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Abstract—In this work-in-progress paper, we will discuss the
implications of adult learning theory (ALT) for science, technology, engineering, and math (STEM) education in fully online,
distributed learning environment. Current approaches in online
STEM education are grounded in a constructivist view of learning
and based on the concept that students are active participants in
their knowledge creation. We will re-examine these premises in
the context of new findings and current developments in higher
education landscape. More specifically, the increase in nontraditional and adult students using online platform to continue
their education has presented a new challenge for learning
activity design, development and delivery. ALT can be extended to
the existing practices to help build greater process- and progressoriented as well as individualized learning approaches. In this
paper we will focus on reviewing the general ALT ideas and
their potential for revamping online STEM education. The detail
recommendations will be proposed in the next phase of the study.
Index Terms—Adult learning theory, online STEM education

I. I NTRODUCTION
The increasing popularity of online learning models coupled
with recent societal and economic developments has fundamentally changed the characteristics of student population
in higher education. While the traditional division between
face-to-face and online education has further eroded, it is
especially in the online environment in which an accelerated
diversification of the student body has become evident [1]–[3].
Thus, no longer does a one-size-fits-all approach to learning
activity, design and delivery seem appropriate or effective. At
the same time, professional demand for higher education has
increased and an expanding global footprint of universities,
coupled with intensifying economic pressure, has resulted in
further desire to mass-produce learning [4]. Consequently,
online education seems to face a paradox. On one hand it
is expected to provide meaningful and relevant adult learning
experiences through individualized learner-centric approaches
(i.e., to fulfill the identified needs), on the other hand it is
being utilized as force-multipliers in a global higher education
industry. This conflict provides the context for this research
and its suggestions for improvements in the next phase.
II. C HANGING H IGHER E DUCATION L ANDSCAPE
We are at an exciting crossroad in education and in our
society as a whole because, never before in history was
knowledge and information so easily accessible as today. With

the rise of the information age, the internet, and the associated
technologies, our collectively existing human knowledge is
available at our fingertips, at any time and from anywhere,
even on the go. If previously studying required physical
infrastructures and resources, heavy books, long library visits,
and attendance of firmly scheduled events, learning in our
networked world virtually requires nothing more than access
to a device with internet connection at a place and time of our
choosing.
A. Changing Focus
To cope with this changing environment, education though
already has, will have to adapt further. While knowledge
accumulation may have been at the center of schooling in
the 20th century, preparation for 21st century academic and
professional expectations requires the development of skills to
manage the abundance of available information and utilize it in
a task-oriented way to solve real-world-relevant problems [5].
In other words, the focus has shifted from the acquisition
and retention of knowledge towards its transferability into
new contexts, and empowering students with life-long learning
skills and attitudes such as the ability to think analytically and
critically or solve problems collaboratively.
B. Changing Instructor Roles
This fundamental change in the philosophy about education
also requires a paradigm shift in the role of instructors. Consistent with the social-constructivist idea that all knowledge is
actively created by the learners through their discourse [6]–
[11], the main function of teaching has shifted from one of
transmission of knowledge to one of facilitation of learning
through dialog and collaboration [11]–[14], in which the
instructor is neither required nor expected to know everything.
In our vastly interconnected environment in which a multitude
of expert perspectives is effortlessly accessible from anywhere
at any time, students are no longer dependent on the instructor
as the “more-knowledgeable other” [15], [16] and their only
pathway to more knowledge. Furthermore, the new orientation
of learning on personal and professional needs and interests
relevant to the students makes it virtually impossible that any
individual instructor can provide all the required knowledge

to solve these very specific problems. Thus, working with and
reliance on external resources for inquiry becomes paramount.
However, that does not necessarily have to mean that, in the
future, faculty will be obsolete. Quite contrary, one could argue
that the multiple roles assumed by a facilitator during these
constructivist learning processes require even more teaching
presence, possibly necessitating an entire instructional team,
and constitute a new form of Vygotski’s “more-knowledgeable
other”, one in which teachers model the knowledge, skills,
and attitudes required to efficiently obtain pertinent information, critically analyze it, and proficiently synthesize it into
authentic decision and solution processes. Such needs for
mentorship and guidance across all three domains of learning
(i.e., cognitive, affective, and behavioral) by far, seem to
exceed the traditional demands of the singular knowledgetransmission role in teaching. In a sense, instructors will
have to become “more-competent others”, and be willing to
continuously enhance their pedagogical and technical skill-sets
in addition to any subject-matter expertise.

