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The focus of this paper is to investigate the framework of connectivity in relation to analyses of summative digital assessment in mathematics. As an example, two digital items in mathematics are analyzed according to the framework of connectivity. The results imply that the framework, along with some instrumental adaptations, can be used to guide item analysis. In future, the framework could likely guide analyses of digital national tests in mathematics. A suggestion is to broaden the scope of this research to a macro level, which might focus on assessment platforms, and possible connections to other digital resources.

Introduction

The growing use of technology in society and accordingly in schools (e.g. the use of e-textbooks1 ) can motivate digital assessment because technology is already present in students' learning processes and arguably assessment needs to keep up with this development [START_REF] Beller | Technologies in large-scale assessments: New directions, challenges, and opportunities[END_REF][START_REF] Bennett | Inexorable and inevitable: The continuing story of technology and assessment[END_REF]. Other arguments for digital assessment is the possibility to reduce teacher assessment related work-load and improve accessibility for students with special educational needs [START_REF] Skolverket | Digitalisering av de nationella proven [Digitalization of the national tests[END_REF]. Many researchers (see for example [START_REF] Beller | Technologies in large-scale assessments: New directions, challenges, and opportunities[END_REF][START_REF] Depascale | Score comparability across computerized assessment delivery devices: Defining comparability[END_REF][START_REF] Sireci | Innovative item formats in computer-based testing: In pursuit of improved construct representation[END_REF] have motivated for digital assessment due to new opportunities for construct broadening which makes it possible to assess aspects which are not assessable in paper-based tests. For example, a spreadsheet program can be connected to a digital test item and thus assess knowledge and understanding in a more realistic way.

However, there are several issues regarding digital assessment, especially in mathematics. These challenges can be related to practical problems such as the transfer of information from screen to paper and vice versa, not having access to digital scribbling spaces and not being able to naturally navigate between items in a digital test [START_REF] Russell | Computer-based testing and validity: A look back into the future[END_REF]. Problems can also be related to limitations in automatic assessment systems which may lead to artificial and non-authentic items in mathematics [START_REF] Drijvers | Digital assessment of mathematics: Opportunities, issues and criteria[END_REF]. Challenges of digital assessment can furthermore be related to validity and construct-irrelevant variance [START_REF] Messick | Validity[END_REF]. In the context of mathematics and assessment this can refer to the risk of assessing computer skills instead of mathematics. These questions are especially relevant for high-stakes summative tests.

Background

In Sweden, such high-stakes summative tests are known as the national tests, because they are administered nationwide to specific year groups on an annual basis. The national tests are to be digital, or partly digital, in a few years' time. A decision has not yet been made as to whether the national tests in mathematics will be completely digital or performed as a combination of both computer and paper-based tests [START_REF] Skolverket | Digitalisering av de nationella proven [Digitalization of the national tests[END_REF]. Research is ongoing and during forthcoming field trials will study student responses to different digital item formats and digital items in an online assessment platform will be investigated. The PRIM2 group at Stockholm University researches and develops the national tests in mathematics for primary school (grade 3, 6 and 9) and the first mathematics course at upper secondary school (grade 10) in Sweden. At the end of school year 9 the students sit a national test in mathematics, comprised of written parts (with multiple choice, shorter constructed response, and longer constructed response questions) and an oral part. The national test is assessed based upon scoring guidelines, and the results on the parts are aggregated to produce a score which corresponds to a grade. The students' result on the national test must then be given a special consideration, together with all other available results, in teacher's grading.

For the national tests in Sweden a systematic framework exists [START_REF] Skolverket | Skolverkets systemramverk för nationella prov [National agency for education: Systematic framework for the national tests[END_REF], the purpose of which is to ensure high quality national tests and high reliability regarding the use and consequences of the test results in relation to the purpose of the test, which is fair and equal grading. Importantly, the framework applies to the current paper-based national tests, and emphasizes that if relevant factors are changed, e.g. the mode of administration or the technology used to administer and assess items, evidence of validity must be reconsidered [START_REF] Skolverket | Skolverkets systemramverk för nationella prov [National agency for education: Systematic framework for the national tests[END_REF].

