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Self-reflection is an essential skill needed to adjust one's learning process. However, training is
necessary to develop this skill. Certainty-based marking is presented as an easy-to-integrate method
of formative assessment that strengthens predictive accuracy about one's answers to mathematics
problems. Knowing better about one's knowledge might lead to better self-reflection. An explorative
study with German 5th graders is presented here, in which the influence of certainty-based marking
in formative assessment on pupils‘ mathematical self-reflection during mathematics lessons is
examined exploratory. Initial findings show that the certainty and the accuracy with which the pupils
state their knowledge rise over time.
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Introduction

Self-reflection is a cognitive process involving conscious observation of one’s thoughts, feelings, and
actions and is essential for understanding individual learning, e.g. for mathematics lessons at school.
In dealing with heterogeneity, various forms of differentiation are used in mathematics lessons in
which, among other methods, learners choose from the options provided (e. g. Humann & Prediger,
2007). However, this can be a challenge for students. They must first learn to assess themselves
correctly and then make a selection based on this to control their learning and take responsibility for
it in the long term. So, promoting students’ self-reflection can improve teaching and learning
outcomes. One possibility for training students’ self-reflection could be the method of certainty-based
marking (CBM) in the context of formative assessment. CBM is a testing format that requires students
to express a degree of certainty in their responses which will be considered for grading.

This article presents the initial findings of an ongoing exploratory study that investigates how
certainty-based marking in formative assessment influences the self-reflection of 5"-grade learners
regarding mathematics at school. In the following sections, certainty-based marking is first explained
to address its potential in the context of formative assessment and the need for research in this area.
Then, the methodological approach is described, initial results are presented, and finally, the results
are reflected upon.

Certainty-based marking as feedback in the context of formative assessment

Studies on feedback in the context of formative assessment were carried out by Brensing et al. (2021).
The results show that combined formative assessment and feedback can be a powerful tool for
fostering mathematical learning. In their study on a first-semester course of mathematics for
engineering, counselling after a formative assessment leads to better results, and even weak students
with low mathematical knowledge could come close to the mathematical performance of the middle
group. However, the effect did not reach so far that weaker students reached the high-performing



students. The feedback was given in individual counselling sessions, which was quite work-intensive
and time-consuming, but it helped the students to adjust their learning and perform better. Following
Kruger and Dunning (1999), in these counselling sessions, it was revealed that the weak students did
not consider themselves weak. But they thought they would perform much better than they did. They
first needed a realistic self-reflection to help them understand what they did not understand to start
an efficient learning process.

Certainty-based marking (CBM) is an assessment approach developed and first used by Gardner-
Medwin (1995) for teaching physiology, medicine, and maths at University College London. The
genesis of CBM can be traced back to the desire for a more nuanced and comprehensive assessment
methodology that goes beyond the limitations of traditional grading systems (ibid.). Traditional
grading systems often provide a single numerical score for a student's solution to a problem, leaving
little room for insight into the students' thought process or the level of confidence in their answer
(ibid.). So, instead of assigning a fixed score to a solution, CBM allows students to express their
confidence in their answers. Students typically provide the solution to a problem and add a confidence
rating, such as high, medium, or low, influencing the grading (e. g. see Table 2). Certainty-based
marking encourages students to think critically about their responses and reflect on their
understanding of the material. This approach recognizes that learning is a dynamic process, and
students may possess varying degrees of confidence even when their answers are correct. By
incorporating certainty levels into assessment, educators gain insights into students' self-awareness
and understanding of the subject matter.

Later, Yuen-Reed and Reed (2015) simplified the confidence rating to two confidence levels and
grades without malus points in contrast to Gardner-Medwin (1995). The two options of "unsure™ and
"very unsure™ are combined into just one option of “unsure” because Yuen-Reed and Reed (2015)
argue that this distinction is very subjective.

