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Central goals of higher education in STEM domains include learning of problem
solving and self-assessment skills. To achieve these goals, we propose a novel self-
assessment method called the Solve-Correct-Assess-Negotiate (SCAN) method of
assessing problem solving that includes both formative and summative elements.
We study students’ learning experiences in courses involving different methods of
assessing problem solving (Course 1 including teacher-led assessment, Niag = 53;
Course 2 including SCAN method, Nscan = 56) and specifically associations between
these learning experiences and students' perceptions of the SCAN method. We
found that the students relied on teacher-led assessment more than the self-as-
sessment. The perceived utility of the self-assessment was positively associated
with a deeper approach to learning in Course 2 than in Course 1. Students who
found the self-assessment less beneficial also perceived less support from the
learning environment. Our findings suggest that the successful implementation of
novel self-assessment-based practices for problem-solving requires personalized
support for self-assessment, teachers’ awareness of the different perceptions that
students have towards these practices, and discussion among teachers and stu-
dents on the rationale, utility, and reliability of the different practices.
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1 Introduction

The ability to solve problems is one of science, technology, engineering, and mathe-
matics (STEM) professionals’ main skills (de Jong, 2019). When the problems have
well-defined solutions, which happens frequently in STEM domains, self-assessment
methods are useful for teaching students problem-solving procedures, their critical
analysis, and self-assessment skills (Panadero et al., 2017; Randles et al., 2018; Yan &
Carless, 2021). While students’ self-assessment has been recommended as a formative
tool with teacher still assigning the grades (Bourke, 2018; Yan & Carless, 2021), sum-
mative self-assessment can further foster studying and learning (Hasa et al., 2021).
Here, to facilitate the use of innovative and sustainable self-assessment practices in
problem solving, we aim to increase understanding of students’ perceptions of the
self-assessment when it includes both formative and summative elements (Andrade,
2019).

Since assessment methods cannot be separated from other components of learn-
ing environments, in what follows, we first elaborate on the role of assessment meth-
ods in learning environments (Section 1.1). We then illustrate how assessment meth-
ods may be associated with learning outcomes, approaches to learning and support
provided by the learning environment (Section 1.2). Based on this literature review,
we propose a novel self-assessment-based method of assessing problem solving that
includes both formative and summative elements (Section 2).

1.1 Assessment methods as part of learning environments

Biggs and Tang (2011) presented the concept of constructive alignment, a principle
according to which teaching and assessment methods should align with the intended
learning outcomes. For example, if students are expected to learn problem solving,
their studying should involve conceptual knowledge and practical exercises on solving
problems, and their assessment tasks should not only measure the development of the
corresponding skills and knowledge, but they should also support learning.
Assessment methods are often divided into summative and formative categories
(Ashenafi, 2017). In the context of problem solving, summative assessment methods
have been based on grading of the solutions, which often emphasises the correctness
of the final answer. Such grading may lead to a weak understanding of problem-solv-
ing procedures (van Merrienboer et al., 2003) instead of developing deeper under-
standing or supporting lifelong learning skills (Struyven et al., 2006). While
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summative assessment focuses on learning outcomes, formative assessment supports
learning processes (Ashenafi, 2017; Boud & Falchikov, 2006). Formative assessment
provides students feedback to help them recognise strengths and weaknesses and reg-
ulate learning and progress (Ashenafi, 2017; Broadbent et al., 2018). Furthermore, it
helps teachers to adapt to students’ progress (Ashenafi, 2017). Formative assessment
can foster students’ reflection on the problem-solving process and thereby improve
their related skills (Virtanen & Tynjala, 2019).

Assessment methods differ also in terms of the assessing person. While teacher-
led assessment methods rely on teachers’ grading, various forms of student self-as-
sessment have also been developed (e.g. Andrade & Du, 2007). Boud and Falchikov
(2006) proposed that students must become assessors to meet the needs of their fu-
ture work. Self-assessment is particularly suitable in problem solving because it sup-
ports critical comparison between a student’s procedure and a ‘model solution’; that
is, students’ active role may help them critically analyse their actions and decisions
(Panadero et al., 2017). Professionals in STEM fields must assess the correctness of
their calculations independently. Self-assessment may not only develop self-assess-
ment and reflective skills of students (Virtanen & Tynjala, 2019) but also improve stu-
dent engagement (Kearney, 2013), motivation (Andrade & Du, 2007) and the quality
of achievement (Andrade & Valtcheva, 2000).

Self-assessment has mainly been recommended as a formative tool (Bourke,
2018). Indeed, students may find self-assessment practices appropriate for formative
rather than summative purposes (i.e., assigning grades) if they find their own grading
less reliable than teachers’ grading (Boud & Falchikov, 1989). However, self-assess-
ment can also be used for summative purposes and assigning grades (Taras, 2016). In
that case, negotiating about assessment with peers and teachers may help students to
discern the central actions in the problem-solving process, externalise their miscon-
ceptions and understand the alignment between assessment, learning goals and
learning and teaching practices (Biggs & Tang, 2011; Yan et al., 2023; Yan & Carless,
2021). Summative assessment and grading can be supported by clear rubrics, which
highlight the importance of the problem solving process and scientific reasoning dur-
ing different actions (Docktor et al., 2016). A recent study by Nieminen et al. (2021)
showed that summative self-assessment may be related to a high level of deep ap-
proach and an increased self-efficacy. Hasa et al. (2021) concluded that summative
self-assessment can be used to support students’ studying when self-assessment is
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aligned with future-driven pedagogical purposes, as suggested also by Boud and Fal-
chikov (2006).

