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Abstract

Interactive whiteboard instruction technology provides interactive learning environment and serves as a
motivational tool for the students. The study aims to investigate the effectiveness of interactive whiteboard (IAW)
to teach early numeracy skills to the ASD students. The study has employed single-case design methodology and
evaluated students for the effectiveness of using interactive whiteboard for teaching skills to the students through
multiple probe design. A total of five baseline sessions were conducted on total four recruited students. During the
intervention, data was obtained for at least three sessions from the date each student reached the acquisition criteria.
The results showed that introduction of the intervention resulted in all participants meeting the established criteria.
The early numeracy skills were generalized by all the four students to a different setting and with different
materials. These results have supported the effectiveness of the interactive whiteboard, coupled with DTT to teach
early numeracy skills to students with ASD. The study has concluded that interactive whiteboard with DTT was
effective to teach early numeracy skills to the ASD students.
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1. Introduction

There is dramatic increase in the prevalence of Autism Spectrum Disorder (ASD). The primary deficits
experienced by these individuals include communication and social interactions. Moreover, the individuals
suffering from ASD may even exhibit repetitive behaviours. The learning and educational performance of ASD
individuals is affected, negatively. As a result of this negative impact, individuals experience difficulty in learning
and performance academic skills such as numeracy skills. These individuals are likely to suffer from decreased
academic performance, poor level of self-confidence, and inability to perform daily tasks (Estes et al., 2011).
Therefore, there is a need of educational reforms focusing on the education of students’ inclusive setting and
meeting due to increase in ASD prevalence.

It is important for the educators to understand their strength and needs to provide appropriate services to the
individuals suffering from ASD for developing and implementing effective individualized instruction for their
students. A study conducted by Constable et al. (2013) confirmed the importance of developing effective tools and
interventions to facilitate ASD individuals by the educational professionals. A recent report published by CDC in
2014 narrated that individual of any race, ethnicity, and socioeconomic status is likely to get affected by ASD
(Centres for Disease Control and Prevention, 2014). ASD has been classified as a neurological disorder that
disturbs brain functioning, which is diagnosed between 18 months to three years of age (National Institute of
Mental Health, 2012). The American Psychiatric Association (2013) stated that there is flexibility in the behaviour
of individuals with first level of severity. However, this may cause significant interference with normal functioning
of the individual in one or more context. These individuals may even face problems of organizing and planning,
which obstructs their independence (American Psychiatric Association, 2013).

Substantial support is needed by the individuals, who are diagnosed with second level of severity and they show
deficits in verbal and non-verbal social communication skills. There is increase in abnormal responses to social
interactions and limited initiation of social interactions among the individuals with ASD. These individuals react
different in normal daily routine as they find difficulty in coping up with environmental changes, inflexible
behaviour, and different actions (American Psychiatric Association, 2013). The developmental progress of
individuals diagnosed with ASD is affected, negatively. Deficits in joint attention skills have a major impact on the
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acquisition of early skills, which make it difficult to demonstrate receptive and expressive language and engage in
everyday human interactions for individuals with ASD (Egel, 2012).

The use of interactive whiteboards (IAWs) is considered as a well-established educational technological
innovation around the world. Initially, these whiteboards were created for the office environment; however, in
recent times they tend to represent a new learning technology for the students within their classrooms. They
provide interactive learning environment and serve as a motivational tool for the students. The features rendered
by these whiteboards play an important part towards the development of effective interventions for normal as well
as disabled individuals (Maajeeny, 2017). Therefore, the present study has supported the utilization of different
instructional procedures that include the use of technology and reinforcement for the students with ASD.

There are only few studies that have examined IAW to teach early numeracy skills to ASD students. The present
study tends to demonstrate different results from the previous studies as it has mainly targeted the generalization,
acquisition, and maintenance of student’s skills. Therefore, the present study aims to assess the learning
capabilities of students with ASD through IAW instruction technology.

2. Material and Methods
2.1 Study Design

A single-case design methodology was used that aims to assess the impact of intervention package across 4
students with ASD. The participants were evaluated for the effectiveness of using IAW for teaching skills to the
students through multiple probe design.