Consequently, in order to develop digital national tests of high quality, new analytical frameworks are needed. It is also reasonable that these frameworks should account for the increasing use of digital resources in education. The framework of connectivity developed by [START_REF] Gueudet | E-textbooks and connectivity: Proposing an analytical framework[END_REF] could meet such requirements. This framework has been developed for analysis of digital resources and is gaining recognition in the mathematics education research community. The concept of connectivity has been used to study how students use digital resources, such as online exercises and teaching materials [START_REF] Sabra | The connectivity in resources for student-engineers: The case of resources for teaching sequences[END_REF]. With regards to assessment, I have not been able to find research applying the theoretical lens of connectivity. Despite this possible shortcoming, I argue that it is a suitable candidate for guiding analyses of digital assessments in mathematics, due to the incorporation of new learning theories that recognize modifications of learning processes in times of digitalization. However, the framework is developed for e-textbook analysis and in order to apply this framework to the context of digital assessment, some adaptations might be required. Therefore, the idea framing this paper is to investigate whether the framework of connectivity can be used in order to analyze digital items in mathematics. The ultimate goal, but beyond the scope of this paper, is to develop the framework to guide holistic examinations of digital national tests in mathematics. Thus, the paper is framed by the following research question: How can the framework of connectivity be adapted in order to guide analyses of digital assessment in mathematics? This question is highly relevant because digital assessment in mathematics (at least beyond the scope of multiple choice questions) is a relatively new phenomenon in educational systems. This new mode of assessment calls for innovative analytical tools in order to develop and analyze the forthcoming digital national tests. The next section introduces the theoretical concept of connectivity by grounding the concept in modern theories about learning and understanding.

Theoretical framework

Since teaching, learning and assessment in many school systems is happening with and through digital resources [START_REF] Drijvers | Digital assessment of mathematics: Opportunities, issues and criteria[END_REF], an analysis of these digital resources calls for new analytical frames [START_REF] Gueudet | E-textbooks and connectivity: Proposing an analytical framework[END_REF]. A traditional way of performing textbook analysis is to use quantitative measures. Researchers in mathematics education have also performed textbook analyses categorizing the content at macro and micro level3 . An analysis at macro level may suggest a horizontal/holistic analysis with attention to general features of the textbook, whereas an analysis at micro level may propose a vertical analysis where specific mathematical content or competencies are considered.

Upon introducing the concept of connectivity [START_REF] Gueudet | E-textbooks and connectivity: Proposing an analytical framework[END_REF] ground the concept in Hiebert and Carpenters (1992) framework about understanding; that is, in order to understand and develop mathematical knowledge it is key to be able to make connections between structures of mental representations. The number and the strength of these connections is assumed to determine the level of understanding. This theory about understanding is thereafter connected to the epistemological position connectivism, introduced by [START_REF] Siemens | Connectivism: A learning theory for the digital age[END_REF] as a new learning theory in which learning is not just seen as an internal activity, but also as actionable external knowledge, for example within a database or an organization. One argument presented in connectivism is that some learning theories (e.g. cognitivism, behaviorism, and constructivism) were developed at a time when learning was not affected by technology, and as such are unable to fully explain how learning takes place in a modern digital world. Within connectivism, learning is essentially about the connections which enable learning to take place. These connections can be understood practically as connections between people, as well cognitively as connections opened up by a digital resource. This paradigm shift in how learning processes are viewed in a digital age is therefore motivating [START_REF] Gueudet | E-textbooks and connectivity: Proposing an analytical framework[END_REF] to study e-books looking for connections in, between, and across individuals' cognitive/learning tasks and activities, and how e-textbooks may support those (micro level) for "connected" learning between and across groups of individuals, teachers, or students (macro level) (p. 543)

The different ways of making connections within a digital resource is referred to as connectivity at micro level (internal) and the different ways of making connections from/to a digital resource is referred to as connectivity at macro level (external). The concept of connectivity of a digital mathematics resource is defined as the "connecting potential for a given user (student or teacher) both practically as well as cognitively." (Gueudet et al., 2018, p. 545) Relevant for this paper is the view that digital mathematics items presented in an assessment platform are digital resources for students. The framework of connectivity is developed for analysis of digital resources such as e-textbooks, and since an e-textbook in mathematics contains several items this view seems reasonable. Another reason for this is the possibility to integrate digital resources into an item (e.g. the spreadsheet in the item presented in Figure 1) which might offer students a connection between a software and a mathematical problem. Since this paper is focused on mathematics items presented in an assessment platform, only connectivity at the micro level is considered in the analysis.

