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ABSTRACT

The paper presents the recent trends and experineing
attempted in India, United Kingdom and the Unitéat& aimed
at enhancing values from the approaches of Resebased
teaching-learning as well as Design based teacléagring
methodologies. Based on the authors’ preliminargt fhand
experiences and investigations on the approachpsried by
peers, the paper brings out the constraints, diffies and
challenges in implementation of relatively welladdished steps
followed in the western system of higher educatiotie eastern
societies. The paper further deliberates upon [bssi
hybridization by blending of approaches followedliea with
the intended changes in pedagogy.

Keywords: Research based education,
education, connected curriculum, project basediegr role of
culture in pedagogy

1. INTRODUCTION AND BACKGROUND

The paper is based on the first author's experieince

extending UCL’s focus on “Research Based TeachR@T()"
through a variant offered as “Design Based TeactigT)” at
the third author’s laboratory (UCL Touch Lab), andbsequently
collaborating with the second author to implemeRtdject

Based Learning (PBL)” pedagogy at JKLU, inspired by

approaches used at Olin College of Engineeringis Tloss-
continental journey posed several interesting pedi@agesearch
questions including the differences, similaritiesl aclationships
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between the three approaches keeping in view ttie-saltural
aspects of teaching and learning.

As a part of promotion of RBT, UCL emphasized on
called “connected curriculum” [1,2,3] and introddcean
Integrated Engineering Programme (IEP) at the efdhte 2014-
15 academic year for a new cohort of about 700esttsdin
engineering. This was an outcome of a comprehensivii-
disciplinary curriculum review of engineering edtioa
intending to engage the students with the pracéipplication of
engineering and skills needed to undertake projfttstively,
from the very beginning of their degree. UCL's 213 batch
graduated in 2018 with BEng/BSc degrees. Duringpleriod of

Design based3 years, approximately 3000 students participated mixture

of IEP and non-IEP curriculum till the 2017-18 aeatic year
where all the students in undergraduate engineeviege
enrolled in IEP curriculum. This gave a unique apyoaity to
compare the two curriculums through focus grougbsaamonline
survey that has indicated: (a) IEP students wereertikely to
discuss with others outside their class, ideas fthair self-
reading or lectures by faculty resulting in incre&nthusiasm
about the studies in general; (b) IEP students wereigher
agreement that the minors contribute towards gkibsoadening
enabling wider career options as UCL's educatiantriouted to
their ability to solve complex real-world probleifd3.

In India, JKLU is one of the pioneer institutiomstake the
lead in introducing PBL as part of their missiorrefimagining
education through experiential learning in bothieeegring and

2 Parts of the paper were developed and writtenndusiffiliations with University College London, UK
(j.naidu@ucl.ac.uk); University of Derby Online lteang (UDOL), UK; and UDOL's course content devedop
TechnoDevelop Corporation, Ottawa, Canada (dr.r@idehnodevelop.com).
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management schools. The first batch of PBL orientedculum
was implemented in the 2018-19 academic year.

Traditional understanding of “research”, particlyan the
eastern culture is to view it as a specializedtagtly narrowed
scope investigation, likely to be conducted in atdml level
program only. This explains lack of research ormit®ther but
different form, namely, innovation driven activiideading to
patent applications from the personnel trained astnof the
undergraduate study institutions in India. Thera downward
trend in patent application filing from the westezducation
system trained personnel too, including from theAU where
at a more foundational level, lack of interest mobeace STEM
curriculum is becoming a serious challenge. Thew® @ther
factors are responsible for introduction of Desagrd Project
based teaching and learning pedagogies that amteepto
engage the students in a more interesting manher [6