2.2 Study Procedure

The study has measured acquisition, generalization, and maintenance of skills as a result of the interactive
whiteboard intervention. Specifically, the baseline condition was an assessment of the skills selected to be taught,
namely counting with one-to-one correspondence and representation of numbers (i.e., understanding that a number
refers to an item or a set of items). There were five baseline sessions conducted on each of the four participants.
First student was selected randomly to receive the intervention given stable and low-level baseline results under 50%
for all participants. A baseline probe was collected for Students 2, 3, and 4, when the first student reached the
criteria of 60% accuracy or better for one session during the intervention. Later, other students were also made to
receive the intervention. An additional three baseline sessions were collected to establish a trend and level to
ensure that the second student’s performance remained under 50%. The same sequence of baseline procedures was
repeated for Student 3 and Student 4 when the criterion of 60% accuracy or better for one session was reached by
the preceding participant during the intervention condition. The students were exposed to the use of IAW to learn
skills for the first time in one-on-one instruction.

2.3 Data Collection and Analysis

The main focus of the study was on the teacher’s activity system, where the IAW is considered as a pedagogical
tool. The specific skills targeted during the investigation were counting with one-to-one correspondence with
numbers 1-5 or 6-10 and representation of numbers. IAW technology was used as a tool to achieve his or her
pedagogical goal and incorporate it into the activity in a pedagogically sound manner. The data was obtained for at
least three sessions from the date each student reached the acquisition criteria during the intervention condition.
Additionally, 50% of all intervention sessions were scored from the videotape for procedural reliability using a
rubric that included each step of the intervention to measure the procedural consistency with which the
intervention was implemented.

3. Results

The study has helped in understanding the effectiveness of using IAW in teaching ASD students. Student’s
engagement was observed in using IAW for analysing their potential affordances. The results have been presented
in relevancy with each condition displayed across the four participants. Figure 1 has illustrated the impact of using
IAW and discrete trial training (DTT) for teaching early numeracy skills (one-to-one correspondence and
representation of numbers). However, the progress in performance of each student has been illustrated below;

3.1 Student 1

Figurel has shown that the baseline data for student 1 was collected on five sessions (1-5) with low level
responding and the average during baseline was 24% (ranging between 20% - 40%). The instruction condition was
introduced for five sessions (6 through 10) on session 6. In the instruction condition, student 1 had changes in both
trend and the level of responses with a mean of 68% correct responses (ranging between 40-100%) until she
mastered the criteria on sessions 8-10 by achieving 80% or better for three consecutive sessions. The targeted early
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numeracy skills were measured using the IAW but without prompting that helped in collecting post-intervention
probes on three consecutive sessions following instruction (11 through 13). Student 1°s mean for correct responses
was 93% (ranging between 80% -100%) for three consecutive post-intervention sessions.

Generalization probes for Student 1 were collected for one session during baseline and two sessions immediately
after the post-intervention probes without the IAW. Student 1’s correct responses during the baseline
generalization probe was 20% that increased after the post-intervention probes to an average of 80% correct
(ranging between 60% - 100%). After the generalization probes on the 20th, 27th, 29th, 33rd, and 37th session, the
maintenance data was collected using the IAW on five sessions conducted and the mean was 100% correct. Overall,
visual inspection of the data showed that student 1 had a stable trend with a low level of responding during baseline.
Moreover, student 1 had a level change compared to the baseline when the instruction was introduced and she
established an ascending trend within the 8th session. Student 1’s data showed an increasing change in the level of
responding from the baseline condition for the post-intervention probes, generalization, and maintenance
conditions.

3.2 Student 2

Student 2°s baseline data were collected on nine sessions (1 through 11) with stable and low level responding, with
a mean of 27% (ranging between 20%- 40%) correct. On session 12, the instruction condition was introduced
using the IAW on six sessions (12 through 17). Student 2’s behavior changed in both trend and the level with a
mean of 57% (range, 20%-100%) correct responses in the instruction condition. Post-intervention probes were
collected on three consecutive sessions (18 through 20) to measure the early numeracy skills post-instruction using
the TAW without prompting. Student 2°s mean for correct responses was 87% (ranging between 80%-100%).
Generalization probes were collected without using the IAW on one session during baseline and two sessions
immediately after the post-intervention probes condition. Student 2’s correct responses during the baseline
generalization probe was 20% that increased after the post- intervention probes to an average of 90% correct
responses (ranging between 80% -100%). The maintenance data was collected using the IAW on the 27th, 29th,
33rd, and 37th session on three sessions and the mean was 95% correct responses (ranging between 80% -100%).

