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ABSTRACT 

 

Background: In this research, we evaluated the effectiveness of an intervention, carried out through 

two studies, on the increase of on-task time in the context of a small group during the execution of 

arithmetic facts.  

Methods: Four adolescents with neurodevelopmental disorders took part in the research. For the first 

study, we used an ABAB single-subject experimental design, and for the second one, a pre- and post-

probe design. As dependent variables, in both studies, we measured the percentage of on-task behavior 

intervals, the number of correct arithmetic facts, and the total number of completed arithmetic facts 

during 10-minute sessions. In the first study, the implemented intervention was the use of a progressive 

variable interval reinforcement scheme. In the second study, the independent variable was an 

intervention package consisting of a self-monitoring procedure combined with an interdependent group 

contingency and public posting.  

Results: The intervention was effective in increasing the emission of on-task behavior and the number 

of corrected and completed arithmetic facts by each participant. 

Conclusions: the strategies described can provide learning and independence opportunities to students 

with neurodevelopmental disorders. 
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Introduction 

 

Class management is a fundamental component of effective instruction (Algozzine, Ysseldyke, & 

Elliott, 1997). Teachers must be able to involve students in academic tasks and use strategies to 

reduce inadequate classroom behaviors (Alberto & Troutman, 2009). The problem behaviors 

handling is very challenging and reduces the time dedicated to learning and educational activities. 

Often students who emit inappropriate behaviors disturb the class and interfere with the learning 

process (Rodrigo, Baker, & Rossi, 2013). 

Students’ ability to concentrate on their tasks also influences their school performance (Duncan & 

Magnuson, 2011). From the perspective of inclusive education, it is worth considering that, within a 

class group, there are students who have different characteristics and learning times. For this reason, 

some of them may experience frustration if the rhythm of learning in the classroom is too fast or too 

slow (Hitchock, Meyer, Rose, & Jackson, 2002). Others may present negative attitudes towards 

school, reduced self-esteem, and low levels of motivation (McGee, Ward, Gibbons, & Harlow, 

2003). Effective instruction for a variety of students requires the use of different methodologies, 

curriculum materials, and assessments (Hitchcock et al., 2002). Students who actively participate in 

the planning and evaluation of their learning experiences are more likely to improve their school 

performance (Choate, 2000). This is particularly true for students with learning disabilities and 

emotional disorders, who can present difficulties in managing their behavior (Shimabukuro, Prater, 

Jenkins, & Edelen-Smith, 1999). The autonomy of students with disabilities in performing school 

activities is essential in a productive, inclusive environment (Choate, 2000; Friend & Bursuck, 

2006; Gee, 2002). The school should therefore, be able to provide equal learning opportunities for 

all students. The biggest challenge for teachers in creating inclusive classes is to develop a broad 

repertoire of teaching strategies (Mitchell & Sutherland, 2020). These include multi-level teaching, 

based on flexibility, individualization and inclusion of all students, regardless of their skills 

(Johnson, 1999). Inclusive education also provides experience-based and student-centred learning 

and the development of self-determination. The school encourages students to express interest in 

curriculum content and learning strategies (Johnson, 1999). Other strategies can be the creation of 

multi-ethnic classrooms and heterogeneous groupings, cooperative learning activities and peer 

collaboration (Blenk & Fine, 1995). 

Within the class, we can distinguish two types of behavior: on task and off task. On-task time 

(Romero & Barberà, 2011) indicates the amount of time spent in carrying out an activity and is a 

determining factor in a student's academic success (Usart, Romero, & Barberà, 2013). Off-task time 

is time spent on any activity other than learning tasks (Karweit & Slavin, 1982) and is associated 

with poor school performance. Some examples of off-task behaviors are talking to a companion, 
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playing with other objects, or disturbing the class (Allday & Pakurar, 2007). For managing off-task 

behavior, and improving the climate within the classroom, behavior modification strategies, such as 

those based on the principle of positive reinforcement, can be implemented (Henderlong & Lepper, 

2002). Positive reinforcement occurs when a behavior is immediately followed by the presentation 

of a stimulus and, as a consequence, similar behaviors occur more frequently in the future (Cooper, 

Heron, & Heward, 2007).  

To promote a positive educational environment, many teachers employ differential reinforcement of 

alternative behaviors strategies (Christensen & Sanders, 1987) and token economy systems 

(Casarini, Artoni, Cascavilla, & Galanti, 2016; Celi & Fontana, 2001; Hackenberg, 2009) in which 

the student obtains reinforcement for desired behaviors. These types of interventions are relatively 

simple to implement if the behavior is easily observable and measurable. In many cases, however, it 

is more complex to measure certain on-task behaviors. For example, while it may be simple to 

observe that a student is not speaking, it is more difficult to discriminate whether the student is 

working on his own or is emitting off-task behavior, even if in silence (Hulac, Benson, Nesmith, & 

Shervey, 2016). To optimize student performance on a variety of tasks, educators can then 

implement interventions based on reinforcement schedules (Hulac et al., 2016; Lee & Belfiore, 

1997). 

Austin and Soeda (2008) demonstrated the effectiveness of using a fixed interval (FI) program to 

reduce off-task behavior in the classroom of two typically developing children of eight and nine 

years. During the implementation of the FI schedule, the teacher paid attention to the students every 

four minutes. The teacher reinforced the students' on-task behavior with verbal approvals and 

redirected their off-task behaviors. Moreover, he ignored the adequate or inadequate behaviors of 

the students that occurred between one interval and the next (i. e., extinction). The authors (Austin 

& Soeda, 2008) have suggested that extinction may have contributed to the effectiveness of the 

intervention. Another explanation for the decrease in off-task behavior could be the use of 

differential reinforcement. The teacher reinforced with approvals on-task behaviors and redirected 

off-task behaviors. Therefore, there was a   stronger association between on-task behaviors and the 

approvals provided by the teacher. Riley, McKevitt, Shriver and Allen (2011) replicated and 

extended the results of the study by Austin and Soeda (2008). The authors also examined whether 

the FI reinforcement schedule was effective in reducing off-task behavior without using extinction 

between intervals. One of the disadvantages of using FI reinforcement schemes is that these patterns 

generate a post-reinforcement break whereby the individual's response rate decreases as soon as the 

person has received reinforcement (Lee & Belfiore, 1997; Hulac et al., 2016) and increases 



Iacomini et al.                      Journal of Clinical and Developmental Psychology, 2(2), 2020, 24-47 

 27

gradually before the next reinforcement (Cooper et al., 2007). Therefore, once reinforcement is no 

longer available, the student's behavior tends to decrease. 

