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Abstract: Derived math fact fluency becomes more imperative across all mathematical content areas
during a students” mathematics development. However, many of them struggle to automate the
most basic math facts sufficiently and therefore are not able to deal with more complex mathematical
problems. This leads to the fact that many of them are already left behind in the early years of their
school careers whether they have diagnosed learning disabilities or not. In this single-case research
project, we evaluated a peer-tutoring approach designed to extend the number of automated single-
digit addition tasks for four struggling elementary students through a multicomponent motivational
system including immediate correction of errors, graphical feedback on performance, positive
reinforcement, direct instruction flashcards, and a racetrack game. A multiple-baseline design (ABE)
across subjects was applied to assess the effects of the treatment. The results indicate significant and
large effects of the intervention on the number of automated math facts for the participants. This
substantiates the assumption that the math-fact recall performance of struggling students can be
improved through the method of peer tutoring even with the limited resources available in everyday
school life.

Keywords: automation; basic math fact fluency; learning difficulties; peer-tutoring; math racetracks;
DI flashcards

1. Introduction
1.1. The Importance of Addition Fact Fluency

Good basic math skills are essential for both school and personal life. They are in-
dispensable for succeeding in various subjects (e.g., science, social studies, and of course,
math), and we need them to handle many life tasks such as managing our finances. How-
ever, the significance of basic math skills goes beyond the immediately obvious: They help
us to develop our logical and critical thinking in general. Analyzing and solving problems
would not be possible without this ability. Calculation skills bring order to almost every
aspect of life and enable us to orient ourselves in a complex society [1—4].

Unfortunately, far too many individuals struggle with math from childhood all the
way into adulthood. This holds them back in many ways. For example, they do not earn
the formal qualifications during their lives that they would otherwise have received and
often enter low-paying careers [2,4—6]. The problems begin early in life and usually become
evident during the first year of school. Currently, a large percentage of elementary and
secondary students does not meet minimal standards in the area of math. They struggle
even with basic arithmetic. According to the 2019 National Assessment of Educational
Progress, about 40% of all students score below the benchmark set for defining fundamental
calculation skills [7]. Here, a more nuanced look is necessary at how the struggle of not
being able to make adequate progress in developing more complex concepts, such as
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overcoming counting-on, is a substantial predictor for less computational flexibility in
particular, as well as mathematical achievements in general [8,9]. This circumstance
underlines the relevance of classroom instruction in overcoming this hurdle in students’
early school years.

Many of the problems these young people demonstrate concern their lack of knowl-
edge of basic math facts [10,11]. Students need to show sufficient fluency in this respect to
be able later to tackle more complex mathematical operations successfully [12,13]. Math
fact fluency is defined as the ability to answer simple facts in addition, subtraction, mul-
tiplication, and division accurately and rapidly [14]. According to Steel and Funnell [15],
students who have not reached adequate fluency entering sixth grade will not be likely
to catch up on this backlog. The reason is that automated retrieval eases the very limited
capacities of the human working memory [6]. Automation enables learners to use their
cognitive resources to solve more complex math problems later in their development [16-18].
Therefore, acquiring these skills to an advanced level by the end of elementary school is
decisive for their continuing school careers.

Of the four basic arithmetical operations, addition is most primary. Understanding the
underlying concept presupposes different insights: It begins with a deep comprehension of
what a number represents and what its connection is with other numbers. Later, children
pass through different strategies: count-all, count-on, maximum addend, minimum addend.
As soon as an awareness of the basal principles of this operation has sunk in, automatic fact
retrieval can be built up [19]. However, this last step seems to be particularly challenging
for many elementary school children [20].

1.2. Ways to Foster Math Fact Fluency

Luckily, research has identified some effective strategies to foster math fact fluency
and thus pave the way for promising school careers without severe problems in arith-
metic [3,4,21-25]. Some of the most effective approaches involve (1) immediate correction
of errors, (2) graphical feedback displaying previous performance, (3) verbal praise that
attributes high performance to effort and low performance to various reasons, (4) direct
instruction flashcards, and (5) racetrack games.

