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Overview/ About the Class

Engineering Mechanics is a core first year clads/eled to approximately 250 students.
Because of accreditation requirements of the psafaal engineering institutions, similar
classes are delivered to all students across the whld are undertaking degrees in
Mechanical, Civil, Chemical, Design, Manufacturirfghip and Marine, and Architectural
Engineering. To this end at the University of Stchide Engineering Mechanics is a
compulsory course delivered to all students on ealit’/d degree programmes in: the
Department of Mechanical Engineering; the Departmeh Design, Manufacture and

Engineering Management; and the Department of Na&ethitecture and Marine

Engineering. Between these three departments Hrer@pproximately 12 different degree
programmes. Of the 250 students half are Mechariogineering, the rest of the cohort
being made up of students from the remaining twgadenents. Engineering Mechanics is
split into two cohorts, one of Mechanical Enginegristudents the other the remaining
students.

Engineering Mechanics is a 20 credit (10 ECTS)sclalsich is delivered in two hour sessions
twice a week over two semesters (a total of 96 $jodrs well as this students are expected to
spend 32 hours on assignments and 72 hours engagedvate study. Four tutors are
assigned to this class the year being broken wbocbhorts: one of Mechanical Engineering
students, the other being made up of students thememaining departments. Two tutors are
normally present in each of the classroom and ialt@essions. All four members of the
teaching team have roughly the same workload prafiiaring lecturing and assessment
responsibilities.

The class is designed to introduce students tob#mics of mechanics for engineering
applications. All the students entering the clamgehthe basic understanding of mechanical
principles acquired from high school courses inheatatics and physics together with their
application to very simple problem solving. Engineg Mechanics focuses on the practical
skills required to apply basic mechanical concepts real engineering problems.
Consequently, the class has been designed to urteostudents to very structured problem
solving and to emphasis a conceptual understaradingechanics.

Topics covered in Engineering Mechanics comprisee-@nd-Two Dimensional Kinematics;
Newton’s Law of Motion; Work and Energy; Linear Mentum; Rotational Dynamics; and
Statics. Generally in Engineering Mechanics a togke Statics, is tackled over a number of
classroom sessions followed by a tutorial. Becanfs¢he nature of the sessions a strict
timetable is not adhered to, instead an adaptipeoagh is used whereby the pace of sessions
is dominated by the speed in which students demairsattainment of concepts.

Students are assessed with eight homework exeraisgegwo class tests. The homework
exercises have a weighting of 30% (calculated ftloensix best homeworks submitted), while
the two class tests are both weighted as being&ah. In the second semester students who
have missed homework submissions or have preforpweatly in the first semester are
allowed to submit additional ‘catch-up’ homework &ach topic. The pass mark for this class
depends on the degree programme being studieder8tudn the professional accredited
MEng degree programmes, the majority of studerdge ho attain 50% or above. All other
students only need 40% or above to be awardedsa pas

The class tests are 2 hours in duration and arat$bé end of each semester. The class tests
are split into two parts with a 50:50 weighting.€eTfirst part of the test is compulsory and
contains ‘concept’ questions. The second partseth@n problem solving questions related to
each of the topics covered in the semester. Egqub it® weighted equally and students only
have to answer two of the available questions. Botihework and class tests are returned to
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students with grades and comments. For the fiesdsctest there is also a 1 hour review
session where common mistakes are addressed.

A problem solving framework of ‘multiple represetivas’ (pictorial, conceptual and
mathematical) is used to grade both homework aamskdests. In this framework students are
required to submit answers using pictorial, congapand mathematical representation. For
example, if a student only submits a mathematigatasentation of the solution (which is the
primary method they would have been taught at d¢tioen they will only be awarded 8 out
of a possible 25 marks. A system of ‘effort-basedrking is also applied to both homework
and class tests whereby students receive 5 marlsdomplete solution, decreasing if bits are
missing.

Ten years ago the Department of Mechanical Engimgembarked on a redesign to radically
change its teaching methods for first year studerite New Approaches to Teaching and
Learning in Engineering (NATALIE) project introdwt@ctive and collaborative learning into
the large lecture room through the use of Peerdasbn developed by Professor Eric Mazur
at Harvard University. The physical teaching spaes also redesigned to allow students to
work collaboratively in this new style of teachirigooms were refurbished to allow group
seating and an electronic voting systems (EVS) vimstalled (Initially ClassTalk
subsequently replaced by InterWrite PRS).

Under this variation on Socratic Dialogue (‘teachly questioning’), the traditional lecture

was replaced with ‘active-learning’ sessions whefe a mix of mini-lectures, videos,

demonstrations and problem-solving which are alkdid together by classroom questioning
and discussion. These two hour sessions are designaid learning through cognitive

conflict and scaffolding.

A typical peer instruction class begins before tihetabled session, students being directed
to background reading from the class custom textl3@6132 Engineering Mechanics — 1”
published by Pearson. As well as this studentsals@ directed to complete pre-class web
assignments which have warm up questions and muzelated to the planned in-class
activities. Responses to the pre-class assignnaeatased diagnostically to inform the focus
of the classroom teaching (Just in Time Teachifig,)J

Once in class a typical session begins with therflecturer giving a short explanation of the
topic which is going to be covered. This explamatinight be delivered using one of or a
number of different methods such as a mini-lectuigdgo or demonstration. This is followed

by a multiple choice question (MCQ) which exploties students’ conceptual understanding.
Students’ individual responses to this questioncatiected using an electronic voting system
which comprises of handsets wirelessly linked teoanputer. The computer collates the
student responses and presents a bar chart shtveiristribution of the students answer. If
there is a disparity in the responses studentasited to ‘convince your group that you have
the right answer’. The resulting peer discussiodesigned to let students explore their own
thinking and reasoning behind their answer andeinforce their understanding of the

concepts they are addressing. The discussion aleadps an opportunity for students

struggling with concepts to get a ‘decoded’ explmmafrom their peers. Following the peer

discussion students are asked to vote once agaithersame question or on a slightly
different question on the same concept.

Other strategies used by the tutor to facilitaterpgiscussion include asking individual
students to give an explanation of their answerthdr it be right or wrong, the tutor then
opening the debate to the rest of the class toastppy oppose the explanation. Again
responses to the MCQs are used diagnosticalligeltutor finds the vast majority of the class
has fully grasped a concept they can move ontchantbpic.
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Original Drivers for Change

Over the last ten years the delivery of Engineefihgchanics has been transformed, the
teaching methods employed within this class raljicgianging. In contrast the assessment
methods remained fairly static with a reliance oorkload intensive written formative and
summative assessment. While students appearedi¢ogh@atly benefited from the self, peer
and tutor feedback afforded by the peer instructiessions, the traditional assessment regime
was still focusing students on the principal gdaiassing’ assessments. The primary driver
for change within Engineering Mechanics was theseto implement a suitable assessment
strategy which emphasises the process of learaihgrthan the product.

Aligned to this was also the recognition that natyodid the students need an improved
framework for time-on-task, but the tutors alsodeskto address the amount of time spent
marking homework and class tests, an activity whitight have had marginal benefits for
enhancing the students’ learning experience. Tha® also a strong argument that tutors’
time would be better spent engaging with studegiiser than pieces of paper. By engaging
with students it was believed that retention rateald be improved. Retention is not an issue
for the Mechanical Engineering class but it istfog other class which is made up of students
studying mechanical related disciplines. In thervéce’ class there are limited opportunities
to engage students with failing motivation elsewehek previous trail of providing online
support through discussion boards prior to clasts i@dicates that this would have a positive
impact on retention. The issue here was howevdoyieg an already overstretched teaching
team.

