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Abstract
In Botswana, SpecialNeeds Education has been implemented for 25 yearswith some success but there
is still a need for evidence-based methods like Frequency Building, behavioural fluency, and Precision
Teaching to be used to measure and improve school performance and learning. We explored the
impact of these behavioural technologies on reading performances of four children with learning
disorders (ADHD, speech impairment and acquiredbraindisorder) in a special school inGaborone.At
the assessment, two children were unable to read letter sounds and two could not read sight words.
Reading performances were measured with frequency and displayed on a standard celeration chart.
During the intervention, the length of the tasks was reduced and then augmented. Findings revealed
that after 3 months of intervention children significantly increased their score stimulating self-
confidence and enthusiasm during activities. This work demonstrates that behavioural technologies
can be applied in Africa without using expensive or time-consuming resources.
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with learning disorder struggle to develop reading fluency, and their common core problems are

the ability to read sight words (high frequencies words), decode words, and read phrases and

sentences automatically and rapidly (Chard et al., 2002).

It has been shown that students enrolled in mainstream primary and secondary schools in

Botswana, without mention of possible disabilities, experience several reading problems

(Commeyras and Mazile, 2011; Commeyras and Ketsitlile, 2013; Ketsitlile and Commeyras,

2014; Shepherd, 2018). A literature review focusing on reading in Botswana indicates that

students in primary school, especially in the first grade, seem to read words without under-

standing their meaning, with poor quality reading instruction or help to understand difficult

words encountered during reading (Commeyras and Ketsitlile, 2013). Furthermore, there is a

lack of methods for teaching reading, and teachers do not emphasize comprehension. Teachers

have not been trained on how to conduct informal reading assessments that would enable them to

identify individual students’ abilities and needs. Another outstanding complication includes

English in Botswana being a second or third language for some children. Reading in English is

more difficult than learning to read in the local language, Setswana, since English and Setswana

have many phonological differences (Commeyras and Ketsitlile, 2013). It should be pointed out

that like other post-colonial African countries, the Botswana government continues to maintain

bilingualism and multilingualism, whilst at the same time encouraging immersion into English

(Shepherd, 2018). Additionally, ‘Botswana is not a reading nation’, and more importance is

given to the oral communication, so even for teachers sometimes it is difficult to show interest in

reading (Commeyras and Mazile, 2011).

In secondary schools, reading performance results are still low both in speed and compre-

hension. The importance of training teachers on skills and strategies to assist all students,

especially for those whom English is a second or third language should be stressed (Ketsitlile and

Commeyras, 2014). Overall, literature in the field leaves the impression that teaching reading in

primary school classrooms require improvement and an emphasis on quality approaches as the

present pilot study seeks to examine. Considering the technological development of society,

reading is viewed as crucial to a person’s ability to develop fully as an individual. The lack of

reading skills contributes to lower performance in other subject areas, such as mathematics,

science, and geography (Moeller, 2016). Moreover, if students spend too much time decoding

words, they are not always able to follow the meaning of sentences in narrative and expository

texts. The experience will result in frustration and may lead students to an aversion towards

reading in the future (Stevens et al., 2017).

Developing reading fluency is paramount for all students but especially those with disabilities.

The reading literature defines reading fluency as the accuracy, speed, and prosody of a student

reading connected texts (Kuhn et al., 2010). A similar concept is behavioural fluency, first

described by Starlin (1971) and later refined by others (Binder, 1996; Haughton, 1972; Johnson

and Layng, 1992). Behavioural fluency refers to the combination of accuracy plus speed of

responding, that enables competent individuals to function efficiently and effectively in their

natural environments (Binder, 1996). When students achieve a certain frequency of accurate

performance they seem to retain, maintain, and meet the real world requirements, even in the face

of distraction. Another hallmark feature of behavioural fluency is the ability to combine and adapt

previous learning to more complex subject matter.