Immediate correction of errors prevents students from committing a mistake to mem-
ory. Different findings demonstrate that such feedback needs to occur immediately after an
accurate response, not after completing an entire worksheet [26,27]. The graphical feedback
displaying previous performance gives a student the chance to monitor his or her own
performance individually. This self-monitoring has been demonstrated in different findings
to be highly motivating due to the fact that low performers are finally able to compete
successfully by doing so against their own previous performance [28-30]. Using verbal
praise that attributes high performance to effort and low performance to various reasons
is a well-grounded approach to maintain or increase learners’ motivation to engage as it
divides performance into internal stable attribution (e.g., results are due to my engagement,
my strategies, my preparation) and into external and unstable attribution (e.g., the weather
had a bad influence, there was an exhausting class before the performance). This attribution
supports the emotional connection of personal effort and augmented competencies [31,32].
The direct instruction flashcards provide a procedure for struggling students to automate
and memorize certain information and therefore benefit in recalling this content [33,34].
Finally, the racetrack method uses a game board with a number of cells. To move forward
and reach the goal of the game board, the student must solve, for example, a math task (or,
e.g., read a word aloud or spell a word, depending on the learning content) [34-36].

In conclusion, the aforementioned methods do not focus on building an understanding
of mathematical operations but rather presuppose this already. They focus on the subarea
of automation in order to achieve increases in performance and therefore in motivation to
further engage in learning with a positive attitude toward mathematics and, in addition,
relief of the working memory. This achieves the long-term goal of creating more capacity
for more complex tasks [25,37,38].
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1.3. Peer Tutoring as a Means to Implement Effective Interventions under Real-Life Conditions

Even though these elements seem simple and plausible, teachers still face challenges
as they try to implement them in their daily classroom routines. It is not easy to provide
sufficient time for engaging students in practice activities while providing enough oppor-
tunities for responding and immediate feedback. Complicating matters, Burns et al. [39]
mentioned that students have different rates for acquiring tasks as well as initial ratios of
known and unknown facts varying from student to student over time to achieve math-fact
fluency. Therefore, individualized instruction and methods that take the special needs of
students into account are vital to enabling professionals to teach more effectively.

This is where peer tutoring can come to the rescue. Peer tutoring is defined as the
process of one student helping another to learn and master some aspect of the curriculum.
One is taking on the role of a teacher, instructing another either at the same academic
level or lower [40,41]. Peer tutoring can be implemented in a peer-assisted one-to-one
setting [42] or as class-wide or total-class peer tutoring [43,44]. The impact on students’
performance is, among other aspects, linked to the time actively engaged with the academic
task [45,46], as well as to the frequency with which immediate feedback regarding students’
performance is possible [46].

Current research generally describes peer tutoring as effective for tutor and tutee,
across settings such as general and special education or alternative education, for students
with and without disabilities as well as students with different native languages [47,48].
It has already been examined and proven effective for different learning contents such as
reading, writing, and arithmetic [49-51].

1.4. Research Question

Several factors altogether lead to the aim of this study: the aforementioned aspects
concerning struggling students” need for instruction and close monitoring; their lack
of time actively engaged in academic tasks; the need to automate basic math facts to
successfully develop more complex computing competencies; and the results of the current
research concerning the increase in student performance using racetracks, direct instruction
flashcards, immediate feedback, explicit timing, and positive reinforcement, as well as those
concerning the effectivity of the peer-tutoring method. Therefore, this study examines
the effects of a peer-tutoring intervention combined with the use of racetracks, direct
instruction flashcards, and explicit timing in combination with immediate feedback and
positive reinforcement on the automation of single-digit addition tasks of four struggling
elementary students.

