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ABSTRACT 

Receptive and expressive language difficulties are some of the core challenges facing children 

with Autism Spectrum Disorder (ASD). Emerging research suggests that for children with ASD 

receptive language is more impaired than expressive language. Specifically, abstract concepts 

like prepositions, are challenging for them. Aided augmented input has been shown to be an 

effective means of facilitating understanding in some children with ASD, however the amount of 

aided augmented input required to ensure effective understanding has not been determined. The 

aim of this study was to measure and compare the participants’ ability to follow instructions 

containing prepositions, under two conditions of aided augmented input. A with-in subject 

research design, involving 17 participants with ASD, was used to measure the accuracy of 

responses to instructions containing prepositions. Each participant was presented with 12 

instructions. Half of the instructions were provided with 25% aided augmented input 

(prepositions only) referred to as Condition A, and the other half were presented with 75% aided 

augmented input (subject, preposition and location) referred to as Condition B. Their responses 

to the instructions were recorded and analyzed. Results suggest that there was no statistical 

difference between the two conditions of aided augmented input. Eight participants responded 

better under Condition A and five participants responded better under Condition B. Four 

participants responded equally under both conditions. The findings suggest that some 

participants may benefit from more aided augmented input and some from less aided augmented 

input. There is need for additional studies to determine the conditions of aided augmented input 

needed for the effective understanding of instructions containing prepositions and factors 

affecting the outcome. 
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1. RESEARCH TOPIC 

The Effects of Quantity of Aided Input on the Accuracy of Instruction Following in 

Children with Autism Spectrum Disorder. 

 

2. PROBLEM STATEMENT AND LITERATURE REVIEW 

2.1 Autism Spectrum Disorder 

The prevalence of Autism Spectrum Disorder (ASD) has been steadily increasing 

since the 1960s. This increase is possibly as a result of an increased awareness, diagnosis and 

reporting of ASD, or as the result of a real increase in the number of people living with ASD 

(American Speech-Language Hearing Association, 2015; World Health Organisation, 2017). 

Worldwide, it is estimated that the prevalence of ASD is 1 in 160, however this estimate does 

not take into account the prevalence in many low- and middle-income countries that do not 

collect ASD-specific statistics (World Health Organisation, 2017).  The ASD prevalence 

increased significantly in the United States of America, from 1 in 150 in 2000, to 1 in 59 

reported in 2014, which amounts to a 150% increase (Centers for Disease Control and 

Prevention, 2018). The implications of an increase in prevalence are far reaching as there is an 

increased necessity for effective services and interventions, to meet the needs of the rapidly 

rising number of people living with ASD (Hewitt et al., 2012). 

ASD is a lifelong developmental disorder, with an onset before the age of three 

(American Psychiatric Association, 2018). Children with ASD present with three main 

characteristics that vary along a continuum of severity, and are expressed uniquely in each 

individual (American Psychiatric Association, 2018; Centers for Disease Control and 

Prevention, 2018). The Diagnostic and Statistical Manual of Mental Disorders – fifth edition 

(DSM – 5) released in 2013 is the standard reference used in the diagnosis of ASD (Reynolds 

& Kamphaus, 2013). The diagnostic criteria outlined in the DSM-5 are: firstly, the child 
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displays, generalised deficits in social interactions and communication; secondly, restricted, 

inflexible and repetitive behaviour patterns; thirdly, the child’s symptoms impact negatively 

on their functioning in most areas of their life; and lastly, the symptoms cannot be solely 

attributed to an intellectual disability (American Psychiatric Association, 2018; Centers for 

Disease Control and Prevention, 2018) 

 

2.2 Language 

Language delays and deficits are described as some of the core characteristics and 

challenges of children with ASD  (Ganz et al., 2012; Light, Roberts, Dimarco, & Greiner, 

1998; Rapin & Dunn, 2003). In general, children with ASD, have limited language skills 

(Kurt, 2011; Manolitsi & Botting, 2011) and they experience challenges with language 

development, which affects both their receptive and expressive language skills. However, the 

degree and profile of the difficulty are still unknown, (Hudry et al., 2010).  

In typically developing children there is an underlying assumption that receptive 

language skills are the foundation upon which expressive language skills are built (Hudry et 

al., 2010; Schmitt & Justice, 2012), but this assumption does not hold true for children with 

ASD (Hudry et al., 2010). In these children, expressive language skills are difficult to 

ascertain or quantify. This is due to the atypical use of echolalia and rote learnt phrases, that 

may or may not be used appropriately, that distorts the perception of their true expressive 

language abilities (Charman, Drew, Baird, & Baird, 2003; Hudry et al., 2010). Receptive 

language skills are even harder to measure, due to inconsistencies in response to 

communication that may be due, not to a lack of understanding, but rather a generalised lack 

of interest in or response to communication (Charman et al., 2003). The difficulties with 

measuring expressive and receptive language skills as well as deviations from the typical 

development of language may in turn have a bearing on and influence perceptions regarding 
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the relationship between expressive and receptive language skills in children with ASD 

(Hudry et al., 2010).  

On the whole, however, there appears to be consensus in research findings that 

receptive language may be more impaired than expressive language in many children with 

ASD (Charman et al., 2003; Hudry et al., 2010; Manolitsi & Botting, 2011; Rapin & Dunn, 

2003). This would suggest that future research and intervention should focus on receptive 

language skills and general understanding in children with ASD (Hudry et al., 2010) as well 

as on ways of overcoming the challenges they experience with understanding. 

 

2.3 Augmentative and Alternative Communication 

One of the effective strategies that may be implemented to assist with language 

development and use in children with ASD, is Augmentative and Alternative Communication 

(AAC) (Ganz, 2015). AAC is a field of study and clinical practice that seeks to study and 

compensate for a temporary or permanent loss of, or failure to acquire, more traditional means 

of communication. It is defined as any form of non-verbal communication used to convey 

meaning, be it needs, desires or thoughts, so as to enhance or replace speech (ASHA, 2015).  

For children who experience difficulty developing speech and language, AAC has 

played an important role in supplementing or substituting spoken language, and it has been 

shown to facilitate the development of language and generally enhance communication 

(Beukelman & Mirenda, 2013; Romski et al., 2010; Von Tetzchner & Grove, 2003). For 

children with ASD, research has shown that the use of AAC has been beneficial in facilitating 

communication and developing language (Ganz, 2015). 

Ultimately, the purpose of AAC is to allow the child to participate and engage in 

activities that interest them and that may otherwise not have been accessible to them due to 

their lack of development of, or loss of speech (Beukelman & Mirenda, 2013). AAC helps 
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these children to become active participants in society (Von Tetzchner & Grove, 2003). A 

review of studies aimed at the use of AAC for children with ASD, has shown that AAC can 

be used to teach functional communication (Ganz, 2015). 

 The conventional use of AAC focused primarily on providing children with a means 

of expressive communication. However, research has shown that AAC can also be used to 

augment or aid input and the understanding of spoken information (Drager et al., 2006; 

Romski et al., 2010; Wood, Lasker, Siegel-Causey, Beukelman, & Ball, 1998). AAC 

therefore, has the potential to improve receptive and expressive language skills in children 

with complex communication needs (CCN) (Wood et al., 1998) and in children with ASD 

(Ganz, 2015; Light et al., 1998). Previous studies have focused on expressive language 

interventions but there is an emerging body of research which has focused on the use of AAC 

for improving understanding (Sevcik, 2006). 

 

2.4 Augmented Input  

Augmented input was first described by Beukelman and Garret (1988), cited in Allen, 

Schlosser, Brock, & Shane, (2017) as any form of AAC system or visual support that is used 

to enhance or improve the understanding of spoken input. When it was first described, 

augmented input referred to the use of written text and gestures, but it has since developed to 

include a variety of static or dynamic visual supports, as well as additional auditory input 

through the use of speech-generating devices (Wood et al., 1998). Augmented input advocates 

a multimodal approach towards providing input, so as to supplement, but not replace, speech 

(Schlosser et al., 2013).  

There are two broad purposes for the use of augmented input. Firstly, and for the 

purposes of this study, it is used to increase or improve the understanding of spoken language 

(Dada & Alant, 2009; Drager et al., 2006; Harris & Reichle, 2004), by highlighting important 
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aspects of the message and the associated meaning (Wood et al., 1998). Secondly, augmented 

input has also been used to provide exposure to an adult model of symbol production, before 

the child is expected to use symbols to express themselves (Romski et al., 2010; Sennott, 

Light, & Mcnaughton, 2016; Smith, 2006), thus reducing the asymmetry between their input 

and output systems (Sennott et al., 2016; Smith, 2006). 

Augmented input is broadly defined as being either unaided or aided (Beukelman & 

Mirenda, 2013; Drager et al., 2006; Smith, 2006). Unaided augmented input is generated, 

without the use of external physical supports or aids, by the communication partner, using 

their own body. This may take the form of manual signs or gestures used to supplement the 

spoken output so as to improve understanding (Beukelman & Mirenda, 2013; Holyfield, 

Drager, Kremkow, & Light, 2017; van der Meer et al., 2012). Aided augmented input is the 

use of external physical supports to supplement spoken output. This may take the form of 

text, graphic symbols, line drawings, photographs, low-tech communication books, electronic 

programmes or speech generating devices that are used in combination with speech to 

improve or enhance understanding (Beukelman & Mirenda, 2013; Drager et al., 2006; Smith, 

2006).   

There are many advantages to using aided augmented input to facilitate understanding 

(Schlosser et al., 2013). Visual supports: i) are permanent, whilst auditory input is transient, 

thus the visual support can be referred to as often as is necessary (Schlosser et al., 2013); ii) 

make fewer demands on memory as they require recognition and not recall (Schlosser et al., 

2013; Thistle & Wilkinson, 2013); iii) allow for increased independence as they can be 

referred to for input and do not require the presence of the communication partner; iv) have 

the potential to reduce behavioural challenges resulting from misunderstandings; v) can 

improve motivation and engagement; and vi) are easier to make and can be used repeatedly 

thus ensuring consistency in information (Schlosser et al., 2013). 
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The disadvantages of using aided augmented input include: i) the need to plan, make, 

prepare and organize the visual supports; ii) the need to anticipate needs so that the correct 

visual support is available at the correct time (Schlosser et al., 2013); and iii) that visual 

supports may lead to reduced imitation or verbal output (West, 2008). 