Behavioural fluency has a long history and has contributed to the understanding, improvement,

and practical applications of reading. Fluent readers can retain their relative rate of reading, and

they will be able to apply their reading ability to novel passages and/or more complex reading

Mensi et al. 3

Introduction

People with disabilities, adults, and children, are a marginalized group worldwide. Most Western

countries have developed policies and interventions for people with disabilities. In developing

countries, many children and adults with neurodevelopmental disabilities are neglected and

experience social exclusion. These facts are well documented. In the news media, a CNN doc-

umentary ‘Locked Up and Forgotten’ (Mackenzie, 2011) detailed widespread poverty, poor health

care, and how infectious diseases (such as HIV, malaria, and meningitis) and malnutrition promote

dangerous living conditions and increase the likelihood of further impairments among people with

disabilities. The documentary focused on Kenya, but such conditions are prevalent in many other

countries in and outside Africa. For example, the experiences of social exclusion of individuals

with visual impairment has been reported in Namibia (Tobias and Mukhopadhyay, 2017), and it

has also been shown that people in low-income settings are disproportionately affected by dis-

ability due to increased health risks and limited access to services in West Africa (Jolley et al.,

2018) and globally (Koller et al., 2017).

The United Nations General Assembly noted that an estimated 80% of people with disabilities

live in developing countries (WHO, 2015). Living conditions in Botswana, a developing country of

Southern Africa, are still plagued by similar problems. The HIV rate is 20.3% in the adult pop-

ulation (UNAIDS, 2020) and disabled people’s needs are not met by the public sector. Poor living

conditions, poverty, undernourishment, lack of proper housing, unemployment, and violence also

prevail. All these factors have a negative impact on learners (Pottas, 2005). The government of

Botswana implemented a special education program in 1994 with the ‘Revised National Policy on

Education’ (RNPE) (Otukile-Mongwaketse, 2011), where it recognized the need to increase

participation for disadvantaged groups in basic education. Disadvantaged groups in the context of

Botswana were (and still are) those with various forms of disabilities, those who live in remote

areas, learners from poor socio-economic backgrounds, individuals affected by HIV/AIDS,

orphans, and girls who drop out of school due to early pregnancy (Modimakwane et al., 2015).

Botswana runs five types of systems to meet the education and training needs of learners who have

special educational needs. The systems include stimulation centres, special schools and centres,

special units attached to regular schools, resource classrooms, and inclusive arrangements within

regular schools (Otukile-Mongwaketse, 2011).

Data about learning disorders are scattered. According to a local survey, in 2014 the total

number of learners with disabilities in primary schools was 7,305, and they were divided into:

learning disorder, 2,287 (31%); visual disability, 1,473 (20%); speech disability, 603 (8%);

physical disabilities, 472 (7%); hearing disability, 596 (8%); other health related, 1,458 (20%);

multiple disabilities, 416 (6%) (Modimakwane et al., 2015). The teacher to student ratio is still

very low (1:40–50) and there is no differentiated curriculum or appropriate assessment for learners

with special educational needs (Modimakwane et al., 2015).

In order to address the needs of disabled people in Botswana, a clear definition of what con-

stitutes a learning disorder is needed. Learning disorder comprehends in this study both specific

learning disorder and intellectual disabilities. The Diagnostic and Statistical Manual of Mental

Disorders (DSM -5) describes Specific Learning Disorder (SDL) (American Psychiatric Associ-

ation, 2013) as “characterized by persistent and impairing difficulties with learning foundational

academic skills in reading, writing, and/or math. The individual’s performance in the affected

academic skills is well below average for age, or acceptable performance levels are achieved only

with extraordinary effort” (American Psychiatric Association, 2013: 32). In particular, students
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quantitative and qualitative study showed that PT facilitated word-identification skills. The study

also emphasized the motivational characteristics of PT with the immediate positive feedback it

gives to the students (Griffin and Murtagh, 2015). Furthermore, positive reinforcement added

during the instruction can strengthen FB and increase the motivation to work as described in the

principle of the science of behaviour (Vargas, 2013). The use of positive reinforcement can be a

novel concept for some African countries, where punishment tends to be the norm in classrooms

(Tilahun et al., 2016).

When PT is used in a classroom, students and teachers keep records of their academic or non-

academic performances and use the record to guide their work. The records tell the students how

their performance changes during time on a standard celeration chart (SCC). The visual display

is a ratio chart that shows different behaviour frequencies from 1 per day to 1000 per minute. The

ratio scale makes it possible to measure the rate of learning (Lindsley, 1990). The SCC differs

from the more commonly used linear graph by showing how behaviours change relative to each

other. Additionally, the SCC allows data to be quantified along other dimensions of change such

a variability, average rates of behaviour or level, and how much improvement has occurred

(Kubina, 2019).

