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Frequent feedback synchronized with the lesson plan has been shown to improve student learning outcomes in 
several studies. With increasing enrolments coupled with reductions in education funding, instructors are left with 
fewer resources to provide frequent feedback or to develop enhanced teaching techniques. Multiple choice questions 
based assessments, while easier to administer, are considered less reliable than traditional free-form assessments. 
Intelligent tutoring systems (ITSs) based assessments can improve the speed of assessment while providing 
immediate feedback to reinforce lectures and free-up resources for instructors. This paper first proposes an ITS 
design for multi-part problems where all questions are posed at once. Next, the paper evaluates student perception of 
this new ITS through a survey and a focus group. Following this, the paper evaluates the effectiveness of this ITS on 
a test score (an indicator of learning outcomes). Finally, the paper lists lessons learned that would be useful to the 
education community at large. The study indicates that the ITS was received well by the students and that the time 
taken to complete each attempt of an ITS assignment was comparable to a paper-based assessment. Additionally, the 
analysis of test scores indicates that the proposed ITS can lead to improvements in student learning. It may be noted 
that the proposed ITS differs from commercial ITSs by posing all questions at once. However, the pedagogical 
advantage of offering all questions at once was not evaluated in this study. Further, the proposed ITS was not 
compared to other ITSs and the observed benefits may not be unique to this implementation. As such, the current 
findings are locally encouraging and important.  
 
Keywords: ITS, Intelligent tutoring systems, automated assessment system, non-programming assessment, multi-
part assessment. 

 

1 Introduction 

Frequent feedback has been shown to improve student learning outcomes, particularly 

when the feedback is integrated and synchronized with the lesson plan (Gibbs & Simpson, 2004). 

Instant feedback has been shown to have a positive effect on student learning outcomes in as 

diverse fields as accounting (Mohrwei & Shinham, 2015), clinical nursing for improving concept 

maps (Wu, Hwang, Milrad, Ke, & Huang, 2012) and computer science (Nutbrown, Higgins, & 

Beesley, 2016). Nutbrown, Higgins, & Beesley, 2016 note that student were able to identify 

common mistakes and quickly identify areas of improvement as a result of instant feedback. 

Currently, instructors are faced with increasing student enrolment (Klemencic & Fried., 2015) 

coupled with reductions in education funding (Geiger, 2010; Mitchell & Leachman, 2015). This 

has left instructors with fewer resources to provide frequent feedback or to enhance their 

teaching techniques. While multiple choice questions (MCQ) are easier to administer, they may 

not accurately measure student learning (Funk & Dickson, 2011; Stankous, 2016). Intelligent 

tutoring system (ITS) based assessments can improve the speed of assessment while providing 
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immediate feedback to reinforce lectures. Additionally, an ITS would free up time that would be 

normally allocated to evaluating assignments, as well as eliminate the overhead associated with 

recording assessment scores. The instructors may invest this time towards developing more 

interactive and immersive teaching methods or to provide more one-on-one interactions with the 

students. The automated nature of ITS assessments would aid with data collection in the 

adoption of outcome-based education. 

Published studies provide strong support that ITSs can improve student learning in 

rudimentary mathematics, particularly at the middle and high school levels (C. R. Beal, Arroyo, 

Cohen, & Woolf, 2010; Carole R Beal, Walles, Arroyo, & Woolf, 2007; Brusilovsky, 1999; 

Graesser, Chipman, Haynes, & Olney, 2005; Mitrovic et al., 2009). A good meta-analysis on the 

effectiveness of the ITSs can be found in Kulik & Fletcher, 2015, who note that ITSs can result 

in a median improvement of 0.66 standard deviations in the test scores. The research at 

Pittsburgh Advanced Cognitive Tutor Center (PACT) (J. R. Anderson, Corbett, Koedinger, & 

Pelletier, 1995; A. Corbett, Koedinger, & Anderson, 1997; K. R. Koedinger, Anderson, Hadley, 

& Mark, 1997), and its progeny, Carnegie Learning’s cognitive tutors, have focused on ITSs for 

middle and high school students. A very large-scale evaluation of the PACT-ITS indicates that 

students coached by the ITS outperformed students in a control group by 15% (K. R. Koedinger 

et al., 1997). A similar study on middle school students suggests that ITSs can lead to an increase 

in motivation to tackle difficult math problems (Razzaq et al., 2007). Aleven, Mclaren, Sewall, 

