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ABSTRACT ARTICLE HISTORY
A typical practice of assessment in engineering studies, especially on large Received 24 May 2022
Bachelor level courses, is a final exam at the end of the course. This Accepted 20 March 2024
practice is problematic both in terms of learning and teaching, as it
does not provide feedback on learning experience or student progress C .
before the course is completed. ourse assessment; )
N ) X continuous assessment;
This study examines the gradual process of moving from a final exam engineering fields;
towards continuous assessment that integrates the practices of formative; summative
summative and formative assessment. The aim is to understand how
the changes affect student performance on the course over a period of
four years. The changes were implemented on a large Bachelor level
engineering course. The impact of adding practices of continuous
assessment was analyzed in relation to the course pass rate, grade
distribution, and student feedback.
The results show that replacing the final exam with weekly homework
improved student performance. Some of the identified differences are
statistically significant. Student feedback implies that moving towards
continuous assessment had a positive impact on the learning
experience. The results support increased use of continuous assessment
in the assessment of student learning on large Bachelor level
engineering courses.

KEYWORDS

1. Introduction

Discipline-specific traditions and limited resources for large class teaching in higher education con-
tinue to steer teachers towards using a final exam as the main assessment method (Hernandez 2012;
Elshorbagy and Schonwetter 2002). In engineering education, a final exam has often accounted for a
significant contribution in the course grade (Cano 2011; Hall et al. 2007; Sanz-Pérez 2019; Simate and
Woollacott 2017; Tormos et al. 2014) and has even been presented as a necessity for quality assur-
ance (Boud 2010; Hall et al. 2007). The possibility to implement assessment without a final exam has
been considered so revolutionary that, for example, Felder and Brent (2016) do not present this
possibility in their guide on teaching mathematics, science, and technology.

Final exam is a typical form of summative assessment that enables one-off measurement of learn-
ing for a large group of students (Brown, Bull, and Pendlebury 1997; Hernandez 2012). However, an
exam at the end of the course does not provide feedback on learning during the course, and thus
often remains separate from the learning process (Beaumont, O'Doherty, and Shannon 2011). In
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addition, the use of a final exam as an assessment method differs significantly from the assessment
and feedback practices in working life (Kearney and Perkins 2014; Villarroel et al. 2018). Lack of infor-
mation about the learning process may weaken students’ commitment to completing the course
work and, at worst, lead to dropping out of the course (Hall et al. 2007). For example, Lindberg-
Sand and Olsson (2008) found that summative assessment of first-year electrical engineering stu-
dents’ knowledge of engineering sciences in part causes the less successful students to change
their field of study. The authors conclude that students’ struggle to pass the first-year engineering
courses may be due to a distinction between the teaching process and the assessment practices
rather than students’ lack of knowledge (Lindberg-Sand and Olsson 2008).

Previous studies have suggested to move away from summative measurement of learning
towards more continuous and formative forms of assessment (Boud et al. 2018; Deneen and Boud
2014; Kearney and Perkins 2014). Continuous assessment typically combines the practices of forma-
tive and summative assessment. Formative assessment facilitates the learning process with timely
feedback (Black et al. 2004; Crisp 2012), thus allowing both students and teachers to receive infor-
mation on learning while the course is still ongoing (Hernandez 2012; Yorke 2003). Continuous
and formative assessment have been found to encourage students to commit to their studies, set
more ambitious learning goals for themselves, and achieve better learning outcomes (Black et al.
2004; Nicol and Macfarlane-Dick 2006; Tuunila and Pulkkinen 2015).

To identify ways of leveraging the benefits of continuous and formative assessment in engineer-
ing education, this article examines the replacement of a final exam representing summative assess-
ment with continuous and formative forms of assessment based on weekly homework assignments
and timely feedback. The new assessment practices were implemented gradually on a large Bachelor
level Thermodynamics and Heat Transfer course. The research question is: How does adding the
practices of continuous assessment affect student performance on the course?