 

2.5 Aided augmented input and Autism Spectrum Disorder 

The use of AAC and aided augmented input for children with ASD has been based on 

the assumption that children with ASD are visual learners (Rao & Gagie, 2006). Furthermore, 

research has shown the benefits of visual aids in facilitating understanding of instructions 

(O’Brien et al., 2016) and instructions containing prepositions, with both static and dynamic 

visual input (Schlosser et al., 2013). Some emerging research also suggests that children with 

ASD benefit from visual learning strategies or aided augmented input (Drager et al., 2006; 

Harris & Reichle, 2004; Holyfield et al., 2017; Rao & Gagie, 2006), due to their strong visual 

learning abilities (Rao & Gagie, 2006). On the other hand, some research suggests that the 

benefits are minimal and not statistically significant (Brady et al., 2015; Ganz, Hong, 

Goodwyn, Kite, & Gilliland, 2015; Rao & Gagie, 2006; Trembath, Vivanti, Iacono, & 

Dissanayake, 2015), that not all children with ASD benefit from visual aids and that the 

results vary greatly, which may suggest a lack of homogeneity in the manifestation of such 

visual strengths or abilities (Trembath et al., 2015). It is important to note that children with 

ASD are a heterogenous group of children, whose symptoms vary along a continuum (Rapin 

& Dunn, 2003), with different abilities, strengths and skill sets, (Trembath et al., 2015). 

Therefore it is not always possible to generalise findings, and making assumptions should be 

avoided (Rao & Gagie, 2006; Trembath et al., 2015).  

Children with ASD do not only experience difficulty with the general understanding 

of spoken language, they also struggle to understand abstract concepts, such as prepositions 



18 

 

(Schlosser et al., 2013). This may well hinder their understanding and ability to follow 

instructions that contain prepositions. Research has shown that various aided augmented 

methods of input improve understanding in children with ASD (O’Brien et al., 2016; 

Schlosser et al., 2013), however, the amount of aided augmented input required to facilitate 

understanding is still unknown. 

Although the importance of prepositions is not always overtly apparent, prepositions 

are commonly used to indicate the location of things or people, to describe where in books 

work should be carried out and where things or people should be located within a classroom 

environment (Schlosser et al., 2013). Prepositions are particularly difficult to learn due to 

their arbitrary and subjective nature (Bratož, 2014), which presents additional challenges for 

children with ASD who struggle to grasp abstract, less concrete concepts (Mechling & 

Hunnicutt, 2011).  

Previous aided augmented input studies focused on the understanding of visual 

schedules during transitions (Cihak, 2011), the break-down of steps within a task (Mechling 

& Gustafson, 2009), or the following of instructions (as in the study by Peterson, Bondy, 

Vincent & Finnegen (1995) cited in Schlosser et al., (2013)). However limited research 

focused specifically on the general understanding of language, and specifically of instructions 

containing prepositions in children with ASD (Egel, Shafer, & Neef, 1984; Schlosser et al., 

2013). Thus, there is need for a systematic review of the body of knowledge to determine the 

scope of literature available. 

 

2.6 Systematic literature search 

The main aim of the systematic search was to identify studies that use different types 

of augmented input to facilitate an improvement in the receptive and expressive language in 

children with Autism Spectrum Disorder.  
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The databases searched included EBSCOhost, CINAHL, ERIC, psycINFO and 

Medline. The search terms are outlined in Figure 1. 

 The inclusion and exclusion criteria are outlined in Table 1.  

Table 1.  

Inclusion and Exclusion Criteria used for the Systematic Literature Search 

 Inclusion Criteria Exclusion Criteria 

Population 

Intervention 

 

Outcome 

Date 

Language 

Study Design 

Type of Source 

Children with Autism (0-18) 

AAC/ visual supports/ aided 

augmented input 

Receptive & Expressive Language 

1970-2018 

English 

Experimental/ Quasi-experimental 

Peer-reviewed Journal Articles 

Neurotypical children and other disabilities 

 

 

Behavioural outcomes 

Pre-1970 

Not English 

Qualitative/ Descriptive 

Dissertations/ book chapters 

  

The results of the search outlined in Figure 1. are as follows: 95 articles were 

identified by means of the database search. Duplicate articles, and one French article, were 

removed which resulted in 78 articles. The 78 articles were screened at title level. An 

additional 63 articles were excluded as they were not consistent with the aims of the search. 

The 15 remaining articles were screened at abstract level and a further nine articles were 

excluded as they did not include receptive or expressive language outcomes in children with 

ASD. The six remaining articles were reviewed and summarised in Table 2. 
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Figure 1. PRISMA flow diagram illustrating the literature search process (Moher et al., 2009)  

Search Terms: 

Child* with Autism Spectrum Disorder OR child* with ASD OR Autism Spectrum Disorder OR ASD OR 

Autism OR Autistic 

AND 

Augmentative and Alternative Communication OR AAC OR visual supports OR visuographic images OR 

visual modalities OR graphic symbols OR augmented input OR AI OR aided input OR aided language 

stimulation OR Aided language modelling OR aided AAC modelling OR natural aided language OR 

unaided input OR unaided augmentative and alternative communication OR unaided AAC OR gestures OR 

sign language 

AND 

receptive language OR comprehension OR understanding OR expressive language OR verbal output OR 

output 

NOT 

hearing impaired OR cochlear implant* OR deaf 

 

 

Articles identified through database search  

(n = 95) 

Articles after removal of duplicates and 1 French article 

(n= 78) 

 

Articles screened at title level 

(n=78) 

Articles excluded 

(n = 63) 

 

Articles did not include: 

Augmented input (n =10) 

Autism Spectrum Disorder (n = 12); 

Receptive or expressive Language (n = 23). 

Articles were literature reviews (n = 2); 

Articles pertained to unrelated medical diagnoses 

or technology (n = 16). 

Articles screened at abstract level 

(n=15) 

Articles excluded 

(n=9) 

 

Articles did not include receptive and expressive 

language 

(n=9) 

Studies included for review 

(n=6) 
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Table 2 

Systematic Search of Studies Focusing on Augmented Input in Children with ASD 

No Author(s) & 

Date 

Article Title Aim Participants Research 

Design 

Variables: 

Independent; 

Dependent 

Procedures Results 

1 Kurt, O 

(2011) 

A comparison of 

discrete trial 

teaching with 

and without 

gestures/ signs in 

teaching 

receptive 

language skills 

to children with 

Autism 

To determine if there is a 

difference between:  

• 1 Discrete Trial Training 

(DTT) with visual 

support (gestures & 

signs) along with verbal 

instructions versus 

verbal only. 

• 2 the two training 

procedures: in terms of 

number of sessions, 

number of trials, total 

time and percentage of 

errors, to criterion. 

Two boys with 

ASD: one 5-

year-old and 

one 12-year-

old 

Experimental;  

a single-subject 

research design 

 

• IV: Discrete 

Trial Teaching 

procedures with 

and without 

visual supports 

• DV: learning 

receptive 

language skills 

The experimental sessions consisted of 

the following:  

• 1 full probe: the subject’s baseline 

relating to the DV was obtained 

• 2 training: the subjects were taught the 

target behaviours until they 

demonstrated 100% correct 

performance  

• 3 visual support (gestures and signs) 

were provided with speech in contrast 

to speech alone. 

• 4 maintenance & generalisation 

sessions were carried out at three & 10 

weeks post 100% target achievement. 

• 1 The DTT procedure 

used with visual support 

was more efficient than 

without visual support. 

• 2 There was a difference 

between the two training 

procedures: DTT with 

visual supports was more 

efficient than without 

visual support in terms 

of number of sessions, 

number of trials, total 

time and percentage of 

errors, to criterion. 

 
 

2 Ganz, J.,  

Hong, E., 

Goodwyn, F. 

Kite, E. & 

Whitney, E., 

(2015) 

Impact of PECS 

tablet computer 

app on receptive 

identification of 

pictures given 

with a verbal 

stimulus 

• To determine whether or 

not the PECS-based 

communication 

instruction improves 

receptive language 

identification of words in 

a child with autism. 

One 4-year-old 

boy with ASD 

Experimental: 

Multiple baseline, 

single case study 

• IV: instruction 

(e.g. “Touch 

(one-word label 

for the object)) 

• DV: 

identification of 

the target photo 

• 1 A preference test was carried out to 

develop a list of preferred objects.  

• 2 Baseline stage: the PECS app (sound 

muted) was placed on the table. A 

picture on the app was selected and 

two objects were presented. The 

subject had to select one. No error 

correction procedures were provided. 

• 3 PECS app instruction stage: 

five icons were presented, sound was 

turned on. When selected a recorded 

voice said one associated word, but 

not the label. 

 

• Generally, the use of 

PECS did not 

significantly improve 

receptive language or 

promote expressive 

language. 

• For two of the three 

target words there were 

changes in mean levels, 

however this was not the 

case for one of the 

words.  
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No Author(s) & 

Date 

Article Title Aim Participants Research 

Design 

Variables: 

Independent; 

Dependent 

Procedures Results 

3 Schlosser, R., 

Laubscher, E., 

Sorce, J., 

Koul, R.,  

Flynn, S., 

Hotz, L.,  

Abramson, J.,  

Fadie, H. &  

Shane, H. 

(2013) 

Implementing 

directives that 

involve 

prepositions in 

children with 

Autism: a 

comparison of 

spoken cues with 

two types of 

aided input 

To determine whether or 

not there was a difference 

in following instructions 

containing prepositions 

when presented with: 

• spoken input only versus 

spoken with aided 

augmented input; 

• static and dynamic aided 

augmented input. 

   

 

Nine children 

with ASD 

• seven boys 

and two girls 

• Age range 

from 3 years 

9 months to 

16 years 8 

months 

 

Experimental: 

Within-subject 

research design 

• IV: Instructions 

spoken, spoken 

with video; and 

spoken with 

photo 

 

• DV: accuracy 

with which the 

child carried out 

the instruction 

The participants were exposed to three 

instruction conditions: 

• spoken only; 

• spoken with static aided input 

(photographs); & 

• spoken with dynamic aided input 

(video) 

The children were better 

able to follow instructions 

with both static and 

dynamic aided input 

versus spoken input only.  

There was no statistically 

significant difference in 

instruction-following 

between the static and 

dynamic aided input. 

 

4 Brady, N.,  

Storkel, H.,  

Bushnell, P.,  

Barker, R.,  

Saunders, K.,  

Daniels, D &  

Fleming, K. 

(2015) 

Investigating a 

multimodal 

intervention for 

children with 

limited 

expressive 

vocabularies 

associated with 

Autism 

To provide proof of 

concept for a new 

multimodal intervention 

that combines speech and 

AAC.  