Koedinger, & Mclaren, 2009 have proposed an enhancement to the PACT/cognitive tutors 

termed “example-tracing tutor”, where they compare student behavior against their database and 

provide step-by-step guidance. Melis et al., 2007 have developed a system called ActiveMath 

that aims to incorporate more advanced problems such as theorem proofs by using an XML-

based representation of mathematical knowledge. In computer engineering, there are several ITS 

tools such as CourseMarker (Higgins, Hegazy, Symeonidis, & Tsintsifas, 2003), Assyst (Jackson 

& Usher, 1997), HoGG (Morris, 2003) and Online Judge (Cheang, Kurnia, Lim, & Oon, 2003) 

for evaluating programing assignments. Ala-Mutka, 2005 and Crow, Luxton-Reilly, & 

Wuensche, 2018 provide good reviews of several ITS tools for assessing programing skills. They 

conclude that these systems can provide no feedback and cannot asses all aspects of 

programming. It may be noted that ITS in programing tend to execute the program (i.e. run the 

program and examine its outputs) and cannot be extended outside of computer programing. 
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Outside of rudimentary mathematics and computer programming, ITSs have been utilized 

in simulating physics experiments (Browne, 2002), support vector machines based evaluation of 

engineering assignments (Quah, Lim, Budi, & Lua, 2009) and on an integrated testlets for posing 

MCQ in physics (Shiell & Slepkov, 2015). ITSs have been used in cryptography (AbuEl-Reesh 

& Abu-Naser, 2018) and for tutoring seismic data interpretation (Ahuja, 2018). Despite showing 

promising results, ITSs have not been widely adopted to multi-part problems (MPPs) common in 

post-secondary education. The logical extension of many of the current ITS methods to MPP 

would result in students being awarded an unfairly low score for mistakes in early parts of the 

problem (refer to the section “The challenge of assessing multi-part problem”). This would 

presumably cause student resentment as binary all-or-nothing scoring is known to cause student 

resentment (Fray, 1989) and there have even been attempts to introduce partial-credit scoring on 

the multiple-choice exam (Grunert, Raker, Murphy, & Holme, 2013). The integrated testlets 

discussed earlier (Shiell & Slepkov, 2015) can only pose multi-part MCQs. However, the 

integrated testlets is better equipped to pose related problems rather than MPP as the solution 

cannot explicitly depend on solutions to earlier problems. There are a few commercial web-

services such as MasteringEngineering (by Pearson) and SaplingLearning that may be applied to 

MPP. These systems pose one part of the question at a time and use an answer-until-correct 

approach to “guide” students towards the correct answer before proceeding to the next part of the 

question. Many MPP particularly in engineering, can involve “design” with multiple correct 

solutions. Here, subsequent parts of the problem depend on earlier design decisions, and answer-

until-correct may be unsuitable. Hence this paper focused on a system that would pose the 

problem in its entirety rather than individual steps of the problem. This was done in part to 

encourage the student focus on the “big picture” rather than individual steps and train them on 

more realistic problems. Further, posing the whole problem would allows the ITS to be easily 

extended to posing automated exams. Additionally, any grading system will require access to 

some student information. Privacy policy at our universities (which is in-line with other 

universities) encourages student personal information to be stored on the university servers (or, 

with some exceptions, stay within Canada) and strictly prohibits this information being stored 

with “non-Canadian entities”. All commercial products the authors are aware of are hosted 

outside of Canada. An open source program was chosen so that it can be installed on a computer 
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managed by the university. Hence this paper proposes the evaluation of a new ITS for MPP that 

can pose an evaluate the problem as a whole as follow 

1. Design of an ITS for MPP to deal with student mistakes in early parts of the assessment. 

2. Evaluate how undergraduate students would perceive the ITS. 

3. Examine whether the ITS would affect student learning outcomes. 

The design of an ITS for MPP is presented below, followed by the study designed to 

evaluate the ITS. It is postulated that the ITS would allow students’ work to be evaluated 

instantly allowing students to review and re-attempt problems.   

The authors would like to note that there are varying definitions of what constitutes an ITS, 

and the system developed may also be viewed as Computer Aided Instruction (CAI) system as 

per an alternative interpretation of Kulik & Fletcher, 2015. 
 

2 Implementation of an ITS 

2.1 The challenge of assessing multi-part problems (MPP) 

To illustrate the challenge with MPP, consider a sample undergraduate design problem 

consisting of designing a simply supported beam shown in Figure 1. The problem requires the 

determination of  

1. ��, the reaction force at end A 

2. ��, the reaction force at end B 

3. M, the maximum bending moment  

4. ℎ, the cross-sectional height (given width w and maximum stress allowable ����) 

5. I, the area moment of inertia 

6. 	���, the location of maximum deflection.  

