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The increasing number of students who lack proficient reading skills 
is well known in Germany, as well as globally. Students with learning 
disabilities (LD), problem behavior, and German as a second language 
(L2) may face even greater hurdles. However, it is essential for teachers 
to provide adequate support to maintain equal educational opportunities. 
Word recognition is fundamental to reading, and thus, we designed lexical 
and sub-lexical unit training through a peer-tutorial repeated reading 
racetrack and evaluated the effects on student proficiency with trained 
and untrained words. A multiple-baseline design was implemented (N = 
8), and the intervention took place three times a week over six weeks. The 
results show promising indications that the intervention is an effective tool 
to improve reading in a short time, yielding moderate to strong effects on 
trained and untrained words.
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Introduction

Word Recognition Skills in the German Language
Reading is a pivotal skill for success in school across all subject areas. 

Upper elementary school marks a critical period for literacy development as tasks 
shift from learning to read to reading to learn (Reid et al., 2013). Consequently, 
students who continue to struggle with foundational reading skills are at risk of 
falling behind their peers and experiencing academic problems (Zentall, 2014), 
potentially limiting their future occupational choices. Research indicates that 
students with difficulties in word reading in the third grade are more likely to 
receive failing grades in school and drop out of secondary school (Brasseur-Hock 
et al., 2011).
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Significant Groups with Difficulties in Reading in German Classrooms
In Germany, the literature indicates a trend toward less-proficient 

readers and declining reading motivation (Harju-Luukkainen et al., 2020). In 
fact, 25.4% of fourth-grade students do not reach the standard of reading literacy 
necessary for a successful transition from learning to read to learning to read 
(McElvany et al., 2021). Additionally, approximately one out of three students in 
Germany has a migration background (Federal Statistics Office, 2022), elevating 
the need for effective second language (L2) instruction across all classrooms. In 
comparison with first language students, students with an L2 background may 
experience difficulties in reading acquisition as well as fluency (Cop et al., 2015; 
Melby-Lervåg & Lervåg, 2014). Surveys indicate that although most teachers 
have students with L2 learning needs in their classrooms, only 30% feel they 
are prepared to support these students (Becker-Mrotzek et al., 2012). Statistics 
show that students with an L2 background in German fall behind their native-
speaking peers in terms of academic success (Harju-Luukkainen et al., 2020).

Germany is striving toward a more inclusive school system. The 
inclusion rate rose from 19.7% in 2012 to 44.6% in 2021 in North Rhine–
Westphalia (IT-NRW, 2021). Classrooms must adapt to support students 
with multi-lingual and German as L2 backgrounds, as well as an increasing 
number of students with special needs. Among students with disabilities, those 
with learning difficulties and behavioral problems comprise the largest groups. 
Research shows that students with learning disabilities (LD) and students with 
behavioral difficulties are especially at risk for reading difficulties (Roberts et 
al., 2020; Solis et al., 2012). According to the multiple-deficit or correlated 
liabilities model (Roberts et al., 2015; 2020), students with LD, students with 
an L2 background, and students with behavioral difficulties may exhibit shared 
risk factors, including low language proficiency, a lack of motivation, and a lack 
of attention. Therefore, interventions that can effectively support a variety of 
students with shared risk factors are becoming increasingly relevant for inclusive 
classrooms.
Reading Difficulties in Transparent Orthographies 

The German language retains a relatively consistent letter–sound 
relationship, making it more transparent than, for instance, English (Gangl et 
al., 2018). In a relatively transparent language, poor readers often acquire high 
accuracy but face problems with fluency (Diamanti et al., 2018; Knoepke et 
al., 2014). Reading interventions in opaque languages like English often focus 
on accuracy. However, it is also relevant to determine which interventions 
are effective in improving reading speed and fluency for struggling readers of 
transparent languages. According to the dual route theory of reading aloud 
(DRT) (Coltheart et al., 1993; Coltheart, 2005), readers recognize printed 
words via the direct (also described as the visual or lexical) route or the indirect 
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(also labeled the non-lexical) route. For the indirect route, readers use a letter-
to-sound approach to decode words and determine semantics. When using the 
direct route, readers map lexical or sub-lexical orthographic information with a 
representation stored in their mental lexicon to retrieve both the phonological 
and higher-level semantic information. When more sight words are stored 
in memory, greater automaticity can be achieved during the reading process, 
leading to gains in fluency (Ehri, 2005). Instead of focusing solely on whole-word 
acquisition, research also investigated the effects of supporting representations 
of different sub-lexical units. As Marinus et al. (2012) found, several studies 
that applied different approaches of letter-cluster training with onsets and 
rimes were unsuccessful in enhancing reading speed in struggling readers (e.g., 
Hintikka et al., 2008; Huemer et al., 2008; Thaler et al., 2004). Toste et al. 
(2019) focused on meaningful linguistic units (morphemes) and found positive 
effects for struggling readers in fourth and fifth grade. Mayer (2018) proposed a 
high-frequency training of common sub-lexical grapheme clusters for struggling 
readers of transparent languages to foster the storage of these patterns in the 
mental lexicon and facilitate the automatization of these patterns. The author 
focused on the most common multi-letter clusters (ind, agen, icht, etc.) across 
words in the German language and recommended teaching these grapheme or 
letter clusters in isolation first, followed by experience with numerous words 
containing these units. One reason behind this idea is to reduce the overall 
cognitive load associated with the indirect letter-to-sound approach (Mayer, 
2018). In English, sub-words can be inconsistent in their mapping between 
spelling and phonology (e.g., _ ough in bough, cough, dough, tough, through). 
However, letter clusters in German (like “ohn”) will usually have identical 
pronunciation (Sohn, Mohn, Lohn) (Goswami et al., 2006). An earlier study of 
German letter-cluster training showed promising effects on reading fluency for 
struggling upper elementary students with and without disabilities (Barwasser 
et al., 2021a).
Methodological Framework and Study Components      

