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ABSTRACT

This paper describes the arrangements and assessment methods employed in the
engineering physics online courses offered by Tampere University of Applied
Sciences. The grading process involves the use of automatically assessed weekly
online exams in Moodle, which comprise mostly numerical questions, as well as
conceptual questions, force diagrams, and multiple-choice questions. Students are
allowed to attempt each exam three times, and their best score is recorded. The
questions and initial values were randomized for each try to reduce possibilities for
trial-and-error method and copying from peers. By completing the week exams with
enough points, the students were able to pass the course with low grades. The
main idea was to make the course completion more flexible and time and place
independent and reduce exam stress. It also reduced teachers’ workload in relation
to assessment and retakes. Most students took more than one attempt in the
exams, and the majority of students who initially scored low points showed
improvement in subsequent attempts. According to student feedback vast majority
of students agreed that this exam arrangement worked well and that retakes
reduced stress, was flexible and improve their learning experience and outcomes.
Almost no one would like to change back to one-attempt exam checked by the
instructor.
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1 INTRODUCTION

The assessment methods are chosen to align with the curriculum and the intended
learning outcomes of a course. In engineering physics at the bachelor's level, the
topics, and problems to be solved require both conceptual understanding and
algebra/calculus-based problem-solving. Some typical elements used in the
assessment are formative assessments during the course with the help of quizzes,
forms, or polling surveys, laboratory, and project work with written or oral reports,
homework assignments, and summative assessments containing mid-term exams
and/or final exams. However, this study concentrates only on automatically scored,
recurring, online weekly exams.

Taking an exam typically has two opposing effects on students' behaviour: the
exam situation is often perceived as stressful, but on the other hand, students' effort
and intensity of working are at a high level. For example, the review by Richardson
et al. (2012) suggests that stress and anxiety are important factors to consider in
understanding student academic performance, including performance on exams.
The levels of stress and anxiety are negatively associated with academic
performance, including exam scores. Also, the study by Pascoe et al. (2020)
highlights the negative impact of stress on academic outcomes, including grades,
attendance, and scores. Students who experience high levels of stress are more
likely to drop out of school or fail courses. Stress levels typically increase during
mid-term and final exams (Zunhammer 2013).

The question arises: how to reduce the stress level but keep the working intensity
high? How to better harness the exams to work as a learning tool rather than only a
grading tool without increasing the instructor's workload too much? According to our
previous study (Suhonen & Tiili 2021), the students spent a considerably long time
in interaction with an automatically scored exam if they were allowed to. In that
study, the students could retake an automatically scored "basic level exam" as
many times as they liked or needed to pass the course. The total time they spent
was many times higher than they traditionally do in paper exams. This finding
encouraged us to further increase the weight of automated, recurring exams in the
course. So, the solution to the question stated was, in our case, to use
automatically scored, recurring, week exams that the students were able to take
three times and increase their weight in the grading of the course. The exam
arrangements are described in more detail in the next chapter.

Automatic assessment provides students with immediate feedback on their
performance, allowing them to identify their strengths and weaknesses and adjust
their learning strategies accordingly. It also provides consistent grading, reducing
the possibility of subjective bias or grading errors that can occur when grading
manually. Studies have found that students generally have positive attitudes
towards automated assessment. For example, according to a study by Ardid and
Vidaurre, student comments were generally positive, especially on ease-of-use and
its usefulness during the learning process to diagnose the level achieved. On the
other hand, there were also some criticisms, especially in terms of clarity of the
questions and the rigidity of the automatic scoring (Ardid and Vidaurre, 2018).
Overall, automatic scoring of exam answers can improve efficiency, consistency,
and fairness in grading, while providing immediate feedback to students and saving
instructor’s time.



2 METHODOLOGY
2.1 Engineering physics course - mechanics

The recurring, automated weekly exams were piloted on a bachelor’s level
elementary engineering mechanics online course that was offered nation-wide. The
platform was Moodle, and the setup was asynchronous implementation with weekly
deadlines for exams and one final deadline for measurement assignments and final
exam. In the beginning, the course had 167 active participants of which roughly half
were students in Tampere University of Applied sciences, the rest were students in
other universities of applied sciences in Finland. The course lasted for 10 weeks,
and it had 6 weekly (or topic) exams which formed 60% of the course’s final grade.
The rest of the points came from either from final exam or from measurement
assignments. Measurement assignments are one-topic, relatively simple tasks,
which doesn’t need very complicated equipment. In online courses, the equipment
has to be easily available at home. Measurement assignments are described in
more detail in our previous study (Suhonen 2021). With the week exams alone, it
was possible to pass the course with two lowest grades (1-2). The maximum grade
is 5. If the students aimed at better grades than 1-2, they needed also take the final
exam or measurement assignments according to their own choice.