Assessment is an integral element of broader pedagogical practices and learning
environments and inseparable from its wider context. Consequently, assessment must
be investigated in its context, including student approaches to learning, their percep-
tions of support provided by the learning environment and intended learning out-
comes.

1.2 Role of the learning environment in students’ learning processes
and outcomes

Early studies on student approaches to learning by Marton and Saljo (1979) identified
two approaches, the surface and the deep approach. Typical of the deep approach is a
student’s aim to establish a profound understanding of given topic, whereas typical of
the surface approach is rote learning. Further studies identified a third approach, the
strategic approach or organised studying (e.g. Entwistle & McCune, 2004). In this ap-
proach, students aim for high achievement and organise their study habits to attain
high grades. Research has shown that although some students tend to adopt a con-
stant approach, other students vary their approaches depending on the pedagogical
practices (e.g. Postareff et al., 2015). Research conducted among higher education
students has also shown that study success correlates positively with deep approach
and negatively with surface approach (Lindblom-Ylanne et al., 2019). However, such
correlations are absent in some studies (Fryer & Vermunt, 2018), suggesting that the
surface approach may produce high grades when assessment favours mere rote learn-
ing.

Recent studies on student learning in higher education have focused on wide rela-
tionships between students’ learning approaches and perceptions of their learning en-
vironment—how students see that teaching and assessment support their learning
(McCune & Entwistle, 2011). Several measures have been developed to examine stu-
dents’ perceptions of their academic context, such as the Experiences of Teaching and
Learning Questionnaire (ETLQ, Entwistle et al., 2003). In addition to the scales of
approaches to learning, the ETLQ and its modified versions (e.g. Parpala et al., 2013;
Utriainen et al., 2018) include several learning environment-related scales, such as
teaching for understanding, constructive feedback and support from other students.
Studies using these scales suggest that students’ views of their learning environment
have an indirect effect on their study achievement through their approaches to
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learning. For instance, students who perceive teaching as supportive, interesting and
conducive to understanding are highly likely to adopt a deep approach and achieve
good learning outcomes (Utriainen et al., 2018; Vermunt & Donche, 2017).

Learning outcomes in higher education can be divided into generic and domain-
specific outcomes (Tremblay et al., 2012). While the focus in assessment has tradi-
tionally been on domain-specific knowledge, recent research has extended attention
to generic skills, such as problem solving. Studies suggest that the use of diversified
assessment methods, active forms of learning, and linking theory and practice are im-
portant for the development of generic skills (e.g. Tynjala et al., 2016; Virtanen &
Tynjala, 2019).

In the following section, we present the teacher-led assessment method and pro-
pose a novel self-assessment method of problem solving grounded on the presented
literature review.

2 The teacher-led and SCAN methods of assessing problem
solving

The teacher-led methods of assessing problem solving in STEM contexts have typi-
cally followed a similar structure. Students start by solving the problems, often hand-
writing the solutions on paper. They send the solutions to the teacher by a given dead-
line, after which the teacher assesses and grades the solutions. The number of as-
sessed solutions is often so large that the teachers can afford to add only scant feed-
back notes or none at all. Assessment is followed by a meeting, where the solutions—
frequently only the correct model solutions—are discussed in small groups, typically
using a narrative dominated by the teacher. In another popular method, students
mark the problems they solved on a piece of paper, followed by teacher randomly se-
lecting students to present their solutions on a blackboard in front of the class; often
the points for marked problems are obtained regardless of the success in presenting
the solution. Sometimes the solutions are discussed in small groups instead of the
whole class (Koskinen, 2012). Nevertheless, common to these methods is that assess-
ment is rarely discussed, and students accept grading mostly without any questions.
No systematic mechanism exists to encourage students to reflect on the assessments
or on the mistakes, misconceptions, and chosen actions.

To address the above shortcomings, we have proposed a novel, student self-assess-
ment-based method to assess problem solving (Koskinen & Liamsa, 2019). We called
this method the Solve—Correct—Assess—Negotiate (SCAN) method. In the method,
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students solve problems, then correct and assess their own solutions, and discuss and
negotiate the assessment with the teacher and peers. The SCAN method aims to make
the problem-solving process visible to the students by shifting the focus from the cor-
rectness of the final solutions to the critical evaluation of the actions conducted when
reaching the solution (Panadero et al., 2016). In physics, for example, the central ac-
tions include physical modelling, such as applying principles and laws; mathematical
calculation and related procedures; and critical analysis of the solution and its ration-
ality (Docktor et al., 2016; Wancham & Tangdhanakanond, 2022). The SCAN method
is visualized in Figure 1.
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Figure 1. Four stages of the Solve-Correct-Assess-Negotiate (SCAN) method to assess problem solving.

