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Abstract
In this work we focussed on assessment and quantification of students’ prior knowledge at the start of their
classes and the learning and teaching feedback given by them after their classes. Using questionnaires, we
collected data on prior-knowledge/Student Learning Abilities – SLAs and, students’ performance/Learning
Outcomes – LOs. Our analysis shows that typically, in any classroom the SLAs follow a non-linear trend. This
pattern, identified in group learning, requires proportionally distributed intervention by staff, with more support
to those in need of help with learning. We show that the above approach, underpinned by an application of
Multiple Intelligences and e-learning facilities, supports weaker students and helps them to achieve higher pass
percentages and better LOs. This innovation in terms of evidence-based identification of need for support and
selective intervention helps in optimal use of staff time and effort as compared to a one-method-fits all approach
to learner development and academic achievement.
Keywords: formative assessment, quantification of learning, multiple-intelligences, Scholarship of Teaching and
Learning (SoTL)
1. Introduction
Classroom inquiry is one of the multi-faceted Scholarship of Learning and Teaching (SoTL) approaches.
McCarthy (2010) praises the work of Hutchings (2004) and concludes in her review that teaching is an
intellectual work and student learning in large classes poses unique problems. She terms this investigation of
problem solving under “classroom activities” (Brew, 2012). A plausible solution, suggested in this paper is
research-based formative assessments, which have been in place for over twenty years in Europe. However, the
UK universities still see research and teaching as two separate entities in the context of research assessment
systems (Cabral & Huet, 2011). We see good prospects in handling rich mixture of students with various
learning abilities using local research results. It is a new dimension to learning -- with focus on helping weaker
students through quantitative assessment. This subject has not been looked into before.
Assessing learning should be inclusive of academic research findings in classroom. These assessment results
paves way for improving students’ learning and on reflection provide a platform for equalising studies in a large
class cohort. In a recent work, Rotgans (2018) proposed a student’s model to articulate the team-based learning.
In the handbook edited by Bryan and Clegg (2019), in chapter 1, King (2019) notes post-1992, a range of
innovative formative assessments is a necessity, a manifestation of The UK Quality Code (2018) -- because
higher education landscape is vastly different. King also emphasises there is a good correlation between group
learning, pedagogic value and assessment practice. So, in this study we demonstrate the value of coherent,
consistent and collaborative approaches to assessment for learning.
2. Scholarship of Learning and Teaching
The UK government is heavily investing in the scholarship of learning and teaching. This study partly addresses
this attempt at balancing of teaching and research activities. Using questionnaires and formative assessments, we
attempt to show coherence between them. With the evidence collected, we argue that there is a general
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relationship between informal collaborative learning with learning output, achievement of learning satisfaction
and pass percentage. Learning is a derived value based not only on the complexity of the content but also on the
prior knowledge of the learner. The present authors define the classroom as the knowledge of the field. The
learning question is how SoTL can help improve learning outcomes for students. Cerbin (2013) also inquires this
research question, what or how much did students learn? McCarthy analogizes the SoTL as bringing the virtually
‘dead’ problem to active learning (Jaques, 2001). In this context, an issue that is addressed is why/how teaching
AND research are differentiated rather than being integrated. McCarthy argues that research is given a back seat
in comparison to teaching. She views that research has more advantages and benefits students’ learning and
academic’s delivery. Thus, she supports the views of several authors that identify time for one’s own research is
drawn from teaching.
Hutchings (2013) questions if there is any general consensus if SoTL is discipline specific or could it be applied
independent of discipline. He goes on to say that with a few necessary changes, so-called, universal models could
be applied to some specific courses. In line with this view, we have made an effort to interpret students learning in
purview of SoTL. For this, we use questionnaires for formative assessment (first-year module Level-4,
second-year module Level-5 and Master’s module Level-7) and the final module feedback (Level-5). The
expectations for quality in all these modules are that the students are reliably assessed and provided support to
succeed in and benefit from higher education, especially the weaker students, The UK Quality Code (2018). Whilst
the students with other different levels of skills/competences get more benefit from an environment conducive to
learning. Our current goal here, particular to engineering disciplines, is to validate students’ learning achievable by
measuring the learning of a rich mixture of students. This paves way for development of an education mode that is
presented and discussed at the end of this paper. This method leads to quantification of learning of a rich mixture of
students and for this an education model is presented.
2.1 Students of Varied Learning Abilities (or Levels?)
First, students with varied levels of competencies are admitted to the university based on a spectrum of pre-entry
qualifications, and second, different abstraction levels of students, such as mathematical skills. Data collection is
used here to categorize them based on their skills/abilities. This helps the tutor to tune lecturing methodologies to
improve the students’ learning satisfaction and their final marks. Therefore, as part of this classroom testing
procedure, a standard set of combination of simple and complex tasks are prepared and given to the students to
answer. The data are analysed.
With advent of technology, current research in L/T puts strong emphasis on digitalization. Use of digital
resources helps students’ satisfaction as well as their learning. It paves way to encourage students from minority
communities to take leadership. Digitalization helps blended learning, and can theoretically handle any class size
and helps transfer their skills to work place. We use simple techniques as a part of the formative assessment, by
routinely posting questions online to enhance students’ interest and keep them attentive throughout as many
interactive sessions as possible by giving a set of exercise problems, with a short briefing, to complete the task in
a stipulated time. This provides them with a short revision of the related concepts in the lecture (Love, Hodge,
Grandgenett, & Swift, 2014).
This paper builds on the idea that one-size does not fit-all (Dirksen, 2016) and presents analysis of data to
pre-assess their knowledge through formative assessments based on three questionnaires. We try to construct an
evidence-based approach. We have gathered the data in three different modules in different years. From this, we
draw some innovative ideas that may help other academics in the classroom activities in different disciplines. In
particular, students with comprehension difficulties and maths support require an extraordinary devotion (this
requires devising class groups, setting up additional sessions, and additional time from academics etc.) to help
weaker students on individual basis. This is discussed further with formative assessment test, support offered and
its potential impact on module LOs.
For all assessments below, we set the questions in three types, simple, moderately difficult and difficult
questions. This classification helps differentiate among, more able, moderate level and weaker students.
In this study, we exercise our discussions based on what was gathered in the form of feedback/formative
assessment and our main findings are presented in comprehensive bar charts.
2.2 Significance of This Study
In the wider UK higher education sector, there is a change in the funding policy to enable more recruitment
