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Abstract—Research suggests that an increase in learner 
mobility across formal and informal jurisdictions is a 
positive response to an integrated global economy and 
workforce. To facilitate ebbs and flows of maintaining a 
mobile global workforce, the literature suggests that engi-
neering education should promote methodology and learn-
ing mechanisms that personalize accountability of learners’ 
content knowledge across jurisdictions. In addition, data 
from the literature suggests that the cyber-learning mecha-
nism for supporting mobility generates massive amounts of 
data which when refined could inform engineering educa-
tors in their response to an increasingly mobile workforce. 
This paper reviews data from a pilot study of a Technology-
Enhanced Autonomous Learning Environment (TEALE). 
TEALE is a framework for mobile learning environments 
that afford accountability of personalized evidence-based 
content across learning jurisdictions. 

Prelimary data from this third pilot report suggests that 
TEALE promotes accountability of content knowledge 
across learning jurisdictions: both among formal disciplines 
in the academy, as well as between the academy, informal 
learning and workplace requirements. However, the data 
also suggests that seamless mobility across these academic 
and social jurisdictions involves issues far beyond technolo-
gy. These issues, which include adjudicating relevance and 
value among academic cultures, incentives for motivation, 
authority and autonomy should be accounted for when 
using TEALE. Attention to these issues could prevent 
engineering educators from viewing potential opportunities 
for inter-jurisdictional collaborations as encroachments and 
avert the specter of unintended social-dramas.  

Index Terms—learning algorithms; Informal learning; 
formal learning; Leaner Agent; Portfolio; LAO; Technolo-
gy-Enhanced; Autonomous Learning; TEALE. 

I. INTRODUCTION 
According to Sellen and Harper [11], affordances are 

defined as activities that an integrated environment allows, 
enables, or affords. Based on this definition, affordances 
of our global digital interdependent environment are 
beginning to have huge implications for engineering 
education. 

There is a broad consensus in the literature that af-
fordances of technology are transforming engineering 
education [1-2]. There are also indications that this trans-
formation is displacing traditional boundaries among 
disciplines in the academy, and between formal and 
informal learning in general [1]. Expectations resulting 

from displacement of both traditional physical barriers and 
socio-cultural boundaries are increased mobility and inter-
disciplinary collaborations. It appears that a new social 
arrangement for teaching and learning is emerging that 
anticipates more transparency and inter-disciplinary 
accountability to accommodate this increased mobility 
and inter-disciplinary collaborations [5]. 

However, while there is an expressed desire for collabo-
ration in response to this transformation, there is no 
coherent consensus in the literature on a framework for 
adjudicating inter-disciplinary collaborations that accom-
modate mobility between formal and informal learning or 
for leveraging affordances of the technologies that are 
rapidly changing the engineering education environment 
[2, 3 & 12]. The urgency for a systemic framework for 
collaboration is underscored by The National Academy of 
Engineers [39], The American Society for Engineering 
Education (ASEE) [40], and The Royal Academy of 
Engineering [1]. Reports from these organizations suggest 
that none of the world’s current major engineering chal-
lenges will be solved without collaboration from other 
disciplines.  

For example, ASEE-2012 document “Innovation with 
Impact: Creating a Culture for Scholarly and Systematic 
Innovation” highlighted the urgency for more collabora-
tion across disciplines and between formal and informal 
learning.  

In fact a common theme throughout the ASEE-2012 
document is that solutions to “…technical and non-
technical challenges in engineering education are now 
inseparable…” in an emerging integrated global environ-
ment [1, 11]. An extension of this theme is that affordanc-
es of an integrated environment driven by more open 
social engagement will be the key to solutions of future 
challenges. 

Massive Open Online Courses (MOOC) is one example 
of this affordance. MOOCs are delivered by our leading 
engineering institutions over the web to thousands of 
students at a time, with options for synchronous or asyn-
chronous learning controlled by students’ (learner) con-
venience and interests [5]. 

The potential impact of MOOCs on engineering educa-
tion highlights the need for a coherent systemic teaching 
and learning arrangement which assumes a more mobile 
and autonomous learner. Indications are MOOCs and 
other digital affordances are just a first step in what an 
emerging environment of ubiquitous information technol-
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ogy affords. One example from this affordance is an 
expectation of seamless movement of autonomous learn-
ers between formal learning, informal learning, and the 
workplace [5].  