In light of the significant hurdles faced by students with learning difficulties and disabilities in

Botswana, FB, behavioural fluency, and PT offer several meaningful tools for teachers and stu-

dents alike. Thus, the SCC component provides a visual display that fairly shows progress, or the

lack thereof, for each individual student. Meanwhile, the FB component allows students to

accelerate their growth with targeted skills and reach behavioural fluency. In combination with PT

it offers a hopeful intervention for students with and without disabilities. It is the aim of the present

small case study to examine how PT in combination with FB and positive reinforcement (i.e., FB

reading skills, graphing data on SCC, and working towards behavioural fluency) would affect

reading performances in students with disabilities in a school in Botswana.

Methods

Participants

The study took place in a private special school in Gaborone, Botswana, during 2017. The school

count was approximately 35 students, but the number changed continuously due to new enrolments

and dropouts. Four students from the same class were included: student A (a boy) was 6 years old

with Attention Deficit Hyperactivity Disorder (ADHD); student B (a girl) was 5-year-old with

learning disorder; students C and D (two girls) were 7 years old, one with speech impairment and

the other one with an acquired brain disorder as a result of meningitis.

In Botswana, formal diagnosis for children with neurodevelopmental disabilities is not readily

available for learners who may need it. Therefore, students for this study were selected based on

paediatricians’ information and school assessments. All four students were in the same class

identified as ‘Lower Primary’, comprised of one teacher, one assistant teacher, and a total of eight

students. The school benefited from a speech language therapist and a special education counsellor

(the researcher) who both were able to offer individual sessions once a week for every student, as

well as group sessions every day. The students involved in the study were chosen after numerous

requests for help from the class teacher to the special education counsellor.

Student A had been rejected by two mainstream schools; when enrolled in the special school

he was not able to read and recognize any letters or sit for more than 2 minutes at a time. He had

Mensi et al. 5

passages. For example, it has been demonstrated that repeated reading interventions improve

reading rate, accuracy and comprehension, and that repeated reading interventions were more

effective for reading comprehension (Chard et al., 2002). Furthermore, Brosnan et al. (2018)

highlighted the importance of fluency in foundational reading skills for reading development. The

study from Brosnan et al. (2018) and other reading research studies (Griffin and Murtagh, 2015;

Kubina et al., 2008; Mannion and Griffin, 2018) provide evidence that behavioural fluency using

Precision Teaching (PT) can be used to target foundational reading skills.

Precision Teaching is a behavioural technology based on positive techniques and a systematic

method of evaluating instructional tactics and curricula developed by Ogden Lindsley during the

late 1960s (Johnson and Street, 2012). Precision Teaching has its roots in the behavioural sci-

ence, specifically in the definition of ‘free-operant conditioning’, a learning process through

which the strength of a behaviour is modified by an event (Vargas, 2013). Precision Teaching

seeks to carefully record student data and present it in a way that teachers are able to quickly

ascertain if the current instruction is working or not. If not, then changes are made and sys-

tematically observed to see if they affect a student’s performance and learning positively. As

stated earlier, many researchers have examined academic skills through the lens of PT. The four

steps of PT are shown in Figure 1.

A special intervention called Frequency Building (FB) was developed through Precision

Teaching and demonstrated positive experimental results (Kubina and Yurich, 2012). FB is

defined as the timed repetition of selected behaviours followed by performance feedback (Kubina,

2019). FB ends when students have reached a performance standard or fluency goal which signifies

the attainment of behavioural fluency. Studies applying the FB approach to reading skills have

shown substantial improvement across a range of learners with and without disabilities (Cavallini

et al., 2010; Griffin and Murtagh, 2015; Hughes et al., 2007; Kostewicz et al., 2016; Kubina et al.,

2008; Mannion and Griffin, 2018).

As an example, in a case study run in the UK for 10 weeks, PT and FB were applied to an

intervention group where eventually the students were capable of reading four to five times more

words correctly than the comparison group with endurance and stability (Hughes et al., 2007).

Cavallini et al. (2010) provides another quality example using the most frequently used Italian

words. Participants became proficient reading high frequency words, they also showed a signifi-

cant difference between their pre- and post-test scores (Cavallini et al., 2010). Kostewicz and

Kubina (2011) demonstrated that students with disabilities can improve oral reading fluency using

a science textbook to practice repeated reading and retelling information. Moreover, a mixed

Figure 1. Four steps of precision teaching.
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incorrect. Second, the correct sight words were calculated subtracting the incorrect sight words

from the total number presented.