through widening participation. Kingston university, where this study is based, has received UK Social Mobility
Awards 2019 for championing fair access and inclusivity in higher education. The university attracts students
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from more than 60 different countries, providing opportunities to reach their potential (Newman & Knight,
2018).
3. Review of Measurement of Learning
Clark and Webster (2012) argues, by definition, innovation and creativity are two different elements. Plsek
(1999) suggests ‘creativity is the connecting and rearranging knowledge…’. The novelty in this study is we use
an innovative multi-dimensional approach with more than one educational strategy: problem-based learning
laced with multiple intelligences, formative assessment in group learning, and use of three questionnaires. The
group learning is based on formative tests to encourage cooperation and not competition (González-Marcos,
Alba-Elías, Navaridas-Nalda, & Ordieres-Meréc, 2016). We are aware competition in classroom means
development of fear, and fear stops intelligence. Prince (2004) in a review article evidences that cooperative
learning builds stronger, permanent, and expanding problem-solving skills. Matrisciano and Belfore (2010)
experimentally identify the learning differences in two different student groups based on Cognitive styles
theories. They say their results have been useful to the students that can receive help on their personalized
learning. Fuller, Kuhne and Grey (2011) define four categories of courses where engineering disciplines fall
predominantly into Analysis/Synthesis courses. These courses teach students to analyse and articulate a problem
(Fuller & Kuhne, 2008). A numerical Thermodynamics problem of a piston-cylinder assembly is given in
Appendix A and its findings in Figure 1. The learning of such a problem classifies the students’ abilities (see
Figure 1). This knowledge of classification has paved way for more interdisciplinary programmes in the
university sector; for example, Kingston university has students from ~140 countries, with a wide spectrum of
abilities and interests. Therefore, the focus of teaching in engineering subjects is shifting from subject(s) itself to
problem-based learning (PBL). PBL is a mixed instructional approach with self-directed learning, which has a
better fit for more able students; and, group learning, that benefits middle-level to some extent and weaker
students thoroughly (Prince, 2004). He cites the work of Law et al. (1999) in which the method of pause in active
learning increases the longer retention of lecture material. This is a form of PBL. PBL in group learning in
engineering disciplines is more effective and we discuss it in modelling approach perspective below. Therefore,
we think it is necessary to understand the learning quantitatively. This can be achieved by analytically estimating
the levels of learning achievements by students working independently or in smaller groups, of maxim group
size, typical of five for cooperative learning (Muppala & Chandramohan, 2017). The succession of this study
paves way for the development of a numerical model to quantify learning through PBL approach (Muppala &
Chandramohan, 2017). We hope it helps the weaker students to perform relatively better on the critical-thinking
tests on par with the students who are relatively more studious.
4. Theoretical Modelling
Many different teaching strategies enhance learning outcomes (LOs) (Gardner, 2006). It not only brings good
LOs, but also brings a positive effect on learning (Cerbin, 2013). Gardner (2006) coined the term
intelligences—a scientific tool to quantify success/failure. Many suggestions have been made on how to use
intelligences and its varied applications. He cites Jensen, a psychologist, who suggests a sequence of events with
reaction time as a parameter to assess intelligence. This can be likened to an assessment, either formative or
summative, of students’ learning in a classroom. Gardner proposes a one-dimensional view—which he calls
‘uniform view’. This is primarily -- a curriculum, which in educational terms simply means -- learning objectives
and learning outcomes that all students should know and achieve. He further adds that assessment is a widely
accepted measurement, and that problem-solving skill is routed through the intelligences.
MIs gain significance when the students’ learning skills are diverse and its application can be extended to group
learning. In a group learning/flipped classroom, the instructor’s role is minimal, but s/he is readily available to
answer any questions or to throw new thoughts or ideas into the discussions. This technique is found to be quite
effective with respect to the students.
For assessments, we set the questions in three types:
a) Questions asked by questions
b) Simple questions
c) A small set of difficult questions. This section differentiates between deep learners and surface learners
(middle and weaker) students.
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Figure 11. An empiricaal model from ffirst author’s cclassroom expeerience showinng division of students learniing
abilities in thhree categories (Muppala & C
Chandramohann, 2019)
o student grouuping against m
marks. The groouping is basedd on their learnning/abilities. From
F
It shows a comparison of
ching
a philosopphical perspecctive any division leads too conflict. Hoowever, for ppractical purpooses, our teac
experiencee shows that suuch a virtual ddivision gives fflexibility to vaalue and suppoorts the develoopment of stud
dents’
skills.
ala &
Figure 1 shhows a curviliinear trend deppicting three categories, baseed on their leaarning abilities/skills (Muppa
Chandram
mohan, 2019; Algozzine, 22007). Sub-diivisions are ffurther possibble, based onn the entry level
qualificatioons, Black, Assian and Minorrity Ethnic (BA
AME) studentss, gender etc.
Figure 1 shhows the studeents in the red need constant support or inttervention from
m instructor. T
There is no clea
ar-cut
interface bbetween the diivisions and thhere is expecteed to be an oveerlap. These arre devised from
m the first author’s
teaching eexperience. Reed-level represents weaker students whoo need extensiive support innside classroom
m or
outside; O
Orange level reepresents averrage students, and Green-levvel represents able/creamy students. Bold
d and
dashed linnes indicate beefore and afteer tutor’s suppport. Close obbservation of tthe hyperbolicc trends shows the
difference between greenn lines in thinnner at the start and graduallyy grow relativeely bigger in thhe red region. Here,
H
Green reppresents those students whoo tend to achhieve highest grades, Orangge indicates sstudents who need
marginal ssupport to achhieve LOs, andd the weaker/w
weakest are thhose ones show
wn in Red. Thhis last category of
students’ iis of particularr interest as itt poses a challlenge to an edducator. It is a challenge beccause, the educator
must engage as an ‘exterrnal invention’’ to facilitate aall students in ggroup to discuuss and interactt (Fuller, Kuhn
ne, &
Frey, 20111, p. 21).
Therefore,, here tutor’s inntervention is seen as a norm
m, and these stuudents need coonstant one-to--one support, either
e
in flipped classroom or online,
o
in the ccase of Kingstoon University vvia Canvas, thhe VLE used inn the University.
o the
We elaborrate this in Fiigure 1 with aan engineeringg problem. Tyypically, any eengineering coourse falls into
category aanalysis/syntheesis courses (F
Fuller, Kuhne, & Frey, 20111). Therefore, a stepwise sollution is attem
mpted.
Analysis/ssynthesis coursse teaches studdents to solve a problem by qquestioning creeatively (Fuller & Kuhne, 20
008).
Multiple Inntelligences (M
MI) is a pluraliized traditionaal concept, it iss merely a rituual exercise thaat a solution ca
an be
achieved iirrespective off the age, traiining or priorr knowledge. The original set of intelliggences is: Musical,
bodily-kinnesthetic, logiical-mathematiical, linguisticc, spatial, innterpersonal, iintrapersonal and some newly
n
identified intelligences.
c
andd apply to an engineering pproblem -- chaaracterization of fluid flow in a
We interppret this idea cautiously
pipe—thatt is split into three stages oof learning. Heere, the low-leevel students ffamiliarize theemselves up to
o the
level of knnowing physiccal quantities involved i.e., fluid propertiies (e.g., densiity and viscossity): flow qua
antity
velocity, aand geometricaal quantity, pippe diameter annd other physiical units. To proceed to thee next step(s), they