According to the literature, affordances from a digital 
environment of mobile autonomous learners have engen-
dered many successes in engineering education but also 
have created many technical and non-technical challenges 
and opportunities. Indications are that jurisdictions of 
formal learning, informal learning and the workplace have 
different, and often competing, interests. At the moment, 
there is no common engineering education interdiscipli-
nary arrangement, or set of tools, for adjudicating seam-
less movement of autonomous learners between these 
jurisdictions. There are suggestions that any successful 
arrangement or set of tools will be part of a systemic 
structural transformation, more far reaching than “a mish-
mash of traditional lecturing with some online content” 
[6].  

Research on creating a common framework for engag-
ing autonomous learners in engineering education is 
limited. This gap in the literature is particularly evident for 
movements of autonomous learners between formal and 
informal academic jurisdictions. The search for more 
seamless collaborations is not new or unique to engineer-
ing education. According to Pieters and Baumgartner in 
their understanding of “who talks to whom,” in both intra- 
and inter-disciplinary communication, no area of econom-
ics appears to build substantially on insights from its sister 
disciplines [16].  

There are many research efforts that capitalize on new 
technological advances toward improving seamless 
interdisciplinary collaborations. One example, from 
among many, is to explore alternative teaching and 
learning environments and ecosystems in which the 
National Science Foundation (NSF) and the journal 
Science created the International Science and Engineering 
Visualization competition as a way of promoting alterna-
tive forms of communicating science, engineering, and 
technology for education and journalistic purposes, [22-
23]. Another example is the collaboration of many institu-
tions to explore potential opportunities of Open 
Courseware. 

However, for many reasons beyond the scope of this 
paper, these collaborations have been generally reactive or 
piecemeal, and have not resulted in major systemic change 
to facilitate a seamless movement of individuals between 
the “K-16” engineering education infrastructure, and 
informal learning, workforce requirements and beyond to 
lifelong learning as informed citizens [1, 5].  

This study explores social-cultural issues of autono-
mous learning, which is defined as learning anchored to a 
portable, technology enhanced, and independent environ-
ment customized to enable multiple means of representa-
tion, expression, and engagement toward allowing indi-
viduals to pursue what is most important in their lives [8]. 
This definition combines elements from the National 
Center on Universal Design for Learning (UDL) [12], 
research in foreign languages [14 & 15], and from other 
areas [1, 7]. 

The purpose of this ongoing pilot study is to explore a 
proof of concept that demonstrates how to capitalize on 
available technology for creating a more comprehensive 
and seamless framework that affords on-going real-time 

movements between formal and non-formal learning, and 
also between classroom experiences and the workplace. 
Understanding and articulating sociocultural issues 
engendered by digital affordances across the academy is a 
broader but secondary goal of the paper. The ongoing 
limited pilot study is being conducted at University of 
Hartford’s College of Engineering, Technology, and 
Architecture (CETA) and Roger Williams University’s 
Gabelli School of Business.  

Data from this third preliminary report indicates that a 
coherent systemic framework for portable interdiscipli-
nary accountability in engineering education can be 
constructed from Technology-Enhanced Autonomous 
Learning Environments (TEALE). Indications are that 
TEALE increased time-on-task, emotional investment, 
improved independence, autonomous learning, and 
continuous professional identity development. 

TEALE is a portable individualized learning environ-
ment with capability of evidence-based interdisciplinary 
accountability across learning jurisdictions. Research on 
TEALE is an ongoing pilot study at the University of 
Hartford using data from selected technical mathematics 
and electronics communication courses. TEALE has three 
major conceptual components: (1) the Learner Agent 
Objects (LAO) which are individual academic portfolio 
elements in a collection of evidence-based multimedia 
proxies and artifacts representing a learner's formal and 
informal academic experience; (2) the meta-data system 
that provides automated learning assistance by employing 
algorithms from learning sciences to influence, anticipate, 
evaluate, and manage individual learning activities; and 
(3) the communication interface that interacts with other 
TEALEs, remote labs, and external learning resource 
libraries.  

