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Frequent feedback synchronized with the lesson pks been shown to improve student learning outsoime
several studies. With increasing enrolments couplgld reductions in education funding, instructarg left with
fewer resources to provide frequent feedback aetelop enhanced teaching techniques. Multiplecghquestions
based assessments, while easier to administeoatdered less reliable than traditional free-fassessments.
Intelligent tutoring systems (ITSs) based assestsmean improve the speed of assessment while pnayvid
immediate feedback to reinforce lectures and figeasources for instructors. This paper first psgsoan ITS
design for multi-part problems where all questians posed at once. Next, the paper evaluates $tpdereption of
this new ITS through a survey and a focus groufio®ing this, the paper evaluates the effectiversdghis ITS on
a test score (an indicator of learning outcomesjalfy, the paper lists lessons learned that wdndduseful to the
education community at large. The study indicaltes the ITS was received well by the students aatithe time
taken to complete each attempt of an ITS assignmastcomparable to a paper-based assessment.chadlifi the
analysis of test scores indicates that the proptEgdan lead to improvements in student learninghay be noted
that the proposed ITS differs from commercial ITi8sposing all questions at once. However, the pegiag!
advantage of offering all questions at once wasawatluated in this study. Further, the proposed WeS not
compared to other ITSs and the observed benefifsmoibe unique to this implementation. As suck, ¢arrent
findings are locally encouraging and important.

Keywords. ITS, Intelligent tutoring systems, automated asseEmnt system, non-programming assessment, multi-
part assessment.

1 Introduction

Frequent feedback has been shown to improve studaming outcomes, particularly
when the feedback is integrated and synchronizéudtive lesson plan (Gibbs & Simpson, 2004).
Instant feedback has been shown to have a posffeet on student learning outcomes in as
diverse fields as accounting (Mohrwei & Shinhaml 20 clinical nursing for improving concept
maps (Wu, Hwang, Milrad, Ke, & Huang, 2012) and paoier science (Nutbrown, Higgins, &
Beesley, 2016). Nutbrown, Higgins, & Beesley, 201de that student were able to identify
common mistakes and quickly identify areas of impraoent as a result of instant feedback.
Currently, instructors are faced with increasingdsnt enrolment (Klemencic & Fried., 2015)
coupled with reductions in education funding (Gei@®10; Mitchell & Leachman, 2015). This
has left instructors with fewer resources to previtgequent feedback or to enhance their
teaching techniques. While multiple choice questiMCQ) are easier to administer, they may
not accurately measure student learning (Funk &éa, 2011; Stankous, 2016). Intelligent

tutoring system (ITS) based assessments can imphevepeed of assessment while providing

! Mechatronic Systems Engineering, Simon Fraser éfgity, Surrey, BC, Canada V3T 0A3
* Corresponding Author, email: krishna@sfu.ca



immediate feedback to reinforce lectures. Additllynan ITS would free up time that would be
normally allocated to evaluating assignments, a$ ageeliminate the overhead associated with
recording assessment scores. The instructors magstirthis time towards developing more
interactive and immersive teaching methods or &wide more one-on-one interactions with the
students. The automated nature of ITS assessmesufd vaid with data collection in the
adoption of outcome-based education.

Published studies provide strong support that I'E8s improve student learning in
rudimentary mathematics, particularly at the midatel high school levels (C. R. Beal, Arroyo,
Cohen, & Woolf, 2010; Carole R Beal, Walles, Arrpy Woolf, 2007; Brusilovsky, 1999;
Graesser, Chipman, Haynes, & Olney, 2005; Mitratial., 2009). A good meta-analysis on the
effectiveness of the ITSs can be found in Kulik &tEher, 2015, who note that ITSs can result
in a median improvement of 0.66 standard deviationghe test scores. The research at
Pittsburgh Advanced Cognitive Tutor Center (PACT) R. Anderson, Corbett, Koedinger, &
Pelletier, 1995; A. Corbett, Koedinger, & Anders@897; K. R. Koedinger, Anderson, Hadley,
& Mark, 1997), and its progeny, Carnegie Learningognitive tutors, have focused on ITSs for
middle and high school students. A very large-seai@uation of the PACT-ITS indicates that
students coached by the ITS outperformed studardascontrol group by 15% (K. R. Koedinger
et al., 1997). A similar study on middle schoold&nts suggests that ITSs can lead to an increase
in motivation to tackle difficult math problems (Baq et al., 2007). Aleven, Mclaren, Sewall,
Koedinger, & Mclaren, 2009 have proposed an enhmeoé to the PACT/cognitive tutors
termed “example-tracing tutor”, where they compsitelent behavior against their database and
provide step-by-step guidance. Melis et al., 20@vehdeveloped a system called ActiveMath
that aims to incorporate more advanced problemh asctheorem proofs by using an XML-
based representation of mathematical knowledgeomnputer engineering, there are several ITS
tools such as CourseMarker (Higgins, Hegazy, Symilegr& Tsintsifas, 2003), Assyst (Jackson
& Usher, 1997), HOGG (Morris, 2003) and Online Jad@heang, Kurnia, Lim, & Oon, 2003)
for evaluating programing assignments. Ala-Mutk€d02 and Crow, Luxton-Reilly, &
Wuensche, 2018 provide good reviews of severaltéb® for assessing programing skills. They
conclude that these systems can provide no feedlaack cannot asses all aspects of
programming. It may be noted that ITS in prograntend to execute the program (i.e. run the

program and examine its outputs) and cannot bendgtboutside of computer programing.



