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This study aims at better understanding of the use of self-assessment to support
high-achieving students in first-year university mathematics. The students, who had
not previously self-assessed their skills and knowledge in mathematics, were given
two self-assessment exercises during a calculus course: they assessed their prior
knowledge and learning goals in the beginning of the course and the quality of their
learning outcomes in the end. Their approaches to learning and perceptions of self-
assessment were studied with questionnaires in the beginning and at the end of
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the course. The students felt that they were able to assess their performance and
that self-assessment exercises helped them to learn. Their self-ratings agreed well
with the teacher's grading. Self-assessment was implemented to support novice
students to adopt a deep approach to learning, and the results showing a
statistically significant decrease in unreflective approach give an encouraging
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1 Introduction

Developing the ability to judge the quality of one’s own work is one of the core
purposes of university studies (Boud et al., 2018). In this context, self-assessment has
been regarded as a valuable assessment process that allows students to learn to
understand the expectations, criteria and standards used in assessment, to regulate
their own learning and to acquire skills for lifelong learning (Boud et al., 2018; Crisp,
2012; Falchikov & Boud, 1989; Kearney et al., 2016; Panadero et al., 2016). The use of
self-assessment has been shown to improve student motivation and engagement
(Andrade & Du, 2007; Cukusié et al., 2014; Mok et al., 2006; Nikou & Economides,
2016) as well as self-efficacy (Kissling & O’'Donnell, 2015) and academic performance
(Ibabe & Jauregizar, 2010). Results indicate that the ability to self-assess is
intermingled with the ability to self-regulate one’s own learning (Panadero et al.,
2016) and with lifelong learning skills (Boud, 2000; Crisp, 2012; Kearney et al., 2016),
as well as it has a linkage with the approaches to learning the students adopt
(Nieminen et al., 2021; Ohrstedt & Lindfors, 2019). In this study, we take the
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framework of approaches to learning (Asikainen & Gijbels, 2017; Entwistle, 2009) to
explore if the self-assessment activities implemented into course can nourish
students’ way of studying, namely, to enhance novice mathematic students to adopt
deep approach to learning in early stages in their university studies.

Though the importance of the ability to assess own work is viewed evident,
university students still scarcely get self-assessment experiences at courses, and
further, the students’ ability to self-assess the quality of their own work does not
systematically improve through education (Boud et al., 2018; Halinen et al., 2014;
Postareff et al., 2012). In their paper, Ohrstedt and Lindfors (2019) found that first-
semester students who are new to their discipline have difficulties in estimating their
grades. Their study also indicated that low levels of surface approach were linked to
better self-assessment skills.

In mathematics, a few pioneers have scientifically studied self-assessment on
university level courses (see e.g., Nieminen et al., 2021; Tuohilampi et al., 2018;
Warwick & Howard, 2015), but self-assessment is far from being common practice.
Teachers' fear that the students cannot rate accurately and objectively if compared to
the ratings done by teachers has been commonly perceived one of the main reasons
for resistance (Falchikov & Boud, 1989), and thus, accuracy has been a question
repeatedly examined (Gonzalez-Betancor et al., 2019). As far as we know there are no
results showing that university mathematics teachers’ conceptions on assessment
would be different. Further, the results from secondary education do not indicate any
disciplinary differences when comparing teachers’ conceptions on assessment and
their assessment practices (Fernandez-Ruiz & Panadero, 2020). However, Brown,
Gebri, and Michaelides (2019) concluded that teachers’ conceptions of assessment are
rather influenced by culture, context, and local factors. Also, mathematics as a
conceptual science differs significantly from many other disciplines and therefore
results of assessment studies do differ in some respects. For example, mathematics
students have been reported to prefer to be assessed by summative assessment
methods that are good at discriminating academic ability, which is not in line with the
university students’ attitudes in general (Iannone & Simpson, 2015). The results from
engineering also show that some students’ attitudes toward self-assessment are
negative (Willey & Gardner, 2010). However, if self-assessment is used formatively,
as suggested, e.g., by Andrade & Valtcheva (20009), the focus is not on rating itself, but
in obtaining valuable skills through an increased number of self-assessment
experiences. Then, the accuracy of one data point of assessment is no longer
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crucial. With more practice the students can improve their ability to
assess themselves and to understand the standards and their own competences in
relation to those standards.

