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Abstract: Standardized assessment tools are essential for informed, data-driven decision-
making. Reading speedily is a crucial early skill that all students should have the opportu-
nity to develop in inclusive classrooms. To facilitate classroom-based reading diagnostics
in this area of reading, we developed a flash reading test that reliably measures the per-
formance of students with and without learning disabilities and intellectual disabilities.
This test can be administered in the classroom and completed independently by students,
taking only a few minutes, without requiring them to read aloud. The test is designed to
provide an accurate assessment of the speed of lexical recall for all students. To evaluate the
difficulty-generating-item characteristics of the new instrument, 400 primary and special
school students participated in the test. The results indicate that students with low abilities
and disabilities are particularly differentiated by the combination of a short display dura-
tion and short words. We provide information for test developers interested in designing
similar assessments and teachers who can use this instrument to make informed decisions
in the classroom.

Keywords: reading diagnostics; flash reading test; assessment; reading speed; inclusive
teaching

1. Introduction
An inclusive school recognizes the diverse performance levels of its students, neces-

sitating differentiated and individualized teaching approaches. In reading, students are
at various levels and require fitting instruction and support to achieve personal success
(Al Otaiba et al., 2023). Screening instruments provide essential information for making
informed support decisions (Grubb & Young, 2024). Most reading fluency assessments
require one-on-one testing with a teacher (Morrison & Wilcox, 2020), which can be time-
consuming. To address this, we developed a flash reading test that can be administered on
a tablet and conducted within the classroom. This approach facilitates efficient diagnostics,
providing teachers with data-driven insights into their students’ speed of lexical recall
across different word lengths.

1.1. Learning to Read in Heterogeneous Student Groups

Students enter school with varying levels of prior knowledge. While some can already
read at the beginning of their schooling, others are just starting to learn the alphabet. This
means that teachers are working with a heterogeneous group from the start. Especially
concerning is that students with reading difficulties often go unidentified until the third
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or fourth grade, which results in these different reading levels persisting throughout their
school careers (PIRLS; Mullis & Martin, 2021). Particularly, students with reading difficul-
ties need special support to catch up on learning gaps, avoid developing further difficulties
in other subjects, and ultimately achieve good reading proficiency. This proficiency is foun-
dational for their life outside school (Rosebrock & Nix, 2017; Galuschka & Schulte-Körne,
2015) and their future careers (Bennett et al., 2003). If they are not taught adequately at an
early stage, unsuccessful experiences further risk their learning success. This preventive
approach applies to all students with reading difficulties, including those with learning
disabilities and intellectual disabilities.

Mastering basic reading skills is crucial for developing advanced reading abilities,
as several authors show. According to Perfetti (2007), basic reading skills at the word
and sentence levels free up cognitive capacity for constructing meaning at the text level.
Lenhard (2019) states that phonological awareness, the lexical recall of words, and the
formation and understanding of local coherence between sentences are fundamental to this
process. Confidence and speed in the lexical retrieval of words from the mental lexicon form
the basis for further reading processes, enabling secure reading comprehension at the word
level. Mendoza-Pinargote and Reyes-Meza (2022) explained that reading comprehension
develops first at the word level, then at the sentence level, and, finally, at the text level.
If reading comprehension is not solid at the word level, there is a significantly increased
risk of encountering difficulties at higher levels, both in acquiring written language and in
other school subjects.

Reading comprehension is enabled or limited by the scope of one’s vocabulary and
the certainty and speed with which words from that vocabulary are recalled (Ennemoser
et al., 2012). An insufficiently secure vocabulary hampers both reading acquisition and
reading comprehension (Röthlisberger et al., 2021). For example, a study on third graders
shows a moderate correlation between receptive vocabulary size and reading performance
(Berendes et al., 2010). The importance of speed is highlighted in the dual-route model
(Coltheart et al., 2001), where word reading occurs either directly via whole-word retrieval
from the vocabulary or indirectly via recoding (combining phonological units into words).
The difference between these two methods lies in their speed and efficiency. This effect is
illustrated by Silverman et al. (2013), who report that fourth graders with good decoding
skills but low reading fluency perform worse in reading comprehension than students
with high reading fluency. High speed via the direct route is considered a prerequisite for
adequate reading fluency in all grades, as it relieves working memory, thereby freeing up
more capacity for reading comprehension (Perfetti, 2007).

