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No exam: assessment of third-year engineering students on
the basis of self-generated Statistics cases
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ABSTRACT
Through the global pandemic, the single greatest challenge at uni-
versities has been the move towards digital assessment. In this
classroom note, we describe our new no-exam assessment setup in
a Statistics course for third-year bachelor Mechanical Engineering
students. The main idea is to assess the students based on self-
generated problems. Crucially, we supported students by providing
a very clear structure of the course material, learning objectives, and
requirements. At the same time, we left sufficient space for the stu-
dents to tune the final assignment to their interests, creativity, and
mathematical skills. In our experience, this setup makes assessment
meaningful and enjoyable for both the students and the teacher and
doesnot need todemandexcessive time investment on the teacher’s
side. We strongly believe that approaches like ours will have poten-
tial lasting effects on the diversity of assessment, quality of learning,
and, last but not least, the appeal of Statistics for future engineers.
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1. Introduction

Through the global pandemic, the move towards a digital assessment has become a
paramount issue, with heated discussions on campus splashing out to themedia. This issue
is particularly prominent in undergraduatemathematics, where the assessment is predomi-
nantly based on a standardwritten test (Iannone, 2020). In this classroomnote, we describe
a new assessment setup of an introductory Statistics course for the class of 162 third-year
undergraduate Mechanical Engineering students at the University of Twente. Instead of
giving a traditional exam, the students were asked to create their own real-world Statistics
cases.

Previous studies show that the assessment methods based on one-time measures, such
as a traditional exam, are non-dynamic and fail to explore the developmental nature of
learning (Chance & Garfield, 2002). Accordingly, the research has introduced assessment
methods such as writing assignments (Woodard et al., 2020), activity-based statistics learn-
ing (Gnanadesikan et al., 1997), and projects (Garfield, 1994). One of the main focus
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points of the pre-pandemic research stands as the assessment of students’ reasoning in
Statistics (Garfield & Ben-Zvi, 2008) and calls recommended for this purpose implied the
move towards alternative assessment techniques (Chance&Garfield, 2002). This invitation
became emergent with the rapid and compulsory transition to online instruction through-
out the pandemic.We contribute in this directionwith our new assessment setup as a viable
solution during the post-pandemic. Beyond providing an attractive digital assessment tool,
such setup generates a resource of deeper insight into the students’ understanding (Garfield
& Ben-Zvi, 2008).

This classroom note is organized as follows. First, in Section 2 we describe the workflow
of the course. The core of this article in Section 3, where we explain how we organized
the assessment. In Section 4, we provide some examples and reflect on the results. Finally,
in Section 4 we discuss the strengths and pitfalls of our approach and its possible lasting
effects.

2. The course workflow

Presenting the course material. The course covered the basic material from the definition of
probability to the single-sample hypothesis testing, with a workload of 2.5 ECTS, equiva-
lent to 70 hours. We used book (Montgomery & Runger, 2018) and the complete series of
short video lectures (Litvak, 2020) (openly available on YouTube). To trigger the students’
interest, most examples in the course were specifically designed for the engineering pro-
fession.We have divided the material into fiveUnits; the Units are listed in Table 1 together
with examples of learning objectives that will be explained later.

The students studied the book and the videos independently, at a pace of about one Unit
per week. For each Unit, we gave an interactive (online) class, where students answered
multiple-choice questions, using the interactive platform Wooclap. We also held several
online Q&A’s for individual questions.

Structuring students’ practice during the course. We ensured that the students kept prac-
ticing throughout the course by introducing Quizzes and Problem Sets. These activities,
described in more detail below, were mandatory but did not affect the grade. The obliga-
tion was enabled through self-regulating prerequisites, facilitated automatically through
the educational platform Canvas, and schematically depicted in Figure 1. For example,
Quiz Unit 2 becomes accessible for a student only after Quiz Unit 1 is completed. At the
end, the (fully online) Final Assignment becomes accessible only after completing all the
prerequisites.

The Quizzes consisted of 4–6 standard problems, based on Mechanical Engineering
examples, designed by us and not findable on the Internet. The Quizzes were implemented
using formula questions in Canvas: the students had the same problems with different
numerical values, so they could discuss together but the final answers were unique per
quiz attempt. We allowed unlimited attempts and required a score of at least 60% to pass
the Quiz.

For the Problem Sets, we used the design from Mazur (2018) that consists of the indi-
vidual phase at home (the students solve a set of homework problems individually without
discussing with others) and the group phase in class (the students discuss in small groups,
mark their errors, and receive solutions from the teacher). It was mandatory to submit the
solutions after the individual phase and to attend the group phase.