In this paper, we draw attention to self-assessment practices in university first-
year mathematics by examining an implementation of student self-assessment
processes into a class of high achievers. By high achievers here we mean students who
have passed the entrance examination to a competitive study programme and who
usually get the highest grades showing very good to excellent ability in their university
exams. During the self-assessment processes in the course, the students evaluated
twice the quality of their learning outcomes according to given criteria. The intended
learning outcomes were made transparent through rubric that included both content
knowledge and domain-specific generic skills, such as writing mathematics. The
emphasis of self-assessment was more in building the metacognition of the learners
(Mok et al.,, 2006) by enhancing awareness of own learning through the self-
assessment activities than in developing students’ skills to assess quality of one’s own
work. Approaches to learning give a conceptual frame to explore students’ awareness
of their own learning as it includes the aspects of unreflective or reflective studying
(Lindblom-Ylanne et al., 2019). Hence, the students’ perceptions on the benefits of
the self-assessment exercises were collected and analyzed as well as the changes in
their approaches to learning mathematics. In addition, the students’ self-ratings were
compared to teacher-ratings to study the accuracy of their assessments to have
discipline-specific results of high achievers’ skills to assess their own learning
outcomes.

2 Theoretical frame

2.1 Self-assessment

Self-assessment can be defined as a process in which the student evaluates their own
achievements and judge their own performance (Falchikov & Boud, 1989). According
to Panadero et al. (2016), “self-assessment is the qualitative assessment of the
learning process, and its final product, realized on the basis of pre-established
criteria”. In accordance, the judgements students make are based on information and
evidence about their own performance collected from various sources (Yan & Brown,
2017). In this paper, we refer to self-assessment as a process during which the
students evaluate their own progress and performance and give justifications for the
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results of their evaluation according to teacher-given criteria showing intended
learning outcomes.

Students’ perceptions on assessment influences how they study, and in
consequence, the perceptions affect their learning experience (Biggs, 2003; Struyven
et al., 2005). In a recent study (Pereira et al., 2017) exploring students’ perceptions
on assessment the authors found out that learning was associated with assessment as
a positive issue, and further, the student involvement in assessment increased student
confidence. Recent study on medical education concluded that students had positive
attitudes toward self-assessment and the self-assessment activities promoted their
learning as well (Capan Melser et al., 2020). However, Pereira et al. (2017) pointed
out that students in different countries as well as in different disciplines show
dissimilarities concerning what they value in assessment. Based on these findings, we
suggest that in order to enhance the mathematics students to adopt a deep approach
to learning by implementing self-assessment activities it is valuable to explore their
perceptions on self-assessment.

The accuracy is a fundamental learning target when the ability to assess own
learning achievements is trained, and accuracy has been explored intensively since
the meta-analysis of Falchikov and Boud (1989), while literature shows diverse results
in different settings from quite low accuracy (Gonzalez-Betancor et al., 2019; Kun,
2016) to high accuracy (Boud et al., 2013; Panadero & Romero, 2014). Focusing on
high-achievers, they tend to underestimate their performance whereas low-achievers
tend to overestimate their performance (Boud et al., 2013; Falchikov & Boud, 1989;
Kearney et al., 2016). Hosein and Harle (2018) observed that students’ accuracy on
their self-assessment in mathematics is associated with their prior mathematical
attainment and overall mathematics confidence. Based on their data on
undergraduate physics they noticed that students with high or low prior mathematical
attainment were more accurate in their self-assessment than students with moderate
prior attainment. None of these results concern specifically accuracy of high achievers
in university mathematics. Hence, exploring the accuracy of high achievers in
university mathematics fills the gap in accuracy literature.

Using criteria and standards help the students to understand (Andrade & Du,
2007; Panadero & Jonsson, 2013; Panadero & Romero, 2014), while students need to
have multiple opportunities for practicing self-assessment in relation to given criteria,
with feedback to help calibrate the judgements (Hosein & Harle, 2018; Kearney et al.,
2016; Yucel et al., 2014). The students can make reasonable judgements if they are
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properly provided with training and background information to the process, and
many studies have found high correlations between student- and teacher-ratings
(Asikainen et al., 2014; Boud et al., 2013; Falchikov & Boud, 1989; Kearney et al.,
2016; Panadero & Romero, 2014).