2. Method
2.1. Participants and Setting

The study was conducted in an inclusive elementary school in a large city in North
Rhine-Westphalia. In it, children are taught in so-called family classes together with
students from the first to the fourth grade. Following the class teacher’s suggestion, a pres-
election of possible participants was tested to identify suitable participants. The following
inclusion criteria were determined as the basis for this selection: (a) basic understanding of
single-digit addition tasks, (b) automation of the single-digit addition tasks of less than
10%, (c) regular school attendance over the last six months, (d) student willingness to take
part in the intervention, and (e) being socially capable of independently working with a
partner without needing constant attention from an adult.

To find students eligible for the study, a class-wide standardized assessment of math
operation skills (Heidelberg Math Test 1-4 [HRT 1-4] by Haffner et al.) [52] was applied,
different from a non-standardized paper-pen assessment concerning the automation of the
single-digit addition tasks with all second- to fourth-grade students. Despite weaknesses
concerning the automation of the single-digit addition tasks (range from zero to three
tasks), four students reached a percentile between 20 and 43 in the HRT 1-4 concerning
their addition skills, which means they may be described as at the borderline of competency.
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Therefore, they were chosen to be trained as tutees, according to the fact that they met all
other inclusion criteria as well. Those students chosen as tutees were tested concerning
known but not automatized single-digit addition tasks and answered the German version
of the standardized Math Anxiety Questionnaire by Thomas and Dowker [53] to determine
whether they were eligible for the training.

The tutors were chosen on the basis of their results in the HRT 1-4, where they had to
reach at least the 50th percentile. Additionally, the teacher had to consider them socially
capable of taking responsibility for accompanying a fellow student. Those four tutors were
then assigned to a partner from the tutees on the basis of their results in the pretest as
well as their social connections with the tutees, which should be neither a close friendship
nor a problematic relationship. All four tutees were born and raised in Germany and had
no diagnosed learning disabilities. As this study focuses on the results for the tutees, the
tutors will not be described further.

The first team was Anton (tutee, age 7) and René (tutor) (all names have been changed
to comply with data protection regulations). Anton’s teacher described him as curious and
motivated to participate in the training. On the other hand, he was easily distracted, but it
was not difficult to turn his attention back to his tasks. He reached the 20th percentile in
the HRT 14 test, and his scores in the Math Anxiety Questionnaire were the lowest of all
participants, but still did not mark him as having math anxiety. Anton was able to solve
69.44% of the single-digit paper—pen test, but like all participants, solved zero tasks in the
oral test within two seconds.

The second team consisted of Berta as the tutee (age 7) and Barbara as tutor. According
to her teacher, Berta behaved introvertedly but still participated willingly during training
sessions. She was focused on her tasks and did not distract herself noteworthily. She
achieved the highest results in the HRT 1-4 in the 43rd percentile and was able to solve
75% of tasks correctly in the paper—pen test.

Celina (age 7) worked together in a team with Stephanie. Her teacher characterized
her as lively and open. She always looked forward to the next training session. Celina
was highly engaged in improving her timing when playing racetracks. Like Berta, she was
focused and not easily distracted. Celina reached the 20th percentile in the HRT 14 and
84.72% in the paper—pen test.

The fourth and last team consisted of Diana (age 8) as tutee and Monika as tutor. Her
teacher viewed her as introverted and quiet. However, she was still willing to make an
effort, stayed focused, and was not easy to distract. She had 97.22% correct answers on the
paper—pen test and reached the 35th percentile in the HRT 1-4.

2.2. Experimental Design

An ABE multiple-baseline design was conducted across subjects [54]. The data were
collected in a period of 10 weeks with 19 measurements in total and an average of three
probes per week. The ABE design allows control of internal validity such as maturation or
history [55]. Taking the SCRIBE guidelines by Tate et al. [56] into account, the start of the
intervention was staggered randomly to increase internal validity. In addition to that, each
phase in the design had to include at least three measurement points. Accordingly, the
training started between the 6th and the 9th probe. The assignment via random dragging
with put-back resulted in Celina and Anton having 5 days’, Diana 6, and Berta 8 days’
duration in the baseline. Consequently, Celina and Anton received 11, Diana 10, and Berta
8 training sessions. There were three weeks between the last treatment and the follow-up
phase, which lasted three days for all cases.