In a variable interval schedule of reinforcement (VI), it is reinforced the first response emitted after 

a variable time interval from the previous reinforcement (Cooper et al., 2007). In other words, 

access to reinforcer is negated until the end of the interval, regardless of the responses emitted. At 

school and in clinical settings, there is a wide range of possibilities for applying VI reinforcement 

programs to support students’ behavior.  

Teachers can use a VI scheme to encourage and increase students' behaviors to sit straight in the 

chair and follow the teacher with gaze (Briesch, Hemphill, & Daniels, 2013). Alternatively, in a 

classroom situation where the teacher tries to use a group contingency to reduce peer-mediated 

behaviors (Hulac & Benson, 2010), the teacher can provide directions on a VI scheme to remind 

students of desired behaviors. This type of reinforcement program is also used to increase the on-

task behavior of students who show difficulties in performing tasks assigned to them (Martens, 

Lochner, & Kelly, 1992). A VI reinforcement schedule can also be used, for example, to teach 

students to sit, to speak with an appropriate tone of voice, to keep their hands in place in the 

hallway and during the lessons, to sit in a correct posture, to organize materials appropriately and 

follow the teachers’ instructions (Hulac et al., 2016).  

Self-monitoring is another possible strategy to improve attentive skills, academic productivity, and 

decrease off-task behavior in the classroom (Cole, Marder, & McCann, 2000; Shapiro & Cole, 

1994). Researchers have shown that students can use self-monitoring to regulate their behavior and 

increase autonomy (McDougall & Brady, 1998; Shapiro & Cole, 1994). Self-monitoring procedures 

can decrease dependence on external factors (e.g., teachers, parents, peers) involved in a behavioral 

change, facilitating the generalization to other settings and the maintenance of the acquired skills 

(McLaughlin, Krappman, & Welsh, 1985).  

Several studies have demonstrated the effectiveness of self-monitoring strategies to increase 

students' on-task behaviors with ADHD (Graham-Day, Gardner, & Hsin, 2010), with Autistic 

Spectrum Disorders (Holifield, Goodman, Hazelkorn, & Heflin, 2010), Intellectual Disabilities 

(Prater, Joy, Chilman, Temple, & Miller, 1991; Dalton, Martella, & Marchand-Martella, 1999), 

emotional and behavioral disorders (Carr & Punzo, 1993), and young people at risk of school 

failure (Wood, Murdock, Cronin, Dawson, & Kirby, 1998).  

In addition, some studies have shown that self-monitoring can directly affect academic skills. For 

example, the results of a study conducted by McDougall and Brady (1998) show that five fourth 

grade students with and without disabilities increased the performance-related fluency in the 

execution of arithmetic problems and the on-task time after learning two self-monitoring strategies 
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(i.e., attention self-monitoring and productivity self-monitoring). When compared, both 

interventions seemed to improve school engagement and mathematical fluency. The term fluency is 

used to describe a rapid and accurate academic response (Haring & Eaton, 1978). Fluency is 

necessary to achieve the class's objectives in terms of skills and subjects. Concerning mathematical 

skills, a student who is able to complete arithmetic facts fluently will be more able to complete 

subsequent advanced mathematical tasks (Skinner, Fletcher, & Hennington, 1996). Students who 

are not fluent in performing arithmetic facts may experience frustration and will tend to avoid their 

math assignments as too difficult (Skinner, Pappas, & Davis, 2005). In addition, people with math 

facts deficits are more likely to be excluded from job opportunities that require mathematical skills 

(Sante, McLaughlin, & Weber, 2001). Fluency in the completion of arithmetic facts is also very 

important for the performance of everyday life activities, such as money management (Poncy, 

McCallum, & Schmitt, 2010; Spooner, Saunders, Root, & Brosh, 2017). To improve fluency in 

basic mathematical facts, some of the most common fluency buiding-techniques are used, such as 

precision teaching (Lindsley, 1992), effective exercise activities and feedback (Burns, 2005). For 

greater effectiveness, these techniques can be used in combination with other strategies (Farrell & 

Mc Dougall, 2008).  

Despite the potential of self-monitoring to improve school performance, few studies investigated 

the effects of self-monitoring on the execution of mathematical exercises by students with 

intellectual and developmental disabilities (Agran, Cavin, Wehmeyer, & Palmer, 2006; Farrell & 

McDougall, 2008; Hughes, Copeland, Agran, Wehmeyer, & Rodi, 2002). Holifield, Goodman, 

Hazelkorn and Heflin (2010) examined the effects of self-monitoring, with verbal prompts, to help 

two children with second-grade autism to track their behavior. One of the limitations of the study 

was the time taken by the teacher to provide verbal prompts.  

In recent years, researchers have used tactile prompts (e.g., MotivAider®) as an alternative to 

acoustic devices and verbal prompts, which can be more intrusive, stigmatizing, and adult-driven. 

The MotivAider® is an electronic device that can be easily programmed to vibrate based on a fixed 

or variable time interval.  

Amato-Zech, Hoff, and Doepke (2006) studied the effects of using MotivAider® as a tactile 

stimulus to self-monitor on-task behavior in a class with students with special educational needs. 