Outside of rudimentary mathematics and computegrmaraming, ITSs have been utilized
in simulating physics experiments (Browne, 2008pport vector machines based evaluation of
engineering assignments (Quah, Lim, Budi, & Lu&)@0and on an integrated testlets for posing
MCQ in physics (Shiell & Slepkov, 2015). ITSs hadween used in cryptography (AbuEl-Reesh
& Abu-Naser, 2018) and for tutoring seismic datiipretation (Ahuja, 2018). Despite showing
promising results, ITSs have not been widely adbptemulti-part problems (MPPs) common in
post-secondary education. The logical extensiomahfy of the current ITS methods to MPP
would result in students being awarded an unfdaly score for mistakes in early parts of the
problem (refer to the section “The challenge ofeasgig multi-part problem”). This would
presumably cause student resentment as binary-atkthing scoring is known to cause student
resentment (Fray, 1989) and there have even b&an@s to introduce partial-credit scoring on
the multiple-choice exam (Grunert, Raker, Murphy,H&Ime, 2013). The integrated testlets
discussed earlier (Shiell & Slepkov, 2015) can opbse multi-part MCQs. However, the
integrated testlets is better equipped to posdectlproblems rather than MPP as the solution
cannot explicitly depend on solutions to earlieolpems. There are a few commercial web-
services such as MasteringEngineering (by PeaemhBSaplingLearning that may be applied to
MPP. These systems pose one part of the questiantiate and use an answer-until-correct
approach to “guide” students towards the correstvan before proceeding to the next part of the
guestion. Many MPP particularly in engineering, ¢amolve “design” with multiple correct
solutions. Here, subsequent parts of the probleperti on earlier design decisions, and answer-
until-correct may be unsuitable. Hence this pampeused on a system that would pose the
problem in its entirety rather than individual stepf the problem. This was done in part to
encourage the student focus on the “big picturdierathan individual steps and train them on
more realistic problems. Further, posing the whwigblem would allows the ITS to be easily
extended to posing automated exams. Additionally, grading system will require access to
some student information. Privacy policy at our vensities (which is in-line with other
universities) encourages student personal infoonat be stored on the university servers (or,
with some exceptions, stay within Canada) andtbtrrohibits this information being stored
with “non-Canadian entities”. All commercial prodsicthe authors are aware of are hosted

outside of Canada. An open source program was ohgzséhat it can be installed on a computer



managed by the university. Hence this paper praptiseevaluation of a new ITS for MPP that
can pose an evaluate the problem as a whole asvfoll
1. Design of an ITS for MPP to deal with student nkstain early parts of the assessment.
2. Evaluate how undergraduate students would pertee/€rS.

3. Examine whether the ITS would affect student leagrautcomes.

The design of an ITS for MPP is presented belowovied by the study designed to
evaluate the ITS. It is postulated that the ITS Moallow students’ work to be evaluated
instantly allowing students to review and re-atteprnpblems.

The authors would like to note that there are vayylefinitions of what constitutes an ITS,
and the system developed may also be viewed as @emfiided Instruction (CAI) system as

per an alternative interpretation of Kulik & Fleah2015.

2 Implementation of an ITS
2.1 The challenge of assessing multi-part problems (MPP

To illustrate the challenge with MPP, consider engl@ undergraduate design problem
consisting of designing a simply supported beanwshim Figure 1. The problem requires the
determination of

1. F4, the reaction force at end A

2. Fp, the reaction force at end B

3. M, the maximum bending moment

4. h, the cross-sectional height (given widiland maximum stress allowablg,,,)

5.1, the area moment of inertia

6. X;max, the location of maximum deflection.

7. dpmax, the maximum deflection (given the modukls

The solution to the first three steps of the probis known to be

F,=Fx (L—a)/L (1)
Fp=F —F, (2.0)
Fp =F Xa/L (2.i1)
M=F,Xa (3.0)
M=Fz x(L—a) (3.i)
M=Fxax(L—a)/L (3.1ii)



h = [6M/(w X Smax)]l/2 4)

1

I=gwh’ (5)

Xmax = L — [(L —a) x (L + a)/3]*/? (6)

i { —((Faximax X (L2 = (L — a)? — x%42))/(ED), if Xpax < @ -
mex _((FB(L - xmax) X (LZ - (L - xmax)z - az))/(EI)), if Xmax = Q4

With sample values oL. =4m, F =5m, a=1m, w = 0.01m, E = 200GPa, and S, =
250MPa, we findF, = 3.75N (using 1),Fz = 1.25N (using 2.i or ii),M = 3.75 N - m (using
3.i orii oriii), h = 0.003m. Subsequently foh = 0.003m it is seen that,,,, = 1.764m and
dypgy = 0.01863m.