The next section introduces two digital items in mathematics that were developed based upon curriculum descriptions of digital technology. The two items are thereafter analyzed through the theoretical lens of connectivity, at micro level. The adaptions needed in the framework of connectivity are subsequently presented in the results section.

Methodology

The items in this paper were developed in spring 2021 together with a year 9 test developer. The focus was content related to digital technology and the use of digital tools, according to the mathematics curriculum for years 7-9. For example, the curriculum states that "All pupils should be given the opportunity to develop their ability to use digital technology." (Skolverket 4 , 2018, p. 8) The first item, Money raised at a charity gala (see Figure 1), has been translated from Swedish and presented in Figure 1 as it appears in the assessment platform used in Sweden. This item contains a spreadsheet showing donations at a charity gala. In the spreadsheet the students can interact with the spreadsheet, e.g. highlight cells; calculate the sum and mean. Students submit their responses by filling in the two boxes on the left of the screen. The second item, Construction of triangles (see Figure 2), contains a GeoGebra [START_REF] Hohenwarter | GeoGebra. International GeoGebra Institute (IGI)[END_REF] component where the students can draw lines or line segments between points in a coordinate system, and calculate the area of a polygon. This item was developed based upon specifications in the curriculum about geometry and digital tools. Skolverket specifies in the core content for mathematics, years 7-9 that as part of teaching for geometry "Depiction and construction of geometrical objects, both with and without digital tools…" must be carried out in class, as well as "…Scales for reducing and increasing two and three dimensional objects." (2018, p. 59) These two items were analyzed through the theoretical lens of connectivity at a micro level [START_REF] Gueudet | E-textbooks and connectivity: Proposing an analytical framework[END_REF]. The analysis was performed by examining the items using the micro level analysis grid presented in Gueudet et al. (2018, p. 548), see Table 1. The examination was carried out by searching for connections according to each of the aspects in the analysis grid. Since only two items were analyzed, a specific concept was not considered in the analysis, unlike how the analysis was performed in [START_REF] Gueudet | E-textbooks and connectivity: Proposing an analytical framework[END_REF]. 

Results

The analysis revealed that the following categories of connections in the micro level grid cannot be used: Previous knowledge, future knowledge, different moments of appropriation of the same concept, different topic areas within mathematics, variations of the same exercise, and assessment procedures and storage of results. These categories are not applicable due to differences in design and purpose of an e-textbook as opposed to a digital assessment in mathematics.

The item Money raised at a charity gala offers connections to different concepts, and to a real-life situation where software is used for a specific task. There are also connections between different methods to solve the item. The student can use a calculator tool to calculate the sum and the mean. Moreover, the integrated spreadsheet program will offer the possibility to highlight cells and read the sum and mean, or calculate the sum and mean with integrated functions in the calculating program.

The item Construction of triangles offers connections to a dynamic geometric representation. With the dynamic geometry program students are able to construct polygons and measure the area with the area tool, or calculate the area with the integrated calculator. The item also allows students to work with different methods, e.g. the area of a scaled object is equal to the squared scale factor.

The analysis further reveals that both these items are missing connections to the needs of different students. For instance it is not possible to listen to the text of the items, and there is no accompanying instruction video about how to use the digital tools included in the items. Thus the framework of connectivity helps by focusing on connecting potential, or the absence of connecting potential, when reviewing and developing items.