To determine if participants 

displayed an improvement 

in: 

• spoken word production; 

and  

• receptive word learning 

To compare children who 

made gains with those who 

did not to see what 

predictors of improvement 

may exist (if any). 

 

 

10 children 

with ASD 

• nine boys 

and one 

girl 

• age range 

from 7 

years 5 

months to 

11 years 3 

months 

Experimental: 

single-subject 

design using 

multiple probes 

• IV: Multimodal 

intervention 

package 

 

• DV: word 

learning 

(expressive 

probes & 

receptive 

probes) 

• Speech sound assessments were 

carried out to determine baseline for 

each individual child. 

• Word sets were identified for each 

child and incorporated into a created 

story. 

• A picture book was created for each of 

the word sets. 

• Expressive probes were administered. 

• Maintenance probes were 

administered for successfully learned 

word sets (2 – 40 sessions post learned 

word set). 

 

Half of the participants 

showed an improvement in:  

• spoken word production 

and; 

• receptive word learning,  

Thus, the other half did not 

improve. 

  

 

5 Drager, K., 

Postal, V., 

Carrolus, L., 

Castellano, M.,  

The effect of 

aided language 

modelling 

(ALM) on 

To determine whether or 

not aided language 

modelling is effective in 

improving: 

Two children 

with ASD 

• one boy and 

one girl 

Experimental: 

Single-subject, 

multiple baseline 

research design 

IV: Aided 

Language 

Modelling 

intervention  

• Baseline: a communication board with 

six pictures was used. Each picture 

was labelled four times during 

ALM improved  

• symbol comprehension; 

and 

• symbol production 
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No Author(s) & 

Date 

Article Title Aim Participants Research 

Design 

Variables: 

Independent; 

Dependent 

Procedures Results 

Gagliano, C. & 

Glynn, J. 

(2006) 

symbol 

comprehension 

and production 

in two 

preschoolers 

with Autism 

• symbol comprehension 

(understanding); and 

• symbol production 

(expression), in children 

with ASD 

• aged 3 years 

and 5 years 

DV: the number of 

target words  

correctly identified  

when responding 

to: 

• graphic & 

verbal stimuli; 

• graphic stimuli 

• verbal stimuli 

and  

• the number of 

referents 

correctly 

labelled. 
 

baseline session using a definite article 

(the). 

• Intervention: the same as baseline, but 

no definite article was used. 

• Maintenance: Probes for maintenance 

of graphic and verbal symbols and 

symbol production 

 

The two participants were 

able to maintain the 

acquired 

• symbol comprehension; 

and 

• symbol production 

 

 

 

6 Preis, J 

(2006) 

 

The effect of 

picture 

communication 

symbols on the 

verbal 

comprehension 

of commands by 

young children 

with Autism 

To determine whether or 

not  

• spoken and visual input 

result in better 

instruction following 

than only verbal input 

• the commands achieved 

would generalise to 

another therapist  

• the results achieved 

would be maintained 

over time. 

 

Five children 

with ASD 

• two boys 

and three 

girls 

• age range 

from 5 years 

to 7 years 

Experimental: 

Alternating 

treatments 

research design 

IV: verbal and 

gestural inputs in 

the presence or 

absence of pictures 

 

DV: response to 

instructions 

A pre-intervention assessment was 

carried out to determine eligibility 

Intervention was carried out using 

chronologically ordered instructions 

randomly assigned to one of two 

treatment conditions: 

• spoken, with visual supports  

• spoken, without visual supports. 

Positive reinforcement was provided. 

Generalisation stage: A new therapist 

was introduced. No positive 

reinforcement was provided. 

Instructions previously taught were 

presented. Long-term probes were 

presented 10- and 20-weeks after the 

intervention. 

Results showed that there 

was  

• no difference in 

instruction following 

between the verbal input 

with pictures and verbal 

input alone  

• better generalisation to 

another therapist for the 

verbal input with 

pictures than the verbal 

input alone 

• most notably better 

maintenance for verbal 

input with pictures than 

verbal input alone at 10- 

and 20-week probes. 
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2.7 Augmented input studies 

2.7.1 Aims and results. Table 2 indicates that a total of six studies were included 

from the systematic search. These studies (n=6) attempted to determine whether or not spoken 

input, combined with various modes of augmented input results in an improvement in 

understanding in children with ASD. The results indicated that understanding improved in 

three of the studies (n=3) (Drager et al., 2006; Kurt, 2011; Schlosser et al., 2013). However 

another three of the studies did not find statistically significant differences in understanding 

(n=3) (Brady et al., 2015; Ganz et al., 2015; Preis, 2006). The apparently contradictory or 

variable results may be due to several internal aspects of the research studies. Factors that 

may have influenced the outcomes and that are discussed in the next sections, include i) the 

participants included in the study, ii) the research design and iii) the choice of procedures and 

materials. 

Overall, the study in hand highlights a paucity of literature and the need for further 

research. Therefore it deals broadly with the benefits of augmented input for improving 

understanding in children with ASD (Ganz et al., 2015) and then concentrates on the need for 

more focused research to determine the amount of augmented input required for specific 

classes of language, to improve understanding in children with ASD (Schlosser et al., 2013).  

 

2.7.2 Participants. The number of participants in the studies varied between one 

(n=1) (Ganz et al., 2015), two (n=2) (Kurt, 2011; Preis, 2006) and nine or 10 children (n=3) 

(Brady et al., 2015; Drager et al., 2006; Schlosser et al., 2013). According to Drager et al., 

(2006) there may be a need for research with larger sample sizes, differences in language 

development and control groups to increase the strength of the studies. 

The age range of participants in the studies varied from 1 year 2 months to 16 years 8 

months with most of the participants younger than 10 years. It would seem that future 
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research studies would benefit from wider age ranges (Drager et al., 2006). Furthermore, 

consistent with the prevalence of ASD in society most of the participants were boys 

(American Speech-Language Hearing Association, 2015). Two studies had only male 

participants (Ganz et al., 2015; Kurt, 2011), and only one study had more female participants 

than male participants (Preis, 2006).  

The participant selection criteria, whilst stringent for each individual study, were 

diverse across the research studies, as described in Table 2. The criteria varied in terms of age 

range, family history, receptive and expressive language skills, matching skills, exposure to 

visual schedules and direct selection (Brady et al., 2015; Drager et al., 2006; Ganz, Simpson, 

& Corbin-Newsome, 2008; Kurt, 2011; Preis, 2006; Schlosser et al., 2013) - which may well 

account for the varied results. The diverse participant profiles may explain or account for 

differences in the study outcomes (Brady et al., 2015; Drager et al., 2006; Ganz et al., 2008; 

Kurt, 2011; Preis, 2006; Schlosser et al., 2013). 

 

2.7.3 Research Design. The six studies all included quasi-experimental research 

designs, in other words an experimental design with direct intervention. None of the studies 

allowed for the randomisation of subject allocation, which may have increased issues of bias 

in the study (McMillan & Schumacher, 2010). The lack of randomisation may have been due 

to the specificity of the diagnosis and the stringent participant inclusion criteria (n=6) Four of 

the studies carried out were single-subject studies (n=4) (Brady et al., 2015; Drager et al., 

2006; Ganz et al., 2015; Kurt, 2011), one study was a within-subject study (n=1) (Schlosser et 

al., 2013) and the remaining one was an alternating treatment study (n=1) (Preis, 2006) which 

suggests some variation in the research design of the studies. 

Three of the studies did not have a control group (n=3) (Drager et al., 2006; Ganz et 

al., 2008; Kurt, 2011; Preis, 2006), while for the other three, the participants were their own 
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control group (n=3) (Brady et al., 2015; Drager et al., 2006; Schlosser et al., 2013). The use of 

a control group improves the strength of the findings (McMillan & Schumacher, 2010).  

 

2.7.4 Materials and Procedures. The materials used by the six studies, varied along a 

continuum of iconicity, which may have affected their learnability (Smith, 2006), and had an 

impact on the results obtained - thus accounting for the variability. Two studies explored the 

use of specific programmes, namely Discrete Trial Training (DTT) (n=1) (Kurt, 2011) 

combined with augmented input, and the Picture Exchange Communication System (PECS) 

(n=1), while four (n=4) (Brady et al., 2015; Drager et al., 2006; Preis, 2006; Schlosser et al., 

2013) developed tests for the purposes of their studies using black-and-white line drawings 

(Preis, 2006) clip art (Brady et al., 2015), Picture Communication Symbols (PCS) (Mayer-

Johnson, 1985) (Drager et al., 2006) and photographs (Schlosser et al., 2013).  

Since the tests for the four studies were developed to target specific aims, each one 

was different. One study (n=1) developed different resources for each of the participants, 

based on their individual speech sound development (Brady et al., 2015) and these differences 

in materials may have affected the results. 

 

2.7.5 Gaps identified by this study. From Table 2 it is evident that there is a paucity 

of literature that explores the value of using AAC to facilitate the development of receptive 

language skills in children with ASD (Kurt, 2011; Light et al., 1998) as only six studies could 

be identified (n=6). The lack of research in this field could be attributed to the perceived 

challenges associated with measuring receptive language outcomes (Bloom, 1974; Sevcik, 

2006). On the other hand, as illustrated by the six studies, it is possible to isolate and measure 

receptive language, and the ability to follow instructions, as a dependent variable (n=6) 
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(Brady et al., 2015; Drager et al., 2006; Ganz et al., 2008; Kurt, 2011; Preis, 2006; Schlosser 

et al., 2013). 

The current research broadly contributes to the field by determining whether or not the 

use of AAC is an effective means of improving understanding, and by determining which is 

more effective, aided augmented input (n=6) (Drager et al., 2006; Ganz et al., 2008; Kurt, 

2011; Preis, 2006; Schlosser et al., 2013) or unaided augmented input (n=1) (Kurt, 2011). One 

study specifically looked at the difference between dynamic or static visual inputs (n=1) in an 

attempt to determine which would yield better outcomes. It would appear that results from 

three of the studies suggest that AAC is effective in facilitating the development of receptive 

language and specifically that aided augmented input is more beneficial than unaided 

augmented input (n=3) (Drager et al., 2006; Kurt, 2011; Schlosser et al., 2013). The next step 

would be to conduct larger research studies (Ganz et al., 2015) to assist with cautionary 

generalisations, as well as more focused research to determine the conditions of aided 

augmented input that would lead to effective understanding in children with ASD (Schlosser 

et al., 2013). 

 

METHODOLOGY 

3.1 Research aims  

3.1.1 Main aim. The main aim of the study was to determine the effect that varied 

frequencies of aided input have on the accuracy of instruction following in children with ASD 

for instructions that contain prepositions. 