1.2. Reading Abilities of Students with Disabilities

Individualized support and adaptive teaching in reading are needed for all students,
but especially for students with disabilities (Schwab & Gasteiger-Klicpera, 2014), as their
reading performances are usually lower than the reading performances of students without
disabilities. Students with learning disabilities often show reading performances of one
standard deviation below the average student (Gebhardt et al., 2015), but generally learn
to read. However, they also often show weaker reading abilities than other students over
the course of their schooling. On the other hand, about 30% of students with intellectual
disabilities do not learn to read at all (Ratz & Lenhard, 2013). Among students with
intellectual disabilities who do learn to read, there is great heterogeneity in reading abilities:
6.8% read at a logographic level, 31.9% at an alphabetic level, and 32% at an orthographic
level. Di Blasi et al. (2019) compared the reading fluency, reading accuracy of words and
pseudo-words, and reading and comprehension of texts of pupils with mild intellectual
disability and students with borderline intelligence, which are comparable to students with
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learning disabilities. Both groups of students showed weaker reading performance across
many grades. Especially with reading fluency, students with intellectual disabilities showed
more problems than students with borderline intelligence. For successful prevention,
particular attention must be paid to those students who face considerable challenges in
developing their reading skills (Di Blasi et al., 2019) and therefore require intensive reading
support at school (Allor et al., 2010) to secure this basic skill.

1.3. Using Standardized Tests for Making Informed Support Decisions

Data-based Decision Making (DBDM) is a systemic approach that involves collecting,
analyzing, and utilizing data to inform educational practices (Keuning et al., 2017; Schild-
kamp, 2019). The goal is to use economical, reliable, and valid diagnostics to create an
optimal match between lessons and students’ needs, with diagnostics and support directly
linked through DBDM (Gebhardt et al., 2021; Blumenthal, 2017). In the context of inclusive
education, DBDM helps teachers tailor their instructions and support decisions to meet the
diverse needs of all students (Keuning et al., 2019). The aim is that eventually, the label of a
disability will no longer be necessary for receiving appropriate support; instead, support
will be selected solely based on a student’s individual development and learning progress.

Data used for DBDM can vary but often include standardized test results. Formative
procedures and ongoing support are considered more effective than extensive status tests
(Voß, 2017). DBDM is particularly important for struggling students, like students with
disabilities, because teachers’ personal assessments are often influenced by students’ behav-
ior and social interaction (Schabmann & Schmidt, 2009), and these assessments are rarely
differentiated, competency-oriented, comparable, and sufficiently preventive (Espin et al.,
2021; Schmitterer & Brod, 2021).

Through DBDM, teachers receive test results that provide information about which
students are still struggling and what types of support are best suited for each student.
When DBDM is used as part of support planning, it can improve the quality of teaching
and the development of students’ reading skills (Schildkamp et al., 2014; Schildkamp
et al., 2017). The collected data help teachers determine a student’s current position in the
learning process and identify the most appropriate intervention. For this approach to be
effective, the assessment tools must closely align with support practices. Only then can
testing and instruction integrate seamlessly, allowing teachers to derive further support
measures more easily and effectively.

1.4. Requirements for the Test Design of an Inclusive Flash Reading Test to Assess the Speed of
Lexical Recall in Inclusive Settings

There are numerous tests available to measure students’ general reading fluency, but
they vary significantly in quality and suitability for inclusive classrooms. In American
schools, rating scales are commonly used to measure oral reading fluency, such as the
DIBELS Oral Reading Fluency Test (Good & Kaminski, 2002), the NAEP Oral Reading
Fluency Scale (Pinnel, 1995), and the Multi-level Academic Skill Inventory—Revised (MASI-
R; Howell, 1982). Jungjohann et al. (2018) examined diagnostic instruments that reliably
measure reading fluency based on classical test theory. However, these instruments have
not been extensively tested for fairness and item difficulty, using methods like item response
theory or measurement invariance analyses. Most of the instruments were not developed
based on a theoretical model of reading acquisition. Instead, they rely on common models
of reading development and target specific grade levels (e.g., MASI-R). Significant floor
and ceiling effects can often be observed outside these grade levels. Typically, these test
procedures involve oral reading tests where a skilled reader identifies the reading errors of
a less skilled reader (Good & Kaminski, 2002). Competence is measured by the number of
words read correctly per minute and the corresponding total score. However, it is important
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to note that while many of these tests assess oral reading fluency, our flash reading test
specifically focuses on word reading fluency. Unlike tests such as DIBELS, which assess the
fluency of connected texts, the flash reading test targets the speed and accuracy of lexical
retrieval in isolation. This distinction is important because it means that the flash reading
test does not capture the broader aspects of reading fluency, such as comprehension and
prosody, which are central to oral reading assessments. With the exception of the MASI-R,
all tests are offered as closed diagnostic instruments, with no guidance on how to link
the results to support materials. The MASI-R, however, follows the recommendations of
Hasbrouck and Tindal (Hasbrouck & Tindal, 2006), who suggested that students solving
fewer than 50% of the items correctly may require additional support.