Extensive research has sought to identify effective interventions to 
support less-proficient readers (e.g., Wanzek et al., 2010). Donegan and Wanzek 
(2021) recommend interventions specifically for struggling readers in upper 
elementary that focus on foundational skills (e.g., instruction on phonics, 
phonemic awareness, word reading, fluency) and comprehension (explicit 
vocabulary instruction, comprehension strategy instruction), as well as multi-
component interventions with several focal points. Word-reading problems are 
the most common challenges for struggling readers in primary grades (Donegan 
& Wanzek, 2021; Gangl et al., 2018). Moreover, the upper elementary grades 
mark a transition time in which the words students are expected to read become 
longer and more complex (Hiebert, 2008). Harju-Luukkainen et al. (2020) 
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argue for using motivational components in literacy interventions, specifically 
in the case of struggling readers since reading can be an exhausting activity for 
them. Moreover, the Convention on the Rights of the Child (UNICEF, 1989) 
stresses the need for educating all students and developing methods to include 
every child. Therefore, we combined the following components (which have 
already been successfully evaluated) into one intervention for the present study 
to foster lexical and sub-lexical reading and meet the needs of the participants. 
Repeated Reading through Reading Racetracks

A popular intervention to support word reading is the repeated reading 
procedure. During repeated reading instruction, students are asked to read 
a word or text more than once or until a set criterion is met (Lee & Yoon, 
2015). The purpose of repeated reading is to achieve automatization, which 
supports support fluency and allows students to focus on higher-order processes 
in reading, such as comprehension (Ardoin et al., 2013). Repeated reading has 
been found effective in both the first language and L2 for students with and 
without disabilities (Gorsuch & Taguchi, 2008; Lee & Yoon, 2017; Musti-Rao 
et al., 2009; Stevens et al., 2017; Wu et al., 2020). 

One common, playful way to incorporate repeated reading is reading 
racetracks. Reading racetrack interventions employ a board game that consists of 
empty squares containing cards with certain content (i.e., words). Several studies 
have demonstrated the effectiveness of these interventions to support reading in 
students with and without disabilities, as well as in an inclusive whole classroom 
setting (Barwasser et al., 2022; Barwasser et al., 2021a; Barwasser et al., 2021b; 
Barwasser et al., 2021c; Barwasser et al., 2021d; Sperling et al., 2019). Further, 
Lämsä et al. (2018) report that games have the potential to engage learners in 
literacy, improve basic reading skills, and increase the time students are willing 
to invest in training. However, according to Pikulski and Chard (2005), it is 
also necessary to go beyond whole-word training and attempt to achieve transfer 
effects on unknown words by using sub-lexical patterns (see also Huemer et al., 
2008; Mayer, 2018).
Motivational Components: Peer Tutoring and Self-Graphing     

It is necessary to ensure an intervention is usable by a wide range of 
students. Peer-tutoring interventions have proven particularly effective for 
reading as well as behavior (e.g., Bowman-Perrott et al., 2013; Moeyaert et 
al., 2021). In the peer-tutoring method, peers work together on a specific task 
(Dufrene et al., 2010). Lee and Yoon (2015) established that repeated reading 
is more effective when used in combination with peer-mediated reading. 
Furthermore, students with learning and behavioral difficulties can profit from 
peer interventions in their first language and L2 (Bowman-Perrott et al., 2013; 
Cole, 2014; Dunn et al., 2017). Additionally, several experiments suggest that 
self-graphing (tracking one’s own learning progress) is a promising method to 
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document and visualize fluency development in reading and promote on-task 
behavior—thus leading to an improved learning outcome in students’ first 
language and their L2 (Albers & Hoffmann, 2012; McKenna & Bettini, 2018). 
Since students with learning challenges are at risk of developing a motivational 
loss to learn and motivation can influence an intervention’s success (Nelson & 
Harwood, 2010; Scanlon et al., 2017), it is important to implement additional 
motivational boosters. Guzman et al.’s (2018) meta-analysis of self-monitoring 
on K–12 students’ reading demonstrated a substantial effect on reading (Tau-U 
= 0.79, p < .001). To sum up, studies have demonstrated that multi-component 
reading interventions are effective for all students, including those with 
disabilities (Afacan et al., 2017). 
The Present Study and Research Aim