109

jel.ccsenet.org

Journal of Education and Learning

Vol. 9, No. 3; 2020

need instructor’s support to get to the problem.
The middle-level students understand the physics of the problem, wherein a non-dimensional quantity the
Reynolds number Re is introduced that is a function of all above four physical quantities. It is the ratio of two
forces in a flow that characterizes the type of flow. If Re is < 2400 the flow is termed laminar and anything >
5500 is turbulent. They can solve numerical problems with little or no support.
Third and final, high-level students who are far ahead of others can handle more complex problems, with varied
complexity of fluid flow and different geometrical configurations, such as flow over a cylindrical object. As
noted earlier, this class of students is near independent learners that can analyse a situation and engage in
problem solving (Fuller & Kuhne, 2008). The most striking difference is that these higher-order thinking
students could interpret and solve a different problem.
In the following description, we outline our proposed theoretical (or pragmatic) model to assess the students’
levels/abilities by incorporating more than one educational strategy for assessing how we can help the weaker
category of students effectively and efficiently. These are presented in three questionnaires.
5. A Pragmatic Approach for Handling of Large-Size Class Cohort
The greatest challenge is lecturing to large-size class cohorts. In an engineering module, a mix of Mechanical &
Automotive and Aerospace students share same classroom. In such a wide diversity, three important factors are
interlinked. In order to recognize this, the instructor needs additional support in the form of digitization.
Therefore, all UK universities are progressively over years going for e-learning, with the aim to increase:
•

students’ achievements (pass percentage & overall satisfaction)

•

lecturer’s satisfaction (teaching through self-reflection), and

•

Course/syllabus completion within the allotted timetable.

In order to provide support outside classroom with an aim to improve LOs, we adopt a four-pronged approach: a)
an issue is raised, b) analyzed, c) followed by required intervention and d) reflection. The benefits of the
approach are building classroom material and encouraging students to look for e-learning resources.
Questionnaire – 1:
Choosing the methods of assessment is one of the most critical of all influences on the students’ learning
(Ramsden, 1992). Here, formative assessment is based on a Thermodynamic mathematical problem that is
attempted in 24 small-size groups’ involving 64 students, with group size randomly made by students themselves.
This distribution (see Figure 2) helps to understand the dynamics of group learning.
Literature provides evidence (Gargiulo, 2016) that supports principles of these methodologies, DI & universal
design of learning accounts for student characteristics and sectionalizes how to overcome barriers to learning.
Gargiulo and Metcaf (2016) has significantly contributed to mathematical modelling for developing
measurement of learning. Metcalf identifies ‘divisional’ approach on three components, based on two categories
of students: low level and high level. The present authors independently propose a model based on three classes.
The present task requires basic knowledge of
a)

Thermodynamics and the ability to understand the problem and identify the given information, data
required from thermodynamics charts, necessary formulae and their appropriate usage. Here, the learner
is expected to understand how to correctly sketch the thermodynamic processes on the process diagram
such as pressure vs. specific volume and to replicate the same on other plots such as temperature vs.
specific volume.