7. 
���, the maximum deflection (given the modulus E).  

The solution to the first three steps of the problem is known to be  

�� = � × (� − �)/�   (1) 

�� = � − ��	 (2.i) 

�� = � × �/� (2.ii) 

� = �� × �		   (3.i) 

� = �� × (� − �)		   (3.ii) 

� = � × � × (� − �) �⁄    (3.iii) 
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ℎ � �6� (� × ����)⁄ ��/�   (4) 

� = �
���ℎ�   (5) 

	��� = � − �(� − �) × (�  �)/3��/�   (6) 


��� = " −##��	��� × (�
� − (� − �)� − 	���� )$ (%�)⁄ $,												'(		��� ) �

−##��(� − 	���) × (�� − (� − 	���)� − ��)$ (%�)⁄ $, '(		��� * �	   (7) 

With sample values of � = 4,, � = 5,, � = 1,, � = 0.01,, % = 20023�, and ���� =
250�3�, we find �� = 3.755 (using 1), �� = 1.255 (using 2.i or ii), � = 3.75	5・,	  (using 

3.i or ii or iii), ℎ � 0.003,. Subsequently for ℎ = 0.003,  it is seen that 	��� = 1.764, and 


��� = 0.01863,. 

 

Figure 1: Simply supported beam 

Suppose the student incorrectly calculates �� = 1.25	5 (perhaps using an incorrect formula 

�� = � × �/�). The student may calculate �� = � − �� 	= 3.755 (using 2.i), and M = �� × � =
1.255 (using 3.i) or � = �� × (� − �) = 11.25	5・,	 (using 3.ii). This would subsequently 

cause errors in the values of ℎ and 
���. Although the student would have made a mistake only 

in the very first step, all of the numerical results would be incorrect. If the student receives no 

credits for the problem, they would likely be frustrated and may be dissuaded from attempting 

the problem. Further, it should be noted that in a design problem any value of h larger 

than	0.003,  is acceptable. The student could have the correct calculation and chosen ℎ =
0.004,   and lost points for I and 
���. When assignments are evaluated manually, all students 

receive the same question, and although uncommon, there have been instances of dishonesty. 

Given the work load, a marker does not have time to rework the problem to incorporate mistakes 

students make at early stages of the problem, and markers often guestimate the correctness. 

Occasionally students may end up receiving partial credit even when their approach is entirely 

wrong and students may have difficulty identifying their mistakes. 
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2.2 Design of an ITS for MPP  

The 1st step of the design process is to identify the different solution paths the students 

might take as illustrated in Figure 2. This will form the domain model for the ITS. The domain 

model requires the instructor to have a good grasp of the course material and the problem at 

hand. The student understanding of the concept (occasionally referred to as “student-model” 

(VanLehn, 2006) is tracked by the score that the student receives in each course segment and the 

tutoring strategy consists of highlighting incorrect answers then providing students with the 

correct numerical solution. This is performed by the inner loop of the ITS. In addition, the inner 

loop of the ITS is designed to provide each student with randomized values for �, 7 and � (with 

� < 7/2). For the values of � = 55, � = 4,, and � = 1,, an algorithm as illustrated in Figure 

3 may be implemented. Now if the student enters �� = 1.255, �� = 3.755, and calculates the 

maximum bending moment � = �� × � = 1.25	5・,	, the program would not provide any 

marks for �� and inform them that their answer is incorrect. For each student response, the inner 

loop reevaluates subsequent steps of the problem. This allows the students to identify mistakes, 

while simultaneously giving students a full score for �� and M. The algorithm can be improved 

by giving partial credits to predictable errors such as incorrect sign. A sample implementation of 

this algorithm is provided in Appendix A. In this implementation, all potential solutions arising 

from the different solution paths are included by using “partialcredit(…)”. The proposed system 

uses a rudimentary time based outer loop to pose the assignment after a course module has been 

completed. A more advanced outer loop would have been more appropriate for a completely 

self-guided course. 
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Figure 2: Simply supported beam solution (correct answer) 

 

Start: 

� = 4,, � = 55, � = 1, % = 20023�, 

and ���� = 250�3�, 

�� = � × (� − �)/� = 3.755   

 �� = � − �� = 1.255 

  �� = � × �/� = 1.255  

  � = �� × � = 3.75		5・,	 
  � = �� × (� − �) = 3.75	5・,	 

  � = � × � × (� − �)/� = 3.75	5・,	  

 

