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In this paper the impact of mathematical and linguistic difficulty-determining characteristics on students' performance in test items is investigated. For this purpose, 149 test items of the German national standardized test in eighth grade (VERA 8) were examined regarding linguistic and mathematical characteristics. Hierarchical regression was used to determine to which extent the examined characteristics could explain students' performance. In total, about a quarter of the variance in students' performance could be explained. Regarding mathematical characteristics, we revealed that the level of the mathematical cognitive demand had a significant influence on students' performance. Regarding linguistic characteristics, only the amount of text determined students' performance in the VERA 8 test items.

Introduction

Academic language skills are a prerequisite for educational success [START_REF] Bailey | The language demands of school: Putting academic English to the test[END_REF][START_REF] Kmk | Bildungssprachliche Kompetenzen in der deutschen Sprache stärken [Strengthening educational language skills in the German language[END_REF]. A correlation between linguistic competencies and mathematics achievement has also been established for the subject of mathematics [START_REF] Prediger | Language Proficiency and Mathematics Achievement[END_REF]. However, academic language competencies are not explicitly promoted in mathematics classes. In this paper, we will examine the extent to which linguistic demands trigger difficulties in students' performance and how these can be assessed in relation to mathematical demands. For this purpose, the items of a German nationwide standardized test in eighth grade are analyzed with respect to linguistic and mathematical difficulty-determining characteristics. Hierarchical regression will be used to show the extent to which linguistic and mathematical characteristics affect students' achievement.

Theoretical background Test items in mathematics

Mathematical test items in school contexts can be used for different purposes. In the context of VERA, test items are used to check students' level of competence. VERA is a German nationwide standardized test used to assess the extent to which students meet the competency expectations of the national educational standards. The surveys are conducted both in third grade (VERA 3) and eighth grade (VERA 8). The results can provide teachers hints for designing and improving their lessons, and can be used for targeted support of their students. The test items are developed by the Institute for Educational Quality Improvement (IQB) in cooperation with teachers from various states and experts in mathematics education. VERA 8 is based on the German educational standards for lower secondary level mathematics, in which the competency expectations are anchored. The six general mathematical competencies include argumentation, problem solving, modeling, use of mathematical representations, working technically and communication [START_REF] Kmk | Educational standards in maths for the intermediate school-leaving certificate[END_REF]. The competency expectations are formulated content-specific as the students acquire these competencies by dealing with different mathematical content (quantity, measuring, space and shape, change and relationship, uncertainty and statistics). Further specification is provided by the level of cognitive demand, which can be used to assess the demand and complexity of a mathematical task. The criterion-guided development of the test items in VERA 8 allows the competency expectations formulated in the educational standards to be tested among the students in eighth grade. The development process of the tasks includes several evaluations from experts as well as piloting with the aim of testing the task several times regarding their didactic suitability and empirical quality before they are used. On the one hand, it is tested whether the test items reliably test what they are supposed to test. On the other hand, it is checked whether difficulty-level of the items is appropriate and whether students' solutions can be evaluated objectively.

The solution process places different demands on the students. There are different opportunities to determine the mathematical cognitive demands of a task. For the present study the classification scheme of the COACTIV Project [START_REF] Neubrand | Task analysis in COACTIV: Examining the potential for cognitive activation in German mathematics classrooms[END_REF], is used for the coding of the cognitive demand of the items. As a part of this project the scheme was developed to investigate the potential of mathematics tasks. It contains a four scale (level 0 -the mathematical activity is not required to level 3 -required at a high level) to evaluate the mathematical activities (intra-mathematical modeling, extra-mathematical modeling, mathematical reasoning, use of representations) addressed in mathematics tasks. Since the classification scheme does not include a mathematical activity that captures the technical handling of calculations of varying complexity, Drüke-Noe (2014) added working technically as a mathematical activity with a four scale.

