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Background: Previous studies used curriculum-based measurement (CBM) maze
scores as an indicator of the reading comprehension level of secondary school
students with and without special educational needs in multiple grades, pinpointing
a high influence of both student- and context-related variables. However, studies on
cumulative influence are necessary for better understanding of data-based decision-
making.
Methods:We examined a sample of 1066 secondary school students using four linear
mixed-effect models: How much variance in maze scores exists between multiple
student characteristics (i.e., gender, immigration background, learning disability and
developmental language disorder) and context variables (i.e., classroom, grade and
school type) across Grades 5–8?
Results: The intra-class correlation (ICC) results show that the influence by the
context-related variable classroom (ICC = .094) is almost as large as by the variable
grade level (ICC = .126). School type (i.e., inclusive school vs. special school) has
the least influence (ICC = .02). In addition, the effects of student-related variables ex-
plain only a small proportion of the variance (marginal R2 = .114).
Conclusions: Maze scores can be used as a screening instrument for students with
multiple characteristics across grades; they also show that it makes no difference
which type of school students attend. As teachers and further classroom-related
variables have almost as much influence as grade level, we discuss that teachers can
minimise classroom effects by using maze scores as a formative approach.
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Highlights

What is already known about this topic

• CBM maze scores can be used as indicator for reading level as a screening and
formative assessment.

• Individual differences at student and context levels uniquely influence reading.
• Teachers use maze scores for decision-making at both an individual student

level and a classroom level to prevent reading difficulties.

What this paper adds

• Student variables only are not sufficient to explain variance in maze scores.
• The impact on maze score by classroom membership is almost as large as by

grade level.
• The type of secondary school students attend makes no differences in terms of

maze scores.

Implications for theory, policy or practice

• To explain variance in maze scores, a joint consideration of the influence by
student- and context-related variables is necessary.

• When planning reading instruction, particularly, classroom influences need to
be considered.

Screening and formative assessments of reading are among the critical components of im-
proving instruction for all students at secondary level, especially at-risk students and those
with special educational needs (SEN; Jungjohann & Gebhardt, 2023). At secondary level,
preventive and good reading instruction is still necessary because, in many countries, more
than 20% of 15-year-olds are at-risk students in reading who regularly achieve lower than
their grade level (Organisation for Economic Co-Operation and Development
[OECD], 2019a). Predominantly in multi-tiered systems of support, but also in different
school settings (Fuchs & Fuchs, 2006), the curriculum-based measurement (CBM) maze
is commonly used to screen the level of reading comprehension at single measurement
points (e.g., fall, winter and spring) in a time-efficient way (Tzivinikou et al., 2020).
CBM maze is a group-administered silent reading task with short passages (~250 words)
in which individual words are replaced with blanks according to set rules (e.g., every sev-
enth word). Students read the passages for a maximum of 5 minutes and fill in the blanks
by selecting one of the offered response words. All correctly filled blanks are added as sum
scores (i.e., maze score). Teachers use maze scores for decision-making in the form of
evidence-based practices at both an individual student level (i.e., formative evaluation of
instruction) and a classroom level (i.e., benchmarking to evaluate instruction; Blumenthal
et al., 2021) to prevent serious reading difficulties. Thus, it is necessary to understand both
individual and context variances within the maze scores before using it for data-based
decision-making.
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Despite unequivocal evidence of the unique influence of individual differences at student
level (e.g., gender, immigration background and SEN) and context level (e.g., classroom
and school type) on reading comprehension (Pfost et al., 2014), little is known about
whether and to what extent these variables have a cumulative effect across maze scores
(Brown-Chidsey et al., 2003; Kim et al., 2015). A joint consideration of influences on maze
scores by student- and context-related variables leads to a better understanding of varying
reading performances, as, in everyday school life, all influences occur together. Thus, we
address this gap in the present study. We examine what degrees of variance in maze scores
in German secondary schools can be explained by multiple variables at both the student
level and the context level.

