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Abstract — Undergraduate engineering students have littlan examination with the likelihood that a studehibwailed

time to absorb and assimilate technical knowledgany
students, when faced with questions in examinatiand
formative assessment, frequently lack the skillsatswer
them and perform poorly. As a consequence theydaiain
confidence in their abilities and this impacts amufe
potential and contributes to poor retention levelst some
years this problem solving deficiency has been estrd by
using the PRS system originally marketed by Educosy
marketed through Interwrite, encouraging studem@nswer
questions in class using hand-held electronic @svic
However the complexity associated with assigningdisats
to students and ensuring their return took up toachm
valuable class time and the system could not bd tséts
full potential. More recently a new style of haneleh unit
which connects through
available and acquired. Since any student can mgeevice
as the student actually signs in ‘live’ to join lss the
removal of the requirement to give a particulart uni an
individual student eliminated much of the time eéamn
associated with their in class use making the telcyy
useful. This paper focuses on the experience afgusiese
units from both the lecturer and students perspecti

Index Terms — Interactive, Motivating, Problem solving,

Retention
INTRODUCTION

Teaching engineering students is demanding and
workload for these students is usually high in carigon to
students of other disciplines. For those Instingidor which
semesterisation is the norm (the majority) a studeifi

invariably pick up 6 disparate (though linked) tpito be

to work during the semester is unlikely to work idgrthe
summer to recover the module with a knock on effatt
retention.

Certain indicators for success are known, one e$dh
being student attendance at timetabled activitiend
considerable effort is usually placed on monitorthgs. In
my own school a dedicated achievement coach isteduo
chasing errant students and attempting to ensatethby do
attend. Because of the financial pressures on stsideany
are balancing the heavy class-contact time with-toae
(and sometimes full-time) work and no amount ofpasion
will enable them to attend 100%. Experience alsmshthat
attendance alone is insufficient to ensure academicess
this only comes from the work that students pub ititeir

radio frequency has becomstudies.

A variety of methods of encouraging students to kwor
steadily have been employed including use of tlezBioard
VLE [1] and a change in assessment methods s@#aof
the overall module mark was given for a number rdioe
tests undertaken in Blackboard. This approach teenb
shown to contribute to student success, [2-4],iarghrallel
with this approach the use of in-class questionss wa
employed.

THE PRSSYSTEM

A number of different types of electronic votingsyms are

thavailable, often these are linked with the softwased with

an interactive whiteboard and many dovetail with
PowerPoint. These
System marketed by Ambra [6] and Powerclick (marttdty

Aclass Technology [7]). Many of these products haméy

covered, assessed and examined within a 15 weely sturecently become available. The system employedhim t

period. Thus both lecturer and student are haedsed in

present study was the PRS system initially markedgd

what is becoming an increasingly pressured edutatioEducue and now by Interwrite [8].

system. Whilst some students can cope with thésqure
easily having, prior to coming to University, aceua good
organisational and study skills many will be oveelvhed by
the tasks they are faced with and rely on the amityy

which comes from large class sizes and sink intor po

methods of keeping abreast of the work to be ddimés
coupled with the freedom associated with life ompas
frequently produces a negative learning environment
The only time that it will become clear to the asanic
that an individual student has not been workingdpobively
on their studies will
examination results become available. By then thé o
opportunity for recovery will be through a studeesitting
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FIGURE 1 INFRA-RED RECEIVER
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FIGURE 2 CONNECTION ARRANGEMENT FOR INFRA-RED
RECEIVERS

The hand-held units shown in figure 1 link to thassroom
computer through fixed receivers as shown in fig@re
Whilst for those Institutions that have taken alemlve
decision to employ this technology in teaching dwd be a
simple matter to have the receivers installed as€lrooms
so that only the hand-held units needed to beezhitiwas
necessary to take both the units and the receimgyseach
class along with a computer and data projectors s
further complicated because the receivers conneghtedgh
a serial port and most computers no longer havsetlas
standard so a serial port to USB adapter was adeclad.
The logistics of being able to bring all the equgnnto a

class was addressed by having a custom made trolley

produced on which it could all be mounted with shslfor
the units which could simply be moved from classclass
this permitted the complex wiring needed betweeitsuo
be hidden as far as practical. Whilst trundlings taround
was labour intensive given that timetabling consts
usually meant that classes moved frequently betwsen
room and another it was a practical solution arel ahly
method which could be used at the time.

