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Freshman Residential Schools for Undergraduate
on-campus and online Engineering Students

Abstract

By means of evidence-based practice, this paper describes the residential-school component of
an accredited online (distance education) undergraduate engineering program in Australia, with
a particular focus on how the residential school program is implemented at freshman year.
During these residential schools, activities were organised around the respective engineering
courses undertaken by students during the semester.

Elements considered suitable and worthwhile for inclusion in residential-school programs
included:
* In-person engagement with academic lecturers,
Practical and laboratory learning activities,
Presentations and interaction with guest speakers from industry,
Industry-based site visits,
» Engagement in sole and group-based learning and assessment activities on campus,
and
« Social interaction with other students.

After running pilot residential schools for two years, it was found that a workable format
consisted in a two-week residential experience in the first semester, linked to two key freshman
courses, Fundamentals of Technology Management, and Engineering Physics. On-campus and
online students’ academic grades were compared for both courses over the years 2005 to 2012.
We found that for physics lab, on-campus students’ grades tended to be higher than those for
online students, and vice versa for technology management. We also conclude that when
carefully designed, residential schools for online students do enhance learning for both online
students and their on-campus counterparts.

Introduction

Traditionally in higher education, at least until the 21% century, on-campus students undertook
a majority of their learning activities while physically present at the campus while distance-
education students undertook a majority (if not the entirety) of their learning activities remotely
from the campus. In the 20" century distance education generally implied self-managed
learning by students primarily relying hardcopy study materials provided by the institution and
augmented with ad-hoc communication between academics and students, often on a one-to-
one basis by telephone and mail correspondence. During the 21% century the ubiquitous
adoption of Internet-enabled technologies and methods has most significantly changed the
methods and technologies relied upon for distance education, such that these students now
typically obtain and interact with their study materials, academics, and fellow students via the
Internet, and hence known as ‘online’ students.

A combination of technologies and methods in conjunction with on-campus and online learning
modes for distance education is defined by Huang as a mixed-mode e-learning environment
(MMEL).! To accommodate on-campus as well as online students the term ‘blended learning’
has recently entered the education lexicon to describe a learning environment that utilises a
mix of technologies and methods, both traditional and digital technology-enabled, so that both
(campus) located and online learning modes exist within the student experience. Blended
learning, whether implicitly or explicitly adopted, is increasingly popular in higher education



for a number of reasons, including academic and administrative. From an academic
perspective, blended learning enables the student experience to incorporate asynchronous
elements (such as student self-managed, self-paced learning using online resources) as well as
synchronous elements (such as real-time located and online classes and staff-student and
student-student interactions).

In the United States, distance education in undergraduate engineering is still in its infancy.
While there are some examples of individual courses being taught online,>* there are very few
full undergraduate programs offered online>’. In Australia, distance education is more
developed,® and the engineering community there has recognised its role in training future
engineers.®

Distance education fulfils an important role in the provision of educational equity for students
who live in remote Australian communities'® and a continual demand of distance education
(which is now predominantly implemented as online education) is to adequately engage and
support students and staff. Online education has to enhance learner-to-staff and learner-to-
learner interactions, as well as learning experiences of learners and academics.'*12 A challenge
of providing a suitable student experience and learning environment for online students is to
foster and enable a supportive ‘community’ for the student. Desai considers this need to be one
of the greatest challenges for learning institutions and instructors.'® A supportive community
for the online student which is enabled through various types of interaction between students
and between students and staff thus exists as a ‘community of inquiry’.**

Engaging first year engineering students in online or blended learning modes has typically been
more demanding on the academic than the traditional on campus mode. Staff must be
committed, equipped and adequately resourced to support the implementation (and to achieve
sufficient student satisfaction) of online learning. According to the Australian accreditation
requirements for campus-based activities in online engineering education, it is mandated that
all online engineering students have to reasonably and regularly attend the institution’s campus
during the program.*? During the 2003 accreditation review of our engineering program, the
Engineers-Australia accreditation panel recommended campus-based activities for online
engineering students as a mandatory component in the undergraduate engineering courses.
Consequently it is now a requirement for online undergraduate engineering students to
periodically attend residential schools during their studies at Deakin University.