2. Theoretical framework
2.1. Continuous assessment to support learning

Formative assessment is based on a social constructivist approach, in which the students construct
their own learning process based on the feedback received from their activities (e.g. Boud 2000;
Prince and Felder 2006). It is often carried out continuously by increasing the number of subtasks
to be assessed during the course and the amount of feedback provided on them
(Felder and Brent 2016). As continuous and formative assessment is integrated in the learning
process, it supports the achievement of learning objectives (Boud 2015; Boud and Soler 2016;
Hernandez 2012).

Previous studies state that assessment should not only have positive effects on learning during
the studies but also beyond them (Boud and Falchikov 2006). Assessment practices should
develop with the society to meet the changing competence demands (Lindberg-Sand and Olsson
2008; Villarroel et al. 2018; 2019). As also noted in the Council of the European Union’s recommen-
dation on key competences for lifelong learning (2018), practicing with versatile assessment
methods during studies supports the development of working life skills (Boud et al. 2018; Villarroel
et al. 2018; 2019). These skills include mastering one’s own learning process, which is needed for
improving one’s performance (Boud et al. 2018) and balancing the workload by prioritising most
urgent tasks.

Mastering one’s own learning process is possible when the student understands the usability of
feedback in learning (Hernandez 2012; Yan and Brown 2017) and has sufficient possibility to modify
their performance based on that (Black et al. 2004; Boud 2000; Boud et al. 2018). Previous studies
have found that timely information on the study progress may support students’ commitment to
the course work (Hall et al. 2007) and improve their pass rate (Tuunila and Pulkkinen 2015). In the
case of parallel courses, students can utilise information on their own study progress to detect
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when the minimum requirement for passing the course has been reached and the limited study time
can be invested in other course work.

2.2, Continuous assessment in large classes

The use of continuous assessment in large class learning environment has been limited, as it
is thought to require excessive time and effort from the teacher; the teacher must provide
continuous feedback on the performance of each student and carry out numerous assessments
during the course (Herndndez 2012). As the number of students increases, the workload of an
individual assessment and feedback round will also increase correspondingly, in which case it
may not be possible to give timely feedback (Nicol and Macfarlane-Dick 2006; Yorke 2003).
The quality of feedback may also suffer as the teacher’s workload increases (Nicol and Macfar-
lane-Dick 2006).

Continuous assessment enables development of teaching during the course (Black et al. 2004;
Nicol and Macfarlane-Dick 2006), as it allows identification of which topics are causing most
difficulties for students to learn and adjustment of the content as well as the pace of subsequent
lectures accordingly. However, teachers may have too great a workload to respond to the infor-
mation received on learning. In this case, the new assignments to be assessed are unnecessarily
burdensome for both the teacher and the students (Lindberg-Sand and Olsson 2008), which is
likely to hinder their wellbeing. The scientific community’s general culture of assessment also
affects the selection of teaching and assessment methods. It is feared that practices that
deviate from the traditional assessment methods will cause resistance among both teachers
and students (Deneen and Boud 2014). In fact, academic leadership plays a key role in creating
an assessment culture that supports the teaching and learning process (Boud 2000; Lindberg-
Sand and Olsson 2008).

Boud (2015) states that if continuous assessment places a burden on a teacher, it is not likely to be
sustained over a long period of time. To become an established practice on a course, continuous
assessment requires transferring some of the responsibility of assessment and providing feedback
from the teacher to the students as well as other course personnel, such as the assistants (Boud
and Soler 2016; Yorke 2003). In this case, the role of feedback and assessment will change from
teacher driven practices to involvement of the students as active agents in the assessment
process (Black et al. 2004; Boud 2015; Boud et al. 2018; Kearney and Perkins 2014). The role of engin-
eering students in the development of assessment practices has traditionally been marginal (Lind-
berg-Sand and Olsson 2008).

