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Introduction: C-Tests are employed globally to evaluate general language

proficiency, and modifications of the typical C-Test have been proposed.

Given the strong connection between language and mathematics, this study,

besides investigating the difficulty of C-Test modifications and the impact of

the test-taker’s gender, examines the relationship between modified C-Tests and

mathematical performance across different content areas.

Methods: 190 seventh-graders were surveyed on their mathematical skills

and given C-Tests with variations in gap placement (beginning vs. end) and

topic (mathematical vs. general). Two evaluation methods were examined

(correct/incorrect vs. word-recognition).

Results: GLMM analyses show that (a) the initial gap is the key factor

contributing to test difficulty, (b) girls outperform boys, (c) boys benefit more

from mathematical text topics, girls from gaps at the end of words, (d)

arithmetic shows the strongest, geometry the weakest relationship to C-Test

performance, (e) students with higher mathematical skills benefit significantly

from mathematical text topics, and (f) students with lower mathematical skills

benefit significantly from gaps at the end of words.

Discussion: Findings show that formal characteristics and gender impact C-Test

performance and must be kept in mind when determining language proficiency

through it. Furthermore, this study extends current research by demonstrating

how specific language skills measured through modified C-Tests relate to

different mathematical skills and therefore once more advocates the integration

of language in mathematics education by presenting the C-Test as a possibility

for this.

KEYWORDS

C-Test, gender differences, language and mathematics, language proficiency, language

testing, mathematics education

1 Introduction

Since their introduction in 1981, C-Tests have become one of the most extensively

studied instruments for measuring general language proficiency (Grotjahn, 2019; Raatz

and Klein-Braley, 1982). Based on the reduced redundancy principle (Klein-Braley,

1997), they require test-takers to reconstruct parts of words in short texts and have
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thereby been shown to provide a reliable and efficient assessment

of general language proficiency in terms of integrative skills that

cover all four language skills (e.g., Asano, 2014; Eckes andGrotjahn,

2006). Due to its advantages and potential, the C-Test is commonly

employed in placement procedures, language acquisition research,

and educational monitoring (e.g., Grotjahn, 1995, 2014). Over

time, various modifications of the typical canonical C-Test, in

which the second half of every second word is deleted, have been

proposed to capture different facets of language proficiency and

to adjust test difficulty. These modifications vary in terms of gap

placement, deletion principle, or text type and have been shown

to systematically affect test difficulty and moreover the type of

language skills being assessed (e.g., Höttecke et al., 2017; Sigott and

Köberl, 1996; Lee et al., 2019). Furthermore, while some studies

point to systematic gender differences in C-Test performance (e.g.,

Grotjahn et al., 2002; Mashkovskaya, 2013), the evidence remains

inconsistent (Tabatabaei and Shakerin, 2013). Despite the ongoing

research, systematic investigations that simultaneously consider

different C-Test characteristics and test-taker variables such as

gender are still missing.

The relevance of such investigations further becomes evident

when looking beyond language education. Language proficiency

is a decisive factor for success across various subjects, including

mathematics. A large body of research highlights the close

interplay between language and mathematical proficiency (e.g.,

Fuchs et al., 2006; Paetsch et al., 2015; Peng et al., 2020;

Ufer and Bochnik, 2020). While much research focuses on the

importance of language in text-heavy tasks (e.g., Klotz et al.,

2025), studies also show that language proficiency can support

performance in tasks with low language demands, such as

arithmetic (e.g., Berg, 2008; Fuchs et al., 2008), which underpins

its relevance for mathematical learning more broadly. Correlations

between canonical C-Tests and mathematical performance have
already been demonstrated (Brunner et al., 2022). These findings

suggest that C-Tests capture language-related skills that are

central to mathematical skills in different content areas. However,

what remains unclear is how modified C-Tests relate to

mathematical skills across different content areas. Because different

C-Test modifications measure different language skills (Baur and
Spettmann, 2010; Beinborn, 2016; Mashkovskaya, 2013), carefully

designed modifications may not only influence test difficulty but

also provide more precise insights into which language skills

are most relevant for mathematical success. This finding can

potentially broaden the applicability of C-Tests, as the close

connection between language and mathematics suggests that C-
Tests could be integrated into mathematics education to foster

mathematical skills.

The present study seeks to address these research gaps. Its

aim is twofold. First, it investigates how different characteristics

of the C-Test—gap placement, text topic, and evaluation
method—influence test performance and whether there are

differences between girls and boys. Second, it examines how

students’ performance in different mathematical content

areas is related to their C-Test performance and how this

relationship is shaped by specific C-Test characteristics.

Accordingly, the study is guided by the following research

questions and hypotheses:

RQ1. How do different characteristics of the C-Test affect

test performance?

H1. Based on the applied method, it is expected that C-Tests

evaluated using the CI-method will show a lower rate of correct

solutions. Furthermore, it is assumed that C-Tests with gaps at the

beginning of words are more difficult. Regarding the text topic, it

is hypothesized that mathematical C-Tests will yield lower solution

rates due to the higher demands on technical language.

RQ2. Are there differences between girls and boys?

H2. It is assumed that girls generally perform better in C-Tests

due to their stronger literacy skills. However, boys are expected

to particularly benefit from the mathematical text topics, as their

typically stronger mathematical skills may be reflected in better

performance on these tests.

RQ3. How is students’ mathematical performance in

different content areas related to their C-Test performance, and

how is this relationship influenced by the C-Test characteristics

gap placement, text topic, and evaluation method?

H3. The strongest relationship between C-Test and mathematical

performance is expected to occur in word problems, as these tasks

are particularly text-heavy. Owing to the central role of technical

language, it is further assumed that C-Tests with mathematical

text topics will show a stronger relationship with mathematical

performance than C-Tests with general text topics. Moreover, C-Tests

evaluated using the CI-method are expected to exhibit a stronger

relationship with mathematical performance, as they reflect a higher

level of language proficiency. No specific effects are anticipated

regarding gap placement.

2 Theoretical background

This section examines the significance and structure of C-Tests

in more detail and draws on previous research findings, including

C-Test modifications and gender differences. Furthermore, the

connection between mathematics and language is highlighted and

thereby establishes a link to the significance of this study.

2.1 Origin and structure of C-Tests

The C-Test was first invented in 1981 by Klein-Braley and

Raatz (see Raatz and Klein-Braley, 1982) as a global instrument

for determining general language proficiency and is one of the

most extensively researched language tests since then (e.g., Baur

et al., 2006; Grotjahn, 2019; Grotjahn et al., 2002). C-Tests are

based on a variation of the cloze principle and therefore share the

same theoretical assumption of the concept of reduced redundancy

testing (e.g., Klein-Braley, 1997). Here, the deletion of words or part

of words is based on the assumption that disturbances can occur

during the transmission of information through speech, which

is why the redundancy necessary for communication is reduced.

The higher the individual’s language skills are, the better they can

reconstruct the respective text by filling in the gaps correctly (e.g.,

Grotjahn, 2019). Still, there has been criticism of classical cloze

tests in the past, e.g., because of its deletion principle (every 5th

to 10th word) and the tests only constisting of one long text,
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possibly resulting in test bias. Moreover, the overall reliability

of cloze tests is much lower than previously expected, and the

validity and reliability are affected by factors like text, starting point,

and deletion rate (e.g., Grotjahn et al., 2002). Consequently, C-

Tests were developed as a version that takes this criticism into

account (e.g., Grotjahn, 1995). Unlike in traditional cloze tests, in

C-Tests not entire words are deleted, but parts of words. Through

this the test-taker is required to reconstruct the original text by

filling in the missing parts of a word (e.g., Grotjahn et al., 2002)

which makes the solutions more accessible by having a reduced

number of possible acceptable answers and thereby improving

scoring efficiency (Grotjahn, 2019). Another difference is that

several short texts consisting of approximately 60 to 80 words

are used instead of one long text to avoid individual participants

gaining an advantage through specialized knowledge in the subject

covered in the text (e.g., Grotjahn, 2019). The selected texts should

encompass a range of subjects, maintain a neutral stance in terms of

content, and be devoid of any specialist terminology (e.g., Grotjahn,

2019).