Phase 1 Pilot

During phase one of the pilot a new online intelighomework system was implemented as
a replacement to the traditional paper based homiewo parallel to this certainty-based
marking (CBM) with EVS was also piloted. CBM haseheshown to enhance students’
responses to MCQs since they also have to give tleifidence (certainty) in their chosen
answer on a scale from low to high. The studerisfidence rating has a direct impact on the
mark they will receive. CBM is designed to promoteta-cognitive thinking, forcing the
student to reflect deeply on the level of certaithtgy have about their own knowledge and
understanding.

CBM was piloted as formative assessment with thention of it eventually being used for
summative assessment. For the purposes of theqaldt of the two student cohorts were
given a one hour MCQ test. Tutors spent approxipa@@ minutes explaining the principles
of the CBM before the students began the test.eBtsdhoted their response for each of the
MCQ'’s on paper before entering their answers viSEM automatic grading.

About the technology:

The online intelligent homework system piloted WdasteringPhysics’ The technology and
methodology behind MasteringPhysics was developedbl and is now marketed by
Pearson Education. MasteringPhysics is the firatréiw tutoring system which allows
students to work through homework problems in aelligent series of steps with hints,
questions, alternative sub-problems and instamnaated feedback/commenting. The benefit
of this guided approach to assessment is the fisaus the process, students working towards
a solution using graded steps, rather than theuptpthe completed homework exercise.
Furthermore, MasteringPhysics allowed tutors tagieRomework exercise using a databank
of thousands of pre student tested questions. ieiant that tutors could concentrate on
engaging with their students rather than spendingshdesigning homework exercises.
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Online homeworks were designed to tie in with tepleing presented in class. Initial
evidence showed that the students were spendingjdemably more time and effort on the
new homework exercises. Because the online homewgdtem automatically grades
students work, staff marking time was reduced frédd hours per written homework to
almost zero. The time tutors spent on homeworks presarily spent on analysing student
activity and grades (which was primarily for therpases of the pilot). Because of the
increased time on task and improved mastery ohiegrthe second class test was reduced
from 2 hours to 1 hour.

Evaluation

First year students were given access to the omhitedigent homework system from the
beginning to the end of their second semester &rgri2006 — April 2006). Over 12 weeks
students complete 4 online homeworks. As part efstlbbmission for each of the homeworks
students were given the opportunity to included memts which were collected by the class
tutor. All the students’ actions (mouse clicks, egrd entry etc) were also recorded for
analysis. Anecdotal evidence from students wa®ctatl during class sessions pertaining to
the homework system and CBM MCQ tests.

Initial responses from students indicated that extitgl adapted well to the online homework
system. Feedback indicated that the main areashiohwstudents had problems were: the
understanding of the question being set becauslkeeoAmericanisation of terms; and using
the equation editor to enter mathematical notaftidre implementation of CBM produced
unexpected results. In particular the distribut@fnexpected grade and actual grade were
misaligned, some student even receiving an overadative mark. The initial analysis
indicated that because CBMs use radically diffegmatding regime, students have not had
enough time to develop their own personal respetrategies.

Jim Boyle elaborated on the impact of the phaseahges

Up until the start of the REAP project, homewor&reises, more or less on a
fortnightly basis, were highly structured for aoptem solving strategy that was
specified to them and as a consequence of thaeaaadstaff had to mark them every
two weeks but we marked on a system called effisgdgrading so they were
graded on effort but the effort being, did theyoiwked the problem solving strategy
rather than on whether they got the right answeit,that of course was a big burden.
It took up the time of the academic staff to m&® @ourse works every 2 weeks. The
effect on the academic staff of course was that'didhve the whole class to mark.
Because the students were spending a lot of tinMastering Physics, we just gave
them a 1 hour class test and the impact on the eoadstaff member of course was
that it was half the amount of marking for a 1 htest instead of a 2 hour test, which
essentially meant that we could mark it in 2 daygtgad of 4 or 5 days, full days.

Students commented when we asked them about ksithida they had to come to the
tutorials to get help but the help away from tuttsi MasteringPhysics was that it
was quite good because they could get support utith@ving to talk to someone and
because the system itself supported them withe@ktb-questions and hints. The
effect on students seemed to be really positivehallex lot of comments saying that
they really liked working in that system. We diched®RS questionnaires at some
point towards the end of the second semester dretldbem how much they liked
them using Master in Physics. They felt very stisotitat it helped. They did like the
system but said they didn’t like the Americanisatibit and would have liked it to be
tied into the textbook more. Unfortunately our bexik is conceptually based
whereas the one used for Master of Physics is adgefased.
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Phase 2 Pilot

Following on from the success of the pilot for thext academic year it was planned that the
MasteringPhysics online homework system would by fimplemented in both semesters

and both class tests would be reduced from 2 hwufshour. However in a change to the
original plan, WebAssign was chosen as the onHiomework system to be implemented in

the session 2006-7. As Jim Boyle explained

What happened over the summer of 2006 was that a@ Wbeen using
MasteringPhysics for free and that was the waypipesared to work with it, if you
wanted to use it free, you could work with it foyesar and all their experience is that
once people use it they can sign up to it but whemsked Pearson the cost of it, well
they promised us it would be tied into the costshefr textbook for this current
academic year but they said that it was going tadekyed for a year and the cost
that they were proposing we thought was exces3iien we were contacted by
WebAssign to say they had a different type of syated it was considerably cheaper
than MasteringPhysics, which is a learning systehene@as WebAssign is a testing
system although randomised so that the studentgyeaisomething different. So we
decided for the second year of the REAP projeatses WebAssign. We didn't do a
big high profile thing of WebAssign this year as dig for MasteringPhysics, like
videos that showed them all of the research thatbdeen done. This year we jut said
it do your homework online and that was it. We pgegdy didn't do a big sell on it
and just said we want to see what your reactioi 0 From the academic staff point
of view it's roughly the same | mean we've had Aliety nho homework at all to
mark this year.

While the use of CBMs was inconclusive in the pitotvas intended that these would be
trailed again in 2006-7. It was believed that mafhyhe issues encountered with the CBM
were as a result of students not having enough tonadapt and normalise to the new
marking regime. Plans included adapting some ofettisting MCQ questions provided by

the publisher with the custom course textbook W@BM. This revised question bank was to
be used as part of thlust in Time Teachinglready employed as part of the Engineering
Mechanics class.

However the plans to use CBM with this year's cohawe been stalled, as Jim explained,

This year we did it twice with the students and tthieln’t react very well to it, not
what that means is that we need to spend morethiimking about it plus we need to
be spending more time telling the students whsitiout.

Future plans include looking at the possibiliti€setting it up on-line with CBM built into
multiple choice questions on WebCT. Jim elaborated

We looked at that last year for WebCT in that ineawith a textbook e-pack but the
way Pearson do things, all the MCQs that they keate all posted on, although they
tell you, you get a WebCT e-pack, in fact it'segpack that points to a Pearson site
and you can'’t change the Pearson site so we coutdadify the MCQs to put in the
level of confidence but we think in reviewing wivatare going to do next year, we
think what we will try to do is to put a little CBpackage into WebCT which is easier
I think. In the WebCT quizzes that you can craafeveé minutes, as far as we can see
we can have an instant code to allow the studengsit in their confidence levels as
well so we'll just do that next year and see hogytpet on with formative
assessment.
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Evaluation Methodology

Qualitative anecdotal evidence was collated fromre® leader interviews, two student focus
groups, and class grades averages were comparess awhorts for sessions 2005-6 and
2006-7.