- q  ——————

— L L |

Figure 1: Simply supported beam

Suppose the student incorrectly calculdgs- 1.25 N (perhaps using an incorrect formula
F, = F x a/L). The student may calculatg = F — F, = 3.75N (using 2.i)), and M #, X a =
1.25N (using 3.i)) orM = Fz X (L —a) = 11.25 N - m (using 3.ii). This would subsequently
cause errors in the valuesiotindd,,,,.. Although the student would have made a mistakg on
in the very first step, all of the numerical resultould be incorrect. If the student receives no
credits for the problem, they would likely be fmaged and may be dissuaded from attempting
the problem. Further, it should be noted that imlesign problem any value df larger
than0.003m is acceptable. The student could have the cowgalculation and choseh =
0.004m and lost points for andd,,,,. When assignments are evaluated manually, alestsd
receive the same question, and although uncomrhene thave been instances of dishonesty.
Given the work load, a marker does not have timewwork the problem to incorporate mistakes
students make at early stages of the problem, amtkers often guestimate the correctness.
Occasionally students may end up receiving pactiadlit even when their approach is entirely

wrong and students may have difficulty identifyiihgir mistakes.



2.2 Design of an ITS for MPP

The T' step of the design process is to identify theedéffit solution paths the students
might take as illustrated in Figure 2. This wilkio the domain model for the ITS. The domain
model requires the instructor to have a good gddsihe course material and the problem at
hand. The student understanding of the conceptagimecally referred to as “student-model”
(VanLehn, 2006) is tracked by the score that tbdesit receives in each course segment and the
tutoring strategy consists of highlighting incotr@mswers then providing students with the
correct numerical solution. This is performed bg thner loop of the ITS. In addition, the inner
loop of the ITS is designed to provide each studetit randomized values fdt, [ anda (with
a < l/2). For the values of = 5N, L = 4m, anda = 1m, an algorithm as illustrated in Figure
3 may be implemented. Now if the student enfgrs= 1.25N, Fz = 3.75N, and calculates the
maximum bending momen¥ = F, X a = 1.25 N - m, the program would not provide any
marks forF, and inform them that their answer is incorrect. €ach student response, the inner
loop reevaluates subsequent steps of the problem.allows the students to identify mistakes,
while simultaneously giving students a full scooe iz andM. The algorithm can be improved
by giving partial credits to predictable errorstsas incorrect sign. A sample implementation of
this algorithm is provided in Appendix A. In thisiplementation, all potential solutions arising
from the different solution paths are included Isyng “partialcredit(...)”. The proposed system
uses a rudimentary time based outer loop to pasaghignment after a course module has been
completed. A more advanced outer loop would hawenlbmore appropriate for a completely

self-guided course.
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Figure 2: Simply supported beam solution (correster)
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3 Study to evaluate of the ITS in MPP
3.1 Implementation of ITS

A senior-level undergraduate course was selectedniplementing the ITS. Table 1
provides an overview of the implementation. Therselhad sequential segments that all student
needed to complete. The ITS was only implementethénfirst segment (segment 1) of the
“new” offering the course. The students were assksgparately on each of the two segments
(through test 1 and test 2 respectively). Test tath offerings of the course was 1hr 50min in
duration and consisted of numerical problems. Testas changed from a 1 hr explanatory
solution based test in the old offering to a ¥z howitiple-choice based test.

The ITS consisted of two assignments that wereaditiee end of week 3 and week 4. Each
ITS assignment had two questions, with each quedtaving between 7 and 17 sub-parts.
Students were additionally given ungraded practssignments identical to the graded
assignments. Students could make multiple attemptthe practice assignments with different
numerical. Student could choose to utilize the ficacassignment either before attempting the
graded assignment or reattempt the practice assiginmuestion before the test (or both).
Students were given the correct answers to thgrasg&ints when they submitted their responses.