We conducted a thorough survey of the topic and designed an 
intervention that best fits students with reading difficulties and shared risk 
factors (LD, German L2, and behavioral problems) according to the correlated 
liability model (Roberts et al., 2020). In view of inclusion and the right to 
education for all (UNICEF, 1989), it is urgent to intensively evaluate this type of 
intervention and bring it to schools. So far, this multi-component intervention 
has been applied in only one study, with good results (Barwasser et al., 2021a). 
To further intensify and investigate this type of intervention, this study examines 
the effects of the intervention on a greater number of students, this time also 
including L2 students. This experiment applied a lexical and sub-lexical reading 
intervention using the most common German letter clusters. We evaluated the 
effects on trained and transfer words in low-literacy primary-school students 
facing additional hurdles in general learning, behavior, and L2 acquisition. Our 
goal was to improve the reading of trained and untrained words. Our research 
questions were as follows:

1) Does the use of sub-lexical units training in a multi-component 
intervention have positive effects on trained words in students with 
reading difficulties with and without LD, behavior problems, and 
German L2? 

2) Does the use of a sub-lexical units training in a multi-component 
intervention have positive effects on untrained words in students 
with reading difficulties with and without LD, behavior problems, 
and German L2, and thus indicate transfer effects? 

3) Do participants regard the intervention as useful, acceptable, and 
socially valid? 
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Materials and Methods

Setting and Participants
A total of 12 students from an inclusive (students with and without 

special needs) elementary school in an urban part of North Rhine–Westphalia, 
Germany, participated in the study. At the time of data collection, the ages of 
the six boys and six girls ranged from second to fourth grade. Seven master’s 
students of special education conducted the data collection and intervention. 
Informed consent forms were sent to the legal guardian in advance. 
Screenings

We conducted several tests to identify the final participants and obtain 
additional information about them. The purpose of these tests was to better 
understand the intervention’s effectiveness and whether it was usable for a 
variety of students. 

The participants were selected based on a German reading screening 
(Salzburg Reading and Spelling Test; SLRT II, Moll & Landerl, 2010). The 
screening identifies possible word-reading problems while students read words 
in one minute. The parallel test reliability coefficient is between .90 and .98, and 
correlations with the Salzburg Reading Screening 1–4 (Mayringer & Wimmer, 
2003) range from .69 to .92. Children with a percentile rank <15 in word 
reading (i.e., a child with a percentile rank of 15 performs worse than 85% of 
the children in the comparison group) were chosen for the study. 

The final sample included students with German as a first language 
(L1) and German as a second language (L2). Because vocabulary knowledge can 
influence reading, a standardized German vocabulary test (CFT; Weiß, 2006, 
cutoff percentile rank <15) was used to measure German vocabulary proficiency 
and identify it as a possible influencing variable. In the vocabulary test, which 
reached a good reliability of r = .87, children were shown 30 main words 
accompanied by a choice of five other words. The children marked which word 
of the five choices came closest to the main word (i.e., synonyms). 

The Integrated Teacher Report Form (ITRF; Volpe et al., 2018) was 
used to identify disruptive behavior (e.g., “disturbs others,” “has conflicts 
with classmates”) and academically disengaged behavior (e.g., “comes to class 
unprepared,” “does not participate in class,” and “does not start working on 
tasks independently”). In the ITRF, teachers rate their students on eight items 
for each category, on a four-point scale from 0 (behavior is not problematic) to 
3 (behavior is strongly problematic). In this study, we used the German short 
version with 16 items, due to time constraints. The cutoff for the total problem 
score was 13, for academically engaged behavior the cutoff was 10, and for 
disruptive behavior it was 5. Consistency analysis of the ITRF yielded a high 
value of α = .87 to α = .91 (Volpe et al., 2018). Since none of the subjects showed 
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disruptive behavior but the majority showed difficulties in academically engaged 
behavior, only the last appears with percentile ranks for the children in Table 1. 
Final Participants

All students but Cem and Robert scored above the cutoff for 
academically disengaged behavior. We collected socio-demographic data 
on the students through a teacher questionnaire. Four students dropped 
out of data due to the COVID-19 quarantine. Thus, there were eight final 
participants. Four students had an official German LD diagnosis, meaning that 
these students cannot follow lessons without additional help; this diagnosis is 
often accompanied by a reduced IQ (70–80) (Grünke & Cavendish, 2016). 
In Germany, an LD diagnosis is a pedagogical (educational) diagnosis and 
not a medical diagnosis. The process is usually initiated when teachers notice 
that students are significantly behind in several subjects, and the students then 
undergo ability tests and an intelligence test.