Linguistic difficulty-determining characteristics of mathematics tasks

Language can also play a significant role in mathematical test items. In addition to necessary productive language skills for presenting a solution, test items require receptive language skills as students must be able to understand mathematical texts or statements. The VERA 8 test items, which are predominantly formulated in text form, also require students to absorb and process texts. Depending on the task, the text length and text complexity of the stimuli and the tasks may vary. Especially academic language features can cause comprehension difficulties for students. According to [START_REF] Schleppegrell | Linguistic features of the language of schooling[END_REF] tasks in context of schooling place certain requirements on students regarding to grammatical and lexical structures. Several studies have already investigated language influencing factors in test items. [START_REF] Shaftel | The impact of language characteristics in mathematics test items on the performance of english language learners and students with disabilities[END_REF] investigated the extent to which linguistic features impact student performance in mathematical text tasks for English language. They concluded that linguistic features moderately affected student performance in fourth grade. Compared to tenth grade, the effects were small to moderate. [START_REF] Haag | Second language learners' performance in mathematics: Disentangling the effects of academic language features[END_REF] demonstrated the relevance of certain academic language features in test items by investigating test items for third grade concerning various academic language features. They revealed that text length, general academic vocabulary words, and the number of nominal phrases significantly affected students' performance and that these factors therefore cause low test fairness for students with non-German family language. The effects of these characteristics were significant but small. Another significant part of the variance of low test fairness could be explained by confounded combinations of academic language features. In contrast, no correlation was found for specific mathematical vocabulary. [START_REF] Prediger | Language Proficiency and Mathematics Achievement[END_REF] verified for older students (10th grade) that, of all the linguistic and social factors, language skills have the most significant impact on mathematics achievement. In experimental studies on the influence of linguistic variations of tasks, no or only very small effects of linguistic simplifications on mathematical performance have been found so far [START_REF] Abedi | The language factor in mathematics tests[END_REF][START_REF] Haag | Linguistic simplification of mathematics items: Effects for language minority students in Germany[END_REF][START_REF] Johnson | Simplified language as an accommodation on math tests[END_REF]. [START_REF] Haag | Linguistic simplification of mathematics items: Effects for language minority students in Germany[END_REF] simplified test items in terms of their academic language demands to investigate how these variations affect the performance of German and non-German family language students. No significant effects of the linguistically easier tasks on students' performance -neither for students with German family language nor for students with non-German family language -were found.

Research question and hypothesis

In previous studies, the impact of academic language factors has only been examined isolated from other difficulty-determining characteristics. Furthermore, the focus is often on comparing students with German family language and students with non-German family language and the associated disadvantage for the latter. The purpose of this study is to investigate the extent to which selected academic language characteristics affect students' performance in VERA 8 items compared to mathematical difficulty-determining characteristics. Therefore, the research question of this paper is:

To what extent do academic language and mathematical difficulty-determining characteristics affect students' performance on VERA 8 test items?

Since the items are taken from a standardized test instrument for testing mathematical competencies, it can be expected that the predictors reflecting the mathematical demand of the items explain a higher proportion of the variance in students' performance than the linguistic predictors. In addition, we assume that students' performance in mathematically more demanding items is lower than in mathematically less demanding items. Based on previous research findings [START_REF] Haag | Second language learners' performance in mathematics: Disentangling the effects of academic language features[END_REF][START_REF] Shaftel | The impact of language characteristics in mathematics test items on the performance of english language learners and students with disabilities[END_REF], we expect that students' performance in linguistically more demanding items is lower than in linguistically less demanding ones.

Method Test items

To answer this research question, we analyzed 149 test items from the 2019 to 2022 pilot studies for VERA 8. We examined the items regarding linguistic and mathematical difficulty-determining characteristics in relation to the general mathematical competencies embodied in the educational standards. The VERA 8 tasks were all presented in text form. The typical structure consists of an introductory text, sometimes in combination with a visualization and one or more items. The introductory part is called the stimulus. If several items follow a stimulus, the stimulus was rated for each item with respect to mathematical and linguistic difficulty-determining characteristics.

Since the items were taken from different surveys of different years, the size of the sample, i.e., the number of students on whom the items were tested, varied. On average, 324 students solved the items. In the following, we will explain how we analyzed the linguistic and mathematical characteristics of the items.

Measures

The coding of the academic languages features was based on criteria developed by the National Center for Research on Evaluation, Standards, and Student Testing [START_REF] Butler | Academic English in fifth-grade mathematics, science, and social studies textbooks[END_REF]. The criteria were originally developed for the evaluation of academic language features in English textbooks. [START_REF] Haag | Second language learners' performance in mathematics: Disentangling the effects of academic language features[END_REF] adapted these criteria for German language and distinguishes between three different categories: Descriptive, lexical, and grammatical features. In this study, we focus on the descriptive features. One reason is that the scope of the items coded so far allows only a limited number of predictors for multiple regression. Another reason is that the second coding of the academic language features at the lexical and grammatical levels has not yet been completed.