Table 1: Overview of the course where ITS was irmaeted

Segment 1 (assessment: testl) Segment 2 (assestasd)
New segment 1 New segment 2
NEW offering (87 students) Utilized ITS (“Treatment”) No ITS
Assessment: tesidw Assessment: tesi2w
Old segment 1 Old segment 2
OLD offering (89 students)| No ITS No ITS
Assessment: tesglp Assessment: testdo

The domain model for the ITS consisted of the fdemuo solve for loads in trusses, stress
in trusses, moments of inertia available in engingditerature (Krenk & Hagsberg, 2013; Mott,
2014). The scoring model (student model), andiheri and outer loops of the ITS system were
implemented as discussed in the previous sectiamlonallMathASserver. Details ofMathAS
can be found in Platz & Niehaus, 201#athASwas chosen as it was open-source and can
easily be customized to MPP. Students logged iht ITS through an existing learning

management system (LMS) called Canvas currentlyuse at the university. For each
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assignment, the numerical values in the problenewandomly generated for each student. The
student also had ungraded practice assignmentshwioigld be attempted multiple times with
different random numerical values. The ITS assigmsi@ere mandatory in the new segment 1.
99% of the students completed the ITS assignmeamivi@g an average score of 89% and a
median score of 97%. The course also included #sorad paper-and-pencil assignment that had
been offered in the old offering of the course.
3.2 Evaluation of the ITS

At the end of the new segment 1, students werengaveoptional anonymous web-survey
(refer Appendix B) and were asked to participatea ivoluntary focus group (the focus group
was moderated by a faculty who was not associaiddthe course). The students were made
aware that their participation and responses iheeithe survey or the focus group had no
bearing on their course grades. Student test gaarmdicator of learning outcomes) was used as
an objective measure of the effect of the ITS tneait. Since the ITS was implemented as part
of a regular course, students could not be sptid multiple groups to be given different
assignments. However, it is seen from Table 1,ttmatTS “treatment” was only applied in the
new segment 1. Hence the comparison betweenytgstlcores and tesglp scores would be
indicative of the effect of the ITS “treatment”. the absence of a strong control experiment
group, the comparisons between tgs§2 and testg p would serve as a proxy-control in
measure any improvement that may be attributabkentodifference between the new and the
old cohorts of students.

4 Results
4.1 Survey results
Twenty-six out of eighty-seven students respondetthé online. The responses have been

summarized below (rounded to whole percentage goint

4.1.1 Ease of using the ITS system:

» There was a split opinion about accessing the Fir&ugh the LMS, with roughly 50%
of the respondents either agreeing or stronglyeaggethe ITS was easily accessible
through the LMS and 40% of the respondents disaggee

* A significant majority (62%) of the respondentsheit agreed or strongly agreed that
they preferred a dedicated web-access to the ITS.

10



e On the intuitiveness of the ITS web page, the a@pinwas split with nearly 35%
agreeing or strongly agreeing that the system wastive and nearly 42% of the

respondents either disagreeing or strongly disaggee

4.1.2 Time spent completing assignments
* The majority of the respondents, required the sameunt of time for completing the
ITS assignments (within 10%) as they would havestiaior completing a traditional

assignment.

4.1.3 Comparing the course with an ITS to a regular e®urs

* 39% of the respondents (35% agreeing and 4% sy@ugkeing) felt that the ITS made
doing assignments more enjoyable, while 15% dissbasd 19% strongly disagreed.

* 61% of the respondents either strongly agreed (28@%agreed (38%) that the instant
feedback provided by the ITS increased their mttwato complete the assignments.
However, 15% and 4% respectively either disagreedtmngly disagreed with this
statement.

* A vast majority (61%), either strongly agreed (1586 pgreed (46%) that the ITS made

review easier.

4.1.4 Perception of learning outcomes

e Only 23% of the respondents (4% strongly agreed1®9d agreed) indicated that they
retained more information through the ITS, with 48%the respondents were neutral,
and 31% either disagreeing (19%) or strongly disaigig (12%).

» 35% of respondents either strongly agreed (8%)yoeea (27%) that the ITS improved
their overall understanding of the course.

* 35% of respondents either strongly agreed (8% yoeed (27%) that the ITS helped or
would help with their overall scores in the course

*  61% of respondents reattempted the assignments

4.1.5 Course preference
* 46% of the respondents were neutral about prefpaicourse with an ITS. There was

nearly an equal number of positive and negativpaeses to preferring such a course.
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* The effect of the ITS on the likelihood of the dgat registering for an elective was

inconclusive.

4.1.6 What students found most valuable with ITS

The terms “instant feedback” followed by “reattesiptnd “different values” (which
would refer to the students’ ability to reattemipé tproblems with different numerical values)
was the most commonly used words to describe thet naaluable feature of ITS. One
respondent stated that the most valuable featutbeofTS as being “the possibility for instant
feedback, the ease of access, and the ease ofssibmii The respondent adds that “These
things made it more likely for me to attempt thesigments at all”. A full examination of the
responses indicates that students found the “infgadback” to be useful and they also liked the
ability to reattempt the questions with differeaiues. A WordI&” of the responses is presented
in Figure 4, where “instant-feedback” features prantly, followed by “reattempt” and
“different values” (the term “assignment” may beaged).