 

3.1.2 Sub-aims. The sub aims of the study were as follows: 

i. To determine the accuracy of responses to instructions that contain 

prepositions with aided augmented input provided for 25% of the instruction 

(preposition only) – referred to as Condition A.  
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ii. To determine the accuracy of responses to instructions that contain 

prepositions with aided augmented input provided for 75% of the instruction 

(subject, preposition and location) – referred to as Condition B. 

iii. To compare the accuracy of responses to instructions containing prepositions 

between Condition A (25%) and Condition B (75%). 

iv. To describe the preposition knowledge for the pre-experimental task in 

comparison to, under the aided augmented input conditions and to describe the 

accuracy of responses per instruction and per preposition. 

 

3.2 Research Design 

An experimental, within-subject research design was used to measure the accuracy of 

response to instructions that contain prepositions for two conditions of aided augmented 

input. The within-subject research design is a design in which the participants are exposed to 

all of the conditions, and their responses - under different conditions - are compared to each 

other (McMillan & Schumacher, 2010; Polit & Beck, 2008; Price, Jangiani, Chiang, & 

Leighton, 2013). 

One of the advantages of within-subject designs is that internal validity is not 

dependent on the random allocation of participants to one condition versus another, as the 

participants are their own control, thus the sample size is in essence ‘increased’, as the 

participants act as the control participants (McMillan & Schumacher, 2010; Price et al., 

2013).  

There are three disadvantages to using the within-subject research design. Firstly, 

there is the potential influence of order effects. This occurs when the task is presented in the 

same order each time, and the order of presentation affects the results - either positively or 

negatively - due to potential exposure or learning in a previous task or item (Charness et al., 

2012; Price et al., 2013). Secondly, there is the carry-over effect, which occurs, when 

performance in one condition affects performance in subsequent conditions. Lastly, there is 

the experimenter demand effect which occurs when (with repeated exposure) participants 

begin to act in accordance with what they perceive to be the researcher’s expectation. 

(Charness et al., 2012; McMillan & Schumacher, 2010). 

The disadvantages of the within-subject research design can be minimized to reduce 

their influence on the results. Order effects and carry-over effects can be counterbalanced by 

exposing the participants, to all of the conditions in a different order sequence (Charness et 

al., 2012; McMillan & Schumacher, 2010; Price et al., 2013). In addition, experimental 
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control can be increased, if the participants are randomly assigned to at least two conditions 

and the tasks are then presented to half of the participants in one order and to the other half in 

a different order (Charness et al., 2012; McMillan & Schumacher, 2010).  

In order to control for order effects, a cross-over design was implemented. Two sets of 

six instructions containing prepositions - which were matched in terms of age of acquisition 

of the prepositions - were randomly assigned to each condition of aided augmented input. 

Half of the participants, group 1, were presented with Condition A - 25% of aided augmented 

input followed by Condition B - 75% of aided augmented input and the other half, group 2, 

were presented with the reverse order. A comparison was made in terms of the accuracy of 

instruction-following across the two conditions of aided augmented input.  

 

3.3 Research Phases 

The research study involved three phases as outlined in Table 3. Phase 1 - Resource 

Development, Phase 2 - Pilot Study and Phase 3 - Main Study.  

The aims of Phase 1 were to develop the materials and resources to be used in the pilot 

study and main study.  

The aims of Phase 2 were firstly to test the materials and resources, and secondly to 

determine the recruitment strategy feasibility, the participant selection criteria, the informal 

pre-experimental tasks, and the data collection procedure. Thirdly, Phase 2 aimed to measure 

the time taken to administer the pre-experimental tasks, and the experimental task.  

The aims of Phase 3 were to identify participants for the study, collect the data, 

analyse the data, and report on the data. 
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Table 3  

Research Phases of the Study 

Phase 1: 

Resource Development 

Phase 2: 

Pilot Study 

Phase 3: 

Main Study 

The resources required for the 

study were developed including 

all the information letters, consent 

letters, reply slips, assent letters, 

and non-disclosure forms. This 

phase also included the 

development of the pre-

experimental screening tasks, the 

aided instructions and sourcing all 

of the required resources and 

materials. 

The pilot study aimed to 

determine the feasibility of the 

study with regards to the 

recruitment strategy, participant 

selection criteria, informal pre-

experimental tasks, data collection 

procedures, data capturing 

procedures and the timing of the 

pre-experimental and the 

experimental tasks. 

The informal pre-experimental 

tasks were completed, and 

participants were identified for the 

study. Once data collection had 

been concluded the data was 

analysed using descriptive 

statistics and inferential statistics, 

specifically the Mann-Whitney U-

Test and the Wilcoxon Signed 

Ranks Test. 

 

3.4 Materials 

3.4.1 Letters. The different permission, informed consent and assent letters that were 

used in this study are described in more detail below. 

 

3.4.1.1 School Principal Permission Letter. A letter was drafted containing 

information about the purpose of the study, the criteria for the selection of participants, 

confidentiality arrangements and assistance required from the school. It also contained a 

permission slip for the school principal to sign, thereby giving the researcher permission to 

access the school, to ask speech therapists and teachers for assistance with the identification 

of potential participants and to work with the participants (Appendix C).  

 

3.4.1.2 Therapist Consent Letter. An information letter consent form, was given to 

the speech therapists, requesting their assistance with the initial identification of potential 

participants. The letter contained information regarding the purpose of the study, the criteria 

for selecting participants, the speech therapist’s right to withdraw from the study and their 
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role regarding the identification of participants. The signed consent form indicated that the 

speech therapist was willing to participate in the study (Appendix D). 

 

3.4.1.3 Teacher Consent Letter. An information letter consent form, was given to 

each teacher, requesting their assistance with the identification of potential participant and the 

sending and collecting of consent letters to and from the caregivers. The letter contained 

information regarding the purpose of the study, the criteria for the selection of participants, 

the teacher’s right to withdraw from the study and their role regarding the identification of 

participants. The signed consent form indicated that the teacher was willing to participate in 

the study (Appendix E). 

 

3.4.1.3 Caregiver Consent Letter. An information letter consent form, was given to 

the parents or legal guardians, requesting their consent to participate in the study, and 

permission for their child to participate in the study. The letter contained information 

regarding the purpose of the study, the criteria for the selection of participants, the caregiver’s 

right to withdraw from the study at any time, the rights of the participant, the fact that a video 

recording of sessions would be made (for research purposes only) and the storage of data 

collected (Appendix F). 

In order to ensure that the biological or adoptive parent of the potential participants 

completed the Caregiver Consent Letter and Caregiver Questionnaire, the parent completing 

the Caregiver Questionnaire was required to sign a statement, confirming that they were 

indeed the legal guardian of the potential participant.  

 

3.4.1.4 Participant Assent Letter. A letter, in which pictures were used to help with 

understanding, was read and explained to the participant. The letter contained information 
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regarding the researcher, what would happen during the sessions, the participant’s right to 

withdraw at any time and the video recording of sessions (Appendix G). 

 

3.4.1.5 Non-disclosure Agreement – Independent Observer. An information letter 

non-disclosure form, was given to the Independent Observer, to arrange for their assistance 

with observing and rating the video recordings of the tasks and the checking of the data 

transfer to the Excel document. The letter contained information about the researcher, the 

purpose of the study, the role of the Independent Observer in the study and their agreement 

not to disclose any information regarding what they observed (Appendix H). 

 

3.4.2 Questionnaires. The following two questionnaires were used: 

3.4.2.1 Teacher Questionnaire. The teacher questionnaire had to be completed by the 

teacher to provide information that would assist in the description of participants for the 

study. It requested information regarding home language, language abilities, schooling 

history, ability to attend to tasks for at least 15 minutes, ability to follow instructions in class, 

behaviour in the class, previous exposure to visual schedules and the potential participant’s 

matching skills. (Appendix I). 

 

3.4.2.2 Caregiver Questionnaire. This questionnaire was completed by the caregiver 

to provide information that would assist in the selection and description of participants for the 

study. It requested information regarding the potential participant’s age, diagnosis, home 

language, language abilities, general understanding of prepositions in the home environment, 

as well as hearing and visual abilities (Appendix J). 
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3.4.3 Informal pre-experimental tasks 

The following pre-experimental tasks were carried out: 

3.4.3.1 Noun Knowledge Task. Eight miniature objects were used to determine 

receptive noun knowledge. These included: a doll, bowl, spoon, car, cap, box, truck and teddy 

bear. Three items were selected each time and placed on the table in front of the potential 

participant. The potential participant was asked to identify one of the three objects using an 

auditory-only instruction, for example “Give me the doll,” with an expectant gesture (i.e. 

holding out a hand to receive the object).  

The participant had 10 seconds to respond. A code was used to mark the correct (+) 

and incorrect (-) responses so that the participant was not aware of the result of their 

performance. If the participant failed to respond within the 10-second time-limit, the 

instruction was repeated after a 5-second inter-task interval and another 10 seconds were 

allowed. When the participant responded correctly, it was marked as correct (+). When the 

participant responded incorrectly or did not respond the response was marked as incorrect (-). 

The participant’s response was recorded on the Noun Knowledge Task form (Appendix K). 

Each of the eight nouns was tested for noun knowledge once. In order to qualify for inclusion, 

the child had to identify five or more objects correctly. 

 

3.4.3.2 Preposition Knowledge Task. A miniature teddy bear and a miniature truck 

were used to screen for preposition knowledge. The miniature teddy bear and miniature truck 

were placed on the table in front of the potential participant. The potential participant was 

asked to place the teddy bear in front of or behind or under or next to or on the truck (e.g. “Put 

the teddy bear on the truck”). 

The participant had 10 seconds to respond. A code was used to mark the correct (+) 

and incorrect (-) responses so that the participant was not made aware of the result of their 
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performance. The participant’s response was recorded as correct (+) or incorrect (-) on the 

Preposition Knowledge Task form (Appendix L). Each of the five prepositions was tested 

once. In order to qualify for inclusion and to ensure a deficit in preposition knowledge, the 

potential participant had to get two or fewer of the instructions correct.  

  

3.4.3.3 Matching Task. Six miniature objects, including a doll, bowl, spoon, car, cap 

and box, and six PCS graphic pictures of the aforementioned objects were used to determine 

matching skills. Three of the miniature objects were placed on the table in front of the 

potential participant. The potential participant was presented with a PCS graphic picture 

(approximately 10cm by 10cm) of one of the objects on the iPad Air2TM1 and was asked to 

hand the corresponding object to the researcher. For example, the researcher said “Give me 

this one.”, whilst pointing at the PCS graphic picture on the iPad Air2TM1.  