In classical C-Tests, otherwise referred to as canonical C-Tests,

the first sentence is complete in each case and there is also a segment

at the end of each text without gaps, which serve as context for

finding a solution. Beginning with the second word of the second

sentence, the second half of each second word is deleted. The test

is therefore based on a mechanical extinguishing principle (e.g.,

Grotjahn, 2019). An exception is made for proper names and words

with a single letter, as these are ignored. If the word to be deleted

has an odd number of letters, one letter more is deleted in each case

(e.g., Grotjahn, 1995, 2019; Grotjahn et al., 2002). By standardizing

the gaps like described, the influence of the starting point and

deletion rate on the test’s measurement properties is minimized in

comparison to cloze tests (Grotjahn, 2019). Through the applied

deletion pattern, a high number of test items are constructed in

a short text. The typical test comprises four to six texts in total,

each containing between 20 and 25 gaps. To facilitate psychometric

analysis, it is imperative that all texts contain the same number of

gaps (Grotjahn, 2019). The texts are organized from the easiest to

the most difficult (e.g., Grotjahn, 2002) and it is recommended that

students are allocated between 4 and 6min to complete each text

(e.g., Grotjahn, 2019).

2.2 Measurement and application of
C-Tests

C-Tests are regarded as a comprehensive approach for

evaluating general language proficiency in first, second, and

foreign languages. This general language proficiency is typically

conceptualized as a one-dimensional construct, which can be

decomposed into microstructural components, and is posited to

underpin all language performance, including the classic four

language skills (e.g., Grotjahn, 2019). Assuming the assessment of

all four language skills lead to discussion in the past as C-Tests do

not engage students in oral skills such as listening and speaking

(e.g., Alderson, 2002; Shohamy, 1982), which is why some studies

argue that these sub-skills should be tested using separate test

formats (e.g., Baur et al., 2006). A study by Baghaei and Grotjahn

(2014) argues that C-Tests based on spoken discourse may better

assess students’ listening and speaking skills than C-Tests that

rely solely on written discourse texts. Still, numerous studies have

demonstrated high correlations between C-Test scores and scores

in all four classical language skills. This suggests that C-Tests

measure general language proficiency as an integrative construct

encompassing all four skills and can therefore be considered a

highly reliable, one-dimensional instrument (e.g., Asano, 2014;

Eckes and Grotjahn, 2006).

Due to its language evaluating function, C-Tests are primarily

employed for the efficient assessment of general language

proficiency, for example in the context of placement decisions.

They frequently serve as rapid screening tools, preceding more

comprehensive test procedures. Additionally, they are utilized for

the determination of language proficiency in language acquisition

studies and in educational monitoring studies (e.g., Grotjahn, 1995,

2014). In addition, C-Tests are used on meso- and micro-level to

make statements about language proficiency by comparing the test

score of one class with that of a reference population, through

which the tests can take on the status of comparative work (Baur

et al., 2006). When re-administering the tests at a later time, it is

possible to ascertain both individual progress and the increase in

the class average. This, in turn, allows for the derivation of suitable

support measures. For further information on the utilization of the

tests as support measures, see Baur et al. (2006).

2.3 Evaluation and interpretation of C-Test
results

There are many ways of coding and analyzing the test-takers’

attempts to reconstruct gap words (Grotjahn, 2019). However, the

authors have elected to focus exclusively on the methodology that

is pertinent to the remainder of the present paper.

The evaluation process is generally conducted in tabular form.

Two distinct values can be ascertained for each individual: first, a

correct/incorrect value (referred to as CI-value), which provides

information about general language proficiency. A point is awarded

if the gap is filled in correctly in terms of semantics, grammar,

and orthography. Second, the word-recognition value (referred

to as WR-value) which is about receptive language skills and

rather focuses on assessing text comprehension. Here, a point is

awarded if the word is correctly recognized but an orthographic or

grammatical error occurs (Baur and Spettmann, 2010). However, it

should be noted that a potential disadvantage of the WR-value is

its lack of objectivity, particularly in cases where there is ambiguity.

Furthermore, there is a paucity of research on the reliability of the

difference scores (e.g., Grotjahn, 2019). Still, at the individual level,

the discrepancy between the two scores thus reflects the ratio of

receptive and productive language skills (e.g., Baur and Spettmann,

2010; Baur et al., 2013).

2.4 Modifications of C-Test formats

Köberl and Sigott (1994) and Sigott and Köberl (1996) utilized

three different modifications of German and English C-Tests in

addition to the classical canonical principle and analyzed themwith

respect to test difficulty. The modifications were that,
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(a) two thirds of every second word were deleted,

(b) only the first letter of every second word was shown, and

(c) the first instead of the second half of every second word

was deleted.

An experimental design was selected for the study with the

deletion patterns being applied to four distinct texts. The findings

indicate that in both English and German, best performance is

attained with the conventional canonical C-Test, while the least

accurate responses are observed when only the initial letter of

every second word is provided (b). In German, tests where only

a third of every second word is given are solved second best (a),

and in English variation (c) was solved second best. One potential

explanation for this is that in the English language, deleting the

initial half of a word results in a reduced loss of information

when compared to German (Sigott and Köberl, 1996). This finding

indicates that an increase in redundancy reduction results in C-

Tests becoming more challenging, and the implementation of such

modifications can be regarded as a potential alternative when

the conventional canonical C-Test is deemed to be insufficiently

challenging (Sigott and Köberl, 1996).

A study by Lee et al. (2019) confirms that the strategies used

to determine which words should be turned into gaps as well as

adjustments to the gap size can effectively influence the difficulty

of C-Tests. The analysis revealed statistically significant effects on
both the participants’ error rates and their perceived difficulty.

In addition to increasing the difficulty, the procedure aims to

measure the degree of knowledge automation and the efficiency

of information processing to a greater extent than conventional C-

Tests, going beyond the scope of declarative knowledge (Grotjahn,

2010;Wockenfuß, 2009).Ways of modifying the tests tomake them

easier is done, for example, in the area of people with German

as a second language, by Dürrstein (2013). Here, the deletion is

confined to the second half of every third word. Nevertheless, this

approach has the potential to engender complications, including
a diminution in the extent of the psychometrically problematic

dependence between the gaps. One method of facilitating the

process of testing is to draw a line for each missing letter.

However, this can also have a negative effect on validity (Grotjahn,

2019). Another way for modifying tests is to use discourse-specific
C-Tests, which are designed to address a particular topic or

phenomenon. In this approach, the selection of the gap does not

adhere to amechanical but rather a contextual principle (Baur et al.,

2006).

It is important to note that amodified C-Test evaluates different

skills compared to a typical canonical C-Test (Grotjahn, 2002).