Results (Boud et al., 2013) indicate that students become more effective in
criteria-based judgements both within a subject and a range of subjects over time, and
their self-assessments tend to converge with the views of their tutors.
However, Boud et al. (2013) argued that the improved skill to assess quality of own
work is not immediately transferable, because standards and criteria are somewhat
domain-specific and understanding of the expected assignment need to be gained
whenever confronted with a new subject matter. Hence, we suggest that to understand
the expectations, criteria, and disciplinary standards of university level mathematics,
and to develop capabilities to make realistic assessments on own learning processes
and outcomes, self-assessment processes should be practiced and implemented
already in first-year university mathematics. Taken into account what literature on
students’ perceptions of assessment says about disciplinary specific and cultural
variations (Pereira et al., 2017), meanwhile other literature shows discordant results
in students’ skills to assess the quality of own work (Boud et al., 2015; Kun, 2016), the
students’ perceptions on self-assessment and the accuracy aspect as well is worth to
be explored among high achievers in university mathematics.

2.2 Approaches to learning

Students’ approaches to learning have been studied for over forty years. Studying
psychology students, Marton and Saljo (1976a) distinguished two different ways of
processing a given scientific article. In surface processing the students concentrated
on memorizing the text as presented, whilst in deep processing the students
concentrated on the meaning of the text. Later, these concepts have been replaced by
surface and deep approach that refer to both the students’ intentions concerning their
studying and learning and the learning processes they apply (e.g., Entwistle &
Ramsden, 1983). The students having surface approach to learning study
unreflectively and their knowledge is fragmented, and thus it has been recently
suggested that unreflective approach characterises their approach better than surface
approach (Lindblom-Ylanne et al., 2019).

These two qualitatively different approaches to learning, the deep approach and
the unreflective approach, and their consequences and changes in approach have



LUMAT

been studied extensively since the 1970’s (see e.g., Asikainen & Gijbels, 2017). Already
in the same study by Marton and Saljo (1976a) first evidence was found that students
with deep approach learn better than students with surface approach, and
subsequent studies have supported this finding (Diseth & Martinsen, 2003;
Minbashian et al.,, 2004; Trigwell & Prosser, 1991). In a related
study Marton and Saljo (1976b) also found that students can change their approach
to learning, and this change can be provoked. Teaching methods affect the approaches
to learning (e.g., Entwistle, 2009) as well as the teaching-learning environment
(Kyndt et al., 2011). Research has also emphasised the role of assessment in
influencing students’ approaches to learning (Rust et al., 2005). Marton and Sailjo
(1976a) already suggested that assessment methods which are designed to support
deep level learning may result in difficulties for students who apply surface level
processing. There is still a research gap in how self-assessment is related to the way
students approach their learning. In a study by Nieminen, Asikainen and Ramo (2021)
it was suggested that summative self-assessment can provoke a high deep approach
to learning and self-efficacy among mathematics students. Their study was made with
a person-oriented approach at the end of a mathematics course and did not consider
changes during the course. In this paper we explore the changes in unreflective
approach and deep approach in the beginning and at the end of the course using
the HowULearn questionnaire by Parpala and Lindblom-Ylanne (2012).

3 Research questions

This study aims at gaining a better understanding of how high-achieving students in
mathematics experience self-assessment that is used for formative purposes and what
are the possible benefits of implementing self-assessment processes on course level in
first-year university mathematics. In the course context, self-assessment is used to
give the students an opportunity to think metacognitively about their learning, to plan
their learning and to reflect on it.

The main purpose of this study is to find out the students’ perceptions of the use
of self-assessment. It has been shown that although students’ attitudes towards self-
assessment are negative at the beginning, experience of self-assessment can make the
attitude more positive (Andrade & Du, 2007). Thus, we expect that the experiences of
self-assessment will be quite positive. In addition, the knowledge about the students’
perceptions nourishes our understanding of the processes needed when teacher-led
assessment is developed towards involving students as active participants in the
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assessment.