The participant had 10 seconds to respond. A code was used to mark the correct (+) 

and incorrect (-) responses so that the participant was not made aware of the result of their 

performance. When the participant responded correctly, the item was marked as correct (+). 

When the participant responded incorrectly or did not respond the item was marked as 

incorrect (-). The participant’s response was recorded as correct (+) or incorrect (-) on the 

Matching Task form (Appendix M). In order to qualify for inclusion, the child had to match 

four or more of the pictures with the objects. 

 

3.4.4 Standardised Measures. The following standardised measures were used: 

3.4.4.1 The Peabody Picture Vocabulary Test, Fourth Edition (PPVT-4). The PPVT-

4 (Dunn & Dunn, 2007) (see Appendix N) is a receptive language test. It is a norm-

referenced, comprehensive instrument that measures the receptive language of children from 

the age of 2.6 years to that of adults aged 90 years. The PPVT-4 was administered as a 

measure of vocabulary comprehension, at the single-word level. The PPVT-4 covers a range 
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of receptive language vocabulary including content words (e.g. animals, vegetables) and parts 

of language (e.g. nouns, adjectives). The PPVT-4 is administered by presenting one test page 

at a time. Each test page has four pictures displayed in a grid, and the participant is asked to 

identify, by pointing, the picture named by the researcher (e.g. “Show me shoe”).  

 

3.4.4.2 Childhood Autism Rating Scale (CARS). The CARS (Schopler, Reichler, & 

Rochen-Renner, 1988) (see Appendix O) is a 15 item clinical rating scale which is used to 

identify and diagnose children with ASD, and it has been shown to have good agreement with 

diagnoses made using DSM – IV criteria (Rellini, Tortolani, Trillo, Carbone, & Montecchi, 

2004). It is used to derive a severity level of ASD based on observations made regarding 

different categories (e.g. relating to people, imitation, emotional response). The total CARS 

score ranges from a low score of 15 to a high of 60. The score represents a continuum of 

behaviours exhibited. The CARS was completed using information gathered from i) a short 

period of observation in the classroom or on the playground, ii) the interaction during the pre-

experimental screening tasks, iii) the caregiver questionnaire, iv) the teacher questionnaire, 

and v) where necessary, discussions with the teacher. 

 

3.4.5 Experimental task.  Four trial instructions were used to ensure that the 

participants understood what was required of them. Twelve instructions, matched for age of 

acquisition, and randomly assigned to two sets of six instructions each, were used. These were 

taken from Schlosser et al., (2013), with some modifications to the objects. The set of 

instructions were matched according to the number of subjects and prepositions. Each set was 

randomly assigned to one of two conditions of aided augmented input, condition A and 

condition B. For both conditions a carrier phrase, “Put the (subject) (preposition) the 

(location)” e.g. “Put the doll behind the bowl”, was used. 
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Condition A was defined as consisting of the PCS aiding only the preposition (25%) in 

the instruction e.g. Put the spoon UNDERa the car (a text in CAPS was represented with PCS). 

Condition B was defined as consisting of the PCS aiding the subject, preposition and location 

(75%) in the instruction e.g. Put the CAP ON the BOX. 

Table 4 shows the trial items, the instructions and the aided augmented input used for 

this study. 

Table 4  

Aided Augmented Input for Trial Items and Instructions Containing Prepositions 

Trial Aided Augmented Input  Condition 
Part of language Percentage (%) 

1. Put the doll INa the box Prb 25 A 

2. Put the spoon IN FRONT OF the car Pr 25 A 

3. Put the DOLL IN FRONT OF the BOX S+Pr+Lc 75 B 

4. Put the CAP IN the BOWL S+Pr+L 75 B 

 

Instruction Aided Augmented Input  Condition 
Part of language Percentage (%) 

1. Put the spoon ON the bowl Pr 25 A 

2. Put the cap UNDER the bowl Pr 25 A 

3. Put the doll BEHIND the bowl Pr 25 A 

4. Put the spoon NEXT TO the bowl Pr 25 A 

5. Put the doll ON the car Pr 25 A 

6. Put the cap NEXT TO the box Pr 25 A 

7. Put the CAP ON the BOX S+Pr+L 75 B 

8. Put the DOLL UNDER the BOX S+Pr+L 75 B 

9. Put the SPOON BEHIND the BOWL S+Pr+L 75 B 

10. Put the DOLL NEXT TO the CAR S+Pr+L 75 B 

11. Put the SPOON UNDER the CAR S+Pr+L 75 B 

12. Put the CAP BEHIND the CAR S+Pr+L 75 B 

Note:  
a Text in CAPS is represented with Picture Communication Symbols 
b Preposition 
c Subject + Preposition + Location     
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3.4.5.1 Picture Communication Symbols. The Picture Communication Symbols 

(PCS) (Mayer-Johnson, 1985) were used in the current study to provide aided augmented 

input for the trial items and instructions containing prepositions. Previous research by Light 

and Locke (1989) cited in Drager et al., (2006) has shown that PCS graphic pictures are 

generally better understood than most other graphic symbols and their use improves 

understanding in children with ASD (Preis, 2006). The size of each symbol was 

approximately 10cm by 10cm. The pictures were shown in grammatically correct order for 

each instruction, and they were presented using the GoTalk Now TM2 App on the iPad Air2 TM1 

(Appendix P). 

 

3.4.6 Checklists. The following checklists were used to ensure procedural integrity 

and data reliability. 

3.4.6.1 Procedural Integrity Protocol. The protocol (Appendix Q) was developed to 

ensure that the procedures for each day and specifically for the aided augmented input 

conditions were carried out consistently and in the specified manner across all participants, in 

order to eliminate any discrepancies. This was important to ensure that the changes noted in 

the dependent variable could confidently be attributed to the independent variable and not to 

other unrelated variables (Schlosser, 2002). The procedural integrity protocol provided 

documented evidence that confirmed that all the activities for the day had been carried out as 

required.  

 

3.4.6.1.1 Procedural Integrity Protocol for the pre-experimental tasks. The procedural 

script for the pre-experimental screening of potential participants contained the following 

elements: i) greeting the potential participant, ii) introducing the researcher iii) explaining the 

activities of the day using the assent form iv) obtaining assent v) explaining and administering 
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the noun knowledge task vi) explaining and administering the preposition knowledge task, 

and vii) explaining and administering the matching task. If the potential participant met the 

initial screening criteria, then viii) the PPVT-4 (Appendix N) was explained and administered 

and ix) CARS (Appendix O) was completed. 

 

3.4.6.1.2 Procedural Integrity Protocol for the trial items. The procedural script for 

the trial items (Appendix Q) covered the following information: i) providing information 

about the trial items and ii) providing the materials to be placed on the table for each of the 

trials items referring to the aided augmented input on the iPad Air2TM1 and the relevant trial 

item, for each of the trial items used. 

 

3.4.6.1.3 Procedural Integrity Protocol for the experimental task. The procedural 

script for the experimental task (Appendix Q) covered the following information: i) greeting 

the potential participant, ii) introducing the researcher, iii) explaining the activities of the day 

using the assent form, iv) explaining the recording of the experimental tasks (as per the assent 

form); v) obtaining assent, vi) providing the materials to be placed on the table for each of the 

12 instructions, referring to the aided augmented input on the iPad Air2TM1 and the relevant 

instruction, for each of the 12 instructions; vii) neutral motivation after every three 

instructions and viii) providing a token of appreciation at the end of the tasks (e.g. a sticker or 

star). 

 

3.4.6.2 Record Form. The Record Form (Appendix R) was developed to provide 

written evidence of the participants responses. It includes five columns, the first column 

contains the instruction number, the second column contains the 12 instructions and the third 

column contains the condition of aided augmented input. In the fourth column the researcher 
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recorded the correct responses given by the participants and the incorrect responses were 

recorded in the fifth column. A code was used to mark the correct (+) and incorrect (-) 

responses so that participants were not aware of their performance being rated. 

The Record Form was also utilised to ensure that data was transferred correctly from 

the Record Form to the Excel Data Collection Form (Appendix S). The Record Form makes 

provision for an inter-rater to check and sign that the data was indeed transferred correctly. 

 

3.4.6.3 Excel Data Collection Form. The Excel Data Collection Form (Appendix S) 

was developed to capture data recorded on the Record From, for purposes of statistical 

analysis. It includes a column for all of the participant numbers and 12 additional columns – 

one for each instruction - where the corresponding data was captured and indicated a (1) for a 

correct response and (0) for an incorrect response per participant. The Spreadsheet also 

includes columns for participant age, PPVT-4 age-equivalent score, CARS rating, totals for 

each condition and the overall total per participant.  

 

3.4.7 Brochures. The following brochure was developed: 

3.4.7.1 Research Feedback Brochure. A brochure outlining the aims, methodology, 

participants, results and the clinical implications (Appendix T) was given to the participating 

school principals, therapists, teachers and parents of participants in order to share information 

gained from the study. 

 

3.5 Equipment 

3.5.1 Presentation equipment. An Apple iPad Air2TM1 Model MP2F2HC/A, (9.7-

inch screen) and iAdaptorTM3 5 was used to present the aided augmented input. The aided 
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augmented input - in the form of the PCS- were presented in the correct grammatical order by 

using the GoTalk NowTM2 App. 

 

3.5.2 Video-recording equipment. Video recording of the sessions was done using an 

Apple iPad Wifi TM1, Model MP2G2HC/A (9.7-inch screen). The recordings were stored and 

used by the independent observer to ensure the reliability of data collection and procedural 

integrity. 

 

3.6 Pilot study 

A pilot study that involved one participant with ASD was carried out. The procedures 

outlined in section 3.8 were adhered to and refined following the pilot study. 

A pilot study is a smaller, exploratory version of the larger or full-scale study. It is 

carried out to determine whether or not a proposed study is practicable and achievable, and 

what aspects need to be changed or modified prior to the full-scale study implementation 

(Abu Hassan, Schattner, & Mazza, 2006; Thabane et al., 2010; van Teijlingen, 2002). A pilot 

study improves the chances of success of the main study, but does not guarantee success 

(Thabane et al., 2010; van Teijlingen, 2002). 

 

3.6.1 Objectives. The main aim of this pilot study was to determine whether or not the 

proposed research methodology was feasible and appropriate. It specifically tested the 

recruitment strategy, participant selection criteria, pre-experimental screening task 

procedures, materials and equipment, data collection procedures, data capturing and data 

analysis that were to be used in the main study. 
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3.6.2 Participants. The principal of one of the schools was contacted and consent was 

obtained to carry out the pilot study at their school. One participant was recruited who 

fulfilled the selection criteria described in Table 6. 

