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Abstract 

The purpose of this single-case analysis was to 

determine the effects of a reading racetrack 

intervention on the sight-word fluency of five 

struggling third and fourth graders. All participants 

were enrolled in a German elementary school but 

grew up speaking a different tongue. A multiple 

baseline design across subjects was applied. During 

the course of the intervention, four out of five children 

showed significant improvements in their ability to 

quickly recognize common German sight words. The 

increase in performance of one student was a little 

less distinct than in the cases of the other four but still 

remarkable. Limitations of this study and the practical 

implications of employing reading racetracks are 

discussed. 

1. Introduction

One of the most universal school-acquired skills 

that influence overall success far beyond the scope of 

academic education is reading [1]. Advantages of a 

skilled reader include cognitive benefits [2], high 

levels of proficiency [3], higher incomes in the future 

[4], and a reduction in certain stress levels [5]. 

Conversely, struggling students whose performance is 

below average grapple with various problems both 

within and beyond academic institutions [6]. To 

acquire the literacy skills necessary for understanding 

text, an adequate reading fluency is a fundamental 

requirement for its function as a bridge between 

recognition and comprehension [7]. When reading 

aloud, according to the dual route theory [8], there are 

two accesses bridging a connection between texts and 

cognitive memory: the lexical route (storage of sight 

words) and the non-lexical route (connecting letters 

and sounds). Academically challenged students face 

problems with the lexical route caused by their limited 

access to the mental lexicon where words are 

retrieved. Word recognition is essential when it comes 

to reading mastery [9]. Thus, the reason for slow word 

recognition mainly derives from a lack of adequate 

stored sight words. They are included in the critical 

elements that determine the extent of reading 

comprehension development [10]. Fluent readers 

automatize word forms and activate their mental 

lexicon, whereas struggling readers experience a 

slowed activation of this storage when word decoding 

[11]. This leads to less reading and, subsequently, 

inadequate development of basic decoding skills. 

Possessing a comprehensive range of stored known 

vocabulary relieves the working memory, enabling it 

to take a leading role in reading [12]. The working 

memory is composed of a limited-capacity attentional 

control system. Thus, if one spends too much attention 

on lower-level processing (e.g., word decoding), less 

resources will be available for higher-level 

comprehension of content [13]. Comparing L1 (first 

language) and L2 (second language) readers with each 

other, studies show that L1 students read at about 

twice the speed of L2 students [14]. The former have 

more sight words stored in their mental lexicon [15]. 

Currently, there is an unfortunate unprecedented 

number of struggling children and adolescents. The 

OECD has revealed that 16% of German students 

perform under the OECD average, and those with 

migration backgrounds, whose second language is 

German, demonstrate an even lower reading 

proficiency than non-migrant ones [16]. 

According to the National Assessment of 

Educational Progress, the academic results of only 

35% of fourth graders show sufficient performance in 

reading [17]. Additionally, there is a risk of students 

left unaccounted for whose reading deficits continue 

to remain unaddressed after elementary school. 

Therefore, trying to compensate these deficits at an 

early stage is extremely important. 

Acknowledging that fluency and sight-word 

acquisition play a leading role in achieving reading 

proficiency, while being aware of struggling students 

(especially second-language learners) who need to be 

motivated and supported, expanded research on how 

to remedy deficits in sight-word acquisition is 

indispensable. One expedient and promising approach 

to support second-language learners and other 

students who might be at risk of falling behind in 

school is the use of educational games. Adding playful 

features to an intervention has several benefits, 

especially in a second-language context. Various 

studies have demonstrated that educational games can 

be helpful in lifting the drudgery of otherwise dull 

learning situations and can be effective in increasing 

academic success for students at risk of failure [18], 

[19]. A method that has already been shown to be 

effective concerning this area is called reading 

racetracks. These are board games using drill and 

practice to improve sight-word fluency [20], [21], 
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[22]. They consist of cells on which flashcards with 

unknown words are placed upside down (see Figure 

1). 

 

 
 

Figure 1. A simple racetrack board game 

 

The benefits of reading racetracks have been tested a 

number of times [20], [21], [22], [23], [24], [25], [26], 

[27], [28], [29]. However, never before have the 

effects been evaluated for second-language learners. 

The purpose of the present study was to elicit whether 

this procedure can also be an effective literacy tool for 

these kinds of students. We focused on struggling 

elementary school readers who lived in Germany but 

were born someplace else and spoke a different 

tongue at home. 

 

2. Methods 
 

The participants of this study were five students 

from an inclusive elementary school in an urban area 

of Northrhine-Westfalia (Germany). We conducted 

the One-Minute-Reading-Subtest from the Salzburg 

Reading- und Writing-Test (SLRT II) [30] with 20 

students in grades 3 and 4 who were considered weak 

readers by their classroom teachers. In order to be 

included in the study, children had to score in the last 

percentile. However, they had to be familiar with all 

the letters of the alphabet and be capable of blending 

them. Additionally, German had to be their second 

language, and the lingua franca at home had to be 

foreign. Five students qualified for inclusion in the 

experiment: Alia, Bjorgvin, Catinca, Daniela, and 

Edita (names changed for anonymity). Nonverbal 

intelligence scores were available for all participants 

in their school records. Accordingly, every child in 

this research demonstrated average intellectual 

abilities. 