Influence of Students’ Characteristics on Reading Comprehension

As the Programme for International Student Assessment (PISA) 2018 demonstrated again
(OECD, 2019a), reading comprehension varies due to multiple student characteristics.
Across Grades 1–10, the largest share of the variance in reading comprehension perfor-
mance can be explained by students’ underlying cognitive skills (e.g., language profi-
ciency, working memory and word recognition; Görgen et al., 2021; Kieffer &
Christodoulou, 2020). However, individual differences in cognitive processes are not suf-
ficient to explain all kinds of variance in reading comprehension at secondary level.
Two subgroups of students who receive SEN services are likely to show serious difficul-

ties in reading comprehension: students with learning disabilities (LD) and those with
developmental language disorders (DLD). Students with LD show most often extensive
difficulties in basic academic skills and may have a lower intelligence quotient compared
with typically developing children. On an international scale, the vast majority of these stu-
dents perform significantly below their grade level (Gebhardt et al., 2015; National Assess-
ment of Educational Progress, 2022). Students with DLD can have speech, language and
communication needs. Based on a discrepancy model, their general cognitive ability is
within average range in the absence of other development difficulties that could impact
their difficulties (Spreer et al., 2019). As greater attention is paid to the individual support
and educational accommodation needs, these students are now being classified as having
DLD, previously known as specific language impairment (Curran & Hogan, 2023).
Reviewing literature on students with DLD regarding literacy outcomes, Curran and
Hogan (2023) concluded that the risk for reading difficulties varies greatly depending on
the degree of the language impairment.
Affiliation to gender and ethnic minority background are additionally associated with

difficulties in reading comprehension. Gender difference arises for students with and with-
out SEN from the fact that boys are mostly significantly overrepresented in the low reading
achievement areas, whereas the proportion of girls is marked in the high reading achieve-
ment areas (Lepper et al., 2021; Logan & Johnston, 2009). In Germany, scientific studies
with students commonly record a potential immigrant and/or ethnic minority background,
meaning that the students or at least one parent were born abroad, or the students were born
in Germany, but do not possess the German citizenship (Will, 2019). Immigrant
background is perceived to be strongly related to the socioeconomic status of the students’
families in Germany. In the German PISA 2018 cohort, about half of the students with an
immigration background achieved the lowest proficiency levels and thus an insufficient
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level of reading comprehension (OECD, 2019b). This means that these students achieved a
similarly low reading performance as students with LD.

Influence of Classrooms and School Types on Reading Comprehension

The conditions in which students learn give rise to context variables that affect reading
comprehension. Classroom dynamics are complex and encompass relationships and inter-
actions between teachers and students, among students as well as the perceptions, attitudes
and behaviours of students and teachers (Montague & Rinaldi, 2001). This includes the fit
between the requirements of the curricular or individualised education plan (i.e.,
individualised programme to ensure that students receive specialised instruction and re-
lated services), students’ abilities and needs, and the interpretation of both by teachers.
Variances in teachers’ interpretation translate into concrete classroom actions, which, how-
ever, address students to varying degrees and are effects of teaching experience, treatment
adherence, and methods and materials used (Capin et al., 2021). As a consequence, class-
room can be understood as an effects’ summary of the student group as a social unit to-
gether with the teacher’s actions. A consideration at classroom level aggregates the effects
independent of its individual members, and a view at the level of the individual has the
same effect in each case.
The type of school a student attends also differs in many ways such as the degrees of

inclusive education, environment or resources. Therefore, cumulative effects on students’
reading comprehension can be expected. On an international scale, studies conclude that
a placement in a regular school that is also attended by students with SEN (i.e., inclusive
school) has neutral or positive influences on the achievement levels of students without
SEN (Kalambouka et al., 2007). For students with SEN, school conditions vary even more
because there are multiple school types they can attend. Empirical findings suggest that stu-
dents with SEN achieve higher outcomes in inclusive schools (Lindsay, 2007;
Myklebust, 2002). Special schools that are attended only by students with an official diag-
nosis of their current school support needs still exist in some countries such as Germany
(Ebenbeck et al., 2022). They were established assuming that they would provide students
with SEN with an optimal learning environment. With regard to academic achievement,
there is growing evidence that this assumption can no longer be sustained (Stranghöner
et al., 2021).