Course redesign in relation to David Nicol’'s 7 Prigiples of good feedback practice &
Gibbs & Simpson'’s first 4 conditions of good assesgnt practice

Principle 1: Helps clarify what good performanceis (goals, criteria, expected standards)

ExIpicit criteria

The online intelligent homework systévfasteringPhysicspiloted in Phase 1 allowed
students to work through homework problems in &glligent series of steps with hints,
guestions, alternative sub-problems and instawnaated feedback/commenting. The focus
was on the process, students worked towards d@oluging graded steps, rather than the
product, the completed homework exercise.

In terms of highlighting specific learning outcom#® course leader emphasised the
conceptual basis for the course and explained Ipawific learning criteria may not be
appropriate in this context,

They are told about a particular learning outconsesmmething that engineers do,
not as a particular learning outcome but as a thiogengineers.

Expected standards

The expected standards of the homework assignraemtgariable as Jim illustrated,

What we do is we take the best out of ten, becstugents have others things to do
so we know that sometimes they can't do the honkesmrsometimes they miss a
homework assignment or 2 so of the ones that haen lboing assignments

consistently they are getting close to full maiksif. What we don’t know is, when

the problems are coded in WebAssign they can seediling and it's easy, it's the

same in the title, it's easy, moderate or difficattd we do a mixture of all three of
them and we usually do at least two difficult peshs and they seem to be
understanding the difficult problems so they aréewmailing us or standing in class

telling us stop using this, we want to do somethdlsg, but the issue for us is we
don’t have contact with them and we don’t know whbey are getting the support
from because normally they get their support fréma tutorials. Some of them do
come to the tutorials to ask questions but the wagority of them don’t. Now | don’t

know whether that’s a good thing or a bad thing.

Goals

Students are provided with limited discussions &ltloeir career goals at the first year stage
as part of a longer term view on their developmast)im elaborated,

They go through an induction as part of their peeodevelopment plan, they go
through the induction but what we decided in thepattment with our students
because the majority of them were staying wittou$ fyears is not to through career
at them in year 1, but to do it in year 2, that'tiem they start to come to the
professional studies class (PDP). We think it's joe far away you now it's 5 years
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away and they've just come to start, most of thenitknow what they want to do
and so.

Student and tutor perspective on goals, criteria ath expected standards

Students in group 1 considered the homework assgtenwritten questions in class and end
of chapter questions to provide clear criteriaviiat would be expected of them in the exam.
However while group 2 students agreed that ther@itvere clear, one student questioned the
loose interpretation of expected standards achesslass. The students in group 1 felt that
the similarity between the homework questions &edeixams provided explicit criteria for
what would be expected of them in assessment.\Wassreinforced by additional preparation
assignments. One student commented,

We always get written questions in class, we always written one at the end but
they've also got to be handed in and marked bya 80 we get them every so often
as well.

In addition, there was an abundance of end oftehapestions in the textbook, which
students believed to be very useful for their assest preparation. One student in group 2
indicated that although the criteria were cleag,d¢lipected standard was open to some degree
of interpretation by the students. As he described,

You can either think full marks is good or ah ljust lost a couple. It’'s really up to
your own discretion.

Principle 2: Facilitates the devel opment of self-assessment (reflection in learning)

Access to the online homework system gave studieetspportunity to not only receive
feedback as a result of an assessment, but thtbeghutomated Socratic dialogue students
also receive continual feedback during the assedsamel were able to immediately self
correct. This way students didn’t have to wait luthigy receive feedback from their tutor to
have their misconceptions clarified, instead gageowledge were addressed immediately
and lead-on tasks were not impinged.

Student Perspective on Self-assessment
Students in the focus group expressed appreciafiail of the on-line facilities available for
their ability to induce more reflection than a itehal lecture based course would as well as

for their efficiency and learning value.

Principle 3: Delivers high quality information to students about their learning

Initial responses from students indicate that sttaladapted well to the online homework
system. Feedback indicated that the main areasichvetudents had problems with the
MasteringPhysics system were: the understanditigeofuestion being set because of the
Americanisation of terms; and using the equatidgtoetb enter mathematical notation. These
problems have been addressed by the switch to WsdpAAso that students this year received
clear and timely on-line feedback throughout tharye

Student Perspective on On-line Feedback
Students in group 1 liked the immediacy of feedbaatt the hints to how close they were to

their desired performance but students in groupud this a little frustrating and wanted
more formative feedback on performance.
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Students liked the timeliness of the feedback entlebAssign, with one commenting that
they preferred it to the more traditional format,

Because you do get feedback right away and yourgana couple of times and try
different methodsand another student claimirijgd say pretty much everything I've
learned in that class has been from WebAssign Iseciéis very easy to sleep through
lectures but when you've got the homework to dereth not really any avoiding'it

All of the students in group 1 and 75% of studémigroup 2 indicated in their questionnaire
responses that help was available within minutesaathe longest, help would be available
within the day Figure 1). The response from both groups to this questfieats the
dialogue in the focus groups suggesting that feddiaas freely and immediately available
from either

Figure 1: Length of time between identifying problen and obtaining help

Q1. When you need help, how long is it typically
before you can find it?

o

o
|
\

OGroup 1
@ Group 2

N
|
\

number of responses
N
\

min hours day week longer

o

time

Students also liked the WebAssign system becaursgidated to them how close they were
to the correct answer and this was seen a usefulnwghich to encourage the student to
strive to achieve the correct answer. Studentsdnm?2 expressed a desire for more written
feedback and when provided, they were equally @sted in receiving both summative and
formative feedback. In support of some additionatten generic feedback one student
commented that it would be useful

If everybody was getting one question wrong, tlesyeal up a feedback solution or
something like that so you could actually see wiyereare going wrong as opposed
to it just being a big cross next to it.

Another student added that,
| think that WebAssign gives you 5 attempts, itlivbe quite useful if by thé4
attempt you went wrong, it gives you a clue ashiere&you went wrong to get the

right answer rather than continually saying you &etween 10 and 100% of the
correct answer.

Principle 4: Encourages teacher and peer dialogue around learning
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Tutor/peer verbal feedback

The traditional lecture was replaced with ‘actieesining’ sessions which are a mix of mini-
lectures, videos, demonstrations and problem-sgiwihich are all linked together by
classroom questioning and discussion. These twodessions are designed to aid learning
through cognitive conflict and scaffolding. The cseileader did however express some
concerns that the shift to electronic support redube opportunities for staff dialogue with
students, as Jim described,

We have lost contact with the students this yearddh't know them as well because
we’re not chatting to them in tutorial times beocadlsey are by and large not coming
and we don’t mind that if they don't need to comeutorials to do the web assign
assignments, it's just that we don’t want to |dsst.t

Student perspective of tutor dialogue.

Students in both groups considered there to beuatiegrovision of help in tutorials when
required and attendance was on a need only basistutorial attendance enhanced the
quality of tutor dialogue but comments in groum@icated that is several students were stuck
on one problem, the system was less effective. iBetpe apparent satisfaction with the level
of staff feedback and explanation, some of theesitglindicated in their questionnaire
responses that they did sometimes continue tcsfaek enough at times for the problem to
hold up their work rate.