A stable trend with low level responding during baseline was depicted through the visual inspection of the student
2’s data. Student 2 initially had no level change two sessions after the baseline when the instruction was introduced;
however, she established an ascending trend within the 14th session. Student 2’s data showed an increasing change
in the level of responding from the baseline condition for the post-intervention, generalization, and maintenance.

3.3 Student 3

Baseline data for student 3 was collected on 10 sessions (1 through 17) that was stable with low level responding.
Student 3’s mean during baseline was 22% (ranging between 20%—40%) correct. On session 18, the instruction
condition was introduced and data were collected on three sessions (18 through 20). Student 3 had immediate
changes in both trend and the level during the instruction condition. The mean for the three sessions of instruction
was 87% (ranging between 80%—100%) correct. Post-intervention probe data was collected on three consecutive
sessions (21 through 23) using the IAW without prompting to measure the early numeracy skills post-instruction.
Student 3’s mean for the post-intervention probes was 93% (ranging between 80%—100%) that was correct for 3
consecutive probe sessions.

IAW on one session during baseline and two sessions immediately after the post-intervention probe condition were
used for the collection of generalization probes. Student 3’s correct responses during the baseline generalization
probe was 20% and increased after post-intervention probes to an average of 80% correct across the two
generalization sessions. Maintenance data was collected using the IAW on the 27th, 29th, 33rd, and 37th session on
four sessions. The mean was 95% correct responses (ranging between 80%—-100%). The visual inspection of the
data showed that during baseline student 3 had a stable trend with low level responding. When the instruction was
introduced, student 3 changed over the baseline level immediately. However, student 3’s data showed change with
increasing levels of responding from the baseline condition for the other three conditions.

3.4 Student 4

The baseline data for student 4 was collected on 11 sessions (1 through 21) with an average of 14% (ranging
between 0% - 20%) correct. The data was collected during instruction, when the early numeracy skills were taught
using the IAW on ten sessions (22 through 31). The mean for the 10 sessions of instruction was 52% (ranging
between 0% -100%) correct. Post-intervention data probes were collected on three consecutive sessions (31
through 33) using the IAW without prompting to measure the early numeracy skills post-instruction. For 3
consecutive probe sessions, the mean for correct responses for student 4 was 66% (ranging between 60%—80%).
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The generalization probes were collected without the IAW on one session during baseline and two sessions
immediately after the post-intervention probe condition. The correct response during the baseline generalization
probe for student 4 was 20%, which increase after the post-intervention probes to an average of 40% correct.
Maintenance data were collected on one session using the IAW on the 37th session with 60% correct. Therefore, it
can be stated that visual inspection of the data of student 4 showed that he had a stable trend with low level
responding during baseline. Moreover, student 4 displayed variable data that ranged from 0% to 100% correct after
introducing the instructions. There was no change in the level compared to the baseline; however, he had
established a clear pattern of an ascending trend during instruction. For the other three conditions, Student 4’s data
showed a change in responding from the baseline condition to post-intervention, generalization, and maintenance
conditions.

Instruction- Post-Instruction
No-IAW 1AW wIAW

A A A A

80

60

40

20

# of Correct 1

ST

(=}

100

80

60

40

20

# of correct responsess

ST

=]

100 V A A A
00 A

# of correct responsess
o =]
Qo L =]

ST

100
/VV\/\//\. \
4 og

012345678910111213141516171819202122232425262728293031323334353637
Sessions

# of correct IESPANSS
o oo
(=T~ I ]

Figure 1. Effects of the IAW on Early Numeracy Skills across Students 1, 2, 3, and 4

The percent of non-overlapping (PND) data points between each condition and the means across all participants
were calculated to estimate the effect size of the intervention and support the conclusion about the visual
inspection of the data.