Cumulative Influence on Maze Scores

CBM maze is a formative assessment approach with the goal to identify at-risk students in
reading comprehension (Deno, 2003). It measures reading-related skills as a robust indica-
tor that allows to draw conclusions about the level of reading comprehension without
providing further information about specific processes of reading comprehension at word,
sentence or text level (Tzivinikou et al., 2020). It is established because of its
teacher-friendly and time-efficient administration. Multiple studies showed that maze
scores are moderately to strongly related to reading comprehension in all grades with tech-
nical adequacy (e.g., Chung et al., 2018; Kim et al., 2015). Contrary to the earlier assump-
tion that CBM maze measures text comprehension, recent research suggests that maze
scores can be explained more strongly by code-related skills such as decoding and fluency
(Amendum et al., 2021; Muijselaar et al., 2017; Shin & McMaster, 2019) and parsing
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processes at sentence level (Anderson et al., 2020; January & Ardoin, 2012). Thus, CBM
maze is also referred to as a silent reading fluency measure but does not claim to compre-
hensively map all components of reading comprehension students require at secondary
level. Advanced CBM enhances instruction through the use of strategically created items
and/or distractors to increase sensitivity to specific reading skills. Advanced CBM maze
uses linguistically selected blanks instead of fixed-ratio blanks to assess core components
of text comprehension beyond the word and sentence levels (e.g., Jensen & Elbro, 2022;
Jungjohann et al., 2018). For both advanced CBM mazes, correlations were reported indi-
cating a strong relation with an established measure of reading comprehension at text level
(Anderson et al., 2020; Jensen & Elbro, 2022). Such approaches offer great potential for
reading comprehension instruction as called for by MacKay et al. (2021) because they
can provide teachers with information about specific processes in reading comprehension.
The quality of a CBM should be tested using item response theory in addition to classi-

cal test theory (Schurig et al., 2021), as it allows for testing multiple parameters such as
item homogeneity for a one-dimensional test interpretation and the consideration of the
speed component in the students’ response behaviour. CBM maze can be administered
across multiple grade levels at single measurement points as a screening, or multiple times
to monitor learning progress. Both require alternative multiple test forms and sensitivity to
student growth. Therefore, CBM maze has to be both short enough to be useable during
lessons and long enough to inform about the actual performance level and the rate of prog-
ress. CBM mazes are speed tests rather than power tests because of their time limit. Speed
test means that students with higher competencies solve more items while weaker students
complete fewer items correctly (van Breukelen, 2005). Due to the time limit and to prevent
ceiling effects, the item pool of a speed test should contain more items than a target person
with the highest competence can solve.
To our knowledge, two studies have researched cumulative variance in reading compre-

hension attributable to student and context influencing factors using the CBM maze as a
screening tool. Both studies used the sum scores of a single measurement point, included
secondary level students as participants and indicated that student characteristics and con-
text factors moderate cumulatively the predictiveness of maze scores. The former study
highlights that grade level, regardless of student characteristics, is relatively strong at
predicting the maze score at secondary school level (Brown-Chidsey et al., 2003).
Brown-Chidsey et al. (2003) estimated the variance contributions of students across Grades
5–8 with three different parallel forms. All participants (N = 476) attended the same school
across six classrooms at each grade level. Seven percent of the participating students re-
ceived SEN services. In two CBM mazes, most of the variance was resolved by grade level
(68–71%), while individual differences (10–14%) and SEN status (9–10%) were account-
able for similarly little variance. In contrast, for the third CBM maze, individual differences
accounted for 84%, grade level for 6% and SEN status for 4% of the variance. The authors
suspect non-homogeneous parallel forms as an explanation for the different degrees of var-
iances. Brown-Chidsey et al. (2003) did not conduct analyses of classroom membership or
further student-related factors (i.e., gender or specific SEN), which limits the study results.
The more recent study included more student- and context-related factors but did not exam-
ine variance across grade levels. Kim et al. (2015) figured out that most of the variance in
the maze score of Grades 3–10 originates from student characteristics (48–67%). Partici-
pants were more than 1 million students across multiple classrooms, schools and districts
in Florida, USA. The lowest proportion of variance was due to school and district levels
(3–4%). However, the influence due to classroom varied for grade levels. In Grades 3–5,
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variance due to classroom (21–23%) was almost three times lower than variance due to in-
dividual differences (66–67%). In Grades 6–10, variance due to classroom (41–46%) and
that due to student characteristics (48–51%) were similar. Despite the sample being com-
prehensive, it still limits the conclusions at student level. In the analyses of Kim
et al. (2015), 55% of the students belonged to an ethnic minority and 15% were identified
with a primary exceptionality (i.e., students with special gifts or SEN). All students were
included, but there was no differentiated consideration of the influence at student level.