Students appeared to be confident that an adelpvateof verbal tutor feedback was
available to them in tutorials, but most of thenlyattended them on a needs basis. As one
student commented,

You can work away through the questions and ifneed help it's there from tutors
and that and they’re more than willing to help amdrk your way through it with you
so that you get a complete understanding of itthedsame in tutorials if there is
anything after the WebAssign, if there has beernpaolglematic questions, they’ll
flag that up and work through that as a way of iingdmistakes and learning from
them.

The poor tutorial attendance was not as a resahpfdissatisfaction with tutorials but rather
to high satisfaction with the online homework exsgs and the course as a whole. Students
seemed to feel very well supported and simply kmgwhat high quality support was
available to them on request was enough to affeethta confident approach to learning. A
consequence of this confidence was that they tetodeeek staff support only as a last resort
as they were confident enough in their peer’s cidipab to seek peer feedback in the first
instance in response to occasions where theytéedk $n relation to a coursework problem.

The students tended not to attend tutorials unhessrequired specific help, with one
summing up the reason as,

| don't really feel | need them generally because get everything out of the lectures
because you have the PRS questions and stuf§eo don’t understand you can go
and read the textbook.

Another commented that,

| think that the WebAssign stuff pretty much supnarhat you’'ve done in the class so
you know you're doing ok if you can do that easitpugh.
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They also indicated that if they did feel that tlnegre stuck on a problem, they would post
questions on the discussion board and would reegiserers from classmates. They seemed
to be very confident about the competence of {hears in answering queries because they
knew that the responses were being monitored Iffiyastd that the tutors would intervene if
they appeared to be veering off-track. There wapati for the proposition of tutorials being
run in labs, although one student cautioned,

| think it's a good idea, | just don't think it shiol be too computer based, | think you
need to be able to still write down and still béeabdo the calculations manually and
still have someone there to give you feedback tacehit become too computer
based

Again the students in group 2 viewed the tutonisarily as a means of obtaining verbal
tutor feedback if they felt that they needed it kauely felt the need to attend because as one
described,

The help’s there when you need it so, but mosteoinformation, because the
homework is online anyway, you can get most oififloeemation by discussing it in
your groups or going on the internet and checkirig your textbooks.

Face-to-face tutor feedback was highly valued aedstudents felt that they benefited from
the low tutorial attendance because it resultétiem having more on-to-one time with tutors
when they really needed it. Like the students enfifst focus group, those in this one
indicated that if they did get stuck on occasibieytmade use of the discussion forums and
tutorials to obtain extra help and that this wdficgant for them. However the students did
indicate some concern over instances where a tamg® of students were getting stuck on
the same thing as they did not feel that they chelg each other then.

There was a mixed response in both groups on thesfgroup questionnaires concerning the
student’s work being held by being unable to undeds somethingRigure 2. It is

somewhat surprising that three of the studentsdonml agreed with the first statement while
expressing during the focus group very little conabout having any difficulties with being
stuck. Discussions from the second focus groupréaehled that if a lot of the students were
stuck on the same thing, the learning process dmalak down a little and students in this
group did also indicate that they would have appted a little more written feedback to help
to understand how to improve their understandirgs Was reinforced by responses on the
questionnaire (Figure 3) which indicated that stiglén focus group 2 were more concerned
about getting held by becoming stuck on a probleam those in the more highly performing
students in focus group 1.
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Most of the students indicated on the questionrthaiethey agreed that getting help with
problems increased their understanding more thmaplgispending more time on it and this is
reflected in the focus group discussions of theé@ af the tutorials and/or discussion boards
when they felt the need for additional help.

Figure 4: Focus group student responses to the reige importance of getting help and
time on task

Q6 . Getting help with things | don't
understand is more important than
spending more time on it
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Peer feedback

Opportunities for peer formative feedback have Haelt in to the course by the provisions
of social seating arrangements in a custom buittife theatre. As Jim expanded,

All of our students in Mechanical Engineering aré mto a group of four and they
are in that group of four in all of their classesdaso that group shares a lot with
their own group.

Student perspective of peer dialogue.

Students enjoyed the idea of working in groupsayg tonsidered this to be something that
they will have to do in their future engineeringesar. Group 1 students supported EVS use to
promote tutor and peer dialogue and to compars césponses in order to self assess. This
support for EVS was also reflected in the drawirgreise. EVS was also thought to be

useful for providing feedback during lectures amel level of explanation when students did
not understand something was considered to begaag. Although the students agreed that
the best quality of feedback was from the tutdrsytindicated that their first option for
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obtaining help would be to approach friends. Thiduded the groups of four that they were
split into during the lectures as well as persdmneahd s or other students on the course who
lived close to them. The students also said theat tfiten worked in their groups in the lab to
do their homework exercises, although some prafdoelo at home because of the

flexibility. Students also indicated that they agapated being able to see their fellow
student’s scores. Students in both groups feltttiegt benefited from the experience of
working with peers, multiple opportunities for extion as well as the two week window to
complete the task. Students in group 2 also higtdid) the flexibility of the system but
cautioned that the numerous opportunities for resssion could reduce effort in some cases.
One participant in focus group 1 pointed out thathomework system was effective,

Because you can confer but all the numbers areréifit so you can’t copy each
other but you can help with the methods.

Students in both groups tended to seek peer vigbdback or posted questions to the
discussion board if they felt stuck with a problent the results of the questionnaire suggest
that students in both groups generally felt thp heas quickly available in some form or
another when they needed it and that this helpeffastive in helping them to progress their
understanding. The students in group 2 sugges&dhby tended to attempt the homework
exercises individually and then if they had prolddahey would join other in their group to
discuss it before making another attempt. Agaitwvifas more convenient to do this with
students who lived nearby or were good friendssthdents were quite happy to work in
alternative groups.

Principle 5: Encourages positive motivational beliefs and salf esteem

After each of the focus groups had been compléhedstudents were asked to fill in a short

guestionnaire and a drawing exercise. For the digyexercise, the students were asked to

draw what they were currently thinking about in thedule, give up to five keywords to sum
up the issues in their drawing and provide a séxptanation of their drawing.

The drawings from groupl, which was comprised gfaup of highly performing students
contained images of friendly looking lecturers, s, students sayirigh | understand

now and references to the lecturers practice of dpglproblems tdreal life situations:
Keywords includedtnteractive learning; amusing; interesting; enjoyajwell resourced,;
excellent tutors; fast paced; challenging; thoughavoking,Explanations included career
aims which correlated with the keywords and illagtms, but the illustrations has also been
used to convey deeper messages about the studBetsions on their learning. While the
exercise indicated that most of the students iy gatisfied with the course, they
acknowledged that there were peaks and challengdgeaourse. One prominent feature in
the drawings and explanations was that the studgmsared to be motivated to a
considerable extent by career aims, with one stuctanmenting,

| like this class as | feel it is a major steppstgne in getting closer to the career |
want as it is one of the most important classes.