Procedures
Baseline. Every student received three components of explicit instruction (Archer and Hughes,

2011). The first component was modelling and it was introduced to the student as ‘my turn’; the

student listened to the teacher’s instruction and the teacher’s modelling of reading. The second

component was prompted or guided practice and presented to the student as ‘our turn’; the student

and teacher read together, and the teacher provided prompts and corrections if needed. The third

component was unprompted or independent practice converted to a FB trial and identified by ‘your

turn’. During the third component, the student read aloud the words or letter sounds alone as fast as

possible in 1-minute and the teacher assistant recorded the correct and incorrect words or letter

sounds on the data sheet. All the students repeated the three instructional components three times,

for a total of six instructional and three FB trials. The best score among the three reported trials was

then transferred into the SCC. The order of the letters changed randomly and the sight words were

read in different way at each component. Each worksheet presented for individual sessions also had

the words in different positions.

Condition changes. In response to the students’ data at baseline, condition changes were applied,
in order to improve the learning outcomes. A package intervention made by PT, FB and positive

reinforcement with the explicit instruction was used. In particular, letter sounds, and sight words

were reduced and then increased, and a tangible reinforcer was added in the learning experience to

increase the student’s willingness to work. Before starting every session, students received an

explanation about what would happen during the meeting and what would be expected from them.

The reinforcer was used when students achieved a better score (even if marginal) on reading at

I go come went up you day was look

are the of we this dog me like going

big she and they my see on away mum

it at play no yes for a dad can

he am all is cat get said to in

Figure 2. List of sight words from the Botswana syllabus (Government of Botswana, 2002).
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been diagnosed with ADHD by the paediatrician. Student B was in the special school without

any diagnosis, but she showed learning difficulties. She was able to match all the 26 letters of the

alphabet, but she was unable to read the letter sounds. Student C was diagnosed with speech

impairment and possible learning disorders by the speech therapist. Student D had meningitis at

the age of 2 years and 9 months and subsequently had a long history of seizures. Both students C

and D were already able to read Consonant Vowel Consonant (CVC) words. However, both

students struggled with the 45-sight words component of the Botswana Syllabus (Government of

Botswana, 2002).

Formal ethical approval for the study was granted from Botswana Ministry of Basic Education

[Ref: SER 1/15/2 XVI (121)]. Oral and written informed consent was obtained from the school,

and all parents gave their written consent for the intervention administered to their children. Each

participant was reminded that their responses would be regarded as confidential and that they could

terminate their participation in all or part of the study at any time.

Setting

The sessions took place in a small, quiet office inside the special school. Each student underwent

an individual session of FB and PT with a special education counsellor and a teacher assistant for

15 minutes. The students were already familiar with the location and material. Students were taken

from their classes by the teacher assistant and brought to the special education counsellor’s office.

For student A and B, a small table and four chairs were set. There was also a pile of wooden letters

cards, a digital timer set to 1 minute, and a data collection sheet where the assistant teacher reg-

istered the score for each child. For student C and D, a desk was set with the worksheets of the 45

sight words part of the Botswana Curriculum (Government of Botswana, 2002). A digital timer set

to 1 minute and a data collection sheet were also present.

Teaching materials and instructions

Materials. Teaching materials for students A and B consisted of 26 wooden flashcard letters with a

square-shape of 10 � 10 cm. The lower-case letters were on one side and etched with sandpaper.

Students C and D read a list of 45 sight words that should have been achieved at the end of standard

1 according to the Botswana Syllabus (primary school curriculum). The words were printed on

three worksheets and each one had a different words order. Figure 2 shows the list of the words

from Botswana Syllabus in the English folder (Government of Botswana, 2002). Lastly, the same

materials were used during baseline and condition (FB timing).