It has been previously reported that positive perceptions of assessment are
positively related to deep approach to learning and negative to surface approach to
learning (Parpala et al., 2010) and the use of self-assessment may promote deep
approaches to learning (Nieminen et al., 2021). Consequently, we also wish to see a
positive change in deep approach to learning and a decrease in unreflective learning
to ensure that the students’ learning benefits from the self-assessment. Furthermore,
we will study the accuracy of the students’ self-assessment by comparing the grades
they give to themselves to the teacher’s grading and analysing their open answers in
the self-assessment exercises. The motivation to study qualitative accuracy is to
examine whether the students took the self-assessment seriously and paid attention
to the rubric while reflecting on their learning.

To summarize, we aim to explore the following questions:

1. What kind of perceptions students have on self-assessment?

2. How do students' approaches to learning change during the course?

3. How accurate are the high-achieving students’ self-assessments compared to
the teacher’s grading?

4 Methods

4.1 Context

The study was an experimental study carried outduring spring term
2018 at Aalto University in Finland on the mathematics course Differential and
integral calculus 2 for bachelor students in engineering physics and mathematics. The
course lasted 6 weeks and was worth 5 credits (European Credit Transfer and
Accumulation System, ECTS). The teaching language was Finnish.

The topics of the course were vector functions and curves, partial differentiation
with applications, and multiple integration. The learning objectives were written in
the form of a table (see Table 1). They were divided into ten categories, and for each
category a list of expected skills and knowledge for grades 1, 3 and 5 was given in the
table, the scale of grades being o for fail, 1-5 for pass, with 5 as the highest grade.

Contact teaching consisted of two 2-hour lectures and two 2-hour problem
sessions per week, that is, 48 hours altogether. For the problem sessions the students
were divided into groups of about 20 students. In the problem sessions the students
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solved a few problems in class and were given a few as homework, which they then
handed in. They also had randomized, automatically assessed online problems that
they solved independently. One homework problem each week the students uploaded
into the course online learning platform for peer-review: they then later peer-assessed
the solutions provided by two fellow students and self-assessed their own solution
with the help of an example solution and a peer-review guideline provided by the
teacher.

Table 1. Extract of the rubric (translated from Finnish)

Prerequisites Grade 1-2 Grade 3-4 Grade 5
Vectors and I can write a vector | | recognize | can analyze the | | know how to find a
curves between two points | functions that parametric form | curve formed by two
as a linear represents a curve | of a curve in surfaces cutting each
combination of on the plane orin | order to explain | other, and | can find
basis vectors. the 3-space. how the plot of | the curve for some
the curve looks | often-appearing
I can calculate dot | | can calculate the | like. surfaces.
product and cross coordinate
product for plane functions of a | can calculate | can explain why
vectors, and | curve given in the length of a integral of the
understand their vector form and space curve by tangent vector gives
geometric vice versa. integrating its the length of the
meaning. tangent vector. | curve,
| can calculate the
tangent | can move between
vector of a the implicit form and
curve at a given the parametric
point by presentation of a
differentiating the curve.
position vector.

The students collected points from solving the problems during the course, each
problem was valid for one to three points out of the total of 108 points. They also got
one point each time for doingthe peer-review, and four points for doing self-
assessment exercises; one point for doing the self-assessment in the beginning of the
course and three points for the final self-assessment in the end of the course. In the
grading of the course the weight of the final exam was 0.4 and the weight of the total
sum of the collected points was 0.6.
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4.2 Participants

The participants of this study were first year students studying in the
Bachelor Programme for Science and Technology with engineering physics or
mathematics as their major. In general, they can all be considered to be high achievers
in mathematics: Admission to this study programme is highly competitive. Highest
grade in mathematics or physics in the national matriculation examination is an
entrance criterion for the programme. For students entering through the entrance
examination, very high points in mathematics and physics are required. In 2019
this programme required the second highest points of all bachelor of science
programmes nationally (see ‘Diplomi-insinoori- ja arkkitehtikoulutuksen
yhteisvalinta: Aikataulut ja tulokset’, 2020). The students admitted to
the programme are well-motivated and used to succeed in their studies, especially in
mathematics and natural sciences. During their university education, they had
already studied two courses of mathematics (5 ECTS each) with very good or excellent
grades, and this was their third mathematics course at university level. A total of 64
students started the course and 62 passed it during the spring term, of whom 52 gave
their consent to participate in this study. The students had the right to cancel their
participation at any point, and the participation did not affect their assessment or
teaching in any way.