b) Application of first law of thermodynamics to new and complicated processes, and appropriate use of
the standard sign conventions for heat and work, and to keep the units consistent.
It is an opportunity to engage in the transferability of skills and knowledge gains from classroom in solving the
current and any related future problems. Key skills include scientific ability to test the feasibility of any complex
thermodynamic system and to be able apply mass and energy balances to such systems. Other important factors
that bring recognition in one’s professional career include good teamwork, communication and research
scientific skills as a result of group work at the academic level (Lei, 2005).
Findings: Figure 2 shows the results from a test based on PBL technique involving sixty-four students who make
up 22 groups; of these nine groups produced no work (Lei, 2005). The correlation results for group performance
as a function of number of students in a group are shown in Figure 2. Here, the straight line is an ideal fit
invariant of the group size.
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Figure 2. Stuudent performaance of the taskk for the numeerical problem, given in Appeendix A
Figure 2: Correlation pllot depicting tthe group performance verssus number off students per group, number of
ected
groups in hhorizontal axiss. Twenty-twoo groups are innvolved in whicch there are foour students whho are self-dire
learners. T
Therefore, the total
t
number oof students asseessed is sixty-ffour. This studdy infers that ssmaller groups, as a
thumb rulee of five yieldds positive efffect on academ
mic achievemeent whereas anny self-directeed has the opp
posite
effect (Prince, 2004) citting (Norman & Schmidt, 20000). This is eespecially truee if the weakerr student work
ks on
his/her ow
wn. Our findinngs are similarr where four students who worked indeppendently were weaker stud
dents,
couldn’t im
mprove his/heer solving prooblems skills in self-directeed learning (w
with marks < 20), compare
ed to
majority oof group learneers. Those withh zero marks ddid not contribute to learningg, due to non-pparticipation an
nd/or
due to latte attendance. It is to be nnoted that the sub-classificaation of weakeer students -- Black, Asian
n and
Minority E
Ethnic (BAME
E), internationaal students etcc. is beyond thhe scope of this study, as datta are not currrently
available.
In further details of Figuure 2, these daata are analyseed for the perfformance of grroups in variedd group sizes. (The
mance of the sstudents, irresppective of the ggroup sizes.) D
Despite the sm
maller
green thickk lines give thhe best perform
group sizee of three, the group with syymbol ( ) has performed weell with grade A (close to thhe horizontal green
g
thick line). As shown in the figure, grooups of three aand four students ( ) have inn general attainned average re
esults
scattered in the range 400 to 70 which aare encircled; the fitted curvve passing throough these poinnts with an ave
erage
grade C. Inn most other cases
c
( ), irresspective of the group size froom two to five students, the groups have fa
ailed.
However, a clear-cut cauusal relation caannot be establlished betweenn group size annd performancce, based on this set
of three innferences. We think this incoonsistency of rresults is attribbutable to randdom group sizzing. We are aware
a
that availaability of additiional data can help to underttake more detaailed investigattions.
Some of thhe observationns from Figure 2:
•

G
Group learningg gave the studdents an opporrtunity to workk on a cooperaative basis to aanalyse, synthesize
annd evaluate ideeas.

•

N
Non-graded asssignments helpp towards colleective improveement, and enhhance skills off weaker studen
nts in
heterogeneous grouping. MIs theory helpss classify studdents in groupp learning andd that educatorr can
devote additionnal time and ennergy for morre needy throuugh face-to-facce support, whhich could facilitate
buuilding good rapport
r
betweeen the educatorr and the studeents and nurturre interest in thhe subject.

•

T
This investigatiion shows the ddynamics of sttudents’ groupp learning.

•

T
The overall obsservation is thaat smaller grouups perform bbetter. This ideea is further diiscussed below
w in a
m
modelling approoach.

Multiple-IIntelligences (MIs)
(
Gardner inn Multiple Inteelligences: New
w Horizons (pp. 60), focuses on how to reaach more studdents, in three entry
points for learning:
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Gardner suuggests that these entry poinnts are enough for individualiized educationn. He says that he sets educattional
goal of ann education X,, but had to bee content withh Y, what studdent achieves ((Gardner, 20006). However, even
with discipplinary undersstanding as sttated on page 59 that for basic level (first year) learneers it is enoug
gh to
achieve the educational goal,
g
based onn students’ absoorption levels (Barrington, 22007).
Finding a solution to a numerical pproblem suchh as in Figuree 2 typically involves a m
matrix of multiple
intelligencces:
•
•
•

T
The students orr groups of sttudents who aare thriving edducationally arre closely relatted to musicall and
sppatial intelligeences
T
The solution which
w
is attem
mpted in self-formed variedd sizes of grooups, requires interpersonall and
inntrapersonal inntelligences
H
However, for a mathematics--based problem
m, of all seveen MIs the cloosest one is logical-mathema
atical
inntelligence. Soo, the solving aabilities of thee students are streamlined w
with this intelliggence. All stud
dents
arre assessed wiith the same pproblem (but aat varied levelss) to show thee different inteellectual profiles of
sttudents: We usse this informaation to craft thhe optimal eduucation for eachh learner.

Questionn
naire – 2:
This questtionnaire contaains 19 questioons. Responsess were collecteed on the last contact sessionn of the second-year
Fluid Mecchanics (FM) module
m
(Lock, 2007). The quuestions are lissted elsewhere (See Muppalaa & Chandram
mohan,
2019), to aavoid similaritty of text. It w
was answered by a third of the 42 studentts registered inn the academic
c year
2018/19. T
The students’ anonymous
a
ressponses are plootted on bar chharts and mappped with multipple-intelligences.
These are then classifiedd into four them
mes:
•

Fluid Mechaniccs (FM)

•

T
Teaching and Learning
L

•

C
Communicationn

•

T
Tests/exams

Figure 3a. Sttudents’ responnses to five quuestions on the subject
(x-axis shhows respondeents and y-axiss the question number, in all Figures 3a to 3d)
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The data aare not tabulatted to avoid reepetition. The scoring is givven for Stronggly Agree, Aggree, Disagree
e and
Strongly ddisagree, with score
s
scale of 4 to 1, respectiively.
This subject requires logical-matheematical, and spatial intelligences. A detailed conssideration of both
intelligencces conveys ann engineer solvving a real-tim
me system. It ooften requires sensible assum
mptions to be made
m
and use off proper constaants with correect decimals, fo
for e.g., use of pi-value 3.14 or 3.147 depeending on the needs
n
of the desiign. Therefore, an engineerinng student shoould identify thhe required gass constants, baased on the units of
physical quuantities (a claassroom numerrical problem is given in Apppendix A). In reality, for exaample environment
engineer nneeds to have knowledge off weather dataa filter techniqques and skillls for interprettation of analy
ytical
profiles off clouds.
Overall, thhe bar chart Figure
F
3a show
ws in all subjeect related queestions, at the end of the m
module the stud
dents
consider thhemselves cappacitated with ssubject learninng. This is a goood achievemeent for the academics involved in
designing and deliveringg subject conteent of the moduule/course.