Common assessment instruments pose challenges for school practice as they are not
economical or accurate in inclusive classrooms (Jungjohann et al., 2018). In general, tests
measure most accurately when examinees fall within a normal range (Heine, 2023). The
further a result deviates from the mean, the less accurate it becomes, which is particularly
problematic when working with students with disabilities. Additionally, some of these
status diagnostics for reading for students, especially students with intellectual disabilities,
have been criticized for not matching students’ levels, thereby failing to provide sensitive
information useful for adaptive teaching (Afacan & Wilkerson, 2022). There is a notable lack
of test instruments suitable for informing learning and teaching and monitoring progress
at lower levels. This gap hinders the ability to provide data-based reading support for all
students, highlighting the need for more effective tools in inclusive education.

To effectively and efficiently use tests in everyday school practice, classroom-based
instruments and digital test administration are helpful. Conducting tests that do not
test oral reading fluency aloud but that test individual word reading fluency and can be
conducted within the classroom setting can save significant time, which can then be used
for targeted support. However, traditional reading-aloud tests are problematic as reading
aloud in a classroom generally impairs concentration and, consequently, the accuracy of the
measurement. Therefore, new test formats that can be administered in group settings are
needed. Digital tests can offer a solution, enabling the development of new instructional
methods and making use of computer-based algorithms, such as random item selection
(Klauer, 2006), adaptive algorithms (Ebenbeck, 2023), or automated scoring, making these
tests easier for teachers to administer.

2. Research Questions
Measuring and monitoring reading performance is essential for determining support

groups and providing individually tailored support in inclusive classrooms. Test instru-
ments need to be easy to use, economical, evidence-based, accurate for all student groups,
and useful for support planning. In line with these requirements, the flash reading test
instrument was developed to measure the speed of lexical retrieval. Beyond its screening
function, the test is designed to provide differentiated insights into subskills of reading,
enabling educators to tailor data-based instructional strategies adaptively. This study
aimed to examine the design of the test and its impact on a target group of students in
inclusive settings based on the following questions:

• Can the flash reading test accurately measure the performance of students with reading
difficulties, especially those with learning and intellectual disabilities?

• Which difficulty-generating-item characteristics are most suitable for students with
varying levels of word reading fluency?
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3. Materials and Methods
3.1. Instrument

To measure the speed of lexical recall, a well-known task format for practicing reading
fluency was adapted for use as a digital test. In the flash reading exercise, the teacher briefly
displays a card with a word and students quickly read the displayed word aloud within
seconds or milliseconds. This exercise was further developed into a test in two steps.

First, an analog test version was created (Jungjohann et al., 2023), which was conducted
as a computer-assisted paper–pencil measurement. In this version, students viewed words
of varying lengths displayed for two seconds via a slide presentation. After each word
was displayed, students selected from four response options the word they had just seen
and read. This test was psychometrically evaluated using the Rasch model (Jungjohann
et al., 2023), but it did not exhibit the desired range of item difficulties. Additionally, the
implementation of the test was cumbersome. The technical setup required extra effort
for a slide presentation using a projector and computer. Furthermore, all students saw
the items simultaneously, leading many to read the words aloud, potentially biasing the
test results. Lastly, the item pool’s difficulty range was not broad enough, lacking more
challenging items.

To address these issues, the second digital version of the test was conducted entirely
on tablets. Students continued to see one word per item, which appeared briefly on the
screen, and then selected the appropriate word from four possible answers. In addition to
varying word lengths, the items also differed in their display duration. While in the first
version of the test, all words were displayed for 2 s, the second version varied the display
duration between 0.5 s, 1 s, 1.5 s, and 2 s. The test consisted of 30 items and had no time
limit but was typically completed within three to five minutes. The words included in
the test were selected based on commonly used core vocabulary from elementary schools
in Bavaria and North Rhine-Westphalia, which reflected the language encountered in
everyday school life. This ensured that the words were familiar to students and actively
practiced in their instruction.

3.2. Sample

As samples, students were selected who demonstrated the necessary reading skills
for the screening, of which the flash reading test was a part, and who were currently
receiving reading instruction at school. To be included in this study, students needed to
have completed at least the letter acquisition stage. To assess how well the flash reading
test could measure the reading performance of students with very weak skills, participants
were drawn from inclusive primary schools as well as students from schools for intellectual
development at primary and secondary levels. These schools cater exclusively to students
with intellectual disabilities, exhibiting a wide range of performance heterogeneity from
mild to severe intellectual disability, with approximately 30% of students learning to read
(Ratz & Selmayr, 2023). The students from these schools who participated in this study had
mild to moderate intellectual disabilities.