Dependent variables. Two dependent variables were used to measure reading. First, students were

asked to read aloud the letter sounds (students A and B) or the sight words (students C and D) in a

1-minute timed interval. The assistant teacher recorded students’ performance on a data sheet as

words read correctly and incorrectly. Self-corrected letter sounds were counted as correct, but

omissions, substitutions and skipping line or words were counted as incorrect. Second, the correct

words or letter sounds were calculated subtracting the incorrect words/letters from the total number

presented. The same procedure occurred for student C and D, namely two dependent variables

were used. First, they were asked to read aloud the sight words in a 1-minute timed interval. The

assistant teacher recorded sight words read correctly and incorrectly. Self-corrected sight words

were counted as correct, but omissions, substitutions and skipping lines or words were counted as
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incorrect. Second, the correct sight words were calculated subtracting the incorrect sight words

from the total number presented.
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I go come went up you day was look

are the of we this dog me like going

big she and they my see on away mum

it at play no yes for a dad can

he am all is cat get said to in

Figure 2. List of sight words from the Botswana syllabus (Government of Botswana, 2002).
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Figure 3. Standard celeration chart student A, B, C and D. On the x axe are visible the calendar days. On the
y axe is visible the number of performances counted per minute.
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each instructional component. The researcher, in conjunction with the teacher, established the

reinforcer based on what was available (toys, chocolates, candies, chips) in the special education

office. If students were not able to meet the criteria for any of the instructional components, they

did not receive anything and had to wait for another session.

Data and analysis

Students were monitored for the number of correct and incorrect letter sounds or sight words read

per minute. The performance standard or fluency goal for the pilot study was set at reading 26 letter

sounds per minute; a criterion that corresponded to the letter on wooden flashcards (students A and

B). Reading 45 sight words out loud on a worksheet for 1-minute time (student C and D) was

chosen as the performance standard or fluency goal.

The approach made by the intervention package used different teaching conditions developed

for each individual student based on their specific needs and characteristics.

The results are displayed according to baseline and intervention conditions, each condition is

separated on the SCC segment (Figure 3) by a solid line that specifies the type of intervention that

has been applied. Baseline data were collected once a week for 3 weeks, for a total of three ses-

sions, and each child completed the session in 15–20 minutes. During baseline, the same

instructional episode was used for all students, no reinforcers were added nor were letter sounds or

sight words changed. Due to their different school attendance rates, all students’ baselines were

done at different times during the school year. Each student had their own chart for a total of four

SCCs on the PrecisionX app (Central Reach, 2020). A dot was used to mark the correct answers

and an X to mark the incorrect answers (White and Neely, 2004).

Student A and D had one intervention condition change lasting seven sessions of 15–20

minutes each for 7 weeks for a total of 2 months corresponding to a whole school term (removing

the holidays). For both students, a condition change was the introduction of FB and a reinforcer.

Student A chose a toy before starting the three 1-minute FB trials by himself (‘your turn’) and he

had permission to play with it for a minute, measured with the digital timer, if he beat his score.

The researcher allowed him to choose reinforcers before starting the session because he wanted

assurance he would receive something if he surpassed his score, and because he needed to be

reminded that he was working for that toy. Student D also received a handful of chocolate cereals

after the three 1-minute FB trials (‘your turn’) whenever she overcame her previous score.

Student B and C had two intervention condition changes.

The first intervention condition for student B lasted for three sessions of 15–20 minutes each for

3 weeks. For student B the two conditions were: (1) decreasing the length of the task through the

reduction of the number of letter sounds from 26 to 15, and (2) to allow her to play with a bead

maze for 1 minute whenever she overcame her previous score. The intervention condition regime

was then switched when the student reached the aim on the SCC that consisted in reading correctly

all the 15 letter sounds. The second intervention condition for student B lasted for four sessions of

15–20 minutes for 4 weeks. The second condition was: increasing the number of letter sounds from

15 to 26 and allowing her to play with the bead maze game every time she overcame the previous

score for the three times 1-minute reading by herself (‘your turn’).

For Student C the first intervention condition lasted four sessions of 15–20 minutes each for

4 weeks. The number of sight words was decreased from 45 to 20 and the intervention condition

was switched when the student reached her aim. She received a jellybean as a reinforcer every time

she read by herself during the three FB trials if she exceeded her previous score. The second
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logarithmic transformation for celeration. The improvement index was similarly calculated by

the software.

Statistical analysis. The researchers also conducted a Yates corrected chi-square test to find if the
proportions of correct and incorrect responses varied between initial (baseline) and final (condi-

tion) steps of the PT procedure. Alternatively, the Fisher’s exact test was performed when data

outputs had a value less than five in the 2 � 2 table. These are standard tests that were used to

further validate the results of the study. The smaller the associated P-value for the statistics, the

stronger the evidence of a significant change in the rate of responses between baseline and con-

dition results, considering a P-value less than 0.05 as statistically significant. The researchers

compared baseline and condition absolute numbers of correct and incorrect responses. In the case

of two conditions being applied, a comparison was made between baseline and condition 2 results.

