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Introduction to the papers of TWG21: Assessment in mathematics education

Introduction to the papers of TWG21:

Assessment in mathematics education Introduction CERME12 followed the COVID-19 pandemic that hit the world. During this time much of what we did within our classrooms and outside was re-thought to allow for social distancing and remote learning. This of course initiated important changes in the assessment of mathematics. In the CERME event held online in 2021, we drew six areas of interest for our groupsome of which reflect the need for remote teaching and learning. These included the use of technology in the assessment of mathematics. For CERME12 we received 20 papers and four posters which covered four themes of the call: The assessment of specific mathematics competencies; Technologycomputer aided (formative or summative) assessment; Teacher assessment with focus on teacher education; Teacher assessment in the light of transferring assessment methods to methods with technology.

Thematic clusters

Here we group the papers in the thematic clusters to reflect on their links and findings. We then conclude with some reflections for the coming CERME13.

The assessment of specific mathematics competencies: Ramo et al. investigate university students' preferences when choosing between self-assessment and traditional exams. They found that many students selected self-assessment because of the possibility of self-regulation, for affective reasons and for practical reasons (e.g., time-malmanagement). The authors conclude by indicating this methodology as supporting agency and self-regulation. Ferrara and Pozio investigate routes into algebraic thinking by examining the responses to one item of the Italian national text concerning the area and the perimeter of an isosceles trapezoid. They found four distinct routes that students adopt and relate those to proficiency levels. The levels of proficiency increase as the routes become more advanced, which is consistent to the assessment model. Morselli and Robotti describe a learning sequence inspired by the principles of Universal Design for Learning [START_REF] Rose | A practical reader in universal design for learning[END_REF] on conjecturing and proving for grade 7 students. Promoting appropriate formative assessment strategies, they found that such a sequence can be effective in terms of proof understanding. Faerch investigates the potential of tasks in a dynamic online environment for primary school students to foster symbol competency. Okamoto addresses the theme of creativity, proposing a new approach to evaluate the fluency component in [START_REF] Guilford | Characteristics of Creativity[END_REF] [START_REF] Gueudet | E-textbooks and connectivity: Proposing an analytical framework[END_REF] was initially developed for the analysis of digital resources such as e-textbooks, and Winnberg proposes to adapt it to the analysis of digital tasks. In the paper, two tasks are analyzed and a final discussion on the viability of the use of the framework is presented. Giberti and Passarella address the issue of real tasks in standardized assessment. They propose a criterion to identify "real" tasks in standardized tests, which they employ to analyze items from the Italian national standardized assessment. Data analysis shows that such tasks are widespread in national assessment. A further analysis suggests that such tasks are not particularly difficult for students, but they are discriminative: students with higher ability pass these tasks easily, while students with lower ability struggle. Saccoletto aims to investigate teachers' assessment in argumentation tasks. To this aim, she plans to propose to teachers a selection of students' answers to be discussed.

Technologycomputer aided (formative or summative) assessment: Moons and Vandervieren investigate a semi-automated grading approach of handwritten questions which uses atomic feedback. Assessors using this approach appreciated being able to see the effects of their grading choices on the outcome of the assessment. This ongoing work will also shed light on the possibly added value of this semi-automated grading approach in comparison to traditional grading. Min Chia and Zhang describe secondary mathematics teachers' views on online assessment during the first waves of the COVID-19 pandemic. Based on survey responses of 92 teachers and interviews with three teachers they found that teachers mainly used the same assessment methods during the pandemic, and online teaching, as they had done before the pandemic. Online assessment was for them mainly assessment for and of learning. Brunstrom et al. reported on a pilot study focusing on the (re)design of a digitized task environment in which both a dynamic mathematics software and a computer-aided assessment system are implemented. They discuss their research with 256 first year engineering students in calculus and related the characteristics of the explanations and formulae students provided in their responses to the tasks.

Teacher assessment with focus on teacher education: Kaplan-Can et al. investigate the characteristics of tasks produced by trainee teachers aimed at eliciting cognitive demanding algebra tasks. They found that trainee teachers -after suitable training -can generate such tasks but most of the tasks involved algebraic manipulation and few involved mathematical modelling. Andersson and Erixon present the results of an ongoing study that investigates four mathematics teachers' use of formative assessment. They aim to identify aspects of formative assessment that are important for beginning mathematics teachers (BMTs) and the differences between participants' use of formative assessment in practice. Preliminary findings show that BMTs use different ways to present lesson goals and they refer to written tests to elicit evidence of learning. Moreover, students rarely function as agents in the formative assessment processes. Eichholz et al. present a study concerning the evaluation of the effectiveness and acceptance of the education concepts in the qualification program developed for the project. They aim to compare the implementation of two variations of formative assessment: teachers learn to develop diagnostical questions and support activities and curriculum embedded, or teachers use ready diagnostic and support tasks. They expect a positive effect in favour of the first approach and assume a moderator effect of the association between high pedagogical content knowledge and a positive self-efficacy of the teachers on the second approach. Kjensli et al. report on a project in a course for prospective teachers, where the teacher educator modelled feedback based on formative assessment principles. The study analyses prospective teachers' responses when they are challenged to reflect from a teacher's perspective on how to use different models to compare fractions in a primary classroom. The findings indicate that prospective teachers tend to use feedback to move forwards in their teacher perspective. Barana et al. aim to understand the evolution of participants' knowledge and perception of automatic formative assessment throughout a STEM teacher education course. Analysing responses to a questionnaire they found that teachers became more aware of knowledgeable of this type of assessment, over the course, and that this appears to result in a more student-centered approach to formative assessment. Saksvik-Raanes and Solstad investigate digital items that were designed to measure arithmetic competence as a component of the foundational number sense framework for five-and six-year-old children. Using Rasch analysis of the performance of 302 Norwegian children they found that items' difficulty levels were strongly influenced by the type of problems and the magnitude of the answer in it. Supplemented by a qualitative analysis of students' strategies they conclude that there were more factors at play, but that this work could enable us to study in more detail how children model and use strategies to solve mathematical problems.