2.3. Dependent Variable and Measurement

As dependent variable, the common intersection of unautomated single-digit addition
tasks among the participants was determined through preselection. To this purpose,
PowerPoint slides were presented containing a pool of 55 single-digit addition tasks
(excluding 0 and reverse tasks). Each slide with one task was displayed for two seconds and
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then crossfaded by a neutralizing slide. This happened to keep the participant motivated
to solve the missing tasks but without having further pressure due to the tracking of
their response time. The oral answers were noted on a protocol sheet using the following
classification of the possible given answers: “correct within two seconds,” “counted correct
(more than two seconds),” “wrong,” “wrong with correction,” and “no answer.” From this
pool of 55 items, the intersection of 28 different single-digit tasks without their reversals
remained as not automated among overall students. The 27 tasks remaining from the
pool of 55 items reviewed could be assumed to be automated by at least one participant,
which, if included in the grant, could potentially have skewed the results. Therefore, these
27 tasks were not included in the training. Moreover, the measurements over all data
points consisted of those 28 tasks randomly allocated for each measurement. Additionally,
randomization of assignments between record sheets for each data point and participant
was applied to improve the internal validity.

2.4. Materials and Procedures

Three graduate students created an instruction manual together with the first author
in order to obtain a detailed description for every step of the intervention. For each
training session, a PowerPoint presentation with a set consisting of the intersection of
non-automated single-digit addition tasks over all participants was prepared in random
order of the tasks as measurement (randomization per tutee as well as session). The random
assignment was conducted with respect to the order of the tasks per set, the assignment to
the measurement, as well as with respect to the student for which the test was performed.
Each slide with a task disappeared after two seconds for the interventionists to control
whether the answer was given in an automated way or the participant was able to solve
the task by counting. As in the determination of the non-automated facts described before,
the same neutralizing slide was placed between two slides and a protocol sheet with the
same five categories as described before for each of these tests was conducted.

The items were printed on flashcards (half the size of a postcard) as to be seen in
Figure 1 on thick opaque paper with the task itself on the front and the task including
the sum on the back. In addition to that, the racetrack likewise to be seen in Figure 1
was printed on thick paper twice the size of a worksheet. This racetrack included 28 cells
from the starting point to the finishing cell and had running figures for identification and
motivation imprinted on them. Furthermore, a stopwatch was used to document the
duration for one round on the racetrack. In addition, a line diagram was provided for
students to monitor their own performance during the intervention. Together with the
line diagram, the personal high score was noted on a small sheet by the tutee and put
on top of each participant’s individual folder, which they received at the beginning of
the intervention.

Math Racotrack @"'@:.
4 ol+s -8

Figure 1. Racetrack game board and DI flashcard example showing front and back.

During the baseline (phase A), each tutee was taken out of the classroom and into a
separate room, where two measurements (and later, two interventions) had to be conducted
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simultaneously. This was due to school organization issues, yet all students managed to
work properly and without remarkable disturbance. The number of single-digit addition
tasks orally solved correctly within two seconds functioned as the dependent variable and
was noted by the interventionist each day. Therefore, the measurement via PowerPoint
presentation of not-automated 28 single-digit addition tasks for the tutee was carried
out, where the math facts had to be solved as quickly and correctly as possible while the
interventionist wrote the results down on the protocol sheet. Afterwards, the tutor also
entered the room, and tutee and tutor read texts for 15 min to control the impact of attention
through the interventionists and to keep conditions of both phases as similar as possible.
No further treatment was implemented at that point.