 ℎ � �6� (� × ����)⁄ ��/�=0.003, 
  

  	��� = 1.7639, from (6)   

  
��� = 0.01863, from (6)   
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Figure 3: Simply supported beam solution evaluation 

 

	�� = � × (� − �)/� 

 ��:; = � − �� 

  ��:;; = � × �/�  

  �; = �� × �	 
  �;; = �� × (� − �) 

  �;;; = � × � × (� − �)/� 

  Read student response to �� in ��<=> and grade 

 �� = ��<=>   

  
Read student response to �� 
in ��<=>. Increment Score if ��<=> = ��:; or ��:;; 

  �� = ��<=>   

  
Read student response  to � in �<=>. Increment score if �<=> = �; or �;; or �;;; 

  � = �<=>   

  ℎ � �6� (� × ����)⁄ ��/�   

  	��� from (5)    

  
��� from (6)    

  � = �
���ℎ�   

  

 

Start: 

� = 4,, � = 55, � = 1, % = 20023�, and 

�,�	 = 250�3�, 
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3 Study to evaluate of the ITS in MPP  

3.1 Implementation of ITS 

A senior-level undergraduate course was selected for implementing the ITS. Table 1 

provides an overview of the implementation. The course had sequential segments that all student 

needed to complete. The ITS was only implemented in the first segment (segment 1) of the 

“new” offering the course. The students were assessed separately on each of the two segments 

(through test 1 and test 2 respectively). Test 1 in both offerings of the course was 1hr 50min in 

duration and consisted of numerical problems. Test 2 was changed from a 1 hr explanatory 

solution based test in the old offering to a ½ hour multiple-choice based test.  

The ITS consisted of two assignments that were due at the end of week 3 and week 4. Each 

ITS assignment had two questions, with each question having between 7 and 17 sub-parts. 

Students were additionally given ungraded practice assignments identical to the graded 

assignments. Students could make multiple attempts on the practice assignments with different 

numerical. Student could choose to utilize the practice assignment either before attempting the 

graded assignment or reattempt the practice assignment question before the test (or both). 

Students were given the correct answers to the assignments when they submitted their responses.  
 

Table 1: Overview of the course where ITS was implemented  

 Segment 1 (assessment: test1) Segment 2 (assessment: test2) 

NEW offering (87 students) 

New segment 1 

Utilized ITS (“Treatment”) 

Assessment: test1NEW  

New segment 2 

No ITS 

Assessment: test2NEW 

OLD offering (89 students) 

Old segment 1 

No ITS 

Assessment: test1OLD 

Old segment 2 

No ITS 

Assessment: test2OLD 

The domain model for the ITS consisted of the formulae to solve for loads in trusses, stress 

in trusses, moments of inertia available in engineering literature (Krenk & Høgsberg, 2013; Mott, 

2014). The scoring model (student model), and the inner and outer loops of the ITS system were 

implemented as discussed in the previous section on a local IMathAS server. Details on IMathAS 

can be found in Platz & Niehaus, 2014. IMathAS was chosen as it was open-source and can 

easily be customized to MPP. Students logged into the ITS through an existing learning 

management system (LMS) called Canvas currently in use at the university. For each 
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assignment, the numerical values in the problem were randomly generated for each student. The 

student also had ungraded practice assignments which could be attempted multiple times with 

different random numerical values. The ITS assignments were mandatory in the new segment 1. 

99% of the students completed the ITS assignment receiving an average score of 89% and a 

median score of 97%. The course also included an optional 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 were given an optional anonymous web-survey 

(refer Appendix B) and were asked to participated in a voluntary focus group (the focus group 

was moderated by a faculty who was not associated with the course). The students were made 

aware that their participation and responses in either the survey or the focus group had no 

bearing on their course grades. Student test score (an indicator of learning outcomes) was used as 

an objective measure of the effect of the ITS treatment. Since the ITS was implemented as part 

of a regular course, students could not be split into multiple groups to be given different 

assignments. However, it is seen from Table 1, that the ITS “treatment” was only applied in the 

new segment 1. Hence the comparison between test1NEW scores and test1OLD scores would be 

indicative of the effect of the ITS “treatment”. In the absence of a strong control experiment 

group, the comparisons between test2NEW and test2OLD would serve as a proxy-control in 

measure any improvement that may be attributable to any difference between the new and the 

old cohorts of students. 
  

4 Results 

4.1 Survey results 

Twenty-six out of eighty-seven students responded to the online. The responses have been 

summarized below (rounded to whole percentage points). 