Present Study

Previous research has shown both student and context factors to be associated with stu-
dents’ reading comprehension outcome across grades and the CBM maze to be a reliable
and valid measure of the level of reading comprehension. Notably, studies that simulta-
neously examined multiple student characteristics in the context of multiple classrooms
across grades are lacking. Such studies could investigate whether CBM maze is more pre-
dictive for some students than others and would provide guidance for identifying at-risk
students in reading comprehension using maze scores. With such results, teachers should
be able to make more informed decisions taking the intertwined nature of context factors
and students’ characteristics into account for reading instruction. In other words, teachers
receive information about how much weight to assign to single influencing factors in their
decisions. The purpose of our study is to expand the understanding of the variance of
maze scores in secondary schools. Thus, we follow and expand previous research
(Brown-Chidsey et al., 2003; Kim et al., 2015) to figure out the sources of variance in fifth
through eighth grade students’ maze scores. We ask: How much variance in maze scores
exists for multiple student characteristics (i.e., gender, immigration background, LD and
DLD) and context level (i.e., classroom, grade and inclusive or special type of school)
across grades?
Based on the literature, it was hypothesised that the greatest variance would be explained

by grade and student characteristics.

Methods

Participants

Participants were a total of 1066 students in Grades 5–8 from northwestern Germany. They
were enrolled in 67 classrooms in 16 schools. Of these, 30 classrooms in seven schools
were segregated special schools. Seven types of special schools with different focuses on
SEN still exist in the German school system in addition to inclusive schools (Ebenbeck
et al., 2022). The participants’ teachers provided information about students’ age
(M = 13;1 years), gender (41.7% were female), immigration background (47.19%) and
SEN (36.77%). A total of 23.73% of the students were officially diagnosed with LD and
13.04% with DLD. In accordance with the local school law, students with LD failed in
all core school subjects, had a lower intelligence quotient and were taught according to
an individualised education plan. Students with DLD were taught according to the curric-
ulum of the actual grade level and had extensive needs in speech, language and communi-
cation. One hundred forty-four students were not present due to illness or other reasons at
the second measurement (see below). Their data were treated as missing and were not
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included in the analyses. A grade-specific summary of the participants is given in Table 1.
Ethical aspects of the research were reviewed and approved by the second author’s faculty
institutional review board (Ethics Commission of TU Dortmund University, Department of
Rehabilitation Sciences). Participation was voluntary and supervised by school staff. All
data were collected with the informed consent of the participants, parents, teachers and ad-
ministrators during any given lesson without relation to the subject or the teacher.

Procedures

Local school administrators were contacted by trained research assistants. All students
completed the CBM maze twice, 3 weeks apart. The 3-week interval between the measure-
ment points was chosen to ensure that the knowledge of how to handle the test was still
present. The participating schools also opted for the 3-week interval for organisational rea-
sons. Following the guidelines of Hessels (2009) that students with learning difficulties
need to be familiarised with a new test to be able to respond to the items in the way that
is expected for testing, the first measurement point was used as an exercise to ensure that
the students were familiar with the web-based test.
At both measurement points, the research assistants tested participants in classroom

groups in the presence of a teacher. Each student worked individually on their android tab-
let. All research assistants followed the same scripted procedure. First, the participants
were given an example item to explain how to use the test. Once participants had answered
it correctly, they answered as many items as they could within a 5-minute period. To collect
the data for the second measurement, the same research assistants returned to the class-
rooms. Outcome measure was administered in groups in classrooms by research assistants,
and student and context variables were surveyed with classroom teachers.

Outcome Measure

Aweb-based advanced CBM maze with strategically chosen blanks was used to assess stu-
dents’ silent reading fluency (Jungjohann & Gebhardt, 2021). Test administration takes
places online via a web-based platform for CBM monitoring, called www.levumi.de
(Jungjohann et al., 2018; Mühling et al., 2019). The platform is university hosted and free
from publishers’ paywalls. The item pool contains 93 items. Each item is created carefully
to consider one of the three reading comprehension-related dimensions: (1) syntactic skills,
(2) inference and (3) coherence making at sentence level. In each parallel form, the items
from the three dimensions alternate evenly. The deletion pattern follows linguistic rules to

Table 1. Sample characteristics by grade level.