With the beginning of the intervention, the procedure stayed the same, and the
training sessions started with the measurement of the tutees. Differing from conditions in
the baseline, the line diagram was presented to increase the students” motivation and make
their individual progress visible. Further, the interventionist gave feedback in relation to
previous results, which was either attributed to effort (in case of an increase in the students’
performance) or to external influences such as bad weather or bad general conditions on
that day (in case of stagnation or even deterioration). After that, the tutor was brought
to the room, where the training using the direct instruction flashcards, the racetrack,
and the procedure for tutee and tutor were implemented by the interventionist. After a
demonstration of the procedure, the interventionist observed the tutors and the tutees
training and immediately corrected whenever they did not adhere exactly to the agreement.
Tutees were told that they were competing with themselves, being as fast as possible at the
destination of the playing field through solution of the math tasks as quickly and at the
same time as correctly as they could.

The deck of 28 flashcards was placed in front of the tutor, concealed by hand. The
tutor then raised one flashcard after the other to the tutee with the side on which the task
was shown. On the back, the tutor could see the task itself as well as the correct answer, and
the tutee had to name the task and result correctly. In that case, the tutor gave immediate
positive feedback and handed the card to the tutee. If the task was solved incorrectly,
the tutor presented the correct task and its solution, directly instructing as a model, and
replaced the flashcard in the third place in the deck of flashcards, to be repeated soon.
Meanwhile, the tutee was asked to repeat the task and the correct answer, thereby building
the problem-answer association. When a task appeared again, the tutor increased the
tutee’s focus by saying something like, “Let’s see if you still remember that task.” Training
ended when the tutee had received all flashcards. This procedure reinforced near-term
repetition after direct instruction, including repetition, and therefore supported students in
trying to remember the solution to the task.

After all the items were recalled and trained by means of the flashcards, the partic-
ipants played the racetrack game. Thus, they were again asked to solve the tasks, but
this time with a more inviting game character supplemented with time measurement,
which increased the motivation of students to answer as quickly and correctly as possible.
To play the racetrack game, the flashcards were reshuffled, and again the tutor covered
them by hand. The game board was directed to the tutee, including the playing piece on
the starting field. As soon as the participant was ready, the tutor started the timing and
showed the tutee all flashcards one after the other. Again, the tutee had to state the task
and solution correctly. If they succeeded in doing so, they could move the playing piece
one field forward. If they answered incorrectly, the tutor asked them to have a closer look
at the task. If they still could not answer correctly, the tutor named the correct task and
solution, and the tutee had to repeat it. This procedure was implemented to further engage
participants not only to move as fast as possible but also to answer correctly. After this, the
playing pieces were also moved one field forward. The timing ended when the participant
had processed all 28 tasks and reached the target field.

The tutor noted the measured lap time on the protocol sheet with positive feedback.
If the time was a personal best, it was noted as a new high score for the participant,
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accompanied by further positive feedback. The interventionist finished the session after
about 15 min, giving the tutor and tutee feedback concerning their cooperation. After that,
all children returned to their classes.

2.5. Treatment Fidelity and Social Validity

Three 60 min training sessions were conducted to instruct three graduate students
in the correct implementation of the intervention. Furthermore, they received a 24-item
checklist to ensure the quality of implementation during the treatment (list is available on
request). All aforementioned factors to be considered were included in this checklist. The
assistants randomly observed the interventions distributed to all participants for more than
80% of all measurements during the implementation. If an aspect was not fulfilled during
the training session, the observing assistant corrected the course following the instructions
from the manual after the treatment session ended.

After the last intervention, the interventionists interviewed each participant individ-
ually to collect data in the form of a questionnaire concerning the social validity of the
treatment. Therefore, the participants were asked whether (a) they enjoyed the training
with the math racetrack, (b) the math racetrack helped them solve the tasks, (c) they could
solve single-digit addition tasks better now, (d) they liked receiving immediate feedback
on their performance, (e) they were looking forward to working with the math racetracks,
(f) they would like to proceed in working with the math racetracks, and (g) they liked
working with a partner and found it helpful. The interventionists supported the students
in filling out the questionnaire by reading the questions aloud.