Every three minutes, the MotivAider® vibrated, and the students recorded their behavior on an 

individual sheet. The results show that after the introduction of self-monitoring, students increased 

their on-task behavior. Similarly, Legge, DeBar, and Alber-Morgan (2010) examined the effects of 

self-monitoring using MotivAider® on the on-task behavior of three middle school students, two of 
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whom with a diagnosis of autism and one with cerebral palsy. After each session, experimenters 

determined the accuracy of self-monitoring by comparing their data with those of the students.  

Students could access to reinforcer if they were on-task for at least 80% of time. One of the 

limitations of the study was the lack of data on the accuracy of the mathematical tasks performed. 

Boswell, Knight and Spriggs (2013) studied the effect of self-monitoring with MotivAider® on the 

percentage of on-task behavior intervals of an 11-year-old child with moderate intellectual 

disability. The results show an increase in the percentage of on-task time during training, in the 

accuracy of monitoring their on-task behavior and in mathematical fluency.  

In the school context, where teachers often have to teach huge classes, it would be advisable to 

implement group interventions to increase on-task behavior. These can be more productive, 

especially in terms of generalization (Heering & Wilder, 2006). When more than one student shares 

one ore more components of behavioral intervention, we use group contingencies (Turco & Elliot, 

1990; Cooper et al., 2007). These strategies have the economic and practical advantage of 

minimizing the number of adults needed to manage students (Theodore, Bray, & Kehle, 2004). 

There are three types of group contingencies: independent, dependent, and interdependent. 

Independent contingencies include the use of the same target behavior, as well as the same criteria 

for having access to the reinforcer, which is the same for all students (Hulac & Benson, 2010). 

However, each student gains access to the reinforcer only by their behavior. Dependent group 

contingencies imply that the group can access the reinforcer contingently to the behavior of one or a 

few students (Kelshaw-Levering, Sterling-Turner, Henry, & Skinner, 2000). Finally, in the case of 

interdependent contingencies, a group of students has access to the reinforcer contingent upon the 

behavior of the entire group; for example, when the whole group meets the established criterion or 

when a mean group score is achieved (Cooper et al., 2007). In theory, interdependent contingencies 

seem to be more advantageous than dependent and independent contingencies, as they encourage 

students to achieve a common goal. Students are prone to help each other to increase the likelihood 

that everyone has access to the reinforcer (Kelshaw-Lewering et al., 2000).  

As all members of the group must meet the criterion, individually and as a group, to achieve the 

reinforcer, problem behaviors within the class may decrease (Cashwell, Skinner, Dunn, & Lewis, 

1998). Students who rarely receive reinforcement for their behavior may feel motivated to achieve a 

group goal (Skinner, Cashwell, & Dunn, 1996). Teachers may prefer these programs because they 

are useful in helping students work well together and meet teachers' expectations, and efficient in 

terms of reducing the number of adults needed to manage a group of students (Sharp & Skinner, 

2004).  
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Another effective strategy in different contexts to achieve behavioral changes is public posting, 

used to provide feedback to students about their performance (O' Handley, 2014). Regardless of the 

setting, the information the person receives through the feedback creates motivational operations to 

increase the emission of a specific behavior in the future (Wright, 2016). Public posting also 

requires that other members of a group see each individual's performance levels. Posting can create 

an establishing operation that increases the value of the reinforcer for the subject. Therefore, the 

person is more likely to emit the behavior with which he or she has access to the reinforcer (Quinn, 

Miltenberger, Abreu, & Narozanick, 2017).  

Some studies have examined the effects of public posting on academic achievements. Van Houten, 

Morrison, Jarvis and McDonald (1974) measured the number of words that primary school students 

were able to write in a ten-minute interval using public posting, timing, and feedback. The results 

showed that the number of words written by the students doubled during the training; when the 

public posting ended, the students' performance returned to baseline levels. Although some studies 

investigated the effects of public posting on academic performance, only a few focused on the 

effects of public posting on the classroom's behavior (Wright, 2016). Staub (1990) examined the 

use of public posting to reduce problem behavior in the corridor with 250 secondary school 

students. Again, the study demonstrated the effectiveness of public posting in promoting a 

behavioral change.  

This research aims to evaluate the effectiveness of an intervention, carried out through two studies, 

which includes the use of variable interval reinforcement schemes, self-monitoring strategies, an 

interdependent group contingency and public posting on the on-task time, the number of correct 

arithmetic facts and the total number of completed arithmetic facts, in a small group context. 

 

Method 

Participants 

Four adolescents with neurodevelopmental disorders participated in this study. All the participants 

had a teacher or an educator as personal support during their whole school timetable. They all 

received individualized teaching based on Applied Behavior Analysis (ABA) from a minimum of 

12 to a maximum of 22 hours a week in the afternoon. At the onset of the study all, the participants 

functioned at a writer-as-own reader level of verbal development (Greer & Ross, 2008).  

Participant A was a 16-year-old-male with moderate intellectual disability (DSM-5; American 

Psychiatric Association [APA], 2013). He attended the third year of secondary school, for a total of 

25 hours a week. He was selected for this study as he often emitted request avoidance behaviors 
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during the completion of afternoon homework and individualized activities in the learning center's 

schedules. 

Participant B was a 17-year-old-male with mild intellectual disability and Attention Deficit 

Hyperactivity Disorder (DSM-5; APA, 2013). He attended the first year of secondary school, for a 

total of 22 hours per week. He was selected for this study as he showed a limited ability to 

concentrate on carrying out the activities assigned to him and difficulties in regulating his behavior. 

He often reacted to requests with screams, swearing, and beating, especially in group settings.  

Participant C was an 18-year-old male who had a diagnosis of Prader-Willi syndrome. He attended 

the fourth year of secondary school, for a total of 25 hours per week. The student was selected for 

this study as he was unable to complete the assigned arithmetic facts in the time devoted during the 

schedule of  activities at the learning center.  