Evaluation of Yates corrected chi-square and Fisher’s exact tests was performed using the Social

Science Statistics software (freely available at https://www.socscistatistics.com/tests/).

Results

Level. The average correct responses during 1-minute timing for student A showed a rise from 0.71

correctly read words during baseline to 10.58 during the intervention. Also, incorrects dropped

from an average of 25.49 to 9.62. Student B had 2.08 average corrects per minute during baseline

that rose to 10.97 in the first condition and 19.11 in the second condition.

The drop in incorrects for student Bwent from 23.65 to 2.41 during the first condition, and to 4.97

during the second condition. Student C’s corrects went from1.44 to 12.60 and 15.82 frombaseline to

the first and the second condition, respectively. Incorrects changed from 43.32 to 3.81 and 11.96.

Student D started with a level of 7.73 average corrects during baseline to 27.32 during the condition.

Incorrects went from 9.97 to 14.98 during the condition. All data are shown in Table 3.

Celeration. It was observed that during the various intervention conditions students showed

important learning changes. Student A’s acceleration rate for correctly identified letters grew by

x1.32 per week and the deceleration rate for incorrectly identified words decelerated byO1.33 per

week (after seven sessions). Table 3 shows this improvement after the approach was switched from

baseline to intervention condition.

In the case of student B, during the first intervention condition the acceleration rate for correctly

identified words was x1.44 per week and the deceleration rate for incorrectly identified words fell

sharply from O1.08 to O 4.83 per week (after three sessions). During the second intervention

condition the celeration value remained relatively steady compared to the first intervention con-

dition but it was still consistently growing with an acceleration rate of x1.26 per week and a

deceleration rate of O2.8 per week (after four sessions), as shown in Table 3.

Student C showed an acceleration rate of x1.77 per week and a deceleration rate of O5.36 per

week after four sessions under the first intervention condition. The respective rates of acceleration

and deceleration were x1.16 per week and O1.24 per week after three sessions under the second

intervention condition, as shown in Table 3. Lastly, student D showed an acceleration rate of x1.08

per week and a deceleration rate of O1.16 per week after seven sessions under the first inter-

vention condition, as shown in Table 3. Compared to baseline, student D acceleration grew gra-

dually, and the deceleration has an acceptable trajectory.

Mensi et al. 11

intervention condition lasted for three sessions of 15–20 minutes each for 3 weeks. The sight words

were then increased to 45 from the baseline and the reinforcer was maintained.

All students’ data were elaborated using a within condition analysis. A within condition analysis

shows how behaviour changes within a condition (Kubina, 2019). The analysis measures were

level, celeration, and improvement index.

Level is the average response rate of behaviour in a condition. In particular, it measures the

responses for correct words and incorrect words during baseline and intervention conditions (phase

of FB).

Celeration is a basic unit of behaviour change represented as count for a time unit over a time

unit (count/time over time) (Kubina and Yurich, 2012). Celeration values were calculated for

correct and incorrect replies during baseline and intervention conditions. A behaviour with an

upward slope, acceleration, requires a times symbol (x), whereas a behaviour with downward

slopes, deceleration, uses a divide symbol (O) (Kubina and Yurich, 2012). The celeration ref-

erence values are reported in Table 1. The improvement index is a measure of the change in the

accuracy of behaviour from the beginning of an intervention phase to the end and it is used to

analyse concurrent celeration data (e.g., correct and incorrect performances) (Kubina, 2019).

The improvement index captures the ratio of the concurrent acceleration and deceleration values

for each condition (Table 2). The numerical value of the improvement index states the degree of

progress across time and communicates exactly how the behaviour changes for correct and

incorrect answers (Kubina and Yurich, 2012). The significance of the improvement index is

shown in Table 2. In the present study the level was calculated using the geometric mean of

correct answers. The PrecisionX (Central Reach, 2020) software uses linear regression with a

Table 1. Growth classification based on celeration values (Kubina and Yurich, 2012).