ne o made
tell help

auellmu printable  tals '~ pm aSS|gnmentm ‘:::";m;‘m;ﬁ?“‘“"‘"ma

xercise I Ol'bemn ki keys chea dUllil e‘;g‘"'“’ markedmmw,mzmlchea
answersm.....vw work multlple WY€aSY yhether ACCESS e possibiity  parts

know consistently "iEht valiable smple oy

- reatt em twrong Correc manswer conercarecthoptd _ Knoviedss  PTOrQTie hou s

@ process r..mcorrect opbn mmproblems Saete practlce """':""f,;}.’: Ny o
I n st t"“ dlfferent values

ques ions tlmes e

(Note: Words implying the same intent such as,tédnsanswers” and “instant feedback”, are
lumped together)
Figure 4: WordI& of “What | found most valuable about the automatssignments (ITS) ”

4.1.8 Suggestions to improve the automated assignmetarsys

Although the program was coded to propagate th#estuentered solution one respondent
felt that “mistake early on meant the error compmdi. Some students felt that the ITS was an
extra step and one respondent felt that the systasn“another hoops to jump through”. There
was a general concern about the difficulty in logginto the system. There were concerns that
reattempting a question completely resets the pmldnd students had to go through the entire
problem again to determine where they went wroresp@ndents also suggested improving the

quality of feedback by including a “mechanism” fdetecting “students making predictable
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mistakes”. There was concern about students shaoiogion templates in either Excel or Matlab

format.

4.2 Focus group results

Nine students participated in the focus group thas led by a faculty member with the
Teaching and Learning Center (TLC) at Simon Fras®versity (SFU). From the focus group,
the following categories emerge.

Clarity and ease of use:

The focus group had mixed opinions about the glaiid ease of use. They found the
system “weird” and “wonky”, as the system had “upected functionality”. The students also
had mixed opinions about the email instruction difterent students had varying degrees of
success getting the system to work on differentveers. Some in the group also found the user-
interface to be “counterintuitive” and to have “edaolors”. After submitting the questions the
system “said ‘you submitted’ ", but the studentgevensure if the whole question or only a part
had been submitted. The main concern with the eisse arose from the presence of spelling
and mathematical mistakes. However, students didraise any major issues with replacing
paper assignment with an ITS. The students didstete that the ITS graded them unfairly.
However, they did state that the ITS may be unfaised as an exam.

Multiple attempts on the problems:

The students were disgruntled that the questionddvoeset” for each reattempt and that
they had to “re-work” the problem in its entirety $pot their mistakes. The group felt that the
system “did not let students see their work”. Th@nmn regarding the usefulness of the
immediate feedback was mixed. The group expressedecn that the “only feedback was
whether or not the answer was right” and that #ediback lacked explanation. However the
group “very much liked getting immediate feedbadkanetheless, the group would like “more
gualitative feedback [sic]” (better quality feedkpdEveryone in the group reworked the practice
problem “many times” before completing and submgtihe assignment.

Effect on learning outcomes:

The group “thought it helped improve their undandiag” of the course. The group also
felt that the ITS would be a “useful tool for assigents and learning” if the ITS is
“programmed” properly. Further everyone “re-didithveork” on practice problems.

4.3 Analysis of student test scores
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Figure 5 shows the distribution of tegtly (test after ITS was implemented) and tgg$l
scores in segment 1 (please refer Table 1 for tlevew of the implementation). Students
obtained a mean score of 58% (standard deviatiéf) 16 test}, p (without ITS) and a mean
score of 88% (standard deviation 16%) in testd (with ITS). This indicates two standard
deviations improved in test scores in segment Bk assult of the ITS. Figure 6 shows the
distribution of test scores for segment 2. In fhrisxy-control test, the mean decreased from 73%
(standard deviation 14%) in testd to 45% (standard deviation 16%) in tegtg While this
may indicate that the new groups of students weteimherently smarter than the old group,
there is insufficient evidence to draw a definibemcusion as the drop in score may have resulted
from test2 being changed from a problem-based siss#¥ to a multiple choice based
assessment. Figure 7 plots the regression betvestRety and testiew, and between tesilo
and testg.p. The linear regression between that tggiand testg p has a slope 0.452 and R2 =
0.1729, while testlew are clustered between 80%-100% indicating an actbs board
improvement in student test scores. Students whieedan the lower 50% percentile of testz
had an average score of 52.5% in tgsil while Students who scored in the lower 50%
percentile of tesigw had an average score of 87.1% in tgstl Students who scored in the
upper 50% percentile of tegid had an average score of 61.2% in tesslwhile Students who
scored in the upper 50% percentile of tgsfZhad an average score of 89.7% in t@stl
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Figure 5: Distribution of student test 1 scorestieo offerings of the course

14



70%

60% B Test2qp
" O Test2ygw
s 50% 2, .
3 & g
Z 40% 7 ol
G 78
o ol el
o, 30% ot g1
o 20% S! =N
S [ ﬁ 1
o I
A 10% . !

