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Using the definition of algebra from the TIMSS framework, algebra questions were identified on a sample of Norwegian mathematics examinations for 10 th grade students from 1995 to 2018. These questions were then analysed using a discursive framework to look at the specialisation of the mathematical language. The analysis revealed consistency in the density of the language, a decreasing expectation of the depth of engagement with real world contexts, and a recent tendency to processes that direct the students in solving problems. It is argued that this gives an indication of the expected engagement with and implementation of the algebra curriculum in Norwegian schools.

Background and context

An ongoing issue in debates about Norwegian students' performance in mathematics is related to performance on algebraic tasks. On TIMSS tests since 2011, Norwegian 5 th grade students were among the top performers in mathematics in Europe [START_REF] Bergem | Hovedresultater i matematikk[END_REF]. They performed significantly higher than students in the other Nordic countries. However, the performance of 9 th grade students on the most recent TIMSS test in 2015 was at an intermediate level in a European perspective. Overall this was an improvement on previous years, but it was "particularly due to low scores in Algebra" (Bergem, 2016 p.22), which have decreased since 2011 and were at a very low level in 2015.

In Norway, the only externally set high-stakes written examination based on the mathematics common curriculum occurs at the end of grade 10. We consider tasks on these mathematics examinations to be important with regard to how students are expected to engage with the mathematical discourse. Like [START_REF] Morgan | To what extent are students expected to participate in specialised mathematical discourse? Change over time in school mathematics in England[END_REF], we assume that mathematics examinations mirror how mathematics curricula are implemented in the classroom [START_REF] Broadfoot | Education, assessment and society[END_REF]. From a discursive perspective, [START_REF] Morgan | To what extent are students expected to participate in specialised mathematical discourse? Change over time in school mathematics in England[END_REF] investigated differences in the language used in mathematics questions on examinations in England and Wales. The identified changes are discussed in the light of debates about 'standards', highlighting engagement with algebraic manipulations and independent problem solving. It is interesting to see if similar changes have occurred in other countries, to which our study may contribute.

Within this context, we investigated how algebra questions on the 10 th grade examinations have developed since 1995. During this period, there have been several curricula (M87, L97 and LK 06 introduced in 1987L97 and LK 06 introduced in , 1997L97 and LK 06 introduced in and 2006 respectively) respectively), which differ substantially in their treatment of algebra and contextualisation. In M87 (Mønsterplan for grunnskolen: M87, 1987) "Algebra and Functions" was one topic and "Mathematics in everyday life" was integrated into all topics. L97 (1999) had the following as separate topics: "Algebra and Number"; "Graphs and Functions"; and "Mathematics in everyday life". In the current curriculum LK 06 (Kunnskapsdepartementet, 2006), there is an emphasis on basic skills. In contrast to M87 and L97, in which the goals were knowledge oriented, each main area in LK 06 is formulated in terms of competence goals. As in L97, "Numbers and Algebra" and "Functions" are still separate topics. Mathematics in everyday life is no longer a separate topic, but integrated into all topics, as it was in the M87.

In light of this, we will investigate the following research question:

How has the nature of students' expected application of algebra in both mathematical and nonmathematical contexts developed since 1995 in 10 th grade school mathematics in Norway?

Theoretical framework

As analytical framework, we have drawn on the work of Morgan, Sfard, and Tang (Morgan & Sfard, 2016;[START_REF] Morgan | To what extent are students expected to participate in specialised mathematical discourse? Change over time in school mathematics in England[END_REF]. Related to their project The Evolution of the Discourse of School Mathematics (EDSM), they developed a substantial conceptual framework for analysing examinations. This framework has a theoretical foundation in social semiotics and Sfard's communicational theory [START_REF] Sfard | Thinking as Communicating. Human Development, the Growth of Discourses, and Mathematizing[END_REF]. For the purposes of this paper, it is sufficient to say that mathematics being a human activity is defined in terms of the discourse that one engages in when doing mathematics. [START_REF] Morgan | To what extent are students expected to participate in specialised mathematical discourse? Change over time in school mathematics in England[END_REF] argue that the language used on the exams is crucial and that the language use in examinations may change the nature of the mathematics students are expected to engage with. [START_REF] Dowling | Reading mathematics texts[END_REF] emphasised how the language used in school mathematics may both enable and deny access to mathematics. By analysing the language students used when telling stories about their own learning in mathematics [START_REF] Kleve | Learning subjects in School-being outsiders or insiders in the disciplinary discourse of mathematics and Language 1[END_REF] found that students who were successful in mathematics, used the subject specific language to a greater extent than those less successful. That is, the successful students were inside the mathematical discourse.