Participant D was a 14-year-old male with autism spectrum disorder (DSM-5; APA, 2013). He 

attended the third year of secondary school for a total of 21 hours per week. The student was 

selected for this study as he often emitted request avoidance behaviors, during the completion of 

afternoon homework, and problem behaviors with peers when involved in a group setting, such as 

teasing other students. 

 

Setting and materials 

The study took place in a learning center in northern Italy. All the experimental phases were 

conducted in a room where students were engaged in individualized instructional programs and 

afternoon homework. The room contained two rectangular tables with four chairs. 

The evaluation of the mathematical skills, which took place through a criterion assessment before 

starting the research, allowed the creation of personalized work materials for each participant. Thus, 

each student had at his disposal worksheets with a series of arithmetic facts to complete that he was 

able to carry out independently. During the self-monitoring training, the students also used a data 

sheet to record their behavior and a graph on which they recorder the corresponding data at the end 

of each work session. For data collection, the experimenter used a clipboard, a data collection sheet, 

a pencil, a timer, and a MotivAider®. 

 

Procedure and Measures 

In both studies, three dependent variables were measured. The first dependent variable was the 

percentage of on-task behavior intervals for each participant during 10-minute observation sessions. 

On-task behavior was defined in operational terms as the students sitting in the chair, looking at the 

worksheets, writing down the answers on the paper, using compensatory tools (i.e., the calculator) 
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to carry out the exercises. All other behaviors, such as walking around the classroom, looking 

around or talking to other students, were considered off-task.  

The second dependent variable was the number of arithmetic facts, selected for each participant 

based on their skill level, that was carried out correctly in each session. Finally, a third dependent 

variable was the total of the arithmetic facts completed by the students in each work session. The 

independent variable in the first study was a variable interval (VI) schedule of reinforcement. The 

first on task response emitted by the participants, once the interval elapsed, was reinforced by the 

experimenter with descriptive social praise. The mastery criterion was defined as a percentage of 

100% of on-task behavior intervals for two consecutive sessions, except for Participant D, for which 

the criterion was 95% for two consecutive sessions. Each time the student mastered the criterion, 

the duration of the interval was increased from 60 seconds to 90 seconds and finally to 120 seconds.  

In the second study, the independent variable was an intervention package consisting of a self-

monitoring procedure combined with an interdependent group contingency and public posting. Self-

monitoring was implemented in 10-minute sessions using a 60" VI. The self-monitoring mastery 

criterion was set at 100% for two consecutive sessions for the Inter Observer Agreement (IOA), 

between the student's data and the data taken by the observer, established by the experimenter. At 

the end of each session, all the participants needed to achieve the percentage of the agreement 

previously established by the experimenter, to access the reinforcer. Eachstudent plotted this 

percentage at the end of the training. The graph was on a wall of the room so students could monitor 

their progress, and the other members of the group could also see this. Experimental design  

An ABAB reversal design (Cooper et al., 2007) was used for the first study, where the behaviors 

defined as dependent variables were observed and measured both during the baseline phases, in 

which the independent variable was absent and in training phases, during which the independent 

variable was introduced. For the second study, a single-subject pre and post probe design (Cooper et 

al., 2007) was used to compare the percentage of on-task behavior intervals, the number of correct 

arithmetic facts, and the number of arithmetic facts completed before and after the training 

implementation.  

Experiment 1 

Before the introduction of training, the experimenter conducted 10-minute observations to measure 

behaviors defined as dependent variables. The experimenter placed the worksheets for each student 

at the location assigned to each one. Materials were structured in a manner that if the students 

completed the exercises before the 10 minutes elapsed, they would have more to do. Therefore, 

there was no fixed number of arithmetic facts to complete.  
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As all students sat at the tables, with their worksheets available, the experimenter provided them 

with individual indications on the exercises to be carried out, instructed them to complete the 

arithmetic facts assigned to them, and began the observation procedure. The experimenter set the 

MotivAider® to a fixed interval (FI) of 30 seconds and held the device with him. Each time the 

MotivAider® vibrated, the experimenter recorded on a data collection sheet whether the behavior of 

each student was on task or not, through a procedure of Momentary Time Sampling (MTS), which 

allows to measure whether a target behavior occurs at the moment corresponding to the end of a 

time interval (Cooper et al., 2007). At this stage, the experimenter did not provide any 

consequences for the students' behavior. 

As in the baseline sessions, the teacher ensured that the students had the materials at their disposal 

and were well aware of how to proceed before starting the 10-minute training session.  

The experimenter set the MotivAider® on a 60-second VI. When the MotivAider® vibrated, the 

experimenter recorded on the data collection sheet the student's behavior at that specific time, using 

the MTS, and reinforced with verbal approvals (e.g., "Good guys, you are working very well!") the 

first emission of on-task behavior. The experimenter did not redirect off-task behavior unless it 

directly disturbed other students. During the training, a second experimenter was at the students' 

disposal for any doubts or difficulties regarding the assigned exercises. At the end of each work 

session, the students had access to an activity that they had previously planned with the 

experimenter. Once reached the 100% mastery criterion for two consecutive sessions, a longer 

interval of 90 seconds and finally 120 seconds was introduced. For Participant D, the mastery 

criterion was set at 95% for two consecutive sessions only for the 60-second and 90-second VI 

schemes, as the 120-second VI condition was not implemented.  

At the end of the training, baseline observations were conducted to compare the pattern of 

performance between the experimental phases, using the same methods described for the pre-probe 

observations. The independent variable was then reintroduced, at the end of the baseline 

measurements, with a 60 seconds VI reinforcement scheme. 