4.3 Data Collection and Analysis

The students were given two self-assessment exercises related to the self-assessment
rubric (see Table 1). As the first exercise in the beginning of the course, they were
asked to familiarize themselves with the assessment rubric and write a short essay
about their current knowledge and goals on this course. The second self-assessment
exercise was implemented at the end of the course. In that, the students assessed their
own learning by giving themselves grades for each of the 10 categories in the
assessment rubric, providing also reasoning for each grade. They also gave themselves
a grade for the whole course. They were instructed to give the overall grade based on
their assessment of the different categories, but it was left to their own discretion how
they formed the grade. The grades the students gave for themselves did not affect the
grade they got for the course, but they were given three points for doing the self-
assessment, and the total sum of the points collected during the course did influence
the final grade. The first self-assessment exercise was implemented as an essay
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question in the online learning platform used on the course, and the second combined
both numerical answers and short text answers.

The students’ perceptions of self-assessment and their approaches to learning
were studied with questionnaires instead of e.g., interviews to give all the students the
possibility to participate in the research and to avoid any bias that might occur if only
some of the students were involved. The students answered a separate questionnaire
twice, at the beginning and at the end of the course. Both times the students’
approaches to learning comprising deep approach and surface approach were
measured with the HowULearn questionnaire (Parpala & Lindblom-Ylanne, 2012)
with 5-point Likert scale questions (1 = totally disagree, 5 = totally agree). In the
second questionnaire also the students’ perceptions of self-assessment were
measured with five 7-point Likert items and two open questions (“Describe in your
own words how you experienced self-assessment on this course.“, “Could the final
grade be determined by self-assessment using criteria like in the second self-
assessment exercise on this course?”). The questions on the students’ perceptions
were formulated especially for this experimental study by the authors, but similar
ones have been used earlier (e.g., Andrade & Du, 2007; Ndoye, 2017; Siow, 2015). The
Likert-scaled items are presented in Figure 1 together with the results. The
questionnaires were carried out with an online survey tool.

The data of the self-assessments and questionnaires as well as the final grades of
the students were collected for the study. In total, 52 of the students filled in the
questionnaire on approaches to learning in the beginning of the course, and 32
students again at the end of the course, while 28 students answered the open question
concerning their experiences on self-assessment. Of these students, 26 could be
matched. Furthermore, 52 students’ self-assessment exercises were available for
research. To study the first research question, the students’ perceptions of the self-
assessment were analyzed by SPSS software with descriptive statistics of the Likert-
type questions as well as inductive qualitative content analysis of the open-ended data
(Mayring, 2014). For the second research question, the change in students’
approaches to learning was analyzed by SPSS software with Paired sample t-test. The
accuracy of the students’ self-assessment, which was the topic of the last research
question, was studied by comparing the overall grades the students gave to themselves
with the final course grades given by the teacher, and with qualitative content analysis
of the justifications and reflections that they wrote in the self-assessment exercises.

10
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5 Results

5.1 Students’ perceptions of self-assessment

Students’ perceptions of self-assessment varied in the course. About 78 % of the 32
students that answered the final questionnaire experienced the self-assessment
positively (agreed or partly agreed), see Figure 1. A total of 40 % of the students partly
agreed or agreed that the self-assessment helped them to learn and almost 40 % of
students agreed or partly agreed that the self-assessment motivated them to learn.
About 25 percent of the students, however, agreed or partly agreed that the self-
assessment did not benefit them. In addition, half of the students experienced that
they could assess their performance in the course.

14

10
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(3]
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| experiencedthe  Self-assessment — Self-assessment The were no I could assessmy
self-assessment  helped metolearn motivated meto benefits to self- performance
positively learn assessing

W Totally disagree W disagree W partly disagree ®in between Spartly agree ®agree ® Totally agree

Figure 1. The students (N=32) perceptions of self-assessment.

At the end of the course, altogether 28 students described their experiences of
self-assessment by answering open questions. In general, the students gave quite
economical descriptions containing one to four sentences. In the continuum
indicating positive to negative experience, we recognized a few negative experiences
(N=3), but most of the students found the self-assessment either a kind of neutral
(N=9) or a positive experience (N=16). Further, three qualitatively different categories
emerged from the data showing how the students found the self-assessment as a
positive learning experience, namely, (1) understanding the performance criteria, (2)

11
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reflection on current learning, and (3) reflection on future learning. In the following,
the difference of the categories as well as the characteristics of each category are given
with typical excerpts from the students’ responses.