Figuure 3b. Studentts’ responses on four questionns on teachingg and learning
This elem
ment shown in Figure 3b is mostly to do with self-prepparation. Thiss requires reguular and consiistent
reading, w
which primarilly helps weakker students ass the material is accessible on Kingston University’s VLE
platform, Canvas, from
m anywhere annd anytime. R
Rigorous practtice helps to improve thougght processes. For
providing responses to thhese questionss, students neeed three MIs: llocal-intelligennce (solving prroblems), lingu
uistic
(for write up and comm
munication wiith fellow grouup mates and instructor) annd spatial (broowsing Canva
as for
lecture maaterial, assignm
ments and connference chats)). Overall, the students havee given high scores for Teac
ching
and Learning, which inddicates that thee facilitation of learning in thhe Module has successfully leveraged rele
evant
MIs.
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Fiigure 3c. Studeents’ responsees on four quesstions on comm
munication
3 in additionn to spatial-annd-linguistic, ggood interpersoonal and intraapersonal skills are
Again, herre in Figure 3c,
needed forr formal learniing. Despite seeveral facilitiess, it is still seenn as an exhaussting approachh to actively en
ngage
students, inn the Kingstonn University’s official onlinee platform Cannvas, especiallyy in e-formativve assessmentss.

Fiigure 3d. Studdents’ responsees on four quesstions on assesssment (only tw
wo choices were chosen)
dation
As far as sstudents are cooncerned, assesssment -- tests and exams -- has an impact on self-evaluaation, consolid
of learningg and links too the higher-leevel modules (Figure 3d). IIn other wordss, nearing the completion of
o the
module the students go through the prrocess of disceernment of thee tasks and proovide suitable answers (Hollland,
2018). Thiis observation suggests that group assignm
ments acts as a powerful levver to collectivve improveme
ent of
learning, tthrough interppersonal and intrapersonal intelligences (Gardner, 20006; Muppala & Chandramo
ohan,
2019).
Figure 3d also shows thhat the students have given tthe most satisffactory rating about the imppact. In quantittative
uhne,
figures, 855% students saaid group learnning significanntly supportingg performancee in examinatioons (Fuller, Ku
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& Frey, 20011). Moreoveer, 75% of them
m agreed that tthey are extrem
mely confidentt and would paass the module with
flying coloours.
To summaarise, through this questionnnaire, we madde an attempt to understandd student learnning quantitatively.
This studyy relates studeents’ different learning stylees to their leaarning outcomees. We found that students with
comprehennsion difficultiies need additiional support, aas presented inn Figure 1.
Another quuestionnaire based on an MS
Sc module is ddiscussed below
w.
Questionn
naire – 3:
The perforrmance of stuudents in bothh formative annd summative test scores w
was collected iin an MSc mo
odule
Green Enggineering (not the complete//actual name iin order to anoonymise responses) in the yeear 2018/19. It is a
two-week module; withh three elemeents of summ
mative assessm
ments. The forrmative e-quizz consisted of ten
questions (see Appendix B) with tesst time, with aan average 2 mins per queestion. It was answered by nine
students, eequivalent of one-fifth
o
of claass strength. Brookfield (20117, p. 111) arggues that a fifthh of a class refflects
the opinioon of the whoole class. We examined thee pre-knowleddge in three ssubjects: Fluidd Mechanics, Heat
Transfer aand Mathematics. We pickedd one assignmeent [Design off a Solar Energgy Collection aand Energy Sto
orage
System, haaving 20% weeightage of the total module m
mark] that reqquires the know
wledge of all thhese three subjjects.
This studyy fulfils the critterion proposeed in Caina, Brrindley, Brownn, Jones, & Rigga, 2019 citingg Biesta, 2015:
•

Iddentifies the development
d
off each studentt as an individdual or in grouups, “by recognnising their un
nique
chharacteristics and potentialss, and by develloping their abbility to act auttonomously annd independenttly.”

Analysis oof this questionnnaire is simillar to the one discussed aboove. This assessment leads tthe way to ide
entify
and offer support in thee form of one--to-one discusssions, e-suppoort through Caanvas to deal with students with
very differrent levels of skills
s
in numerracy and abstraaction. For thee summative asssignment, teaaching, for exa
ample
advanced mathematics and
a giving baasic understandding of underrlying physics of fluid flow
ws to students with
weaker connceptual skillss requires an addaptive approaach to teachingg in order to im
mprove their leearning experie
ences
(Innovatioon and its contrribution to the SoTL, Clark, 2012).

Figuree 4a. The markks scored in a ppre-knowledgee formative assessment test bby ten studentss (each studentt
represennting a differennt colour on baar chart), compprising five questions for 5, 110 and 15 markks, in the subje
ect
Heeat Transfer
Note. The baar chart representss the number of sstudents who respponded against each of the five queestions. The y-axiis shows scores of
o nine
students to fiive questions in thhe subject Heat Traansfer.