We analyzed the descriptive features of the items by using the Flesch index. The Flesch index was developed by [START_REF] Flesch | A new readability yardstick[END_REF] in readability research and was adapted by [START_REF] Amstad | Wie verständlich sind unsere Zeitungen?[END_REF] for German language. It includes the text length measured by the number of sentences of the items, the number of words per sentence as well as the length of the words measured by syllables. We calculated the Flesch index by using the following formula: 180 -ASL -(58.5 • ASW).

ASL stands for Average Sentences Length and ASW stands for Average Number of Syllables per Word. The index can be used to estimate the readability of the text. The index can have values between 0 and 100. The lower the Flesch value of a text, the more difficult it is to read. As the Flesch value can be calculated objectively, double coding was not necessary.

For rating the level of the mathematical cognitive demands, we used the classification scheme by [START_REF] Neubrand | Task analysis in COACTIV: Examining the potential for cognitive activation in German mathematics classrooms[END_REF] described in the Theoretical Background. The items were coded independently by two raters by using the same detailed coding manual. Cohen's Kappa coefficient of 0.73 indicates a substantial interrater reliability.

In order to answer the research question to what extent descriptive linguistic features and cognitive mathematics-related demands influence students' performance in VERA 8 test items, we conducted multiple regression. In terms of language, the predictors are composed of Flesch-Index and text length. The mathematical cognitive demands are each included in the regression model as predictors by estimating the levels with respect to the five mathematical activities. Students' performance is represented by item difficulty and the percentage of students who answer an item correctly. Item difficulty as the dependent variable will be predicted by the language and mathematics predictors.

Results

Descriptive statistics: The analyses of the descriptive features show that an item consists on average of 4.17 sentences. The item with the largest text length contains 12 sentences, while the item with the smallest text length contains only one sentence. The averaged Flesch-Index for all items is 65.94, with readability for values between 60 and 70 rated easily understood by 13-to 15-year-old students [START_REF] Flesch | A new readability yardstick[END_REF]. Overall, the Flesch-Index took values between 18 and 93.

Figure 1 presents an exemplary item consisting of four sentences. The Flesch-Index is 55, and therefore the item can be coded with regard to [START_REF] Flesch | A new readability yardstick[END_REF] as a fairly difficult readable item. The item requires simple extra-mathematical modeling (level 1). Further, working technically is rated with level 1 because only simple calculations are required. The other competences argumentation, intra-mathematical modeling and representations are not required for solving this item.

Table 1 gives an overview of the distribution of the levels of mathematical activities in the VERA 8 items. Only 13.42% of the items address mathematical reasoning and 20.08% intra-mathematical modeling. The items require extra-mathematical modeling (55.70%), the use of mathematical representations (45.64%), and working technically (54.36%) in much higher proportions. Overall, it is noticeable that none of the VERA 8 items examined require very high cognitive demands in intramathematical modeling and working technically. Regression: We used multiple linear regression to predict item difficulty based on descriptive linguistic features and the levels of mathematics competencies. In Model 1, we only included the mathrelated predictors. A significant regression equation was found (F (5,140) = 9.217, p < .001), with an R 2 of .248 (adjusted R 2 = .221). After including the descriptive linguistic predictors, a higher proportion of the variance in item difficulty can be explained (F (7,138) = 8.450, p < .001), with an R 2 of .300 (adjusted R 2 = .265). According to [START_REF] Cohen | Statistical power analysis for the behavioral sciences[END_REF], this is an indicator of a high goodnessof-fit. The standardized regression coefficients are presented in Table 2 for both regression models to show the effects of cognitive demands of mathematical competencies and the descriptive linguistic features on item difficulty.

The level of three mathematical competencies represents significant predictors of item difficulty: Argumentation (β = -.243), intra-mathematical modeling (β = -.348), and extra-mathematical modeling (β = -.308). The relationship is negative so a higher level of mathematical competence is associated with a higher item difficulty.