Experiment 2 

At the beginning of the second study, 10-minute pre-probe sessions were conducted in the 

modalities described for the previous study. Following this phase, self-monitoring training was 

introduced with 10-minute sessions. The participants were all seated at the same table, with their 

own maths worksheets at disposal. The experimenter gave each participant a self-recording sheet on 

which to record their behavior and then placed on the table the MotivAider ®, set to a 60 seconds 

VI. The experimenter then explained what self-monitoring consisted of and modeled how to record 

the data on the sheet. When the MotivAider® vibrated, students had to mark a "+" if working on 
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assigned tasks at that moment and a "-" if they were doing something else, such as talking to 

another student. Participants were also informed that to access the break, they all needed to reach an 

inter-observers agreement of 60% or more comparing their data with those of the experimenter. The 

latter then gave practical examples to the students of how they were going to calculate the score. If 

all the students reached or exceeded this level, then they were allowed to have access to the chosen 

activity. Once the mastery criterion for this objective was achieved, for two consecutive sessions, a 

new one was set at 70% until an agreement level of 90% was obtained. During the training sessions, 

when the MotivAider® vibrated, the experimenter recorded on a data collection sheet the behavior 

of each participant, making sure that the students themselves recorded the data related to their 

behavior. At the end of each session, the experimenter calculated the percentage of agreements, 

comparing his data with those of the students on the self-recording sheet. An agreement occurred 

when both the experimenter and student recorded "+" or "-" at the end of the corresponding interval.  

If all the students achieved the level of the agreement previously established, they could have access 

to the reinforcer (i.e., the break). Participants reported on a graph the percentage of agreement 

obtained during self-monitoring. The graph was then hung on the wall of the room so that all 

participants could monitor their progress and other members of the group's progress. Moreover, as 

the training took place in a room where other individualized activities were carried out, the graphs 

were also viewable to other students attending the learning center.  

At the end of the intervention, post probes were conducted using the same procedure as for the pre 

probes. 

Data Collection 

In both studies, probes data were collected through systematic 10-minute observations. When all the 

students were sitting at the tables in the room, with their materials at their disposal, and after having 

indicated the assigned tasks, the experimenter activated the 10-minute timer and simultaneously 

turned on the MotivAider®, set to a fixed interval of 30 seconds. When the MotivAider® vibrated, 

the experimenter recorded each student's on-task behavior using a Momentary Time Sampling 

(MTS) procedure (Cooper et al., 2007). The behavior was recorded on the data collection sheet in 

the following way: the experimenter marked a "+" if the student's behavior was on-task, or a "-" if 

the behavior was off-task. At the end of each session, the percentage of on-task behavior was 

calculated and then reported on a graph. Also, the experimenter calculated the number of correct 

arithmetic facts and the total number of the student's arithmetic facts. At the end of the baseline 

sessions, the experimenter recorded on a graph the averages of the correct arithmetic facts and those 

completed per session. This data collection procedure was also used during all training sessions. 
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Inter-Observer Agreement (IOA) was calculated by having a second observer, who independently 

and simultaneously recorded the data. Agreements were divided by agreements plus disagreements 

then multiplied by 100 (Cooper et al., 2007). In the first study, the IOA was calculated for 75% of 

training sessions with 90% agreement and 70% of probe sessions with 90% agreement. In the 

second study, the IOA was determined for 30% of training sessions with 100% agreement and 50% 

of probe sessions with 100% agreement. 

 

Results 

Participant A’s mean percentage of on-task behavior during the five baseline sessions occurred for 

63.2% of the intervals (range= 53%-80%). In this phase, the student produced a mean of 14 correct 

and 19.2 completed arithmetic facts. In the first training phase, the student achieved the mastery 

criterion for the VI 60" reinforcement scheme in eight sessions, with a mean percentage of on-task 

intervals of 89.6% (range = 69%-100%); during the VI 60" schedule condition the student 

performed a mean of 20.5 correct and 28.6 completed arithmetic facts. With the introduction of the 

VI 90" scheme, the student achieved the criterion of mastery in four sessions, with a mean 

percentage of on-task intervals of 96.2% (range=85%-100%), a mean of 30.2 correct and 38.2 

completed arithmetic facts were recorded. The student reached the criterion for the VI 120" scheme 

in seven sessions, with a mean percentage of on-task intervals of 96.5% (range=91% -100%); the 

means of corrected and completed arithmetic facts were 31.8 and 39.7 respectively. In the five 

baseline observations, conducted after the intervention, the student’s mean percentage of on-task 

behavior occurred for 56,8% of the intervals (range = 19%-83%). At this stage, the means of correct 

and completed arithmetic facts were six and 16.2, respectively. Finally, during the VI 60" 

reinforcement schedule condition, a mean percentage of on-task intervals of 91.2% (range = 80% -

100%) was measured in four sessions. In this phase, the student produced a mean of 24.2 correct 

and 26.8 completed arithmetic facts.  

Participant B’s mean percentage of on-task behavior during the five baseline sessions, occurred for 

65.2% of the intervals (range = 41%-77%). At this stage, the means of correct and completed 

arithmetic facts were 40.2 and 49.6, respectively. The student achieved the mastery criterion for the 

VI 60" reinforcement scheme in five sessions, with a mean percentage of on-task intervals of 92.6% 

(range = 81% -100%); the student performed a mean of 57.8 correct and a 70.6 completed 

arithmetic facts. The student achieved the criterion for the VI 90" scheme in five sessions, with a 

mean percentage of on-task intervals of 87.6% (range = 69% - 100%), a mean of 65.2 corrected and 

75 completed arithmetic facts were recorded. With the introduction of the VI 120" scheme, the 

student achieved the criterion in two sessions, with a mean percentage of on-task intervals of 100%. 
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The means of correct and completed arithmetic facts were 72 and 81.5, respectively. In the six post-

intervention baseline observations, the mean percentage of on-task behavior intervals was 60.5% 

(range = 31%-87%). During this phase, a mean of corrected of 30,8 and 41, 5 completed arithmetic 

facts were recorded. Finally, in the second phase of implementation of the intervention, the 

participant achieved the criterion of mastery in three sessions, with a mean percentage of on-task 

intervals of 86.6% (rang e= 60% - 100%). In this phase, the student produced a mean of 71 correct 

and 82.3 completed arithmetic facts. 