3. Results
3.1. Visual Analysis

As can be seen in the graphs created with the SCAN package in R by Wilbert [57] in
Figure 2 as well as in Table 1 concerning the descriptive scores for the correctly solved
addition tasks of each participant, all participants increased their number of correctly
solved single-digit addition tasks within two seconds compared to the number of the same
addition tasks correctly counted before the intervention. In all cases, the scores improved
visibly after the onset of the intervention. With the exception of Celina, no score during the
intervention fell below the ones during phase A. Still, overall scores in phase B variability
had to be recorded for all cases, and no participant finished the intervention with a personal
high score. Anton, Berta, and Diana show a change in level, whereas in Celina’s case a slope
appeared with the implementation of the training. The mean baseline difference [58] as an
index, which does not calculate the non-overlap effect sizes, was applied, where an average
increase of about 471% was recorded. Celina benefitted the most, with a mean baseline
of 627.5%, and Diana the least, but still considerably with 222.5%. Even if an increase
in performance was evident for all participants, Anton, Berta, and Celina demonstrated
the most impressive enhancements concerning the mean baseline difference. Regarding
the maintenance data, no further increase in performance took place in three cases. Only
Celina scored her maximum during this phase. The other participants all reached their
high scores from the B phase also during maintenance, or were slightly below it.

Table 1. Descriptive scores for correctly solved items for each participant.

n(A)  n(B) n (E) M (A) SD M (B) SD M (E) SD
Anton 5 11 3 1.60 (1.30) 10 (2.93) 12.67 (1.15)
Berta 8 8 3 1(0.93) 6.13 (2.80) 6.33 (2.08)
Celina 5 11 3 1.20 (1.09) 8.78 (5.12) 15.33 (1.53)
Diana 6 10 3 2(0.63) 6.45 (1.77) 6.33 (0.58)
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Figure 2. Number of correctly solved single-digit addition items in phases A, B, and E for each participant.

3.2. Quantitative Analysis

Table 2 presents the descriptive statistics for the number of correctly solved single-
digit addition facts within two seconds for each participant. Some of the most common
and reliable non-overlap effect sizes were calculated again using the SCAN package by
Wilbert [57] with non-overlap of all pairs (NAP), which compares each data point of the
intervention phase with each data point of the baseline and therefore provides a reliable
effect size and Tau-U. This in turn has the ability to analyze data independently for several
phases showing contrasts in a single-case design and is able to combine non-overlap and
trend [59]. The treatment can be documented as effective due to both indices. From
phase A to phase B, all participants showed great improvement. Diana showed the least
improvement. Still, NAP as well as Tau-U showed significant differences between phases
A and B for all students.

Table 2. Effect sizes for the number of correctly solved items.

Tau-Ucgrrected P NAP 14 MBD
Anton 0.63 0.001 ** 100 0.001 *** 525.0%
Berta 0.43 0.019* 97.66 0.000 *** 512.5%
Celina 0.84 0.000 ** 96.36 0.002 ** 627.5%
Diana 0.27 0.144 100 0.001 *** 222.5%

Note. NAP = non-overlap of all pairs, MBD = mean baseline difference. * Significant at the 0.05 level, ** significant
at the 0.01 level, *** significant at the 0.001 level.
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To substantiate the aforementioned indices, and in accordance with the standards for
single-case research by Tate et al. [56] calling for a broader examination of the outcomes
than visual inspection and the calculation of the effect sizes, a piecewise regression analysis
on level 2 (across all participants) as to be seen in Table 3 was also conducted. This allows
more reliable statements if the data follow different trends over different participants by
pointing out connections between the data concerning the change in data from baseline to
intervention as well as if there is a slope or level effect to be mentioned. As seen in these
results, there was a significant level effect from phase A to B on the 0.05 level, as well as a
significant slope effect on the 0.01 level.

