 
and different backgrounds. All participants (stu-
dents, faculty, industry partners) engage together 
as learners in a co-creation paradigm.

In parallel with their collaborative projects, all 
students follow one of the ten disciplinary curric-
ula that participate in the CDP. Each disciplinary 
curriculum has a fairly fixed plan through first- and 
second-year courses, but by the third-year students 
are expected to branch out into different pathways, 
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which further enhances the students’ self-discov-
ery process. For example, students in electrical 
and computer engineering can choose one of eight 
possible concentrations after their second year. 
Additionally, all students in CDP are assigned an 
honors faculty mentor with experience in transdis-
ciplinary work and expertise in the student’s cho-
sen discipline. The mentor works with the student 
on integrating the domain-specific skills arising 
from their discipline with the domain-general and 
life skills that are emphasized in the collaborative 
projects.

The structuring of the general education expe-

rience of the CDP assists learners’ integration of 
domain-specific, domain-general, and life skills 
within a social learning context. A one-credit gener-
al education module is offered on each key element 
of the four sets. Each module is taught in a manner 
that maps the domain-general knowledge associat-
ed with the elements of the sets to the domain-spe-
cific knowledge of participating disciplines. Each 
module is also designed to map to one of the four 
domain-general skills of the Virginia Tech Path-
ways general education model: quantitative think-
ing, discourse, social science, and design/arts. For 
example, the module on hardware-software inter-
face is mapped to feasibility and to quantitative 

Figure A2 

The CDP Curriculum Promotes Collective Intelligence for Systems Approaches to 
Sociotechnical Innovation (Image by Shahab Sagheb and Emily Harmon)
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thinking. All modules are offered asynchronously 
and utilize interactive content applications and as 
needed meetings with peers and instructors. As the 
students are realizing collaborative Industry 4.0 
for Sustainable Development projects and advanc-
ing in their discipline, they discover which mod-
ules can help them develop domain-general skills 
that complement their domain-specific skills. This 
helps them solve complex problems through col-
laborating more effectively with students from oth-
er disciplines. Modules are offered at the novice, 
capable, and skilled levels. Novice-level modules 
have very few prerequisites given that the students 
are generally relying on the transfer of previous-
ly learned knowledge from their domain-general 
skills (rather than on disciplinary preparation). If a 
novice-level module sparks the interest of a partic-
ular student to learn more about the concept, that 
student can complete relevant modules in the ca-
pable and skilled levels that gradually incorporate 
more domain-specific knowledge. This means that 
students are shaping their own pathway in a just-
in-time fashion by choosing the general education 
modules that complement their domain-specific 
knowledge and collaborative learning aspirations.  

Figure A2 depicts how disciplinary prepara-
tion, general education, and collaborative experi-
ential learning come together in the CDP as one 
systems-level experience that promotes collec-
tive intelligence for collaborative sociotechnical 
innovation. Figure A3 shows how this collective 
intelligence promotes and leverages IPPD of the 
learner that spans domain-specific, domain-gener-
al, and life skills. In Figure A3, skills are shown 
as circles of different size (denoting variable skill 
strength) that are connected through links of dif-
ferent strength denoted by width in the connector 
lines. Learning experiences (modules, collabora-
tive projects, and disciplinary courses) are shown 
as triangles (novice level), squares (capable level) 

and polygons (skilled level) connected through 
multiple possible pathways. All students have a 
large hub of domain-specific skills from their dis-
cipline, which are then connected to domain-gen-
eral skills by collaborative project experiences 
and mentoring. Students also have smaller hubs of 
domain-specific skills beyond their discipline. The 
CDP cross training modules leverage knowledge 
mapping to domain-general skills to support the 
development of the smaller domain-specific hubs. 
The overarching domain-general skill of the CDP 
is systems thinking, and this skill is deeply integrat-
ed across the feasibility, viability, desirability and 
sustainability sets of sociotechnical systems. Dis-
course, quantitative thinking, societal understand-
ing and human experience, and design thinking 
are the other four domain-general skills associated 
with the CDP and Pathways general education. All 
CDP domain-general skills are strongly support-
ed by the customized modular general education 
structure. Work-cell-based transdisciplinary and 
trans-sector collaborative projects facilitate the 
connection of life skills to domain-general skills. 
The CDP focuses on the key life skills of collab-
oration, communication, reflection and self-dis-
covery, agility in complexity, leveraging diversity, 
and creativity. Figure A3 emphasizes the learner’s 
skills thus denoting that integrative knowledge ac-
cumulates in the person and not in the curriculum. 
Given what we have outlined in this report, we ex-
pect the adaptive integrative approach of the CDP 
to lead each student in developing differentiated 
skill strengths and skill connectivity supported by 
varied collections of modules, projects, and cours-
es. This variation cannot be shown in the figure 
due to limitations of a static image. In the Resourc-
es and Working Groups sections we discuss in de-
tail the continuous and collaborative assessment 
and improvement process we are implementing in 
the CDP.
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Figure A3 

CDP Skill Connectivity and IPPD Facilitation by a Highly-Structured Collective 
Intelligence Context
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