INTERNATIONAL JOURNAL OF MATHEMATICAL EDUCATION IN SCIENCE AND TECHNOLOGY 3

Table 1. The units and the examples of learning objectives with corresponding points.

Unit # Unit title Learning objective examples points

1 How to quantify randomness?
Probability, mean and variance

1.5 Apply the definition of independent events,
and explain your computations

1

1.12 Compute the variance and the standard
deviation using a probability density
function, and explain your computations

2

2 What is 6σ in ‘lean 6σ ’? Probability
models

2.10 Reason in which real-life situations the
Normal distribution is applied, and explain
the meaning of its parameters

2

2.11 Apply the Normal distribution, and explain
your computations

2

3 What an engineer must know about
the samplemean? – Linear functions
and limit theorems

3.9 Apply the fact that a linear function of
normal random variables has a normal
distribution

2

3.10 Recognize the situation where the Central
Limit Theorem is applicable, and state when
the normal approximation can be used
based on this theorem

2

4 Plus-minus how much? Data
summaries and confidence intervals

4.2 Compute sample variance and sample
standard deviation

1

4.16 Execute and explain computations for
the confidence interval for the population
proportion, using the normal distribution

2

5 What does it mean that ‘the data is
significant’? Hypothesis testing

5.2(b) One-sample t-test for the mean of
the normal distribution: Formulate the
null-hypothesis and the alternative

2

5.2(d) One-sample t-test for the mean of the
normal distribution: Accept or reject the
null-hypothesis based on the appropriate
critical region, or apply the notion of p-value

3

Figure 1. The workflow of the course. The Quizzes are graded automatically. For Problem Sets, only
sub-mission and attendance to the group discussion is required.

3. The no-exam assessment setup

The core of this classroom note lies in the Final Assignment replacing the written test. We
will first describe the Final Assignment, and then explain the requirements and the grading.

Final Assignment. We asked the students to do the following:
Find own cases from Mechanical Engineering, where the knowledge gained in the Statis-

tics course was useful. The cases could be inspired by other courses, internships, research
projects, etc., or other relevant real-world examples.

Formulate clear Statistics problems for the chosen cases.Crucially, we specified the volume
and the coverage of the material by asking students to use a given number of the points of
learning objectives, which we will explain in the next paragraph.

Create complete solutions to these problems by following three steps.Weexplain these three
steps below.
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Points of learning objectives.Wehave formulated very specific learning objectives, several
examples are given in Table 1. Each learning objective refers to an exact topic and requires
performing either very specific calculations (e.g. 2.11, 5.2(d)) or reasoning (e.g. 2.10, 3.10).
One Unit contained about fifteen learning objectives.

To define the volume and the coverage of the Final Assignment, inspired by Faber and
Dresscher (n.d.), we assigned 1–3 (usually, 2) points to each learning objective, see examples
in Table 1. The points are approximately proportional to the corresponding weights we
usually give in a standardwritten test.We required to use aminimumof 25 and amaximum
of 30 points of learning objectives in the Final Assignment. In addition, we set minimal
required points from each Unit, summing up to 21, and leaving the remaining 4–9 points
for students’ choice.

The students learned to relate problems to the learning objectives in Quizzes and Prob-
lem Sets. In Quizzes, after submission, the list of learning objectives for each problem
appeared as a comment, and we explained to the students how to use this as a hint for
the correct solution. In Problem Sets, during the discussions in the group phase, the stu-
dents received a list of learning objectives for each problem andwere encouraged to use this
information in the discussion. They followed this advice because they wanted to practice
for the Final Assignment.

Three steps of the solution.We asked the students to present their solutions in three steps,
given in Table 2 below. These steps are inspired by Polya’s four steps approach for solving
mathematical problems (see e.g. Iannone, 2020). We adapted this approach to Engineering
students by combining Polya’s steps 1 and 2 and formulating the steps in a less abstract and
more actionable way.

The students practiced the three steps in the Problem Sets. As in Mazur (2018), in the
individual phase, the evidence of effort was that all three steps were worked out in all
problems. As an example, the teacher presented the solutions using the three steps as well.

Grading using rubrics. The criteria that we used for grading are provided in Table 3.
Importantly, we required that each criterion is met with at least 50% quality. For example,
if Step 3 is missing in half of the problems, then the student gets a zero for this crite-
rion. Moreover, the rule was that failing one criterion resulted in failing the assignment. This
choice is motivated by our previous experience that the students in this course often aimed
for a pass rather than a high grade. We wanted to encourage completeness of the work
and to avoid that the students strategically skipped some parts to score just enough for
a pass.