General vocabulary as well as specialized lexical knowledge can
be tested, for example, by deleting the first half of every second

to third word (e.g., Höttecke et al., 2017), as this approach

demands a more advanced level of vocabulary knowledge and

the deployment of strategies for constructing meaning (e.g.,

Baur et al., 2006; Baur and Spettmann, 2010). The target area-

orientated selection of those lexemes that are considered to be

particularly subject-specific and can further shift the construct from

measuring general language proficiency to subject-specific language

proficiency (Höttecke et al., 2017). In inflected languages such as

German, the deletion of the first half results in an increased focus

on macro-structural lexical-semantic skills, thereby reducing the

significance of productive knowledge of inflectional morphology

during the process of solving (e.g., Beinborn, 2016; Mashkovskaya

and Baur, 2016). Mashkovskaya (2013) posits in her study that C-

Tests which have gaps at the beginning of words tend to assess

receptive reading skills. However, further research is required to

ascertain the appropriate circumstances for the utilization of C-

Tests with the gap at the beginning of the word (Baur et al.,

2006). Daller (1999) moreover found that C-Tests dealing with

a newspaper article and C-Tests dealing with academic texts

measure two different aspects of language proficiency, referred to as

everyday language proficiency and academic language proficiency.

This means that an alternative approach to evaluating specialized

language proficiency involves the utilization of discourse-specific

C-Tests. In this context, it is necessary to assume that the tested

individual is familiar with the content of the text; otherwise,

technical terms cannot be deduced from the text (Baur et al., 2006).

2.5 Gender differences in solving C-Tests

Various studies have demonstrated significant disparities in

test scores between male and female students within educational

institutions. Boys have been shown to outperform girls in

mathematics and science, while girls have typically achieved higher

scores in reading and literacy (e.g., Deutsches PISA-Konsortium,

2000; DESI-Konsortium, 2008; Organisation for Economic Co-

operation Development, 2013). Grotjahn et al. (2002) compared

C-Test results in French, German, Spanish, English, and Russian.

They found that female participants, except for one sample,

outperformed their male counterparts. The precise language

background of the test-takers remains ambiguous, as the data does

not specify whether the tests were taken in the first, second, or

foreign language. This finding is corroborated by Mashkovskaya

(2013), who surveyed German primary school teacher training

students and employed C-Tests in their first language. The study

revealed that female participants demonstrated a significantly

higher level of performance when compared to males. Höttecke

et al. (2017) conducted a study in which they examined the

performance of test-takers in both general and discourse-specific

C-Tests in the domains of physics and sport. These tests were

administered in the test-taker’s first language. The findings

revealed that female participants demonstrated significantly higher

performance in general C-Tests (d= 0.50), while their performance

in discourse-specific C-Tests did not differ significantly from

that of their male counterparts. A study of Iranian intermediate

EFL-learners revealed no significant impact of gender on C-Test

performance (Tabatabaei and Shakerin, 2013).

2.6 Empirical findings of the relationship
between language and mathematical
performance

Several empirical studies have demonstrated a correlation

between general language and mathematical performance (e.g.,

Fuchs et al., 2006; Mücke, 2007; Paetsch et al., 2015; Ufer and

Bochnik, 2020; Ufer et al., 2013). In the majority of cases,

reading skills or an overall score comprising various language

skills were included in the analysis of the studies. However,
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there are only a few empirical results on which specific general

language skills are related to mathematical skills that allow for

clear interpretation by including the linguistic sub-competences in

the analyses in a differentiated way, simultaneously and under the

control of general cognitive abilities. Existing findings that do so

are inconclusive. For instance, Beal et al. (2010) demonstrated that

reading comprehension emerged as the sole significant predictor

of text task solution for second-language learners, while listening

comprehension, oral language proficiency, and writing skills did

not contribute to this prediction. In contrast, Kempert et al. (2011)

found that only oral language proficiency proved to be a significant

predictor for solving word problems in multilingual students. For

a comprehensive overview of extant empirical studies on different

facettes of language proficiency and mathematics, see Paetsch

(2016).

The strongest effects were found for the correlation between

reading and mathematical skills with a partial correlation of r =

0.63 between both domains after statistical control for cognitive

abilities (Leutner et al., 2004). Peng et al. (2020) conducted a meta-

analysis of the relationship between language and mathematical

skills. This analysis, which encompassed 344 studies with 393

independent samples and over 360,000 participants, found a

correlation of r = 0.42 between the two domains. Particularly

the role of text comprehension in solving realistic text tasks has

been widely researched and its significant role has been confirmed

(e.g., Leiss et al., 2019; Klotz et al., 2025). However, it is not only

performance in language demanding text tasks that is linked to

language proficiency, but also in tasks that use little language, e.g.,

arithmetic tasks (e.g., Berg, 2008; Fuchs et al., 2008; Viljaranta

et al., 2009). Nevertheless, the impact of language is considerably

diminished in tasks that demand minimal language proficiency

in comparison to those that are predominantly text-based (e.g.,

Prediger et al., 2018). A study by Brunner et al. (2022) examined the

relationship between the mathematical content areas of arithmetic,

word problems, and geometry and general language proficiency

measured using typical canonical C-Tests, which covered general

topics. The sample consisted of third-graders. The findings of

the study demonstrate that there are significant correlations with

performance in mathematical tasks. Significant correlations were

found between C-Test performance and word problem tasks (r

= 0.500, p < 0.001) but also with relatively poor-in-language

geometric tasks (r = 0.407, p < 0.001). The weakest yet highly

significant correlation was found with arithmetic tasks (r = 0.314,

p < 0.001).

Studies found that intercorrelation between language and

mathematical skills occur at all ages and levels of education (e.g.,

Duarte et al., 2011; Greisen et al., 2021; Gürsoy et al., 2013; Kempert

et al., 2011; Leiss et al., 2019; Paetsch et al., 2016; Plath and Leiss,

2018; Prediger et al., 2015; Viesel-Nordmeyer et al., 2020), and

independent of students’ first language (e.g., Ufer et al., 2020).

2.7 The role of subject-specific language
skills for mathematical performance

Research has demonstrated that subject-specific language plays

a pivotal role in the learning of mathematics. Several studies

have been conducted about the relationship between general and

mathematical vocabulary in young children and their mathematical

performance. These studies include those by Purpura and Reid

(2016) and Toll and Van Luit (2014). Utilizing disparate research

designs, both studies ascertained that general vocabulary predicted

mathematical performance in young children, when mathematical

vocabulary was excluded from the models. However, following the

incorporation of mathematical vocabulary, the predictive value of

general vocabulary was rendered moot. Ufer and Bochnik (2020)

found that subject-specific language skills from elementary school

students demonstrated a significant relationship to mathematical

learning in arithmetic gain again beyond general language skills and

other control variables. It shows that having a certain command

of a subject-specific school register has an additional impact on

students’ mathematical learning progress. This corroborates earlier

research by Bochnik (2017) who also established that subject-

specific language skills function as mediators between general

language proficiency and mathematical skills. Here, in particular

text-integrative comprehension has been demonstrated to be a

more significant predictor of mathematical performance than

purely subject-specific vocabulary (Bochnik and Ufer, 2016). Peng

and Lin (2019) also identified a correlation between subject-specific

language skills and solving text tasks.

3 Materials and methods

3.1 Sample

To answer the research questions, 190 seventh-graders (45.3 %

female, 54.7 % male) from 8 classes were surveyed. The

participating students were distributed across an integrative

comprehensive school (71.1 %) and a lower secondary school track

(28.9 %), with an average age of 12.91 years (SD= 0.61).

3.2 Study design

The present study constitutes a cross-sectional design,

wherein students undergo C-Tests and the mathematical test

DEMAT6+ (German Mathematics Test for Sixth Graders,

German: Deutscher Mathematiktest für sechste Klassen). In the

C-Tests, the characteristics gap placement (beginning vs. end) and

text topic (mathematical vs. general) were systematically varied

in the sample, and two different evaluation methods (CI vs. WR)

were applied.