Despite the functional trolley arrangement it tsmkme
of the class time available for students to collietir unit
(each unit carried its own number and needed to
associated with an individual student) and foruhés to be
returned at the end of the class. Though the stadaioyed
the use of the approach and engaged positivelyoteeall
logistics problems proved too great and after sdyaars of
using the units they fell into abeyance.

THE RF CLICKERS

At the start of the 2006 academic year a secoramatt to
use in-class questions was made and a new sendfheld
units acquired. These new units connected to dmepater
through radio frequency (eliminating the need fdre t
receivers) and had the significant advantage thwatstudent
could use any unit so the time needed for settipgvas
significantly reduced. The new units also camdwipdated
software which linked directly to PowerPoint and erdas
with the original system it had been necessarywich

between the PRS software when asking questions a

PowerPoint when delivering lecture material nowsthi
switching was automatically done by the softwaselftfrom
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FIGURE 3 RF HANDSET

PowerPoint. These two improvements improved the eds
use of the in-class units greatly. A new styld imshown in
figure 3, these units connect through a small radeiver
which simply connects to the PC through a USB cable
(eliminating the need for the serial port to USByatetr).

The arrangement by which the RF units (called @lisk
connect to a computer is shown in figure 4.
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FIGURE 4 CONNECTION ARRANGEMENT FOR RF RECEIVERS

bﬁ‘l class usage the system in figure 4 was deployigd an
interactive whiteboard which connected to the caot@pu
using a blue tooth dongle so that many of the cable
previously needed were redundant.

USAGE OF CLICKERS IN SEMESTER 1

During semester 1 the clickers were used for tvftemint
cohorts of students. Level 1 Engineering Thermodyna a
module taught to a class of 85 students spanning
programmes in Engineering, Aviation and Physics lanel
2 Aerofluid Dynamics a module taught to 35 students
spanning programmes in Engineering and Aviatiorr. the
level 1 students the technology was new but soméef
level 2 students had experience of using the ofdl lsts in
earlier years of their programme in other modules.

The materials made available to each cohort ofestisd
at the start of the semester included a booklejuefstions
NWsociated with individual lectures eliminating theed for
these to be handed out in each class and hencagsavi
valuable class time. Initially a set of only 50ckkrs were
available so that the level 1 students were reduwenork in
pairs but the level 2 students could each haver then
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clickers. Both groups engaged positively with thiekers
and the question sessions and for the level 1 stedeew to
campus, it provided a good opportunity for themwtork

The lecturer allocates an appropriate time allowaioc
each question and as the time progresses thededan see
how many students have answered and if the nursbemi

with others. However for the level 1 students itswa the time limit can be manually increased. Equaflyali
impossible to determine which students had answerestudents have answered before the time limit ished the

questions correctly. Whilst those students workimgpairs
were asked to sign in with a code which allowedsbiware
to determine which pair of students had formed riqudar
group (the score would then be split equally betwése
two) not every pair of students did so and the datilable
on occasions could not be analysed properly. Troblpm
did not arise with the level 2 students and fos ttohort it
was possible to see who had answered or simplgdfaid
answer questions and for those who answered wheeaed
correctly.

Question A diesel engine requires an energy supply of 10kW. If the
32 fuel has a calorific value of 42000kJ/kg and density 850kg/m?
)‘ the amount of fuel needed to run the engine continuously for
@ is:
1 hour is:

1) 100litres  2) 1000litres 3) 10 litres 4) 1 litre

FIGURE 5 SAMPLE QUESTION ENGINEERING THERMODYNAMICS

A sample question is shown in figure 5 the Intetevibgo
which appears below the question number is th@erigo
the software that the PowerPoint slide containsuastion
and the lecturer is then given the option of usihg
Interwrite software associated with the clickers.