The study continues to raise important questions about 
the future of digital affordances in engineering education 
that require more conversations and research. This limited 
work only highlights the possibility that TEALE and LAO 
could be useful tools for accommodating transparent 
collaboration between the different, or competing, inter-
ests in the engineering education enterprise as technology 
continues to enable unprecedented changes in our lives.  

II. ENGINEERING EDUCATION AND AFFORDANCES OF 
A DIGITAL ENVIRONMENT 

As in the two earlier preliminary report reports, ele-
ments used in explaining affordances of paper can be 
applied to engineering education. As indicated previously, 
affordances are activities an object allows, or affords. In 
the case of a digital environment of ubiquitous infor-
mation technology, affordance is what the technology 
allows. However, for engineering education institutions to 
benefit from the full extent of what technology allows 
they “…cannot comfortably evolve …but instead must 
muster the courage to leave behind the old and rede-
fine…” new teaching and learning processes for the world 
we are facing [6, p. 628, 11]. The challenge is that some of 
the old models for teaching engineers are currently pro-
ductive, economically sound, and even thriving. All sound 
management decisions would suggest staying the course. 
To make matters more complicated, the quality of new 
teaching and learning processes is generally viewed as a 
lower standard and appeals to a “different” population. 
One example is the issue of quality with online engineer-
ing education.  
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However, Christensen, Horn and Johnson [36] argue 
that these counter-intuitive - and what may be seen as 
reckless - business decisions, to “disrupt class” are actual-
ly example of “How Disruptive Innovation Will Change 
the Way the World Learns.” They believe that not making 
these counter-intuitive decisions about how to use af-
fordances of emerging technologies is the reason why 
once successful organizations fail. The flaw in these 
decisions, they argue, is the focus on how these affordanc-
es could maintain and grow their organization using the 
current population (or increase the current population), 
while ignoring the potential benefits of these affordances 
for serving in different ways or serving totally different 
populations. They believe academic institutions are at risk 
of making the same mistake of following conventional 
wisdom. The following are some issues that support their 
case in terms of affordances from seamless movements of 
autonomous learners between formal learning, informal 
learning, and the workplace. 

The academy is more urgently in search of a common 
process that engages movements across different, often 
competing, jurisdictions. There is a clear consensus in the 
literature that with emerging technologies, the future of 
engineering education involves more interdisciplinary 
communication and collaboration [27]. But there is silence 
about whose academic cultural norms, practices, and ways 
of knowing will be used in such collaboration. In the 
global economy for example, because the technology 
affords (allows) it, English has evolved as a common 
process for conducting international commerce, while 
respecting local languages and customs. It may prove 
difficult to ask engineering educators to adopt the cultural 
language of knowing and doing of other disciplines and 
vice versa. 

Looking at the full spectrum of possibilities of what 
seamless movement of autonomous learners affords, there 
may be a way for the academy to accommodate commu-
nication and collaboration across interdisciplinary cultures 
and ways of knowing in the “language” of their discipline, 
while providing effective relevance to the autonomous 
learner. One approach is to use affordances of technology 
to make students (learners) full partners of the academy. 
As Christensen, Horn and Johnson indicated these new 
partners of the academy may be viewed as “lesser quality” 
but adding this “different” population may be the key to 
the academy’s future success. In this approach, the acad-
emy would be academically engaged with groups of 
autonomous learners, accountable for supporting each 
other for life instead of just a few years of undergraduate 
and graduate school engagement. This arrangement would 
be akin to an academic and career “marriage” of sorts, and 
would resolve some interrelated issues of sustainability 
which go beyond affordances of technology. 

III. AUTONOMOUS AND INDEPENDENT LEARNING 
There are more than technology issues to seamless 

movement of autonomous learners. A review of the 
literature reveals that emerging technologies are credited 
with displacing traditional boundaries between types of 
learning, and for removing physical barriers to seamless 
movements between formal and informal learning com-
munities. However, potential benefits and side effects 
from affordances of seamless movements between formal 
and informal learning communities in a digital environ-
ment raise interrelated questions that go far beyond 

technology issues. For example: issues of economics, of 
incentives for motivation, of authority and autonomy, of 
entitlement to validate and marshal authenticity, of philos-
ophy of education, and of “legitimate” ways of knowing, 
are among the array of elements continuously influencing 
each other.  