Grade nStudents nSchools nClassrooms % Male MAge

% Immigration
background % SEN

Fifth grade 207 5 13 57.00 11;8 57.97 32.36

Sixth grade 373 11 23 58.71 12;5 57.64 30.30

Seventh grade 244 7 16 59.02 13;5 36.48 45.49

Eighth grade 242 6 15 61.98 14;5 32.64 41.73

Note: N = 1066. The beginning of the school year 2019/2020 was taken as the reference for the average age.
Abbreviation: SEN, special educational needs.

CUMULATIVE EFFECTS ON MAZE SCORES
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guide comprehension analysis. Students can only identify the target word if they have un-
derstood both the accompanying and subordinate clauses and can link their contents. For
each item, three distractors are created, with all three of them being contextually meaning-
less but syntactically possible. Students receive 1 point for each accurate choice made
within a time limit of 5 minutes.
This item design controls sentence complexity and strengthens syntactic skills at sen-

tence level as it is critical both for making meaning from text and for the instruction by
teachers in line with MacKay et al. (2021). This provides teachers with detailed informa-
tion about which sentence-related comprehension processes are currently causing students
the most difficulty, in addition to the sum score (Jungjohann, 2022). For instruction, this
additional information is valuable because it can be easily applied to targeted exercises
for understanding complex subordinate clauses, drawing inferences and coherence. The
following examples (translated from German) illustrate item and distractor construction.
The underlined part represents the blank. The first word is the target word:

Dimension – Complex subordinate clauses: Paul’s girlfriend, who loves/hates/teaches/
carries him very much, still doesn’t want to marry him.
Dimension – Inference making: The orchestra begins the concert. The audience falls
silent/chatters/guesses/sings directly.
Dimension – Coherence making: Every Saturday, there is a farmer’s market in the city.
Many stalls/benches/hours/fields sell fruits and vegetables.

Previous research confirmed the psychometric quality for students ranging in age from
11 to 16 (i.e., fifth to eighth graders; Jungjohann, 2022). Cronbach’s alpha was .93. In
the sample of this study, the CBM maze had acceptable reliability in the Rasch model, with
Warm’s weighted likelihood estimates beingWLE = .741. Therefore, we concluded that the
Rasch models fit the data well and that the sum scores can be used unidimensionally for
further analyses.

Variables at Student Level

The three variables gender, immigration background and the presence of SEN were col-
lected. Gender was coded as female, male and diverse. Following the procedure in studies
with German school students (Will, 2019), it was asked whether there was an immigration
background or not. The presence of SEN was divided into no SEN services, LD and DLD.

Variables at Context Level

At context level, the four variables grade level, classroom, school and school type were col-
lected. It was documented which classes from which grade level belonged to which school.
The schools were classified into three categories according to whether they were special
schools for students with LD, whether they were special schools for students with DLD
or whether they offered instruction for students with and without SEN (i.e., inclusive
schools). As the concept of the school was evaluated in terms of inclusive teaching, it
was well possible that there were classrooms without students with SEN as well.

JUNGJOHANN, SCHURIG & GEBHARDT
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Data Analysis

Students’ answers to the maze tasks were automatically stored by the platform www.
levumi.de and coded correct and incorrect. Therefore, no scoring errors were to be ex-
pected. Due to there being 93 items in the item pool of the speed test, there was a theoret-
ical maximum of 93 points as a total score. In order to control effects on scores due to ran-
dom guessing, all answer patterns with the maximum of 93 answers were excluded (n = 7).
The individual student’s sum score was computed using Gnu R (R Core Team, 2020).
To estimate the variance in the sum scores, we followed the guidelines of Finch

et al. (2014). The data and syntax are available under https://osf.io/fgh4d/. We conducted
four linear mixed-effect models using the package lme4 Version 1.1-26 (Bates
et al., 2020). In all model analyses, restricted maximum likelihood estimation (REML)
was applied (Kreft & de Leeuw, 2011). The influence by the schools was controlled by
the context variables school type and classroom. This was done for two reasons. First,
the classroom variable explains more variance due to the explicit affiliation of teachers.
Second, the school variable explains the influence of the district the schools are located
in, and, in Kim et al.’s (2015) study, the influence to be explained by the school variable
was marginal. Instead, we included the variable school type, for which larger effects were
to be expected.
As Model 1, we specified a simple random intercept model as an unconditional model