Figure 4a summarizes sccores the pre-kknowledge of nine (but ten sstudents respoonded to Questtion 3) studentts out
ollow
of five queestions: two 5--mark, two 10--mark, and onee 15-mark quesstions. Interesttingly, the studdents’ levels fo
theoreticall model propossed by the authhors (Figure 2)) into three pattterns of studennts’ learning leevels.
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Jung and C
Chang (2017) argue creativve values in enngineering/techhnology can bbe applied to eempirically exp
plore
the fundam
mental foundattion of the innner workings of human beinggs, such as thee importance oof the creativitty for
more-ablee students, in which
w
MIs interract, and contrributions of deesign thinking. In our study, only three stud
dents
answered difficult questtion correctly, the differencee between heatt and energy. Understandingg of this differrence
means the student has thhe ability to ggrasp the underlying physicss of thermodynnamics laws. M
Most of them have
answered simple questioons that have tthe lowest marrk 5, such as ‘tthree modes oof heat transferr’ and ‘the phy
ysical
proportionnal quantity in Fourier's law of heat conducction’. More thhan half of thee students havee managed to solve
s
an analyticcal problem thhat fits into the yellow regionn in Figure 1. T
This study oncce again demonnstrates that no
o two
individuals have the saame intellectuual profile, annd those thesse three studeents have high logical cap
pacity
(mathemattical), have linguistic abilitty to express abstract quesstions, and cann navigate thoroughly the deep
concepts. T
This level of students needs minimal help from the educaator.
Questions based on mathhematics:

formative assesssment with thhree questions, with
Figure 4b.. The marks sccored by ten stuudents in a pree-knowledge fo
5, 5 aand 25 marks rrespectively inn mathematics
This chartt in Figure 4bb shows three students have answered alll three questiions correctly. And, two simple
questions, on Trigonomeetry (and Funcctions) were annswered correcctly, respectiveely, of 8 out off 9 (and 6 out of 9)
students foor mathematics-based probleem, attributed to logical-matthematical inteelligence. So, tthe solving abiilities
of the studdents are streaamlined with tthis intelligence. All studennts are assesseed with the sam
me problem but
b at
varied leveels to exhibit students with different intellectual profilees (Gardner, p.. 56). We use this informatio
on to
craft the ooptimal educattion for each learner. Gardnner suggests tthree entry pooints, sufficiennt in individua
alized
education.. He sees it as a scientific toool to quantify ssuccess and faiilure.
Figure 4c shows the meeasuring param
meter—marks that one Fluidd Mechanics qquestion-5 wass answered by four
students coorrectly, and five
fi students haave scored fulll marks for queestion-10.
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Figure 4cc. The marks sccored by ten sttudents in a pre-knowledge fformative assessment with tw
wo questions, with
w
10 marrks for each inn the subject Flluid Mechaniccs
See Appenndix B for the questions.
In order too handle the above
a
issues, we have put fforth three sollutions, successsfully: challeenging questions to
more ablee students, eaasy to solve problems forr students to practice in order to furthher improve their
understandding of the toopics and com
mplete solutioons for less aable students ((Elkington, 20017). Gaining
g this
awareness can be of suubstantial help in redesigninng prior percepptions on teacching in studeent-centred/orie
ented
learning. M
Moreover, a good alignmentt of the lecturres, Learning O
Objectives witth relevant CA
ATs throughou
ut the
functioninng of module im
mproves the opperation of thee module.

Figure 5. In the presentt study: compaarison of formaative assessmeent scores withh an assignmennt to the advanttage
of sum
mmative scoree
Figure 5 shows that all the
t students exxcepting one sstudent have shhown good to very good im
mprovement in their
scores in thhe summative assignment onn Solar calculaations as comppared to their ppre-knowledge. We evidence
e here
that in thhis assignmentt in which thhe students coonceptualize m
mathematical equations andd solve nume
erical
problems invoke threee MIs: logiccal-mathematiccal intelligencce (problem-ssolving), lingguistic intellig
gence
(e-commuunication with peers and witth instructor) aand spatial inttelligence (goood navigating skills for effe
ective
use of Cannvas for benefiit of learning (G
Gardner, 20066).
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Figure 6. This study shows the benefi
fit of group learrning (Prince, 2004 as cited in Laws, Sokooloff, & Thornton,
1999)
Figure 6 shhows positive evidence of ggroup learning using the activve learning appproach: Princee (2004) as citted in
Laws, Sokkoloff and Thornton (1999) oon page 226.
Laws et al. (1999) opinne that in activve learning appproach, givingg two or threee pauses in the lecture resullts in
student leaarning gains, as
a compared to that in traditioonal instructionn.
Moreover,, Jaques (20001) gives positive reasons for combinedd working heelps to suppoort the students in
developingg responsibilityy and personall development.
The disadvvantage of thiss active learninng is that it iss less effectivee if the differennce in the learrning levels is high
such as in large-class coohorts. It cannoot supplant grooup learning. B
Because takingg short pauses leads to chaoss and
would be hhard to bring back
b
attention/orderliness (Loove, Hodge, G
Grandgenett, & Swift, 2014).
Maths sup
pport:
The subjecct of investigaation here is too develop innoovative methodds for studentss learning. Thiis curve based on a
formative assessment helps
h
categoriize the studeents of differeent level leveels/abilities. IIn this differe
ential
concept/appproach, the leecturer can off
ffer help to thoose in need, fo
for example byy running addiitional session
ns for
maths suppport (Algozzinne, 2007).
A brief maaths test was helpful
h
to gauge if there is a rrequirement foor any preliminnary equalisingg studies to sup
pport
them in firrst-year studiess, in the year 22018 (Figure 7).