1. Solve: Students solve problems, write solutions on paper, scan the papers using
smartphones, and send the PDF files to a digital learning environment. Scan-
ning a few pages can be done in less than a minute by smartphones’ ubiquitous
scanning apps. Students may also use tablets, Latex, or some other software to

produce PDF files directly.

2. Correct: The work is submitted by a given deadline, after which the digital learn-
ing environment automatically publishes the model solutions. Students use the

model solutions to identify and correct mistakes in their solutions.

3. Assess: With the help of a customisable rubric (Docktor et al., 2016) that con-
siders the central actions of the problem solving process (Figure 2), students
assess their original and corrected solutions to determine their grades. Depend-
ing on the specific STEM field in which the SCAN method is applied, it may be
necessary to rephrase the descriptions of the assessment criteria to account for
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the unique characteristics of each field. All notes, marks, corrections and grades

are appended visibly on top of the original solutions. Students scan the papers

again, now with all the notations and grades, and send the PDF file to the digital

learning environment.
4. Negotiate: The teacher now has two sets of PDF files—the first set reveals what
the students accomplished independently, and the second set shows students’
attempts at grading. The teacher and a small group of students (3—6) then have

discussions on the problem-solving process, outcomes, and assessment. Be-

cause the correct solutions are public, the time students share with the teacher

can be focused on discussing assessment and matters that remain unclear or

challenging.

Assessing:

Assignment,
modeling

Idea, solution,
principle

Methed,
procedure,
calculations

Solution,
answer,
inspection

Identifying
mistakes,
correcting and

amending own
solution

0 points

Problem assignment
merely repeated,
assignment misunderstood
or not understood at all.

Identifying the reasons for
why the assignment was
not understood and what
exactly was learned from
this.

Merely copying the model
solutions is not enough:
points are not given
without subjective
reflection and a proper
original attempt for solution.

0.25 points

Assignment understood
correctly, modeling
began, solution
advanced significantly
beyond initial
assumptions.

Central idea, method or
solution principle still
unidentifiable. Modeling
incomplete or central
idea or assumption
wrong.

+0.25 points

Identifying the reasons
for why the idea or
procedure remained
incomplete; modeling
and assumptions are

corrected and amended.

Points require subjective
reflection; they are not
given by mere copying
of model solutions.

0.5 points

Central idea or solution
principle identified and
written explicitly. (Idea
can be different from
the one in model
solutions.)

Principle is not put into
action or the procedure
is fundamentally
incomplete.

+0.25 points

Identifying why
implementing the idea
or procedure remained
incomplete; the
procedure is made
complete with the help
of model solutions.

Points require subjective
reflection; they are not
given by mere copying
of model solutions.

0.75 points

Central idea or solution
principle identified and
written explicitly. The
procedure is also
carried out completely.

Solution includes
mistake in math or logic
that goes beyond
inaccuracy or
carelessness. The result
is qualitatively wrong or
physically unrealistic.

+0.25 points

Identifying the mistake
and the reasons that
lead to it. Reflecting the
implications of the
mistake. The solution is
amended with the help
of model solutions.

Points require subjective
reflection; they are not
given by mere copying
of model solutions.

Student’s original solution

| point

The solution is
complete, the answer
(nearly) correct. May
include mistakes, but
the answer is sensible
qualitatively correct.
Or: correct answer is
obtained by different
(acceptable) route.

Student’s corrected solution

0 points

No additional points.
Stand by for more
challenging problem
assignments.

Figure 2. Generic assessment rubric consisting of two parts. The first part relates to the student’s original
solution. It is structured using the central actions of the problem-solving process to enhance the learn-
ing of these actions. The second part relates to the student’s efforts to identify and correct their own
mistakes.
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Thus, in addition to being an acronym, SCAN refers to students’ task of scanning
their solutions, which makes the method easy to implement. Although the time taken
by technology is minimal, its role is central in enabling the method. The clear proce-
dures and regular deadlines of the SCAN method may foster organised studying, the
lack of which is frequently associated with the surface approach to learning (Lind-
blom-Ylanne et al., 2019). The instant feedback on one’s own solutions (as opposed to
delayed feedback) and time to process the feedback before and during the negotiating
stage may also foster learning (Candel et al., 2020; Yan et al., 2021; Yan & Carless,
2021). The SCAN method could particularly benefit STEM students in higher educa-
tion, who have achieved higher scores on surface approaches to learning than students
in other disciplines (Parpala et al., 2010).

On the one hand, students themselves make use the SCAN method is understood
as a method that includes elements of both summative and formative assessment. On
the other hand, students themselves make use of summative assessment (Struyven et
al., 2006) when they give themselves a grade for every problem they solve that also
contributes to their final grade. On the other hand, their self-assessments are re-
viewed during the course through evaluation criteria and discussions. In this case,
formative assessment (Ashenafi, 2017) is used, which refers to assessment and feed-
back during the learning process. In the self-assessment literature, many studies have
found congruence between student and teacher’s summative assessments (Carroll,
2020; Jax et al., 2019). Still, students may perceive teacher’s grading more appropri-
ate than self-grading, and self-assessment rarely contributes to the student’s final
grade directly (Hasa et al., 2021). Thus, an improved understanding of students’ per-
ceptions of the assessment in their learning experiences may foster the successful and
sustainable implementation of self-assessment-based practices for problem solving in
the future (Andrade, 2019), particularly when the self-assessment includes both form-
ative and summative elements.