C. Changing Technology
Another influence on the tremendous ongoing changes in
higher education that is closely related to the rise of the internet and the information age is the rapid global advancement in
technology. On the one hand, work place demands for greater
specialization, higher mobility, and ongoing skill enhancement
further emphasize the need for continuing education and
life-long learning. On the other hand, globalization in the
workforce creates the need for cross-cultural competencies and
experiences as a crucial element of the professional skill-set
in the 21st century. While it once may have been sufficient to
formally engage in training and education at the beginning of
most professional careers, an increasingly technology-driven
work environment that continuously renews and reinvents both
itself and its demands on employees necessitates an ongoing,
career-long engagement with a broad range of information and
communication technologies (ICTs) and their uses as cognitive
tools [14].
Concurrently, these same ICTs afford higher education
providers increasing global reach to fulfill those educational
demands, and the adoption of online distributed course models
and degree program offerings increasingly have become the
universities’ main answer to fulfill those needs. It is predicted
that in the two decades between 2004 and 2025, the worldwide
body of international learners (i.e., those studying at universities outside of their home countries) will have quadrupled,
and already in 2010, online course enrollment growth rates in
higher education in the U.S. by far outpaced those of the total
number of student enrollments [17]–[19]. While this adoption
of e-learning approaches in higher education initially may have
raised questions about merit, the main concern today is not
anymore whether online instruction is effective but how to
maximize its success, with student engagement, interactivity,
and communication emerging as the crucial elements.

D. Changing Student Demographics
While online academic offerings may be the answer to the
changing global workforce needs, thanks to their afforded ondemand access from anywhere at any time, they are especially attractive to non-traditional and international learners
previously unable to attend conventional university programs
full time [20]. Therefore, the ongoing changes in the higher
education landscape have also led to vastly diversified student
populations at universities, especially in online classes, with
individual and cultural student backgrounds representing a
wide spectrum of competencies, attitudes, beliefs towards the
use of technology, subject matter content and the learning process, communication, cooperation, and collaboration aspects
of work [1], [3]. In general, these students may be older
and are often already full-time employed in their professional
careers. Thus, they are financially more independent but also
have to balance more different responsibilities in their lives
besides school, such as family, job and career, and other
commitments within their communities. Therefore, they may
be only part-time enrolled in their academic endeavor and may
have delayed or interrupted their higher education progress
because of work, family, or even military careers. In short,
these non-traditional learners may reflect the most salient
characteristics of adult learners as outlined in adult learning
theory [21].
E. Changing Philosophies
These changing student demographics in higher education,
especially within the e-learning environments, obviously also
require different approaches to instruction. ALT [21]–[23]
and transformative learning [24] may provide a framework to
engage students with different dispositions towards learning
and actively involve them in the process, while flexibility
and adaptability of instructional design and delivery may
help to account for cultural differences among learners [25],
[26]. However, ultimately, each individual should probably
be considered a unique learner, leading to the idea of individualized, learner-centric education as the new standard
to achieve. The acknowledgement that progress and process,
not just completion and outcome, should be the main focus
in an educational thinking that has shifted from teachercentered, content-based transmittal of knowledge towards a
learner-centered emphasis on development [27]–[30] is not just
applicable in the online learning environment [23], [31], but
it is probably most noticeable here. In a sense, in traditional
settings, we may just have gotten away with dictating what
students need to know because they were young, inexperienced, and easily amenable to our way of thinking, and
we could “force” them to engage with whatever we deem
important. However, in the online environment in which there
is a multitude of choices and stimuli, all simultaneously
competing for attention, students’ internalization of the learning process [32]–[34] becomes paramount for success. These
intrinsic types of motivation can only come from activities that
are relevant to the learners, align with their personal interests,
and provide personal meaning [34], [35] because they depend