Teacher assessment in the light of transferring assessment methods to methods with technology: Klothou et al. investigate how secondary school teachers assess students' written texts in mathematics and the resources they draw on while assessing these texts. Findings show the complexity of the factors that influence the outcomes of assessment in mathematics. Teachers grade students' written texts differently. Teachers' beliefs about the nature of the subject and the nature of mathematics matter, either alone or in combination with expectations about 'communicating', emerged as the prevailing resources teachers draw on while assessing students' written texts. Holm Gundersen and Kohanová present the results of a qualitative study focusing on characterisations of enactment of formative assessment during mathematical conversations by Norwegian primary school teachers. Two second-grade teachers were observed during mathematical conversations with their students in a teaching session regarding various strategies for addition. The paper suggests a model that characterises the formative assessment enacted during a mathematical conversation from a teacher's perspective. Faggiano et al. present initial findings from a survey, administered to 421 Italian inservice primary teachers, on the beliefs regarding the knowledge and skills investigated by the national standardized assessment tests, their proximity to didactic practices in mathematics and the role they assume within the school context. The paper discusses the way teachers interpret data coming from standardized assessment and if/how they use them in their teaching practice. Findings show a meta-didactic conflict generated by teachers' difficulties in interpreting the standardised tests and in using them coherently with the framework on which the tests were designed. Kiss et al. analyse Hungarian students' oral explanations based on their written work, looking for additional information about students' thinking processes. Additionally, the study examines the quality of verbal communication. Findings indicate that the teacher obtains a more detailed picture of students' current level of development via oral explanations. Grapin and Sayac describe a comparison between two forms of assessment at the end of primary school: paper pencil and tablet-based assessment. They considered different approaches to digitalizing assessment, either using the opportunities a digital environment provides, or migrating the paper pencil assessment onto a screen. They opted for the former. Students appeared to perform better on the paper-pencil based assessment than on the tabletbased assessment, although more of the possibilities the tablet provides could be used in further studies. Geszler describes the outlines of her PhD study, in which she investigates the opportunities for digitalization of the final examinations of mathematics in Hungary. To this aim she investigated at the practice in four other countries -Finland, Germany, Georgia, and Denmark -and compared them on several aspects. She concludes that in Hungary there is a will to work towards computerbased adaptive testing, allowing for creativity, analyzing, and mathematical modelling can exist, which could have an active impact on education itself.

Conclusions

Our group again represented work engaging with a variety of methodologies and research questions confirming that assessment is a big umbrella theme that encompasses a great number of approaches and foci such as the assessment of mathematical competencies and specific topics. However, from the summaries presented, there are two main issues that emerge clearly: the increased use of technology for assessment (both for formative as for summative purposes) which goes beyond the consequences of the pandemic, and the attention to the education of new teachers with respect to assessment practices. These two themes are not un-related: the way in which we assess mathematics is changing, new technology that was introduced during the pandemic out of necessity is now adopted widely, and teachers (at all levels) may be trained in how to use the technology appropriately and what are the affordances of technologies in assessment. Moreovera productive use of technology must also be adoptedtherefore we saw many studies addressing affordances and drawbacks of technology in assessment. We believe that the use of technology will be again a big theme in our next meeting in CERME13 in 2023 -Hungary.

  model for creativity by means of Fermi problems. His quantitative study involved 291 Japanese junior high school students. Results show a strong correlation between fluency in general, creativity, and fluency measured by the richness of aspects in solving a Fermi problem. However, further research is needed to examine the validity and reliability of a test to measure creativity using Fermi problems. Rieu et al. investigate prospective teachers' diagnosis of students' misconceptions. More specifically, they investigate the presence of confirmation bias in teachers' detection of misconceptions in decimal fractions. The study identifies normative-accurate and confirmatory-biased judgment processes. A follow-up study, investigating relevant information based on alternative hypotheses to obtain an accurate diagnosis, shows it to be an efficient judgment strategy and as such, it should be incorporated into teacher education. Winnberg studies high-stakes summative tests through the lens of connectivity. The framework of connectivity