4.1.1 Ease of using the ITS system: 

• There was a split opinion about accessing the ITS through the LMS, with roughly 50% 

of the respondents either agreeing or strongly agreeing the ITS was easily accessible 

through the LMS and 40% of the respondents disagreeing. 

• A significant majority (62%) of the respondents either agreed or strongly agreed that 

they preferred a dedicated web-access to the ITS. 
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• On the intuitiveness of the ITS web page, the opinion was split with nearly 35% 

agreeing or strongly agreeing that the system was intuitive and nearly 42% of the 

respondents either disagreeing or strongly disagreeing. 

4.1.2 Time spent completing assignments 

• The majority of the respondents, required the same amount of time for completing the 

ITS assignments (within 10%) as they would have taken for completing a traditional 

assignment. 

4.1.3 Comparing the course with an ITS to a regular course 

• 39% of the respondents (35% agreeing and 4% strongly agreeing) felt that the ITS made 

doing assignments more enjoyable, while 15% disagreed and 19% strongly disagreed. 

• 61% of the respondents either strongly agreed (23%) or agreed (38%) that the instant 

feedback provided by the ITS increased their motivation to complete the assignments. 

However, 15% and 4% respectively either disagreed or strongly disagreed with this 

statement.  

• A vast majority (61%), either strongly agreed (15%) or agreed (46%) that the ITS made 

review easier.  

4.1.4 Perception of learning outcomes  

• Only 23% of the respondents (4% strongly agreed and 19% agreed) indicated that they 

retained more information through the ITS, with 42% of the respondents were neutral, 

and 31% either disagreeing (19%) or strongly disagreeing (12%). 

• 35% of respondents either strongly agreed (8%) or agreed (27%) that the ITS improved 

their overall understanding of the course. 

• 35% of respondents either strongly agreed (8%) or agreed (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 preferring a course with an ITS. There was 

nearly an equal number of positive and negative responses to preferring such a course. 
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•  The effect of the ITS on the likelihood of the student registering for an elective was 

inconclusive. 

4.1.6 What students found most valuable with ITS 

The terms “instant feedback” followed by “reattempts” and “different values” (which 

would refer to the students’ ability to reattempt the problems with different numerical values) 

was the most commonly used words to describe the most valuable feature of ITS. One 

respondent stated that the most valuable feature of the ITS as being “the possibility for instant 

feedback, the ease of access, and the ease of submission”. The respondent adds that “These 

things made it more likely for me to attempt the assignments at all”. A full examination of the 

responses indicates that students found the “instant feedback” to be useful and they also liked the 

ability to reattempt the questions with different values. A WordleTM of the responses is presented 

in Figure 4, where “instant-feedback” features prominently, followed by “reattempt” and 

“different values” (the term “assignment” may be ignored). 

 

(Note: Words implying the same intent such as, “instant answers” and “instant feedback”, are 

lumped together) 

Figure 4: WordleTM of “What I found most valuable about the automated assignments (ITS) ”  
4.1.7  

4.1.8 Suggestions to improve the automated assignment system 

Although the program was coded to propagate the student-entered solution one respondent 

felt that “mistake early on meant the error compounded”. Some students felt that the ITS was an 

extra step and one respondent felt that the system was “another hoops to jump through”. There 

was a general concern about the difficulty in logging into the system. There were concerns that 

reattempting a question completely resets the problem and students had to go through the entire 

problem again to determine where they went wrong. Respondents also suggested improving the 

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

format.  
 

4.2 Focus group results  

Nine students participated in the focus group that was led by a faculty member with the 

Teaching and Learning Center (TLC) at Simon Fraser University (SFU). From the focus group, 

the following categories emerge.  

Clarity and ease of use:  

The focus group had mixed opinions about the clarity and ease of use. They found the 

system “weird” and “wonky”, as the system had “unexpected functionality”. The students also 

had mixed opinions about the email instruction and different students had varying degrees of 

success getting the system to work on different browsers. Some in the group also found the user-

interface to be “counterintuitive” and to have “odd-colors”. After submitting the questions the 

system “said ‘you submitted’ ”, but the students were unsure if the whole question or only a part 

had been submitted. The main concern with the ease of use arose from the presence of spelling 

and mathematical mistakes. However, students did not raise any major issues with replacing 

paper assignment with an ITS. The students did not state that the ITS graded them unfairly. 

However, they did state that the ITS may be unfair if used as an exam.  