mative assessm
ment maths testt to assess priorr knowledge to
o
Figuree 7. The studennts’ responses were in a form
ascertain the need for leearning supporrt for mathemaatics
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Figure 8.. Students’ perrformance—in one of the five assignments conducted in the formative assessment ma
aths
tesst and in the ovverall mark of the module
This test gives the oppportunity to sttudents realizee that withoutt the knowleddge of engineeering mathematics,
learning oof fluid mechaanics cannot ggo very far. Of forty-two stuudents, 3/4th of them attennded support maths
m
session, foollowing theirr performancee in the formaative test. Unnfortunately, thhe classroom timetable hass not
allowed uss to conduct a second iteratioon. However, a porous relatiion is seen bettween additionnal support witth the
performannce in the relaated summativve assignment and the overrall mark (Figgure 8). Figuree 8 shows tha
at all
students --- we reckon -- who attended the additional maths sessionn have benefiteed.
In this wayy, the students could gain ann enhanced abillity to creativee thinking in soolving new enggineering prob
blems
and successsfully build coonfidence to enngage in lifeloong learning.
In Engineeering disciplinnes, especially in the problem
m-solving appproach, a rangee of hands-on curriculum de
esign
features annd learning technologies can enhance the coommunity aspeect of learningg. Also, a more inclusive apprroach
to each stuudent type willl lead to a greaater diversificaation of studentt outcomes.
Lewin (19948) in the stuudy on integraating social sccience subjects noted that ““integrated appproach” of va
arious
discipliness gave expectted benefits of improving llearning. In oother words, pprogress will depend largelly on
students’ llearning if maathematics is embedded acrross the curricculum. Thereffore, this apprroach was ado
opted
based on students’ needds, and similaar lectures aree envisaged. M
Moreover, evaaluation gives an opportunity to
reflect on oour additional efforts to beneefit the studentts and possiblyy revisit the cuurriculum contents.
This findinng ascertains the
t need for addditional learnning support foor mathematicss. As a result, seventeen stud
dents
attended a lecture. Figurre 8 shows studdent responsess of a quiz andd of these 13 sttudents attendeed the extra sup
pport
lecture. It was not possiible to quantify
fy how/how muuch this additiional support hhas explicitly helped them in the
overall perrformance in thhe module.
6. Conclussions
In this studdy, we have used
u
an innovaative approach to enhance stu
tudents’ learninng in a classrooom. In develo
oping
our approaach, we system
matically evalluated three qquestionnaires designed for students, one each on first-- and
second-yeaar undergraduate courses, annd the third onn a Post graduaate course. Thhese courses arre unrelated to each
other (i.e., no pre-requisiite modules were needed to pprogress).
We found that the studeents’ learning abilities follow
w a pattern in line with our theoretical moodel and that weak
w
students need more teaccher support, ee-support (suchh as photocopyy of handwrittten notes, postters etc.) and group
g
learning.
To summaarize our workk, we demonsttrate that learnning in a classsroom is dynaamic in naturee and that there are
significantt benefits of ussing Multiple IIntelligences too support students with diffeerent learning llevels and abillities.
We also sttress the need to increase vaariation in teaaching so that all students leearn well and graduate with high
self-esteem
m and become independent learners.
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Anticipated impact: Our study can help teaching staff to address an important task, to ensure that s/he is able to
monitor and measure the students’ progress and achievement in engineering subjects. We hope this approach can
be applied to other disciplines too, and that the staff can take a more active/differentiated role and adopt these
approaches to enhance their students’ classroom learning, especially of the weaker students.
Further research: Following this study, we propose to carry out further investigations during the Academic Year
2020−2021 to cover additional variables related to educational and social experience of diverse groups of
students. We hope that our findings could help to develop new interventions (or make adjustments to current
classroom practice) at Kingston University and beyond and enrich and enhance student experience of learning.
References
Algozzine, B., & Anderson, K. M. (2007). Tips for Teaching: Differentiating Instruction to Include All Students.
Preventing School Failure: Alternative Education for Children and Youth, 51(3), 49−54.
https://doi.org/10.3200/PSFL.51.3.49-54
Barrington, E. (2007). Teaching to student diversity in higher education: how Multiple Intelligence Theory can
help.
Teaching
in
Higher
Education;
Critical
Perspectives,
421−434.
https://doi.org/10.1080/1356251042000252363
Biesta, G. (2015). On the two cultures of educational research, and how we might move ahead: Reconsidering
the ontology, axiology and praxeology of education. European Educational Research Journal, 14(1), 11–22.
https://doi.org/10.1177/1474904114565162
Brookfield, S. D. (207). Becoming a Critically Reflective Teacher (2nd ed.). JOSSEY-BASS, A Wiley Brand.
Caina, T., Brindley, S., Brown, C., Jones, G., & Riga, F. (2019). Bounded decision-making, teachers’ reflection
and organisational learning: How research can inform teachers and teaching. British Educational Research
Journal, 45(5). https://doi.org/10.1002/berj.3551
Cerbin, B. (2013). Emphasizing Learning in the Scholarship of Teaching and Learning. International Journal for
the Scholarship of Teaching and Learning, 7(1). https://doi.org/10.20429/ijsotl.2013.070105
Clark, E., & Webster, B. (2012). Innovation and its contribution to the scholarship of learning and teaching.
Nurse Education Today, 32, 729−731. https://doi.org/10.1016/j.nedt.2012.06.001
Dirksen, J. (2016). Design for how people learn (2nd ed.). Pearson Education.
Elkington, S. E. C. (2017). Transforming Assessment in Higher Education: A Case Study Series.
Fuller, R. G., & Kuhne, G. W. (2008). Fostering Meaningful Interaction in Health Education Online courses;
Matching Pedagogy to course types. International Journal of Communication Technology Education, 4(1).
https://doi.org/10.4018/jicte.2008010105
Fuller, R. G., Kuhne, G. W., & Frey B. A. (2011). Distinctive Distance Education Design: Models for
Differentiated Instruction ( p. 21). Book publisher Information Science Reference, IGI Global.
Gardner, H. (2006). Multiple Intelligences: New Horizons (pp. 8−18). New York: Published by Basic books, a
member of Perseus Books Group.
Gargiulo, R. A., & Metcaf, D. (2016). Teaching in Today’s Inclusive Classrooms: A Universal Design for
Learning Approach (3rd ed.). Wadsworth Publishing.
González-Marcos, A., Alba-Elías, F., Navaridas-Nalda, F., & Ordieres-Meréc, J. (2016). Student evaluation of a
virtual experience for project management learning: An empirical study for learning improvement.
Computers & Education, 102, 172−187. https://doi.org/10.1016/j.compedu.2016.08.005
Holland, E. P. (2018). Making sense of module feedback: accounting for individual behaviours in student
evaluations of teaching. Assessment & Evaluation in Higher Education, 44, 961−972.
https://doi.org/10.1080/02602938.2018.1556777
Hutchings, P. B., Keesing-Styles, L., Martin, L., Michael, R., Scharff, L., Simkins, S., & Ismail, A. (2013). The
Scholarship of Teaching and Learning in an Age of Accountability: Building Bridges. Teaching & Learning
Inquiry: The ISSOTL Journal, 1(2), 35−47. https://doi.org/10.20343/teachlearninqu.1.2.35
Jaques, D. (2001). Learning in Groups: A Handbook for Improving Group Work. Journal of European Industrial
Training, 25(1), 3/e. https://doi.org/10.1108/jeit.2001.00325aae.001
Jung, J., & Chang, D. (2017). Types of creativity—Fostering multiple intelligences in design convergence talents.
Thinking Skills and Creativity, 23, 101−111. https://doi.org/10.1016/j.tsc.2016.12.001
120