The pedagogical benefits of the interactive sofenthat were highlighted in the focus group
discussion were reinforced by a student who hasdtrhted the lecturer demonstrating the
motion of a plane as the only image in the boxsTas accompanied by the following
explanation,

Interactive learning stops my mind wandering aneljgeeme focussed during the
lecture. Another example of this is the PRS.
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The drawings for group 2, which had more of a mtof students in terms of performance
contained images of group discussions, softwareagrath winding round mountains, a
person thinking outside the box and a figure surdedl by arrows pointing in different
directions among other images. Keywords includezhm, unsure, uphill; different learning
styles for understanding; hazy concepts and clseleshe explanation section students
suggested that it is important for them to tallaagoup and engage in peer work outside of
class. This reflects the general enthusiasm faakonetworking and peer support that was
strongly voiced in the focus group.

The course appears to have inspired sthoeight’ as described by one student along with a
drawing of a student thinking outside the box.xplanation of this the student suggested that
‘Mechanics has a lot of stuff that is counirtuitive’ and this notion of being forced to redk

on the material presented in different is in linéhvthe conceptual focus of the lectures and
the EVS use and problem solving attributes of treb¥Assign that was highlighted in the
focus group. Another student who had selected elyev&rds different learning styles for
understandingto accompany a scene of lectures and softwareibdeddahe importance of

the PRS, lectures, WebAssign and group work to steigents to understand the coursework.
The idea of this complete package of learning c&Sleomments made by several students on
the focus group and is clearly an important elenétite course redesign. The redesign may
also have helped to improve the atmosphere and/tmetnaf staff and students in the
lectures. A student who depicted lecturers engaigirgndom banter’seemed to reflect the
relaxed light hearted atmosphere of the coursesthrae of the students in the focus groups
alluded to. Discussion in the lectures and theiegiibn of theory to practice may have
helped to achieve this while not detracting from divjectives of the course.

However despite the enthusiasm for the coursetsndetdesign that the majority of the
students vocalised in the focus group, some stadgilitappear to be struggling with certain
aspects of the course and this has been apparina drawing exercise. The student who had
illustrated a winding road through the hills witaykvords foad, unsure, uphillexplained

that he had experienced the course as beingdikairney to an unknown destination with
hills to overcome’Moreover the student who had depicted himselfedisg surrounded by
arrows with the keyword<tueless, in the dark, unsure and lastplained that] don’t

really know where | am on this course right no@adly it appears that a minority of students
even with the easier modes of communications iogpfaay still continue to struggle to seek
help from either staff or peers. This particulardent did not vocalise his struggles and the
information only came to light when he could illade his fears quietly and anonymously.

Principle 6: Provides opportunities to close the gap between current and desired
performance

The repeated learning cycle of on-line homeworknsigbions and immediate feedback has
provided the students with multiple opportunities pgractice and develop skills between
assessments.

Student/Tutor perspective on opportunities to clos¢éhe gap between current and desired
performance

Students in group 2 supported the frequency anptehalignment of assessments but
pointed out concerns about practice opportunitesii of the exam type questions. There
was support in focus group 1 for the multiple oppwities to reflect on the material with one
student noting,

I quite like how you can stop and start it and galpoto it.
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Students felt very satisfied with the frequencys$essments as they were given an
opportunity to be assessed at the end of everytehapich provided them with multiple well
distributed opportunities to consolidate knowledgd reflect on their performance before the
end of term exam. They also liked the fact thatelveere clearly defined segments to be
assessed on and as one student pointed out,

| think that given the fact that each assessmdpased on a chapter, if you mess up
on one its not necessarily going to affect youhenrtext one.

Principle 7: Provides information that can be used to help and shape the teaching

Students in the Phase 1 pilot were directed to ¢tetepre-class web assignments which had
warm up questions and puzzles related to the pthimelass activities. Responses to the pre-
class assignments were used diagnostically tormfbe focus of the classroom teaching (Just
in Time Teaching, JiTT).

However revisions to this year's course have wirdsa change to this format and as a result
a change in the staff/student interaction. Staffrigyear’s course seem to have been able to
obtain less feedback from the students than inipuewears, as Jim described,

We haven'’t done it for this year’s class but whatdid for the past 2 years was just
in time teaching so we posed questions on-linbefytpe of questions that they
would get in class, like MCQs but we wouldn’t gnd@rh as MCQs, we would put them
as short answer questions and we encourage thertsitb go on-line now, what we
don’t do is like many universities who do justiind teaching do is they give grade
points for going on-line and contributing thingse\Wecided not to do that and what
we were getting last year and the year before wabgbly about 30 students, well
that's just looking at my class but 30 studentsajut50 would try it and then we'd
comment during class on how they’d tackled thastjoe.

What we've found this year is that ylear students haven’t used the WebCT
discussion forums an awful lot. We encouraged tteeask questions on WebCT
rather than send e-mails. Overall this year, weéhhad less contact with them
because they're not coming to the tutorials ang th&ven't engaged in WebCT
whereas in previous years we would have had tha igfore a test hundreds of
posting onto WebCT. We told them about it and stdtwem previous year’s
postings and the types of comments that were matdaib year they just didn’t do it,
well they did but it wasn’t hundreds of postingsyas probably about 30 that we got.

Student perspective on staff action on feedback

EVS was considered by students to be a useful dsignmeans of gauging generic student
understanding, which was well responded to byebtuter with expanded explanations. One
student summed up what others appeared to feet gimuse of EVS in lectures, by
describing how,

There is always discussion afterwards, the tutéss Aase how quickly to work
through the rest of the course depending on how ¢uestions are answered, if a lot
of people are struggling he’ll slow down and expandvhat you've been saying and
expand on it slowly but if it's an easy topic am@myone’s getting it right then they’'ll
speed up the course and give you more time on edwtions.
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Condition 1: Sufficient assessed tasks are provided for students to capture sufficient study
time

Since the homework system is browser based, ibeasccessed by students anywhere on or
off campus. This means that the system is much rflergble than in more traditional
formats and allows the students to work around thtkier commitments and lifestyle. As Jim
noted,

You just need to look at the times that they acessing the system like 2 in the
morning. It's generally late at night that they id@part from close to exam time.

Student perspective

Students in group 1 enjoyed the flexibility that gystem gave them in being able to work
from home but they tended to mix this with workinggroups in the labs at other times.
Group 2 students also appreciated the flexibilft&ing able to access the resources online
when and where it was convenient for them andtfielt this enabled them to achieve greater
time management. One student also commented timgf e keyboard was more efficient
than writing but that the time spent on this subgeenpared to others varied depending on
the tasks at that time.

Condition 2: These tasks are engaged with by students orienting them to allocate
appropriate amounts of time and effort to the most important aspects of the course

Initial evidence showed that the students were dipgrconsiderably more time and effort on
the new homework exercises. Because of the inaldase on task and improved mastery of
learning the second class test was reduced froaugstio 1 hour.

Student/Tutor perspective on distribution of time o task

Students in group 1 were enthusiastic about thei@fty of the WebAssign system and
supported the pedagogical benefits of the multigladlines in order to build progressive
skills. Students in group 2 agreed on the increaffiedency and added that flexibility and
greater time management were further benefits.stipport from both groups for the
efficiency of the system was reinforced by the tjpesaire responses.