In total, 400 students with and without disabilities from inclusive elementary schools
(grades 2 to 4, Mage = 8.51, SDage = 1.22) and special schools for intellectual development
(grades 2 to 9, Mage = 11.29, SDage = 2.02) completed the digital flash reading test on
tablets. Among these students, 303 students had no disability and 97 students had a
disability (11 with speech and language impairment, 12 with dyslexia, 31 with learning
disabilities, and 43 with intellectual disabilities). Our sample was deliberately chosen
to be very heterogeneous in order to check the suitability of our test for heterogeneous,
inclusive classes. In Germany, a strong distinction is still made between the different special
educational needs, although we are aware that these cannot always be clearly distinguished
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from one another. In order to check the suitability for practice, the composition of our
sample was nevertheless based on current school statistics for Germany, whereby pupils
with SEN were oversampled for clearer results. Students with learning disabilities, dyslexia,
and speech and language impairment were in grades 2 to 4, while students with intellectual
disabilities were in grades 2 to 9.

3.3. Methods

For the psychometric analysis, the item pool was calibrated using a one-dimensional
dichotomous Rasch model with the R package pairwise (Heine, 2023), as this method was
also used to calibrate the first version of the test. Andersen’s Likelihood Ratio Test (LR
test) was employed to examine the global fit and global Differential Item Functioning (DIF)
between groups with and without disabilities. DIF was assessed at the item level using
the Graphical Model Test (GRM) and the Wald Test. Items that disrupted the model were
removed and, subsequently, item difficulties and student abilities of those with and without
disabilities were calculated and compared.

The test was based on two variables intended to generate item difficulty (so-called
difficulty-generating-item characteristics; DGICs): word length and item display duration.
To measure the influence of these variables on item difficulty, word length in letters, word
length in syllables, and item display duration in milliseconds were analyzed using regres-
sion models. Initially, these three variables were examined in linear simple regressions.
Subsequently, hierarchical multiple regression models were formed using forward selection.
In this process, the variables were sequentially added to the model, with the variable that
correlated most strongly with the dependent variable, item difficulty, being included first.
Then, the remaining variables were hierarchically added to the model, and the variance in
model explanation (R2) as well as their difference in comparison were analyzed.

In the regression models, the variables were treated as numerical values (word length
in letters, syllable count of words, and display duration in milliseconds). However, it is
possible that it was not the specific value but rather a categorical classification of the items
that was relevant. To test this hypothesis, Linear Logistic Test Models (LLTMs) were created.
LLTMs are an extension of the Rasch model, where DGICs can be predefined for each item.
This allowed for defining which DGICs influenced item difficulty at the item level.

Two DGICs were defined: for word length, the median word length (6 letters) was
assumed and used as a splitting criterion. Thus, items were categorized as either shorter or
longer than 6 letters. For display duration, the items were also split into two categories,
where items with 500 ms and 1000 ms formed a category of short display duration and
items with 1500 ms and 2000 ms formed a category of long display duration.

Three LLTMs similar to the regressions were formed. The first LLTM assumed only
word length as a DGIC, the second LLTM assumed only display duration as a DGIC,
and the third LLTM assumed both categories as DGICs. The LLTMs were compared to a
conventional one-dimensional Rasch model without predefined categorization using the
Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) as well as
conditional log-likelihood to assess model fit.

After the psychometric analysis, the scores of students with disabilities, without dis-
abilities, and for each specific type of disability were descriptively analyzed and compared
for the overall test and each individual DGIC category.
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4. Results
4.1. Rasch Model Fit

The LR test showed no significant difference, indicating a good overall fit of the Rasch
model for the flash reading test. In the Wald test with a disability split, one item stood out as
being more difficult for students with disabilities than for students without disabilities. This
item was removed from the pool. After its removal, the Wald test showed no deviations in
the estimated item parameters between students with and without disabilities (Figure 1A).
This suggested that the test measured consistently across all groups and was well suited to
accurately detecting weak reading performance, even among students with SEN.

Overall, the item pool had a broad range of item difficulties (Min = −0.91, Max = 2.19,
M = 0, Md = −0.30, SD = 0.74). The measured sample (Min = −1.90, Max = 4.44, M = 2.41,
Md = 2.67, SD = 1.44)) showed a performance distribution skewed toward the upper range,
indicating a ceiling effect, which was expected given the measured ability (Figure 1B).
Students with disabilities were distributed across the ability range but constituted a higher
proportion of individuals in the low-achieving range.
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Figure 1. Graphical Model Test (A) and Item–Person Map (B) of the flash reading test item pool.

