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INTRODUCTION

As a part of the on-going attempt to improve academic teaching, a lot of research
work is directed at new approaches and new methods in teaching. Much of the effort
is placed on e-learning and examining what are the preferred methods for e-learning
and distant learning and how well they assist in academic teaching [1-4]. Other
research papers deal with more fundamental aspects of learning such as the
differences between students from urban and rural backgrounds and between female
and male students [5], how does working in groups contribute to the individual
student [6], what is the role of laboratories in undergraduate studies [7] and how does
accreditation affect students' performance [8]. More recent research works tried to
measure how a course grade can affect students' future choices [9], how classifying
exercises can support individual learning [10], and how midterm exams affect the
final grade in a set of courses [11].

Most undergraduate Electrical Engineering (EE) courses incorporate homework (HW)
assignments, as a part of formative assessments, in the course syllabus. In some
cases HW is graded according to the accuracy of the solution, in other cases
according to the effort done by the students to solve the questions (regardless of
whether they solved correctly or not), while in some cases just the actual submission
counts. Sometimes HW grades have a certain weight in the final grade of a course
and sometimes the submission of HW is a condition for attending the final exam.
Solving HW during the semester is supposed to help students stay tuned and
focused throughout the course but those it actually affect their ability to succeed in
the final exam? This paper tries to answer this question.

In 2003 Trussell and Dietz [12] tested whether grading the homework was time
effective and concluded for one specific math course that graded HW led to
significantly higher scores in the final exam. In 2009 Geide-Stevenson [13] tested if
collecting and grading HW assignments had an impact on students' achievements in
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an introductory course and pointed out that inexperienced college students benefit
from graded assignments more than experienced students. These and other
research work focused on single courses and did not give a broad view on the
importance of assigning HW.

In the current work the author presents a survey of 733 undergraduate college
students across four years of EE studies. The survey addressed 9 courses in which
HW assignments where given approximately once a week. The HW was graded only
for effort and not on the basis of accuracy of the results and the incentive for
submitting the HW assignments was a 10% addition to the final exam grade. The HW
assignments were not obligatory so students could choose whether to submit them or
not. At the end of each semester the author divided the students to three groups:
those who chose not to submit any HW assignments, those who submitted but fewer
than 80% of the assignments and those who submitted at least 80% of the HW
assignments. Finally, the average grade in the final exam for each of these groups
was compared, and thus the correlation between the willingness to submit HW
assignments and the achievements in the final exam was examined.

It is important to mention that the homework assignments referred to in this text are
printed questionnaires with open-ended questions. To answer the questions correctly
the students must be able not only to understand the lectures and class recitations
but also to apply the knowledge they obtained and to relate and examine new issues
with respect to those shown in class. In other words, the homework assignments at
hand are placed within the two middle levels of Bloom's taxonomy [14].

Assigning homework to students has only benefits, however grading homework and
using this grade as a part of the final grade has quite a few drawbacks. It is very
difficult for the course staff to find whether students prepared the assignment alone,
were aided by other students on simply copied solutions from their classmates.
Grading the assignment according to the accuracy of the solution does usually
motivate the brighter students to pay attention when solving an assignment, but at
the same time it motivates the less competent students to copy the results from
others rather than to risk losing points. Homework assignments help the students to
keep up to date with the material taught and not to stay behind, but too many
assignments turn it from a helpful tool to a burden.

In the suggested work the author tried to measure the correlation between preparing
homework and succeeding in the final exams. To eliminate the presence of copied
solutions, as much as possible, the author tested courses in which the assignments
were not obligatory and the grade was given for the attempt to solve and nothing
else. In the following paragraphs we first present the database used to determine this
effect, next we show and analyze the statistical properties that we draw from the
database, later we attempt to explain why we obtain such results and finally we
conclude.
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1 THE DATABASE

Nine EE courses were examined in this survey that covered data from 2011 to 2016.
Since the 1% year contains mainly Mathematics and Physics courses only one EE
course was taken, namely "An Introduction to EE". From the 2™ year the three
courses used were "Analogue Circuits", "Introduction to Communications" and
"Signals and Systems". From the 3™ year the two courses used were "Signal
Analysis" (very similar to "Signals and Systems" but taught at a different college),
"Signal Processing" (very similar to "Signals and Systems" but taught to software
engineering, SE, students) and "An Introduction to Semiconductor Devices". Finally,
from the 4" year courses the author used "Digital communications" and "Optical
Communications". 168 students took the 1% year course, their final grade, midterm
grade and homework submission percentage were recorded and placed in a chart. A
partial data chart can be seen in Table1. The term NA (Not applicable) refers to a
task a student did not perform (e.g., she/he did not attend the midterm exam).