As mentioned earlier, one evolving issue that goes far 
beyond technology is the legitimizing of Open Course 
Ware (OCW) online engineering courses by top brand 
name universities, which is forcing other universities to 
react swiftly to how engineering education will be deliv-
ered in the future. For example, among MOOCs started 
just in 2012 are Coursera which boasts of offering courses 
from over thirty universities, including Stanford Universi-
ty, University of Virginia, Duke University, University of 
Pennsylvania and University of Illinois, and exX offered 
by Harvard, MIT, Berkeley, and others. 

Indications are any systemic solution for seamless en-
gineering education teaching and learning environments 
must account for these evolving issues of digital af-
fordances. For this research, one conceptual solution for 
communication and collaboration across the academy is 
for autonomous learners to use the TEALE framework. 
For this study, autonomous learning is defined as learning 
anchored to a portable, enhanced, and independent envi-
ronment customized to enable multiple means of represen-
tation, expression and engagement toward allowing 
individuals to pursue what is most important in their lives 
[p. 239, 41].  

IV. ONGOING PILOT STUDY 
This is an ongoing pilot study for over five years in 

search of articulating useful processes and best practices 
for educating engineers for the 21st century [23-25]. The 
researchers, from different colleges and disciplines, began 
with the latest information about how people learn [22, 
35], reviewed progress and accomplishments [28, 30], and 
the emerging meaning of engineering education, and how 
to leverage affordances of technology. A first report of 
preliminary data was “Fostering Learner Mobility be-
tween Engineering Education and a Twenty First Century 
Workplace” [12]. A second report of preliminary data was 
“Successful Integration of Informal Learning in Engineer-
ing Education” [3]. Both of these reports demonstrated 
proof of the concept of general constructs for learner 
mobility, and established points of reference for future 
work.  

This paper represents a third report of preliminary data, 
which builds on previous literature review and research 
data. The focus this time was articulating and demonstrat-
ing proof of concept, that a coherent systemic framework 
for portable interdisciplinary accountability, and continu-
ous professional identity development in engineering 
education can be constructed from Autonomous Learning 
Environments (TEALE).  

Toward that end, three major working assumptions 
have been used: (1) Affordances of a digital environment 
bring different meanings to the teaching and learning 
process. (2) Cumulative artifacts, simulations, and meta-
data can represent and influence an individual’s learning 
experiences both in and out of the formal engineering 
education setting. (3) When learners control artifacts that 
represent their cumulative content knowledge they will 
invest more emotional interest in maintaining these 
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artifacts. By-products are: improved time on task, inde-
pendent learning, and content revisions or continuous 
professional identity development, which is shown to be 
correlated with how people learn [22].  

V. TECHNOLOGY ENHANCED AUTONOMOUS 
LEARNING ENVIRONMENTS (TEALE) FRAMEWORK 

This report revised the conceptual learning methodolo-
gy model to make distensions between the Technology 
Enhanced Autonomous Learning Environment (TEALE) 
and its functional sub-systems Learner Agent Objects 
(LAO) that directly engage the learner. For example, a 
word processing package could be viewed as an LOA, 
because it acts as an agent in direct response to the learn-
er’s needs and ambitions in communicating with his or her 
environment. Likewise, Drop-Box or Google Drive could 
be viewed as a TEALE that contains LAOs. This disten-
sion allows for mixing and matching appropriate ubiqui-
tous or off-the-shelf technology for individual learners. 
However, because ubiquitous technologies sometimes 
offer both functionalities of TEALE and LAO, for this 
paper TEALE include both learning environment 
(TEALE) and learning agent objects (LAO) unless other-
wise stated.  