In our project, we aim to apply the whole EDSM framework to our selection of algebra questions. This paper will report on just one section of the framework. It is intended that the framework can be used in this way, and we are following the work of [START_REF] Morgan | To what extent are students expected to participate in specialised mathematical discourse? Change over time in school mathematics in England[END_REF] in focusing on the part of the framework that deals with specialisation of the discourse.

To analyse the algebra questions, nouns and verbs were allocated as SM (specialised to the discourse of school mathematics) or NSM (non-specialised). Specialised to the discourse of mathematics means that they were "used in accordance with mathematical definitions or in ways distinctive to school mathematics" (Morgan & Tang, 2016, p. 145). Then the whole questions could be classified as (entirely) SM, (entirely) NSM or Mixed (both SM and NSM). Although NSM was not included as a question code in the EDSM framework it was revealed during our analysis. Questions classified as SM were termed Abstract. Whole Questions classified as NSM or Mixed were further classified according to the depth of engagement with the context in terms of Ritual (repetitive exercise or following patterns widely used in text-books), Mundane (containing some unfamiliar elements, however requiring minimal engagement) and Deep (demanding more extensive engagement to determine how specialised mathematical discourse should be used). Illustrative examples of these categories appear in [START_REF] Morgan | To what extent are students expected to participate in specialised mathematical discourse? Change over time in school mathematics in England[END_REF]. With regard to vocabulary, we identified objects in terms of nouns, and processes in terms of verbs, coding each word as either SM or NSM.

Method

To explore our research question we needed a representative sample of examinations. We took examinations every five years from 1995 together with the most recent examination from 2018. This yielded a sample that was manageable within the remit of our project, had an even coverage of the study period, and that included an early and a late examination in each curriculum cycle. The sampled examinations and the curricula reforms are illustrated on the timeline below. To identify the algebra questions from each paper the authors made an initial selection individually. The selections were compared and the selection criteria discussed. It is now common to distinguish between algebra as cultural artefact and algebraic thinking as a human activity [START_REF] Hodgen | Algebraic thinking[END_REF]. Ideally, we would be able to pick out the questions that the majority of students would be expected to use algebraic thinking. However, we do not have access the thoughts of the candidates and examination setters so we could not identify questions by this criteria. We considered the curricula, but these did not provide us with an adequate definition because algebra has been grouped with different topics in the different curricula (see Background and context). Our project is partially motivated by the poor results in algebra in TIMSS (see Background and context), so we decided to use their definition of algebra to guide our selection ("TIMSS 2019 Mathematics Framework," 2017). For example, the questions asking students to use the Pythagorean theorem to work out the length of one side of a triangle were categorized as geometry and not algebra (as they are in the published TIMSS questions). An example of an algebra question involving geometry is given at the end of the Findings and analysis section. Using the definition from TIMSS, the authors adjusted their initial selection and reached a consensus.

Questions were coded as SM, mixed or NSM, and then mixed and NSM questions were coded as ritual, mundane or deep (see Theoretical framework). Working individually, one of the authors coded all the questions in the sample of examinations and the other two shared the sample. Revision and recoding of all the data set was then done by two authors in consultation with one another. Similarly at the level of specialised vocabulary. One of the authors coded the process (verbs) as SM or NSM and the other two coded the object (nouns) as SM or NSM. The authors consulted each other during this process so that difficulties could be resolved by a consensus decision. Inter-rater reliability was not calculated because the purpose of the project is to compare examinations and for each coding category each data set was coded completely by one of the authors.