The test was administered by a trained administrator who had

received prior training and had been provided with instructions on

how to set the tasks. This ensured that the tests were carried out in

an objective manner. For the DEMAT6+, the manual comes with

instructions to provide this objectivity (Götz et al., 2013). Following

a brief general introduction, the DEMAT6+ and the test booklets

were distributed to the participants for the administration of the

test, which was conducted in the format of a paper-pencil test. The

personal data of the participants, including their age and gender,

was collected from the cover page of the test booklet.

A total of 31min was allotted for the DEMAT6+ examination,

with 11min allocated for the arithmetic part, 5min for the
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geometry part, and 15min for the word problem part, as outlined

in the test manual (Götz et al., 2013). To ensure synchronization of

the pages, a stopwatch was utilized to record the elapsed time and

to provide a signal to indicate the turning of the pages. Following

the completion of the mathematical test, the students proceeded to

work on the C-Tests. In this study, the students were allotted a total

of 35min to complete the seven C-Tests, which equates to 5min

per text.

3.3 Description of DEMAT6+

The DEMAT6+ was utilized to assess mathematical

performance. The test was developed based on the curricula

and educational standards in mathematics and thus considers

the guiding principles of “number and operation”, “space and

form”, “size and measurement”, “functional context”, and “data

and chance”. The test is to be administered between 6 weeks before

the end of the sixth grade and the end of the first semester of the

seventh grade, thus rendering is suitable for the selected sample.

The test covers three content areas—arithmetic, geometry, and

word problems—consisting of 31 tasks that measure mathematical

performance in a highly reliable (α = 0.92) and valid way (Götz

et al., 2013). This is an economical test procedure that is suitable

for use in large samples in a research context (Götz et al., 2013).

The test was carried out as described in the manual and is

fully standardized.

The arithmetic test part (16 items) encompasses questions

pertaining to the fundamental concepts of the number system

of fractions, conversion between fractions and decimals, and

handling units of measurement. Furthermore, the test examines

the application of arithmetic rules and the formation and

transformation of terms. The geometry test part (4 item) comprises

tasks that require the measurement of two-dimensional geometric

figures, the understanding of symmetry, and the calculating of

the perimeters, areas, and volumes of geometric bodies. The word

problem test part (11 items) involves tasks in which information

must be extracted from factual contexts and linked to develop a

solution. Furthermore, the processing and interpretation of tables

and diagrams is examined (Götz et al., 2013).

The manual for the DEMAT6+ contains sample solutions. An

answer is classified as either incorrect according to the sample

solution (scored with 0) or as one that corresponds to the sample

solution (scored with 1).

3.4 Description of C-Test modifications

In total, each student worked on seven texts (word count: M

= 90.4) which were arranged in ascending order of difficulty. A

total of five texts addressed mathematical topics (texts 1–5), while

two addressed general topics (texts 6–7). Each text had a total of

25 gaps. Starting with the second sentence, parts of every second

word were deleted. At the integrated comprehensive school, always

the second half of a word was deleted. At the lower secondary

school track, the first half of a word was deleted in three texts

instead of the second half to determine differences in difficulty

not only between text topic but also between gap placement. It is

important to note that the texts used were in German, as the test

was administered in German schools. Not all German syntactic

constructions can be formed analogously to English. Consequently,

a one-to-one translation in terms of gap placement is not feasible.

Each text was evaluated individually. As proposed by Baur and

Spettmann (2010), two distinct evaluationmethods were conducted

(see Evaluation and interpretation of C-Test results). For the CI-

value, gap fillings are classified as correct and assigned a score of 1

when the gap is filled in a linguistically accurate manner in terms

of orthography and grammar. This indicates that the answer is

completely correct. For the WR-value, gap fillings are classified as

correct and assigned a score of 1 when the meaning of the word is

correctly recognized, but a spelling or grammatical error is made.

Incorrect or missing answers are assigned a score of 0 in both cases.

The present study employs the distinction to ascertain whether

the relationship between C-Tests and mathematical performance

varies according to the conceptualization of language proficiency

as understanding a text and recognizing the word, or in terms of

semantic and grammatical correctness. Consequently, conclusions

about the relationship between receptive and productive language

skills and mathematical performance can be drawn.

3.4.1 Mathematical texts
The construction of mathematical discourse-specific C-Tests

necessitated the selection of texts that exhibit semantic and

syntactic characteristics typical of the subject under discussion. An

exemplar of such a text could be a text from a textbook (Höttecke

et al., 2017).

A selection of mathematical topics from various content areas

were chosen for the five texts: the subtraction of fractions (text 1),

the definition of a quantity of numbers (text 2), the rounding of

decimal numbers (text 3), the description of the rule of three (text

4), and a construction instruction (text 5). All texts except text 1

are taken from the schoolbook MatheNetz 6. The subtraction is

derived from the schoolbook Faktor 6. Table 1 illustrates exemplary

test items from text 1 with the gap at the end of the word and with

the gap at the beginning of the word. A translation is provided.

3.4.2 General texts
The general texts addressed two topics. First, smoking bans

on trains and in public offices (text 6). Second, the phenomenon

of individuals going to work despite being sick (text 7). The

texts are drawn from the DCLL+3, a standardized test for grades

7 and 8, which can be obtained through the Test Development

and Diagnostics Unit of the Hamburg Institute for Educational

Monitoring and Quality Assurance. Table 2 illustrates exemplary

test items from text 6 with the gap located at the end of the word

and at the beginning of the word. A translation is provided.

3.5 Data analysis

Generalized Linear Mixed Models (GLMMs) were calculated

to address the research questions of this study. The analyses were

conducted using the glmer function of the lme4 package in R
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TABLE 1 Exemplary test items from text 1 with gaps at the end and beginning of the word.

Gap placement Exemplary test items

End Gleichname Brü___ besitzen d___ gleichen Nen___, ungleichnamige Brüche besi___ zwei untersch___ Nenner.

Beginning Gleichnamige ___che besitzen ___n gleichen ___ner, ungleichnamige ___tzen zwei ___iedliche Nenner.
Fractions with the same numerator have the same denominator, fractions with different numerators have two different denominators.

TABLE 2 Exemplary test items from text 6 with gaps at the end and beginning of the word.

Gap placement Exemplary test items

End Auch i___ Arbeitsagenturen u___ rund 500 Minis___, Behörden u___ Gerichten gi___ dann Rauch___.

Beginning Auch ___n Arbeitsagenturen ___d rund 500 ___erien, Behörden ___d Gerichten ___lt dann ___erbot.
Smoking will then also be banned in employment agencies and around 500 ministries, government agencies, and courts.

version 4.4.2 (Bates et al., 2015). The GLMMs were estimated using

a binomial logistic link function.