TEALE and LAO are not specific technologies or even 
confined to a specific pedagogical methodology; rather, 
TEALE is a framework of ideas for creating and transfer-
ring knowledge in a digital enhanced environment where 
the capability of the student (learner) transcends his or her 
“…biological limitations” [31]. LAO and TEALE aim to 
use the affordance of digital technology to extend our 
perception of the individual’s capabilities to communicate, 
to control those aspects of their lives that they view as 
important, and make decisions as an informed citizen. 
This affordance includes continuously accumulating 
academic artifacts, and simulations, in a permanent 
personal library for supporting the individual’s interaction 
with stakeholders in the teaching and learning process. 
Support capabilities are grouped in at least three catego-
ries:  

1. Artifacts, simulations, and meta-data that represent 
and influence an individual’s learning experiences 
both in and out of formal engineering education;  

2. Exchanging ideas with others;  
3. Analyzing and solving problems. One assumption is 

that over time and as digital technology matures, the 
usefulness of this personal library or hub of 
knowledge would render it an extension of the indi-
vidual much as a limb or organ in the teaching and 
learning process. 

 

TEALE is grounded in a long history of successful, but 
piecemeal efforts, among the disciplines in STEM educa-
tion. These piecemeal efforts include, but are not limited 
to: First Year Interest Groups (FIG); intelligent learning 
systems; object-orientated education technology and 
related interconnectivity applications; project based 
learning and active learning methods; increased applica-
tion of market principles in education; philosophy and 
ethics for digital education enterprises; and heightened 
interest in understanding how people learn [22]. Students 
(learners) are generally the only consistently common 
element but with the least control in these efforts. The 
focus of TEALE is to allow learners to present more 

complete information about their academic situation to 
stakeholders in STEM and engineering education.  

The TEALE framework draws heavily from a category 
of FIGs, implemented at the University of Hartford and 
other locations, which by design uses existing infrastruc-
tures (both physical and epistemological) to support small 
curricular units called Integrated Learning Blocks (ILB). 
However, in the wake of a critical cohort of maturing 
technologies reaching a practical tipping point, tools from 
instructional technology, computer and cognitive sciences 
are employed to expand the ILB concept into smart 
continuous learning agents. In this project, TEALEs 
expand the one-year FIG model to include pre-college 
experience and the entire college years, and continue with 
life beyond college. Developing a TEALE infrastructure 
provides a valuable academic hub and scaffolding for 
supporting life-long learning and also the potential for 
creating new revenue streams for higher education. 

TEALE raises important philosophical issues about its 
usefulness in creating the knowledge and ethics about 
digitally enhanced knowledge of students (learners) in a 
digital environment. For example, there are questions of 
control, self-interest, the nature of digital property, and 
compatibility. However, knowledge associated with this 
academic experience and other important philosophical 
concerns are not the focus of this paper. 

In addition, issues of LAO as a smart agent of the indi-
vidual in a digital environment are also not the focus of 
this paper, and are best pursued elsewhere using existing 
agency theory research as a starting point. This is only a 
beginning attempt of a first step toward constructing a 
framework of ideas in search of solutions about how to 
perceive enhanced learning, and enhanced learners, in 
three broad areas.  

1. To prepare future technologists,  
2. To prepare future engineers, and  
3. To provide a timely delivery system for educating the 

country’s workforce. To demonstrate the proof-of-
concept of TEALE, and LAO in these three catego-
ries, Blackboard, Google Docs, Drop-Box Sky-
Drive, among others, were used as a digital container 
where students continuously accumulate their best 
work from selected classes.  

VI. DATA AND METHODOLOGY 
Blackboard is the University of Hartford’s primary 

course management system. It is augmented by Drop Box, 
Google Drive, and Microsoft Sky-Drive, as TEALE 
(knowledge proxy containers) and LAO to simulate a 
seamless environment for ubiquitous information technol-
ogy. For the purpose, of this study references to Black-
board mean combined knowledge containers and learner 
agent objects. The study used these knowledge containers 
or individual academic portfolios, to organize artifacts of 
students’ accumulative academic work. Frequency of 
access to these documents was used as an indicator of 
student interest, and content of data files were reviewed to 
measure level of student collaboration and content 
knowledge.  

The content of the student work posted on Blackboard 
forms a library of reusable objects (fixed) for subsequent 
exams, assignments, self-assessment and future classes. 
For example, from Course Statistics on Blackboard, 
researchers were able to determine that students, and 
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alumni, are using their content files years after a course 
was completed. 