Table 1. Partial data of homework submission percentage, Midterm exam grade and Final exam
grade in the course "Introduction to EE", NA (Not applicable) refers to a task a student did not perform.

HW Submission (%) | Midterm Grade | Final Grade

40 51 NA
42 96 43
60 35 64
60 56 65
60 58 67
72 56 2

78 79 76
80 NA 99
100 79 85

175 students took the 2" year courses and their data were also recorded. Note that
the number of student in three 2" year courses is similar to the number of student in
one 1% year course, this reflects that fact that many students drop out after the first
year. 291 students took the 3™ year courses and their data were also recorded. Note
that the number of students rose by 54%; this is due to the fact that there are more
Software Engineering students than Electrical Engineering students. Finally, 99
students took the 4™ year courses and their data were also recorded. This number is
the lowest number of students since the courses are not obligatory courses.

2 EXPERIMENTAL RESULTS

We first observe 1% year students as shown in Fig.1. In Fig.1a we can see that 76%
of first year students who did not submit any HW assignment did not attend the final
exam (that's about 19% of the total students), fewer than 5% of these students
passed the final exam. From those who submitted fewer than 80% of the HW only
28% passed the final exam and from those who submitted more than 80% of the HW,
69% passed the final exam. In Fig.1b we can see that the average grade for students
who submitted more than 80% of the assignments is 68 (this is a filtering course so
the grades are usually low) while it is less than 50 (failed) for the other two groups.
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Fig.1. (a) Percentage of Students who passed the final exam, failed the final exam or did not attend
the final exam in 1st year courses, divided into three groups: those who handed-in over 80% of the
homework assignments during the semester, those who handed-in homework assignments during the
semester but fewer than 80%, and those who did not hand-in even a single homework assignment.
(b) The average grade of 1st year students who handed-in over 80% of the homework assignments
during the semester, students who handed-in homework assignments during the semester but fewer
than 80%, or students who did not hand-in even a single homework assignment.

For second year students, 19% of those who did not submit any HW assignment did
not attend the final exam, approximately 35% of these students passed the final
exam. From those who submitted fewer than 80% of the HW 52% passed the final
exam and from those who submitted more than 80% of the HW, 82% passed the final
exam. These results are given in Fig.2a. In Fig.2b we can see that the average grade
for students who submitted more than 80% of the assignments is 77, for those who
submitted fewer than 80% it reaches only 70 and for those who did not submit HW
assignments the average grade is 58.
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Fig.2. (a) Percentage of Students who passed the final exam, failed the final exam and did not attend
the final exam in 2nd year courses, divided into three groups: those who handed-in over 80% of the
homework assignments during the semester, those who handed-in homework assignments during the
semester but fewer than 80%, and those who did not hand-in even a single homework assignment.
(b) The average grade of 2nd year students who handed-in over 80% of the homework assignments
during the semester, students who handed-in homework assignments during the semester but fewer
than 80%, and students who did not hand-in even a single homework assignment.

When comparing Fig.1a and Fig.2a we see that the majority of 1% year students who
did not hand-in HW assignments gave up on the course and did not attend the final
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exam while 2™ year students did not give up and approximately 81% of them
attended the final exam (although 45% failed).

Fig.3 refers to third year students. As can be seen in Fig.3a, 78% of the students who
submitted over 80% of the HW passed the final exam while only 34% of those who
chose not to submit HW passed. It is notable that 38% of the students who chose
not to submit HW did not attend the final exam — twice the percentage given for
second year students. Students who submitted over 80% of the HW obtained an
average of 79 in the final exam while those who failed to submit even a single HW
assignment obtained an average of 53 (failure), as seen in Fig3b.
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Fig.3. (a) Percentage of Students who passed the final exam, failed the final exam and did not attend
the final exam in 3rd year courses, divided into three groups: those who handed-in over 80% of the
homework assignments during the semester, those who handed-in homework assignments during the
semester but fewer than 80%, and those who did not hand-in even a single homework assignment.
(b) The average grade of 3rd year students who handed-in over 80% of the homework assignments
during the semester, students who handed-in homework assignments during the semester but fewer
than 80%, and students who did not hand-in even a single homework assignment.