For RQ1, the models were employed to examine the influence

of specific C-Test characteristics on item difficulty. Each gap

within the C-Tests was treated as a separate item, and a long-

format dataset was constructed in which item-level characteristics

were assigned to each individual gap. In this context, the test

characteristics (gap placement, text topic, and evaluation method)

served as independent variables, while student performance on

each item represented the dependent variable. To ascertain the

influence of gender on test performance and whether there are

differences for C-Tests with certain characteristics, for RQ2 the

gender variable was included in one model as an independent

variable as well as for calculating interaction effects between

gender and test characteristics in another model. In addition to

reporting the estimated beta coefficients, we calculated predicted

probabilities for key interactions. Reporting these probabilities

alongside the beta coefficients presented in the GLMMs allows

for a more intuitive interpretation of the magnitude and direction

of effects. For RQ3, GLMMs were utilized to investigate how

C-Test characteristics relate to mathematical performance

across different content areas. Therefore, in addition to the

C-Test characteristics (gap placement, text topic, and evaluation

method), the mean scores of mathematical performances in the

three content areas as well as the overall mean mathematical

score were included as independent variables in the analysis to

ascertain whether mathematical performance is related to language

performance measured through C-Tests. All mathematical

variables were grand-mean centered. Furthermore, interaction

effects between mathematical performance in different content

areas and C-Test characteristics were calculated to analyze

whether a certain language skill measured through a modified

C-Test is more related to mathematical performance than

another. As for RQ2, in addition to reporting the estimated

beta coefficients, we calculated predicted probabilities for

key interactions.

Prior to all analyses, multicollinearity of the individual

independent variables was tested. Given the consistent finding

of correlations below 0.8, the presence of suppression effects in

the analyses was not anticipated. To account for variation due to

individual and item-specific factors, task_name (each C-Test gap)

and pid were included as random effects in all models.

TABLE 3 Influence of different C-Test characteristics on the correct

solution frequency of C-Test items.

Predictors Model 1

Estimate Std. error p

(Intercept) −3.03∗∗∗ 0.25 <0.001

Evaluation methoda −0.60∗∗∗ 0.16 <0.001

Gap placementb 2.19∗∗∗ 0.19 <0.001

Text topicc 1.01∗∗∗ 0.18 <0.001

Random effects

σ
2 3.29

τ00 3.03 task_name

2.49 pid

N 190 pid

500 task_name

Marginal R2/conditional R2 0.088/0.659

Deviance 55,973.604

AIC 55,985.604

a0=WR, 1= CI, b0= beginning, 1= end, c0= general, 1=mathematical, ∗∗∗p < 0.001.

4 Results

Results concerning RQ1: how do different characteristics of the

C-Test affect test performance?

GLMMs were used to investigate the impact of different

characteristics on the correct solution frequency in C-Tests (see

Table 3). In the first model, the impact of the C-Test characteristics

evaluation method, gap placement, and text topic on the number of

correctly solved items were analyzed.

In Model 1, all included predictors were found to be highly

significant. The use of the CI-method was associated with a

significantly lower correct solution rate (β = −0.60, p < 0.001),

while items with gaps at the end of words lead to a significantly

higher correct solution rate (β = 2.19, p < 0.001). Thematic

differences have also been demonstrated to be significant. The

findings indicated that items covering mathematical topics were

Frontiers in Education 07 frontiersin.org

https://doi.org/10.3389/feduc.2025.1699117
https://www.frontiersin.org/journals/education
https://www.frontiersin.org


Klotz et al. 10.3389/feduc.2025.1699117

TABLE 4 Influence of different C-Test characteristics and gender on the correct solution frequency of C-Test items.

Predictors Model 1 Model 2

Estimate Std. error p Estimate Std. error p

(Intercept) −2.50∗∗∗ 0.27 <0.001 −2.74∗∗∗ 0.28 <0.001

Evaluation methoda −0.60∗∗∗ 0.16 <0.001 −0.58∗∗∗ 0.16 <0.001

Gap placementb 2.20∗∗∗ 0.19 <0.001 2.57∗∗∗ 0.20 <0.001

Text topicc 1.01∗∗∗ 0.18 <0.001 0.83∗∗∗ 0.18 <0.001

Genderd −0.97∗∗∗ 0.22 <0.001 −0.50∗ 0.25 <0.05

Interaction effects

Gender x evaluation method −0.04 0.04 0.350

Gender x gap placement −0.74∗∗∗ 0.12 <0.001

Gender x text topic 0.33∗∗∗ 0.05 <0.001

Random effects

σ
2 3.29 3.29

τ00 3.03 task_name 3.02 task_name

2.25 pid 2.29 pid

N 190 pid 190 pid

500 task_name 500 task_name

Marginal R2/conditional R2 0.115/0.660 0.112/0.660

Deviance 55,955.203 55,864.612

AIC 55,969.203 55,884.612

a0=WR, 1= CI, b0= beginning, 1= end, c0= general, 1=mathematical, d0= female, 1=male ∗p <0.05, ∗∗∗p <0.001.

solved correctly more often than those covering general topics (β

= 1.01, p < 0.001).

Results concerning RQ2: are there differences between girls

and boys?

In addition to the fixed effects of the aforementioned C-Test

characteristics from RQ1, the personal characteristic of gender on

the number of correctly solved items was included in the analysis in

Model 1. In the second model, interaction effects were considered

between gender and the three C-Test characteristics (see Table 4).

Moreover, predicted probabilities were calculated (Table 5).

In Model 1, the influence of the student’s gender was

additionally considered. In this instance, too, all previous effects

from RQ1 remained significant. The gender of the student

exhibited a substantial negative effect (β = −0.97, p < 0.001),

signifying that girls performed significantly better than boys. In

Model 2, the interaction effect between gender and evaluation

method revealed that girls and boys scored lower when using

the CI-method compared to the WR-method. The predicted

probabilities indicated that girls achieved 53 % correct answers

when evaluating the C-Tests according to theWR-method and 38%

when evaluating the C-Tests according to the CI-method, whereas

boys achieved 31 % correct answers when evaluating the C-Tests

according to theWR-method and 19%when evaluating the C-Tests

according to the CI-method, suggesting a similar extent of decrease

for both genders, consistent with the non-significant interaction (β

= −0.04, p = 0.350). Furthermore, girls and boys demonstrated

enhanced performance when the gap was located at the end of the

TABLE 5 Predicted probabilities of correctly solving C-Test items with

different characteristics by student gender.

C-Test characteristic Girls Boys

Evaluation method

WR-method 53 % 31 %

CI-method 38 % 19 %

Gap placement

Beginning 8 % 6 %

End 53 % 29 %

Text topic

General 31 % 12 %

Mathematical 51 % 31 %

Percentages indicate predicted probabilities of correctly solving C-Test items.

word as opposed to the beginning. Predicted probabilities showed

that for girls the probability of a correct response increased from

8 % when the gap was at the beginning to 53 % when the gap

was at the end, whereas for boys it increased from 6 % (gap at the

beginning) to 29 % (gap at the end). This illustrated the significant

interaction between gender and gap position, with the effect notably

stronger for girls than for boys (β =−0.74, p < 0.001). Finally, the

interaction effect between gender and text topic demonstrated that

girls and boys performed better on items covering mathematical
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topics than on items covering general topics, yet boys benefited

significantly more (β = 0.33, p < 0.001). Predicted probabilities

indicated that girls achieved 31% correct answers on items covering

general topics and 51 % on items covering mathematical topics,

whereas boys achieved 12 % correct answers on items covering

general topics and 31 % on items covering mathematical topics.

Results concerning RQ3: how is students’ mathematical

performance in different content areas related to their C-Test

performance, and how is this relationship influenced by the C-Test

characteristics gap placement, text topic, and evaluation method?

GLMMswere utilized to examine the impact of different C-Test

characteristics as well as mathematical performance in the content

areas arithmetic, geometry, and word problems on the correct

solution frequency in C-Tests (see Table 6). In Model 1, the effects

of the C-Test characteristics evaluation method, gap placement,

and text topic as well as overall mathematical performance and

the interaction effects between mathematical performance and C-

Test characteristics on the number of correctly solved C-Test items

were analyzed. In Model 2, the same approach was adopted for the

analysis of performance in arithmetic tasks, with the objective of

differentiating more precisely between the content areas. In Model

3, analog analyses were conducted for geometry and in Model 4 for

word problems. Moreover, predicted probabilities were calculated

(Table 7).