The relationship between design and learning iskmewn
as there are several earlier reported researdheartin the topic.
Introduction of design activities for science leéaghprobably
originated from concerns about the declining diigrsgjuality
and quantity of future engineers in the USA [6]hHs been
recognized that design can serve to open doorsossilge
engineering or science careers [7] by acting ahécle by which
real-world problem solving skills can be cultiva{8firight from
K-12 level science classes. It has been reportgdetigineering
design process can be effectively combined witterdific
inquiry as an instructional approach [9; 10; 11&h;112] by
means of a design-project in which students araired to use
and extend their science or math knowledge to odevel
technological solution to a practical problem usingilable
resources. While this design-based learning (DRIpraach has
been found to enhance engagement with studertepaste able
to relate science with its practical applicatiospacalled design-
science gap was identified [8] and an attemptudysthe same
was also reported [13]. Schunn Lab team has repettecessful
design based learning experiments for STEM [14].d&sign
based teaching relies heavily on past or active sasdies of
design activity, in our opinion, case-based reaspis a relevant
aspect to be aware of, e.g. Leake, [15]. While nobshe DBL
pedagogy appears to have evolved in a school edoncaintext,
this has been analyzed and extended even in thextaf higher
education, e.g. by Gomez Puente [16]. As an expesitdesign
engineer, while guiding students as interns as waslltheir
academic projects, the first author has observat rttinimal
guidance as a popular pedagogy may have limitatiasis
substantiated by reported investigations, e.g.dKimer et. al,
[17] as well as inferences from student feedbackfaous group
discussions at JKLU as reported in this paper, hewewe
believe that with enhanced capabilities of techgugldt is now
possible to develop student centered self-pace@jrddmsed
learning, e.g. Burnette [18].

The paper is organized as follows. Section 2 stétes
enquiry part of the work by listing out the formidd research

questions. Section 3 outlines the approach and adetbgy

followed in order to answer the research questi@extion 4
presents the results and discusses the rationasede deduced
conclusions. Section 5 briefs the conclusions.

2. RESEARCH QUESTIONS

The paper attempts to partly and at a preliminavell seek
answers to the following inquisitive aspects otteag-learning
approaches using ethnographic methods, studenbdekdnd
focus group discussions:

2.1 Effects of the teaching-learning approaches

This question targets understanding, interpretatioml
comparison of the functioning of the approacheduiting
Research Based Teaching, Research Based LearnBig),(R
Design Based Teaching (DBT), Design Based Learringject
Based Teaching (PBT), and Project Based Learningegsses.
For the purpose of this paper, we limit the scopethese
processes that directly came across in the prittieaye of the
study relevance at UCL and JKLU. Numerous othensensed
in the reported literature, for example, Problensd&hLearning
(Savery, 1996 [19]) are not addressed.

2.2 Effects of other factors
This question targets to gain understanding of reéwather
factors that may affect the teaching-learning psece

The influences of factors affecting working of ad#nt in a
solo learning mode in UCL as compared to workinglaema
group dynamics environment at JKLU is of interest.

Another factor of interest is whether or not a igatar
teaching or learning method is more effective pagicular year
of study. Is it more effective to introduce Desid®roject or
Research based learning when a student starts hiex studies
at the very beginning of the engineering curriculomis it
desirable that preliminary years are grounded witiventional
lectures based pedagogy and later transition hapoethe new
pedagogy?

We also intended to explore at a preliminary levbéther
or not there are any influences of location ongffiectiveness of
pedagogic approach, in this instance the courttieesy UK and
India. Furthermore, the influences of socio-cultunabringing
of self or peers are factors that are likely toluefce the
effectiveness of an approach of teaching or legtnin

3. APPROACH AND METHODOLOGY

A case study of a single final year (year 3 of amgring
undergraduate program in the UK) was used for stfdihe
DBT-DBL approach as an extension of UCL’s currextuis on
the RBT-RBL approach. A cohort of 56 first yeardyd of a 4
year engineering undergraduate program in IndialWK
students (11 female, 45 male) in the 18-20 years grgup
belonging to several disciplines of engineering nipater
science, electrical & electronics, mechanical) wesed for focus
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groups based study of the PBT-PBL approach. A &fgicoup
size was 5 students for each project, range betogtudents.
The course titled “Design & Prototyping” was offdifer the full
duration of the first semester (August-Decembethef2018-19
academic year with 2 to 4 concurrent instructors studio style
setup.