 

3.6.3 Aims, materials, procedures, results and recommendations. Table 5 gives an 

overview of the aims of the pilot study, the materials used and procedures followed, the 

results obtained and the recommendations made after the completion of the study. 
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Table 5  

Aims, Materials, Procedures, Results and Recommendations of the Pilot Study 

Aims Materials Procedures Results Recommendations 

1. To determine if the recruitment 

strategy was feasible. 

The following informed consent 

letters and their reply slips were 

used: 

i. School Principal Permission 

Letter 

ii. Therapist Consent Letter 

iii. Teacher Consent 

Letter 

iv. Caregiver Consent Letter 

 

The researcher met with the school principal to 

explain the research study. The School 

Principal Permission Letter was discussed and 

left with the school principal to read at their 

own leisure. The School Principal Reply Slip 

was collected after two days. 

The school principal arranged for the deputy 

principal to hand out the Therapist Consent 

Letter, the Teacher Consent Letter and the 

Caregiver Consent Letter to the relevant 

individuals within the school. 

All the consent letters were collected two days 

later. 

All of the reply slips were completed and 

returned, signed.  

There were no queries that arose as a 

result of misunderstandings regarding the 

information sought. 

No changes recommended. 

2. To evaluate the participation selection 

criteria, specifically: 

i. ASD diagnosis 

ii. Age (4-10.11 years), 

iii. English Home Language 

iv. Normal or corrected vision and 

hearing 

v. Preposition and noun knowledge and 

matching skills. 

The following questionnaires 

were used: 

i. Teacher Questionnaire 

ii. Caregiver Questionnaire 

The questionnaires that were given to relevant 

teachers and caregivers for completion 

requested the following information about the 

participant: 

i. General biographical information e.g. 

name, age 

ii. ASD diagnosis 

iii. Home language 

iv. Vision and hearing 

v. Exposure to visual aids/ schedules 

vi. Preposition and noun knowledge, and 

matching skills 

The letters were collected two days after they 

had been dropped off. 

The questionnaires were 

comprehensively completed and the 

requested information was obtained in 

addition to other relevant and useful 

information. 

No queries arose regarding the 

information sought or the wording of 

questions. 

The participant met all the selection 

criteria.  

No changes recommended. 

3. To determine: The following letter was used: 

i. Assent Letter 

The Assent letter was read to the potential 

participant on the day of the pre-experimental 

The pilot study participant was able to: No changes recommended. 
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Aims Materials Procedures Results Recommendations 

i. the appropriateness of the wording 

of the Assent Letter  

ii. the participant’s perceived 

understanding of the Assent letter 

 

screening tasks and on the day of the 

experimental tasks.  

The yes and no response tokens were explained 

as per the Assent letter on both occasions. 

The stop sign was explained as per the Assent 

letter on both days.  

Three boxes with pictures were utilised to 

obtain assent to: 

i. Work with the researcher; 

ii. Record the session; 

iii. Acknowledge understanding of 

their right to stop at any time. 

i. respond and verbalise his 

understanding of what was said to 

him and what was required of him  

ii. use the yes and no response tokens 

well 

iii. understand the use of the 

Stop sign 

4. To determine: 

i.  the feasibility of the pre-

experimental screening tasks;  

ii. the time required for the 

administration of the pre-

experimental screening tasks. 

 

i. Noun Knowledge task, 

ii. Preposition Knowledge task, 

iii. Matching task. 

The pre-experimental screening tasks were 

administered. 

The pre-experimental screening tasks were 

timed, and challenges were noted. 

The pilot study participant carried out 

all of the tasks. He was distractible, but 

remained engaged in all of the tasks. 

The time taken to administer the pre-

experimental screening tasks was less 

than 10 minutes. 

 

No changes recommended. 

5. To determine: 

i. the feasibility of the standardized 

tests; and  

ii. the time taken to complete the 

administration of these tests. 

 

 

 

 

 

i. PPVT-4 

ii. CARS 

 

 

 

 

 

 

 

The PPVT-4 was administered, and times and 

challenges were noted. 

The CARS was completed, and challenges 

were noted.  

 

 

The following was noted regarding the 

PPVT-4: 

i. The participant remained engaged 

throughout the administration of the 

PPVT-4; 

ii. The PPVT-4 was administered 

within 10 minutes. 

 

The following was noted regarding the 

CARS: 

i. There were aspects of the CARS that 

the researcher could not answer due 

to the short interaction during the 

pre-experimental screening tasks 

No changes recommended to the 

administration of the PPVT-4. 

 

The CARS should be completed, where 

necessary, with the assistance of the 

class teacher who has a better 

understanding of the participant. 
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Aims Materials Procedures Results Recommendations 

ii. The CARS was completed in less 

than 5 minutes 

6. To determine 

i.  the feasibility of administering the 

instructions with aided augmented 

input; 

ii. the time taken to complete the 

experimental tasks 

 

The following were used: 

i. Procedural Integrity Protocol 

with the instructions 

containing prepositions; 

ii. Miniature objects; and  

iii iPadTM1 Model MD369SO/A 

(9.7-inch screen) with the PCS 

providing the aided augmented 

Input. 

The researcher carried out the experimental 

task according to the procedural integrity 

protocol. 

The PCS providing the aided augmented input 

was presented by means of the iPadTM1. 

The experimental task execution was recorded 

using the iPad WifiTM1, Model MP2G2HC/A 

timed and challenges were noted. 

 

The participant was engaged throughout. 

The participant attempted to move the 

aided augmented input PCS graphic 

pictures on the iPadTM1 during the 

presentation of the instructions with the 

aided augmented input. 

The participant was able to see the full 

‘sentence’ of the aided augmented input 

prior to the presentation of the 

individual PCS due to the way in which 

the aided augmented input is saved on 

the iPadTM1. 

The task was completed in 9 minutes 15 

seconds. 

The possibility of the participant 

manipulating the PCS graphic pictures 

should be eliminated by placing the 

iPadTM1 further away from the 

participant. 

The PCS should be presented using the 

iPad Air2TM1 Model MP2F2HC/A and 

the GoTalk NowTM2 App (for iPadTM1) 

Thus, the participant will not be exposed 

to the PCS prior to the instruction being 

given. 

 

iii. To determine the appropriateness of  

     data collection and procedural  

     integrity tools 

The following were used: 

i. Procedural Integrity Protocol; 

ii. Record form;  

iii. Excel spreadsheet. 

 

The researcher used the script to complete the 

tasks and the forms and she noted any 

challenges with recording the results. 

 

The procedural integrity protocol was 

adhered to and the following was noted: 

i. The researcher provided neutral 

reinforcement after each item as 

opposed to after every 3 items. 

ii. The record form was completed 

iii. The Excel spreadsheet was 

completed. 

The Procedural Integrity Protocol 

should be modified to allow for more 

frequent neutral reinforcement. 

iv. To test the recording equipment and  

     the logistics of recording 

i. iPad WifiTM1 The recording equipment was set up and the 

experimental tasks were carried out. After the 

assessment, the quality of the audio and visuals 

was assessed. 

The participant moved the iPadTM1 

during the recording of the tasks. 

The recording did not capture the PCS 

graphic pictures to ensure that the 

responses could be validated against the 

PCS stimulus 

The recording equipment should be 

place further away from the participant. 

It should also be angled to ensure that 

all of the relevant information is 

recorded. 
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3.6.4 Summary of pilot study. The pilot study highlighted the following areas that 

required modification prior to the main study: i) the CARS would need to be completed with 

the assistance of the teacher who would be able to provide additional information about the 

participant; ii) the equipment used to present the PCS and record the experiment would need 

to be placed further away from the participant; iii) the programme used to present the PCS 

would need to be changed from the photo gallery to the GoTalk NowTM2 app; and iv) the 

procedural integrity protocol would need to be modified to include additional neutral 

reinforcement. 

 

3.7 Main Study 

3.7.1 Recruitment and sampling participants. Once approval was obtained from the 

University of Pretoria’s Ethics Committee (Appendix A) and the Gauteng Department of 

Education (Appendix B), the participants were selected using non-probability, purposive 

sampling (Etikan, Musa, & Alkassim, 2016; McMillan & Schumacher, 2010). The 

participants were selected from schools for children with special needs. Four schools were 

contacted and permission was obtained from three of the schools. The school therapists that 

consented to participate in the study identified potential participants. Table 6 provides a 

summary of the participant recruitment administrative process at the three schools.  

Table 6  

Summary of the Participant Recruitment Administrative Process 

School Forms sent 

out 

Forms 

Returned 

Forms not 

returned 

Consent 

given 

Consent 

not given 

Assent 

given 

Assent not 

given 

Criteria 

met 

Criteria not 

met 

1 30 16 14 16 0 15 1 8 7 

2 36 19 17 19 0 19 0 4 15 

3 32 16 16 14 2 13 1 6 8 

Total 98 51 47 49 2 48 2 18 30 
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In total 98 Caregiver Consent Letters were sent out and 49 potential participants with 

completed consent forms were screened to determine candidacy. Eighteen participants were 

identified for the study, however only 17 participants who met the selection criteria were 

included in the study. One participant did not return to school for the duration of the data 

collection period due to ill health. The recruitment of the participants is described in the 

general procedures. 

 

3.7.2 Participant selection criteria. The participant selection criteria are presented in 

Table 7.  

Table 7  

Participant selection criteria 

Criterion Justification Measure used 

Diagnosis of Autism 

Spectrum Disorder 

(ASD) reportedly 

diagnosed by a medical 

professional  

In order to determine whether or not aided 

augmented input would assist with the 

comprehension of prepositions in children with 

ASD, it was important to ensure that the 

participants are diagnosed with ASD (Rellini et 

al., 2004; Schlosser et al., 2013). 

Caregiver Questionnaire 

 

 

 

 

Children between the 

ages of 4 and 10.11 

years 

Since previous studies focused on children with a 

broader age-range, there was a need for more 

focused information (Schlosser et al., 2013). 

Caregiver Questionnaire 

English Home 

Language or at least one 

year’s exposure to 

English at school 

The tasks had been developed in and were 

carried out in English. Thus, proficiency in 

English was required. 

Caregiver Questionnaire 

No uncorrected visual 

or hearing difficulties 

In order to ensure result validity, hearing and 

visual difficulties were eliminated as factors that 

may adversely affect the child’s ability to 

interact with the aided augmented input 

(Higginbotham, Shane, Russell, & Caves, 2007). 