Table 2. The three steps of the solution.

Step 1 Explain in words how you would approach the problem: what
needs to be computed? Which probability models are
relevant and how? Which method will you apply (e.g. which
statistical test) or which result will you apply (e.g. Central
Limit Theorem)? Which steps will bring you to the answer?

Step 2 Solve the problem: Perform the computations as you described
in Step 1.

Step 3 Look back at your solution and the answer: Is the answer
reasonable/expected? Why or why not? If the answer does
not seem correct, what could have gone wrong? What
difficulties did you experience solving the problem? Which
learning objectives are relevant for solving this problem?
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Table 3. Grading criteria and their weights.

Criterion %

The originality and the quality of the problem
formulations

15%

The match between the problem formulations and the
stated learning objectives

20%

The completeness and correctness of Step 1 20%
The completeness and correctness of Step 2 20%
The completeness and correctness of Step 3 10%
Videoa 15%
aWe have asked the students to upload a 4-minutes video where they
explain their assignment. This is an unusual and somewhat controversial
part of the assignment, and we will refer to this in Section 4.

To be consistent in the grading, the two teachers first graded two randomly chosen
assignments together. Then, each student was graded by one of the teachers, and we have
discussed questionable cases when needed.

4. Results

Quality of submissions. The cases were very interesting and varied, from material science
and renewable energy to artificial intelligence and digital twins.Many assignments referred
to recent engineering literature, see example in Figure 2 by student T. Edelijn. As customary
in the Netherlands, we offered two attempts. After the first attempt, taken by 144 out of the
162 students, only 9 students failed tomeet the passing grade of 55%; the average score was
75.57%, with a standard deviation 15.35%.

Importantly, the students did not make typical errors that we observed in the previous
years when we used standard formative written tests! For example, the greatest majority of
the students formulated the null – and the alternative hypothesis correctly and applied the
correct test. In the previous years, these were sources of very common errors, even when
the students used a formula sheet.

Experience with the learning objectives. The volume and the coverage of the students’
assignments were as we intended it to be, that is, comparable to the standard written test in
previous years. Since the points of learning objectives (seeTable 1)were the onlymethodwe
used to regulate the volume and the coverage, we conclude that this method was effective
for this purpose.

Figure 2. Anexampleof aproblemgeneratedbya student. The solutionuses theχ2 test for the variance
of the normal distribution.
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Another effect of the learning objectives was shifting the emphasis from computations
to methodology. In written tests, in our experience, the students were very focused on
calculations and did not pay attention to which technique they used and why. Now they
were required to state the technique explicitly. This introduced an extra reflection step for
the students and gave us the tool to assess the depth of their understanding. For example,
a common error in the assignment was claiming learning objective 3.10 instead of 3.9 (see
Table 1). This is a subtle error because calculations are the same in both cases.We used this
to distinguish between excellent and average work, and could easily justify to the students
that correct calculations did not necessarily result in a high grade.

Experience with the three steps of the solution (see Table 2). In most of the students’ sub-
missions, the solutions presented in three steps were clear, complete, and pleasant to read.
We allowed some freedom of interpretation and did not reduce the score if, for example,
information that belongs in Step 1 was included in Step 2.

We noticed that Step 3, the reflection on the answer, was hard for the students. Very
commonly they wrote ‘the answer makes sense’ but their explanation did not reflect on the
methodology. Also, there were some typical errors in Step 3, for example, interpretation
of a confidence interval as if it was a prediction interval (we note that prediction intervals
were not included in the course).

Overall, this format of the solution gave us one more tool to differentiate between
excellent and average work by the quality of their arguments.

Experience with the rubrics. We found grading with rubrics as in Table 3 very suitable
for this assignment because the resulting grades matched our general impression of the
students’ work. No student rendered their grade unfairly low and the work that received
high grades was obviously of excellent quality.

In the criterion ‘The originality and the quality of the problem formulation’ we considered
‘originality’ to be highwhen the content of the problemswas based on own experience, and
had little overlapwithQuizzes and Problem Sets, while ‘problem formulation’ was required
to be unambiguous and formally correct. We noticed that many students scored high on
‘originality’ and low on ‘problem formulation’, or the other way around. In the future, we
will consider splitting these into two different criteria.