Category 1: Understanding the performance criteria

In some responses (N=4), the students emphasized that the self-assessment exercise
helped them to understand what the core contents of the course are. Hence, in these
responses identifying the contents was in focus, but the learning process forward was
not described. Based on the students’ descriptions, the rubric itself seemed to help the
students to have a coherent understanding of the expectations by listing the themes
and sub-contents. Further, the self-assessment exercise with the rubric was
experienced useful even if the students did not like doing the exercise, or if they felt
that doing the exercise did not have additional value to their learning outcomes, as
the following excerpt shows (all excerpts are translated from Finnish by the authors):

” 1 did not feel that I got much out of it on a concrete level. The good thing was,
that it gave a good overview of the topics covered on the course, but I do not
believe that it actually made my learning outcomes better at any level.”
(Student 57)

Category 2: Reflection on the current learning

In some responses (N=10), the students described the link between the expectations
and their own learning outcomes, and the self-assessment exercise was acknowledged
for raising the awareness. Some students (N=5) emphasized that the self-assessment
exercise helped them in considering the gaps in their own knowledge, and hence, to
study more if needed. In the end of the course, the self-assessment exercise seemed
to work as a tool for repeating the course contents. Thus, in this category the responses
emphasized students’ own activities in the learning process such as thinking,
reflecting, pondering on the level of one's own knowledge as well as on the
expectations. Some students (N=6) seemed to experience the self-assessment
positively, as the following excerpt shows:

” It was very nice, otherwise I probably would not read the learning objectives
so closely. It was nice to see clearly all the things I had to learn and to think how
well T had learned. I also reviewed several things while doing the self-
assessment.” (Student 14)

Some other students’ descriptions (N=3) showed that they were aware of the

12
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usefulness of evaluating one's own skills or knowledge even if they did not like the
activity itself:

” Yes, it did make me think whether these topics have really been learned, but I
still don’t find it particularly pleasant” (Student 23)

Some descriptions (N=2) showed that there were also students who did not seem
to find the kind of teacher-led activity needed but they explained how to self-regulate
their learning independently:

“I keep an eye on my learning anyway” (Student 10)

Category 3: Reflection for future learning

In a few responses (N=3), the students looked at their competencies specifically
through a future perspective. The difference with the Category 2 responses is subtle,
but the focus in this category is more on future learning. The students for example
describe how the self-assessment exercise helped in clarifying the quality of their own
learning and in understanding what to study after the course, as the following excerpt
shows:

“At least I found out what topics still need more understanding and what topics
would be good to go back to, for example, after the Linear Algebra course.”
(Student 43)

5.2 Changes in approaches to learning

Quantitative analysis on the data collected with the questionnaires showed that there
was a statistically significant decrease in students’ unreflective approach to learning
during the course. The deep approach to learning increased but the change was not
significant. Deep approach and unreflective approach correlated negatively with each
other (-0.31), but not statistically significantly. The mean values (m1 and m2) with
standard deviations for unreflective and deep approach in the beginning and in the
end of the course, measured with the HowULearn questionnaire (Parpala &
Lindblom-Ylanne, 2012), are presented in Table 2 together with the t-values, p-values
and effect size of the Paired sample t-tests.

13
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Table 2. Changes in approaches to learning during the course.

m1 S m?2 S t p Cohen’s D
Unreflective approach 2.68 0.63 2.10 0.63 4.18 <0.001 |0.816
Deep approach 3.95 0.65 4.06 0.78 -1.04 0.31 0.205

5.3 Accuracy of the self-assessment

The data collected from the second self-assessment exercise (N=52) showed that the
students were able to grade themselves quite accurately compared to the teacher
grading: The average of the total grades given by the students to themselves in the
self-assessment was 4.44, when the average of the course grades based on the exam
and the collected exercise points for these students was 4.40. Of the 52 students, 28
received in the end the same grade for the course as they assigned to themselves in
the self-assessment exercise. Of the 52 students, 12 students received one grade
higher, 10 students one grade lower and 2 students two grades lower. The average
grades for the five mathematical content topics in the rubric varied between 4.3 and
4.6. Since the exam problems were deliberately chosen in such a way that they
combined knowledge from several topics, comparing the exam points with the self-
gradings topic by topic was not possible.