Multiple attempts on the problems:  

The students were disgruntled that the questions would “reset” for each reattempt and that 

they had to “re-work” the problem in its entirety to spot their mistakes. The group felt that the 

system “did not let students see their work”. The opinion regarding the usefulness of the 

immediate feedback was mixed. The group expressed concern that the “only feedback was 

whether or not the answer was right” and that the feedback lacked explanation. However the 

group “very much liked getting immediate feedback”. Nonetheless, the group would like “more 

qualitative feedback [sic]” (better quality feedback). Everyone in the group reworked the practice 

problem “many times” before completing and submitting the assignment. 

Effect on learning outcomes:  

The group “thought it helped improve their understanding” of the course. The group also 

felt that the ITS would be a “useful tool for assignments and learning” if the ITS is 

“programmed” properly. Further everyone “re-did their work” on practice problems. 

4.3 Analysis of student test scores 
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Figure 5 shows the distribution of test1NEW (test after ITS was implemented) and test1OLD 

scores in segment 1 (please refer Table 1 for the overview of the implementation). Students 

obtained a mean score of 58% (standard deviation 16%) in test1OLD (without ITS) and a mean 

score of 88% (standard deviation 16%) in test1NEW (with ITS). This indicates two standard 

deviations improved in test scores in segment 1 as a result of the ITS. Figure 6 shows the 

distribution of test scores for segment 2. In this proxy-control test, the mean decreased from 73% 

(standard deviation 14%) in test2OLD to 45% (standard deviation 16%) in test2NEW. While this 

may indicate that the new groups of students were not inherently smarter than the old group,  

there is insufficient evidence to draw a definite conclusion as the drop in score may have resulted 

from test2 being changed from a problem-based assessment to a multiple choice based 

assessment. Figure 7 plots the regression between test2NEW and test1NEW, and between test1OLD 

and test2OLD. The linear regression between that test1OLD and test2OLD has a slope 0.452 and R2 = 

0.1729, while test1NEW are clustered between 80%-100% indicating an across the board 

improvement in student test scores. Students who scored in the lower 50% percentile of test2OLD 

had an average score of 52.5% in test1OLD, while Students who scored in the lower 50% 

percentile of test2NEW had an average score of 87.1% in test1NEW. Students who scored in the 

upper 50% percentile of test2OLD had an average score of 61.2% in test1OLD, while Students who 

scored in the upper 50% percentile of test2NEW had an average score of 89.7% in test1NEW.  

 

Figure 5: Distribution of student test 1 scores for two offerings of the course  
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Figure 6: Distribution of student test 2 scores for two offerings of the course  

 

 

Figure 7: Plot of test 1 scores as a function of test 2 scores for two offerings of the course  

 

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

that test1NEW were not normally distributed, while the Levene Mean larger than an alpha-value of 

0.05 indicates an absence of Homogeneity of variance in test 1. A single factor ANOVA between 

test1OLD and test1NEW (Table 3) indicates a significant change in test2 scores (with F-critical 
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3.895 for an alpha level of 5%). It may be noted that a single factor ANOVA comparing test2OLD 

and test2NEW in Table 3 also indicates a significant change in test2 scores as well. ANACOVA of 

the test1OLD and test1NEW scores (using the test2OLD and test2NEW scores as a covariate) resulted 

in an F-value 177.53, a p-value <0.001 (Table 4). However, these results should be interpreted 

with some caution as test1NEW is not normally distributed. 
 

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

Test 

Kolmogorov-Smirnov (K-S) test for normality 
Homogeneity of 

variance 

K-S statistic  Critical K-S 

statistic 

Are scores 

normally dist. 

Levene Mean 

Test1OLD 0.11 0.144 Yes 
0.3849 

Test1NEW 0.165 0.146 NO 

Test2OLD 0.11 0.144 Yes 
0.03131 

Test2NEW 0.13 0.146 Yes 

 

Table 3: ANOVA of test scores  

Test F-value P-value 

Test1OLD 
199.192 1.22×10-30 

Test1NEW 

Test2OLD 
150.168 2.73×10-25 

Test2NEW 

 

Table 4: ANACOVA of test scores  

Test Covariate F-value P-value 

Test1OLD Test2OLD 
177.53 2.51×10-28 

Test1NEW Test2NEW 

5 Analysis of results 

5.1  “How would undergraduate students perceive the ITS” 

There was some ambivalence both in the web-survey and in the focus group discussion. 

Some of the ambivalence may be attributed to the use of the new system and some programming 



 

17 

errors from initial deployment. The clarity and ease of use could be improved by further 

increasing the amount of testing and by hiring additional programmers and TAs during initial 

deployment. With the exception of one survey respondent, students did not raise any major 

issues with using an ITS in the place of a paper assignment. Additionally, the students required 

the same amount of time they would have needed to complete a traditional assignment. The 

student perception may be further improved by incorporating an FAQ page on the ITS. 