As discussed above, the criterion ‘Thematch between the problem formulations and the
stated learning objectives’ was very informative for assessing a deeper understanding of sta-
tistical techniques. However, grading for this criterion was very time-consuming because
the vast majority of the students identified at least some learning objectives incorrectly,
which resulted in complicated calculations of their scores. In the future, we will keep this
criterion but with a simplified version for scoring.

The Video, we believe, is potentially a powerful assessment tool, but it was of limited
added value in this setup because most of the students simply summarized what already
was written in the assignment and did not demonstrate any additional understanding in
the video. Besides, some students strongly disliked the video. We will reconsider how to
use the video, if at all, in the future.

Students’ feedback. Based on the panel evaluation report, open comments in the stan-
dard course evaluations, and informal feedback from the students, they appreciated the
assignment-based assessment but reported that it was too much work. For this reason,
some of them said to have preferred a written test. We agree about reducing the workload
in the future and can do so without damaging the comprehensiveness of the assessment.
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We believe, however, that one reason for the perceived high workload was that the students
learned better, which is evidenced, for example, bymostly correct application and explana-
tion of methodology. Clearly, such deeper learning takes more time! We are very pleased
that the assignment motivated the students to spend time on the course. Several students
said that they enjoyed working on the assignment. We quote one of them: I think that this
form of examination is a neat way to make a student understand the content of the course
without leading to high-stress levels and therefore found it a nice project to do.

The students were very positive about the online activities of the course: the video
lectures, the Quizzes, and the interactive classes.

In this classroomnote, we presented qualitative results of our no-examassessment setup.
We close by discussing the strengths, weaknesses, and modifications of this approach, as
well as its potential use in post-pandemic education.

Strengths, Weaknesses, Modifications. The strengths of this no-exam assessment setup
are multidimensional, below we list those that we found most prominent.

• The emphasis was less on the recall of statistical procedures and more on exhibit-
ing competence due to the clear focus on methodology rather than calculations, also
accepted by the students.

• We strongly witnessed students’ gains in terms of learning demonstrated by avoiding
typical errors that occur in a written test.

• Weobserved students’ positive attitudes towards Statistics in thatmany of them enjoyed
creating problems close to their interests.

• Students’ gradual work on the assignment, as well Quizzes and Problem Sets, created a
spacing effect that is shown to produce better learning outcomes (Kornell, 2009).

• The students could plan their work and did not have the stress of a time-constrained
test.

• The specification of learning objectives and the three steps of the solution were effective
tools for assessing the depth of the students’ understanding.

• Finally, the student-generated problems are a rich source for teachers to link Statistics
with the engineering profession, invaluable for future courses.

As in every new initiative, there are points of improvement, some listed below.

• The students report that the workload of the Final Assignment was too high. A balance
must be found between the workload and the comprehensiveness of the assessment.

• The grading of the students’ Final Assignment took more time than the grading of a
written test. The scoring systems must be simplified where possible.

• As usual with an essay/project type of assessment, plagiarism represents a potential lim-
itation. We did not encounter plagiarism in our course, but this is a point of attention
in the future.

Applications in post-pandemic education. We strongly believe that our no-exam setup
is applicable in the future due to many benefits outlined above. Moreover, this setup is
credible because it is been developed through years on the synergy of ideas and materials
(e.g. (Mazur, 2018; Faber & Dresscher, n.d.)). The pandemic was merely catalysis for this
work.
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For the teachers who want to apply our no-exam assessment setup, we stress that
the change in the assessment method cannot be considered separately from the ways of
teaching. The assessment and the teaching described in this article are strongly aligned
and connected. For example, even if the students cover only a fraction of thematerial in the
Final Assignment, we ensure that they have practiced structurally throughout the course
with all topics in the mandatory Quizzes and Problem Sets. Therefore, we would like to
offer this entire setup as a roadmap. Some choices are specific to the teacher and the educa-
tion programme, for example, the definition of learning objectives and the points assigned
to them, as well as criteria and weights in the rubrics. Naturally, defining all the specifics
for this type of assessment, together with a well-thought and designed course structure,
requires a lot of work. However, once this setup is prepared, it can be used for many years.

Finally, in 2021 the coursewas given exclusively online. In the post-pandemic education,
wewill certainly hold the discussions in small groups (the group phase of the Problem Sets)
on campus and would prefer to have interactive classes and Q&A’s on campus as well.
Nevertheless, the online tools such as video lectures, Quizzes, and digital platforms proved
very useful, enabling, exciting, and greatly appreciated by the students. We will definitely
continue to rely on these digital means in the future.
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