Caregiver Questionnaire 
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Criterion Justification Measure used 

Noun knowledge  

(at least 5/8 correct) 

It was necessary to determine whether or not the 

participants were able to identify, by label 

(“point to the ____ (name of object)), the objects 

that were to be used in the tasks, as well as to 

determine the skills they had already developed 

(Schlosser et al., 2013). 

Noun Knowledge Task 

(Schlosser et al., 2013) 

Preposition knowledge 

(at most 2/5 correct) 

It was necessary determine the presence of a 

deficit to ensure that there was potential for 

improvement in understanding with the use of 

aided augmented input (Schlosser et al., 2013). 

Preposition Knowledge 

Task, modelled on the 

prepositions subtest of the 

Reynell Developmental 

Language Scales (Reynell 

& Curwen, 1977).  

Matching skills  

(at least 4/6 correct) 

It was necessary to determine whether or not the 

participants were able to match visual aids to the 

objects that were used in the tasks as well as to 

determine the skills they had already developed 

(Schlosser et al., 2013) 

Matching Task (Schlosser 

et al., 2013) 

 

3.7.3 Participant description. The participants are described next and Table 8 

provides a summary of the participants’ information. 

The 17 participants in the study were male, diagnosed with ASD by a medical 

professional, and had no visual or hearing challenges. Their ages ranged from 6.6 years to 

10.8 years with a mean age of 8.2 years and median age of 8.1 years. They used English as 

their home language or had been exposed to English for at least one year at school. Three of 

the participants’ home language was English with no exposure to other languages in the 

home. Three participants were exposed to English and isiZulu, two were exposed to English 

and isiXhosa, and two others were exposed to English and Ndebele. Each of the other 

participants (n=7) was exposed to English and one other language, namely, Afrikaans, French, 

Ibo, Sepedi, Sesotho, Setswana or Shona.  

The participants were able to identify five (n=2), six (n=4), seven (n=6) or eight (n=5) 

out of a possible eight of the miniature objects used for the Noun Knowledge Task. Seven of 
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the participants could not show any knowledge of prepositions on the Preposition Knowledge 

Task, and they obtained a score of 0/5. Eight of them showed a deficit in preposition 

knowledge, thus obtaining scores of 1/5 while two of the participants scored 2/5. All the 

participants (n=17) were able to match all of the miniature objects with the PCS (6/6). 

Participant 2 did not complete the PPVT-4 (Dunn & Dunn, 2007) testing, thus he did not 

obtain an age-equivalent score. The other participants (n=16) achieved age-equivalent scores 

of between 2.0 years to 4.0 years on the PPVT-4 (Dunn & Dunn, 2007), with a mean and 

median age of 3.1 years. Most of the participants (n=14) obtained mild to moderate ratings on 

the CARS (Schopler et al., 1988) with the other three participants obtaining a severe rating. 

All of the participants were attending schools for children with special needs and have 

been exposed to visual schedules in the classroom. Their schooling history (time) ranged from 

four months to five years. Eight participants had previously been exposed to AAC, seven 

participants had not been exposed to AAC and there was no reporting for two of the 

participants. Most of the participants (n=15) had previously received or were currently 

receiving speech therapy and only two participants had never received speech therapy. The 

participants varied along a continuum in terms of their verbal abilities to communicate needs 

or tell stories. Some participants were not able to verbally communicate their needs at all 

(n=3), one participant could occasionally communicate his needs verbally while the remaining 

13 participants were able to communicate their needs verbally. Most of the participants could 

not tell stories (n=15) and only two participants were able to do so. 
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Table 8  

Description of Participants 

 

No. a 
Age 

(years) 
Gender Diagnosis 

Home 

Language 

Normal 

Visions & 

Hearing 

PPVT-4b 

(years) 

CARS 

Scorec 

Noun 

Knowledge 

Preposition 

Knowledge 

Matching 

Skills 
Verbal Skills d 

School 

History 

(years) 

Speech 

Therapy 

Visual 

Schedules 

AAC 

Exposure 

1 6.8 Male ASD 
English 

Ibo 
Yes 3.6 32 7/8 0/5 6/6 

Needs: Yes  

Stories: No 4 
Yes 

2 years 
Yes No 

2 8.1 Male ASD 
English 
French 

Yes - 33.5 6/8 0/5 6/6 
Needs:  No 

Stories: No 4 
Yes 

5 years 
Yes Yes  

3 10.8 Male ASD 
English 

isiZulu 
Yes 3.2 32.5 7/8 0/5 6/6 

Needs: Yes  

Stories: Yes 2 
Yes 

3 years 
Yes - 

4 7.10 Male ASD 
English 

Setswana 
Yes 2.6 32 6/8 1/5 6/6 

Needs: Yes+No 

Stories: No 4 
No 

Yes Yes 

5 9.5 Male ASD 
English 
Xhosa 

Yes 4.0 30 7/8 0/5 6/6 
Needs:  Yes 

Stories: No 2 ½ Yes Yes No 

6 8.9 Male ASD 
English 

 
Yes 3.5 36.5 7/8 1/5 6/6 

Needs:  No 

Stories: No 5 
Yes 

5 years 
Yes Yes 

7 8.5 Male ASD 
English 

Sesotho 
Yes 2.11 30.5 7/8 1/5 6/6 

Needs: Yes  

Stories: No 3 
Yes 

3½ years 
Yes Yes 

8 7.5 Male ASD 
English 

Afrikaans 
Yes 3.1 31.5 7/8 1/5 6/6 

Needs:  Yes 

Stories: No 2 
Yes 

2 years 
Yes No 

9 7.10 Male ASD 
English 

isiZulu 
Yes 2.8 37 6/8 0/5 6/6 

Needs:  Yes 

Stories: No 4 months No Yes No 

10 9.9 Male ASD 
English 

Ndebele 
Yes 2.5 37 5/8 1/5 6/6 

Needs: Yes  

Stories: No 5 
Yes 

6 years 
Yes No 

11 10.2 Male ASD 
English  
Sepedi 

Yes 3.5 32.5 8/8 2/5 6/6 
Needs:  Yes 

Stories: No 3 Yes Yes No 

12 8.7 Male ASD 
English 

Shona 
Yes 3.8 31.5 8/8 1/5 6/6 

Needs:  Yes 

Stories: No 4 ½ 
Yes 

3 years 
Yes Yes 

13 7.0 Male ASD 
English 

Ndebele 
Yes 3.9 31.5 8/8 1/5 6/6 

Needs: Yes  

Stories: No 1 ½ 
Yes 

4 years 
Yes No 

14 7.1 Male ASD 
English 

 
Yes 2.0 33.5 5/8 0/5 6/6 

Needs:  Yes 

Stories: Yes 3 
Yes 

2 years 
Yes Yes 

15 6.6 Male ASD 
English 

 
Yes 3.7 32.5 8/8 1/5 6/6 

Needs: Yes  

Stories: No 5 months 
Yes 

4 years 
Yes Yes 

16 7.1 Male ASD 
English 

isiZulu 
Yes 2.4 35 6/8 0/5 6/6 

Needs:  No 

Stories: No 1 ½ 
Yes 

Yes - 

17 8.1 Male ASD 
English 
Xhosa 

Yes 3.8 34.5 8/8 2/5 6/6 
Needs: Yes  

Stories: No 2 ½ 
Yes 

6 years 
Yes No 

Note: a Participant Number 

         b Age-equivalent score 
         c CARS Scores: 15-30 Non-Autistic 

                                    30-36 Mildly – Moderately Autistic 

                                    36-60 Severely Autistic 
          d Verbal skills in terms of the ability to 1) communicate their needs and 2) tell short stories 
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3.8 Procedures 

3.8.1 Ethical considerations. Ethical considerations are essential when planning and 

implementing research, especially when the research involves human participants (McMillan 

& Schumacher, 2010; Polgar & Thomas, 2008; Polit & Beck, 2008). Data collection for this 

study only began once the University of Pretoria’s Ethics Committee had granted ethics 

approval. 

It was important to consider the three main ethical principles outlined in the Belmont 

report as they are important when conducting research involving human participants (Polit & 

Beck, 2008). The three principles are beneficence, respect for human dignity and justice. 

These principles encompass other principles that were also adhered to as discussed below. 

The principle of respect for human dignity encompasses, for instance, the right to self-

determination and full disclosure, which relates directly to informed consent  (McMillan & 

Schumacher, 2010; Polit & Beck, 2008). The participant and/or the legal guardian were fully 

informed of the procedures and were free to participate in or withdraw from the study at any 

time. Continued assent was obtained from the participants each time that they engaged with 

the researcher. In addition, participants were informed of the need to store the collected data 

for a period of 15 years at the Centre for Augmentative and Alternative Communication, at 

the University of Pretoria, and their informed consent was obtained for the storage of the data. 

Participants were also reassured that this information would be kept safely to ensure their 

privacy. 

In order to ensure privacy, the researcher assigned each participant a participant 

number to keep their information private and confidential. The video recording also did not 

record the participants’ faces, but only their hands responding and the researcher. These 

videos were used only to ensure the reliability of the research results and for no other 

purposes. 
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3.8.2 General procedures. Approval to conduct the study was obtained from the 

University of Pretoria’s Ethics Committee (Appendix A). Permission to carry out research at 

Gauteng Department of Education (GDE) schools was obtained from the GDE (Appendix B). 

Permission was also obtained from specific school principals to conduct the study at their 

respective schools (Appendix C).   

The school principal introduced the researcher to the school-based speech therapist 

who assisted with the initial identification of potential participants based on the participant 

criteria provided in Table 7. Informed consent was therefore obtained from the speech 

therapist (Appendix D). Once the potential participants had been identified, informed consent 

was also obtained from the different teachers (Appendix E), who assisted with the 

identification and confirmation of potential participants (also based on the participant criteria 

provided in Table 7). The teachers furthermore assisted with the identification of English-

speaking parents, and they distributed and collected not only the Caregiver Consent Letters 

(Appendix F), but also a Caregiver Questionnaire (Appendix J), that provided biographical 

information. Finally, informed consent was obtained from the caregivers of the potential 

participants. 

Once a potential participant was identified, data collection commenced. 

 

3.8.3 Data collection procedures. 

3.8.3.1 Pre-experimental task screening. On a prearranged day, the researcher went to 

the school and set up the Noun-Knowledge Task (Appendix K) in the allocated room. The 

researcher then went to the potential participant’s classroom where the teacher introduced the 

researcher to the potential participant. The researcher and potential participant next went to 
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the allocated room. Assent was obtained from the potential participant before the task was 

started (Appendix G). 