Table 1. Describing Details of Participants

Participants Gender Age Special 
Needs

AEB Reading  
PW 
(PR)

Reading 
W

(PR)

German 
Vocab 

Proficiency 
(PR)

L1

Lauren female 10 LD 10 <1 <1 12 English
Lotta female 10 / 19 1-2 <1 72 German
Serge male 9 / 17 <1 <1 10 Russian
Cem male 9 LD 4 29-34 <1 2 Tunisien
Ameh male 9 / 19 1-2 3-6 4 Marrocain
Robert male 10 LD 9 4-5 <1 9 English
Vladi male 8 / 13 10-13 1-2 10 Russian
Tim male 9 LD 11.5 <1 <1 84 German

Note. Learning disabilities (LD); First Language (L1); Pseudo words (PW); Words 
(W); Percentile (PR); Academically Engaged Behavior (AEB); Vocabulary (Vocab)

We divided the initial 12 students into three small intervention groups. 
In each group, we appointed two children as pairs for peer tutoring (pairs 
of the same reading level). The pairs were established based on the teachers’ 
recommendations. The pairs were equal readers, and all German L2s learned 
German upon entering kindergarten at age three. 
Research Design 

A multiple-baseline design across participants was chosen to limit 
possible influences from confounding variables such as history (interim 
events) and maturation, thus increasing the internal validity (Kazdin, 2010). 
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Accordingly, we used an AB (A = baseline; B = intervention) design in which 
interventions for students began on different days. The intervention sessions 
began immediately after the baseline phase, which can be seen as the “control 
group.” The three groups started at the same time with the baseline. The 
intervention sessions lasted for five measurement time points for the first group, 
four for the second group, and six for the third group. Fourteen intervention 
sessions were scheduled for group 1, 15 for group 2, and 13 for group 3. Due to 
the COVID-19 pandemic, groups 2 and 3 only participated in 12 intervention 
sessions at the end. The different baseline and intervention lengths are due to 
experimental control. The intent is to decrease the probability of alternative 
explanations (maturation and history) for the intervention’s effectiveness when 
starting on different days (see Byiers et al., 2012). We randomly assigned the 
groups to one of the three length conditions. Intervention sessions took place 
three times a week for 30 minutes over six weeks. The three intervention groups 
were each supervised by two master’s students of special needs education. The 
seventh master’s student performed external treatment fidelity tasks.
Procedures and Materials
Baseline

We used the baseline to assess the current state of the dependent 
variables, meaning that no reading intervention occurred during this time. 
Instead, students were assigned other tasks that had no effect on their reading 
performance to control the Hawthorne Effect (improving simply because they 
receive specific attention). In this case, students were asked to complete cognitive 
tasks (i.e., Which picture does not match the others? How would you logically 
continue the series of symbols?) in the selected pairs for the same duration as 
the actual intervention. After each baseline session, data was collected from 
each participant. The conditions were identical, despite the content, to better 
estimate the intervention’s effectiveness.
Intervention

The intervention and each intervention session consisted of two phases, 
which the interventionists also supervised. The sub-lexical units used in the 
intervention were taken from Mayer (2018), with sub-lexical units such as “and,” 
“ohn,” and “und.” In total, there were 10 sub-lexical units with associated words. 
These sub-lexical units are simply grapheme sequences that occur frequently in 
German words.

The first phase served to introduce the sub-lexical units and training 
words that entail these clusters. Phase (1) lasted 15 minutes. Interventionists 
showed the training words with the colored sub-lexical units on 8.3 × 11.7-in. 
cards to all students. One of the children read the respective word aloud, and 
another child named the corresponding sub-lexical unit. Next, all the children 
read the word aloud again in unison. During the first phase, students received 
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intensive instruction in the sub-lexical units before they would practiced alone 
during the second phase in their second teams.

Once the students received direct instruction in the words of the 
intervention session, they independently played the reading racetrack game 
with their peers as phase (2), which lasted 10 minutes. To reduce pressure on 
the students, the intervention was not timed per word on the racetrack. The 
racetrack playing field consisted of an 11.7 × 16.5-in. board. The resulting board 
game featured a racetrack with a start and finish line and small squares. The 
small flashcards containing the training words were distributed in these fields. 
Two of the 10 sub-lexical units were always included as part of a session. After 
the cards were distributed, the racetrack game (Figure 1) began.

After the first child rolled the dice, they moved the figure forward 
according to the number shown on the dice. The second child then turned the 
flashcard over, read the word, and named the corresponding sub-lexical unit. 
The first child performed a helper function. If the word was read correctly and 
the correct sub-lexical unit was named, the card was collected in a pile from the 
students who read it first. Otherwise, it was put aside. Then, the second child 
rolled the dice, and the game continued. The interventionists were instructed in 
the importance of observing the students and intervening if words were taught 
incorrectly. Consequently, there was targeted student monitoring. In addition, 
there were “help cards” for the students, which they could place on the table if 
they had difficulties with a word. The students were instructed to put the card 
on the table so an interventionist could assist them without disturbing other 
students. 