An ethnographic exploratory study was started in 2006 
to test the concept of LAO. Students from classes taught 
by selected faculty members (technical mathematics and 
electrical engineering) were asked initially to post their 
“best work” in three-ring binders used in formats required 
by the Accreditation Board for Engineering and Technol-
ogy (ABET). However after one semester, three-ring 
binders were replaced with posting students’ “best work” 
on Blackboard where it could be observed by other 
students, faculty and staff. As of September 2012, the 
number of participants in the study is 200. Participants 
taking multiple courses were counted once. 

Rubrics for class assignments and tests were created for 
the TEALE framework for each class. In general, tests and 
class assignments were returned to the students with a 
conditional grade. Grades are never marked in these 
documents. However, grades are not official until students 
make the necessary corrections to their work and post the 
edited content (best work) on Blackboard (grades are not 
included). Because of the limitations of Blackboard, a 
separate Blackboard class was created with one discussion 
board for all students to share their work from multiple 
semesters. Each student would create one thread with his 
or her names, and then reply to his or her names attaching 
a file with his or her best work (Microsoft Word, text, 
graphics, videos, or PDF files). Each file on average 
contains material covered by a major topic or chapter of 
the textbook. For example, one file may contain three 
completed problems from each section of a textbook 
chapter, with full explanations of each step. 

High level of expertise is expected from the student 
who presents his or her best work. That is, the focus is not 
on the source of the content, or what help the student 
received compiling the content but instead the focus is 
placed on how well the student can explain and apply the 
content that is presented. For this study, students are 
expected to be tested at any time, and in different forms, 
about the material they post on Blackboard. This expecta-
tion of mastery, or ownership, of posted material is not 
just confined to faculty, or students in the class, but to 
others involved in the academic life of the student. 

Training is provided on how to use textbooks and other 
resources. Specifically, training involves learning to read 
the examples in the text first before doing the exercises. 
Training also involves learning how to maintain, and 
apply content to other related areas. For example, it helps 
the student combine different class contents and content 
from other disciplines into a continuous and meaningful 
whole. 

Faculty members are encouraged to use the posting on 
Blackboard as one way of understanding the academic 
history of their students, as well as using the posted 
material as a way of linking to what students already 
know. Not only works of students are posted in the area, 
but also sample solutions by faculty and other reference 
material are posted.  

Initially, the number of one-on-one student teacher con-
ferences relating to these activities increased by more than 
70% with conference time averaging 25 minutes. Since 
the initial semester, student conferences have been de-
creasing by an average of 4.8% each semester, with the 
average time of conferences decreasing by 6% each 

semester. In September 2012 the average conference time 
was 8 minutes. A conference management system was 
used to track details of the conferences (purpose of con-
ference, start time, stop time, comments, location, number 
of students etc.).  

VII. PREMILINARY RESULTS 
Using primitive or static LAO artifacts (Microsoft 

Word, PDF and Text files) to represent best work of 
students Ethnograph application version 6.0 generated 
significant student to student, and faculty-to-student 
activities in relation to what the literature considered 
seven best practices in teaching [32-34]: 

1. Increasing faculty-student interaction. Faculty-
student interaction tends to be shorter but more fre-
quent. Major reasons for the interactions include act-
ing as referee for competing ideas in class projects, 
as consultant in solving a mathematics problem, and 
as a negotiator with students working for a better 
grade. 

2. Fostering collaboration among students and provid-
ing prompt feedback. Students perceive having casu-
al conversation about technical mathematics problem 
with their peers as exotic enough to merit curious in-
quiry. Patterns of understanding course content 
sometimes display a “viral” effect similar to 
YouTube or Wikipedia, and are more effective in 
communicating some technical ideas than traditional 
approaches. 

3. Encouraging active learning and emphasizing time 
on task. Posting best work encourages more active 
participation in class work, increases attention to de-
tail, increased emotional investment, and adds more 
relevance to technical mathematics. 

4. Communicating high expectations while addressing 
different learning styles. The idea of posting class as-
signments after they are graded and edited allows 
students with different learning styles to produce the 
same high quality products. 