Although the students in focus group 1 appreciatadng a two week opportunity to do the
homework, they indicated that they generally lefiritil the last minute to complete. As a
result of this, some students missed the deadlittgugh this was on one occasion partly due
to an ambiguity in the AM/PM 12 o’clock deadlinehedule. Students were relaxed about this
though as they had been granted extensions arttidieif they did miss deadlines, they had
some recourse to appeal. Generally they felt tiexetwas an adequate amount of time in
which to complete the homework and the deadlinge ween as a catalyst to spending more
time on task. As one student commented,

I think if you were left to do the problem as well probably wouldn’t but the fact
that you have got the deadline to do as well idlohboosts you to do it a wee bit
more so you are kind of getting more practice .at it

Like in the previous focus group, the studentotus group 2 appreciated having plenty of
opportunity to do the homework, but most left itiliihe last minute to complete. Again,
some students missed the deadline, although tlisowane occasion again due to an
ambiguity in the AM/PM 12 o’clock deadline schedutudents felt that the WebAssign had
been an efficient use of time leading to constuechienefits, as one student commented,
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I think it's managed to save a lot of time for alves and the tutors and given them
more time to develop what they are going to taluland give more time for them
to speak to people individually if they need ittutorials you can speak to them
rather than having to sit and mark through stuff.

Thus although the students indicated that theytsggemuch time on other subjects, their use
of time was felt to be particularly beneficial withe aide of the software. The even
distribution of study effort afforded by the desgfithe deadlines was felt to be of particular
use to students in order to help them to progrelshwild on their acquired skills throughout
the duration of the course.

However, one student cautioned that

The fact that you get 5 attempts to log into Welghssieans you don't really out as
much effort in as you would if you were writingiit and there’s a hard copy of it
going to someone.

Most of the students in each group agreed in tlestgpnnaires that they would get more
work done by spending more time onkigure 5 but the students in both groups indicated
during the focus group that they considered the Agsign to be an efficient use of their
time.

Figure 5: Focus group student perceptions of timerotask
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It is interesting to note that one of the studémm group 1 had indicated that they have
spent a lot of time on the work without making mexs since this did not come out in the
focus group, although one student had referreghscamd downs in their experience in the
drawing exercise. Two students from group 2 in@iddhat they had spent time on work
without progressing and it may be that these weedwo students who indicated difficulties
in the drawing exercise while again not vocalidimgir problems in the focus group.

Condition 3: Tackling the assessed task engages students in productive learning activity of
an appropriate kind

It is perceived that the quality of learning waghar as students were engaged in Socratic
processes which encourage deeper thinking. Howass/éim pointed out,

It's difficult to tell because all the studentstins mechanics course are all highly
gualified. | mean they are among the best studsartsng out of Scottish schools.
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Student Perspective on matching task to learning ntarials and appropriate study

Students in both groups considered the lectureriahté/ebAssign, textbook and exams to
be generally well aligned but students in groupdidated that one of the most important
class test questions was not well aligned withwabAssign content. Students in both groups
felt that the January exam had been too short @nd weluctant to see this exam becoming
web-based because of the potential of loss of maksy picked up from markers being able
to see ‘workings’ behind answers. They expressatitkiey felt that there was good alignment
between the lectures, textbook and homework exageigth one commenting,

We tend to get it in chapters the homework in WsigAsso the chapters in lectures
and everything, like the WebAssign will refer tatthapter it's from and like what
part of the chapter so you can look it up reallgigathat way as well.

The students were also confident that the matenaVebAssign provided them with good
preparation for the exam because as one described,

The questions on WebAssign were quite similardmttes that came up pin the test
in the last semester. So | mean if you know hayetall the way through WebAssign
then you're probably going to do alright on thettes

Another student reinforced this support saying,

There’s all the end of chapter questions in thébi@ok. Everything you have done is
in the textbook, all the PowerPoints are on-lifegdu need any general revision, so
there’s more than enough time to pick up what y@teen doing and develop on it’

The general feeling was that the January exam bed two short for the students. Students
were not really in favour of having this put on theb as they felt that they would be unable
to show their workings on numerical problems arat thuch of the exam content had been
conceptual and thus they could envisage a wayfe€tefely conducting on on-line exam
based on a similar content. One student felt thatraline environment would be too
distracting.

All of the students in group 1 indicated in the sfiennaires that they managed to understand
things before it were too lat&ifure 6. This group exclusively consisted of students who
had achieved desirable performance on the classtes two students who responded
‘neutral’ and ‘disagree’ to the statement may adpgive been the same students who
indicated different degrees of struggles in thewilig exercise. If this is the case yet they did
not vocalise it in the focus group, it may thatstheand similar students on the course may
find it difficult to pursue feedback from their peeand or tutors in a public environment. For
some of these types of students, anonymous elécierr feedback or one-to-one staff
feedback may be useful.
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Figure 6: Focus group student perception of the leaing cycle
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Condition 4: Assessment communicates clear and high expectations

The expectations of the course and the assessarentaturally set at a high standard given
the subject nature and the fact, as Jim pointedhaitthe students on the course were of a
very high academic standard at entry level. The ination of the conceptually based
lectures and problem solving format in the homewax&rcises facilitates a high standard of
application of theory to practice in the cours@asgessments.

Efficiencies
Benefits for students from the Phase 1 pilot

Access to the online homework system has giverestgahe opportunity to not only receive
feedback as a result of an assessment, but thtbeghutomated Socratic dialogue students
also receive continual feedback during the assedsamel are able to immediately self
correct. This way students don't have to wait uhily receive feedback from their tutor to
have their misconceptions clarified, instead gageiowledge can be addressed immediately
and lead-on tasks are not impinged.

In the previous system of written homework it wased that student effort had a tendency to
drop off in the second semester, students subgiiiss homework and dropping their
performance in class tests. Through the new ohlameework system students are not only
encouraged to spend more ‘time-on-task’ but to sdstistribute their study efforts
throughout the year. It is also perceived thatiaity of learning would be higher as
students are engaged in Socratic processes whichuege deeper thinking.

Benefits for students from the Phase 2 pilot

Over the past ten years, this class has introdgaaep work, re-designed learning spaces,
teaching-by-questioning using EVS and structuretlem solving strategies. Overall the
impact on the students has been profound, with leigdls of attendance (even at early
morning 2hr sessions on Mondays and Fridays), ivgztgrades and an impact on retention.
The unresolved issue with this class has beentyledf assessment (fairly traditional written
homework and tests) and the student focus on exapagtion (what is required to pass the
test?!). At the beginning of this Project, the laghrisk was identified as possible negative
reaction to online homework for ‘formative’ assessitn(although the homework is graded),
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since the students are wholly unfamiliar with tlaisgd shorter written tests (with less choice).
During the first year of the project it became appathat this was not a problem. Further, an
evaluation undertaken towards the end of the segeadof the project by the University of
Glasgow partners resulted in a very positive respdrom the students, including those who
were under-performing and struggling with the wiwée.

All of the students in focus group 1 expressed thgpreciation of both the WebAssign and
EVS, which they felt combined to increase attenti@ep focus, provide instant feedback and
promote discussion. 4 students in group 2 hightidithe benefits of EVS while 6 focused on
the WebAssign as being the most beneficial aspacticularly with the on-line reference
material and multiple opportunities for engagem&utial benefits of the WebAssign system
were also mentioned and this theme was revisitéldemrawing exercise. Students in both
groups supported the dichotomy of conceptual/praldelving learning activities aided by

the EVS and WebAssign systems respectively.

Benefits for staff

As identified previously a number of workload betseéire already being realised even
without full implementation of the pilots. As idéired in Table the assessment burden is
projected to reduce from 50 hours per tutor to dré once full scale implementation has
been adopted. While saving have been made in f@et snarking there is a financial cost in
using the MasteringPhysics homework system. Theaent was fortunate in being given
free access to the online homework system for tinpgses of the pilot. In the full
implementation however there will be an annual c6$4,000.