3 Research aims

Here, we focus on two assessment methods of problem solving in a STEM context—
the teacher-led method based on teacher assessment and the SCAN method based on
student self-assessment. First, we study the learning experiences in courses involving
different methods of assessing problem solving and answer the following research
questions (RQs):
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RQ1a: How do students perceive their learning outcomes in courses based on (i)
teacher-led and (ii) SCAN methods?

RQ1b: How do students perceive the support for assessing problem solving pro-
vided by the learning environment in courses based on (i) teacher-led and (ii) SCAN
methods?

Second, awareness of perceptions towards self-assessment-based methods may
help increase the acceptability and transparency of these methods. Thus, we ask:

RQ2a: How do students’ perceptions of the SCAN method differ?

RQ2b: How do these different perceptions relate to the students’ comparison of
the two courses, learning outcomes, and perceived support provided by the learning
environment?

4 Materials and methods

4.1 Participants and data

The participants of this study took introductory physics courses on electricity (Ve =
53, Course 1: teacher-led method of assessing problem solving) and electromagnetism
(Nscan = 56, Course 2: SCAN method of assessing problem solving) at a Finnish uni-
versity. Half of the participants were physics majors (48% in Course 1, 52% in Course
2), while most of the minor students came from chemistry, biology, mathematics, or
computer science. One-fifth of the participants were in the subject teacher track (22%
in Course 1, 19% in Course 2). The courses lasted for 6—9 weeks and followed the
primetime learning model, with a weekly set of problem assignments (Koskinen et al.,
2018). Courses did not have exams, and the assessment of problem-solving solutions
constituted 45% of the final grade. The remaining portion of the grade is determined
through weekly self-study activities and small group meetings prior to problem-solv-
ing, in addition to criteria-based self-assessment, group assessment, and teacher as-
sessment at the end of the course (see details in Koskinen et al., 2018).

Although Courses 1 and 2 had different contents, they were highly similar. Both
courses discussed basic electromagnetism, and the discussion was split into two
courses for the sheer purpose of practical arrangements (the courses could easily be
merged into a single coherent course). The courses had the same level of (mathemat-
ical) difficulty and were arranged back-to-back during one spring term; they were
taught by the same teachers and completed virtually by the same group of first-year
undergraduate students, and most importantly, their problem-solving and
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assessment procedures were identical. Therefore, for the purposes of this study, the
courses are analogous and can be compared.

To address RQ1, students answered questionnaires online in Webropol
(https://webropol.com) at the end of the course. The questionnaires examined per-
ceptions of their own learning outcomes using a battery of nine items regarding rele-
vant generic and domain-specific skills (e.g. Virtanen & Tynjala, 2019). Question-
naires also probed the perceived support provided by the learning environment. The
starting point for the questionnaires was the short version (40 items) of the ETLQ,
modified for the Finnish context (Parpala et al., 2013; Utriainen et al., 2018). We only
used scales related to students’ perceptions of their learning environment, and we
adapted some items to fit the context of our study. For example, the original item ‘“The
feedback given on my set work helped clarify things I had not fully understood’ was
adapted to ‘Reviewing the problem-solving solutions helped clarify things I had not
fully understood’. The students were asked to respond to each item on a 5-point scale
(1 = strongly disagree, 5 = strongly agree). These questionnaires were answered after
each course, 34 students answering both questionnaires (Figure 3).

To address RQ2, we used the same set of items as in RQ1 but only focused on
Course 2 (Nscan = 56, Figure 3). In this course, the questionnaire also included 12
items that concerned students’ perceptions of the SCAN method (Table 1, see also Sec-
tion 4.2). Moreover, the questionnaire included four items that compared the courses
using teacher-led and SCAN methods, including a modified question from the ETLQ
to measure deep approach to learning. In addition to the questionnaire items, we used
the aggregated gradings of the weekly problem-solving solutions as the measure of the
students’ problem-solving ability. Teachers verified these gradings and lowered the
grade of the solution if students had not followed the provided assessment rubric or
corrected their solutions (Figure 2). For the subsequent analysis, we standardised the
problem-solving ability to scales 1—5. Figure 3 shows a summary of our data.
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Figure 3. The participants and data relating to the different research questions (RQs).

Table 1. Items that were used to measure students’ perceptions of the Solve-Correct-Assess-Negotiate
(SCAN) method. The loadings, based on the exploratory factor analysis of the two-factor structure, are pre-
sented for absolute values greater than 0.4. We labelled factor 1 as ‘SCAN as a beneficial assessment
method’ and factor 2 as ‘SCAN as a reliable assessment method’.