From Model 2, we can conclude that only the number of sentences (β = -.219) contributes to the variance explanation. Again, there is a negative correlation, so a high number of words is more likely to occur in items with high item difficulty.

Discussion and conclusion

The present study investigated the impact of descriptive linguistic and mathematical difficulty-determining characteristics on students' performance in VERA 8 test items. With our study, we were able Note. ** p < 0.001, * p < 0.01 to gain new insights into the proportion of mathematical and linguistic difficulty-determining factors influencing test items.

The results revealed that both mathematical and linguistic difficulty-determining characteristics have an impact on students' performance. We found that high cognitive demands in the competencies of mathematical reasoning, intra-mathematical modeling as well as extra-mathematical modeling were inducing difficulties in students' performance. The influence of the requirements of working technically and dealing with representations was not significant. Accordingly, it can be assumed that higher demands in these two competencies do not represent major barriers for students. This result is not in line with Drüke-Noe (2014) as she showed that in exams in class, complex cognitive activities are required almost only for working technically. A possible explanation could be that none of our analysed items has very high requirements in working technically. Argumentation, extra-mathematical modeling, intra-mathematical modeling, and dealing with representations are rarely addressed at the highest cognitive level. Accordingly, it is impossible to rule out that very high technical demands would have affected students' performance. Just as in the study by [START_REF] Haag | Second language learners' performance in mathematics: Disentangling the effects of academic language features[END_REF], text length was found to determine the difficulty of the descriptive linguistic characteristics. Students showed lower performance on items with a larger text length than on items with a smaller text length. These findings indicate that students show difficulties in processing linguistically extensive test items. The Flesch-Index, on the other hand, which considers word length and average sentence length, showed no significant effect on student performance. As expected, the influence of the mathematical characteristics is larger in relation to the examined linguistic characteristics. Overall, the mathematical demands of the competencies explained about one-fifth of the variance in students' performance. In comparison, the descriptive linguistic characteristics explained only a small but significant portion of the variance in students' performance. This result illustrates the significance of descriptive linguistic features in the construction of VERA 8 test items and practical school contexts. For the development of VERA 8 test items we cannot infer to design only short items with a few sentences as possible. According to the national educational standards extracting information out of mathematical texts is part of a competence the students have to acquire. Hence it belongs to the construct to be measured and cannot be completely avoided. However, the use of a large number of sentences in the stimuli or the items must be conscious. Hence, the importance of language-sensitive teaching must be considered. Overall, 26.5% of the variance in item difficulty could be explained by linguistic and mathematical difficulty-determining characteristics.

To further investigate the research question, we have to include more items to also consider the influence of lexical and grammatical features as well as other mathematical difficulty-determining features. Furthermore, it is planned to investigate to what extent linguistic and mathematical difficultydetermining characteristics affect students with non-German family language compared to students with German family language.
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 1 Figure 1: Example for a VERA 8 test item (translated in English)

Table 1 : Distribution of the levels of mathematical activities in the VERA 8 items

 1 

		Level						
	Mathematical competencies	0	1	2	3	N	M	SD
	Argumentation	86.58 %	1.34 %	9.40 %	2.68 %	149	0.28	0.745
	Intra-mathematical modeling	79.19 %	12.08 %	8.72 %	0 %	149	0.30	0.621
	Extra-mathematical modeling	44.30 %	44.30 %	8.72 %	2.68 %	149	0.70	0.742
	Representation	54.36 %	33.56 %	10.07 %	2.01 %	149	0.60	0.754
	Working technically	45.64 %	40.94 %	13.42 %	0 %	149	0.68	0.700

Table 2 : Multiple linear regression of item difficulty on cognitive demand of mathematical competencies and de- scriptive linguistic features

 2 

	Predictor	Model 1		Model 2	
		β	SE	β	SE
	Level of mathematical competencies				
	Argumentation	-.277 **	.025	-.243 **	.024
	Intra-mathematical modeling	-.326 **	.030	-.348 **	.030
	Extra-mathematical modeling	-.341 **	.026	-.308	.026
	Representations	.042	.026	-.011	.025
	Working technically	-.017	.028	-.022	.027
	Descriptive linguistic features				
	Flesch-Index			-.084	.001
	Number of sentences			-.219*	.008
	Total adjusted R 2	.221		.265