Today, studies on various facets of CBM are available. It has been used in assessment but more in
self-assessment and summative assessments (Gardner-Medwin, 2019). In Germany, CBM was, for
example, conducted at the RheinMain University of Applied Sciences in a mathematics course with
43 third-semester students in the Department of Engineering (Kanzinger & Gehrig, 2022). Four tests
were conducted, each with five subject-specific single-choice questions and CBM. Results were sent
to the students at the end of the day the tests had been conducted. An online survey among the students
as an evaluation of CBM took place at the end of the semester. Results indicate that CBM could
promote the students' ability to self-reflect on tests during the semester. Almost all students stated
that CBM helps them to reflect on their learning. There was no control group in this study (ibid.).
Following these ideas, integrating formative assessment with certainty-based marking could represent
a powerful and nuanced approach to understanding and enhancing student learning, particularly in
disciplines like mathematics. It has been tried in medicine (Hendriks et al., 2019) but only in one
assessment inside a series of assessments and in veterinary (Valero & Cérdenas, 2017). Foster (2016)
used CBM in mathematics in school and investigated how pupils deal with this approach and respond.
For this purpose, a ten-task questionnaire on negative numbers and a certainty grading with ten steps
was carried out with different classes from age 10 to age 13. Based on this test, Foster (2016) stated
that the pupils were well-calibrated but demanded to repeat the test since they then understood their



certainty better. According to Foster (2016), research is needed into what effects will be there if CBM
is done more often.

Formative assessment takes place parallel to the learning unit or course to support the learning process
and to improve individual learning (cf. Geisen & Zender, 2023; see also Brookhart, 2010; Cizek,
2010; Maier, 2010; Gikandi et al., 2011) and enables teachers to adapt learning opportunities to the
needs of the respective learners (cf. Black & Wiliam, 2009). Introducing certainty-based marking
within formative assessment could take this process a step further. Students could receive feedback
on their answers and be prompted to self-reflect and express their confidence levels in their answers,
which they also receive feedback to. This dual-layered evaluation could acknowledge the dynamic
nature of learning and encourage metacognition — the ability to think about one's thinking. The
integration of formative assessment with certainty-based marking could cultivate a learning
environment that is responsive, adaptive, and focused on continuous improvement. On the one hand,
students could become active participants in their learning journey. On the other hand, educators
could receive valuable data, not only one-dimensional, on how much the students did correct, but also
a second dimension, which is how certain they are. This leads to new insights if a topic remained
unclear for the students, although they did perform well. Alternatively, students could be very
confident in a topic but answer the questions wrong, which can uncover misconceptions. Based on
the data, educators can tailor their instructional strategies to the different types in this now two-
dimensional outcome.

The literature shows that CBM is used in the university context (and mainly in medicine) but not
much in school so far. It is also not commonly known or used in Germany. Therefore, the study
presented below can be seen as a starting point for using CBM in the context of formative assessment
in school mathematics lessons.

A Weekly CBM test in mathematics lessons - an exploratory study in fifth grade
Objectives

CBM is rare and plays a minor role in assessment. Nevertheless, the wide range of Gardner-Medwins
publications (e. g. 2019) show a promising use of CBM in self-assessments. However, there is a need
for research concerning CBM in the context of formative assessment. Furthermore, self-reflection
should already be used at school. Using CBM in formative assessment could train pupils at school to
reflect on their knowledge and improve on this reflection, a necessary skill for individual learning.
Therefore, self-reflection should be initiated early in a learner's biography. However, there is still a
need for research in this area. An exploratory study is therefore being conducted to investigate the
influence of CBM in formative assessment on middle school pupils’ mathematical self-reflection.

Method and sample

To measure the influence of CBM, an experiment fifth-grade class was chosen from a German
grammar school. The ten- and eleven-year-old pupils had six hours of mathematics lessons each
week, in which the last lesson of each regular week (excluding vacations, weeks in which there were
reports and in which a class test was written) was used for a short test on the content of the previous



lessons in that week (for an overview see Table 1). By the time this article was written, eight tests
had been set.

Instead of measuring self-reflection directly, the accuracy of the confidence in the answers was
measured by how often a student was correct when being sure about the answer or how often a student
was not correct when unsure about the answer.