jel.ccsenet.org

Journal of Education and Learning

Vol. 9, No. 3; 2020

Laws, P., Sokoloff, D., & Thornton, R. (1999). Promoting active-learning using the results of Physics Education
Research. Uniserve Sciences News, 13.
Lei, Y. (2005). Using problem based learning in Electrical Engineering Foundation. The China Papers, 5,
67−70.
Lewin, K. (1948). Action research and minority problems. In G. W. Lewin (Ed.), Resolving Social Conflict. New
York: Harper & Row publishers.
Lock, G. (2007). Fluid Mechanics with Historical Perspective. Journal of the Higher Education Academy
(Engineering Subject Centre), 1(2), 33−39. https://doi.org/10.11120/ened.2007.02010033
Love, B., Hodge, A., Grandgenett, N., & Swift, A. W. (2014). Student learning and perceptions in a flipped
linear algebra course. International Journal of Mathematical Education in Science and Technology, 45(3),
317−324. https://doi.org/10.1080/0020739X.2013.822582
Matrisciano, A. B., & Bilfore, N. P. (2010). An investigation on Cognitive Styles and Multiple Intelligences
Model based Learning Preferences in a group of students in Engineering (pp. 60−66). In International
Conference on Information Technology Based Higher Education and Training, IEEE.
https://doi.org/10.1109/ITHET.2010.5480063
McCarthy, M., Neville, G., Higgs, B., & Murphy, J. (2010). From dry ice to Plutarch’s fire: The integration of
research and teaching and learning. Medical Education: The State of the Art.
Muppala, S. P. R., & Chandramohan, B. (2017). Problem Based Learning. AdvanceHE.
Muppala, S. P. R., & Chandramohan. B. (2019). A quantative approach to Problem-Based-Learning based on a
Questionnaite: A model for student learning outcomes (a case study). In 3rd EuroSoTL Conference. Bilbao,
Basque Country.
Newman, T. B., & Knight, S. (2018). Digital experience insights survey 2018: findings from students in UK
further and higher education. Retrieved from https://www.jisc.ac.uk/
Norman, G., & Schmidt, H. (2000). Effective of problem-based learning Curricula: Theory, Practice and Paper
Darts. Medical Education, 34, 721−728. https://doi.org/10.1046/j.1365-2923.2000.00749.x
Plsek. (1999). Innovative thinking for the improvement of medical systems. Annals of Internal Medicine, 131(6),
438−444. https://doi.org/10.7326/0003-4819-131-6-199909210-00009
Prince, M. (2004). Does Active Learning Work? A review of the research. J. of Engr. Education, 93(3), 223−231.
https://doi.org/10.1002/j.2168-9830.2004.tb00809.x
QAA. (2018). THE UK QUALITY CODE for higher education.
Ramsden, P. (1992). Learning to Teach in Higher Education (p. 290).
Appendix A
Level – 4 course
In this formative test, all students are given the task, to work in groups or individually, of their choice. Groups
are formed by students themselves randomly. Description of the problem: Figure A1. Shows a set up with an
air-filled vertical cylinder fitted with a frictionless piston and a set of breaks. It is assumed that air will behave as
a thermally perfect gas. The piston’s cross-sectional area is 0.4 m2 and the air inside is initially at 200kPa and
5330C. The air is then slowly cooled as a result of heat transfer to the surroundings.
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F
Figure A1
with the fluid (air) in the syystem and the dimensions of
o the
This Figurre A1 depicts piston-cylindeer assembly w
cylinder.
Tasks:
a) Identifyy the number of processes annd sketch them as p-v and T-vv diagrams.
b) Estimatte of air temperrature of the aiir inside the cyylinder when thhe piston reachhes the stops?
c) Estimate pressure wheen temperaturee reaches 250C
C.
d) Work ddone by the sysstem in the firsst and second ccooling processes?
Please folllow standard sign conventionns for work annd energy on annd to the systeem.
The studennt performancee is given in Fiigure1 in the m
main body textt.
Appendixx B
Questionn
naire in MSc module
m
(Leveel – 7) with thee subject headinng:
Solar Air Heaters: It contains
c
ten qquestions in thhe order: Heaat transfer (HT
T) and matheematics (M). Fluid
F
Mechanicss (FM)
QHT1. Whhat is the quanntity that originnates in Fourieer’s law of heatt conduction?
QHT2. Whhat is the signiificance of heaat transfer coeffficient?
QHT3. Whhat are the threee modes of heeat transfer?
QHT4. Froom the thermoodynamic pointt of view, whaat is the differeence between hheat and energyy?
QHT5. If ddensity of gas at 250C is 1.8 kg/m3, & 750C is 2.4 kg/m3, what is it at 3300C?
QM1. For an equation z=f
z (x, y), wheere x & y are ttwo independeent variables, w
write this equaation in differe
ential
form
QM2. If taan(theta) = 1 annd sin(theta) = 0.5, what is ccos(theta)?
QM3. Whaat does this eqquation mean T = f (x)? wherre T is temperaature and x is a distance.
QFM1. W
What is a steadyy flow?
QFM2. W
What is a fluid?
The resultss are shown inn chapter Questtionnaire – 3: F
Figures 4a, 4bb, and 4c.
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