5.2 “How would the ITS affect student learning” 

While the survey revealed that the students did not feel the ITS made assignments more 

enjoyable, it nonetheless increased their motivation to complete the assignment and the ITS 

provided students with the opportunity for additional practice. The students did not perceive that 

the ITS helped with the overall understanding of the course. The students were ambivalent about 

registering for a course solely because it used an ITS. The test scores from Figure 5 indicate that 

the student learning outcome may be improved by using an ITS. More significantly, with the use 

of the ITS, roughly 57% of the students obtained a score between 90-100% and 24% of the 

students got a score in the range of 80-90%. A single factor ANOVA between test1OLD and 

test1NEW revealed which revealed an F-value larger than F-critical and a low P-value indicating a 

significant difference between the scores after the ITS-treatment. Additionally, there was a 

significant improvement in test scores and a narrowing of the gap between the test scores of 

students who scored in the lower 50% and the upper 50% on the reference test. Part of this 

improvement may be attributed to the introduction of graded assignment (from ungraded 

assignments), however, the earlier literature suggests that the introduction of graded (as opposed 

to ungraded) assignments only improves the performance of freshman students (Grove & 

Wasserman, 2006) and inexperienced college students (Geide-Stevenson, 2009). This indicates 

the entire student group was benefiting from the ITS and the learning gap between students may 

be reduced by using an ITS.  
 

6 Discussion of results 

The results indicate that the students had a positive experience with the ITS. Students 

perceived that they spent the same amount of time on each attempt of the ITS as they would have 

otherwise spent on a traditional assignment. It appears that the students were motivated to re-

attempt the problems related to the course material. From the authors’ experience, although some 

students may review assignment questions, they do not normally attempt to re-solve assignment 
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problems (particularly if the numerical values are unchanged). Although it was not explicitly 

stated, it may be inferred that the immediate feedback motivated the students to reattempt the 

problem. Improving the quality of feedback requires full integration of the course with the ITS 

with lecture notes being linked to the ITS. While this is 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 students and there was little resistance to the 

adoption of the ITS. The students did like the overall experience and the ITS web-interface did 

not overly burden students. The ITS reworked subsequent stages of the problems using student 

answers. This feature was well received and with the exception of one feedback. Students also 

liked the ability to rework the problems and indeed almost all students reworked the problems. 

7.2 Sources of problems (what did not work) 

Occasionally, students mistyped answers into the answer box. The ITS subsequently 

reworked the problem, using the mistyped answers. Fortunately, there were only a few instances 

of mistypes and in all instances, students’ scores were manually updated by the instructor. A 

more robust scheme is required for the next implementation of the ITS. The solutions displayed 

were based on a combination of correct values and student entered values, which resulted in 

some confusion when a student attempted to rework the problems. It may be better to only 

display the answer based on the correct solutions. The ITS was designed to reset the questions 

for each student attempt. Students were frustrated that they had to rework the entire problem to 

identify mistakes. Using LMS credentials to login into the ITS had mixed results. Hence, the ITS 

should also be tested across multiple browsers and the login made seamless. Despite the best of 

intentions, the complexity of the ITS systems resulted in unforeseen errors. With the immediate 

feedback, students are less tolerant of such errors. Some students were frustrated that they were 

being treated as beta-testers. Students also anticipate a higher quality of feedback that would help 

them identify the errors which would require closely working with past students to identify 

useful feedback. There were a few minor comments regarding the color scheme and layout used 

in the ITS. 
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8 Conclusion 

The study developed the design of an ITS system for MPP common in the undergraduate 

curriculum. Each time a student entered a value, the ITS would re-work subsequent stages of the 

problem using the value entered by the student, thereby mitigating the effects of early mistakes. 

Encouraging students to act upon feedback (from corrected assignments) has been challenging in 

the best of situations. The ITS gave the opportunity for students to reattempt problems without 

any additional workload on the instructor and almost all students reattempted the problems. 

Hence, the ITS may improve students’ understanding of the course material. The ITS can also 

help instructors identify mistakes in the students’ understanding of concepts, as well as common 

numerical errors students’,  may make.  

The immediate feedback implies any errors in the solution become evident immediately 

and the students are less tolerant of such errors. There is scope for improving the ITS by 

including better quality feedback perhaps through a video tutorial. Overall the study indicates 

that ITS may offer significant benefits to students in non-programming engineering problems. 