Alia (female) was 9 years at the time of the study 

and attended third grade. Her family fled to Germany 

from Syria about three years before this investigation 

was conducted. She spoke, read, and wrote Arabic 

fluently but experienced severe problems reading 

German. The family of Bjorgvin (male) moved from 

Nigeria to Germany when he was a toddler. Everyone 

in his home spoke English as the primary means of 

communication. Bjorgvin also attended third grade. 

Catinca (female) was already 11 years old when she 

participated in this experiment and was attending 

fourth grade. She was born in Rumania and moved to 

Germany at the age of three. At the time of her 

enrollment in elementary school, she spoke only 

Rumanian. Daniela (female) was 8 years old, attended 

third grade, and was originally from Italy. She moved 

to Germany a couple of months before she had to start 

elementary school and spoke only Italian until then. 

The last participant was 8-year-old Edita (female), 

who was born in Bulgaria and attended third grade. 

Her family communicated exclusively in Bulgarian at 

home. 

For the intervention, we prepared a reading 

racetrack similar to the one in Figure 1 that contained 

40 fields. The cards that were placed upside down on 

the fields each had a simple word printed on them that 

we took from the One-Minute-Reading-Subtest of the 

SLRT II. We employed a multiple baseline across 

subjects design (AB) [31] with staggered start times. 

The baseline was conducted across three days for 

Alia, four days for Bjorgvin, five days for Catinca, six 

days for Daniela, and seven days for Edita. To 

increase the internal validity of the experiment, the 

allocation of the students to the different start times 

was determined by chance. Before the intervention 

commenced, the five participants were individually 

taken to a resource room within the school. A female 

graduate college student, who served as 

interventionist, played a card game with the 

participants for 15 minutes and then asked the 

children to read from one of randomly arranged lists 

with the 40 words from the One-Minute-Reading-

Subtest. She tracked the time and prompted them to 

stop after exactly 1 minute. During the treatment, the 

interventionist played the racetrack game with each 

student individually for a quarter of an hour. Here, the 

children rolled a die, moved the number of fields 

forward, picked up the respective card, and read the 

word out loud. In case a participant made a mistake, 

the graduate student corrected her or him. Just as 

during baseline conditions, the interventionist 

measured the students’ performance after the 15 

minutes were over. 

The number of correctly read words per minute 

functioned as the dependent variable and was 

recorded each day by the interventionist. While 

performance was measured as just described, no 

corrections were given. Erroneously read words were 

not counted. 
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3. Results 
 

Table 1 displays some descriptive data for the five 

children. As can be seen, Catinca, Daniela, and Edita 

all missed one measurement in the baseline due to 

illness. 

On average, three out of the five participants read 

less than five words per minute correctly prior to the 

treatment. They increased their mean score by at least 

150% during the intervention. Bjorgvin started out 

with an average value of 6.25 and was able to boost 

his performance by 124%. Edita had a relatively high 

score of 9.33 to begin with. Her achievement 

increased only by about 60%. 

Figure 2 depicts the number of words read 

correctly within a minute by the five children. 

The baselines can be considered fairly stable. All 

but one participant demonstrated a gradual gain in 

performance. Only Edita seemed to stay at a 

comparably constant level during the intervention. 

The students did not show an immediate increase in 

achievement but improved successively. 

 

 

 

Table 1. Descriptive data for the five participants 

 

 Alia Bjorgvin Catinca Daniela Edita 

N probes A 3 4 5 6 7 

N probes B 9 8 7 6 5 

Missing probes A 0 0 1 1 1 

Missing probes B 0 0 0 0 0 

Mean A 4.67 6.25 4.25 4.40 9.33 

Mean B 13.00 14.00 10.86 11.00 15.20 

Mean increase 178.37% 124.00% 155.53% 150.00% 62.92% 

SD A 1.53 2.50 0.50 1.34 2.34 

SD B 5.55 4.63 3.34 2.61 1.79 

Minimum A 3 3 4 3 6 

Minimum B 5 8 7 9 13 

Maximum A 6 9 5 6 12 

Maximum B 19 21 16 16 17 

 

 
 

Figure 2. Number of correctly read words per minute during phases A and B by Alia, Bjorgvin, Catinca, 

Daniela, and Edita 
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The percentage of non-overlapping data (PND) 

[32] reached a perfect score of 100 in the case of 

Catinca, Daniela, and Edita. Alia’s index was 77.78, 

and Bjorgvin’s was 87.50. PND is the most frequently 

used effect size for quantifying treatment benefits in 

single-case studies. It is calculated by counting the 

number of treatment data points that exceed the 

highest baseline data point and then dividing this 

figure by the total number of data points in the 

treatment phase. The improvement rate difference 

(IRD) [33] reached 1.00 in the case of Alia, 0.89 in the 

case of Bjorgvin, 1.00 in the case of Catinca, 1.00 in 

the case of Daniela, and 1.00 in the case of Edita. IRD 

is often considered an improvement over the PND. It 

is defined as the number of improved baseline 

measurements that is subtracted from the number of 

improved treatment phase measurements. All PND 

and IRD scores in this research are evidence for 

formidable to very high treatment gains. 