Celeration values range Percentage weekly growth Growth classification

x3.0 201% þ weekly growth Super-massive growth celeration
x2.0–x3.0 101–200% weekly growth Massive growth celeration
x1.8–x2.0 80–100% weekly growth Exceptional growth celeration
X1.4–x1.8 41–79% weekly growth Robust growth celeration
x1.25–x1.4 25–40% weekly growth Acceptable growth celeration
x1.0–x1.25 0–24% weekly growth Unacceptable growth celeration

The values range for celeration are always referred to the acceleration data.

Table 2. An index of the significance of improvement values (Kubina and Yurich, 2012).

Improvement index Significance

x1.0 No change
x1.0–x1.2 Very slight accuracy improvement
x1.2–x1.3 Small accuracy improvement
x1.3–x1.5 Adequate accuracy improvement
x1.5–x2.0 Substantial accuracy improvement
x2.0–x3.0 Exceptional accuracy improvement
x3.0 þ Extraordinarily remarkable accuracy improvement
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Improvement index. Student A showed an improvement index of x1.75 (Table 3), Student B

showed an improvement index of x6.94 on the first intervention and x3.54 during the second

intervention condition (Table 3). Student C had an improvement index of x9.48 under the first

intervention condition, while under the second intervention condition it was x1.45 (Table 3).

Lastly, student D had an improvement index of x1.26.

Finally, significant P-values associated to the tests (Fisher’s exact or Yates corrected chi-

square) of the comparisons between initial (baseline) and final (condition) absolute numbers of

correct and incorrect responses were found, thus confirming the efficacy of the intervention

(Table 3).

Discussion

The study demonstrated that the intervention package using PT, FB and positive reinforcement

with explicit instructions, improved the reading skills of four students with a range of disabilities in

a special needs school in Gaborone, Botswana. Results for all students (Figure 3) showed a marked

difference between baseline and intervention conditions and, according to the literature, the sig-

nificance of the improvement index is considered ‘extraordinarily remarkable’ (Kubina and

Yurich, 2012). Overall, all students reached the range of the fluency goals as shown in Figure 3 and

Table 3, despite having received intervention spaced out across time. Only student C had a number

of correct words slightly lower at the second condition, visible also by looking at the celeration line

and improvement index on the second condition (Figure 3). Fisher exact test associated P-value

was also less (but still highly) significant compared to the other students’ outcomes (see Table 3) in

line with the other indices.

Student A greatly benefited from the package intervention. The structure of the instructional

episode in combination with PT and FB defined exactly teachers requests, while the positive

reinforcement made him able to work more effectively. His reinforcer condition was playing freely

for 1 minute with one of the toys available in the office. While he did not have a favourite toy, he

was at all times under instructional control and accepted the offered reinforcer, playing with it

appropriately every time he beat his score. When the timer sounded after the break, he did not need

to be called but remained seated at the table ready to start the trials and saying ‘( . . . ) and then we

play again!’. Looking at his SCC segment the acceleration score for correct answers quickly grew,

meaning he learned rapidly. The improvement index, x1.75, was also indicative of a substantial

improvement (Kubina and Yurich, 2012).

Student B was exposed to two separate interventions still made by the intervention package but

with two different conditions. The first condition consisted of reducing the letter sounds from 26 to

15. The second intervention condition began when acceleration or deceleration scores reached the

pre-determined level score (15 letter sounds in 1-minute time). The application of FB, the practice

through the time repetition and reducing the letter sounds’ numbers to decode, gave to the student

the ability to build her skills. The improvement index indicated a marked improvement (x6.94 in

the first condition, x3.54 in the second condition) while acceleration and deceleration scores

changed rapidly. By all accounts, Student B benefited greatly from the intervention.

Student C, like student B, showed an important improvement especially after the first inter-

vention condition exposure. Looking at the SCC segment, reducing the number of words read

incorrectly and adding a reinforcer, produced an improvement of the deceleration score for

incorrect responses. The same pattern was apparent after exposure to the second intervention
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condition, where acceleration scores increased, and deceleration scores decreased gradually. The

improvement index was remarkable on the first condition with a x9.48 improvement and accep-

table for the second condition, x1.45. Unlike the other students, students B and C were exposed to

two types of intervention conditions; decreasing the length of the task seemed to be a factor in

reducing the guessing of letter sounds and words, while the reinforcer was helpful in keeping

motivation high. Student D scores were not as high as the previous students, but she still shows

improvement with a deceleration and acceleration respectively of x1.08 and O1.16 and a small

improvement index. Notably, students did not have the opportunity to receive daily sessions.