Large class learning environments with a low teacher-student ratio have been found to hinder
students’ commitment to their studies (Hall et al. 2007; Hornby and Osman 2014). Villarroel et al.
(2019) suggest that supporting the commitment of students on a large class setting can be done
by replacing merely theoretical assignments with assignments that imitate real-life problems.
When assessment is based on assignments that combine theory with practice, it prepares students
for working life (Gulikers, Bastiaens, and Kirschner 2004; Villarroel et al. 2018; 2019) and improves the
learning outcomes (Kearney and Perkins 2014; Kearney, Perkins, and Kennedy-Clark 2016). These
assignments often enable group work, which reduces the number of individual assignments to be
assessed (Felder and Brent 2016). Instead of adding more assessment methods on a course, it is rec-
ommended to replace the old assessment practices with entirely new ones (Boud 2000).

Implementation of continuous assessment without a final exam has previously been studied in
the context of Master’s degree studies (Clavert and Paloposki 2015), but there is limited research
available on the impact of continuous assessment without a final exam on large Bachelor’s
degree courses. One of the few studies available concerns the University of Porto, where Soeiro
and Cabral (2004) found that the pass rate and grades for an engineering Bachelor level course
improved after applying continuous assessment without a final exam, and that the students also
gained competences for lifelong learning. This study aims to enrich the limited body of previous
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research by describing a gradual stepwise process of moving towards continuous assessment on a
large class Bachelor level engineering course.

3. Methodology
3.1. Context of the study

Thermodynamics and Heat Transfer course is part of the Bachelor's degree programme at Aalto Uni-
versity School of Engineering. A course is defined as regularly scheduled class sessions of typically one
to five hours per week during a semester (Glossary of the U.S. Educational System). The course of 12
weeks is organised every fall semester. The workload is five credits according to the European Credit
Transfer and Accumulation System, one credit equals approximately 27 h of study. The learning objec-
tives pertain to understanding the basics of thermodynamics and heat transfer. The assessment
focuses on the achievement of the learning objectives. Grades are given on a scale from 0 to 5 with
0 being fail and 1-5 being passing grades. A degree may be awarded with honours if the weighted
average grade of the courses and the grade for the thesis both are at least 4.0.

The weekly teaching and learning activities consist of a lecture, two workshop sessions and home-
work assignments. The lectures combine basic theory of thermodynamics and heat transfer with ana-
lyses of the design and performance of engines, thermal power plants, and heat pumps as well as the
individual components of such systems. The workshop sessions provide support for the students as
they learn to perform thermodynamics and heat transfer calculations. The homework assignments
are based on problem-solving with data searching, design, and calculation tasks.

The course is mandatory for students of Energy and Environmental Technology, Mechanical
Engineering, and Structural Engineering who generally complete the course during the second
year of their studies. In addition, a few students from other Bachelor's degree programmes of
Aalto University, other Finnish universities, and the Open University occasionally take part in the
course each year. In total, the number of students is around 300 each year.

The teaching staff consists of a teacher-in-charge, a main assistant and five to 10 course assistants.
The teacher-in-charge is a professor or lecturer, the main assistant is typically an experienced
teacher, and the course assistants may be members of the teaching personnel, postgraduate stu-
dents, or more advanced degree programme students. A more detailed course description is pro-
vided in Appendix 1.

3.2. Gradual development of assessment practices

Until 2014, the course assessment was mainly based on an open-book final exam administered at the
end of semester. Students were able to earn additional points by handing in weekly homework
assignments which accounted for at most 25% of the final grade. The exact weight of the altogether
12 sets of homework varied yearly and was determined only after the final exam had been graded.
Thus, when the students were doing the homework assignments, they could not be sure of whether
their score of additional points was going to be sufficient for passing the course. Two to three make-
up exams were arranged each year for students who dropped out of the course, failed the course, or
wanted to improve their grade. The students could also complete the course with a make-up exam
instead of the final exam.

The exam and homework problems typically included calculations and open-ended tasks of eval-
uating the meaning and reliability of the solutions. The calculations were assessed as being either
‘correct’ or ‘incorrect’, and the open-ended tasks were assessed based on the logic and clarity of
reasoning. In 2014, grading was mainly based on the calculations, while in 2015-2017, the impor-
tance of open-ended tasks was increased up to 20% of total points.