The primary benefit of implementing the online havoek system, and potentially the CBM
marking, has been the freeing up of tutor time.r&wugh the online homework system was
only implemented in the second semester this fopea total of 40 hours of all four tutors.
Further reduction were made in the assessment ibiet=ause of the increased time-on-task
afforded by the online homework system, reducimgfihal class test from 2 hours to 1 hour.
This equated to a total of 30 hours saved in tutarking Table J

Through the implementation of the online homewagrstem tutors have also been provided
with an extra level of easily accessible diagnasticrmation pertaining to student
performance. Problems students are having withcpéat topics can be analysed on a more
granular level and through the homework commentdigke end of each homework,
students have an additional way of flagging issués the tutors.

Table 1 Tutor workload distribution before, during and after assessment redesign

Lecture/ Class

Period Preparation Tutorial Homework Tests Total Saving
Before Pilot 48hrs 96hrs 20hrs 30hrs 194hrs -

Pilot 48hrs 96hrs 10hrs 22.5hrs 176.5hrs  17.5hrs
Full 48hrs 96hrs ~0hrs 15hrs 159hrs 35hrs

implementation

Limitations

Students in both groups had experienced only mewmical problems and were satisfied
with the usability of the software. Students indsgroup 1 found nothing negative to report
of the experience while students in group 2 fedt they had been disadvantaged by
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insufficient time on the class test and the lackrejparation for question types and one
student felt let down by the lack of staff faceféwe interaction. Outcomes from the drawing
exercise and the questionnaire data suggest tmate of students from the second group
and perhaps one from the first felt a little lesafident than they had alluded to during the
discussion and these types of students may benef# from targeted intervention.

In group 1 responses indicated that there were miripr technical problems including one
occasion when the wrong MCQ answer was providedhisitvas swiftly dealt with in the
following lecture. Another student noted that itsymossible to guess the answers as there was
no opportunity to display their workings, while &mer pointed out that the numerical
formatting could be problematic, claiming that,

If you don’t out enough numbers after the decinwéhipit doesn’t always accept it as
the right answer and sometimes you need it upaioddit doesn’t accept it.

However on the whole students were happy witlpthaeticality of the software. When
guestioned about its ease of use, one studentigeddr as being,

Easy to log into, quick to do, you get feedbackight away and you've got a second
chance if you've made a slight error.

Although the students felt that they had not resgimuch instruction for the technology, this
did not appear to be a major problem for them.

Apart from some initial WebAssign logging in profle, students in group 2 had experienced
few technical problems with the technology althoaghin students noted that there had been
little instruction but that it probably wasn't nasary.

Sustainability

The success of the use of online homework systdirestly linked to high quality (custom
published) textbooks and supplementary material degn very evident. The Department has
three streams of engineering science subjects ggsigig through the first three years of a 5
Year Course (the"and %' year being more specialist) and has already stameestigating

the exclusive use of available textbooks (rathantprinted notes), with online assessment
being introduced as this type of content becomeslable. Two other classes have also
started to use WebCT for formative assessment4gsjzand summative assessment (end of
semester class tests). All staff are responsiblerisuring sustainability, although it should be
emphasised that the Department has a history a@stmg in educational initiatives and
innovations, so the culture for positive changienglicit. However Jim noted,

| think the only issue would be if we are movingh®online system that would
require the students to get key access and ifubéghers in this country will be
sensible about it they will make the cost of therice fee acceptable. Our students in
the first year were only ever meant to buy onenar hooks so they never spent more
than £100, bit if the classes are working to thelieoks quite intensively and there is
a large on-line component linked to the textbo@th must be priced at a sensible
level. .

Since the decisions about the curriculum are matleatively by theme groups within the
department with departmental consultation rathan thn an individual basis, the changes are
likely to survive staff turnover. A substantial nben of staff are also highly competent in IT
skills and most of them are experienced in usiegilebCT system.
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Institutional support

Changes have been supported at an institutional Ievterms of adaptations to the lectures
theatre to accommodate a social seating arrangeraéthbugh this coincided with the
existing refurbishment timetable. WebCT has alssntedopted as the institutional VLE.

Future progress and strategic development
Three main issues have emerged — these will bestigeged further in the next academic year

For many years in some classes, short 1hr writtets t often marked by other students and
checked by tutors, have been used mid-term anaetetm, to reduce the time required for a
formal written test at the end of each semesteesé&thave been quite successful over the
years and appreciated by the students in termgeduced load at examination time. As part
of this project it was proposed to use such smedass tests using the EVS and a variety of
guestion types. (The in-class written tests hawendeen used in this class, due to the
frequency of written, assessed homework). Thrderdifit question types were used: standard
MCQ, MCQ supplemented gertainty-Base MarkingCBM) andRanking Taskdn the first
year of the Project, a few practice tests wereimuhe 2° Semester, followed by one graded
tests. In the second year of the Project, thresass tests were used (one practice). In fact the
students did not respond well to the Ranking T#altkough these are widely used in physics
education) — after various discussions, we cantbaaonclusion that the written component
of the Ranking Task (explanation of student reasgnivas key. Further, student reaction to
CBM was very mixed — we have come to the conclustiai students need more practice in
this, probably through formative online assessmemd, this should be introduced very early
on. How this will be handled in the next acaden@arywill be discussed by the teaching team
after the summer break. This style of in-class sssent has considerable potential in
numerous ways, but we expect needs more care iteringmtation, especially for new
incoming students who are wholly unfamiliar witlisttype of grading and assessment.

As highlighted in the preceding discussions, atheicd at tutorials (problem solving sessions)
has been sparse, although the students have rte@@mny perceived loss to their learning
(from the Glasgow University Focus Group Study).irtleed this is an (unexpected?)

outcome of the Project, there are major implicatifor how this time could be used (or not
used) tutorials account for about one-quarter oftact time. There are various options:

remove tutorials but maintain contact time and tneetime in other ways (many options

here), have staffed computer labs while studergsMastering Physics or WebAssign, reduce
class contact and so on. This will again be dismigsy the teaching team in the Autumn in
preparation for next year.

There has always been feedback from students, atacoh-class and online in Discussion
Forums, that they forget some of the logic and ents behind the resolution of in-class
ConcepTests using EVS. This has been a commongmolith the use of this technology
with class discussion, and systems have appearedajaparently been successfully used)
which can capture the whole classroom experienoavéFPoint talk-through, video of in-
class discussion and so on) and at relatively lost.cThis possibility will also be examined
for next academic year (using remaining funds fah@ Project) since it could be a key
component of student self-study and formative a&ssest.

Lessons learned

The change that has contributed most to the qualfitgtudent learning is the integrated
approach to class re-design (in our case group ,vEWS and teaching-by-questioning in a
group setting) is now supplemented by high quaitpport material and intelligent online
homework systems. Just changing one aspect wectuspeld not be sufficient for a major
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change. For example, some institutions have regpquter responses to the use of online
homework systems, which we suspect were due t@lsgen as an ‘add-on’ to a traditional
class rather than the basis for a radical re-dedige use of high quality online homework
systems, used appropriately contributed most taidied costs. Of course these are not
available in all subjects and for all classes ity@ical degree program, however they are
available, or are being actively developed, for ym&indamental science and technology
subjects, especially in the early yeakpart from the comments on an integrated approach
given above, the only real issue identified at theéset as being the most important
implementation issue would be student reactiorhéodnline systems. This did not arise in
practice, engineering students seemed to adaphecotline system very well, with no
training.