A decade ago, many universities used traditional methods and practices in learning and
teaching. With rapid technological advances, academic staff are starting to employ innovative
learning and teaching models that meet educational requirements. On the other hand, many
students are unable to link their skills with the professional learning curriculum. There is
always a gap that exits between the learning expectations of students and the teaching
approaches of staff.®® To help bridge the gap between students and staff, and to enhance
interactive learning between online and on-campus students, we established residential schools
at all years of the engineering program. The freshman residential school at the School of
Engineering at Deakin University, as it was conducted during 2005 to 2012, inclusive, was an
initial foray into a blended-learning environment. (In hindsight, this foray was not fully
recognised at the time.) This paper presents the development of the freshman professional-
practice residential school for undergraduate engineering students in an accredited Bachelor of
Engineering program in Australia, starting with the initial pilot in 2005, and finishing with the
end of the first ‘era’ in 2012. The second era, from 2013 to the present, will be presented in a
forthcoming paper.



Characteristics of online engineering education at Deakin University

Deakin University!® promises students that it offers education by "providing premium cloud
and located learning” and to "deliver globally connected education™. The Deakin University
strategic direction is achieved in part by delivering a quality online engineering program. Our
goal is that online program will provide online students with a premium learning experience
equal to that of on-campus students. The freshman residential school is a gateway for the first-
year engineering on-campus/online students where the students could interact with each other,
working as teams through collaborative learning. Some pedagogical characteristics of online
education at Deakin University are:

1. The inspiration of an educational organization in planning, preparation and delivery of
material for on-campus/online collaboration among students.

2. Provision of teacher-student and student-student learning through online collaboration,
where students and staff have interactive discussion forums, access to units,
assessments items and engage with lecturers, tutors and other students.?

3. Reimagined learning experience through media-rich study materials and virtual
learning environments.?!

4. Providing modern tools (such as e-Portfolio) for storing, organizing, reflecting and
sharing student learning with others.?

5. Online peer support, seminar groups and workshops to improve the students study
skills.

Deakin University students also have an opportunity to alternate and combine on-campus and
online education study modes into the undergraduate engineering program on a course-by-
course basis. This enables students to adjust their program enrolment according to their
individual circumstances and needs as time goes on.

Methodology

The engineering residential schools run by the University of Southern Queensland served as
our initial model.?® The residential schools described here were designed to include the
following features:

1. Increase the exposure of all students to practising engineers by inviting engineers from
industry and commerce to give seminars on topics relevant to each of the units.

2. Act as capstone courses for each year. The activities and assessment tasks required
students to demonstrate that they had attained the stated learning outcomes from courses
in the appropriate year;

3. Enable online students to complete necessary experimentation and practical work
associated with their program:

4. Enable online students to experience on-campus life via interaction with on-campus
students, lecturers, tutors and other School staff, as well as have access to campus

facilities.

During the years 2005-2012 inclusive the undergraduate Bachelor of Engineering program
consisted of eight equally weighted academic courses for freshman year (table 1). Online



students typically undertake a 50% study load for the program such that the freshman year is
attempted and completed over two consecutive years.

Semester | Course Name Content
code
1 SEB121 | Fundamentals of Engineering design processes, research

Technology Management techniques, communication skills,
teamwork skills, professional ethics,
sustainability, technological impact

1 SEP101 | Engineering Physics Basic mechanics, rotation, fluids,
electricity, DC circuits

1 SED102 | Engineering Graphics and Engineering drawing, CAD, design
CAD
1 SIT199 | Applied Algebra and Matrices, vectors, complex numbers,
Statistics probability, statistics
2 SEM111 | Materials 1 Metals, ceramics, polymers, material
properties
2 SEE103 | Electronics AC circuits, logic devices, diodes,

transistors, op-amps

2 SIT194 Introduction to Derivatives, integrals, exponential
Mathematical Modelling functions, power series, first-order
differential equations

2 SIT172 Programming for Engineers | C-programming, MATLAB, Excel

Table 1: Freshman engineering courses.

Pilot residential schools. ~ The first residential school at was conducted during the second
semester of 2005. Held over two weeks, it was administered as a zero-credit course (SEP199,
Engineering Professional Practice). Attendance was compulsory for all students (on-campus
and online) enrolled in any freshman course during that semester. The two-week course
comprised four topics: professional responsibilities, communication (oral, written, report
writing), management ethics, laboratory or practical work. Assessment was based around four
tasks: Completion of required lab work, a short group-design project report and oral
presentation, and starting a reflective journal mapping the student’s learning to the Engineers
Australia stage-one competencies for professional engineers.?* The final grade was either pass
or fail.



To help make adequate classroom space for the attendees, it was held overlapping one week of
the mid-semester break (during which no classes were scheduled for on-campus students).
During this week practical sessions were held in physics (held over from semester one),
electronics, and materials. On-campus students were not required to attend the first week.
During the second week, guest lectures were held, students completed their design projects,
social activities were held, and students went on a site visit. Students were also given free time
to work on assignments, attend on-campus classes, meet their lecturers, and collaborate with
their peers. The freshman residential school proceeded in the same form in 2006. For example,
table 2 shows the schedule for the 2006 residential school.