Discussion

These results illustrate that the framework of connectivity at micro level can be used in order to find connections. However, when analyzing the two items some adaptations of the framework were needed. Thus the lens of connectivity was not adapted in a theoretical way, rather the adaptations are related to the number of categories in the analytical tool (see results), and also to the method of analysis. Relating to method of analysis, when [START_REF] Gueudet | E-textbooks and connectivity: Proposing an analytical framework[END_REF] describe the analysis at micro level, they are searching for connections for a given mathematical concept (e.g. functions) between different parts of the e-textbook. These connections can also be related to how the concept is presented differently in different parts of the e-textbook, and can also be related to the progression of a concept. When analyzing isolated digital items in mathematics such comparisons are more limited due to the summative nature of testing, and in this case due to the fact that only two items (dealing with different mathematical concepts) were analyzed. In order to analyze the two presented items it was thus not possible to consider a single mathematical concept, and therefore some of the categories in the analytical tool were not applicable. Not being able to use the full range of the micro level tool is a limitation of the presented study and a recommendation for future research is to start with a large item-pool and choose items for a given concept or a mathematical theme, e.g. functions. In this way, it will likely be possible to look for connections to different moments of appropriation of the same concept, and also for variations of similar items connected to a specific concept. Another limitation of the presented study is the inability to contrast the results with other studies using the theoretical framework of connectivity within the scope of assessment.

A question for future consideration is how the framework could be used generally to analyze assessment in mathematics, and more specifically to guide analyses of digital national tests in mathematics. Such studies could also investigate the potential to consider a mathematical theme in the analysis, and furthermore to explore new categories that might be included in the analytical tool. A suggestion is to explore whether mathematical competencies (e.g. mathematical reasoning, problem solving) could guide these analyses along with a given mathematical theme. Another implication for future research is to analyze a digital resource (e.g. an assessment platform) through the lens of connectivity, at a macro level. Such an analysis may focus the potential of linking to and between users and resources/tools outside an assessment platform. This may include the potential to connect users with users (teachers, students), as well as users with designers (teachers, assessors, test developers, test designers) and the platform's interaction with other external resources, e.g. programs and teacher digital resource systems.

In the analytical framework of connectivity the possibility to make connections is seen as a critical feature of a digital resource, and important for learning and understanding [START_REF] Gueudet | E-textbooks and connectivity: Proposing an analytical framework[END_REF]. The importance to connect concepts is articulated in the syllabus [START_REF] Skolverket | Skolverkets systemramverk för nationella prov [National agency for education: Systematic framework for the national tests[END_REF] for the compulsory school, in the general aim for mathematics: "Teaching in mathematics should essentially give pupils the opportunities to develop their ability to: […] use and analyse mathematical concepts and their interrelationships" (p.56). The opportunities to develop mathematical abilities might be achieved through digital resources and the relationship between concepts might be described in terms of connectivity.

In an era of digitalization, connectivity also extends beyond digital resources and can be viewed as a critical feature of a teacher's working environment [START_REF] Gueudet | E-textbooks and connectivity: Proposing an analytical framework[END_REF]. Furthermore, this also relates to assessment. Since technology already is a part of learning processes in a digital age [START_REF] Beller | Technologies in large-scale assessments: New directions, challenges, and opportunities[END_REF], it is fair that this technology, with its potential to make connections, also becomes a part of assessment. When digital resources play an even more important role in assessing knowledge and understanding, theoretical perspectives such as connectivism and theoretical frameworks such as connectivity can bring new insights and may offer novel possibilities to explore assessment beyond the narrow scope of this paper.
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[START_REF] Pepin | E-textbooks in/for teaching and learning mathematics: A potentially transformative educational technology[END_REF] define an e-textbook as "an evolving structured set of digital resources, dedicated to teaching, initially designed by different types of authors, but open for re-design by teachers, both individually and collectively.(p.644) 

PRIM-group is a research and test developing unit, within the Department of Mathematics and Science Education at Stockholm University, where the author of this paper is affiliated.

[START_REF] Gueudet | E-textbooks and connectivity: Proposing an analytical framework[END_REF] the notion of textbook analysis at macro and micro level is explained in detail with examples of studies, and research questions when investigating textbook analysis at macro and micro level.