In 2014, the pass rate of the course was relatively low. Out of the 272 registered students only 175
(64%) passed the course by taking the final exam at the end of the fall semester. Additionally, 25
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students (9%) passed the course through make-up exams. The remaining 72 students either failed in
the exams, dropped out, or did not attend the course at all. To obtain a passing grade 1, the
minimum number of points from the final exam and homework was 11 out of 48 (23%), which
cannot be considered to demonstrate good command of the course content.

The development of assessment practices was implemented during a three-year period in 2015-
2017 to improve students’ commitment to the course. The objectives were to reduce the dropout
rate and the number of make-up exams required for passing the course as well as to improve stu-
dents’ learning experience. Table 1 shows how the different components of assessment contributed
to forming the final grade each year. Year 2014 represents the starting point for the gradual devel-
opment process.

3.3. From a final exam to assessment based on homework and interim exams

In 2015, four changes were made to the course assessment: (1) increasing the weight of weekly
homework in the assessment to 33%, (2) replacing the final exam with two interim exams covering
only half of the course material with a weight of 33% each, (3) informing the students of the weight
of different components used in the assessment before the course began, and (4) increasing the
minimum acceptable level of student performance to 42% with the new minimum number of
points for the lowest passing grade being 30 of 72. The make-up exams were still arranged, and
in line with the former final exam, they required mastering the whole course material. Both the
interim and make-up exams were open-book exams. The number of homework sets was decreased
from 12 to 10 to allow students more time to prepare for the interim exams.

When the logic of converting the homework and exam points into a final grade was published
before the course started, the students could compare their progress with their grade objective
during the course. As the importance of open-ended problems in grading was also increased, the
need for timely feedback was recognised and an explicit policy was adopted to complete the
grading of the homework within a week of the deadline for students to hand in their solution. A
decision was also made to augment the guiding effect of homework grading by including as many
verbal comments as possible in the feedback. The comments were mostly suggestions for improve-
ment related to evaluating the trustworthiness of the selected data sources, choosing equations
that are applicable in the given problem setting (for example, to avoid using equations derived for con-
stant volume processes when the problem deals with a constant pressure process), correcting errors in
performing the calculations, and discussing the usability of the results obtained.

While the minimum number of points for the lowest passing grade increased, it was explicated to
the students that co-operation in solving the homework problems is encouraged. As the changes
were observed to increase students’ commitment to completing the course, regardless of the
higher minimum acceptable level of student performance, they were preserved in the course
implementation in 2016.

3.4. Assessment based on weekly homework assignments and group work
Following the encouraging results of improved student commitment to the course when moving

towards continuous assessment in 2015-2016, two more changes were made to the assessment

Table 1. Weighing of different components of assessment in grading in 2014-2017.

Deliveries 2014 2015 2016 2017
Homework 25% 33% 33% 100%
Interim exam 1 33% 33%

Interim exam 2 33% 33%

Final exam 75%

Total 100% 100% 100% 100%
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practices in 2017: (1) the interim exams were removed, and the assessment was entirely based on 12
sets of weekly homework assignments, and (2) the new minimum number of points for the lowest
passing grade was increased to 36 of 72 (50%). In addition, two of the homework assignments were
modified to explicitly encourage group work, although the possibility of returning an individual sol-
ution was also retained. The group work assignments were supported with two workshops organ-
ised at Aalto University Design Factory (see e.g. Clavert and Laakso 2013), the facilities of which
are designed to support collaboration better than the traditional lecture halls.

3.5. Collection and analysis of data

The data of this study includes the pass rates, scores, and grades attained by the students and the
course feedback provided by them in 2014-2017. The pass rates, scores, and grades are based on the
performance records maintained by the teaching staff, which cover the homework assignments,
interim exams, final exams, and make-up exams. The material is used to examine the annual differ-
ences in the students’ study success. In addition, the correlation between the students’ success in
their homework and interim exams is examined. The main method of analysis is Pearson x2 test
applied to contingency tables (e.g. Howell 2007). The test is chosen due to its applicability to
both categorical data, such as the information on whether the students passed or failed the
course, and to quantitative data, such as the course grades.