| [
0% = T T T Yl T T ’ T T 1
0\0 0\0 0\0 o\° 0\0 0\0 o\o Q\B o\o g\o
S P PP LEENE S
S S S A A
Score as a percentage of total

Figure 6: Distribution of student test 2 scorestio offerings of the course
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Figure 7: Plot of test 1 scores as a function sif 2escores for two offerings of the course

The Kolmogorov-Smirnov test for normality of thesttescores shown in Table 2 revealed

that testew were not normally distributed, while the Levenediidarger than an alpha-value of

0.05 indicates an absence of Homogeneity of vagiamtest 1. A single factor ANOVA between

testbp and testiew (Table 3) indicates a significant change in test@res (with F-critical
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3.895 for an alpha level of 5%). It may be noteat #hsingle factor ANOVA comparing test3

and testgew in Table 3 also indicates a significant changegt2 scores as well. ANACOVA of
the testd p and testlew scores (using the tegid and testgew Scores as a covariate) resulted
in an F-value 177.53, a p-value <0.001 (Table Hwever, these results should be interpreted

with some caution as tesily is not normally distributed.

Table 2: Test for normality and homogeneity of &ade in test score

_ | Homogeneity of
Kolmogorov-Smirnov (K-S) test for normality )
variance
Test
K-S statistic | Critical K-S | Are scores Levene Mean
statistic normally dist.
Testbp 0.11 0.144 Yes
0.3849
Testhew 0.165 0.146 NO
Testdip 0.11 0.144 Yes
0.03131
TestAew 0.13 0.146 Yes
Table 3: ANOVA of test scores
Test F-value P-value
Testbip
199.192 1.22x16°
Testhew
Testdip
150.168 2.73x16
Test&EW
Table 4: ANACOVA of test scores
Test Covariate F-value P-value

Testbip Testdp
Testhew Testew

177.53 2.51x168°

5 Analysis of results
5.1 “How would undergraduate students perceive the'ITS
There was some ambivalence both in the web-surmdyirathe focus group discussion.

Some of the ambivalence may be attributed to tleeofithe new system and some programming
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errors from initial deployment. The clarity and easf use could be improved by further
increasing the amount of testing and by hiring aoldal programmers and TAs during initial
deployment. With the exception of one survey regeoin students did not raise any major
issues with using an ITS in the place of a papsigament. Additionally, the students required
the same amount of time they would have neededmoplete a traditional assignment. The
student perception may be further improved by ipocating an FAQ page on the ITS.

5.2 “How would the ITS affect student learning”

While the survey revealed that the students didfeelt the ITS made assignments more
enjoyable, it nonetheless increased their motimatm complete the assignment and the ITS
provided students with the opportunity for addiibpractice. The students did not perceive that
the ITS helped with the overall understanding ef tburse. The students were ambivalent about
registering for a course solely because it usel8nThe test scores from Figure 5 indicate that
the student learning outcome may be improved hyguan ITS. More significantly, with the use
of the ITS, roughly 57% of the students obtainescare between 90-100% and 24% of the
students got a score in the range of 80-90%. Alesifactor ANOVA between tesglp, and
testhew revealed which revealed an F-value larger thantleal and a low P-value indicating a
significant difference between the scores after Ilff®-treatment. Additionally, there was a
significant improvement in test scores and a namgvof the gap between the test scores of
students who scored in the lower 50% and the uppés on the reference test. Part of this
improvement may be attributed to the introductidngoaded assignment (from ungraded
assignments), however, the earlier literature ssigghat the introduction of graded (as opposed
to ungraded) assignments only improves the perfocmaof freshman students (Grove &
Wasserman, 2006) and inexperienced college stud&aisie-Stevenson, 2009). This indicates
the entire student group was benefiting from th® &hd the learning gap between students may

be reduced by using an ITS.

6 Discussion of results

The results indicate that the students had a pesékperience with the ITS. Students
perceived that they spent the same amount of timeagh attempt of the ITS as they would have
otherwise spent on a traditional assignment. Iteapp that the students were motivated to re-
attempt the problems related to the course maté&niam the authors’ experience, although some

students may review assignment questions, theyotlmgrmally attempt to re-solve assignment
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problems (particularly if the numerical values amechanged). Although it was not explicitly
stated, it may be inferred that the immediate feellmotivated the students to reattempt the
problem. Improving the quality of feedback requifels integration of the course with the ITS
with lecture notes being linked to the ITS. Whihgstis beyond the scope of the current study,

this should be investigated in future.