 

Participant Experimental 

phase 

Mean percentage of 

on-task interval 

 Mean of correct 

arithmetic facts 

Mean of completed 

arithmetic facts 

Participant A Baseline 1 63,2% 14 19,2 

VI 60” 89,6% 20,5 28,6 

VI 90” 96,2% 30,2 38,2 

VI 120” 96,5% 31,8 39,7 

Baseline 2 56,8% 6 16,2 

VI 60” 91,2% 24,2 26,8 

Participant B Baseline 1 65,2% 40,2 49,6 

VI 60” 92,6% 57,8 70,6 

VI 90” 87,6% 65,2 75 

VI 120” 100% 72 81,5 

Baseline 2 60,5% 30,8 41,5 

VI 60” 86,6% 71 82,3 

Participant C Baseline 1 78% 17,3 23,6 

VI 60” 88,8% 45,8 58,1 

VI 90” 100% 51 71 

VI 120” 96,2% 51,2 63 

Baseline 2 97,5% 29 41 

VI 60” 97,3% 40 60,3 

Participant D Baseline 1 50,8% 24 36,6 

VI 60” 89,7% 78 80,7 

VI 90” 82,4% 49 68,7 

Baseline 2 49% 32,8 48,6 

VI 60” 73,6% 79,6 86 

Table 1. Mean percentage of on-task intervals, mean of correct and completed arithmetic facts, during each 

experimental phase, for all participants. 
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Participant C’s mean percentage of on-task behavior during the six baseline sessions occurred for 

78% of the intervals (range = 54%-100%). At this stage, the means of correct and completed 

arithmetic facts for each session were 17.3 and 23.6, respectively. In the first phase of 

implementation of the training, the student reached the criterion for the VI 60" scheme in seven 

sessions, with a mean percentage of on-task intervals of 88.8% (range = 60% - 100%); the student 

produced a mean of 45.8 correct and 58.1 completed arithmetic facts. During the VI 90" schedule 

condition, the student achieved the criterion in two sessions, with a mean percentage of on-task 

intervals of 100%; a mean of 51 corrected and  71 completed arithmetic facts were measured. In the 

VI 120" condition, the student met the criterion in four sessions, with a mean percentage of on-task 

intervals of 96.2% (range = 90% -100%). During this condition, the means of the correct arithmetic 

facts and those produced in total were 51,2 and 63, respectively. In the two post-intervention 

baseline observations, the mean percentage of on-task intervals recorded for the participant was 

97.5% (range = 95%-100%). In this phase, the student produced a mean of 29 correct and 41 

completed arithmetic facts. Finally, in the second phase of implementation of the intervention, the 

student achieved the criterion in three sessions, with a mean percentage of on-task behavior 

intervals of 97.3% (range = 92%-100%). During this phase, the student produced a mean of 40 

correct and 60.3 total arithmetic facts.  

Participant D’s mean percentage of on-task behavior during the six baseline sessions occurred for 

50.8% of the intervals (range = 45%-64%). In this phase, the student produced a mean of 24.8 

correct and 36.6 completed arithmetic facts. In the VI 60" condition, the student reached the 

criterion in four sessions, with a mean percentage of on-task intervals of 89.7 % (range = 80% - 

95%). The means of the correct and completed arithmetic facts were 78 and 80.7, respectively. In 

the VI 90" condition, the student reached the criterion in seven sessions with a mean percentage of 

on-task intervals of 82.4% (range = 53% - 98%). During this condition, the student produced a 

mean of 49 correct and 68.7 completed arithmetic facts. In the five post-intervention baseline 

observations, the participant’s mean percentage of on-task behavior occurred for 49% of the 

intervals (range = 22%-77%). During this phase, the student produced a mean of 32.8 corrected and 

a 48.6 completed arithmetic facts. Finally, in the second phase of the intervention, a mean 

percentage of on-task intervals of 73.6% (range, = 61%-88%) was recorded in five sessions. During 

this phase, the means of correct and total arithmetic facts were respectively 79.6 and 86.  
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Table 2 shows the results for Experiment 2. Participant A, in the two pre-probe sessions, emitted 

on-task behavior for a mean percentage of intervals of 72.5% (range = 60%-85%). In this phase, the 

means of the correct and completed arithmetic facts were 1.5 and 8.5, respectively. During the two 

post probe sessions, the student emitted a mean percentage of 95% on-task intervals (range = 90%-

100%). The student produced a mean of 18.5 correct and 23 completed arithmetic facts. 

 

Participant 
Experimental 

Phase 

Mean percentage of 

on-task intervals 

Mean of correct 

arithmetic facts 

Mean of completed 

arithmetic facts 

Participant A Pre Probe 72,5% 1,5 8,5 

Post Probe 95% 18,5 23 

Participant B Pre Probe 75% 21 29,5 

PostProbe 85% 48,5 62,5 

Participant C Pre Probe 100% 27,5 37,5 

Post Probe 100% 21,5 38,5 

 
Table 2. Mean percentage of on-task intervals and means of correct and completed arithmetic facts for each 

participant, during pre and post probe sessions. 

 

For Participant B, in the two pre-probe sessions, a mean percentage of on-task intervals of 75% 

(range = 70%-80%) was measured. During this phase, the student produced a mean of 21 correct 

and 29.5 completed arithmetic facts. In the two post probe sessions, a mean percentage of on-task 

intervals of 85% (range = 75%-95%) for each session was measured for the student. The means of 

the correct and completed arithmetic facts were 48.5 and 62.5, respectively. 

Participant C, during the two pre-probe sessions, emitted on-task behavior for a percentage of 

intervals of 100%. During this phase, the student produced a mean of 27.5 correct and 37.5 

completed arithmetic facts. In the two post probe sessions, a percentage of 100% on-task intervals 

was measured for the student. During this phase, the means of correct and completed arithmetic 

facts in total were 21.5 and 38.5, respectively. 