SCAN item Factor 1 Factor 2
SCAN was easy to do. 0.62
SCAN deepened my learning. 0.75

| found SCAN oppressive. -0.48

| found SCAN-based assessment unreliable. -0.71
SCAN-based assessment was as reliable as teacher assessment. 0.77
SCAN became easier with practice. 0.79

SCAN inspired me to further analyse my learning and development. 0.95

The assessment criteria were clear. 0.64
SCAN helped me correct my mistakes. 0.68

SCAN developed my ability to critically analyse my own work. 0.91

The time that | used on SCAN was not wasted. 0.69

| am used to assessing my own learning. Excluded from further analyses
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4.2 Analysis

It was clear to me what was expected of the students in the problem solving and in the
process of reviewing the problem-solving solutions going through them. To examine
students’ perceptions of the support they received during their courses (Figure 3), we
created three aggregate scales of the ETLQ items based on validated instruments (Par-
pala et al., 2013; Utriainen et al., 2018) and statistical (i.e., Cronbach’s alpha) methods
(see Appendix). Since we adapted some of the original items to fit the context of our
study (Section 4.1), we modified the labels of the aggregated variables. The labels were
as follows: 1) support from other students (a = 0.87 in Course 1, a = 0.79 in Course 2,
four items); 2) constructive feedback related to problem solving (a = 0.74, a = 0.85,
two items; original label: ‘constructive feedback’); and 3) teaching for understanding
(a = 0.79, a = 0.68, three items). In addition, we used two single variables, 4) enjoy-
ment of studying (“I liked studying in this course.”) and 5) understanding the de-
mands of problem solving (original label: ‘alignment’; “It was clear to me what was
expected of the students in the problem solving and in the process of reviewing the
problem-solving solutions.”).

To answer RQ2, we first focused on 12 items that concerned students’ perceptions
of the SCAN method (Figure 3 and Table 1). When we analysed the items’ correlation
structure, one item (‘I am used to assessing my own learning’) correlated weakly with
the other 11 items (|| < 0.24) and was removed from further analyses. From the cor-
relation structure, we also observed the multidimensionality (correlation within sub-
sets of items was high); thus, we aimed to discern the boundaries of the subsets by
performing an exploratory factor analysis (EFA) based on the 11 items. The overall
Kaiser—Meyer—Olkin index (0.88) indicated that the correlation matrix was adequate
for the EFA: The index was 0.73 for one item and above 0.84 for the other ten items.
We then calculated the eigenvalues of the correlation matrix. Two eigenvalues were
above 1, and they saturated rapidly when the number of eigenvalues was two or more.
Thus, we decided to perform the EFA with a two-factor structure. We did not require
orthogonal factors, and we used promax rotation. The root mean square error of ap-
proximation (RMSEA) fit statistic of the two-factor structure indicated good fit
(RMSEA = 0.03, 90% confidence interval [0.00, 0.11]) (McNeish & Wolf, 2020).

Based on the loadings of the items with absolute values higher than 0.4, we iden-
tified 1) factor 1 as describing students’ perceptions of the SCAN as a beneficial assess-
ment method (six items with loadings 0.68-0.95, for example, ‘SCAN developed my
ability to critically analyse my own work’) and 2) factor 2 as describing students’
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perceptions of the SCAN as a reliable assessment method (five items with loadings
0.48-0.77, for example, ‘SCAN-based assessment was as reliable as teacher assess-
ment’) (see Table 1). These two factors explained 57.1% of the total variance of the
variables.

Due to the disparate loadings within each factor, the factor scores of factors 1 and
2 were calculated for each student instead of unit-weighting sum scores (McNeish &
Wolf, 2020). The mean and standard deviation of the factor scores were o0 and 1, re-
spectively. Since we aimed to use these factor scores in subsequent analyses to study
their relations to the students’ comparison of the two courses that had different meth-
ods of assessing problem solving, learning outcomes and perceived support provided
by the learning environment, we used the regression as a scoring method (McNeish &
Wolf, 2020). We then used the scores of factors 1 and 2 as independent variables and
students’ comparison of the courses, learning outcomes and perceptions of the sup-
port as dependent variables; and we employed linear regression analyses. We ex-
cluded the interaction between the factor scores of the two factors from our models,
since those had no effect on the dependent variables. We took the type I error into
consideration due to multiple comparisons and considered the findings with p < 0.001
as statistically significant.

5 Results

5.1 Support from learning environment and learning outcomes in
courses based on teacher-led and SCAN methods

The students’ perceptions of the support they received in their courses were positive
overall (mean values: 3.3—4.2; min. 1, max. 5, Table 2). Despite the different methods
of assessing problem solving, the two courses showed no considerable differences in
the students’ perceptions of such support. For example, students felt they received
constructive feedback on problem solving (3.9 and 3.8).

Students’ perceptions of their learning outcomes were also high (mean values:
3.2—4.0, Table 3). A small difference between the courses was observed in terms of
students’ improved skills in presenting reasons for physical phenomena in the SCAN
course (4.0) compared to the teacher-led course (3.7; Table 3). The highest ratings
were given to domain-specific outcomes, such as enhanced problem solving skills (3.9,
3.7), ability to apply theoretical concepts and models (3.8, 3.9) and ability to explain
physical phenomena (3.7, 4.0).
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Table 2. Students’ perceptions of the support received by the learning environment in two courses.