The racetrack game was finished after 15 minutes. Each child 
implemented the reward system by using one self-graphing sheet for training 
words (Figure 2) and one for transfer words. The participants drew as many 
squares in a row on these sheets as the number of words they read correctly 
during measurements. The rows corresponded to the number of intervention 
sessions, and the boxes corresponded to the maximum possible number of words 
read correctly. A comparison with the top row from the previous intervention 
allowed us to observe what changes had occurred.
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Figure 1. Racetrack Board

Figure 2.  Self-Graphing Sheet

Dependent Variables and Measurements
At the end of each baseline and intervention session, possible changes in 

the dependent variables—(1) the number of correctly read training words and (2) 
transfer words—were collected, and the children were thus assessed individually. 
A measurement contained a total of 40 words, half of which were training 
words and half of which were transfer words. The sub-lexical units were equally 
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distributed across the words, and the two-word lists contain a similar frequency 
of sub-lexical units (a total of 10 sub-lexical units). The words all came from a 
respective pool of 70 transfer words and 70 training words (Table 2), derived 
from a German “Rapid Word Recognition” training by Mayer (2018) (e.g., 
“ecke”—training word: “Hecke,” transfer word: “Stecker”) from which 20 were 
always randomly included in the measurement. The overall word pool included 
the 10 most common grapheme clusters in the German language, and the words 
were based on the general German child’s vocabulary. Using SPSS IBM, we 
calculated that the words in the assessments after each session did not differ 
significantly, indicating that the assessments were of equal difficulty. 

Table 2. Training Words and the 8 Letter Clusters -Examples

Hand
(hand)

Recht
(law)

Licht
(light)

Decke
(cover)

Sohn
(son)

Gast
(guest)

Hund
(dog)

Torte
(cake)

Note. Material taken from Mayer (2018)

The measurements were taken using a Power Point presentation (PPT); 
a word to be read was displayed individually on a slide for one second to check 
whether it was included in the child’s mental lexicon (Ehri, 2005). The one-
second rhythm, which is automatically set by the PowerPoint presentation and 
therefore does not need to be controlled externally, allowed us to assess the 
reading fluency of words to be captured, according to Ehri. Students were asked 
to correctly read the words aloud within one second of the word appearing, 
before the next word appeared. Then the number of correctly read training 
words and correctly read transfer words were documented.
Treatment Fidelity 

“Treatment fidelity is commonly defined as the degree to which an 
intervention or program is delivered as intended” (Prowse & Nagel, 2015, p. 
1). Prior to the start of the study, the master’s students were intensively trained 
in how to conduct it. Our self-designed treatment fidelity checklist included 
an attendance list of the subjects and questions in six major areas: 1) external 
circumstances, 2) planning, 3) materials, 4) process of the intervention, 5) 
diagnostics and feedback, and 6) addressing student behavior. The first five areas 
could be answered yes/no, and the sixth area featured a value range from 0 = do 
not apply at all to 4 = apply completely. The interventionists always completed 
the sheet after each session, and for 1/3 of the intervention time, an external 
person was in the school to fill out the sheet for all three groups. The internal 
agreement between the interventionists, as well as between the interventionist 
and the external person, was 100%. 
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Social Validity
The goal of intervention is to achieve positive effects and determine 

how the intervention is received by those affected. Social validity is necessary 
to determine the usefulness and acceptance of interventions. For this purpose, 
we created a social validity questionnaire for students, consisting of a total of 
12 items for participants to rate on a 5-point scale from 0 (do not agree at all) 
to 4 (completely agree). It was based on the Usage Rating Profile-Intervention 
by Briesch et al. (2013). The following items were rated: 1) The intervention 
helped me to read words correctly; 2) I think the intervention also helps other 
students with difficulties in reading; 3) I understood well the intention of the 
intervention; 4) I learned a lot during the intervention; 5) I gladly came to the 
intervention; 6) The intervention was fun; 7) I would like to participate again; 
8) The consonant cluster helped to be a better reader; 9) Self-graphing was fun; 
10) I would like to do such an intervention more often; 11) The words were 
difficult; and 12) I liked playing in pairs. The participants filled out the social 
validity questionnaire with the class teachers in the absence of the interventionists 
to avoid bias.