Course feedback provided by the students was collected using an electronic survey system. The
survey was carried out anonymously at the end of the course and included both numerical ques-
tions, such as an overall grade for the course, and open questions. As the numerical replies were typi-
cally justified in the answers to the open questions, only the latter ones were included in the analysis.
The number of respondents varied annually and by question between 42 and 90 which covers 15—
29% of the cohort. The feedback questions were:

1. What was good about the course and promoted learning?
2. What was lacking in the course and impeded learning?

In 2017, questions concerning changes that took place that year were added to the feedback
survey: What promoted or impeded learning in the group work assignments organised at the
Design Factory? How did replacing the final exam with weekly homework affect learning?

Open student feedback was grouped using qualitative content analysis (e.g. Graneheim, Lindg-
ren, and Lundman 2017). The analysis focused on feedback on the weekly homework assignments.
All references to homework assignments were identified from the written feedback material and
analyzed inductively. The analysis primarily focused on positive and negative impacts of homework
on students’ learning experience during the course. A single statement by an individual student
expressing either positive or negative impact was defined as a unit of analysis. In addition, the fre-
quency of statements with similar meaning was analyzed. To identify the effects of the gradual
development of the assessment practices, the feedback was grouped by the year the course was
taken.

This study focuses on the effects of continuous assessment on student performance on the
course. The study does not examine factors related to the background of students, such as possible
variations between their major subjects or previous study success. Moreover, the study does not
examine the potential variation between first-time course participants and those re-doing the
course.

4. Findings

Based on the data analysis, it appears that the stepwise process of replacing the final exam with
weekly homework had a positive impact on the course pass rate, distribution of grades and
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student feedback. Some of the differences observed between 2014 and 2017 were statistically
significant.

4.1. Changes in the course pass rates

During the research period 2014-2017, the fraction of students who passed the course increased
steadily even though the minimum scores required for the lowest passing grade increased from
23% in 2014 to 50% in 2017. The improvement of pass rates was statistically significant between
2014 and 2015 for those students who completed the course within the target schedule without
a make-up exam (x2 = 13.2 with three degrees of freedom, P =0.004). The resulting P value indicates
that had the pass rates remained the same between 2014 and 2015, the probability for such a
Pearson x2 test result would have been 0.004%. In 2014, the pass rate was 67.3%. When the final
exam was replaced with two interim exams and the weight of homework was increased in 2015,
the pass rate increased to 73.2%. The improvement of pass rates in 2015-2017 was not statistically
significant (x*> = 6.2 with two degrees of freedom, P = 0.044).

Figure 1 presents the fraction of students who completed the course within the target schedule,
and the students who completed the course with a make-up exam. Each year, the fraction of stu-
dents who failed the course mostly consisted of students who registered but did not attend the
course, who dropped out immediately, or who struggled to meet the minimum acceptable level
of performance from the beginning of the course. The opportunity for a make-up exam was available
until 2016. The statistical analysis related to the evolution of the pass rate is presented in Tables A1,
A2 and A3 of Appendix 2.

To shed light on the engagement of students during the course, the fraction of students who
handed in their homework assignments in 2014-2017 was also examined (see Figure 2). As the
weight of the homework and the minimum scores required for the lowest passing grade increased
in 2015-2017, the fraction of students handing in their homework solutions increased accordingly.
The highest rates of handing in the solutions were observed in 2017.

Each year, students’ activity in handing in their homework solutions slowly declined towards the
end of the semester; the decrease was most significant in the last homework round in 2017. As there
were only 10 sets of homework in 2015 and 2016, the graphics for those years have a gap in the
middle of the semester and they also end earlier than the graphics for 2014 and 2017 in Figure 2.

100
80
X
g 60
‘g Failed / dropped out /
= no-show
40
# Passed in make-up
exams
20
m Passed during the
semester
0
2014 2015 2016 2017
Year

Figure 1. Evolution of the pass rate in 2014-2017.
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Figure 2. Evolution of the weekly homework submission rate in 2014-2017.