4.2. Difficulty-Generating-Item Characteristics

The display duration, word length in letters, and word length in syllables showed a
different distribution in relation to the difficulty of the items in the item pool (Figure 2).
Items with longer display durations tended to be easier than those with shorter display
durations. Specifically, items with a display duration of 500 ms were among the most
difficult, while items with display durations of 1500 ms and 2000 ms were mainly among
the easiest. Items with a display duration of 1000 ms were evenly distributed across the
entire difficulty range (Figure 2A).

In terms of word length in letters, very long words with more than seven letters were
predominately found in the upper range of item difficulty, whereas very short words with
less than five letters were situated in the lower range of difficulty. However, words of
moderate length show a wide spread across the center of the difficulty (Figure 2B). The
distribution of syllables spanned the entire range of item difficulties, with items containing
three syllables primarily occupying the higher end of the difficulty scale (Figure 2C).
Overall, the pattern indicated that longer words with shorter display durations tended to
constitute the more challenging items in the pool. Conversely, shorter words with longer
display durations tended to form the easier part of the item pool, while items with mixed
characteristics covered the middle range of difficulty.
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(B), and word length in syllables [N syllables] (C) of the items in the item pool in relation to their
difficulty in logits.

4.3. Regression Analysis

The correlation analysis revealed no multicollinearity among item difficulty, display
duration, number of syllables, and word length in letters, as none of the correlations
exceeded 0.8. Therefore, all variables could be included in the regression analysis (Table 1).
The strongest correlations were observed between word length in syllables and letters,
which was consistent with the structural characteristics of the German language.

Table 1. Means, standard deviations, and correlations with confidence intervals.

Variable M SD 1 2 3

1. Item difficulty −0.00 0.74

2. Duration 1224.14 576.10 −0.59 **
[−0.79, −0.29]

3. N syllables 1.90 0.72 0.52 ** 0.06
[0.18, 0.74] [−0.32, 0.42]

4. N length 6.21 1.92 0.66 ** −0.08 0.76 **
[0.39, 0.83] [−0.43, 0.30] [0.55, 0.88]

Note. M and SD are used to represent mean and standard deviation, respectively. Values in square brackets
indicate the 95% confidence interval for each correlation. ** indicates p < 0.01.

In the linear regressions (Table 2), word length in letters accounted for the highest
variance in item difficulty, explaining 44.2% of the variance (F(1,27) = 21.39, p < 0.001,
Table 2). Display duration of the items also significantly predicted item difficulty, explaining
35.3% of the variance (F(1,27) = 14.75, p < 0.001). On the other hand, word length in syllables
explained the lowest variance of 26.6% (F(1,27) = 9.80, p < 0.01).
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Table 2. Linear regression results using sigma as the criterion.

Predictor b b
95% CI [LL, UL] beta Beta

95% CI [LL, UL] Fit

(Intercept) −1.59 ** [−2.33, −0.85]
N Letters 0.26 ** [0.14, 0.37] 0.66 [0.37, 0.96]

R2 = 0.442 **
95% CI [0.15, 0.62]

(Intercept) 0.93 ** [0.38, 1.48]
Duration −0.00 ** [−0.00, −0.00] −0.59 [−0.91, −0.28]

R2 = 0.353 **
95% CI [0.08, 0.56]

(Intercept) −1.00 ** [−1.70, −0.30]
N Syllables 0.53 ** [0.18, 0.87] 0.52 [0.18, 0.85]

R2 = 0.266 **
95% CI [0.03, 0.49]

Note. M and SD are used to represent mean and standard deviation, respectively. Values in square brackets
indicate the 95% confidence interval for each correlation. ** indicates p < 0.01.

In hierarchical multiple regressions (Table 3), the combination of word length and
display duration together explained 74% of the variance in item difficulty (F(2,26) = 36.92,
p < 0.001), representing an increase of approximately 30% and 40% compared to the
respective linear regressions. Word length exhibited a significant positive effect on item
difficulty, indicating that longer words contributed to greater item difficulty. Conversely,
display duration showed a significant negative effect on item difficulty, indicating that
shorter display durations made items more difficult.

Table 3. Multiple regression results using sigma as the criterion.