 

Before the end of the first semester student activities 
quickly took on a combined YouTube and Wikipedia 
effect where posting best work from class assignments, 
special projects, and related materials became a symbol of 
personal and professional pride, a focus of social drama, 
and academic collaborations across subject areas and 
some university programs. 

Some examples of social dramas include:  
1. Students would challenge other’s ability to do the 

work they posted. As such posting class content 
brought social status, but also the responsibility of 
justifying one’s knowledge of the subject.  

2. Communication about what was covered in previous 
classes improved, given that samples of the material 
were accessible and available to all interested parties 
in the teaching and learning process.  

3. Time on task improved as measured by the Black-
board statistics. Students used the area all hours of 
the day with the period of time of 12 hours before 
classes recording the highest usage. 

 

Samples of collaboration include the following:  
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1. Instances of students working with each other have 
increased. From observation, conversation about 
posting work, or questions about work posted and 
other out of class activities started occurring only af-
ter students start posting their work on Blackboard 
and realize they were actually writing questions for 
their own examination.  

2. Student-student interaction about class content in-
creased significantly, and some questions that were 
directed at faculty were directed to other students 
leaving space for different questions and issues for 
the faculty to handle. In addition, with their work 
posted on Blackboard, students found it easier to find 
alternative pedagogical resources other than the 
teacher.  

3. Maintaining an atmosphere of individualized on de-
mand instruction required extra time and resources. 
The same energy that motivated students to collabo-
rate could quickly become distracting if faculty or 
qualified resources were not available to adjudicate 
conflicts, lack of information, appropriate scaffolding 
resources or other related issues.  

4. Having libraries of students’ best work also improved 
early warning collaboration among faculty and staff. 
For example, students who were having problems, 
for one reason or another, generally have significant-
ly less work to show.  

 

TEALE is a work in progress, and more work is needed 
to document the full benefits and side effects, smart 
learner agents (LAO) and TEALE bring to a digitized 
academic environment. Preliminary data from CETA 
student demonstrates TEALE’s proof of concept in six 
general areas:  

1. Reducing piecemeal fragmentations in engineering 
education toward a systemic and seamless whole,  

2. Creating echo systems of sharable best practices 
3. Providing framework for adjudicating accountability, 

value, and costs analysis in engineering education.  
4. Creating potential new higher education revenue 

streams from continuous subscription based learning 
and  

5. Enabling interdisciplinary stakeholders of the learner 
to collaborate in their native academic ways of know-
ing and doing in the education process.  

VIII SUMMARY AND CONCLUSIONS 
This study introduced the concept of TEALE as a digi-

tal container for artifacts and simulations of CETA stu-
dents’ (learners) academic experiences as only the begin-
ning step in a long process of research, conversations and 
negotiations towards a fundamental understanding of 
designing learning environments relevant to the needs of 
future engineers. The concept of autonomous learning was 
introduced to describe users of TEALE and LAO who 
bring self-interest to a broader range of technology af-
fordances for engineering education. 

The series of emerging themes from this exploratory 
study show proof of concept that TEALE and LAO have 
the potential for improving STEM education in five 
general areas:  

1. Collaboration between selected technical mathemat-
ics and electrical engineering education toward a 
seamless whole;  

2. Echo systems of sharable best practices (including 
ethics or collaboration in a digital education envi-
ronment);  

3. Pedagogical relationships in the teaching and learn-
ing process;  

4. Potential for creating new higher education revenue 
streams through long-term academic relationships;  

5. Interdisciplinary stakeholders of the learner to col-
laborate in their native academic ways of knowing 
and doing in the education process; 

6. Promoting continuous professional identity develop-
ment. 

 

The study also indicates that the TEALE’s framework 
has implications on different levels in the teaching and 
learning process [25-28]. At the classroom level, students 
are encouraged to use appropriate (native) technology for 
communicating their understanding of content. At the 
institutional and community levels the TEALE framework 
provides building blocks for multidisciplinary collabora-
tion while affirming native academic dialects and ways of 
knowing, diverse interests, and multiple levels of partici-
pants. This shared system of best work evolves throughout 
the learner’s academic life-cycle and creates a practical 
way for integrating lifelong SETM learning into our 
current higher education system. 
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