4. Discussion

The results have clearly shown that IAWs are effective in teaching early numeracy skills to the ASD students. The
results also showed that high levels of accuracy are to be achieved through the instructional sessions. Similar to the
results of present study, another study conducted by Yakuova & Taber-Doughty (2013) stated that implementation
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of AW technology is effective in one-to-one instructional situations for teaching early numeracy skills to the ASD
students. The integration of IAW with DTT has proved to be effective to teach early numeracy skills to ASD
students as these children suffer from major difficulties in the area of language, emotional, social, and cognitive
skills. In the present study, IAW technology was effective in teaching early numeracy skills to the four ASD
students; however, student 4 took longer time to reach the instructional criteria.

According to the results of the present study, targeted early numeracy responses were learnt by all the four
participants as they reached the mastery criteria. For three consecutive sessions, three ASD students performed
within the mastery criteria at a very high level ranging from 80% to 100%. Whereas, the performance of fourth
student was lower as compared to other to reach 100% for one of the sessions. Previous studies demonstrating the
effectiveness of IAW in teaching letter sounds (Campbell & Mechling, 2009), sight words (Mechling et al., 2008),
and skills related to daily life (Yakuova & Taber- Doughty, 2013) have been extended in the light of the findings of
this study. However, results of the present study are extensive as they are based on teaching early numeracy skills
to young elementary school students (kindergarten and first graders).

During the intervention session, the introduction of IAW helped the students in reaching the desired criteria of 100%
accuracy for one session or 80% or better for three consecutive sessions. Similar results were depicted by
Mechling et al. (2008). The study compared flash card instruction to instruction using IAW and the results clearly
depicted that the performance of students was improved using IAW. The students recruited in the study conducted
by Mechling et al. (2007) participated in pretest/posttest, instruction, and generalization conditions; whereas, in the
present study all the four students participated in baseline, intervention, post-intervention probes, generalization,
and maintenance conditions. The results proposed by Mechling et al. (2007) showed no obvious preferences or
difference as participants in all studies including the current study reached a high level of correct responding
during the intervention condition using the IAW; although, the study had used different instructional procedures
and instructional arrangements.

Multisensory is among the key variables that help students in reaching the desired criteria within short periods of
time using IAW technology. This approach is likely to be developed using SMART Notebook collaborative
learning software that enable students to experience interactive activities during instruction, hear auditory and see
visual feedback, allow them to touch the screen while counting the displayed pictures, and receive visual feedback
for correct responses or incorrect responses. A study conducted by Keay-Bright (2011) observed that collaborative
learning software contributed to students’ learning of early numeracy skills. Moreover, the results also showed that
stressed tactile interaction could play an important role in enhancing sensory experiences. Another study
conducted by Murray et al. (2005) depicted that presence of interactive environment with sensory simulation is
important while teaching early numeracy skills to the ASD students.

A similar study conducted by Odom et al. (2015) assessed the use of IAW as cognitive tools for teaching and
learning among ASD students. The results depicted that IAW is likely to provide ASD students with opportunities
to learn in a format that supports their visual modality. Moreover, it also provides a controlled and predictable
visual format for students to manipulate and master. This is likely to be a positive approach for the development of
learning skills among the ASD students (Odom et al., 2015). Similar results to the present study were deduced by
Stanley (2017) as the study examined the impact of IAW during reading instruction on student engagement and
achievement among ASD students. The results depicted that no noticeable differences in achievement or
engagement between the two methods of intervention for ASD students (Stanley, 2017).

5. Conclusion

The present study has assessed the learning capabilities of ASD students through IAW instruction technology. It
has mainly focused on using the IAW to teach early numeracy skills for ASD students. The strategy used in this
study is effective to teach other academic and more complex skills to the students. However, several limitations
have been reported despite of showing IAW technology as an effective method for teaching of early numeracy
skills to ASD students. The ability to generalize target responses by each student to different setting was conducted
by only one instructor, and generalization was only assessed within the same classroom but in a different area of
the classroom. This did not allow the researcher to determine the difference in participants’ responses to other
instructors, different school settings, and novel material. Moreover, it is possible that reinforcement may have
affected the rate of students’ responses during each condition. The intervention of the current study was conducted
only in the kindergarten classroom, which required the investigator to pick up and drop off Student 2 and Student 3
from their first grade classroom. Transition of students to a new environment was not considered while
interpretation of the results. Therefore, future study needs to be conducted in the setting where conditions
approximates the normal environment and minimizes the opportunity with naturally occurring distractions.
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