Received support Course 1 Course 2
(teacher-led) (SCAN) p-value

Support from other students 4.2 (0.9) 4.1(0.8) 0.5

Constructive feedback related to problem solving 3.9(0.8) 3.8(0.9) 0.5

Enjoyment of studying 3.7 (1.2) 3.6 (1.2) 0.6

Teaching for understanding 3.5(0.9) 3.5(0.8) 1.0

Understanding the demands of problem solving 3.3(1.1) 3.4(1.1) 0.7

Table 3. Students’ perceptions of their learning outcomes in two courses.

Learning outcomes Course 1 Course 2 p-value
(teacher-led) (SCAN)

My ability to solve problems was enhanced during the course. 3.9(0.9) 3.7(1.0) 0.4

| learned to apply theoretical concepts and models during this 3.8(0.7) 3.9(0.7) 0.5

course.

| learned to present the reasons for physical phenomena. 3.7(0.9) 4.0(0.7) 0.03

| learned to analyse physical phenomena from different points of 3.7 (0.8) 3.9(0.7) 0.3

view.

My collaborative skills were honed during the course. 3.6 (0.9) 3.6 (0.9) 1.0

| learned to analyse and specify concepts and models. 3.5(0.9) 3.5(0.9) 1.0

| learned to evaluate solutions critically. 3.4(0.9) 3.7(0.8) 0.2

My skills in presenting my opinions during interactive situations 3.3(1.1) 3.3(0.9) 0.9

were fortified during the course.

| was able to refine my ability to develop new ideas. 3.2(1.0) 3.2(0.7) 0.9

5.2 Perceptions of the SCAN method and their associations with learn-
ing experiences and learning outcomes

We identified differences in terms of how students perceived the SCAN method as
beneficial (factor 1) and reliable (factor 2, Figure 4). These differences became visible
when the students compared the two courses with different methods for assessing
problem solving (Table 4). First, the students who perceived the SCAN method more
beneficial agreed more strongly that they had a deeper approach to learning in Course
2 (SCAN method) than in Course 1 (teacher-led method). They also perceived that the
SCAN method provided better support to their learning than the teacher-led method.
The students who perceived the SCAN as a more unreliable method correspondingly
considered the assessment in Course 1 more reliable than in Course 2. The students
experienced that they relied on teachers’ assessment more than their own assessment,
and the perceptions of the SCAN as a beneficial or reliable assessment method were
only weakly associated with these experiences (adjusted Rz = 0.08, see Table 4).
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Perceived utility and reliability were interrelated by a correlation factor of 0.64.
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Figure 4. Distribution of the scores of factor 1 (SCAN as a beneficial method) and factor 2 (SCAN as a relia-
ble method). Dashed lines show the mean values of the factor scores of the whole sample (N = 56).

Students who perceived SCAN as a more beneficial method experienced more sup-
port from the learning environment when considering constructive feedback related
to problem solving, teaching for understanding and enjoyment of studying (Table 5).
Moreover, these students also perceived more support from other students even
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though the students’ perceptions of the SCAN method explained less variation in this
variable compared to the former three items (adjusted Rz = 0.21). The students who
perceived the SCAN as a more reliable assessment method experienced more support

for understanding the demands of problem solving (b = 0.46, s.e. = 0.19, p = 0.02).

Table 4. The regression coefficients (b) with their standard errors (s.e.) and adjusted R-squared when the
perceptions of the SCAN method were used to predict students’ comparisons of Course 1 (teacher-led
method) and Course 2 (SCAN method).

SCAN as a beneficial

SCAN as a reliable

Statement INter- ethod method R?  F(2,52)%p

cept

b s.e. p b s.e. p

| adopted a deeper approach to
learning in Course 2 than in 22.95;
Course 1 due to the SCAN 2.83 090 0.19 <0.001 -0.04 0.19 0.83 0.45 <0.001
method.
The SCAN method in Course 2
supported my learning better 29.39;
than the teacher-led method in 3.22 0.70 0.16 <0.001 0.20 0.17 0.23 0.51 <0.001
Course 1.
The assessment of problem solv- 10.66:
ing was more reliable in Course1 3.31 0.28 0.19 0.14 -0.78 0.19 <0.001 0.26 < 0 061
than in Course 2. '
I rely more on the teacher’s as- 3.50-
sessment than my self-assess- 3.78 0.12 0.17 0.49 -0.40 0.18 0.03 0.08 0:04'

ment.

b One student did not answer all the statements (N = 55).

Table 5. The regression coefficients (b) with their standard errors (s.e.) and adjusted R-squared when the
perceptions of the SCAN method were used to predict the perceived support provided by the learning en-
vironment in Course 2 (SCAN method).