4.2. Changes in the distribution of grades

During the research period 2014-2017, the fraction of students with the highest passing grade
increased even though the minimum scores required for the lowest passing grade increased simul-
taneously. The evolution of grade distribution is presented in Figure 3. In 2014, the highest fraction
of students attained grades 3 and 4. There was also a peak at grade 0 consisting of students who
failed the course, dropped out, or registered but never participated, which is typical to all courses
at Aalto University School of Engineering.

When compared with 2014, the distribution of grades in 2015-2017 was different with the
highest fraction of students attaining the highest passing grade 5. For the years 2014 and 2015,
the improvement was statistically significant (x2 =58.5 with 15 degrees of freedom, P=0.000). In
the following years 2015-2017, the fraction of students with the highest passing grade continued

Fraction %

Grade

Figure 3. Evolution of grade distribution in 2014-2017. Students who passed the course in the make-up exams in 2014-2016 are
included.
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to increase but the difference was no longer statistically significant (x2=11.1 with 10 degrees of
freedom, P =0.35). The fraction of students who failed the course with grade 0 decreased slightly
in 2014-2017. The evolution of grade distribution suggests that students’ attainment of the learning
objectives improved as the weight of the homework increased in the assessment.

Figure 3 includes students who completed the course within the target schedule and students
who completed it with a make-up exam. The statistical analysis related to the distribution of
grades is presented in Tables A4 and A5 of Appendix 2.

In addition to the grade distribution, correlation between students’ performance in the homework
assignments and interim exams was examined. The analysis included only the 210 students who par-
ticipated in both interim exams in Fall 2016. In Figure 4, each student is identified with a diamond shape.
The size of the diamond is larger when more students have reached the same number of points. Grade
limits (1 being the lowest passing grade and 5 the highest) are presented with a dashed line.

Figure 4 suggests that majority of the students who attained a high score of points from home-
work also scored high in the exams. The regression line showing the correlation between points from
homework assignments and interim exams has a r? value of 0.24. The value of r* can be considered
relatively high (Howell 2007), which implies that the exams and homework assignments measured
the same thing. It also suggests that plagiarism was not a common issue in the homework-based
assessment; when the exams were eliminated in 2017, there were only minor differences in the dis-
tribution of grades compared to 2016 when 66% of the assessment was still based on individual
interim exam scores.

4.3. Students’ experiences of the assessment

Based on the anonymous student feedback, moving towards continuous assessment had a positive
impact on students’ experience of the course. Completing the course with weekly homework assign-
ments instead of a final exam received significantly more positive than negative feedback from the
students. The emphasis of student feedback related to assessment varied between 2014 and 2017
according to the stage of course development (Table 2).

24 - = . .
T \~~“5 i .o
A SO e S S P T s
=3 Tves L2 S o seee os 00
- Te-~ ST eas 400 G+ G000
a 18 ‘
g
9]
=¥
g
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| Regression line (r2 = 0.24) S~
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¢ 3 6 9 12

Homework points

Figure 4. Correlation between interim exam and homework performance in Fall 2016. Only the students who participated in
both interim exams are included.
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Table 2. Division of feedback for the weekly homework assignments in 2014-2017 (number of mentions in the data).

Yearly response
rate

Q1. Factors supporting learning (254)

Q2. Factors hindering learning (89)

2014 Doing the weekly assignments (17) Inadequate help from the course
Q1: 15% Help from the course assistants (17) assistants (3)
Q2: 15% Interesting problem statements (11) Inconsistent level of difficulty (3)
Grading based on weekly assignments (7) Inconsistent grading of the homework
]
Lack of alignment (1)
2015 Doing the weekly homework (30) Inadequate help from the course
Q1: 22% Help from the course assistants (13) assistants (5)
Q2: 20% Adequately challenging assignments (10) Inconsistent level of difficulty (4)
Interesting problem statements (7) Doing the weekly homework (3)
2016 Doing the weekly homework (25) Inconsistent level of difficulty (13)
Q1: 20% Help from the course assistants (13) Adequately challenging Unclear problem statements (4)
Q2: 20% assignments (5) Inconsistent grading of the homework
(M
Inadequate help from the course
assistants (1)
2017 Grading based on weekly homework (40) Grading based on weekly homework (17)
Q1: 29% Doing the weekly homework (35) Inadequate help from the course
Q2: 27% Group work (9) assistants (11)