on the learner’s perceived competence, autonomy, and relatedness [35]. Providing students with individualized choices in
and responsibilities for their learning processes is consistent
with the idea of students as active agents “. . . who influence
what happens to them” [36], and the available web applications
and ICT tools should be leveraged to accomplish this goal.
Similarly dependent on student motivation and involvement is
the increasing need for self-engaged learning [23]. On the one
hand, the before-mentioned requirements for life-long learning
in the 21st century and continuing holistic development [37]
are dependent on the students’ abilities to self-motivate, selfdirect, self-reflect, self-regulate, and self-correct [23], but
particularly for online higher education, self-regulation seems
especially pertinent “. . . because successful learning online depends upon the student’s discipline, self-direction, and ability
to remain motivated” [38]. Self-regulation, which represents
learners’ ability to plan and control their learning activities
while judging and monitoring their progress and reflecting
on the outcomes [27], [39], [40], provides the basis for the
before-mentioned constructivist creation of knowledge that can
lead to transformative online learning experiences and should
be promoted in the design and delivery of online course and
program offerings.
F. Changing Role of Assessment
In this context, the changing learning environment also
dictates changes to our approaches to student assessments.
While the outcome-oriented, content-driven view of education
as knowledge transmission of the past has favored the backward design of learning activities with emphasis on measurable
after-the-fact tests, this over-reliance on criterion-referenced,
summative forms of assessment may not be appropriate anymore in individualized, learner-centric education that aims at
life-long learning and holistic development across multiple
learning domains [7]. The paradigm that all learning can
be predicted and planned and that the desired amount of
knowledge to be gained by a learning activity is a fixed entity,
as emphasized by pre-defined learning outcomes, seems to
be a relic of the prescriptive mode of teaching and should
be critically re-examined for its applicability to 21st century
learning. Thus, more important for the engagement of students
in the online learning environment, the development of their
self-regulation skills, and the applicability to meaningful and
relevant project-based learning activities that encourage openended discourse and life-long personal development seems
to be the use of formative forms of assessment and multiaspect evaluation strategies [7], [30], [41]–[44]. Such processoriented measures can provide “assessment for” and “assessment as learning” rather than just “assessment of learning” [45], giving students opportunities to reflect on their
progress (i.e., reflection for, in, and on action [46], [47]) while
also informing the teaching processes and allowing to tailor
course design and instruction to individual needs [25], [26],
[30], [48]. Thereby, technology can provide new means and
novel tools such as stealth assessments, embedded progress

control, or online survey tools [28], [30], and faculty need to
develop the skills necessary to employ and interpret those.
III. A DULT L EARNING T HEORY
In general, when we talk about incorporating adult learning
considerations into online education, we are basically concerned with shifting our teaching philosophy from a model of
knowledge transmission to a model of constructivist (shared)
knowledge (co-)creation [11]–[14], [21]. This shift should not
be seen as a binary choice between one or the other extreme,
but as instructional choices made on a continuum of possibilities that can and should be flexibly adapted to the specific
setting and the individual learner needs [21]. Adult learning
theory provides us with a framework of aspects and considerations for our selection processes but remains open and
inclusive enough to accommodate a variety of different learning philosophies and theories, ranging from the behavioral
over the cognitive to the constructivist, organizational, social,
and critical, which includes perspectives such as Andragogy,
Pedandrogy, Transformative Learning, Experiential Learning,
Self-Regulated Learning, Social-Cognitive Learning, SocialConstructivist Learning, Problem- and Inquiry-Based Learning
and many others [21]. Our goal is to identify the particular
aspects of the theory that can guide our course design and
delivery in the online environment.
First formalized in 1980 by Knowles, ALT is built on
the assumption that a mature student differs from a child or
teenage learner in six main areas: [21], [22], [49]
• Self-Concept. Adult learners see themselves as responsible for their own behavior and decisions in life. Thus,
they seek more autonomy and self-directedness in their
learning.
• Learner Experience. Adult learners have more and diverse
experiences to draw from in their learning. This difference
in the quality and quantity of experiences can be both a
resource for and a barrier to adult learning
• Readiness to Learn. In contrast to child or young learners who are more or less sent to school in preparation/anticipation of a productive life ahead of them, adult
learners become ready to learn by perceived needs in their
current personal and professional setting. Thus they are
aware of and connected to specific and relevant problems,
projects, and tasks in their life that their learning aims to
address. Progression through adult developmental stages
such as marriage, child birth, or career change becomes
a driver for this readiness, and learning should be timed
accordingly.
• Orientation to Learning. In contrast to young learners
delayed application of learned knowledge and content,
adult learners seek immediate relevance of their learning,
especially to their other roles in life. They want to
be actively involved in the learning process and seek
opportunities to directly apply their gained experiences
in a practical context. Thus, young learners are more
subject-oriented learners, while adult learners may benefit
from task- and problem-centered learning.