In addition to the comments above on essentiablfesgeneral advice to other departments
undertaking similar projects would be to talk tagising academics who have made the
change, and visit their classes (in person andnenliThe only thing that the course
coordinator suggested that he would have donerdiffly would have been giving more
thought to the in-class testing component usinghdwe EVS systems and the use of different
question types. It had been thought that this wdnaeldairly straightforward, but the student
reaction was mixed, perhaps because this wasesotalithem.

Critical success factors from Phase 1

The Department of Mechanical Engineering has a hosipry and experience of
implementing new teaching strategies. Membersefigt year teaching team are fully
conversant with the latest developments in teacamglearning. All the team involved in the
re-engineering of Engineering Mechanics are alsp #emputer literate and are aware of the
latest developments in online and in-class assagdums. Up until very recently the main
barrier in implementing an online homework systeam heen the lack of fully realised
products which support the Socratic processes edeloeid the T year mechanics
programme. Another innovation which has made ttestalevelopments in Engineering
Mechanics possible has been the introduction medK of custom publishing. With custom
publishing different textbooks and parts of textke&rom the same publisher can be
combined and printed in one publication. This pssaeot only makes the textbook highly
relevant to the class being taught but it alsogtwors access to the vast array of electronic
content (e-packs, MCQs, warm-up questions etc)cesteal with that publication.

Critical success factors from Phase 2

The main objective (deliverable) of this Projecs lheen to reduce the (significant) amount of
marking required in a large and importafit¥Year class which is delivered to over half the
incoming students in the Faculty of Engineeringrfriour departments. A typical cohort is
250 students, split between two sections and delivéy four academic staff; the subject
matter is fundamental engineering mechanics, wigghires a significant amount of problem
solving as well as conceptual understanding. Bdtthese basic skills have not been well
developed during secondary school physics, evemwal qualified students, and both need
considerable practice (and indeed a re-focussing)jngl the students’ initial year at
university. Over the past ten years the issue ofceptual understanding has been well
addressed through the use of in-class discussiahtdeed by Electronic Voting Systems
(EVS). This has improved not only their fundamentatierstanding, but also examination
performance, attendance at class and retentionektwhe problem solving aspect remained
problematic and required a significant amount @fffstime marking and annotating (for
formative feedback) fortnightly written homeworko Treduce this, at most two written
problems were required to be completed using ahhigttuctured (multi-representational)
problem solving framework and strategy. At probleoiving sessions (tutorials) the students
tended to focus on these homework first, and refeéstigations of other problems until last,
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even though a structured problem set was specifiedddition they remained very much
focussed on what type of problem would appear éndlass tests, and tended to concentrate
on those. (The class is assessed by the writtereWork (25%) and two 2-hr written class
tests (75%) at the end of each semester). It weislelk as the main objective of this Project
to try to reduce the marking ‘burden’ using a camation of in-class tests and the next
generation EVS systems (which allowed more divepgestion types other than multiple
choice, MCQ) and intelligent on-line homework sysse

The introduction of the online homework and testiaygtems has been very successful, but
has led to some ‘apparent’ unexpected consequelicalso became apparent that in-class
testing, using different question styles, woulddhe®ebe developed further since the ‘concept’
seemed to prove strange to most students. It had beped that these issues would have
been resolved during this academic year, whichnei##d to be investigated further in the next
academic year.

Dissemination from Phase 1

The Department disseminated early findings frompitogect at local and national level.
Locally the Faculty of Engineering initiated a Thieng & Learning forum where REAP
activities were described and discussed. Natiorzadlpverview of the changes implemented
as part of the re-engineering of Engineering Meitfsawas given in a keynote speech by Prof
Jim Boyle at the Institute of Mathematics and ifgpcations (IMA) conference on ‘The
Mathematical Education of Engineers’, Loughboroudharch, 2006.

Dissemination from Phase 2

Presentations (on the use of EVS) have been massmanars at the University of Edinburgh,
the University of Bristol and Dublin Institute oe€hnology.

Conclusion

The redesign of the Engineering Mechanics modufgars of an on-going process of course
revision which has been active over the past tearsyeChanges over this period have
included the introduction of active and collaboratiearning into the large lecture room
through the use of peer instruction and electreoiing systems (EVS) along with redesign
of teaching space to promote collaborative workifigaditional lectures were replaced with
‘active-learning’ sessions with a combination ofniHectures, videos, demonstrations and
problem-solving. Phase one of the REAP pilot (26D%atroduced a new online intelligent

homework learning system MasteringPhysics, whicls waplemented as a replacement to
the traditional paper based homework. This wasaoeal for Phase 2 (2006-7) with a testing
system, WebAssign.

Qualitative evidence from student focus groups eatggl that the synthesis between the
homework exercises, EVS questions in class anatalapter textbook questions provided
a clear set of criteria for what kind of learnirgiaties would be expected of students,
although the expected standards were thought #olittée vague. Despite this, the vast
majority of the students continued to perform aivabthe 90% level on assessments.
Students considered the on-line facilities to ieieht and valuable tools for reflection.
Students felt that they had benefited from the ihisgy of the on-line feedback but while
some students appreciated the hints and tips theided information on the accuracy of
students’ current performance in relation to thesired goals, others requested increased
opportunities for formative feedback in order téphem to improve their performance.

Tutors found tutorials very helpful and used thesmexjuired for additional help but most
students found the feedback from the homework sysited from peers to be sufficient
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although if a lot of students had difficulties lretsame area, the system did not run quite as
smoothly. Students were very much in favour ofdbeial seating arrangements and in the
promotion of peer discussion through EVS and thisroved their working relationships out
of class as well as in. Students also generallyyenj the flexibility of the two week window
for submissions and the efficiency of the techngldthey appeared to be highly motivated
by holistic package of learning offered to thenthwy combination of lectures, EVS, multi-
media use and the homework system and expresdgtl ddgree of course satisfaction and
enjoyment, although one or two did appear to heggling more than they were willing to
vocalise.

Frequency of assessment and course alignment wasaljg considered to be good despite
some concerns about particular exam questionseBtsidlso felt that the EVS in lectures
provided lecturers with a useful diagnostic togon which they acted appropriately in terms
of remedial action. Some students had struggleld tivéd mid-term exam because they felt a
little under-prepared for one of the question typesonsidering the merits of having the
exam put on-line, students were wary of losing mdok showing their workings, but they
felt that the on-line homework exercises genenadgpared them well for the exam. Most
students indicated that they achieved a good utadelisig of the course in time for
assessments despite the fact that a high stantiaathievement was set for students.

In sum the homework system has offered studentsncmus timely feedback, increased time
on task and distributed learning more evenly okeryear as well as promoting deeper
thinking. Crucially, staff time on task has beegndficantly reduced while they have

benefited from a diagnostic tool in the homeworktegn, with only minor technical

problems. The design appears to be sustainabldistwlssions are on-going for future
development including a revision of CBM, movingatiials into labs and the development of
multi-media learning tools. Overall the introductiof the on-line homework system on top

of the other elements of course redesign implendenter the past ten years has achieved it's
aims of reducing staff marking time and in helpstgdents to focus on the learning process
rather than simply on the outcome.
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