(Finch et al., 2014). This step provided the information about variance in the sum scores
due to each of the clustering levels. The unconditional model was evaluated to determine
that differences in students’ sum scores warranted the inclusion of the further covariances.
From this, we calculated intra-class correlation (ICC). ICCs reflect the proportion of Level
2 variance in the total variance in the dependent variable, which occurs across different
units of clustering. A significant intercept variance and substantial ICC are preconditions
for using multilevel modelling because, without differences in the dependent variable,
there would be no need to explain those differences by further variables. According to
Hox et al. (2018), ICCs above .05 are sufficient variation to perform a multilevel analysis.
Next, we built an individual-level model by adding students’ variables at Level 1 as fixed
effects (Model 2). Afterwards, 2 two-level models with random intercept and fixed slope
were generated including as on Level 1 predictors all variables at student level (i.e., gender,
immigration background and SEN). At Level 2, in addition to the school type variable, in
Model 3 grade and in Model 4, both grade and classroom variables appear in the aggregate
model. Interaction effects between variables were not calculated due to cell frequencies be-
ing too low under some conditions.

Results

Descriptive Statistics

A summary of the number of participants, means, standard deviations, minimum and max-
imum for the maze score is presented in Table 2. The evaluation of the descriptive data
shows in most cases that higher grade-level students completed more items within the
5-minute testing time than lower grade-level students. In all cases, this increase is true
for students without SEN, for those with LD and for the total number of students of each
grade, with the exception of the sixth graders with DLD. They solved fewer items than the
fifth graders.

CUMULATIVE EFFECTS ON MAZE SCORES
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Furthermore, one-way analysis of variance (ANOVA) results indicate that the means’
average varies significantly among student groups across grades (F(2, 918) = 26.74,
p < .001). The group of students with LD solved the fewest items on average across
all grades. In Grades 6–8, a Bonferroni-adjusted post hoc analysis revealed no signif-
icant differences (p > .05) in the performance of students with DLD and students
without SEN.

Measurement Models

Results from all models are shown in Table 3. The ICCs of Model 1 indicate that modelling
of covariates was necessary (ICC = .161). Model comparison indicates that Model 4 is the
best fitting model (ΔAIC = 27.4–163.4, ΔBIC = 22.6–134.5). In addition, the likelihood
ratio test confirms that Model 4 describes the data significantly better than the most similar
Model 3 (χ2(9) = 29.12, p < .001). Following the parsimony principle, we decided to in-
terpret the variance components in Model 4.

Table 2. Sum scores by grade level and SEN services.

Grade n M SD Min Max

Fifth grade

Students without SEN 134 13.13 6.44 0 37

LD 36 10.06 5.77 0 25

DLD 25 17.68 7.43 7 33

Total 195 13.14 6.76 0 37

Sixth grade

Students without SEN 232 15.35 6.69 1 32

LD 63 11.08 5.66 2 24

DLD 27 13.37 5.21 4 26

Total 322 14.35 6.59 1 32

Seventh grade

Students without SEN 96 17.61 6.31 4 34

LD 75 13.01 5.73 1 29

DLD 34 19.97 9.13 2 40

Total 205 16.32 7.14 1 40

Eighth grade

Students without SEN 108 20.22 6.14 4 38

LD 59 14.63 7.01 1 32

DLD 33 22.09 10.15 2 51

Total 200 18.88 7.69 1 51

Note: N = 922. Abbreviations: DLD, developmental language disorders; LD, learning disabilities; SD, standard
deviation; SEN, special educational needs.
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Cumulative Variance

Marginal and conditional R2 are shown in Table 3 for all models. Both types of pseudo-R2

can be interpreted following Cohen’s (1988) criteria: 0.02–0.12 is considered a small, but
practically important effect, 0.13–0.25 is moderate and ≤0.26 is large. To interpret the
unique effect of the variables at student level, the individual-level Model 2 must be used.
Marginal R2 = .114 indicates that the student variables only have a small effect on the
variance of the maze score. The conditional-explained variance in Model 4 shows a large
effect (R2 = .289), meaning that the cumulative influence by both student and context var-
iables explains almost twice as much percentage of variance compared with Model 2.