Instead, students had a less intense presentation of one session per week. The students frequently

skipped school (except student B) mostly due to financial constraints. Despite the spread of ses-

sions across time, the consistent improvement of students’ growth of corrects words per minute and

subsequent reduction of incorrect words per minute highlights the power of the intervention

package. Increasing the frequency of sessions each week may result in greater growth rates and

accelerated learning.

The primary finding of the pilot study showcases a meaningful increase in the sight words and

letter sounds following the 7-week FB and PT intervention. We emphasize the use of SCC because

it was easy to read, informative, and provided real time feedback (Griffin and Murtagh, 2015). It

has been considered a model to rely on by teachers and school personnel who participated or

assisted the procedures. Through the intervention package, students had the chance to benefit from

an evidence-based approach and an advanced measurement/decision making system. For the first

time in Botswana, the results made teachers and school personnel willing to continue to apply those

intervention. The results are in line with other studies in this field from Western countries

(Cavallini et al., 2010; Griffin and Murtagh, 2015). Achieving the basic reading skills for the

students is of paramount importance and this is truer in an African context. Letter sounds iden-

tification is the first component skill of sounding out words. Students who fluently read letter

sounds may sound out words more quickly than students who could not fluently. Similarly, stu-

dents who could sound out words fluently can read passages more easily (Kubina et al., 2008).

Children with learning disorders in Botswana can be a marginalized group. Becoming a better

student and a better reader can allow them to have a brighter future and access to work. Poverty and

marginalization in sub-Saharian African countries easily result from engaging in problem beha-

viours (drug addition, gang activity, sexually aggressive behaviour, etc.) or being an easily victim

of problem behaviours (Hensels et al., 2016; Small et al., 2019). Using an evidence-based approach

with a visible structure, that gives immediate result, made students and school staff aware of the

feasibility of the work. The use of a positive reinforcement was an example of adding motivation to

the students without using harsh and corporal punishment, a problem already underlined in other

studies in Botswana (Phaladze et al., 2018) and still present in many African countries.

Due to the characteristics of the environment, this study had some limitations. First, a lack of

specialized teacher/assistant personnel was combined with a low number of sessions and reading

practice during the week. Second, a delay between baseline and intervention for some of the

participants may have impacted the results. Third, using an AB experimental design warrants

caution when interpreting the results. A fourth limitation was that the school was private and

parents were always struggling to send their children to school regularly due to financial con-

straints. Moreover, the school was in a continuous cycle of dropouts and new enrolments that made

the work difficult. It was not possible to do a proper follow-up to check for retention, endurance,

stability, and application (Hughes et al., 2007). In spite of the limitations the students involved

made measurable improvements in their reading performance in only seven sessions with 15–20
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minute sessions per week. The level of maintenance was high and their performance improved

every week. We stress this was a pilot study that confirmed the value of explicit instruction, PT,

FB, and the addition of positive reinforcement within the context of Botswana. Both PT and FB are

applicable to most of the school curricula and they can be useful techniques either for special or

mainstream schools in Botswana. More able students can even monitor the learning by themselves

or in dyads, potentially providing a fruitful mutually supportive learning environment. The pos-

sibility of such cultural shifts, especially in government schools where classrooms are over-

crowded and individual sessions are difficult to set, is tremendously exciting. Moreover, it will be

of interest to explore their application together with inclusive strategies such as peer tutoring in

mainstream school. The use of positive reinforcement in this pilot study was essential to achieve

the results and it should become an example to follow both for special and mainstream schools.

In a country such as Botswana the implementation of PT and FB can empower the students

needing special education to properly access information and promote access to education for

people with disabilities also on the prevention and awareness of infectious disease, including HIV

(UNAIDS, 2020). Reducing barriers (informational barriers, communication difficulties, access to

education and literacy and misconceptions about the health of people with disabilities) for children

with disabilities and facilitating a better coping with most of the communicable and non-

communicable diseases (WHO, 2015) is potentially within reach with the judicious application

of PT.

To conclude, four students with disabilities were exposed to a customized FB and reinforcement

intervention combined with PT that resulted in marked improvement in reading performance in all

cases. However, to fully evaluate the impact that such an approach can have, a larger sample study

will be needed in Botswana.
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