Qualitative content analysis of the answers to the self-assessment exercises
showed that the students took the self-assessment exercises seriously. In the first self-
assessment exercise a great majority of the students (47 out of 52 answers) wrote that
they fulfil the prerequisites of the course, only four students commenting that they
lack some assumed prior knowledge or skills. Many students realized that there is a
lot to learn before the end of the course, exactly half of them commenting that the
rubric contains new concepts that they are not yet familiar with. Qualitative content
analysis of the second self-assessment exercise (N=52) also showed that, in general,
the students put effort in doing the self-assessment exercise. Reflection on
own understanding on different topics by self-grading and providing reasoning for
own grades had been carried out conscientiously. The reflections showed that in the
end of the course the students realized how much and what they have learnt, and they
were also able to name the parts that remained unclear, as the following excerpts
show.

14
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“Tam able to solve extremal value problems using critical points and the
Lagrange method, and I can classify them using the Hessian matrix, but it
remains somewhat unclear to me why the Hessian matrix works for this
purpose. I understand that it is based on Taylor polynomials and, for example,
I can write a secondary Taylor polynomial with the help of the Hessian matrix
as an inner product, but I cannot explain why it works.” (Student 8)

I understand and can do most of the things taught on the course, but in the
absence of routine to do the calculations, I still need written resources and
mathematical programs to support me. I understand that when getting more
routine, working on the topics gets more “natural”, but I am not there yet. That
is why I would not give myself a higher grade than 3, even though I have mostly
understood the topics.” (Student 45)

6 Discussion

Our study focuses on high achievers in university mathematics, and the purpose of
this study was to explore students’ perceptions of self-assessment, changes in
students’ approaches to learning and accuracy of self-assessment. Regarding our first
research question concerning the students’ perceptions of self-assessment, we were
especially interested in exploring how the high achievers in mathematics perceive the
self-assessment, as this kind of assessment method is quite rarely used in practice in
the educational context, while the assessment literature (Boud et al., 2018)
encourages it. Our results showed a tendency that mostly the students perceive
assessing the quality of one’s own work positively. Hence, the students found self-
assessment exercises useful and improving their motivation to study. This is in line
with previous research which suggests that self-assessment can improve intrinsic
motivation (e.g., McMillan & Hearn, 2008) and that mathematics students mainly
experience self-assessment positively (Nieminen & Tuohilampi, 2020).

Having a deeper insight into students’ perceptions on the self-assessment and
how they actually experienced it during the course resulted in three categories
showing how the self-assessment process was acknowledged to deepen understanding
either on the content or on the learning process by raising the awareness. The three
categories that resulted from our research, (1) the performance criteria, (2) to reflect
on own current learning, (3) to reflect on future learning, share many similarities with
the three elements that according to Yan and Brown (2017) are commonly undertaken
actions in the self-assessment process: (1) determining the performance criteria, (2)
self-directed feedback seeking and (3) self-reflection. The third of the categories
observed had the fewest comments with only a couple of the students pondering the
quality of their learning in the future, but this might be quite natural for first year
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students with only a limited experience on university studies, while they were not
specifically asked to focus on future learning.

Regarding students’ perceptions, there was high variation in how the students
valued doing the self-assessment exercises, while some, although a minor part of the
students, did not experience the self-assessment to be meaningful. In that respect, our
results are parallel with previous studies (Asikainen et al., 2014; Willey & Gardner,
2010) showing that some students feel uncomfortable being involved in assessing
their peers' work or their own work. In addition, in university mathematics also it has
been found that students may experience self-assessment as new and even weird as
opposed to traditional teacher-led exam culture, and students can experience for
example helplessness when conducting self-assessment (Nieminen & Tuohilampi,
2020). In line with Willey and Gardner (2010) we argue that the fact that students
feel uncomfortable is the very reason why such tasks as self-assessment should be a
regular part of learning activities. Based on our findings we suggest that there need to
be frequent possibilities during the university education for students to practice self-
assessing the quality of their own work to construct a shared understanding of the
quality standards adopted by the discipline, as well as to increase some students’
ability to make assessments.