Residential schools 2007-2012.  In 2007 the Engineering program included multiple
residential schools, one per year of study. The residential schools were attached to the
corresponding engineering management unit for each year of the program. The freshman
residential school was moved to first semester so that all enrolled students were required to
attend the associated residential school during that semester. Since most of the topics matched
those in SEB121, and since SEP101 (physics) ran in first semester, this made sense and made
administration much easier for both students and staff. After 2007 the freshman school was
directly linked to the educational objectives and tasks of SEB121 and SEP101. Thus online
students normally enrolled in SEB121 and SEP101 together, and took the remaining two
courses in another year.

In the course SEB121, Fundamentals of Technology Management, the learning objectives were
for a completing student to understand the roles of engineering and technology in society,
understand the fundamentals of professional ethics, be aware of Engineers Australia’s
competency standards, effectively use written and oral business-communication skills,
understand the fundamentals of management theory, understand the basic concepts of quality-
management theory, and to learn about real situations in engineering practice via presentations
by industry professionals. The study materials were online lecture and tutorial notes, and a
popular engineering-management textbook.?® As an example, table 3 shows the assessment
items for this course in 2008. Student groups were selected to be on-campus, online, or mixed.
Online students gave their oral presentations in the second week of the residential school. The
engineering-issues report was completed and submitted during the residential school. The
minimum grade to pass the course was 50%.

In Engineering Physics, the lecture and tutorial content was taught to the online students
according to methods outlined elsewhere. 2° Except for a very small number (five or less each
year), online students performed five physics experiments during the residential school
(table 4). In contrast, the on-campus students attended bi-weekly lab sessions over a 12-week
semester, performing the same experiments. On-campus students submitted lab reports at the
end of each lab session for grading, whereas online students submitted their reports either at
the end of the residential school or at the end of semester. Lab reports were graded on a scale
from one to ten. The lab component of the course contributed 20% to the overall grade. The
exam was 60%, and additional problem-based assignments contributed the remaining 20%. Of
interest here is the relative academic performance in the lab component.



Week 1:

Day Topics Task Time Speaker Topic
Monday Arrival 1 9:30-10:00 AM Registration
Welcome and overview 10:00-10:50 AM Welcome to SEP199
Guest Speaker 4 11:00-11:50 AM Interaction between research,
universities, and industry
Lunch noon-1:00 PM
Group design problem.
Overview 1:00-1:50 PM
Library research 2:00-2:50 PM Library resources
Work on tasks 1 and 2 3:00-5:00 PM
Submit task 1 1 5:00PM
Tuesday Practicals SEP101 group 1 3 9:00 AM to 5:00 PM Physics pracs
Practicals SEE103 group 2 9:00 AM to 5:00 PM Analog Electronics pracs
Wednesday Practicals SEP101 group 2 3  9:00 AM to 5:00 PM Physics pracs
Practicals SEE103 group 1 9:00 AM to 5:00 PM Analog Electronics pracs
Thursday Practical- SEM111 group 1 9:00 AM to 1:00 PM Materials pracs
Practicals SEM111 group 2 1:00 PM to 5:00 PM Materials pracs
Lab and campus tours 10:00 AM and 2:00 PM
Submit task 2 2 5:00 PM
Friday Work on SEP101 Prac write-ups. 3 9:00 AM to 5:00 PM Also time for SEM111 assignment 4 and
SEE103 assignment 5. BBQ lunch
Week 2:
Monday Guest Speakers 4 9:30t010:00 AM Welcome and overview of week 2
10:00 to 10:50 AM Professional Pathways for Engineers
11:00 to 11°50 AM Mechanif:al, Mechatronics & Robotics,
Electronics.
Noon o 12:30 PM Student Life services for off-campus
students
12:30 to 12:50 PM Welcome from the Head of School
Lunch 1:00 to 2:30 PM Pizza provided by the School of Eng.
Guest Speakers 4 2:30to 3:00 PM Deakin's Industry-based learning Program
3:00 10 3:50 PM Preparing for graduate employment
4:00 to 4:50 PM Career planning
Tuesday Group design final report 5 9:00 AM to 5:00 PM Team work
Attend on-campus lectures
Wednesday Professional presentation 4 10:00 to 10:50 PM Your Career in the Profession of
Engineering
Student oral presentations 6 11:00 AMto 5:00 PM Team work
Attend on-campus lectures 11:00 AM to 5:00 PM
Thursday Student oral presentations 6 10:00 AM to 5:00 PM Team work
Attend on-campus lectures 9:00 AM to 5:00 PM
Friday Staff/student consultative 8 Staff/student forum
forum Completion of feedback 10:00 AM to noon
sheet
Attend on-campus lectures 9:00 AM to 5:00 PM
Submission of journal 7 11:30 AM