The UCL student was of similar ethnic and upbriggin
background as the JKLU students: Indian origindprainantly
from northern region. The UCL student as well ashal JKLU
students had completed their high school educétithand 12
grades) in India. Another similarity was in ternigerformance
in competitive examinations for entry into Indiaraich sought
after publicly funded Indian Institutes of Techngyo and
National Institutes of Technology. None of the stoid (UCL
and JKLU) had performed well enough in the concgrne
entrance tests to be able to get entry to thosiitisns.

The identity of the individual students is protectfor
personal confidentiality.

4. RESULTS AND DISCUSSION

UCL Case Summary

Connected curriculum and research based teaching ate
the predominant implementation stages at UCL skidet. The
case study student was from Computer Science baigkdrand
had taken up the challenge of investigating possitéw
configurations of a robotic hand design applyingmailti-
disciplinary approach. Both hardware and softwaesigh
considerations were initiated and investigated gy $tudent
with minimal guidance and supervision.

The student investigated different manual surgical
instruments and proposed a switching mechanisna fabotic
surgery hand where through the click of a butt@stigre or even
voice command, the hand could switch which kindsafgical
tool it is holding and retract the unwanted or ilintd tool back
into a sterilizing storage area within the handlispose-off the
tool tip through a disposal chute embedded intaliapbsal
finger'.

The complexity of the problem demanded significseif-
learning for the student as well as utilizatiorstfdent teaching
through peers of other departments. This was $ogmf as in
spite of not being a group project, the studenthed out to
others with complementary expertise to seek suppbine
student could also teach the supervisor areas firmgramming
and core computer science at an adequate leveksageto
understand the functioning of the overall systemtributing to
fair amount of teacher learning.

JKLU Case Summary
The Design and Prototyping course at JKLU was tdken
all first-year, engineering students at JKLU in @@&18-2019

introduction to design, and to train students obri€ation
techniques that could be used in prototyping tliesigns.
Instruction in the class was completely studioestyith students
working in groups on different projects.

Student comfort-level in the class was mixed at the
beginning of the semester due to number of fastioch as being
unfamiliar with the pedagogical approach, the tytibf user-
oriented design education in an engineering carbeimg
uncomfortable working in groups, open-endedness thef
projects, and student evaluations which were alsageral
dimensions which students were not used to beiafuated on,
including professionalism and teamwork. As the s&are
progressed, students became more comfortable with t
pedagogical approaches taken, and started appnecidie
utility of user-oriented design, in particular, eftmultiple
interactions with the focus groups. Since the sawieort of
students were also enrolled in an integrated, prdjased,
calculus and physics class at the same time, tmjved ample
exposure to project-based learning as well as teased
assignments. As a result, their comfort level irrkireg in teams
in a studio-style classroom environment rapidly ioyed over
the course of the semester.

At Olin College of Engineering whose curriculum and
pedagogical approaches inspired many elementseoD#sign
and Prototyping course, most of the enrolled sttelbave had
experience working on project teams in their higihosls either
through participation in club teams like the FIR&botics
competition or even in their classes. Furtherm@i& College
selects and opts for students who are interestedhése
approaches through its admissions process whitindes an on-
campus interview weekend. As such, Olin studenis zhigher
comfort level with team-based learning environmeerd project-
based education compared to incoming studentsldtl.JK

By the end of the semester however, JKLU studesdsam
improved comfort level with the pedagogical applresctaken
in the Design and Prototyping course. Additionadlyjumber of
student teams worked on projects which they weterésted in
carrying forward in subsequent semesters. As siacha first
iteration of such a course in an engineering pmogrand with
students who are unaccustomed to the subject ralsasrivell as
pedagogical approach, this course can be considesedcess.
The keys to this success include a low studentifacatio of
about 20:1 for this class, faculty members who &sgerience
in design-based education, significant internati@x@erience,
in particular from educational and professional kvior North
America and a subset of the faculty who were meutday the
faculty who underwent training at Olin.

Effects of the teaching-learning approaches

In order to understand the differences betweenetbearch,
design and project based teaching-learning appesacte first

academic year. The course was intended to be adbroa attempted to get a clarity about the interrelatihps of the four
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principal domains in the teaching-learning procdssicher’s
learning, teacher’s teaching, student’s learnind atudent’s
teaching. Based on observations of the informatftow
dynamics in research based, design based and tpilmsed
approaches, Figure 1 was formulated.