Effects at Student Level

The results of Model 4 show that the mean maze score is 18.30. No significant effects are
estimated across students with DLD and gender. Significant effects are in intercepts
across students with LD (t(13.36) = �4.65, p < .001) and an immigration background
(t(543.63) = �5.82, p < .001), meaning that there is a �3.88 decrease in students’ maze
score for LD and a �3.17 decrease for students having an immigration background.

Effects at Context Level

In Model 4, with a random intercept for school type, grade and classroom, ICC values were
computed as measures of effect size for random effects (Hox et al., 2018). The greatest var-
iance is explained by grade (ICC = .126), followed by classroom membership (ICC = .094)
and school type (ICC = .02). Compared with the total amount of variance in this model,
grade level and classroom together explain almost all the variance. These results indicate
that it makes no difference in terms of maze scores which type of school students attend
but that classroom membership has almost as much influence as grade level. To visualise
this influence, Figure 1 shows boxplots of the sum scores for each classroom sorted by me-
dian and coloured by grade level. In particular, the medians of all six classrooms are strik-
ing, because they are spread across the board.

Figure 1. Boxplots of the maze sum scores for each classroom sorted by median and coloured by grade level.

CUMULATIVE EFFECTS ON MAZE SCORES
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Discussion

This study examined cumulative variances by student- and context-related variables with
respect to maze scores in secondary school with the goal of providing a better understand-
ing of the data for classroom use. Following two related studies (Brown-Chidsey
et al., 2003; Kim et al., 2015), the maze score from one measurement point was analysed
as a screening. As an extension of these previous studies, relevant student- and
context-related variances were examined together to account for cumulative effects.
In school-based diagnostics, a consideration of context effects beside student-related

variables referring to the level of reading comprehension is necessary, as confirmed by
our model comparison and by the results of Kim et al. (2015). In our study, the most com-
plex Model 4, which includes the student-related variables gender, SEN and immigration
background at Level 1 and the context-related variables school type, grade and classroom
at Level 2, fitted the data best, as it explained the greatest variance (conditional R2 = .289).
Blumenthal et al.’s (2021) study indicates that individual factors are predominantly in-
cluded in the interpretation of diagnostic data. Especially in special education, needs are
mainly determined by students’ individual factors. Considering context and individual stu-
dent variables together is particularly important for countries with varying school condi-
tions such as Germany. German students with SEN can attend a special school focusing
on one or more different types of SEN or inclusive classrooms (Ebenbeck et al., 2022).
How schooling is realised under these circumstances is highly different, as each state has
its own federal education system comprising both special schools and inclusive education.
Additionally, German teachers are not obliged to use evidence-based practices in their
classrooms. In our study, a large proportion of the variance was explained by classroom ef-
fects (ICC = .094), whereas the influence by school type was the smallest (ICC = .02), im-
plying the strong relation of the individual teacher and further classroom-related variables
to students’ maze score. One possible explanation is that, in the schools, classrooms were
formed based on student achievement levels. Alternatively, the large proportion of the
classroom effects could be caused by the quality of the support provided by individual
teachers. Through the use of CBM instruments as both a screening approach and a forma-
tive approach, teachers can gain insight into classroom effects related to the level or rate of
progress of reading comprehension and development by administering easy-to-use tests
(Deno, 2003). Capin et al. (2021) report that teachers’ instructional quality has a significant
impact on reading comprehension. In daily instruction, teachers can use the advanced
CBM maze along with other summative and qualitative reading assessments to gain infor-
mation about individual reading processes, reading motivation and reading behaviour.
They can then use this assessment information to make data-based decisions to support
individualised reading comprehension instruction. By using more effective instructions,
teachers can reduce classroom effects.
A further indication of strong classroom effects is the varying average performance in