Motivation for Learning. Since, as previously highlighted,
adult learners are more independent and self-engaged in
their learning and possess a greater amount of experiences
to relate to and draw from, they also seem to respond
better to internal types of incentives. While both children
and adults may be motivated by external pressures such
as grades, promotions, and wage increases, adults seem
to be less responsive to those while internal motivators,
and potential de-motivators (e.g., negative self-concept)
can become strong sources for behavioral regulation in
learning.
• Focus. The need to know. More than children, adult learners need to know why they require certain knowledge.
Thus, the underlying presumptions are that younger learners
such as children seem less application oriented and therefore,
require more structured relationships between subject matters.
Their focus is therefore more on the learning of content than
on the solving of concrete problems, and new knowledge is
interrelated and structured according to content topic rather
than by task-oriented applicability. In contrast, adult learners
are focused on problems relevant to their professional and
personal setting, connecting most of their practical need to
learn with their intended application of the learned knowledge
in their life. Thus, while children are still very dependent on
an external instructional structure that guides their studies,
adult students seem more selective and self-directed in their
learning. However, it should also have become clear that this
level of dependency should be seen more on a continuum
than in absolute terms, potentially differing even within the
same learner depending on the specifics of each learning
situation [21]. Therefore, a developmental perspective should
be adopted for our continuing discussion here.
•

IV. A DULT L EARNING T HEORY FOR O NLINE E DUCATION
Online learning environments seem to provide the unique
opportunity to account for many of the previously discussed differences in learners, whether they are maturity- and
development-related or individual-based. However, designers
and facilitators have to be aware of these potential differences
and have to adopt flexible and adaptable approaches that allow
for more individualized, learner-centric facilitation of learning.
No longer should we consider students to be a homogeneous
group, all starting at the same knowledge base and working
towards a common goal. Therefore, the focus should not be
on figuring the most effective way to transmit knowledge (and
later test it) in a teacher-centered, content-based paradigm
but to develop students’ competencies in independently gaining task-relevant knowledge that is applicable for realistic
problem-solving [27]–[30].
To effectively teach, or more precisely to facilitate effective
learning [21], it is vitally important for educators to a) know
their audiences and adapt their methodologies and practices to
students’ needs; b) know their available tools and technologies,
with all their advantages and disadvantages to select the best
possible approaches; c) assess the learning objectives, the
content of their subject area, and the circumstances under