7 Lessons learned
7.1 What worked

The ITS did not appear revolutionary to studentd #rere was little resistance to the
adoption of the ITS. The students did like the allexxperience and the ITS web-interface did
not overly burden students. The ITS reworked suliseigstages of the problems using student
answers. This feature was well received and withekception of one feedback. Students also
liked the ability to rework the problems and indedaost all students reworked the problems.
7.2 Sources of problems (what did not work)

Occasionally, students mistyped answers into th&van box. The ITS subsequently
reworked the problem, using the mistyped answeyduRately, there were only a few instances
of mistypes and in all instances, students’ scavese manually updated by the instructor. A
more robust scheme is required for the next impiaatmn of the ITS. The solutions displayed
were based on a combination of correct values #&mndest entered values, which resulted in
some confusion when a student attempted to rewwekptroblems. It may be better to only
display the answer based on the correct solutidhs.ITS was designed to reset the questions
for each student attempt. Students were frustridiathey had to rework the entire problem to
identify mistakes. Using LMS credentials to logma the ITS had mixed results. Hence, the ITS
should also be tested across multiple browsergdlatbgin made seamless. Despite the best of
intentions, the complexity of the ITS systems resiin unforeseen errors. With the immediate
feedback, students are less tolerant of such e@ansie students were frustrated that they were
being treated as beta-testers. Students alsopatica higher quality of feedback that would help
them identify the errors which would require clgs&lorking with past students to identify
useful feedback. There were a few minor commergarteng the color scheme and layout used
in the ITS.
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8 Conclusion

The study developed the design of an ITS systenM#®P common in the undergraduate
curriculum. Each time a student entered a valiee| TS would re-work subsequent stages of the
problem using the value entered by the studenteblyemitigating the effects of early mistakes.
Encouraging students to act upon feedback (fromected assignments) has been challenging in
the best of situations. The ITS gave the opponuioit students to reattempt problems without
any additional workload on the instructor and alimalé students reattempted the problems.
Hence, the ITS may improve students’ understandintpe course material. The ITS can also
help instructors identify mistakes in the studentstierstanding of concepts, as well as common
numerical errors students’, may make.

The immediate feedback implies any errors in thetem become evident immediately
and the students are less tolerant of such erfidrere is scope for improving the ITS by
including better quality feedback perhaps throug¥ideo tutorial. Overall the study indicates
that ITS may offer significant benefits to studemsnon-programming engineering problems.
The ITS may improve student overall understandinp® course and result in better test scores.
Equally important is the fact that an ITS in assemst can significantly reduce instructor load
without adversely affecting the student experieand learning outcomes. The results of this
paper can be expanded to education in other fasukuch as mathematics, physics, and
chemistry with assignments based on formulae. Eyrtthe ITS-assessments would lend
themselves to data collection and data mining Hergurposes of implementing outcome-based
education.

It may be noted that the proposed ITS differs froommercial ITSs by posing all
guestions at once. However, the pedagogical adgarahoffering all questions at once was not
evaluated in this study. Further, the proposed W& not compared to other ITSs and the
observed benefits may not be unique to this impigat®n. As such, the current findings are

locally encouraging and important.
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Appendix A: Sample fair ITS program

A simply supported beam AB is shown below. Assume that the length of the beam is 4 m, the

magnitude of the downward force is 5 N and that the force is applied at a distance of | m from end A.

Assume that the Young's Modulus of the beam is 200 GPa and yeild strength of 250 MPa.

F
A B

- [ = ———

—- L -]
Calculate
The reaction force at end A:  Preview | N (wt 15%)
The reaction force at end B: Preview | N (wt 15%)
The Maximum bending moment: Preview | N-m (wt 40%)
The minimum thickness of the beam if its width 0.01 m  Preview | m (wt 5%)
The area moment of inertia of the above beam Preview = m"4 (wt 10%)
The distance of the point of maximum deflection from theend A| | Preview | m
(wt 5%)
The maximum deflection of the beam Preview | m (wt 10%)

Figure 8: Student interface with ITS
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Score on last attempt: ] 1.5 out of 10 (parts: ¢ 1.5/1.5, 38 0/1.5, 8 0/4, 38 0/0.5. %8 0/1, 8 0/0.5. 8

0/1)
Score in gradebook: L] 1.5 out of 10 (parts: ¢ 1.5/1.5, % 0/1.5, 38 0/4, 3 0/0.5, 38 0/1, 8 0/0.5, %

0/1)

No attempts remain on this problem.

This question, with your last answer and correct answer, is displayed below

A simply supported beam AB is shown below. Assume that the length of the beam is 4 m, the
magnitude of the downward force is 5 N and that the force is applied at a distance of | m from end A.
Assume that the Young's Modulus of the beam is 200 GPa and yeild strength of 250 MPa.

Calculate
The reaction force at end A: |3.75 ] Preview = N (wt 15%)

The reaction force at end B: |\ Preview | N (wt 15%)

The Maximum bending moment: | ] | Preview | N-m (wt 40%)

The minimum thickness of the beam 1f its width 0.01 m l |  Preview = m (wt 5%)
The area moment of inertia of the above beam | | | Preview = m”"4 (wt 10%)

The distance of the point of maximum deflection from the end A | || Preview | m
(wt 5%)
The maximum deflection of the beam | | | Preview | m (wt 10%)

Answer: 3.75

Answer: 1.25

Answer: 3.75

Answer: 0.003

Answer: 2.25E-11

Answer: 1.7639320225002
Answer: 0.018633899812498

Figure 9: Student interface with ITS upon submissio
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1.
2.|
3.
4.
5.
6.
7.
8.
9.