SCAN as a beneficial

SCAN as a reliable

Received support Inter- method method R? F(2,51)% p
cept
b s.e. p b s.e. p

Support from other students 4.11 0.53 0.14 <0.001 -0.25 0.15 0.10 0.21 7.84;0.001
Constructive feedback related 3 o1 g8 043 <0.001 -0.15 014 027 052 2008 <
to problem solving 0.001

. . 20.00; <
Enjoyment of studying 3.57 0.87 0.19 <0.001 -0.11 0.19 0.59 0.42 0.001

. . 28.79; <

Teaching for understanding 3.52 0.41 0.10 <0.001 0.16 0.11 0.15 0.51 0.001
Understanding the demands of 5 0 (17 018 053 046 019 002 025 9.63;<0.001

problem solving

aTwo students did not answer all the statements (N = 54).
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Students’ perceptions of the SCAN explained weakly the variation in the students’
learning outcomes (Table 6; adjusted R2 < 0.21 and p > 0.001 in all the items). How-
ever, the students who perceived the SCAN more beneficial method had a slightly bet-
ter problem-solving ability. Regarding the perceived learning outcomes (see also Ta-
ble 3), these students strongly experienced that their ability to solve problems was
enhanced during the course. Moreover, the students who found SCAN to be more ben-
eficial also perceived that they learned to evaluate solutions critically, apply theoreti-
cal concepts and models, and present the reasons for physical phenomena to a greater
extent. These students also perceived more improvement in their collaborative skills.

Table 6. The regression coefficients (b) with their standard errors (s.e.) and adjusted R-squared when the
perceptions of the SCAN method were used to predict students’ problem-solving ability (aggregated grad-
ings of the weekly problem-solving solutions) and perceived learning outcomes in Course 2 (SCAN
method).

SCAN as a beneficial SCAN as a reliable
Inter-

Learning outcomes method method R? F(2,51)% p
cept
b s.e. p b s.e. p
Problem solving ability 3.33 045 0.19 0.018 -0.17 0.19 0.37 0.096 3.8;0.028

My ability to solve problems was
enhanced during the course.

| learned to apply theoretical
concepts and models during this 3.85 0.48 0.14 0.0011 -0.16 0.14 0.25 0.21
course.

| learned to evaluate solutions
critically.

learned toanalyse and specify 5 o 19 015 022 026 015 0084 021 o
concepts and models. <0.001

| learned to analyse physical phe-

nomena from different points of 3.85 0.31 0.15 0.052 -0.084 0.16 0.60 0.067 2.9;0.064
view.

| was able to refine my ability to
develop new ideas.

| learned to present the reasons
for physical phenomena.

My collaborative skills were
honed during the course.

My skills in presenting my opin-
ions during the interactive situa-
tions were fortified during the
course.

aTwo students did not answer all the statements (N = 54).

3.81 045 0.15 0.0037 -0.22 0.15 0.16 0.14 5.3;0.008

8.0;
<0.001

3.61 043 0.14 0.0038 -0.13 0.14 0.39 0.17 6.5;0.003

3.30 0.15 0.17 0.88 -0.021 0.17 091 0.00 0.68;0.51

394 035 0.16 0.038 -0.11 0.17 0.52 0.076 3.19;0.050

3.61 048 0.18 0.010 -0.20 0.19 0.29 0.11 4.4,0.017

339 0.57 0.19 0.0042 -0.26 0.20 0.18 0.14 5.3;0.008
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6 Discussion

In this study, we proposed a novel self-assessment method called the SCAN method
of assessing problem solving that included both formative and summative elements.
We studied students’ learning experiences in two courses that had different methods
of assessing problem solving—the teacher-led method based on teacher assessment
and the SCAN method (RQ1, section 5.1). We also studied associations between these
learning experiences and students' perceptions of the SCAN method (RQ2, section
5.2). On average, the students perceived high support by the learning environment
and achieved good learning outcomes regardless of the method of assessing problem
solving. We also found that following the completion of the two courses, the students
reported better reliance on the teacher’s assessment than the self-assessment. Alt-
hough summative self-assessment (self-grading) has rarely been implemented in
higher education (Hasa et al., 2021), its combination with formative self-assessment
can change the students’ perceptions of self-assessment over time and, ultimately,
foster their lifelong learning skills (Nieminen et al., 2021). After all, the students were
first-year students, and according to the studies (e.g. Virtanen et al., 2009), students’
skills to assess their own learning develop with practice.