In all four models, as was the case in the analysis for RQ1

and RQ2, all C-Test characteristics were found to be highly

significant. The employment of the CI-method was associated with

a significantly lower correct solution rate, while gaps at the end of

words lead to a significantly higher correct solution rate and items

coveringmathematical topics were solved correctlymore often than

those covering general topics.

Overall mathematical and C-Test performance indicated

a positive relationship, suggesting that higher mathematical

performance was associated with higher C-Test performance (β

= 4.90, p < 0.001; Model 1) and therefore, consequently, higher

language proficiency. Regarding the different content areas, a

highly significant relationship has been demonstrated between

arithmetic and C-Test performance (β = 4.93, p < 0.001; Model

2), and between performance in word problems and C-Tests (β

= 2.80, p < 0.001; Model 4). It was found that a higher level of

geometric performance was significantly associated with higher C-

Test performance (β = 1.88, p = 0.002; Model 3), albeit to a lesser

extent than in the other content areas.

Except for geometric performance (β = 0.23, p = 0.038;

Model 3), no significant interaction effect between mathematical

performance and the evaluation method was identified. Predicted

probabilities indicated that students with low geometric skills

(−1 SD) had a higher probability of correctly filling in the gaps
according to the WR-method (34 %) than the CI-method (21 %),

suggesting that they benefited more from the WR-method. In

contrast, students with high geometric skills (+1 SD) also benefited

more from the WR-method (41 %) than the CI-method (28 %),

but the difference was proportionally smaller, indicating that

higher-performing students in geometry were less affected by the

choice of evaluation method. This indicated that the influence of

students’ mathematical skills in geometry on C-Test performance

was slightly stronger when evaluating the C-Tests according to

the CI-method than the WR-method. For arithmetic and word

problems as well as for the overall mathematical performance, the

negative effect of the CI-method was therefore independent of

students’ mathematical performance.

There was a highly significant negative interaction effect

between gap placement and overall mathematical performance (β

= −2.19, p < 0.001; Model 1). Predicted probabilities illustrated

that students with low overall mathematical skills (−1 SD) correctly

solved 2 % of items with the gap at the beginning of the word

and 22 % of items with the gap at the end, whereas students with

high overall mathematical skills (+1 SD) solved 9 % of items with

the gap at the beginning of the word and 42 % of items with the

gap at the end of the word correctly. This indicated that although

gaps at the end generally facilitated item completion, students

with lower mathematical skills benefited disproportionately from

this C-Test characteristic, while higher-performing students in

mathematics gained even more overall but showed a smaller

relative difference between gap positions. The highly significant

negative interaction effect between gap placement and arithmetic

performance (β = −2.63, p < 0.001; Model 2) again indicated

that the advantage of C-Tests with gaps placed at the end of

the word dimished as mathematical skills in this content area

increased. Predicted probabilities illustrated this pattern: when

the gap was at the beginning of the word, the probability of

a correct response rose only slightly with increasing arithmetic

performance—from 4 % for low-performing students (−1 SD) to

13 % for high-performing students (+1 SD). In contrast, when the

gap was at the end of the word, the corresponding probabilities

increased from 31 % to 50 %. This pattern was most pronounced

in the arithmetic subdomain when considering the content areas

separately, followed by geometry (β = −1.24, p < 0.001; Model

3). Predicted probabilities illustrated this effect for students with

low geometric skills (-1 SD) and high geometric skills (+1 SD):

when the gap was at the beginning of the word, the probability of

a correct response was 4 % for low-performing and 7 % for high-

performing students; when the gap was at the end of the word,

the corresponding probabilities were 40 % (gap at the beginning)

and 47 % (gap at the end). This finding was least pronounced

for word problems (β = −1.00, p < 0.001; Model 4). Predicted

probabilities indicated that students with low word problem skills

(-1 SD) correctly solved 2 % of items with the gap at the beginning

of the word and 22 % of items with the gap at the end, whereas

students with high word problem skills (+1 SD) correctly solved

6 % (gap at the beginning) and 34 % (gap at the end) of items.

Finally, the analysis demonstrated that students performed

better in the C-Tests covering mathematical text topics when they

possessed higher overall mathematical skills (β = 1.92, p < 0.001;

Model 1). Predicted probabilities indicated that for students with

low overall mathematical skills (−1 SD), the probability of correctly

solving C-Test items was 12 % for items covering general topics

and 20 % for items covering mathematical topics, whereas for

high-performing students (+1 SD), the corresponding probabilities

were 21 % (general text topics) and 43 % (mathematical text

topics), respectively, highlighting that mathematical C-Test items

particularly favored students with higher overall mathematical

skills. In this case as well, the effect was most pronounced for

arithmetic performance (β = 1.64, p < 0.001; Model 2), where

predicted probabilities indicated that students with low arithmetic

skills (-1 SD) solved 15 % of the general C-Test items and 29 %
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TABLE 6 Influence of different C-Test characteristics and mathematical performance on the correct solution frequency of C-Test items.

Predictors Model 1 Model 2 Model 3 Model 4

Estimate Std. Error p Estimate Std. Error p Estimate Std. Error p Estimate Std. Error p

(Intercept) −2.92∗∗∗ 0.25 <0.001 −2.98∗∗∗ 0.25 <0.001 −3.01∗∗∗ 0.25 <0.001 −2.93∗∗∗ 0.25 <0.001

Evaluation methoda −0.60∗∗∗ 0.16 <0.001 −0.60∗∗∗ 0.16 <0.001 −0.60∗∗∗ 0.16 <0.001 −0.60∗∗∗ 0.16 <0.001

Gap placementb 2.08∗∗∗ 0.19 <0.001 2.09∗∗∗ 0.19 <0.001 2.17∗∗∗ 0.19 <0.001 2.09∗∗∗ 0.19 <0.001

Text topicc 1.01∗∗∗ 0.18 <0.001 1.02∗∗∗ 0.18 <0.001 1.00∗∗∗ 0.18 <0.001 1.02∗∗∗ 0.18 <0.001

Overall mathematical

performance

(full-scale)d

4.90∗∗∗ 0.96 <0.001

Mathematical

performance

(full-scale) x

evaluation method

0.04 0.18 0.802

Mathematical

performance

(full-scale) x gap

placement

−2.19∗∗∗ 0.45 <0.001

Mathematical

performance

(full-scale) x text

topic

1.92∗∗∗ 0.19 <0.001

Arithmetic

performance

(sub-scale)d

4.93∗∗∗ 1.00 <0.001

Arithmetic

performance

(sub-scale) x

evaluation method

−0.05 0.19 0.775

Arithmetic

performance

(sub-scale) x gap

placement

−2.63∗∗∗ 0.52 <0.001

Arithmetic

performance

(sub-scale) x text

topic

1.64∗∗∗ 0.20 <0.001

Geometric

performance

(sub-scale)d

1.88∗∗ 0.60 0.002

Geometric

performance

(sub-scale) x

evaluation method

0.23∗ 0.11 0.038

Geometric

performance

(sub-scale) x gap

placement

−1.24∗∗∗ 0.29 <0.001

Geometric

performance

(sub-scale) x text

topic

0.59∗∗∗ 0.12 <0.001

Word problem

performance

(sub-scale)d

2.80∗∗∗ 0.65 <0.001

Word problem

performance

(sub-scale) x

evaluation method

−0.01 0.12 0.928

Word problem

performance

(sub-scale) x gap

placement

−1.00∗∗∗ 0.30 0.001

Word problem

performance

(sub-scale) x text

topic

1.11∗∗∗ 0.13 <0.001

(Continued)
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TABLE 6 (Continued)