Findings and analysis

Proportion of algebra questions and degree on contextualisation

Figure 2 shows the percentage of algebra questions on each of the examination papers. In the examinations in 2000 and 2005, candidates were given a choice of six questions from 22 (covering a range of topics) in the last part of the examination. In each of these years, it was possible to avoid, or choose almost exclusively, algebra questions in this part. These two extremes are shown in Table 1, and in Figure 2 by two data points for each of these years. We do not have any data about how many algebra questions a student would typically choose. We note that candidates had the opportunity to make a significant reduction in the proportion of algebra questions in these years, and from the authors' experience, it is very unlikely that many chose the highest proportion possible. LK06 was revised in 2013 and more algebra was included [START_REF] Utdanningsdirektoratet | Eksamensveiledning MAT0010 Matematikk[END_REF]. The proportion of algebra questions on the examinations in our sample has also increased significantly since 2013. For comparison, the target proportion for algebra in the TIMSS assessment is 30%. The examination in 1995 was approximately at this level. The examinations in 2005 and 2010 were below this level, whereas the examinations in 2015 and 2018 were above this level. Figure 3 shows the number of questions coded as abstract, ritual, mundane and deep, and these as a proportion of all of the algebra questions. In the years 2000 and 2005, we have included all the algebra questions that the students could choose in the last part of the examination. (In the year 2000, candidates could not do more than twelve algebra questions, but the figure shows the results for all fourteen algebra questions.) If we exclude the last part of these examinations, there were six abstract and one ritual questions in 2000, and eight abstract and one mundane questions in 2005. (There were fewer questions in total on the examinations under the curriculum L97, but the time given to the candidates has remained constant for all the examinations in the sample.) Thus, there was only one compulsory contextualised algebra question for candidates in each of these years.

There were no questions coded as deep in the examinations after 2005 in our sample. Moreover, the questions coded as deep in 2005 were all in the last part where the candidates had a choice of 0% 10% 20% 30% 40% questions. Thus, the examination in 1995 was the only one in our sample where candidates were expected to engage in 'deep' algebraic context.

The proportion and number of ritual questions has increased significantly in the examinations in our sample that occurred after the introduction of the present curriculum (2010, 2015 and 2018). In addition, the proportion of abstract questions has decreased. This indicates a trend where there are more contextualised algebra questions, but that the degree of depth with which the students are expected to engage with the context has fallen. We noted earlier that the proportion of algebra questions had increased significantly in the last two years of our sample. If the motivation for doing this was to raise standards in algebra, then our data indicates that the quality as well as the quantity of algebra questions needs to be addressed. This may be related to the emphasis placed on algebra in the curricula referred to above. However, it is beyond the scope of this paper to go into this further.

Figure 3. The degree of contextualisation

Specialised and non-specialised processes and objects

The first two rows of Tables 2 and3 shows the frequency and rate per question of SM processes (verbs) and objects (nouns) respectively. The rate of SM processes and objects per question is lower in 2005 which will be discussed more below. In the other years, the rate of SM processes is similar over the sample. There is more variation in the percentage of SM objects, and the rate of SM objects per question. These appear to increase after each curriculum reform and then decrease, but a larger sample would be required to confirm this. The number distinct SM processes and SM objects are shown in the third rows of Tables 2 and3 respectively. This measure gives an indication of richness of the discourse, and the data indicates that this has remained constant over the sample. The number of SM symbolic objects as a percentage of the SM objects is an indicator of the mathematical density of the discourse. This has also remained constant over the sample period apart from the year 2005. The examinations in the sample under the present curriculum (2010-2018) contained a larger total number of objects, and a larger number of objects per question. However, the number of distinct object words has not increased proportionately to this. This indicates a more lengthy written style and not a richer expected discourse. A recurring feature in these examinations is supplementary information in the text with for example historical notes about mathematicians. This may be a consequence of the greater emphasis on basic skills (in this case reading) in LK 06 (Kunnskapsdepartmentet, 2006).

In 2005, the rate of SM processes and objects per question is lower than the other years. A closer inspection of the data revealed that the rate of SM processes was similar with other years on abstract questions. However, the only SM processes on a mixed question was find which occurred just one time. In addition, there were only six SM objects in total on the mixed questions. Thus the algebra questions in 2005 were either almost entirely SM or NSM. This may be a consequence of the curriculum having "Mathematics in everyday life" as a separate topic and not integrated into other topics (L97, 1999). The lack of specialisation in the language on mixed questions meant that candidates were required to engage with the content, so all of these questions were coded as either mundane or deep (see Figure 4). However, as noted earlier, students could choose not to do these questions and so these questions may have had less impact on teaching and learning.

Sorting the data by year revealed that, of the 18 distinct SM processes in 1995 and 17 in 2018, there were just seven of these that occurred in both years. This change in language was the result of incremental changes over the sample period. There were, for example, no significant introductions of new processes with the curricular reforms. For objects, there were 17 common objects out of the 24 distinct SM objects in 1995 and 30 in 2018. When the objects were sorted by topic and the largest category was geometry with a total of 25 objects. Nine of these occurred in the exams under the previous curricula, whereas 20 of these occurred in the exams under the current curriculum. This shows the increased use of geometry as a context for algebra questions. The frequencies of the most commonly occurring SM processes are shown in Table 4. Find and calculate are the most commonly occurring instructions in 1995. These have not been used so frequently in recent years. The current examination guidelines [START_REF] Utdanningsdirektoratet | Eksamensveiledning MAT0010 Matematikk[END_REF] " (2015 paper, p.11).) The data appears to show a tendency away from find and calculate (regn ut) over to solve and determine (bestemme) in algebra questions. The word for determine in Norwegian (bestemme) is also used to mean decide, and thus we would argue that determine belongs to a less specialised discourse than the other instructions.