Table 3. Piecewise regression level 2 analysis.

B SE t p
Intercept 2.18 2.10 1.04 0.30
Trend 0.15 0.38 0.40 0.69
Level Phase B 1.44 1.54 0.94 0.53
Level Phase E 13.39 5.03 2.66 0.01
Slope B 1.01 0.42 2.58 0.01
Slope E —0.25 1.11 —0.23 0.82

Anton, Berta, and Celina stated that they enjoyed the training with the math racetrack
a lot, whereas Diana liked it only a little. They all gave the feedback that the math
racetrack helped them solve the tasks and that they could solve single-digit addition tasks
better than before. Furthermore, they all liked receiving immediate feedback on their
performance and liked working with a partner, which they also stated unanimously was
helpful. Again, Diana was the only one who was looking forward only a little to working
with the racetracks, whereas the others strongly looked forward to it during the period
of intervention.

4. Discussion
4.1. Main Findings

The purpose of this single-case study was to examine the effects of a peer-tutoring
intervention using math racetracks, direct instruction flashcards, and explicit timing, all
combined with immediate feedback and positive reinforcement on the number of auto-
mated single-digit addition tasks of four struggling elementary school students. The results
facilitated the interpretation that the intervention can be considered an appropriate way to
help struggling students successfully automate basic facts through implantation by peers
in the role of tutors. The remarkable magnitude of increase in performance went from
222.5% as the lowest to 627.5% as the highest. On an individual basis, the different utilized
effect sizes were notable for all participants, and the used indices stated large to very large
effects. Finally, a regression analysis at level 2 confirmed the previous results and therefore
underlined the benefits of using peer tutoring on the performance of the participants.

Regarding Diana’s less-notable results in comparison to the other participants, it
should be mentioned that she and her tutor did not harmonize well and that she was
dealing with difficult circumstances in her private environment, which she reported during
the treatment. Another reason for the different rate of improvement across a multiple
baseline design could be found in the suggestion that some students who are over-reliant
on counting-base strategies might improve less than others [60]. Still, she was able to
increase her performance, albeit to a lesser extent.

Moreover, these results fit well with previously described effects for both peer tutor-
ing [49-51] as well as math racetracks [34-36] on the performance of struggling students.
Still, this study is to be considered unique in combining both easy-to-implement methods
in one intervention added to further motivational components. These findings are also
substantial for future implantation by teachers because it did not take long for the students
to increase their performance significantly.
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In particular, the students stated in the social validity questionnaire that they enjoyed
their own improvement. Overall, the responses from the participants on the social validity
questionnaire indicated a high degree of acceptance of the intervention using the math
racetrack in a peer-tutored setting. No negative comment on the instruction was given,
and only Diana twice answered in a more reserved way with “a little bit,” and none of the
answers of any participant was “no.” According to the class teacher, they even seemed to
act more confident in math classes after the intervention.

4.2. Limitations

Regardless of the aforementioned promising results, there are also limitations to this
study. First, large-scale generalizability is not given due to the small sample examined in
single case studies. Following the standards for single-case research by Tate et al. [56], this
limitation can be countered by replications of the study. According to the prescription of
these standards, for an intervention to be considered evidence-based, it requires at least five
methodologically sound case reports with positive effects and at least 20 participants across
all studies. Therefore, this study can only be considered a prelude for further single-case
research examining the effects of peer-tutoring intervention combined with the use of
math racetracks to increase student performance. Nevertheless, the results should not be
considered isolated from the positive effects described in the aforementioned research to
both peer tutoring as well as math racetracks and have to be regarded as an important
supplement to the previous findings.