Predictor b b
95% CI [LL, UL] beta beta

95% CI [LL, UL] Fit Difference

(Intercept) −1.59 ** [−2.33, −0.85]
N Letters 0.26 ** [0.14, 0.37] 0.66 [0.37, 0.96]

R2 = 0.442 **
95% CI [0.15, 0.62]

(Intercept) −0.63 * [−1.26, −0.00]
N Letters 0.24 ** [0.16, 0.32] 0.62 [0.42, 0.83]
Duration −0.00 ** [−0.00, −0.00] −0.55 [−0.75, −0.34]

R2 = 0.740 ** ∆R2 = 0.298 **
95% CI [0.50, 0.82] 95% CI [0.07, 0.52]

(Intercept) −0.62 [−1.24, 0.01]
N Letters 0.19 ** [0.06, 0.31] 0.49 [0.16, 0.81]
Duration −0.00 ** [−0.00, −0.00] −0.57 [−0.78, −0.36]

N Syllables 0.18 [−0.15, 0.51] 0.18 [−0.14, 0.50]
R2 = 0.752 ** ∆R2 = 0.013

95% CI [0.50, 0.82] 95% CI [−0.03, 0.05]
Note: A significant b-weight indicates that the beta-weight and semi-partial correlation were also significant. b
represents unstandardized regression weights. beta indicates the standardized regression weights. LL and UL
indicate the lower and upper limits of a confidence interval, respectively. * indicates p < 0.05; ** indicates p < 0.01.

Therefore, the most challenging items were those with long words and short display
durations, while the easiest items were those with short words and long display durations.
The influence of these two variables on item difficulty appeared to be equally strong across
the entire item pool, suggesting that both variables exerted similar levels of influence.
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Including the number of syllables as a predictor did not substantially improve the
variance explained by the model. There was no significant difference compared to the
two-factor model. The influence of the number of syllables on item difficulty was also not
significant in the model. As the number of syllables increased, its effect on item difficulty
diminished, while the effect of the display duration became more pronounced.

Since these effects were not statistically significant, they did not contribute significantly
to further model clarification. Overall, there was only a redistribution of effects within the
model, partly due to the relatively high correlation among predictors. Models with fewer
predictors are generally preferred and, thus, the three-factor model was rejected in favor of
the two-factor model.

4.4. LLTM Fitting and Analysis

The three modeled LLTMs and the estimated Rasch model were compared regarding
their fit to the data and ability to represent the structure of the item pool (Table 4). Results
based on conditional log-likelihood, BIC, and AIC indicated that the Rasch model exhibited
the best fit, followed by LLTM with two DGICs (Model 3). Compared to the LLTM that
assumed and defined only one DGIC (Model 1 and 2), the combination of both DGICs
performed better.

Table 4. Log-likelihood and difficulty-generating-item characteristics of the models.

Model CLL N Parameters BIC AIC
Estimate

DGIC 1 DGIC 2

RM −2609.40 28 5386.56 5274.80 - -
1 −2911.47 1 5828.93 5824.94 −0.94 -
2 −2906.33 1 5818.64 5814.65 - −0.98
3 −2795.83 2 5603.65 5595.67 −0.93 −0.97

Note: CLL represents the conditional log-likelihood. A higher CLL indicates a better model fit. AIC represents
the Akaike information criterion and BIC represents the Bayesian information criterion. A smaller AIC and BIC
indicate a better model fit. DGIC 1 represents the length of words in letters; DGIC 2 represents the duration of
items in milliseconds.

Overall, the Rasch model demonstrated the superior model fit. However, it included
parameters for each item in the item pool, totaling 28 parameters for modeling, in contrast
to the LLTMs, which assumed one or two parameters due to the DGICs. Models with
numerous parameters often showed better fit but could overfit with smaller samples, po-
tentially leading to inflated values for the Rasch model due to its complexity. The estimated
parameters (“Estimates”) indicated the magnitude and direction of each parameter’s ef-
fect in the models. As expected, all LLTMs showed negative estimates, suggesting that
the likelihood of a correct answer decreased with increasing difficulty of the item within
each DGIC.

4.5. Performance Analysis

In the flash reading test, students with disabilities generally showed lower perfor-
mance compared to their peers without disabilities (Figure 3). Particularly striking were the
significant ceiling effects observed among students without disabilities, with speech and
language impairment, or with dyslexia. Although occasional individual students without
disabilities achieved lower scores, the majority tended to perform well above average.
Students with learning disabilities achieved high scores overall, yet there was notable
variability in performance within this group. Notably, students with intellectual disabilities
demonstrated the lowest performance levels, accompanied by considerable variance in
performance outcomes.
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Long words with a short display duration were consistently the most challenging item
category for all student groups, with the lowest mean scores observed across all groups.
Conversely, items featuring short words and long display durations represented the easiest
category, evidenced by consistent ceiling effects for all student groups except those with
intellectual disabilities. For the item categories involving long words with long display
durations and short words with short display durations, similar difficulty levels were
observed across all student groups, with only minor differences. Specifically, mean scores
were identical for students without disabilities and those with dyslexia, although there
was slightly broader performance heterogeneity indicated by a larger SD for long words
with a long display duration. Students with speech and language impairment exhibited
a larger SD for short words with short display durations compared to long words with
long display durations, despite having the same mean score. Students with learning and
intellectual disabilities achieved higher mean scores for long words with long display
durations than for short words with short display durations. Consistently, students with
intellectual disabilities displayed the lowest performance results across all comparisons.