which the learning is desired and under which the learned
knowledge, skills, and attitudes are later applied [21]; d) know
their strength and weaknesses as faculty and human beings
to achieve the ultimate instructional goal: Facilitating student
learning by providing learning experiences through the selection of activities, tools, and methodologies that are properly
aligned with the content, the students, the teacher, the available
technology, and the context.
Some of the specific suggestions that are a direct consequence of the application of ALT in online activity design
and delivery and that will be further examined in the next
phase of this research include:
• The need for more formative assessments. An increase
in the use of formative types of assessments (including their automation) may allow real-time tracking of
student progress and the flexible adaptation of didactic
approaches, while a reduction in the reliance on summative forms may free faculty capacities to allow more
individualized student engagement.
• The need to incorporate more problem-oriented and
inquiry-based learning. A greater reliance on real-world
problem and scenario -based approaches that are meaningful and relevant to the students, coupled with a reduction in the reliance on textbook and lecture -based
instructional methods may allow adult learners to better
put gained knowledge into appropriate contexts and can
provide more direct applicability of the learned content.
• The need for greater inclusion of students into decision
processes. By increasing students responsibility and autonomy, self-directedness and -engagement can be promoted, and students can become better agents of their
own learning.
• The need for more collaboration. Shared meaningmaking and communal reflection seem to support socialconstructivist knowledge creation, while communication
and coordination needs in teamwork may help to build
valuable 21st-century workforce skills, especially in a
globally distributed online environment.
• The need for greater use of ICTs as cognitive tools. For
the larger goal to learn to properly manage and apply
knowledge and information rather than just accumulating
it (for a test), it seems paramount that students practice
the extension of cognition via technology.
• The need for more guidance and mentorship. For more
individualized and self-regulated learning to be successful, it seems crucial that faculty is available as guide
and mentor. However, that also seems to requires more
administrative commitment to allow faculty to assume
these roles.
V. C ONCLUSION
As with the other aspects of the Andragogical Model, the
online environment may also hold some crucial opportunities
to enhance intrinsic levels of motivation in adult learners. For
example, the flexibility to study at a time and place convenient
for them has already afforded many adult professionals a

chance to self-actualize through learning when they otherwise would have experienced logistic barriers. Nevertheless,
inflexible course and curricula designs, and over-emphasis on
(mostly summative) assessments, as well as the dangers of
isolation and dissociation in online learning environment may
also present enormous challenges to effective facilitation of
adult distant learning. Therefore, adaptable course and activity
designs and their flexible, individualized application during
delivery must be implemented. Given the diverse body of
learners in adult online educational settings, no single size will
fit all, or even any, of the diverse circumstances, especially
not with regard to learner motivation. So, online facilitators
of adult learning, first and foremost, need to account for
individual learner needs.
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[32] M. Gagné and E. L. Deci, “Self-determination theory and work motivation,” Journal of Organizational Behavior, vol. 26, no. 4, pp. 331–362,
2005.
[33] R. M. Ryan and E. L. Deci, “Intrinsic and extrinsic motivations: Classic
definitions and new directions,” Contemporary Educational Psychology,
vol. 25, no. 1, pp. 54 – 67, 2000.
[34] ——, “Self-determination theory and the facilitation of intrinsic motivation, social development, and well-being.” American psychologist,
vol. 55, no. 1, p. 68, 2000.
[35] B. Meissner and F. X. Bogner, “Science teaching based on cognitive
load theory: Engaged students, but cognitive deficiencies,” Studies in
Educational Evaluation, vol. 38, no. 3-4, pp. 127–134, 2012.
[36] R. Carver, R. King, W. Hannum, and B. Fowler, “Toward a model
of experiential e-learning,” MERLOT Journal of Online Learning and
Teaching, vol. 3, no. 3, pp. 247–256, 2007.
[37] S. A. Hillen and M. Landis, “Two perspectives on e-learning design: A
synopsis of a us and a european analysis,” The International Review of
Research in Open and Distributed Learning, vol. 15, no. 4, 2014.
[38] K. A. Meyer and V. S. Murrell, “A national study of theories and their
importance for faculty development for online teaching,” Online Journal
of Distance Learning Administration, vol. 17, no. 2, pp. 1–15, 2014.

[39] J. Broadbent and W. L. Poon, “Self-regulated learning strategies &
academic achievement in online higher education learning environments:
A systematic review,” The Internet and Higher Education, vol. 27, pp.
1–13, 2015.
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