Weighted Tau-U scores (A vs. B + trend B – trend 

A) were calculated to supplement previous analyses 

using a specific online tool [34]. This index accounts 

for non-overlap of data points between intervention 

phases, for data trend within the intervention phase, 

and for data trend within the baseline phase [35]. 

Values can vary from -1 to 1. A positive score 

indicates an improvement in performance. The 

average overall Tau-U value for the five participants 

was 0.62 (p < .01). Scores from .60 to 0.80 represent 

a large effect [36]. Thus, we can conclude that our 

group of five children benefited from the intervention 

in a notable way. 

Looking at the five participants individually, we 

can state that Alia achieved a weighted Tau-U index 

of 0.71 (z = 3.27; p = < .001), Bjorgvin one of 0.73 (z 

= 3.31; p < .001), Catinca one of 0.70 (z = 3.20; p < 

.001), Daniela one of 0.56 (z = 2.56; p < .01), and 

Edita one of 0.41 (z = 1.86; p = .06). Thus, except for 

Edita, all students achieved statistically significant 

improvements. 

 

4. Discussion 
 

The data collected during our experiment indicates 

that playing the racetrack game was very beneficial in 

building sight-word fluency in our participants. 

Before the intervention, they were able to only read 

between three and six simple words per minute. 

However, as soon as the treatment was carried out, 

their performance gradually increased. The mean 

enhancements varied between 62.92% and 178.37%. 

All effect size calculations (PND, IRD, and Tau-U) 

speak to the high potency of the approach. What is 

interesting to note is the fact that the student who 

started out with the highest scores (Edita) profited the 

least from the treatment. She was the only one whose 

Tau-U values failed to hit the statistical significance 

benchmark. In fact, the correlation (Spearman) 

between the mean scores in phase A and the 

percentage increase from phase A to B equaled -.70. 

This finding is not surprising. The phenomenon that 

low-achieving students demonstrate greater gains 

during the course of an intervention than high-

achieving ones has been reported many times and is 

sometimes referred to as the Robin Hood effect in 

education [41]. However, the overall findings of this 

single-case analysis correspond with previous 

research on the topic and provide evidence for the 

assumption that reading racetracks can not only be 

successfully implemented with weak readers in 

general but also specifically with foreign-language 

learners. 

There are several limitations to be considered 

when interpreting the findings of this experiment. 

First, this research employed only five participants 

from a particular age bracket. Therefore, 

generalization is limited. What is more, we focused on 

second-language learners in general, not on students 

from a particular language background. We involved 

native Arabic, English, Rumanian, Italian, and 

Bulgarian speakers. The intervention worked well 

with the participants. Yet, we must be cautious with 

drawing conclusions about the effectiveness of the 

training with children who were raised with other 

languages than the ones mentioned. Besides, this 

study was conducted in Germany and aimed at 

teaching elementary school children German sight 

words. More research is warranted in the area of 

testing the benefits of reading racetracks with second-

language learners acquiring another tongue than 

German.  

A further limitation pertains to the lack of follow-

up data. We have no way of knowing how stable the 

treatment effects were over time. In addition, we 

neglected to collect data on treatment fidelity and 

social validity. Future studies should acquire 

information on long-term effects, the practicality of 

the procedures and findings, and the extent to which 

the intervention is delivered as intended. The quality 

of research would reach an even higher level if these 

features were considered. However, time constraints 

and limited resources available precluded the 

collection of these data. 

Despite its shortcomings, this study provides 

important evidence for the value of reading racetracks 

in teaching second-language learners with severe 

deficits in recognizing basic sight words. Teachers 

long for easy-to-implement approaches that elicit 

improvements in fundamental academic skills. 

Having to meet the needs of a very diverse student 

body is becoming ever more challenging. Especially 

in parts of the world like urban regions of Germany 

with usually very high percentages of children and 

adolescents with an immigrant background, it is very 

challenging to do justice to every learner. Far too 

many students who receive instruction in a language 

they did not grow up with fall through the cracks, 

leaving school without graduating. This study gives 
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rise to the hope that simple techniques like reading 

racetracks can help to close the gap for struggling 

second-language learners between underdeveloped 

skill levels and respective curriculum standards. 

Future research could focus on implementing reading 

racetracks in a peer-tutorial setting on a class-wide 

basis. The technique seems simple enough for 

children and adolescents to create and correct their 

own racetracks. It is cost effective, requires virtually 

no training to implement, and could certainly help 

teachers tackle the challenge of providing ways and 

means to individually support students who are part of 

very diverse groups of learners. 
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