2.2 Weekly exams

On this piloted course, students had three attempts for each weekly exam and
could use all materials during the online exams. Each attempt lasted a maximum of
2 hours, and students were able to retake the exam immediately, although they
were encouraged to study between attempts. Each weekly exam had a deadline
after which it was closed, and students were provided with a video to explain the
solution to the problems. With these arrangements, we have been able to create an
environment in which students view exams as an opportunity to learn and grow,
rather than simply as a test of their level of knowledge. Additionally, the
independence of time and place, together with multiple attempts, reduces the stress
and anxiety that the examination situation could otherwise induce.

The weekly exams mainly consisted of the following types of questions: 1) multiple-
choice questions requiring conceptual thinking, such as force diagrams; 2)
problems based on diagrams, graphs, and measurement data; and 3) problems
requiring mathematical solutions. The randomization of initial values was
accomplished by using STACK exercises in Moodle. In all cases, there were
multiple versions of the same type of question and/or the initial values for the
problem were randomized. In this way, we tried to eliminate the possibility of the
trial-and-error method in the exam, as well as reduce the feasibility of copying from
peers. It was likely that the students had different versions of the questions each
time they attempted.

One example of the questions is shown in the figure 1. It shows the question
translated into English (A), the question as the students saw it (B) and part of the 12
different versions of the graph for the same question (C). Even though the question
was the same in all attempts in this case, the graph changed.



The attached graph shows the speed of the object
as a function of time. Calculate the instantaneous
acceleration at time t = 6 s. Write only a numerical
value in the answer field, no unit.

Oheinen kuvaaja esittaa kappaleen nopeutta ajan funktiona.
Laske hetkellinen kiihtyvyys hetkella t=6 s. Kirjoita
vastauskenttaan pelkka lukuarvo, ei yksikkoa
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Fig. 1. Example of a week exam problem. A) The question translated into English. B) The
question as the students see it. C) Part of the 12 different versions of the graph for the same

question.

Another example of a week exam problem is shown in Fig. 2. This question had five
similar, but slightly different set-ups (shown in B and C) of the problem. Here also
the initial values are randomized (shown with red boxes in B).

Car A crashes into the back of car B and in the
collision the cars get stuck together. The mass
of car Aiis 1240 kg and its speed just before
the collision was 30 km/h The mass of car B is
2930 kg and its speed just before the collision
was 12 km/h Calculate the combined speed of
the cars after the collision. Give the answer in
km/h to the nearest one.

Auto A térmaa auton B peraan ja térmayksessa
autot juuttuvat kiinni toisiinsa. Auton A massa

kg ja sen nopeus ]UUI’I ennen térmaysta oIL12 1
km/h. Laske autojen yhteinen nopeus
térmayksen jalkeen. Anna vastaus yksikdssa
km/h ykkésten tarkkuudella.
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Fig. 2. Another example of a week exam problem. A) The question translated into English.
B) The question as the students see it (excluding the red boxes). The randomized values are
here indicated with the red boxes. C) Four other versions of the problem set-up.



The maximum number of points for each week exam was 6 and it was earned by
solving 3-6 problems (depending on the exam). The scoring was automatic, which
is easily done in multiple choice questions but a bit more laborious in other types. In
mathematical solutions, the typical erroneous answers were fed to the answer tree
in STACK-exercises in Moodle to yield partial points for partially correct solutions.
This of course requires that the instructor knows the typical errors in advance. It is
also possible to adjust the automatic scoring system after having a look at the
student answers. To prevent losing all points for some typing or other small error,
the student were asked to check their own answers after publishing the solution
video for each weekly exam. If the students felt that they had lost points unfairly,
they could ask the instructor for manual scoring.

3 RESULTS
3.1 Week exam results

There were 6 weekly (or topic) exams during the course. The last weekly exam was
still open during writing this paper, and it is thus omitted in the analysis. Regarding
the first five weekly exams, the number of students, average times and average
points for each attempt are show in the table 1 and in the figure 3. The exams
yielded similar data and the trends are roughly similar in each exam. The data
shows that the maijority of the students retook the exam at least once and more
than one third on average used all attempts. In all exams, there are slight increases
in the average points according to the number of attempts. The average time spend
in interaction with one exam goes down from roughly 40 mins of the first attempt to
a bit less than 30 mins of the third attempt. There is naturally variation in the times,
since the topics and questions are different for each week. Altogether this means
that on average, a student has spent 81 mins in one week exam, taken 2.1
attempts and spent 7.6 hours doing all the week exams. This is a remarkable time
spent on high-intensity working on an exam situation.

Table 1. Attempts, durations and points for first five weekly exams. The maximum number
of points for each week exam was 6 and the maximum time for each attempt 120 min.

