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Abstract— Current experimental study targets the following the same (114 in 2009 and 116 in 2010). The numerical
fundamental question: Which exam is the optimal place to results and histograms for Quizzes 1-8 and Midterm Exam
include challenging questions during the course assessment: for this course are given in Fig. 1 and Fig. 2 for 2009 and

quizzes, midterm exam(s), and/or final exam? The paper . . .
presents a comparative study which verifies that having harder 2010, respectively. The corresponding average and median

quizzes during the semester helps students (a) to motivate them mMarks comparisons are provided in Fig. 3.
to improve their knowledge by earlier facing and tackling with

challenging questions, (b) to have reasonable period of time to  As seen, for the majority of the quizzes, students did better
improve, with the minimum missed marks (less academic record with easy quizzes in terms of the average and median marks,

damaging), (c) to achieve a higher mark for the course. Results . .
and study procedure are provided for two courses, namely, but for the midterm exam, the students could obtain much

Introduction to Programming and Software Design Il courses.  higher mark when they experienced the challenging quizzes
in 2010 (Ave:56.9%, Med: 54.5% for 2009 vs. Ave68.9%,

|. INTRODUCTION Med: 73% for 2010) . It is interesting to mention that, the

The provided experimental results in this paper are basegidterm exam for 2010 was even much more harder than
on conducted studies at the University of Ontario Institute dhe previous year’s.
Technology (UOIT) on first year and second year courses,
namely, Introduction to C++ Programming for Engineers and
Software Design Il (for Software and Mechatronics engi- In 2009, this course didn’t include any quizzes. In Winter
neering students), respectively. Details about the experime®@10, nine challenging quizzes with a total value %%
and corresponding numerical results are provided. DemoW®re added on course outline; the duration and the number
strated conclusion remarks are not limited to undergradua®@ dquestions for them are summarized as follows:
programs, in fact, the idea can be extended to high schools,
colleges, and even to graduate programs, subject to properlyQUiz no. <duration (min.s), number of questions>
consideration of some circumstances. Q1<25,15>, Q2<25,30>, Q3<2525, Q41515

The paper is organized as follows: Section I discuse®9<40,45>,  Q6<40,40>, Q7<25,20>, Q8<20,25>,
results about study on Introduction to Programming cours&9<25,35>.
numerical results and result analysis for Software Design Il

course are provided in Section IlI, and finally the paper is The numerical results and histograms for Quizzes 1-9 for
concluded in Section IV. this course are shown in Fig. 5. The numerical results and

histograms for Midterm Exams for 2009 (no quizzes) and
Il. STUDY ON INTRODUCTION TOPROGRAMMING FOR 2010 (challenging quizzes) are given in Fig. 4. As seen,
ENGINEERSCOURSE similar to the programming course, the students got much
During teaching the Introduction to Programming cours&igher mark when they experienced the challenging quizzes
in 2009, there were eight easy quizzes with ten multipldn 2010 (Ave:73.4%, Med: 73.5% for 2009 vs. Ave81.5%,
choice questions for each and 20-25 minutes time duratidied: 82.5% for 2010).
per quiz. For Winter semester 2010, the quizzes were made
very challenging (let’s call them take-home multiple choice

exams instead), the duration and the number of questions' "€ benefit of having challenging quizzes during the
are summarized as follows: semester was verified on two courses at UOIT. A very similar

results are observed on the Computer and Security course
Quiz no. <duration (min.s), number of questions> but its results are not reported in this paper. Hard quizzes

Q1<35,25>, Q2<85,50>, Q3<80,50>, Q4<80,45> have two valuable achievements: learning better by earlier

05<80,50>, Q6<80,50>, Q7<80,60>, Q8<90,55>. confrontation of the challenging questions and improving
Y Y Y ’ the course overall mark; all is achieved just by challenging

students over less tha% of the course total mark.

Ill. STUDY ON SOFTWARE DESIGN Il COURSE

IV. CONCLUDING REMARKS

For both years, the quizzes were considered%sof the
course total mark. The students were from the same faculty
(engineering); also the number of the students were almost



Column Statistics for: Pre-class 1

Count: 114

Average: 8.7
9.0
10.0

Minimum: 1.0

Standard Deviation: 1.79
de Histogram

Grade Histogram

(0.00,1.00)
11.00,200)
1200,300)
13.00,4.00)
(400,500 )

15.00,6.00

Store Range

16.00,7.00 )
17.00,8.00 )
18.00,9.00)
19.00, 10.00 )

(1000

0 5 18w 25 3 3% 40 45 w5
Frequency.

(a) Quiz 1, 2009

Column Statistics for: Pre-Class 4

Count: 84
Average: 7.8
Media 9.0
Maximum: 10.0
Minimum: 10

Standard Deviation:

Hide Histogram

.72

Grade Histogram

1000, 100
11.00, 200
1200, 3.00)
1300, 4.0
1400, 5.00)

15.00, 6.00)|

Score Range

1600, 7.00)
17.00, 800
1800, 3.0
190, 10.00)

[1000)

00 25 50 75 100 125 150 175 200 225 250 275 300 325 3.0 375 400
Frequency

(d) Quiz 4, 2009

Column Statistics for: Pre-Class #7

Count: 83
Average: 8.0
Median: 9.0
Maximum: 10.0
Minimum: 3.0

Standard Deviation: 2.09

Hide Histogram

Grade Histogram

10.00,1.00)
(1.00,200)
(200,300)
13.00,4.00)
14.00,5.00 )

15.00,5.00 )

Score Range

15.00,7.00)
17.00,800)
(8.0, 900
19.00,10.00)

11000

012345678 351011121314151617 18132021 22 23 242526 2726 2830 3132 3334

(9) Quiz 7, 2009

Fig. 1.

REFERENCES

Column Statistics for: Pre-Class 2

Count: 101
Average: 9.9
Median: 10.0
Maximu 10.0
Minimum: 3.0

Standard Deviation: 0.70
Hide Histogram

Grade Histogram

(000, 1.003
[1.00,200)
1200,3.00)
13.00,4.003)
14.00,5.00)

15.00, 6003

Score Range

16.00,7.00)
17.00,800)
18.00,9.003

19.00, 10.00)

11000

0 5 10 15 20 25 30 3 40 45 50 S5 0 65 70 75 60 8 90 95 100 105
Frequency

(b) Quiz 2, 2009
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(i) Midterm Exam, 2009

Numerical results and histograms for Quizzes 1-8 and Midterm Exam for Introduction to Programming course in 2009.
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(a) Quiz 1, 2010
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(d) Quiz 4, 2010
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Fig. 2.
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(h) Quiz 8, 2010
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(c) Quiz 3, 2010
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(i) Midterm Exam, 2010

Numerical results and histograms for Quizzes 1-8 and Midterm Exam for Introduction to Programming course in 2010.

Education, 2009, ISBN:8131720756.
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(a) Comparing of average marks of Q1-Q8 and Midterm Exam (b) Comparing of median marks of Q1-Q8 and Midterm Exam
for 2009 and 2010. for 2009 and 2010.

Fig. 3. Average and median marks comparison for Introduction to Programming course in 2009 (easy quizzes) and 2010 (challenging quizzes). The
difference between midterm marks is illustrated by an oval.
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Fig. 4. Numerical results and histograms for Midterm Exams for Software Design Il course in 2009 (no quizzes) and 2010 (challenging quizzes).
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(g) Quiz 7, 2010
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(i) Quiz 9, 2010

Fig. 5. Numerical results and histograms for Quizzes 1-9 for Software Design Il course in 2010.