For students with learning and intellectual disabilities, the display duration emerged
as the primary DGIC. In contrast, for all other students, word length played a dominant
role, although this distinction was somewhat less pronounced. The easiest items, such as
short words with long display durations and long words with short display durations,
were distinctly identifiable as the easiest and most difficult items, respectively. The results
showed that the length and duration of the words shown were important for the different
student groups in order to measure them in a differentiated way.

5. Discussion
The findings of this study illuminate the performance disparities observed among

student groups with and without disabilities in the newly designed flash reading test, with
a particular focus on the influence of word length and display duration as DGICs. The
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flash reading test emerges as a valuable educational assessment tool for assessing the speed
of lexical recall in inclusive classrooms, effectively capturing the heterogeneous nature
of students’ reading abilities (Watkins, 2007). Unlike traditional tests such as DIBELS,
which focus on oral reading fluency in connected texts, the flash reading test is specifically
designed to assess word reading fluency, offering a more targeted measurement of lexical
retrieval speed that can inform individualized support planning. The test demonstrates ac-
curacy and fairness in measuring reading performance across all students, where difficulty
is equally influenced by letter length and display duration. Several key aspects warrant
discussion, including variability in performance across student groups, the role of DGICs,
the quality of the test, and its educational implications.

5.1. Performance Variability Across Student Groups

We observed significant performance gaps between students with different types of
disabilities and those without disabilities. Students with disabilities generally exhibited
lower performance levels compared to their peers without disabilities, which aligns with
findings by Schwab and Gasteiger-Klicpera (2014) and Gebhardt et al. (2015). Particu-
larly, students with intellectual disabilities demonstrated weaker performance in the flash
reading test. These results are consistent with the findings of Di Blasi et al. (2019), who
also highlighted reading fluency as a challenge for students with intellectual disabilities
compared to other disability groups.

However, it is important to note that there was substantial overlap in the performance
of students with and without disabilities, underscoring that categorizing students solely
based on disabilities may not always be conducive to effective educational interventions.
Both groups of students can experience reading difficulties, emphasizing the need for
comprehensive reading support for all students, especially within inclusive classroom set-
tings. Systematic identification tools, such as the one presented in this study, are critical for
recognizing struggling learners early on, ensuring timely and targeted support. By linking
assessment to widely used instructional approaches, these tools provide a foundation for
effective interventions while highlighting the need for additional, evidence-based methods
to address diverse learning needs comprehensively. This underscores the importance
of tailored educational approaches that address individual learning needs regardless of
disability status.

5.2. Impact of Difficulty-Generating Characteristics

One significant finding of this study was the varying influence of DGICs across
different disability categories. For students with learning and intellectual disabilities, the
display duration emerged as the primary predictor of item difficulty. This suggests that
these students may face greater challenges with items presented briefly, potentially due
to slower processing speeds or difficulties in maintaining sustained attention (Ebenbeck
et al., 2023). On the other hand, students without disabilities and those with speech and
language impairment and dyslexia showed a stronger association between item difficulty
and word length, although the clarity of this association varied.

To effectively measure students with intellectual disabilities, it was crucial to include
short words in the item pool to appropriately differentiate difficulty levels. By combin-
ing display duration and word length, the test effectively identified the weakest 10% of
students, supporting its potential use as a screening tool. Using the test for screening
purposes can enable the early identification of reading fluency difficulties, particularly in
the realm of weak literacy skills, facilitating timely intervention and targeted support allo-
cation (Torgesen, 2002). This differential impact underscores the necessity for customized
instructional strategies tailored to addressing specific cognitive and processing needs across
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diverse student populations. Moreover, we recommend validating test formats for inclusive
settings across various student groups to further elucidate such relationships.

5.3. Ceiling Effects and Item Difficulty

Our results showed significant ceiling effects of the test, particularly prominent among
students without disabilities. These students frequently demonstrated high performance
levels, particularly on items involving short words with long display durations. The test is
designed to assess foundational reading abilities, serving as a prerequisite for developing
adequate reading fluency (Ennemoser et al., 2012). Once students achieve sufficient read-
ing fluency, even the most challenging items in the flash reading test can be confidently
completed, resulting in the observed ceiling effect.