Help from the course assistants (6)
Interesting problem statements (5)
Adequately challenging assignments (4)

Inconsistent level of difficulty (8)
Unclear problem statements (6)
Inconsistent grading of the homework
@)

Lack of alignment (2)

Doing the weekly homework (2)

In 2014, the assessment was based on weekly homework assignments and a final exam, and the
student feedback highlighted both doing the homework assignments and receiving help from the
course assistants as supportive of learning.

In 2015-2016, the assessment method changed from a final exam to weekly homework and
interim exams, and the students’ attention was increasingly focused on the quality of the assign-
ments. In the following quotation, a student who participated in the course in 2015 describes the
usefulness of the homework assignments beyond the immediate course context: ‘The course pre-
pared me for working life —. I've usually done poorly in physics at the university, but now my home-
work exercises have gone very well. | learned a lot and | believe that the information will be useful to
me in the future.’

In 2017, interim exams were replaced with assessment based solely on homework and a separate
question on assessment was added to the feedback survey. In addition, the instructions for two
homework assignments were modified to encourage group work. Feedback related to continuous
assessment increased significantly, and the importance of group work for learning was emphasised.
Assessment based on weekly homework was deemed to balance the workload and ease pressure at
the end of the semester. In the following quotation, a student who participated in the course in 2017
describes the effect of eliminating the exam on their experienced level of stress.

‘The elimination of the exam was a really good idea, as it reduces stress during exam week and makes it
more humane to complete the course. This will remove possible obstacles to completing the course caused
by delays, illness, and accidents. - - | believe that | will remember what I've learned during this course better
than what | learned during a course that only had an exam, or an exam combined with a huge amount of
weekly homework.’

5. Discussion

This study shows that moving towards continuous assessment improves students’ commitment to
the course work. Improved commitment was manifested during the examined period 2014-2017
of gradually increasing the degree of feedback on learning during the course: the pass rate increased
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and students’ activity in handing in the homework assignments improved. These findings imply that
increased information on one’s own study progress may facilitate students’ engagement to the
course work and support their commitment to completing it. Tuunila and Pulkkinen (2015) have
also found continuous assessment and weekly feedback to improve the pass rate on a Bachelor
level technology course (see also Hall et al. 2007).

The findings suggest that moving towards continuous assessment may also support attainment
of the learning objectives. When the final exam was eliminated and the weight of homework as well
as the minimum score of points for passing the course were increased, the number of students with
the highest grade increased accordingly. Previous studies have shown that integrating assessment
with the teaching and learning process encourages students to achieve better learning outcomes
(Black et al. 2004; Hernandez 2012; Lindberg-Sand and Olsson 2008; Nicol and Macfarlane-Dick
2006). However, as pointed out by Richardson, Abraham, and Bond (2012), academic performance
with its correlates is a complicated issue that often extends beyond grades and pass rates.

The resulting distribution of grades suggests a fundamental difference between the exam-based
and homework-based forms of assessment. A Gaussian distribution of grades would have been
expected in exam-based assessment, where the performance is influenced by multiple simultaneous
factors. These factors include students’ knowledge of the subject matter but also their capability of
memorising information, speed of exam execution, and ability to withstand the anxiety associated
with the one-off exam situation. Assessment based on homework was found to diminish the
number of factors influencing students’ performance by allowing more time for completing the
assignments and enabling the use of external sources of information, such as the internet. Eliminat-
ing the exam may have also supported students’ learning by reducing the anxiety related to failing
the exam (Richardson, Abraham, and Bond 2012) or not being able attend it due to, for example, a
bus strike, missed alarm, or sickness.