Lunch
Finish

noon - 1:30 PM
Afternoon

BBQ with academic staff
Collection of Journal and other tasks

Table 2: Schedule for the 2006 residential school




Item % of total | Type
grade
Assignment 1: LMS Introduction Message 3 Individual
Assignment 2: List of References 5 Individual
Assignment 3: Engineering Issues Report 15 Group
Assignment 4: Professional Ethics Report and Presentation 20 Group
Assignment 5: Online Test 12 Individual
Assignment 6: Management Report 10 Group or
individual
Assignment 7: Engineering Education Journal 5 Individual
Examination 30 Individual

Table 3: Assignment and grade items for SEB121, Fundamentals of Technology Management.

Experiment | Activity

1 Introduction to Microsoft Excel

2 The simple pendulum and measurement
uncertainties
Rotational inertia of a flywheel
Viscosity of a fluid
DC electric circuits
The capacitor and the RC circuit

oo~ lw

Table 4: Lab experiments assigned in SEP101, Engineering Physics.
Online students performed the Excel exercise at home.?

Because most online students took them together in a separate year, the remaining two
semester-one courses, Engineering Graphics and CAD; and Applied Algebra and Statistics, did
not have a formal program within the residential school. These courses were taught by the
established methods of distance education.?” If a student attending the residential school
happened to also be enrolled in one of these two subjects, he was free to visit the lecturer and
attend any available on-campus classes. The semester-two courses ran in the usual online
fashion. Practical work in SEM111 and SEE103 were done separately, either at a Saturday lab
class or at home by means of an experimental kit.?82° The structure of the whole residential
program thus consisted of four compulsory residential schools, each of two-week duration, to
be undertaken by online students progressively as they advanced through the course and for
most, a requirement to participate an residential school at the campus at least once every two
years. This practice and format continued through to 2012, inclusive.



Results

In 2005, 70 students (on-campus plus online) completed SEP199, Engineering Professional
Practice, and in 2006, 98 students completed this course. From 2008 onwards, students were
separated administratively into on-campus and online. Figures 1 and 2 show the numbers of
students completing the course and the median grades for SEB121. Even though the online
enrolment numbers were 35% or less the on-campus numbers, the median online grades were
always greater than the corresponding on-campus grades, including those years where online
enrolment numbers could be said to have more statistical significance (2006, 2011, 2012). This
agrees with an earlier study of on-campus and off-campus performance in this course, where it
was found that academically, off-campus students performed better than on-campus students.*°
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Figure 1: Numbers of students completing the course SEB121, 2005-2012.
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Figure 2: SEB121 median grades 2005-2012.



The numbers of completing students and median lab grades for Engineering Physics are shown
in figures 3 and 4, respectively. In 2005 and 2006, the lab grades tended to be higher for online
than for on-campus, although the statistical significance of the online figures may be
questionable. Except for 2009, between 2007 and 2012 the median on-campus grades were
higher. In 2005 and 2006, the lab experiments for online students were delayed until semester
two, whereas for on-campus they were not. Thus online students had more time to prepare for
the lab experiments than their on-campus counterparts. From 2007 onwards, all students
performed their physics experiments in the same semester.
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It should be noted that at this university, even though the admission requirements are the same,
there is a large difference between the online cohort and the on-campus cohort. The on-campus
cohort is largely made up of young students, 18-19 years old, fresh out of high school. Many,
but not all, of the on-campus students studied physics in 11" and 12" grades of high school.
The off-campus cohort is more mature — 23 years old at the younger end and sometimes over
50 at the older end. Their academic abilities in SEP101 and SEB121 are really quite different.
The younger students have more recent experience in studying mathematics and science at high
school, but less experience in many of the skills taught in SEB121, such as communication and
writing. On the other hand, the older students have been in the workplace for some years. Many
are in business, work in technical fields, have some experience around engineers, and are
familiar with oral and written communication. But the older students have long periods of time
between when they studied math or physics and when they enrol in a university engineering
program. Thus it is not too surprising to see here that in general, online students performed
better in SEB121, but mostly worse in SEP101 lab.