Results 

Data Analysis
Data obtained in this research project will be summarized using visual 

analysis, descriptive statistics (Figures 3, Tables 1 and 3), and overlap indices. 
Furthermore, the widely used mean baseline difference (MBD) was applied 
(Manolov & Moeyaert, 2017). The MBD is calculated by subtracting the mean 
of the baseline data from the mean of the intervention data and then dividing it 
by the mean of the baseline data, which is then multiplied by 100. In addition, 
overlap measures were implemented for further analysis. The percentage of 
non-overlap of all pairs (NAP) indicates the percentage of data points in the 
intervention that are above those in the baseline. The extent to which the data 
do not overlap is thus determined (Parker et al., 2011). The PEM focuses on the 
data points that exceed the median of the baseline phase (Ma, 2006). For NAP, 
we applied the following cutoffs: up to .65 = weak improvement, .66 to .92 = 
medium improvement, .93 to 1.0 = large improvement. For PEM, we applied 
the following cutoffs: < .70 = non-effective treatment, .70 to .90 = moderate 
effects, and .90 to 1.0 = strong effects. For visual inspection as well as for data 
analysis, we used the statistics program R, as well as the SCAN Package for 
single-case data analysis, which can also test for significant results regarding the 
NAP.
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Training Words

Figure 3 

Trained Words Read Correctly 
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In the visual inspection, high baseline values were noted in all 
participants except Tim. There was an improvement from the A (baseline) to the 
B (intervention) phase in all children. The MBD showed the largest percentage 
increase for Tim (299.54%) and Serge (135.22%). Lotta (37.42%) and Robert 
(39.68%) improved the least. Lauren reached the maximum possible score in 
the B phase (20.00). Lotta, Cem, and Robert reached 19.00. The PEM results 
showed moderate effects for Ameh (88.89) and strong effects for Serge (90.91) 
and Lotta (92.31). Strong effects were also observed for Lauren, Cem, Robert, 
Vladi, and Tim, who attained a maximum value of 100.00. With respect to the 
NAP, all participants displayed a strong effect, up to an effect of 100.00. All 
results were considered statistically significant (<.05 to <.001). 

Table 3 Descriptive data for training words 

Participants N 
(A)

N 
(B)

M (A) (SD) M (B) (SD) Max 
(A)

Max 
(B)

MBD

Lauren 4 14 11.00(2.45) 17.57(2.06) 13.00 20.00 59.73%
Lotta 4 14 11.25(1.26) 15.46(2.63) 13.00 19.00 37.42%
Serge 5 12 4.60(0.89) 10.82(3.49) 5.00 15.00 135.22%
Cem 5 12 10.60(1.67) 15.73(2.10) 12.00 19.00 48.40%
Ameh 5 12 8.67(1.15) 12.56(2.24) 10.00 15.00 44.87%
Robert 5 12 12.60(1.52) 17.60(1.17) 14.00 19.00 39.68%
Vladi 6 12 8.17(1.83) 16.08(1.83) 11.00 18.00 96.35
Tim 6 12 2.17(1.47) 8.67(3.20) 4.00 14.00 299.54%

Note. Measurements (N); A Phase (A); B Phase (B); Mean(M); Standard Deviation 
(SD), Maximum Value (Max); Mean Baseline Difference (MBD)
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The participants also entered the baseline phase with higher values. 
Serge and Tim scored the lowest values. Overall, there was an increase during the 
B phase for all subjects. Only Tim seemed to have difficulties with the transfer 
words. The MBD calculation showed the highest increase in the number of 
correctly read transfer words for Tim (1270.59%) and Serge (98.18%). The 
lowest increases were for Ameh (20.57%) and Robert (26.79%). Lauren, Lotta, 
and Robert reached a value of 17.00 in the B phase. The lowest values were 
shown here for Serge and Tim, with a value of 7. Moderate effects were found 
within the PEM for Robert (70.00) and Tim (83.33), while Lotta (92.31), 
Lauren, Serge, Cem, and Vladi (all 100.00) showed strong effects. For Ameh 
(66.67), the treatment did not seem to have been effective. The calculation of 
the NAP showed moderate effects for Ameh (70.00, p = 1.67), Robert (81.00, p 
< .05), Serge (84.00, p < .05), and Lotta and Tim (both 89.00, p < .01). Strong 
effects could be seen in Cem and Lauren (both 96.00, p < .01) and Vladi (98.00, 
p < .001). All results except for Ameh were statistically significant. 

Table 4. Descriptive Data for transfer words

N 
(A)

N 
(B)

M (A) (SD) M (B) (SD) Max 
(A)

Max 
(B)

MBD

Lauren 4 14 8.75(2.63) 14.14(1.83) 11.00 17.00 61.60%
Lotta 4 14 8.00(1.83) 11.69(2.69) 10.00 17.00 46.13%
Serge 5 12 2.20(1.64) 4.36(1.69) 4.00 7.00 98.18%
Cem 5 12 7.00(1.22) 11.18(2.09) 8.00 14.00 59.71%
Ameh 5 12 7.00(1.73) 8.44(2.19) 9.00 12.00 20.57%
Robert 5 12 11.20(2.95) 14.20(2.49) 14.00 17.00 26.79%
Vladi 6 12 6.17(2.56) 11.33(2.10) 8.00 15.00 83.63%
Tim 6 12 0.17(0.41) 2.33(1.92) 1.00 7.00 1270.59%