Predictors Model 1 Model 2 Model 3 Model 4

Estimate Std. Error p Estimate Std. Error p Estimate Std. Error p Estimate Std. Error p

Random effects

σ
2 3.29 3.29 3.29 3.29

τ00 3.04 task_name 3.05 task_name 3.03 task_name 3.04 task_name

2.24 pid 2.34 pid 2.43 pid 2.26 pid

N 190 pid 190 pid 190 pid 190 pid

500 task_name 500 task_name 500 task_name 500 task_name

Marginal

R2/Conditional R2

0.130/0.666 0.113/0.663 0.098/0.661 0.127/0.666

Deviance 55,829.285 55,871.112 55,920.201 55,866.130

AIC 55,849.285 55,891.112 55,940.201 55,886.130

a0=WR, 1= CI, b0= beginning, 1= end, c0= general, 1=mathematical, dmean score of test tasks divided by number of test tasks. ∗p <0.05, ∗∗p <0.01, ∗∗∗p <0.001.

TABLE 7 Predicted probabilities of correctly solving C-Test items for low- and high-achieving students in mathematics across content areas for

significant interaction effects.

Content area C-Test characteristic Low (1 SD below the mean) High (1 SD above the mean)

Overall performance Text topic (geneal/mathematical) 12 %/20 % 21 %/43 %

Gap placement (beginning/end) 2 %/22 % 9 %/42 %

Arithmetic Text topic (general/mathematical) 15 %/29 % 25 %/52 %

Gap placement (beginning/end) 4 %/31 % 13 %/50 %

Geometry Text topic (general/mathematical) 17 %/33 % 20 %/41 %

Evaluation method (WR/CI) 34 %/21 % 41 %/28 %

Gap placement (beginning/end) 4 %/40 % 7 %/47 %

Word problems Text topic (general/mathematical) 12 %/20 % 17 %/34 %

Gap placement (beginning/end) 2 %/22 % 6 %/34 %

Percentages indicate predicted probabilities of correctly solving C-Test items.

of the mathematical C-Test items correctly, whereas students with

high mathematical skills (+1 SD) solved 25 % (general text topics)

and 52 % (mathematical text topics) of these items correctly. This

finding was second-most pronounced for word problems (β = 1.11,

p < 0.001; Model 4). Predicted probabilities showed that students

with low word problem skills (-1 SD) correctly solved 12 % of items

with general topics and 20 % of items with mathematical topics,

whereas students with high word problem skills (+1 SD) correctly

solved 17 % (general text topics) and 34 % (mathematical text

topics) of these items. Finally, this finding was least for geometric

performance (β = 0.59, p < 0.00; Model 3). Here, predicted

probabilities indicated that students with low geometric skills (−1

SD) correctly solved 17 % of items with general topics and 33 %

of items with mathematical topics, whereas students with high

geometric skills (+1 SD) correctly solved 20 % (general text topics)

and 41 % (mathematical text topics) of items, still showing that

mathematical items favored higher-performing students, but the

effect was smaller than for arithmetic and word problems.

5 Discussion

In our study, first the effects of the C-Test characteristics

gap placement, text topic, and evaluation method as well as

the sociodemographic variable gender on test performance were

investigated. Furthermore, interaction effects between gender

and C-Test characteristics were analyzed. Second, the study

examined the relationship between language skills measured

through C-Tests and overall mathematical performance as well as

mathematical performance in different content areas. Moreover,

interaction effects between the different C-Test characteristics and

mathematical performance were analyzed to further exploit the

linkage between language and mathematical skills and at the

same time drive new insights into the diagnostic and educational

potential of C-Tests.

The analysis for RQ1 (How do different characteristics of the C-

Test affect test performance?) shows that formal characteristics of C-

Tests have a highly significant influence on the correct solution rate.

Particularly noteworthy is the strong effect of the gap placement

position, which indicates that C-Tests with the gap at the end of

the word are solved significantly better than C-Tests with the gap at

the beginning of the word. This confirms previous findings (e.g.,

Baur and Spettmann, 2010), who further concluded that besides

necessary higher vocabulary knowledge, a reason for the increased

difficulty could be that C-Tests with the gap at the beginning of

the word are more likely to challenge test-takers to activate specific

cognitive strategies to construct meaning when filling in the gaps,

which could not be present in the students of this study. Moreover,
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the analysis confirms that C-Tests covering mathematical text

topics are solved significantly better than C-Tests covering general

text topics. This shows that basic mathematical knowledge is

present in the students and that subject-specific language elements

can be used effectively. These results indicate that the participants’

subject-specific language proficiency is better that their general

language proficiency. Assumptions can be made as to why this is

the case. There may be too few general texts, which can potentially

create a bias, as the findings only relate to two specific text

topics and do not allow a broader statement. Studies showed

that the average score on any C-Test is known to differ due to

topic familiarity (Kamimoto, 1993) and textual types (Mochizuki,

1994), indicating that students could not be familiar enough with

the general topics and text type covered in the chosen general

C-Tests and are more familiar with the mathematical text type

and topic, for instance by working with mathematical text tasks

often. The mathematical part consisted of five texts that covered

a wide variety of topics and therefore addressed different aspects

of mathematical knowledge, which may allow more points to be

scored across the texts on average. Nevertheless, it is still possible

that students have a more developed mathematical vocabulary

than general vocabulary. To make a clear statement about this,

further analysis regarding the texts (e.g., knowledge about the

topic, motivational factors) are recommended. Lastly, using the

WR-method when evaluating C-Tests leads to significantly better

test results. This finding is not surprising because here answers

are more often counted as correct than using the CI-method.

Still, when choosing only one evaluation method, the impact

it can make on the determination of the test-taker’s language

proficiency must be kept in mind. H1 can therefore be confirmed,

with the exception that C-Tests covering mathematical text topics

were solved more successfully than C-Tests covering general

text topics.

For RQ2 (Are there differences between girls and boys?) the

analysis reveals that, on average, girls perform significantly better

than boys in C-Tests, which supports findings from Grotjahn

et al. (2002) and Mashkovskaya (2013) and generally confirms

previous realizations that girls score higher in literacy (e.g.,

Organisation for Economic Co-operation Development, 2013).

Yet, five out of seven texts were related to mathematical topics,

suggesting that the linguistic demands of the test might have

a stronger influence on performance than the mathematical

content. This could indicate that C-Tests primarily assess linguistic

rather than thematic—here mathematical—knowledge. Still, the

interaction analysis reveals that boys benefit more from C-Tests

with mathematical than general topics in comparison to girls,

which is again showing the strong performance of boys in

mathematics, even when it is not about solving mathematical

tasks but texts dealing with mathematical topics. The interaction

analysis moreover reveals that girls benefit more from C-Tests

where the gap is at the end of the word than boys. One potential

explanation for this phenomenon is that girls tend to exhibit

a stronger metalinguistic awareness in general (Al-Ahdal and

Almarshedi, 2021), which seems to be particularly evident in

domains necessitated by C-Tests involving the identification of

gaps at the end of words. It is evident that the initial gap is

addressed less by lexical semantic skills (e.g., Beinborn, 2016) and

more by morphological and syntactic skills. This is because the

missing word frequently contains the word stem or the complete

lexical core. These skills are shown to be particularly present

in girls. Lastly, no significant difference between girls and boys

can be found according to the chosen evaluation method. The

assumptions formulated in H2—that girls generally outperform

boys, while boys benefit more from mathematical texts—can be

confirmed. Moreover, an additional finding emerged, indicating

that girls benefit more strongly from gaps at the end of words than

boys.