Teacher's Learning (TL) domain

Teacher's Teaching (TT) domain
Student's Teaching (ST) domain
O Student's Learning (SL) domain

FIGURE 1: INTERRELATIONSHIPS BETWEEN THE
LEARNING AND TEACHING DOMAINS OF A TEACHER AND
HIS/HER STUDENT

The sizes of the domain circles and their extehtserlaps
representing the strength of an interrelation ateémscale. They
were found to be varying dependent on the apprbasied on
the ethnographic inquiries of both students angluetors. It was
observed that the extent of variation was dynammd enay
change from class to class depending on variougcemental
circumstances and factors. The limited study cotetlfor this
paper is not adequate to quantify the variatiorts @oject with
adequate confidence any specific trends or patteatsmay be
considered indicative inferences, however, recammitof
differences between research based teaching, chséased
learning, design based teaching, design basedihganproject
based teaching, and project based learning basedhen
interrelationship depicted in Figure 1 appearsd@lgood first
step towards further investigations.

It can be said that in order to teach, a teachsriéarns. The
teacher’s learning is a compilation of his/her héag from
academic, industrial, career, life experiences, chivg
experiences, feedback from students, what is lgariat class
from the student’s successes and failures, peehé¢es, etc.

While learning is by and large a receiving procésaching
is a delivery process- giving to the receiver aitizectly or
indirectly. An important variant of delivering iadilitating that
is more predominant in the relatively newer apphesac

compared to conventional lecture based deliverycaitent.
While a teacher’s teaching is largely derived frdns/her
learning as per above paragraph, it is also sutistign
influenced by both a student’s teaching as weléaming.

A student’s teaching was observed as taking sefemnals,
for example, a higher extent of self-teaching ie tase of the
UCL student. While a student’s teaching of the svger was
also found to be of relatively higher level in tbentext of a
multi-disciplinary domain design based approachz.(\ihe
computer science student was motivated enoughpmaie the
non-core expertise areas of the design). On théramgn the
JKLU students provided general feedback, and padoce as
almost the only methods of teaching their teach®esr teaching
is another important component of a student’s tegchThis
could not be assessed in the case of UCL due kodfagroup
dynamics in the Design based teaching-learningga®in the
particular case study, however, there was evideonte

improvement in the JKLU focus groups as compared to

conventional classrooms. The reason for improved fgaching
was observed as availability of more time duriregsslhours for
interactions with peers. In a conventional classrpthere is
almost no opportunity for peer teaching; it is nhpathieved by
personal friendships outside class hours. A sigaifi outcome
of this was a marginal to considerable improvemienthe

performance of the relatively weaker students ia fbcus
groups.

Finally, a student’s learning is the ultimate gadlthe
teaching-learning process. In an outcome basednitepr
expectation followed at JKLU and most institutiosishigher
education across the globe, a student’s learnimggsconnected
with the three other domains. It was observed $bHtlearning
is an important part of success of the relativelyer pedagogic
approaches, but the JKLU students were not fulgpared to
embrace the same to begin with, requiring scaffigldhrough
increased tutorial style interventions and extendegbport
beyond the classroom. Some introduction of conoeeati style
lectures is also contemplated that amounts to aidvgpproach
between PBL and conventional class. Another appradopted
to encourage self-reading and understanding beforfeéBL
session was to conduct short quizzes, or intemctirestion and
answer sessions on expected prior-reading topics.