Note. Measurements (N); A Phase (A); B Phase (B); Mean(M); Standard Deviation 
(SD), Maximum Value (Max); Mean Baseline Difference (MBD)

Social Validity
Overall, the children rated the intervention as highly positive, indicating 

that it was helpful and fun. Only Vladi rated almost all items as “partly apply.” 
However, not all the children liked working with their peers. Serge, Cem, and 
Vladi rated the partner work less well. For Tim and Serge, the words were too 
difficult.
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Discussion 

Main findings 
The increasing number of primary school students with reading 

difficulties is alarming not only in Germany but worldwide (Brasseur-Hock 
et al., 2011; Harju-Luukkainen et al., 2020). This challenge is compounded 
by motivational problems meaning that affected students usually find 
themselves in a vicious circle. Students who are learning an L2, have an LD, 
and/or have behavioral problems are among the most affected subgroups, 
and the gap between them and their peers is widening (Cop et al., 2015; 
Melby-Lervåg & Lervåg, 2014; Peterson et al., 2017). Combinations of these 
characteristics are highly complex and pose enormous hurdles for students 
and teachers. Thus, the aim of the present study was to evaluate a combined 
reading intervention based on theory and empirical knowledge in this field 
to best fit the focused student group. Thus, these findings contribute to the 
literature by demonstrating that this multi-component intervention can be 
implemented for different kinds of students, supporting the Convention on 
the Rights of the Child (UNICEF, 1989). Furthermore, as only one previous 
study had focused on this multi-component intervention for different kinds of 
students, the present study attempted to shrink the research gap in this area.

Overall, students achieved higher values during the baseline for both 
dependent variables. Nevertheless, a clear increase was observed from the A 
to the B phase, which was also apparent in the analysis of the data. Starting 
with the first dependent variable, the training words showed the smallest effect 
sizes for Lotta, Serge, and Ameh, who all exhibited a lack of academically 
engaged behavior. The problem behavior might play a role in this finding, as 
might Ameh’s statement on the social validity questionnaire that the words 
were too difficult for him. Ameh, the student with the weakest increase, also 
performed less proficiently on the German vocabulary test (percentile rank 4) 
compared to Lotta and Serge. Vocabulary, which is related to reading (Lervåg 
& Aukrust, 2010), could therefore have played a role in this finding. Serge 
did not seem to enjoy partner work; he could also have been a moderator.

Regardless of personal characteristics, all subjects benefited. None of 
the characteristics could be conclusively identified as responsible for higher or 
lower performance. Instead, the findings gave slight indications. Regarding the 
transfer words, all subjects had great difficulties, but this was to be expected. 
Applying knowledge to a foreign context is more complex than memorizing 
sight words that have been shown to the student repeatedly (Rashotte & 
Torgesen, 1985). Tim, Ahme, and Robert were among the students with the 
lowest scores, indicating zero to moderate effects, while the others scored quite 
high. Serge also seemed to face difficulties; his rating indicating problems with 
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academically engaged behavior was one of the highest. Both Serge and Tim rated 
the words as “too difficult” in the intervention. Ameh, who showed moderate to 
zero effects, struggled with academically engaged behavior, especially regarding 
the application of knowledge, which requires higher concentration. Thus, a lack 
of academically engaged behavior could have been a factor.

According to the graph, Ameh was better at memorizing sight words; 
a negative trend is visible from A to B. Perhaps frustration and motivation also 
influenced the intervention’s effectiveness, as these factors are often linked to 
problem behavior (Peterson et al., 2017; Roberts et al., 2015; Trzesniewski et al., 
2006). Robert was diagnosed with LD and spoke English as his first language. It 
would be interesting to see how language background influences the learning of 
an L2, especially since English is a non-transparent language, while German is a 
transparent language (Gangl et al., 2018). However, the students’ knowledge of 
the first language was not recorded. Lauren, who had LD and English as her first 
language, seemed to have fewer problems with transfer-word reading than her 
peers. It is possible that LD (which was present in Tim and Robert) is a significant 
factor. It may be challenging for these students to use acquired knowledge in an 
unknown context, and they may also face problems in phonological processing. 
Nevertheless, for Lauren, LD was not the predominant factor. To summarize, 
there was no clear difference between students with and without LD.