In addition, no data were collected that would allow any conclusions to be drawn as to
the exact influence that each of the two methods had on the performance itself. Moreover,
the additionally implemented motivational aspects such as use of a personal high score,
corrective feedback, and a line diagram cannot be analyzed separately concerning their in-
dividual impact on the results. To determine the respective source of the positive outcomes
more specifically, an alternating treatment design comparing, for example, the racetracks,
the flashcards, and the peer tutoring could give more detailed information about the degree
of influence of each aspect of the multicomponent motivational intervention. Besides the
missing data concerning each method itself, no data were collected on the impact the
intervention had on the tutors” performance. Although these were selected in advance
based on their higher performance, a closer look at the effects of the treatment would also
have been a desirable addition. The selection, assignment, and methodical monitoring of
the tutors was not checked more closely, which could have provided important information
about the success of the teams, the tutees, and the tutors, as well. Furthermore, the data sets
could have been presented more precisely, including the comparison of the total number of
correctly solved items to those correctly solved within two seconds. The operation skills
concerning addition itself, however, were already in the inclusion criteria, as were the
items examined as facts known by all participants but not yet automated by any of them.
In addition to that, the time needed for the students to finish their racetracks had been
stopped but not recorded as further data to underline the students” improvement. Future
research should focus on the extent of the impact the training has on the time needed to
finish the game board.

Finally, missing data concerning the incorrect answers is an important limitation as
it does not allow a more accurate interpretation of the students’ performance. This could
have been given, for example, by using a digital version of the racetrack, collecting data
about which tasks were solved incorrectly and which were solved correctly, or by the
interventionists collecting these data in a hidden way using a protocol sheet as they did
during measurement.

4.3. Practical Implications and Future Research

The results of this research support efforts to offer teachers additional reasons to
use these methods to increase the number of automated single-digit addition facts in
low-performing students. Even if the results cannot join the ranks of previous studies
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due to the expansion to include peer tutoring to bring them closer to being evidence-
based related to the standards described in SCRIBE [56], they still should be used as
supplementation to previous results, as the use of peer tutoring provides further clarity on
the method’s suitability in challenging situations where teachers try to accommodate every
level of learning.

This also represents one of the greatest advantages of the implemented economic
method of the racetracks, as it is simple for teachers to implement, and—as this study
highlighted—it also encourages peers to work together. Besides the simplicity of the
implementation, the content is easily customizable to any learning content needed through,
for example, small changes in the use of mathematical facts. Thus, if a struggling student
needs to automate multiplication facts instead of single-digit addition tasks, this method is
easily adaptable to his or her individual needs.

Follow-up research should investigate the extent of each aspect of this multicomponent
motivational intervention more closely as well as the particular influence of the racetracks
themselves compared to the peer-tutoring setting. In addition, further research should
try to meet more of the standards for single-case studies, such as SCRIBE [56], so that
researchers may finally be able to call the method evidence-based. In addition, the effects
on the tutors” performance should be considered in order to determine whether and to
what extent they could also benefit from training in tasks they were already more familiar
with than the tutees. Not only should future researchers take into account the tutors” math
competencies, but they should take a closer look at the impact on social skills, taking into
account a methodical, continuous monitoring and training of the tutors with the aim of
discovering whether it is possible to maximize profit for them as well.

Finally, but more relevant and current than ever, a digital version of the racetracks
should be developed. This should not be difficult to achieve, as the digital approach is a
promising one for increasing student motivation even more than the existing, implemented
motivational aspects. In the area of digital support services concerning math fluency
interventions, there is great need for further offerings on one hand and even more need for
research meeting scientific standards on the other [20]. Besides the fact that digital learning
seems to have a motivating effect, the need to support the development of digital skills in
all students is an obvious one, with digitalization increasing in all sectors of society.

Allin all, the racetrack, in combination with the multicomponent motivational system,
is not only easy to implement, but also encourages peers to work together. Tutees as well
as tutors enjoyed it, and it was a helpful way for the tutees to overcome hurdles. Methods
such as this will not only relieve teachers in the classroom, but at the same time they will
easily support children’s development.
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