However, the presence of a ceiling effect does not undermine the test’s efficacy for its
intended purpose, which is to accurately identify students who have not yet mastered read-
ing fluency. The test effectively distinguishes between students performing at lower levels,
making it suitable for pinpointing those in need of additional support and intervention.

5.4. Implications for Data-Based Decision-Making in Education

Criteria-oriented testing aims to pinpoint students who exhibit critical performance
levels requiring tailored interventions distinct from those for high-achieving students.
In this context, students achieving a hit rate below 75% of all items were classified as
having critical performances. This threshold aligns with curriculum standards and the
test’s design, emphasizing the importance of speed in lexical recall as a fundamental skill
of reading fluency.

While occasional errors are expected, consistent inability to master difficult items
indicates a need for targeted support to achieve mastery across ass item components. This
approach ensures that students with critical performance levels are identified promptly,
enabling the implementation of personalized interventions aimed at enhancing their read-
ing fluency and comprehension skills effectively (Ennemoser et al., 2012). While the flash
reading test provides valuable insights into word reading fluency, it is important to ac-
knowledge that it does not assess the broader aspects of oral reading fluency, such as
prosody and comprehension, which are critical for understanding reading performance in
connected texts.

The flash reading test offers a distinct advantage by transforming a typical remedial
intervention into a diagnostic tool capable of guiding data-driven decisions for intervention
and the possibility of progress monitoring (Schildkamp et al., 2017). This dual functionality
enables its efficient use in educational settings, supporting both instructional improvements
and diagnostic assessments (Watkins, 2007). To further enhance its effectiveness, variations
of flash reading exercises can be implemented. For instance, incorporating signal groups,
frequently encountered words, and familiar vocabulary can help enhance reading fluency
and the speed of lexical recall. Practice with common initial and final syllables can also
be beneficial. However, it is important to note that the test itself does not automatically
translate into customized instructional strategies. The ability to derive adaptive, child-
specific interventions requires teachers to possess trained diagnostic competencies. Without
these skills, the potential benefits of the test, such as the early identification of reading
fluency difficulties, may not be fully realized. Future research should explore the extent to
which the test results can reliably inform targeted instructional planning and intervention
design. However, the adaptive nature of the support measures and diagnostics ensures
that students are familiar with the procedures, making the test feel more like a beneficial
exercise. The test measures only one robust indicator and is therefore also suitable for
use for progress monitoring purposes due to its one-dimensionality and random item
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selection. This close integration of diagnostics and intervention, when paired with appro-
priate teacher competencies, has been shown to contribute to improved student outcomes
(Carlson et al., 2011).

The digital implementation of this diagnostic tool facilitates the precise and com-
prehensive assessment of student performance throughout the learning process. Unlike
traditional analog methods, digital tools offer detailed insights beyond just sum scores. The
use of millisecond time measurements provides nuanced information about performance
levels that would be impossible to capture analogously. Moreover, digital platforms allow
for test repetition through random item selection (Klauer, 2006) or adaptive algorithms
(Ebenbeck, 2023), making them suitable for repeated measurements and long-term learning
observations. By eliminating the need for reading aloud, the digital test ensures fairness
and inclusivity, making it particularly well-suited for diverse classroom settings. Its appli-
cation in heterogeneous learning groups enables educators to pinpoint which interventions
are effective for individual students and which are not (Praetorius et al., 2013; Ready &
Wright, 2011). This streamlined approach underscores the efficacy of a single diagnostic
instrument across diverse educational contexts.

5.5. Limitations and Future Research

Acknowledging the potential ceiling effects is crucial from a statistical perspective and
should be highlighted as a limitation of the current study. Additionally, it is important to
note that our sample included only specific types of disabilities, omitting others such as
behavioral or motor disabilities. Furthermore, the relatively small sample sizes in certain
subgroups, such as students with speech and language impairment or dyslexia, may limit
the generalizability of findings for these groups and contribute to greater variability in
the results. This limitation underscores the need for a cautious interpretation of the data
and suggests that future studies should aim to include larger and more diverse subgroups
to enhance statistical robustness. Future studies should explore the influence of DGICs
on students in inclusive settings, particularly those with disabilities in behavior or motor
development, to provide a comprehensive understanding. Further research should also
delve into the integration of diagnostic and fostering tools, aiming to develop additional
remedial interventions tailored for educational settings. The synergy between targeted
diagnostics and personalized support facilitates adaptive teaching practices, ultimately
enhancing inclusive education that meets the diverse needs of learners. This exploration
promises to advance our understanding and implementation of effective educational
strategies in inclusive classrooms.
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