The ITS may improve student overall understanding of the course and result in better test scores. 

Equally important is the fact that an ITS in assessment can significantly reduce instructor load 

without adversely affecting the student experience and learning outcomes. The results of this 

paper can be expanded to education in other faculties such as mathematics, physics, and 

chemistry with assignments based on formulae. Further, the ITS-assessments would lend 

themselves to data collection and data mining for the purposes of implementing outcome-based 

education.  

It may be noted that the proposed ITS differs from commercial ITSs by posing all 

questions at once. However, the pedagogical advantage of offering all questions at once was not 

evaluated in this study. Further, the proposed ITS was not compared to other ITSs and the 

observed benefits may not be unique to this implementation. As such, the current findings are 

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

 

Figure 8: Student interface with ITS 
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Figure 9: Student interface with ITS upon submission  
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1.| $anstypes=array("calculated","calculated","calculated") 

2.|  

3.| $L = rand(3,8); 

4.| $a = rand(0.1*$L,0.9*$L); 

5.| $F = rand(1,10); 

6.|  

7.| $FA=($L-$a)/$L*$F;  

8.|  

9.| $answer[0] = $FA; 

10.| $answeights[0]=0.25; $reltolerance[0]=0.01; 

11.| $partialcredit[0]=array(-$FA,0.5); 

12.| $FA=$stuanswers[0] if( ($stuanswers[$thisq][0]!=null) && 
($stuanswers[$thisq][0]!=0) ); 

13.|  

14.| $FB_i = $F-$FA; $FB=$FB_i; 

15.| $FB_ii = $a/$L*$F; 

16.| $answer[1] = $FB_i; 

17.| $answeights[1]=0.25; $reltolerance[1]=0.01; 

18.| $partialcredit[1]=array(-$FB_i,0.5,-$FB_ii,1, -$FB_ii,0.5,   ); 

19.| $FB =$stuanswers[1] if( ($stuanswers[$thisq][1]!=null) && 
($stuanswers[$thisq][1]!=0) ); 

20.| $M_i=$a*$FA; $M=$M_i; 

21.| $M_ii=($L-$a)*$FB; 

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

23.| $answer[2] = $M_i;  

24.| $partialcredit[2]=array(-$M_i , 0.5,$M_ii,1, -$M_ii,0.5, -$M_iii,1, $M_iii,0.5); 

25.| $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 course outcomes 

As part of the course improvement, an automated assignment system (ITS) known as 
IMathAS was used in to generate all assignments for one part of a course you took. You were 
required to complete all the assignments for this part of the course using this automated system. 
This survey aims to evaluate the effectiveness of the system.  

Your participation will involve completing this short survey. Your participation is 
voluntary; you have the right to decline. If you choose to participate, you may withdraw from the 
evaluations of the automated system at any time with no consequences to your education or your 
grade in the course.  

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

This survey is completely anonymous and no identifying information is being collected. At 
the end of the survey, you will be provided with the link to be entered into the raffle. By 
completing this survey you agree to participate in this evaluation. 

 

Q1 .      Ease of using the system  

 
Strongly Agree  Agree  Neutral  Disagree  

Strongly 
Disagree  

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

 

          

I would prefer a dedicated webpage 
to access the IMathAS (ITS) :  

 

          

The webpage and interface of the 
automated system was intuitive to 
use :  

 

          

Q2 .     Time spent completing assignments  

  

#1 took 
over 25% 
less time 
than #2  

#1 took 
10-25% 
less time 
than #2  

About 
same time 

(within 
10%)  

#1 took over 
10-25% 

more time 
than #2  

#1 took 
over 25% 
more time 

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

          

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

  Strongly 
Agree  Agree  Neutral  Disagree  Strongly 

Disagree  
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Compared to traditional 
assignments, automated 
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 
1-2 weeks) increased my 
motivation to complete the 
assignments:  
 

          

The automated assignment (ITS) 
made review easier:  

          

I retained more information using 
the automated assignment (ITS) :  
 

          

Automated assignment (ITS) 
helped to improve my overall 
understanding of the course 
material :  
 

          

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

 

          

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

          

 

Q4 .     Course preference  

  
Strongly Agree  Agree  Neutral  Disagree  

Strongly 
Disagree  

I would prefer a course with 
automated assignment (ITS) over a 
traditional course :  
 

          

The use of the automated 
assignment (ITS) would make me 
more likely to register for an 
elective course compared to a 
traditional course :  

          

 

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

Q6 .     Suggestions to improve the automated assignment system (ITS)  