A summary of the indicative proportions of the syths of
SL-TT, SL-TL, and SL-ST interactions contributing the
student learning (SL) in the three approaches studuring the
reported work, namely, Research Based Teachind eahing
(RBT-RBL), Design Based Teaching and Learning (OBBL),
and Project Based Teaching and Learning (PBT-PBL) i
depicted in Figure 2. For providing a referenbe, proportions
estimated based on past experiences in a convahtiassroom
lecture based approach is also included. At thimtpdhe
findings are only ballpark indicators and need @ocbnsidered
with caution in view of the small sample sizesgirgeographic
location in each country, and limitations of ethragghic
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methods, student feedback and focus group discussioder design oriented, or a hybrid of the two depending the
these reported constraints. strengths, constraints, and challenges of a grong is
resources. That is the way PBL is implemented an.Ol
However, to begin with, its adaptation at JKLU fig¢ended to
give students a flavor of applicability of theooati teaching in
practical real world situations to enable the stitsl¢o be better

Y= = =
R ‘L’ ‘L) ('7> equipped for actual workplace. As the PBL-PBT applo
: ] 0 ) establishes and stabilizes, it can be progressiehanced to
= _ demand increased elements of abstract reasoniltgy ski

5 = =

n (71) (71) Effects of other factors

Based on the observations during the study, it afghat a
student working alone can seek external assisténcagh peer
circles as evidenced from high level of interdiioigry
knowledge gained by the UCL student from peers. éi@y,
group working may help a relatively weaker studesnthe peer
support is available more readily during the classrs itself, as
was the case in JKLU.

Student's Learning (SL

Conven-  pBT- DBT- RBT-

ﬂe%?ﬁle PBL DBL RBL The study reported in this paper is inadequat@oecto an
authentic conclusion as regards the desired yemtraduction

Student Learning-Teacher Teaching of a teaching-learning approach, although basetherimited
interaction strength UCL and JKLU cases it appears that with propermlagy it may

be possible to introduce a change in pedagogy timereithe
beginning years or the later years. Factors thatmaenabling
this are, for example, maturity in student outloplkrsonality
and need for placement in career path that maywvatetihigher
level of capacity in an advanced year student tpaatb a new

sL-sT Student Learning-Student Teaching
interaction strength

SL-TL Student Learning-Teacher Learning
interaction strength

approach.
FIGURE 2: INDICATIVE PROPORTIONS OF As regards influences of location on the effectass of
THE STRENGTHS OF INTERACTIONS pedagogic approach, as stated earlier that Olite@®Istudents
CONTRIBUTING TO STUDENT LEARNING IN were better prepared to embrace PBL due to thgit kthool
PROJECT BASED, DESIGN BASED AND experiences; it appears that till there is majtorre in the school
RESEARCH BASED APPROACHES education system in India which emphasizes heavilgnemory
The differences observed in the indicative prapast based learning (ironically a legacy of the Britesta education

of interaction strengths can be related to thelsulifferences in ~ System inherited and continued, although it hasnged

followed consciously or unconsciously by the teashand remain relatively more conducive to teaching-leagni
students. In relative terms, the highest levehstract reasoning ~ @pproaches that demand a higher degree of abshiaktng.
exists in Research based Teaching-Learning appréatswed Nevertheless, the extent of success achieved at) JHdlicates
by design based, and project based approachediring that persistence and some degree of hybridizatias the
order. Abstract reasoning can flourish more in rimtéve potential for a suitable model bespoke to Indianwhstances.

environments enhancing student teaching and tedehering.
There is very little need for abstract reasoninggappliedina 5. CONCLUSION

conventional lecture based approach in undergraduat ~ Based on the experiences gained through the
engineering studies. While we tend to use the t@roject” implementation of design based teaching-learnirgy\aiant of
loosely and suffix the term with the other two terni.e. research based teaching-learning, and project basething-

Research Project or Design Project; for the purpo$e learning, preliminary findings indicate distinctachcteristics of
discussions in this paper, the three terms haveriit levels of ~ the three approaches in terms of different proposti of

connotations. A research based approach definesbéem in a strengths of interactions contributing to studesarhing. This
way that needs a deeper critical thinking. A destsed appears to be related to the levels of abstrasbreag required
approach is more applied and relatively narrowersaope in different pedagogic approaches. Enhancemergeénlparning
compared to research as it would focus more oertiteodiments ~ €an potentially assist weaker students in a groageth studio
and their relative configurations and interactiods.project setting. Some amount of hybridization with convenél

based approach can theoretically be either reseaiehted, or approach appears to be necessary to begin witihtheschool
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education system better prepares the studentdia to apply
abstract reasoning during the learning process.
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