Even though students had different perceptions of the beneficialness and reliabil-
ity of the self-assessment (see similar findings in Kangaslampi et al., 2022), their
problem-solving ability seemed to be only weakly, but positively related to the per-
ceived utility of the self-assessment; we found no association between the problem-
solving ability and perceived reliability of the self-assessment. The students who per-
ceived SCAN as a beneficial method agreed more strongly that they adopted a deeper
approach to learning and received more support for their learning than they did in the
course using the teacher-led assessment method. This finding supports the previous
finding according to which some students may vary their approaches to learning with
changing learning environment characteristics (Kangaslampi et al., 2022; Lindblom-
Ylanne et al., 2004). At the same time, the students who perceived SCAN as an unre-
liable method perceived less support for understanding the demands of problem solv-
ing. This finding illustrates the importance of SCAN’s negotiation stage, where teach-
ers and students can discuss the utility and reliability of the different assessment
methods (Yan et al., 2021; Yan & Carless, 2021). The negotiation stage also allows
supporting students to assess their own learning and raising the awareness of the
alignment between teaching and assessment methods, and the intended learning out-
comes.
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Although our study deepens the understanding of students’ perceptions of the self-
assessment in their learning experiences, some limitations must be considered. First,
the sample size of our study was small and includes only higher education physics
students. Future studies should examine whether our findings generalise to other con-
texts. Second, even though students’ perceptions of their own learning outcomes were
similar in both courses, actual learning gains may be higher than the self-report gains
in the presence of active learning strategies such as the SCAN (Deslauriers et al.,
2019). Moreover, certain items in the questionnaire (e.g., “I adopted a deeper ap-
proach to learning in Course 2 than in Course 1 due to the SCAN method”, see Table
4) could potentially introduce bias by tempting respondents to prefer choices that they
find desirable (Paulhus, 2002). Third, although similar and comparable, the two
courses still had different contents, which may influence the students’ perceptions of
the learning outcomes and support provided by the learning environment. Using the
data from these two courses enabled focusing on the perceptions of the same sample
of students. Fourth, although problem solving paths may vary, the use of the SCAN
method requires that the problems have well-defined model solutions. While real-life
problems rarely have pre-determined solutions (Randles et al., 2018), students may
benefit from the SCAN method and related critical analysis of the chosen problem-
solving actions.

Despite these limitations, our study has several implications. First, the SCAN
method is an easy and ready-to-use assessment practice involving handy technical re-
alisation. Such practices are needed to reduce the barriers to implementing active
learning (see Borte et al., 2023) as a part of various instructional strategies, including
distance learning and teaching. The SCAN method is also flexible. It can be used for
peer assessment, and the teacher can customise the assessment rubric to emphasise
different aspects of problem solving (creativity, argumentation, correct answers, or-
ganised process and correcting own mistakes) and the unique characteristics of the
different STEM fields. Second, the SCAN method may foster reflective study practices
(Lindblom-Ylanne et al., 2019) and help redirect the teaching resources to the inter-
action between teacher and students while reducing teachers’ straightforward grading
duties (Leung et al., 2017). At the same time, we argue that successful implementation
of self-assessment-based practices for problem solving requires that teachers are
aware of the different perceptions that students have towards these practices. In this
way, the support provided by the learning environment can be personalized so that all
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the students can practice and acquire the necessary problem-solving and self-assess-
ment skills needed in lifelong learning.

Since the first-year university students would preferably trust teacher assessment
because of the perceived low reliability of self-grading, future research could focus on
the development of students’ perceptions of self-assessment and the associated skills.
Future studies could also examine the learning processes that occur in the different
stages of the SCAN method and investigate differences between first-year students
and more experienced students. Future research on the development of problem-solv-
ing and self-assessment skills among university students is important, since these fea-
tures are key skills in contemporary society.

7 Conclusions

Central goals of higher education in STEM fields include learning problem-solving
and self-assessment skills. In these fields, which frequently involve problems with
well-defined solutions, self-assessment methods can be effective for teaching students
problem-solving procedures, critical analysis, and self-assessment skills (Panadero et
al., 2017; Randles et al., 2018; Yan et al., 2021). In this study, we increased under-
standing of undergraduate students' perceptions of self-assessment when it included
both formative and summative elements. We found that the perceived reliability of
self-assessment was associated with its perceived utility. The students' problem-solv-
ing abilities were only weakly related to their perceptions of the utility of self-assess-
ment. Our findings also showed that the students relied more on teachers' assess-
ments than on their own self-assessments. These results can be used to promote the
successful and sustainable implementation of innovative self-assessment-based prac-
tices for problem solving by increasing teachers' awareness of the various perceptions
that students may have towards these practices. In particular, SCAN’s negotiation
stage provides possibilities for teachers and students to discuss the utility and relia-
bility of the different assessment methods. The negotiation stage also allows support-
ing students to assess their own learning and raising the awareness of the alignment
between teaching and assessment methods, and the intended learning outcomes.
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Appendix

LAMSA ET AL. (2023)

Table 7. Items that were used to measure three aspects of the support provided by the learning environ-
ment: support from other students; constructive feedback related to problem solving; teaching for under-

standing.

Aggregated scale

Items

Support from other stu-
dents

Constructive feedback
related to problem solv-

ing

Teaching for understand-
ing

Talking to other students helped me understand things better.

Working with other students was natural for me.

If necessary, | also received support from other students outside of small
group meetings and "primetime" meetings (meetings between the teacher
and a small group).

| received support from other students during small group meetings and
"primetime" meetings.

Reviewing the problem-solving solutions helped improve my learning and
study.

Reviewing the problem-solving solutions helped clarify things | had not fully
understood.

Teaching helped me to find reasons for different perspectives and solutions.
The course inspired me to combine new concepts and models with those
previously learned.

Reviewing the problem-solving solutions was meaningful and appropriate.
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