Table 3 shows, for each participant, the mean percentages of on-task intervals and agreements with 

the teacher's data during the self-monitoring training, together with the means of the correct and the 

completed arithmetic facts.  
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Participant Objective of 

% of 

agreements 

mean% of 

on-task 

intervals 

mean% of 

agreements 

Mean of correct 

arithmetic facts 

Mean of completed 

arithmetic facts 

Participant A 60% 89,5% 79,5% 1 3,5 

70% 97% 82% 19,5 31 

80% 100% 97,5% 38,2 50,5 

90% 100% 100% 49,6 61,3 

Participant B 60% 92% 85% 40 48,5 

70% 100% 93% 38 53,5 

80% 97% 100% 57,1 75,5 

90% 100% 100% 39 54 

Participant C 60% 97% 92% 25 37,5 

70% 100% 100% 11,5 19 

80% 100% 100% 13,5 33 

90% 100% 100% 14,6 19 

 

Table 3. Mean percentage of on-task intervals, mean percentage of agreements with the experimenter’s data 

and mean values of correct and completed arithmetic facts, during self-monitoring training. 

 

The table shows that all the participants have met the fixed criterion contingency, as their mean 

percentages of agreements were always higher than the fixed objective. In addition, the mean 

percentage of on-task intervals also seems to increase for all participants, as the goal of the fixed 

criterion contingency increases. 

 

Discussion 

The study aimed at assessing the effectiveness of an intervention on on-task behavior, in a group of 

adolescents with neurodevelopmental disorders, during the execution of arithmetic facts.  

Overall, the results of the first study (Table 1) show for all participants, with the introduction of VI 

reinforcement schedules, an increase in the percentage of on-task behavior intervals, during both the 

first and the second training phase, compared to baseline conditions. Similarly, the number of 

correct and completed arithmetic facts increased in the intervention phases compared to baseline 

sessions. 

Except for Participant C, the mean percentage of on-task intervals recorded in return to baseline 

sessions for Participants A, B, and D is lower than in the initial baseline measurements. This result 

could indicate that in the absence of the independent variable and, therefore, without the attention 
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given by the teacher through reinforcement schedules, the students found reinforcement in the 

attention given by peers to the emission of off-task behaviors.  

It is interesting to note that Participant C, with the introduction of VI reinforcement schemes in the 

first phase of training, progressively increased the number of correct and completed arithmetic 

facts. During the VI 120" condition, there is a slight decrease in the mean of total arithmetic facts 

per session and percentage of on-task intervals compared to the previous condition. An explanation 

could be that the longer duration of the interval in the reinforcement scheme led to a lower student 

response rate (Cooper et al., 2007). The student was included in the study as he took a long time to 

complete the assigned arithmetic facts. Therefore, the results of the study suggest that the VI 

reinforcement schemes were useful for  increasing the overall number of completed arithmetic facts 

and that the student could be faster in carrying out the assigned materials. 

Concerning Participant D, the decision to set the mastery criterion at 95% for two consecutive 

sessions, was dictated by the difficulties of concentration shown by the student in the context of 

small group and the frequent emission of off-task behaviors during the workgroup sessions. 

Moreover, the student's variable frequency of attendance at the learning center did not allow the 

implementation of continuous training. With the passage to VI 90" condition, there was a decrease 

in the means of correct and completed arithmetic facts for each session and the percentage of on-

task behavior. One possible explanation could be that, by increasing the duration of the interval, the 

reinforcement provided by the teacher did not encourage the emission of on-task behavior, and that 

the student found more reinforcing the attention that the students were paying him during the 

emission of off-task behavior. Therefore, for Participant D, it was decided to terminate the first 

phase of training with the achievement of the criterion in the VI 90" condition.  

Experiment 1 presents some limitations of a methodological nature. One of the main difficulties 

encountered was related to the measurement of on-task behavior. Particularly in the initial phase of 

the training, there were some difficulties in determining whether the student's behavior was on-task. 

For example, in some cases, it was difficult to discriminate whether the students were concentrated 

on completing the assigned arithmetic facts or whether they were responding randomly. A further 

limitation is that sessions were conducted on days when not always all four participants were 

present, due to the different weekly attendance at the learning center. This factor may have 

influenced, in some cases, the percentage of on-task time in the different sessions, as the presence 

or absence of one or more members of the group may have acted as a discriminatory stimulus for 

the other students' behavior. For example, in the presence of one of the group members emitting 

more disturbing behaviors, other members would also emit more off-task behaviors. The absence of 

this member may have influenced the percentage of on-task behavior in some training sessions, 
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which was so much higher. Moreover, it was not possible to eliminate the influence of some 

external variables related to the setting, such as the presence of other students in the room. Finally, a 

temporal limit for Participants A and D was that of not having carried out further sessions, in the 

second phase of implementation of the intervention, to allow the achievement of the mastery 

criterion. 

Despite the limitations described above, as a result of the introduction of VI reinforcement schemes, 

all participants increased their on-task behavior. The training was easy to implement, and group 

activity resulted in being reinforcing and motivating for the students. Thus, this study seems to 

corroborate the results of previous research on the effectiveness of reinforcement schemes (Austin 

& Soeda, 2008; Riley, McKevitt, Shriver, & Allen, 2011) and, in particular, of VI schemes in the 

development of habitual behaviors that last for a prolonged time (Cooper et al., 2007; Hulac & 

Benson, 2010; Hulac et al., 2016; Lee & Belfiore, 1997; Martens et al., 1992). The choice of 

materials was determined by the fact that all participants presented difficulties in the execution of 

arithmetic facts. The worksheets were personalized according to the specific skills of each student 

so that everyone was able to perform the assigned arithmetic facts independently. If a student is not 

able to perform a given task in the absence of direct instructions, then VI schemes may not 

necessarily represent a functional strategy (Hulac et al., 2016). In these cases, it would be 

appropriate to provide the student with immediate feedback on the performance, along with more 

opportunities for practice. However, when working on fluency, VI schemes represent a useful 

strategy to be implemented to increase on-task behavior (Hulac et al., 2016). In this study, through 

the implementation of  VI reinforcement schemes, participants accurately completed more 

arithmetic facts. The training could be a way to build mathematical fact fluency in students with 

neurodevelopmental disorders. The practical implications can be found in the importance of 

mathematical competences, even outside the academic field (Poncy et al., 2010). Indeed, those who 

can apply mathematical skills to a job, during leisure activities or everyday life situations can be 

more independent and experience a better quality of life (Spooner et al., 2017). 