Despite some slight individual differences, the results generally aligned 
with Toste et al. (2019), who found that automation is achieved through 
repetition and by presenting sub-lexical units with many words as examples. In 
summary, these results confirm indications from other studies that basic reading 
skills can be improved through phonics instruction, repeated reading, and word 
decoding (Donegan & Wanzek, 2021; Scammacca et al., 2015). Moreover, the 
results are consistent with previous racetrack studies (Barwasser et al., 2021a; 
Barwasser et al., 2021b; Barwasser et al., 2021c; Sperling et al., 2019), even 
though sub-lexical training was administered before the racetrack activity in 
the current intervention. Further, the implemented motivational boosters 
could also have had an effect, since motivation and learning are strongly linked 
(Scanlon et al., 2017). Even though some children did not enjoy partner work, 
all participants clearly profited from the intervention, and thus, results might 
also align with those of peer-tutoring studies (e.g., Bowman-Perrott et al., 2013; 
Moeyaert et al., 2021).
Limitations and Implications

In addition to the significant results, there are some limitations and 
implications to mention. The first limitation is that this is a single case study 
with only a few subjects, which limits the validity of the results. However, with 
the help of this design, it was possible to track individual progress effectively, 
as well as specifically identify which students an intervention seemed to benefit 
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and which students experienced problems. However, a future goal might be 
to evaluate the intervention in the context of single case studies on a greater 
number of children with different characteristics to obtain a clearer picture. With 
this enhanced clarity, a group design would enable researchers to make more 
generalized statements about the effectiveness overall. In this context, it would 
also be possible to compare the intervention with another reading intervention 
to see which works better. A larger study with more subjects could then compare 
the intervention with another intervention.

Overall, the goal would be to generalize the results to a larger group 
of students. Barwasser et al. (2021d) have already shown that a racetrack 
intervention is possible in an inclusive classroom This intervention could be 
repeated by including the sub-lexical units. Accordingly, it would be possible to 
optimize an intervention better than with a large group design. In addition, in 
the present study, there were already higher values in the baseline, and therefore, 
the upper limit in the B phase was, in principle, reached more quickly. However, 
20 words were removed from a total pool of 70 for each measurement and 
the students did not practice and see the same 20 words each time. Thus, the 
increase from the A to the B phase is even more significant. Moreover, regarding 
the assessment, to avoid the possibility that the students improved because 
the assessment occurred immediately after the intervention, we recommend 
that future studies measure the dependent variable before the intervention 
sessions. However, experience shows that there is a risk of demotivation and 
frustration if students are measured beforehand with this intervention. Further, 
the intervention sessions did not provide any training in transfer words, and 
students still improved at these words. Nevertheless, a direct training effect on 
the dependent variables cannot be 100% excluded and should be considered.

Further, due to the multi-component intervention, it is unknown 
what effects the direct sub-lexical instruction had, what effects the racetracks 
alone had, or what effects the self-graphing had. However, as the method is easy 
to implement and it seems to work in combination, it would not necessarily 
be the goal to separate and evaluate the components. It is also not possible to 
clearly identify which characteristics were responsible for the response to the 
intervention and whether the characteristics played any role at all. Another 
possible limitation is that the students might have trained incorrectly on the 
words during the racetrack game, despite monitoring. However, because all 
students improved, one can assume that they generally did not train the words 
incorrectly. Nevertheless, as we did not focus on which words the students read 
correctly in a one-second rhythm, students may have experienced difficulties 
with specific words. Future research must consider this factor.

Some students had difficulty with transfers. In this case, we extended 
the time of the sessions to increase the intensity and repetition. According to 
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Richards-Tutor et al. (2016), research on the effects of literacy interventions 
on students with learning challenges or at risk for them is rare. Consequently, 
further research must involve students who experience severe challenges, 
especially with German L2. Although it is not possible to make a clear statement 
about mediators, when designing an intervention, the following factors require 
consideration: that the material is not too difficult, that some children prefer to 
work alone, and that vocabulary, academically engaged behavior, and especially 
motivation can be influencing factors in the effectiveness of an intervention. 
However, the only slight clues from the present study are behavioral problems 
associated with less proficient performance and LD in the context of transfer 
knowledge. Generally, the students had several at-risk components for learning 
difficulties, and we did not know which component might have influenced 
the intervention’s success. However, against the background of inclusive 
education and the Convention on the Rights of the Child (UNICEF, 1989), 
this intervention could give hints of what a successful intervention can look like 
when applied to different kinds of students simultaneously. Nevertheless, future 
work must examine the different characteristics and the degree of influence on 
learning activities.

Another important point is that we did not collect follow-up data, which 
is important for determining whether results are long-lasting. Moreover, we did 
not control for time as an influential factor if follow-up data remained stable. 
However, collecting follow-up data was not possible due to the COVID-19 
school closure. Nevertheless, future studies should collect follow-up data.

Conclusion

Overall, the combined intervention, which is easy to implement, was 
able to elicit improvements at both the sight word level and the transfer level. 
Nevertheless, the study provides important insights for integrating a simple 
reading exercise in a manner that may facilitate transfer effects on reading 
competence. The sample also consisted of very low-proficiency readers who 
additionally had LD, problem behavior, and/or German as L2. All children 
showed improvement, demonstrating an important step in reading research in 
this area. It is critical to consider inclusion, the creation of equal conditions 
for all students regardless of their characteristics, strengths, and weaknesses, 
and the fact that weak primary school readers face a higher risk of school 
dropout in secondary school (Brasseur-Hock et al., 2011). The intervention 
works for children with different language backgrounds and different personal 
characteristics.
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