For the fourth year results we observe Fig.4. Fig.4a demonstrates very small
differences between the three groups and the number of students who pass the final
exam is quite high in all the groups (82%-93%). The average grade, as shown in
Fig.4b, is also quite similar between all groups and varies between 81 and 86. When
comparing the 4" year results to the previous years we must keep in mind that the
two 4™ year courses used are non-obligatory courses, meaning that the students who
took these courses did it because they were interested in either Digital
Communications or Optical Communications.

Finally a comparison of submission trends between the four different years is given in
Fig.5. While in the first year and second year the amount of students in each
submission group is similar (50% vs. 52% full submission, 75% vs. 73.7% partial to
full submission, respectively), in the third year there is a significant rise in the amount
of students who submitted HW (59.4% full submission, 88.3% partial to full
submission). In the fourth the tendency changes and the amount of students who
submitted HW decreases (45.5% full submission, 60.6% partial to full submission).
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Fig.4. (a) Percentage of Students who passed the final exam, failed the final exam and did not attend
the final exam in 4th year courses, divided into three groups: those who handed-in over 80% of the
homework assignments during the semester, those who handed-in homework assignments during the
semester but fewer than 80%, and those who did not hand-in even a single homework assignment.
(b) The average grade of 4th year students who handed-in over 80% of the homework assignments
during the semester, students who handed-in homework assignments during the semester but fewer
than 80%, and students who did not hand-in even a single homework assignment.
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Fig.5. Percentage of Students who either handed-in over 80% of the homework assignments, handed-
in homework assignments but fewer than 80%, or did not hand-in even a single homework assignment
(a) for 1st year students, (b) for 2nd year students, (c) for 3rd year students, and (d) for 4th year
students.
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3 CONCLUSIONS

The first conclusion, valid for all four years, is that students who hand-in more
homework assignments are more likely to pass the final exam, although the
correlation between these two events decreases over the years. A second conclusion
is that during the first three years there's a strong correlation between submitting HW
assignments and attending the final exam. Those who fail to attend the final exam
either drops out of college or takes the course again the following year. In the fourth
year this trend changes and over 90% of the students in either group attend the final
exam. When comparing 1% and 2" year students (Figs.1 and 2) one can see that 1
year students who failed to submit HW assignments tend to give-up while 2" year
students are more committed and thus attend the final exams even if they failed to
submit HW assignments.

As stated in the text, 38% of the 3™ year students who chose not to submit HW
assignments did not attend the final exam — twice the percentage given for 2" year
students. In the 3™ year most students have a strong conviction that they are going to
finish college and get a degree and they focus on improving averages as much as
possible. From talks the author had with many of his students it seems that if they
feel that their chances of succeeding in the final exam are not optimal (because they
did not solve any HW assignments during the semester), they prefer not to take the
exam and start over next year — this time, hopefully, with HW submissions. This can
be a possible explanation to the increase in the number of 3" year students who did
not attend some of the final exam. Finally, most of the 4" year students got good
grades regardless of whether they submitted HW assignments or not, this is due to
the fact that the courses tested are non-obligatory courses selected by the students,
and students select either courses that they find really interesting or courses in which
they believe they can obtain good grades.

Returning to Fig.5, it is quite clear that 3™ year students submit more HW
assignments and 4™ year students submit fewer HW assignments, while at the same
time most 4" year students attend the final exam whether they submitted HW
assignments or not. After talking to several students the reason became clear:
students in their final year spent time on their final project and many times already
started working in the Hi-Tech industry so they have less time during the semester to
prepare HW assignments. On the other hand they do not want to postpone the end of
their studies, and they want to finish all their obligations within the standard 4 years,
so they study well for the finals and the grades improve respectively.

4 SUMMARY

In this paper the author examined EE undergraduate students with respect to the
academic year they are in, the willingness to submit HW during the semester, and
the success in the final exams. The results shown above indicate a correlation
between submitting HW assignments and passing the finals, however, the correlation
and the measure of success changes from one year to another.
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