Practices of continuous assessment were highlighted in the student feedback as the key factors in
balancing the increasing workload towards the end of semester. As the exams were eliminated and
the weight of different components used in the assessment was published at the beginning of the
course, the activity of some students was found to decrease towards the end of the semester. It may
be that the practices of continuous and formative assessment allowed evaluating one’s own per-
formance in terms of achieving individual learning objectives and adjusting one’s activity based
on the feedback. Previous studies have highlighted timely feedback as a key factor guiding the regu-
lation of one’s own learning process (Villarroel et al. 2018; Yan and Brown 2017). The ability to regu-
late one’s own workload and performance based on continuous feedback is also a relevant working
life skill (Kearney and Perkins 2014; Boud et al. 2018).

Developing some of the individual homework assignments to encourage group work was con-
sidered as supportive of learning in the student feedback. As collaboration is often required for
solving real-life problems, these assignments are likely to have prepared the students for working
life. While the exam assignments were based on limited study materials provided by the teacher,
the homework assignments allowed searching and evaluation of data from all available sources
before performing the calculations. Previous research has found that assessment based on assign-
ments that imitate real-life problems supports the commitment of students on a large class
setting (Villarroel et al. 2019), improves their learning outcomes (Kearney and Perkins 2014;
Kearney, Perkins, and Kennedy-Clark 2016), and prepares them for working life (Gulikers, Bastiaens,
and Kirschner 2004; Villarroel et al. 2018; 2019).

Based on the positive correlation between students’ interim exam and homework performance
in 2016, it was concluded that there were assessment practices that measured the same thing.
Replacing summative exam-based assessment entirely with homework-based assessment
reduced teacher’s heavy workload related to arranging the exams. In addition, replacing some
of the individual assignments with group work reduced the number of individual deliveries to
be assessed by the teacher (see also Felder and Brent 2016). Moving towards continuous assess-
ment also increased the transparency of the learning process for the teacher, provided
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information on the progress of the students, and enabled giving feedback when necessary.
However, providing timely feedback was heavily dependent on the availability of competent
teaching personnel on the course.

In line with previous research (Boud 2000), this study suggests that continuous assessment should
replace rather than supplement the old assessment practices. It also shows that transformation from
summative to continuous assessment does require ensuring sufficient resources for teaching of large
class engineering courses.

6. Limitations and development proposals

Although previous studies have been in nearly unanimous agreement on the benefits of continuous
assessment for learning (e.g. Black et al. 2004; Herndndez 2012), they have highlighted the difficulty
in reforming assessment practices, especially on large courses (Deneen and Boud 2014; Nicol and
Macfarlane-Dick 2006). Consequently, there have been limited examples of the practical implemen-
tation of continuous assessment on large engineering courses (Simate and Woollacott 2017; Tormos
et al. 2014). Previous research tends to favour the use of a final exam as an important indicator of
learning outcomes and a tool for ensuring the quality of teaching, even when continuous assess-
ment is applied (Boud 2010; Hall et al. 2007). The results of this study encourage the use of continu-
ous assessment without a final exam to support learning and commitment on large engineering
courses, although the scope was limited to primarily numerical indicators of student performance.

Continuous assessment often allows students to achieve their individual grade objectives before
the course ends. As the workload of parallel, exam-based courses increases towards the end of the
semester, students are inclined to invest their limited study time on those courses that are assessed
solely with a final exam rather than try to improve the grades obtained from continuous assessment.
Prioritising courses with a final exam may hinder the positive effects of continuous assessment on
balancing the workload, reducing study-related stress, and developing working life skills. Conse-
quently, it is recommended to replace final exams with continuous assessment on a program
rather than course level. To support students’ ability to regulate their own learning process, teachers
are encouraged to communicate to students how the final grade is formed before the course begins.

In the future, it will be important to identify the impact of different kinds of assessment tasks and
feedback on the quality of learning as well as to examine how teacher’s workload can be reduced by
introducing formative self and peer assessment alongside the assessment carried out by the teacher.
Further studies are also required to identify the effects of continuous assessment based on real-life
problems and group work assignments in a large class setting. To examine the wider impact of con-
tinuous assessment, research that compares the outcomes of courses based solely on continuous
and formative assessment with other courses assessed predominantly with a final exam is called for.
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