In this study, self-assessment was implemented in the course to support novice
university students to adopt a deep approach to learning. In accordance with our
second research question, our most striking finding was that the unreflective
approach to learning decreased during the course. To our knowledge, no other studies
have explored the change in approaches to learning related to self-assessment, but
especially self-assessment has been found to be related to deep approach to learning.
A negative association between surface approach and self-assessment has been found
(Ohrstedt & Lindfors, 2019). In addition, Nieminen et al., (2021) found that students
who were representing a very high deep approach were more represented in a
summative self-assessment group than students in the formative self-assessment
group. That is to say, if the students were given the possibility to grade themselves,
their deep approach was higher. In our study, summative self-assessment was not
used but an increase in surface approach was found. This would suggest that the
learning environment in the course increased understanding and reflection among
students as surface approach to learning can be seen as unreflective studying
(Lindblom-Ylanne et al., 2019). One reason for the lack of change in deep approach
could be that it had quite a high value already in the beginning of the course, so there
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was perhaps not so much room for improvement. We view it as a promising signal in
that letting the students to be involved in assessment and by sharing understanding
on quality standards has a positive effect on the students' approaches to learning.

Concerning our third question, our results indicate that these high-achieving
students take the self-assessment seriously and put effort into it. In our study, the high
achievers seemed to be quite accurate in their grading. The results are somewhat
contradicting with the previous research indicating that high achieving students tend
to underestimate their performance (Boud et al., 2013, 2015) but better in line with
the studies showing that the high-achievers tend to be more accurate in their grading
than the low-achieving students our (e.g., Gonzalez-Betancor et al., 2019). Boud et al
(2015) showed that convergence with tutor grading is achieved during time with
rehearsal, repetition, and feedback. In our study, the self-assessment was used for
learning purposes and in accordance, the accuracy can be seen as an intended
outcome of a learning process in which the student rehearses assessing his or her
performance based on the given standards and criteria. The study of Boud et al (2018)
explored if extended opportunities for self-assessment over time can help students
develop the capacity to make better judgments about their work and they concluded
that the ability to self-assess is partly transformative capability and partly not. Though
the students in our study were already quite accurate in their grading, providing them
with more opportunities to self-assess their learning during their mathematics
studies, together with support and guidance, would most likely also increase the
accuracy of their assessments.

Our results also showed that, in general, the students put effort into doing the
self-assessment exercises. Hence, they seemed to be able to identify the gaps they had
in their knowledge in the beginning of the course, and further, to understand what
they were supposed to learn. This gives a deeper view of the accuracy of the
assessment. Reflection on own learning achievements in the end of the course seemed
to help the students for example to recognize the level of own scholarship with the
prevailing gaps in their current knowledge. This result supports our assumptions that
self-assessment can help students to recognize the learning goals and criteria of what
is supposed to be learned (McMillan & Hearn, 2008).

Limitations and Further Study

This study covers only one course that lasted about six weeks, and in such a short time
it is often hard to detect any changes. However, positive experiences and a change in
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surface approach to learning still showed that changes can be made in one course. The
number of participants was also fairly small, on a large course with hundreds of
students the quantitative data would be more reliable. Even so, the data was still fairly
representable.

Our study was also an experimental study in one course and only survey data was
used. Thus, students’ experiences were the focus of our study. We used validated
measures in our questionnaires but also self-made questions which were similar to
those used in earlier studies. However, using validated questionnaires could have also
been used to improve the validity and reliability of our study. Furthermore, there was
no control group: all students on the course participated in the new self-assessment
exercises. This is often the case in teaching development projects, if it is expected that
a change in teaching should benefit the students. Nevertheless, without a control
group it is not certain that the reported changes in the students’ approaches to
learning were caused by the integrated self-assessment exercises. Since the students
only had two self-assessment exercises implemented, together with a weekly self-
assessment of one homework problem they handed in, it is quite possible that also
other aspects of the course had an effect in the observed change in the unreflective
approach.

The use of self-assessment in university mathematics is a topic that is under
active research. Even if self-grading likely will not be the norm in university
mathematics in the future either, the elements of self-assessment will become more
common and therefore the benefits self-assessment can offer should be studied on all
levels and contexts. First year students differ a lot from post-graduate students, major
students from students taking a few mandatory courses in mathematics etc. Thus, the
same kind of self-assessment procedures might not be the best to support learning in
all situations, and we need experiences and analysis of different set-ups to be able to
support the students in the best possible way.
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