10|

11.|
12|

13.]
14.]
15.]
16.]
17.]
18.]
19.]

20.|
21|
22|
23|
24|
25|

$anstypes=array(“calculated","calculated","calcedid}

$L = rand(3,8);
$a =rand(0.1*$L,0.9*$L);
$F =rand(1,10);

$FA=($L-$a)/SL*$F;

$answer[0] = $FA;
$answeights[0]=0.25; $reltolerance[0]=0.01;
$partialcredit[O]=array(-$FA,0.5);

$FA=$stuanswers[0] if( ($stuanswers[$thisq][0]!=hEl&
($stuanswers[$thisq][0]'=0) );

$FB_i = $F-$FA; $FB=$FB _i;

$FB_ii = $a/$L*$F;

$answer[1] = $FB_i;

$answeights[1]=0.25; $reltolerance[1]=0.01;
$partialcredit[1]=array(-$FB_i,0.5,-$FB_ii,1, -$Fi0.5, );

$FB =$stuanswers[1] if( ($stuanswers[$thisq][1]!Hn&&
($stuanswers[$thisq][1]'=0) );

SM_i=$a*$FA; SM=$M _i:

$M_ii=($L-$a)*$FB;

$M_iii = $a*($L-$a)/$L*$F;

$answer[2] = $M_i;

$partialcredit[2]=array(-$M_i, 0.5,$M _ii,1, -$M,@.5, -$M _iii,1, $M _iii,0.5);
$answeights[2]=0.5; $reltolerance[2]=0.01;
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Appendix B: Survey template

Evaluation of IMathAS(ITS)
Agreement of participation

Effectiveness of Automated Assignment on cour se outcomes

As part of the course improvement, an automate@y@asent system (ITS) known as
IMathAS was used in to generate all assignment®mfier part of a course you took. You were
required to complete all the assignments for tlaig pf the course using this automated system.
This survey aims to evaluate the effectivenest@kiystem.

Your participation will involve completing this shosurvey. Your participation is
voluntary; you have the right to decline. If yowbose to participate, you may withdraw from the
evaluations of the automated system at any timie motconsequences to your education or your
grade in the course.

The findings of this evaluation will be shared witie school of Mechatronic Systems
Engineering, members of the SFU community and neghared with educators beyond SFU
through presentations, written reports and artidksase feel free to contact me krishna@sfu.ca
if you have any questions.

This survey is completely anonymous and no ideimtgfynformation is being collected. At
the end of the survey, you will be provided witke think to be entered into the raffle. By
completing this survey you agree to participatthia evaluation.

Q1. Easeof usingthesystem

. Strongly
Strongly Agree Agree Neutral Disagree Disagr ee

It was easy to access the IMathAS
(ITS) via Canvas (the learning O 2 O O @)
management system) :

| would prefer a dedicated webpe
to access the IMathAS (ITS) : © O O O O

The webpage and interface of the
automated system was intuitive to o O o O 9!
use :

Q2. Timespent completing assignments

#1 took #1 took About  #ltook over #1took
over 25%  10-25% sametime  10-25% over 25%
lesstime lesstime  (within moretime moretime
than #2 than #2 10%) than #2 than #2

How much time did the IMathAS (ITS) (#1) take
to complete, compared to traditional assignments O O ) )
(#2) :

Q3. Comparing coursewith automated assignment (IMathAS) to a regular course

Strongly
Agree

Strongly

Agree  Neutral Disagree Disagr ee
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Compared to traditional

assignments, automated o o
assignment (ITS) made doing the

assignments more enjoyable :

The ability to review the

automated assignment (ITS)

instantly (compared to paper

assignments that are returned after O Q
1-2 weeks) increased my

motivation to complete the

assignments:

The automated assignment (ITS) O O
made review easier:

| retained more information using O O
the automated assignment (ITS) :

Automated assignment (ITS)

helped to improve my overall o o

understanding of the course
material :

The automated assignment (ITS)
helped/would help me attain better ~ © O
score in the exams :

| reattempt the assignments with
different numerical values as a
practice for the exam (or | would
in future courses with automated
assignment (ITS)) :

Q4. Coursepreference

Strongly Agree Agree

| would prefer a course with
automated assignment (ITS) over a O o
traditional course :

The use of the automated

assignment (ITS) would make me e O
more likely to register for an

elective course compared to a

traditional course :

Q)

Neutral

O

QO

Disagree

O

Q5. What | found most valuable about the automated assignment (ITS)

Q6. Suggestionsto improvethe automated assignment system (ITS)

Ol

Strongly
Disagree

O