Narre: |04 25 2007
Audience Type: [inoum ~|
Self Paced: { J
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Closs: Power Ener
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Ask Questions Only Once: [No
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FIGURE 6 SAMPLE RESPONSE GRID

A yes response indicating that the lecturer wishies
students to answer in-class questions producesspomse
grid as shown in figure 6 and also associatesltbkets to a
particular port on the computer. This also allote lecturer
to select the correct class and set the parametach will
operate during the question session. Once theechchkre
linked to a port and the session is started bylabturer the
students can join the question session through Hagidsets
and they sign in with either their name or a uniglentifier.
This will come up in the software and when a quesis
answered the responses will be logged againsidaitifier
for analysis after the class session is completed.
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FIGURE 7 SAMPLE RESPONSE GRID

When the time limit is exceeded a response grhasvn
in figure 7 is displayed. From the response grizhit be seen
at a glance how many students answered correctlyifan
considered necessary the lecturer could go overesom
material again or go through a worked solution bé t
problem before moving on to the next question.

Question A diesel engine requires an energy supply of 10kW. If the
32 fuel has a calorific value of 42000kJ/kg and density 850kg/m?
p‘ the amount of fuel needed to run the engine continuously for
L i
1 hour is:

1) 100litres  2) 1000litres 3) 10 litres|4) 1 litre

) . i
Given Q, CV and / How are they connected?

o, find m, .

FIGURE 8 SAMPLE WORKED SOLUTION

The approach adopted in working through solutiorith w
level 1 students was to encourage them to focuthemata
supplied in the question and the quantity they werpiired
to find and then to identify the link between thasishown
in figure 8.

This technique appeared to work well and the mjori
of students made positive progress and also foumed t
guestion sessions enjoyable. When the complet¢éi@olwas
made available they were also given the opportutuitgo
over the questions again though the VLE. The atteod at
classes was good and if time constraints prevehedse of
the clickers’ the students were actually expressed
disappointment.

For the level 2 students a running score was kept o
the semester and the results announced at thecliass
session. The scores from clicker sessions can kéyea
exported to the Blackboard gradebook. The clickeese
also used as a means of surveying student redctiearious
aspects of the modules (including their responseisiog
clickers) and over 90% of the students considehnad they
motivated them to learn.
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Question A diesel engine requires an energy supply of 10kW. If the No matter how much effort is Supp"ed by the leetuthe

fuel has a calorific value of 42000kJ/kg and density 850kg/m? . .. . .
52 theamguntoffuelneededto run the engine continuously for success Of mleldual StUdentS IS Iargely achleheydthe
o Thouris ‘ : effort supplied by the student. Whilst the lectis¢ask is to
1) 100itres  2) 1000itres 3) 10litres[4) 1lie | supply materials and to teach, motivate and engeura

Given G, CVand SR Iearnm.g this can only achieve positive results.hwdo—

{/\@ o Af\ Howarethey conneoted? operation from the student. A careful analysis b t
na m;. . .

o ! examination performance of the students from legel
Energyupply, Q =10kW  Q=m,CV  Fuel/hour= 3600m; Engineering Thermodynamics was undertaken in which
Each kilogramme of fuel generates 42000kJ student performance was correlated against bo#madance
Q = m, x42000kg /s my =mk918=2-38x10"kgls in timetabled classes and usage of the VLE (takebetan
Amount of fuel for one hour = 3600(2.38x104 =0.857kg indicator of work being done in addition to formelass
Mass = density x volume so that V = 0.857/850=0.001m?3 contact sessions.
1m=10%cm so that 1m3=10%m?3 =103 V=1 litre