Future research may assess the effectiveness of these procedures during long observation periods. 

Also, it would be beneficial to identify the conditions necessary for the long-term maintenance of 

the effects obtained. 

A further consideration is that the teacher's presence may have probably developed the properties of 

the discriminatory stimulus for the emission of appropriate group behavior (Marholin & Steinman, 

1977). The literature (Duncan & Magnuson, 2011; Roberge, Rojas, & Baker, 2012) shows that the 

development of on-task behavior is a precursor to the improvement in students' academic 

performance. However, to ensure that on-task behavior is maintained even in the absence of the 
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teacher, the discriminatory function should be transferred to other stimuli present in the group 

context (Marholin & Steinman, 1977).  

To progressively reduce the stimulus control represented by the presence of the teacher and make 

the students more independent in carrying out the assigned activities, Experiment 2 was then 

conducted. The intervention included a self-monitoring procedure, combined with an 

interdependent group contingency, and public posting. Participant D did not take part in the study 

due to the termination of the attendance at the learning center. 

The results (Table 2) show that, although the participants were already starting from very high 

percentages of on-task intervals in the pre probes, at the end of the training, they increased their on-

task time, as well as the number of correct and completed arithmetic facts. For Participant C, the 

percentage of on-task intervals remained invariant from pre-probe to post-probe sessions, and the 

mean of the correct arithmetic facts decreases slightly. The student learned in the course of the two 

studies to increase his on-task behavior, but he was more accurate in executing arithmetic facts 

during the implementation of VI reinforcement schedules. More generally, the increase in the 

percentage of on-task intervals during post probes sessions may suggest that students learned to 

emit on-task behaviors even without the use of MotivAider®. This increase could be the result of 

reinforcement schemes not considered in the study. If the fact of scoring a "+" acted as a reinforcer, 

the increase in on-task time supports the principle that behaviors reinforced through intermittent 

reinforcement schemes tend to be more consistent and resistant to extinction (Cooper et al., 2007). 

In line with previous research results (Amato-Zech, Hoff, & Doepke, 2006; Boswell et al., 2013; 

Legge, DeBar, & Alber-Morgan, 2010), the self-monitoring training was easy for students to 

implement and time-efficient. As the students themselves monitored and recorded their behavior, 

the intervention had the effect of gradually decreasing the control of the discriminatory stimulus 

provided by the teacher. During the training, the on-task behavior increased despite the absence of 

tangible reinforcements for this behavior. This result seems consistent with the theory that self-

monitoring of appropriate behavior can assume motivational properties, reinforcing a behavioral 

change (Nelson & Hayes, 1981).  

In the present study, public posting has had some practical implications. The graphs, on which 

students recorded the percentage of agreements, hung on the walls of the classroom, provided visual 

feedback on their performance and of other members of the group. Moreover, graphs were visible 

not only to the participants in the study but also to other students in the room. Public posting, 

together with the introduction of an interdependent group contingency, led to students being highly 

motivated and engaging in the emission of on-task behaviors, reaching or exceeding the expected 

agreement percentage from time to time. It would seem, therefore, that the students felt motivated to 
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reach a group objective (Hulac & Benson, 2010). This could have led to an increase in the 

percentage of on-task time already during the training.  

An interesting aspect is that during the training, other students with moderate intellectual disabilities 

and autism spectrum disorders were also included in the setting, as they showed difficulties in 

concentrating for even short periods and emitted request avoidance behaviors. When these students 

emitted off-task behaviors but did not receive attention from the other students who were engaged 

in completing the assigned materials, they decreased the emission of disturbing behaviors and 

returned to engage in their activities. This result could indicate a qualitative difference from the 

previous study: the students during the self-monitoring training seemed to be more concentrated in 

carrying out the assigned activities and less influenced by external factors, such as the presence of 

other students in the setting. 

The results indicate that self-monitoring training could be used to improve mathematical 

performance of students with neurodevelopmental disorders, together with the implementation of 

other fluency-based strategies (Farrell & McDougall, 2008). 

The limits of this second study were the lack of generalization to other settings and not having been 

able to reduce the teacher’s intervention ultimately. Especially during the first training sessions, the 

teacher often had to give instructions to the students on how to record their behavior when the 

MotivAider® vibrated.  

Despite the limitations, the results of this study are promising: a self-monitoring training with 

MotivAider® seems to be a practical and effective intervention to increase on-task behavior among 

students with neurodevelopmental disorders and behavioral difficulties. Further research is needed 

to examine whether in the long term students can control on-task behavior independently, without 

relying on external prompts, or whether the effects of self-monitoring disappear when the 

intervention is applied discontinuously. Future studies could assess the effects of a self-monitoring 

intervention with students with neurodevelopmental disorders in a school setting, or to assess the 

impact of this strategy on other academic skills and with students with different disabilities. 

 

Conclusions 

 

The inclusion of students with neurodevelopmental disorders in school is a challenge for teachers 

working in classrooms with students with different educational needs. The implementation of 

strategies to increase students' on-task time in carrying out academic activities, such as those 

described in this study, could therefore positively influence classroom management and provide 

more learning and independence opportunities for students with neurodevelopmental disorders. 
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