Discussion

Apart from one survey of participating students,® to our knowledge, this study is the first to
examine, in some detail, residential schools and academic performance for online students in
engineering. A more detailed analysis of student attendance, perceptions, and grades will be
presented in a forthcoming paper. From anecdotal evidence and discussions with attending
students, the largest difficulties online students faced in attending residential schools were
travelling long distances (including interstate), and the need to take time away from work and
family. One unfortunate immediate result was that off-campus numbers in the Bachelor of
Engineering dropped from nearly half of the total enrolment in 2004 to less than 25% by 2008.
This result is not surprising, and is consistent with other studies.®*=® Thus while residential
schools have many education advantages for all students as outlined here, the downside is that
there will always be some students who would benefit from a university education in
engineering who miss out because even travelling to the main campus once every couple of
years is beyond their means.

In 2013 the undergraduate engineering programs at Deakin were revised so that the on-campus
attendance requirement for online students was no longer facilitated by the four two-week
residential schools. Instead on-campus attendance requirements by online students were
mandated for course-specific activities in the program: a shift from a multi-activity, multi-week
residential school per year (level) of the program that required on campus attendance to course-
specific learning and/or assessment activities that nominally required one day of on campus
presence per course and are predominately activities directly related to assessment-only needs.

While the academic data for 2013 to the present is still being analysed, we have noticed two
significant impacts from this change in 2013. The first was an increase in the minimum
frequency of campus presence by online students from once every two years on average to
every semester of enrolment. The second was to reduce the amount of time that the student was
present on campus during any trimester (since the duration depended on the number of
academic courses being studied and the corresponding activities for that course requiring



attendance). We believe that this recent change to the partially-blended learning environment
for online students studying undergraduate engineering at Deakin University may be a missed
opportunity to further foster a community of inquiry among all students (online and on-campus)
and also reduce opportunities to identify, evaluate, and address deficiencies in online student’s
thinking and learning abilities, due to their on-campus presence currently mandated only for
summative-assessment activities.

Brodie has identified the value of online and on-campus student interaction to enhance
‘learning in the classroom’ by exploiting the typical characteristic of online engineering
students having, or had, engineering-related industry experience in their current, or a prior,
occupation.®® Residential schools also help serve to assess and address student thinking and
learning deficiencies during live in-person oral presentations and interactive peer discussions.®
A restriction or limitation of interactions and activities experienced by online students when
present on-campus may lead to errors and perceptions of the on-campus learning environment
(and possibly of the online learning environment as well) being sustained and possibly
reinforced and with causality, resulting in lower learning performance, lower motivation, and
retention issues for online students.®

At Deakin University there has recently been a deliberate focus on implementing blended
learning in all programs. Accordingly the undergraduate engineering programs have recently
undergone revision to increase their blended-learning characteristics. (For an example, see the
recent work by Long.*) In addition, from 2016, the engineering curriculum is seeing a
significant shift towards project and design-based learning.*® This will result in even more
changes to the residential-school programs.*

With many on-campus programs, including at Deakin University, there exists a popular trend
in higher education towards the development and implementation of blended learning, in
particular integrating Internet-enabled learning and assessment methods, to strive for
institutional academic and administrative goals. What remains is the development and
implementation of authentic blended learning for online programs to introduce, enhance, and
integrate campus-based methods in order to produce an effective community of inquiry
benefitting all students regardless of enrolment mode and able to be efficiently implemented
and supported by institutional staff.

Conclusions

In response to accreditation guidelines given by Engineers Australia, Deakin University has,
since 2005, required undergraduate online students in engineering to attend a periodic on-
campus residential school. Over the years 2005-2012, the residential school for the freshman
year has been closely linked to two courses: Fundamentals of Technology Management and
Engineering Physics. Looking at relative academic performance, while the on-campus and
online students’ grades have been comparable, there are differences between their
performances in the two courses. In Technology Management, online students’ grades tended
to be higher than those for on-campus students. In Physics lab, we generally observed the
reverse. We attribute the results to differences in the maturity and experience of the two



cohorts. That being said, there are many factors at play and establishing causal relationships is
difficult.

The observations at Deakin University of requiring online students’ presence on campus
periodically throughout their enrolment to participate in various student-student and staff-
student social, learning, and assessment-related interactions, and initial research of the impact
of subsequently reducing (since 2013) this presence to primarily assessment-only related
interactions on-campus, indicates that to establish a community of inquiry amongst students,
the students need to experience a diversity of interactions across both, and possibly within each
of the, online and on-campus modes of student presence involved in blended learning.

Weighing up the advantages and disadvantages of residential schools, we conclude that they
are a very important component in an online undergraduate engineering program. As far as
online education in engineering is concerned, a balance needs to be found between ensuring
proper training and assessment of trainee engineers and the very worthwhile goal of providing
engineering education “anywhere, anytime”.*?
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