the sixth grade. The median sum scores of sixth graders scatter across the range of all in-
cluded grades (see Figure 1). Although most of the variance in reading comprehension is
explained by grade level (ICC = .126), the medians of the sixth grades are distributed be-
tween the medians of all other grades. Of particular interest are the results of Kim
et al. (2015) who also observed a break in the influence of grade level for the sixth grade
with American students. Beginning in the sixth grade, grade level had a stronger influence
on reading achievement (ICC = .41–.46) than in Grades 3–5 (ICC = .12–.23). Both Kim
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et al. (2015) and our studies suggest that, at this age, students are particularly susceptible to
influences exerted by teachers and classroom variables.
The CBM maze was successfully completed by students of all grade levels because the

effects of student variables accounted for only a small proportion of the variance in the sum
scores (Model 2; marginal R2 = .114). As expected, in line with previous research findings
(e.g., Gebhardt et al., 2015; OECD, 2019b), significantly lower intercepts were observed in
the maze scores of students with LD and immigrant backgrounds. With respect to students
with DLD, the research is inconclusive (Curran & Hogan, 2023; Spreer et al., 2019) but
rather suggests significantly lower intercepts. In our study, no significant differences were
observed in comparison with students without SEN, indicating a particularly high level of
achievement among the participating students with DLD. In Germany, about half of the
students with DLD are taught in special schools (Kultusministerkonferenz, 2020). In our
sample, the majority of them attended a special school only for students with DLD so that
a sufficient number of them with this particular student variable could participate in the
study. One possible explanation is that reading instruction in general has a particularly high
priority in the special school, as all students have speech, language and communication
needs leading to intensive support in reading, resulting in above-average reading achieve-
ments among the students. On the one hand, our observations confirm that research on
reading skills and reading support for students with DLD should be intensified. On the
other hand, our results are a further indication that the CBM maze can be used for students
with multiple characteristics as a reading screening tool.

Limitations and Future Directions

The study design and the recruitment of the sample limit the validity of the study results.
Based on Kim et al. (2015) and Brown-Chidsey et al. (2003), we used a cross-sectional de-
sign with one measurement time point and CBM maze. As a result, high influences of
classroom membership on the maze score as a screening tool were observed. It remains
unclear whether the results can be replicated in longitudinal use for progress monitoring.
Additionally, the design does not provide deeper insights into the validity of the response
format of the CBM maze as an indicator of students’ skills. For this purpose, a parallel use
of a standardised reading test that validly measures various reading comprehension pro-
cesses would be necessary. The sample was recruited in only one German state through
voluntary participation by schools and students. Due to the complex regulations for school
studies in Germany, it was not possible to draw the sample randomly. Therefore, the study
results cannot be generalised. Nevertheless, large-scale studies such as PISA show compa-
rable ICCs and study results (e.g., OECD, 2019b). Due to the limited sample and too low
cell frequencies, no further investigation of random effects could be conducted within the
framework of this paper. A joint investigation of the influence of SEN and the school type
would have been useful. For such an investigation, a larger sample of students in inclusive
classrooms is needed. One methodological limitation is that Level 1 and Level 2 effects
were considered separately; all correlations were linearly modelled so that non-linear cor-
relations were not controlled.
Another limitation is the lack of information on further variables in classrooms. Due to

previous findings (e.g., Capin et al., 2021), a particularly high influence exerted by the
teacher is expected. However, further influences (e.g., teaching experience, treatment ad-
herence, methods and materials used, and effective reading time) need to be investigated
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in the context of reading comprehension and could be explored through qualitative obser-
vations in a mixed-method approach along with maze score. Based on Kim et al.’s (2015)
findings, we decided not to include the variable school level into the models because lower
effects were expected. This variable should be included in future studies.

Conclusions

In summary, our study highlights the usefulness of applying the CBM maze as a screening
tool in secondary education. Furthermore, our results show the importance of considering
classroom influences when planning and implementing reading instruction. In Germany,
individual learning support is only granted if a student has an officially diagnosed SEN sta-
tus. But preventive reading support in classroom is necessary for all students to improve
their learning progress and to balance classroom effects. For instance, preventive support
could be provided at classroom level through the implementation of a multi-tiered system
of appropriate measures. This would ensure that students receive appropriate support re-
gardless of whether SEN was diagnosed or not, also in higher grades and in inclusive
classrooms.
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