Table 1: Overview of weekly tests in Grade 5

Week 1+2 3-7 g8-11 12-14

Content Repetition primary Numbers Divisibility Measurement and
school Units

Test 1 2,3,4 5,6 7,8

The tests were conducted weekly and contained eight open questions (no multiple choice).
Additionally, they had a certainty question after each mathematical problem about how sure the
students were about their solution. There were two checkboxes: “I am [ sure O not sure.”. Based on
the concept of Yuen-Reed and Reed (2015), the certainty levels were reduced from three to two to
make it simpler for the pupils because of their age. The rating was 2 points for a correct and sure
answer, -2 points if the answer was wrong but sure, 1 point for a right but unsure answer, and 0 points
if the answer was wrong and unsure. If no checkbox was used, 0 points were assigned regardless of
whether the answer was correct or wrong (see Table 2).

Table 2: CBM points scheme (based on Yuen-Reed & Reed, 2015)

sure unsure nothing

correct 2 1 0

incorrect -2 0 0

So, it is always better to state at least to be unsure than not using the checkbox. Consequently, the
pupils have used the checkboxes. Also, in this system, it is easy to understand that it is better to be
honest about the certainty of your answer. The tests were conducted in the morning, corrected and
returned to the pupils in the afternoon of the same day.

A class of fifth graders from a full-time German grammar school was chosen for a first exploratory
study about using CBM within formative assessment in school. The class had n=15 pupils aged 10
and 11 (six male and nine female). The pupils came from the same elementary school, and their
respective performance levels in math lessons were heterogeneous.



Empirical analysis and initial findings

Regarding accuracy, the class test results were investigated in two ways: First, by how many correct
answers the pupils gave and if they were sure about this, and second, by how many incorrect answers
the pupils gave and if they were unsure about this. The results are displayed in Table 4.

Table 4: Pupils’ prospective validity in percent

Test1l Test2 Test3 Test4 Test5 Test6 Test7 Test8

sure and correct 67% T70% 66% 59% 83% 86% 75% 87%

unsure and incorrect 52% 63% 68% 66% 85% 67% 80% 64%

mean 59% 67/% 6/% 62% 84% 7% /8% 76%

For the first four tests, it looked pretty much the same, but then something changed and the pupils
started to rank higher. The diagrams in Figure 1 (see next page) show each pupil represented by one
dot. The dot is positioned on the x-axis by how many points the pupil got in the test and on the y-axis
by how many correct answers were given by this pupil. A perfect accuracy would mean, that the pupil
is on the straight line with gradient %. As the diagrams show, the points are moving towards that line
over time, especially after the fourth test.

Discussion and conclusions

This paper deals with using CBM within formative assessment in school mathematics lessons, which
could strengthen the prospective validity of pupils’ into their answers to mathematical problems.
Knowing more about one's expertise may lead to improved self-reflection, essential for adjusting
one's learning process. It is, therefore, necessary to clarify the influence of CBM in formative
assessment on the mathematical self-reflection of pupils at school. Additionally, research is needed
into the question of what effects there will be if CBM is done more often (Foster, 2016). As a starting
point in order to answer these questions, we gathered empirical data by testing one class of 5" graders
of a German grammar school with CBM tests almost every week in a school year. By the time this
article was written, eight tests had been set.

In terms of accuracy, the results are promising, but they need to be treated carefully since the sample
size was tiny. After the first four tests with nearly the same prospective validity, the rate suddenly
went up. Pupils get better at telling what they have learned and what not. As stated in the methods
section, the self-reflection itself was not measured, but a better accuracy could speak in favour of a
better self-reflection. At least, one must know about one's knowledge as a basis of self-reflection. If
the pupils then used their knowledge to learn and practice precisely what they had identified as their
weaknesses before, this would be a step towards self-regulated learning. However, there has been no
further investigation about the consequences of the test results for the pupils so far.



The presented exploratory study is a starting point and is still ongoing, so the findings must be
interpreted cautiously. In addition, these findings relate exclusively to one experimental group, so to
a small sample. Therefore, the study will initially be continued in the current groups and then
expanded to include further groups so that future results will be based on a broader data base.
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Figure 1: Test results of the CBM class (Each point represents the results of one pupil. The x-axis is the final scores,
while the y-axis is the number of correct answers.)
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