Number of Average Time Average
Exam attempt students (min) points
1.1 167 53 2.64
1.2 119 38 2.76
1.3 81 34 3.27
21 166 41 2.82
2.2 120 32 2.87
2.3 86 27 3.13
3.1 159 41 2.84
3.2 94 29 3.06
3.3 55 26 3.42
4.1 155 40 2.62
4.2 117 24 2.56
4.3 79 18 3.02
5.1 149 33 2.19
5.2 117 28 2.16

5.3 81 27 2.87
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Fig. 3. Exam points (left) and spent time (right) as a function of attempt for the first five
weekly exams.

The first exam is investigated a bit more deeply here, and the results are presented
in the figures 4 and 5. The point distributions of the first week exam are shown in
the Figure 4. It shows the ovarell effect of retakes on the points.The final point
distribution is clearly higher than that of the first attempt.
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Fig. 4. The points distribution after I°' attempt, and the final points distribution in the first
weekly exam.

Fig.5. shows student points and exam time categorized according to the success at
the first attempt. The graph data contains only those 81 students who took all three
attempts in first weekly exam. We can see that those students who got the lowest
points (0-2) at first attempt had a highest increase in their points with successive
attempts. Those who scored averagely (2-4) or highly (4-6) at their first attempt
actually did worse at the second attempt. This suggests that they didn’t fully realize
their need to study in between the attempts and maybe they just had an other try.
Anyhow, students used their last attempt more wisely (on average) and got higher
points at the last try than with the second try. Those who scored lowest in the first



attempt, used more time in the second and third attempt than those who scored
averagely or highly.
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Fig. 5. Exam points (left) and spent time (right) as a function of attempt for the first week
exam. The data is categorized according to the success at first attempt.

3.2 Student feedback

The student experiences of this recurring, automatically scored, weekly exams were
surveyed using a short online questionnaire. There were 71 answers (43 %) and of
them 70 reported that they had used more than one attempt in the weekly exams.
This means that more than half of those students who have used many attempts in
the exams have answered (see Table 1). Even though the answer percentage was
not very high, the responses given truly represent student experiences with the
many-attempt weekly exam. The survey contained multiple choice statements on 5-
point Likert scale and open-ended questions. The summary of student answers to
different statements are presented in the figure 6.

Automatically assessed week exams with
3 attempts were a workable solution.

The time windows for week exams were
sufficiently long.

The maximum time for one attempt
was 2 h. This was long enough.

| practiced more and reviewed the
week's topics between the attempts.

The possibility to retake the weekly
exam reduced stress.

A one-attempt weekly exam assessed
by the teacher would have been better.

| Strongly agree
Agree

Neither Agree nor Disagree

Fig. 6. The summary of student answers to different statements.
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Fig. 6 shows the answer percentages to each statement from “strongly disagree” to
“strongly agree”. The students found this kind of exam arrangement to work very
well (96% agreed) and the time windows and the exam time was considered to be
sufficiently long (93% and 99% agreed). The students were encouraged to study
between the attempts, but there were no set technical limitations to prevent them
from retaking anytime. According to their answers, 69 % (49 respondents) claimed
that they had studied between the attempts. Since there were 90-120 student how
retook the exam, this means that less than half of them actually did study more
between the attempts. The possibility to retake the week exams reduced stress
(97% of the respondents). Only a few students (4%) would have preferred to take
the traditional exam scored by the teacher, whereas vast majority (85%) disagreed
with that idea.

In the open-ended questions, the students were asked “What was good about these
weekly exam arrangements?” and “What could be improved in these weekly exam
arrangements?” The answers were analysed and categorized. It was counted,
which issues the students brought up and how many times. Only the top four are
presented here for both questions. The results indicate that in this exam
implementation students valued: improved learning (21 respondents), flexibility (20),
reduced stress (15), and immediate feedback (13). According to their answers to
question “What would you improve?” they would like to improve: Nothing (36
respondents), point loss due to typing/rounding errors (12), more immediate right
solutions to problems (8) and tips between the attempts (3). The rounding errors
were taken into account in advance by giving exact instructions how to fill in the
answers to the questions. This doesn’t unfortunately help to typing errors which
easily led to total point loss to that question. What comes to right answers and
solution methods, here we needed to balance between learning and assessing. It
was chosen that the solution videos were available only after the exam was closed,
not immediately after a student had used his/her last attempt. This was a
compromise to reduce possibility to use peer’'s Moodle account to watch the
solution video before own attempt. For learning, some tips or even immediate
release of the solution videos would be beneficial, of course.

4 SUMMARY

Automatically scored, recurring weekly exams were piloted in an online engineering
mechanics course offered nationally through the Moodle platform. Most students
took more than one attempt in the exams, and the majority of students who initially
scored low points showed improvement in subsequent attempts. A survey of
student feedback found that vast majority of students agreed that this exam
arrangement worked well and that retakes reduced stress, was flexible and
improved their learning experience and learning outcomes. Almost no one would
like to change back to one-attempt exam checked by the instructor.
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