This first part of the study provides evidence that the

characteristics of C-Tests influence test performance and

that differences between genders are real. This can therefore

influence the language proficiency that is actually measured

and attributed to the test-takers, which is why the choice of the

gap placement, text topic, and evaluation method should not

be arbitrary.

Regarding RQ3 (How is students’ mathematical performance

in different content areas related to their C-Test performance, and

how is this relationship influenced by the C-Test characteristics gap

placement, text topic, and evaluation method?), it can generally

be said that mathematical skills are highly significantly related

to C-Test performance and thus with the students‘ language

proficiency. However, there are differences inmathematical content

areas. This relationship is strongest for arithmetic, followed by

word problems, and weakest for geometry. The strong relationship

with word problems also confirms findings from the study from

Brunner et al. (2022) and can potentially be explained due to

the text-heaviness of the tasks. Yet, it is remarkable that in our

study performance in arithmetics is stronger related to C-Test

performance that text-heavy word problems, underscoring the

importance of language skills for pure arithmetic as also shown in

previous studies (e.g., Fuchs et al., 2008). Berg (2008) concluded

that despite drawing on different types of knowledge—such as

phonological decoding in reading and numerical understanding

in arithmetic—both domains still engage comparable cognitive

procedures. However, this finding of ours provides new approaches

for when problems arise in calculating arithmetic tasks, namely by

focusing on language components of the task and the language

skills of the test-taker. The fact that geometric tasks are least

related to C-Test performance is potentially indicating the need for

other skills (e.g., spatial orientation) (Jablonski and Ludwig, 2023)

when solving them, which are not detected by any of the C-Test

variations. This difference from findings by Brunner et al. (2022),
in which the correlation with geometry was second highest, could

be explained by different grades.

Furthermore, the analysis shows that students who have higher

mathematical skills benefit more from C-Tests with mathematical

text topics, indicating that these C-Tests are more closely related

to mathematical performance than C-Tests with general text
topics, which reinforces the importance of subject-specific language

skills. This finding applies to all content areas but is again

most pronounced in arithmetic. This supports the findings from

previous research, showing that mathematical vocabulary predicts
mathematic skills better than general vocabulary, as shown in

studies by Purpura and Reid (2016) and Toll and Van Luit (2014).

Bochnik (2017) even confirmed that subject related language
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acts as a mediator for general language proficiency. This means

that understanding specialized mathematical language can have

a positive influence on mathematical performance and shows

the importance of specialized language skills besides general

language skills for mathematical success. Moreover, the analysis

reveals that low performing students in mathematics significantly

benefit from C-Tests where the gap is at the end of the word,

whereas this effect diminishes as mathematical skills increase.

Once again, the effect is strongest for arithmetic, followed by

geometry, and then word problems. Previous research has shown

that deleting the first half of words tends to increase test difficulty

by requiring a higher degree of activation of strategies for

constructing meaning (e.g., Baur and Spettmann, 2010; Baur et al.,

2006). Thus, this increased complexity appears to enhance the

relation to mathematical performance as lower achieving students

in mathematics significantly benefit from the “easier” C-Tests.

This may be explained by the cognitive demands associated with

reconstructing word beginnings, which require strategic use of

context, inference, and advanced lexical-semantic processing-skills

that are also central to solving mathematical tasks. Lastly, the

finding that only higher-performing students in geometry are less

affected by the choice of evaluation method is remarkable as the

influence of students’ mathematical skills in geometry on C-Test

performance is slightly stronger when evaluating them according

to the CI-method than the WR-method. Achieving higher scores

when evaluating C-Tests according to the CI-method is associated

with higher productive language skills (Baur and Spettmann, 2010;

Baur et al., 2013). A possible explanation could be that students

with strong productive language skills possibly express their

thought processes more clearly, which is important when solving

geometric tasks. Yet, more research to clarify this is necessary.

H3 can therefore not be confirmed, with the exception that

mathematical texts show a stronger relationship with mathematical

performance than general texts.

The second part of this study carries significant implications

for educational research and practice, particularly with respect to

the interplay of language and mathematics education. The results

highlight the importance of acknowledging and addressing the

language demands inherent in mathematical learning. From a

research and education policy perspective, the study reinforces

the need for interdisciplinary approaches that connect language

and mathematics education. For classroom practice, the study

advocates for a more language-sensitive approach to mathematical

instructions, which is not only important for text-heavy tasks.

Teachers should therefore be supported in fostering students’

ability to understand mathematical tasks by integrating language

in the mathematics classroom, which could be achieved through

interdisciplinary teaching or the use of adequate methods which

future research should focus on. Focusing on the potential

applications of C-Tests, the findings of this study suggest that

to support the development of mathematical skills via C-Tests

in the classroom, it is particularly effective to use C-Tests with

mathematical text topics. For students with lower mathematical

skills, placing the gap at the end of the word enhances performance

and provides accessible learning opportunities, whereas higher-

achieving students benefit from mathematical C-Tests regardless

of gap placement, though the relative advantage of end-gaps is

smaller. Here, the gap at the beginning could further increase

the challenge. Given their strong association with mathematical

performance—particularly in arithmetic—implementing C-Tests

on specific, generally less language-intensive topics could enhance

students’ understanding of the subject matter and improve

their mathematical achievement. This then opens promising

avenues for identifying learning difficulties and for designing

targeted interventions in mathematics lessons based on students’

language proficiency. Further research is required to explore this

potential in greater depth. Regarding performance differences in

language and mathematics subjects, this could moreover be a step

toward closing the gender gap in academic achievement between

both domains.

6 Limitations and recommendations
for further research

The present study is subject to certain limitations. First, the

sample size is small and therefore generalizability may not be

guaranteed. Moreover, the number of test items between the

mathematical and the general C-Tests is unequal. This imbalance

has the potential to compromise the comparability of the results

between the two variations. In the design of future studies, it is

recommended that the number of texts with different topics be

maintained equal, with the aim of preventing test bias. A more

balanced study design with respect to the distribution of the

C-Test items in terms of gap placement would be desirable in

future research to determine whether this might reveal additional

differences. Furthermore, a more in-depth examination of the

specific content of a text and its relationship to the mathematical

tasks from different content areas in a future study could potentially

yield more precise conclusions. Moreover, it must be considered

that German texts were used in this study, and it is unclear how

transferable the results are to C-Tests in other languages. C-Tests

nowadays are available in more than 30 languages (Grotjahn, 2014).

However, originally, they were developed for German and English,

which makes a change of the typical deletion pattern necessary for

languages that differ greatly from these languages, e.g., Turkish,

Japanese, or Chinese (e.g., Grotjahn, 1995, 2002, 2019).

Some studies have also claimed that cognitive processes play a

prior role when solving C-Tests. As the present study addressed the

language demands of C-Tests, they were not given consideration.

However, further studies could ascertain whether modified C-

Tests stimulate different cognitive processes that are pivotal to

mathematical performance. For instance, Wockenfuß and Raatz

(2014) concluded that the performance of native speakers in C-

Test depends on processing speed and verbal intelligence and

Baghaei and Tabatabaee (2015) argue that the underlying construct

of C-Test corresponds with the abilities underlying the language

component of crystallized intelligence and through careful text

selection also the factual knowledge component of this construct.

Lastly, future research could further investigate the influence

of students’ language-related background characteristics—such

as first language or migration background—to enable more

differentiated findings.
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