FIGURE 9 SAMPLE PROBLEM SOLUTION 100 ry PO Y $ %%
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The clickers were used again in semester 2 in thugher ° . N * .,
. . =)
modules two at level 1 and the third at level Ofthendation 20 -
year. Given the experience of semester 1 50 additio 0 d @
clickers had been purchased so that all of theesiisdcould
) : ; 0 20 40 60 80 100
have their own. This greatly improved the generalrkwv
effort and enabled accurate statistics to be prduc Overall Mark %
throughout the semester. The facilities offeredhinitthe
software for monitoring individual student perfome@  FGURE 10 ATTENDANCE AGAINST OVERALL MODULE MARK

allow the progress of individual students to beutady

monitored. Over the academic year a total of 30@estts Figure 10 shows a graph of attendance againstttitersts
used the clickers and a healthy competitive elememverall mark. The pass mark from the module was 40
developed in each class. Students would discussngsho it can be clearly seen that though some studente wh
themselves solutions to particular questions anikwa the  attended badly did fail some students who atteneeg well

questions outside of the class. failed also.
FUTURE DEVELOPMENTS " 300

@

o 250 ¥ .
The use of the clickers was largely viewed as atiges b+ 200 N
learning experience which encouraged students aonjle & 1

’ <T *

provided some enjoyment and encouragement and al:® 150 -2 . +
developed problem solving skills. In addition te thsage of 3 100 ot R - o3
clickers the students were encouraged to studydistea % ‘*,.* ’*o o ¢ s R
because of regular assessments they were requoed =2 50 e %o e oF 0: * M“.
undertake through the Blackboard VLE. The studeiés® @ 0 hd M 2 . *
considered that this motivated them to learn. Hawev 0 20 40 60 a0 100

particularly in the case of multiple choice quessioin
Blackboard some felt aggrieved that they got nokhdor
the method used but only for a right or wrong anmswi¢ is
the intention in future years to move one of theeasments FIGURE 11 BLACKBOARD ACCESSES AGINST OVERALL MODULE
currently undertaken in the VLE to a clicker sessiowhich MARK

students can work at their own pace (this is péessib‘self-

Overall Module Mark%

paced mode’) which is automatically marked in thieker As all students had to use the VLE for the assestanae
afterwards but from a written submission of the kvtine =~ 2CCESSES needed to undertake Fhe_ a_ssessmentsbtvastqd
methods used would be assessed later manually andfrgm th_e total accesses for an individual StUdeﬁb't.B this
proportion of marks would be added for method. correlation was carried out. Figure 11 shows aetation of
Blackboard usage against overall module mark thswvs
clearly the students who did fail the module hacdus
Blackboard (other than for assessments) less t@@rtithes

STUDENT PERFORMANCE AND ATTENDANCE
over the semester.
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Thus being in class is not sufficient to ensurecess
and a combination of class attendance and workdeuthe
class is necessary. Without embracing some form of
technology it would be impossible for an acadernigauge
the amount of work that a students was doing itnives too
late. The clickers have a part to play in ensutiad students
in classes are more than passive watchers andllgcina
required to do something.

CONCLUSIONS

The use of the clickers definitely enhanced thedest
learning experience and had a beneficial effect tha
enthusiasm of the different cohorts of studentsaich it
was used. The class sessions were dynamic, inteyeaatd
enjoyable and the students contributed positivelgeotheir
initial apprehensions had been overcome. The expesi
gained during this academic year will allow imprments to

be put in place for next year and fuel a modifiatin
assessment as described previously. The ultimzdé will

be to move part of the module assessment onto eclick
questions answered in class since this will engmirand
promote attendance in classes since many studests a
motivated to work only when assessments are inpeiis
The various approaches adopted in the teaching of
engineering students have been employed with thglesi
goal of encouraging students to learn. Each colubrt
students has its own characteristics and dynamidgheough
the module material may not change significantynfryear

to year the delivery of a module must be adjusteché¢et the
needs of particular student groups.

The technology made available with the clickerg th
facility of monitoring individual students usage eovthe
semester and its ease of interface with the Blaaib@nd
University gradebook mean that this technology st to
offer the academic who engages with its use, tdémeefit of
the student and their overall learning experienteough
there is a learning curve to being able to usewgous
features that the clickers offer that time is wsgent when
the facilities which they offer are fully capitadis on.
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