The verb use has occurred significantly more often since the last curriculum reform. This is often in formulations such as "Use the [given] formula to calculate Monica's maximum pulse rate" (Question 6, 2018 examination, our translation), and "Use a graph tool to…". Such formulations give more explicit instructions to candidates, and may also reduce candidates' role in decision making (Morgan & Tang, 2016, p. 53). Another consequence is that the question becomes an instruction to complete a process, rather than solve a problem. That is, that the discourse becomes one that is about performing actions rather than engaging in mathematics. This reflects the formulation of the current curriculum which is formulated in terms of competency goals and has an emphasis on basic skills (see Background and context). ICT is one of the basic skills (Kunnskapsdepartementet, 2006), so explicit instructions to use ICT tools have been included on the examination [START_REF] Utdanningsdirektoratet | Eksamensveiledning MAT0010 Matematikk[END_REF].

An illustrative example

The following question appeared in the 2018 examination. It contained a picture of Archimedes (not reproduced here), the diagram shown in Figure 4, and each sentence was on a separate line.

A sphere has diameter equal to . A cone and a cylinder both have height equal to . Archimedes showed that the volume of the cylinder is equal to the combined volume of the sphere and the cone. Use the formulas below, and show that this holds. (2018 examination, our translation) This question was coded as abstract: there is a context for algebra, but it is within the SM discourse. Our analysis suggests that geometry contexts have been more prevalent under the current curriculum. The last sentence directs the student as to how to solve the problem. This is further emphasised by the use of the plus sign and equals sign in Figure 4. These prompts reduce the candidates expected engagement with the discourse of the question. The mention of Archimedes is not essential to the question and his picture may be a distraction, especially for weaker candidates [START_REF] Dowling | Reading mathematics texts[END_REF].

This example shows that our analysis gives us insight into some of the changes in the expected mathematical discourse of 10 th grade students in Norway. However, we see the importance of other factors such as the use of diagrams, and the role of human actors in the discourse. These factors can be analysed by other parts of the EDSM framework, and will be part of our further research.

Concluding remarks

Our sample indicates that the proportion of algebra questions on 10 th grade examinations in Norway has increased since the last curriculum reform in 2006. The quantitative analysis at the question level suggests that the expected engagement in real-world contexts has become more ritual. At the level of objects and processes, the analysis suggests that the density of the discourse has remained constant over the sample period. The examination questions have contained more objects under the present curriculum, and the processes have become more directive. This indicates a discourse that reduces the need for decision making on the part of the student. These factors may contribute to the ongoing underperformance of Norwegian students in algebra on international test, but an inspection of the examination questions reveal many more factors that are in play. These need to be researched and synergised with our results to gain a better understanding of Norwegian students' algebra discourse.
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Table 4 : Frequency of the most commonly occurring SM processes
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		1995	2000	2005	2010	2015	2018
	SM (% of all objects)	68 (64%)	70 (80%)	39 (60%)	118 (90%)	140 (83%)	109 (57%)
	Rate of SM objects per question	2.5	3.1	1.8	4.6	4.4	3.5
	Distinct SM non-symbolic object	24 (1.3)	25 (1.8)	14 (1.3)	30 (1.9)	35 (1.7)	30 (1.5)
	words (rate per question)						
	SM objects in symbols (% of all	23 (34%)	26 (37%)	19 (49%)	45 (38%)	48 (34%)	39 (36%)
	SM objects)						
	Total objects (rate per question)	106 (5.9)	88 (6.3)	65 (5.9)	131 (8.2)	169 (8.1)	190 (9.5)

  state that candidates can choose their own solution method when answering questions that are formulated with find, solve or determine. Questions that are formulated with calculate require the candidate to use algebraic methods. (Although calculate was used as an instruction seven times in 2015, it was only used twice to indicate symbolic manipulation. The other five times were to evaluate expressions, e.g. "Calculate which Pythagorean triple you get if
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