The potential participant carried out the Noun Knowledge Task. If the potential 

participant met the selection criteria for the first task, the preposition knowledge task was 

carried out. If the potential participant met the selection criteria for the second task, the 

matching task was carried out. In the event that the participant did not meet the criteria for 

one of the tests, testing was stopped and no further tasks were carried out. The potential 

participant was given a token of appreciation (e.g. a star or sticker) and returned to their 

classroom. However, if the potential participant satisfied the selection criteria outlined in 

Table 7, further testing was carried out using the PPVT-4 (Appendix N). 

After the PPVT-4 (Dunn & Dunn, 2007) had been completed, the potential participant 

was given a token of appreciation (e.g. a star or sticker) and taken back to their classroom. 

The researcher returned to the allocated room and immediately administered the Childhood 

Autism Rating Scale (Schopler et al., 1988) (Appendix O). 

 The information obtained from the pre-experimental task screening, testing and rating 

was used to determine candidacy and to obtain descriptive information about the participants. 

This information was also used to allocate the participants into two groups that were matched 

for age. 

 

3.8.3.2 Experimental task administration. At a different time, the researcher set up 

the materials for the assessment in the allocated room on the school premises. Once all the 

materials were set up, the researcher went to the selected participant’s classroom and re-

introduced herself to the participant. The researcher and participant went to the allocated 

room and the participant was made aware of all video-recording equipment in the room. 

Assent was obtained from the participant before the task was started (Appendix G). 
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The researcher sat opposite the participant and explained to the participant what he 

needed to do. The target object and location for the first trial item were placed on the table in 

front of the participant. The iPad Air2TM1 with the PCS of the aided augmented input for the 

relevant trial item was placed to the left of the participant, and it was elevated using the 

iAdapter case, in front of the researcher, facing the participant. The researcher verbalised the 

trial instruction (“Put the doll in the box”) whilst pointing at the iPad Air2TM1 to draw the 

participant’s attention to the aided augmented input.  

If the participant responded correctly, the task item was marked as correct (+) and the 

researcher proceeded to the instructions. If the participant did not respond correctly the 

participant had 10 seconds to carry out the trial instruction. When the participant failed to 

respond within the 10-second time-limit, the instruction was repeated after a 5-second inter-

task interval and another 10-seconds were allowed. When the participant responded 

incorrectly or did not respond it was marked as incorrect (-). A code was used to mark the 

correct (+) and incorrect (-) responses to ensure that the participant was not aware of his 

performance being rated. If the participant responded incorrectly the next trial instruction was 

presented. When the participant responded correctly to one trial item the researcher proceeded 

to the instructions.  

For each instruction the target object and location were placed on the table in front of 

the participant. The iPad Air2TM1 with the PCS of the aided augmented input for the relevant 

instruction was elevated to the left of the participant, using the iAdapter case, in front of the 

researcher, facing the participant.  

The researcher verbalised each instruction (e.g. “Put the doll behind the bowl”) whilst 

pointing at the iPad Air2TM1 to draw the participant’s attention to the aided augmented input. 

The participant had 10 seconds to carry out the instruction. A code was used to mark the 

correct (+) and incorrect responses (-) to ensure that the participant was not aware of his 



54 

 

performance being rated. When the participant failed to respond within the 10-second time-

limit, the instruction was repeated after a 5-second inter-task interval and another 10-seconds 

were allowed. When the participant responded correctly, the task item was marked as correct 

(+). When the participant responded incorrectly or did not respond it was marked as incorrect 

(-). Intermittent reassurance was provided to maintain the participant’s motivation (e.g. You 

are on track!). 

Once the tasks had been completed the participant was given a token of appreciation 

(e.g. a star) and taken back to his classroom. 

 

3.8.4 Reliability.  

3.8.4.1 Procedural Integrity. A rater, a post-graduate Physiotherapist, observed 40% 

of the video recordings that had been made of the tasks and completed the procedural 

integrity protocol checklist (Appendix Q) to determine procedural integrity (expressed as a 

percentage) (McMillan & Schumacher, 2010). According to Schlosser (2002) between 20% 

and 40% of the recordings should be rated by an independent rater. A score above 75% is 

rated as excellent (McMillan & Schumacher, 2010). Seven of the 17 (41%) procedural 

integrity protocol checklists were randomly selected and rated. Procedural integrity was 

calculated using the following formula: 

                   Steps correctly completed  

                   Total Number of Steps  

258 

273 

 

3.8.4.2 Data Collection Reliability. Data obtained from the pre-experimental 

screening tasks, PPVT-4, CARS and the experimental tasks was captured on the Excel Data 

X   100 

X   100 = 94.5% 
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Collection Form (Appendix S). A rater, a Speech Therapist enrolled in a post-graduate degree 

programme, checked 41% of the Microsoft Excel scoresheets to ensure that the responses 

were captured correctly and to determine the percentage agreement and a score above 75% 

was rated as excellent (McMillan & Schumacher, 2010). It was calculated to ensure that the 

data was recorded accurately, by using the following formula:  

Number of Agreements   

Number of Agreements + Number of Disagreements 

   204        

204 + 0 

 

3.8.5 Validity. Internal design validity was maintained by attempting to reduce 

potential threats to the validity (McMillan & Schumacher, 2010; Polgar & Thomas, 2008; 

Polit & Beck, 2008).  The first challenge of instrumentation threats to validity, refers to the 

way in which changes to the instrument or the person collecting the data, may affect the result 

(McMillan & Schumacher, 2010). This threat was reduced by using a script to ensure 

consistent procedures and a standard means of interacting with the participants. The 

researcher collected all the data to ensure that there were no changes due to different data 

collectors. In addition, an inter-rater was enlisted to ensure that the procedure was consistent 

and that the data collected was accurate. 

Validity threats associated with the selection of participants for the sample group and 

the control group (McMillan & Schumacher, 2010) were reduced by the within-subject 

research design, as the group participants were also the control group. 

 

3.8.6 Data Analysis. The biographical information and scores from the CARS, PPVT-

4, preposition knowledge tasks, noun knowledge tasks and matching tasks were captured on 

X   100 

X   100 = 100% 



56 

 

an Excel scoresheet and descriptive statistics were used to describe the data. Data collected 

from the tasks (involving the instructions that contain prepositions) was also captured on an 

Excel spreadsheet and comparisons were made between the instructions in terms of the 

correct and incorrect responses for each item, across participants and for each condition. The 

descriptive data using percentages was subsequently presented in tables and bar charts.  

A QQ plot and the Shapiro-Wilk test were used to test the assumption of normality 

(McMillan & Schumacher, 2010). As a result of the results of aforementioned tests non-

parametric statistical tests were used to analyse the data. Nonparametric tests allow for data 

analysis when data points do not appear to come from normally distributed data points 

(McMillan & Schumacher, 2010). Non-parametric tests are slightly less sensitive than 

parametric tests at detecting differences between groups, however they reduce the probability 

of unreliable or incorrect results obtained from the use of parametric tests when the 

assumptions for parametric tests were not met (McMillan & Schumacher, 2010; Price et al., 

2013). The Mann-Whitney test was used to determine whether there was a statistically 

significant difference between Condition A and Condition B results for Group 1 and Group 2. 

This was done so as to determine whether or not there was an order effect which would 

suggest that learning in the one condition influenced the results in the subsequent condition 

(Charness et al., 2012; Price et al., 2013). Table 9 outlines the aims of the non-parametric 

tests used for data analysis. 

 

Table 9  

Non-parametric Test Aims 

Aim Statistical test Justification 

To determine whether or not there 

was a statistically significant 

difference between the two 

conditions of aided augmented 

input 

Wilcoxon Signed 

Ranks 

This test is used to compare two sets of data from 

the same participants where the data points cannot 

be shown to come from a population within which 

the parameter is normally distributed (McMillan 

& Schumacher, 2010). 
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4. RESULTS 

The results of the study are discussed in line with the sub-aims of the study, which 

were twofold, namely i) to determine the accuracy of responses to instructions containing 

prepositions with aided augmented input provided for 25% (preposition only) of the 

instruction, referred to as Condition A and 75% (subject, preposition and location) of the 

instruction, referred to as Condition B; and ii)  to compare the accuracy of responses between 

Condition A and Condition B. In addition, the participant’s results are described and 

discussed as they relate to i) their performance in the pre-experimental task and the 

experimental task, for the prepositions targeted, as well as ii) for the individual performances 

per instruction and per preposition.  

 

4.1 Accuracy of responses to instructions with aided augmented input provided for 

Condition A and Condition B.  

Table 10 provides an overview of the participant results for Condition A and 

Condition B, and the scores obtained on the PPVT-4 and CARS.  

Table 10  

Participants’ Response Accuracy for Condition A, Condition B, PPVT-4 score and CARS  

Participant 

Number 

Number of accurate 

responses - Condition 

A 

Number of accurate 

responses - Condition 

B 

PPVT-4 

Age-equivalent score 

(years) 

CARS Score 

Mild/ Moderate/ Severe 

1 1 0 3.6 32 Mild 

2 0 0 - 33.5 Mild 

3 1 0 3.2 32.5 Mild 

4 0 0 2.6 32 Mild 

5 2 3 4.0 30 Mild 

6 2 1 3.5 36.5 Severe 

7 3 1 2.11 30.5 Mild 

8 3 4 3.1 31.5 Mild 

9 2 1 2.8 37 Severe 

10 0 0 2.5 37 Severe 

11 3 2 3.5 32.5 Mild 

12 2 3 3.8 31.5 Mild 

13 2 1 3.9 31.5 Mild 
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The participants’ results outlined in Table 10 above show great variation in their 

individual response accuracies for the two aided augmented input conditions. The participants 

obtained age-equivalent scores of between 2.0 years (24 months) and 4.0 years (48 months) 

on the PPVT-4. Most of the participants (n=14) obtained scores of between 30 and 36 (mild to 

moderate ASD rating) on the CARS (Schopler et al., 1988) with the other three participants 

obtaining a score above 36 (severe ASD rating). Table 10 illustrates that some participants 

performed better with 25% aided augmented input, others performed better with 75% aided 

augmented input and some performed equally across the two conditions. 

Figure 2 provides a summary of the participants’ accurate responses for each 

condition.  

 

Figure 2. Individual participant accurate responses for Condition A and Condition B 

 

Figure 2 illustrates that for Condition A, participants 2, 4, 10, 14 and 16 (n=5) 

obtained a score of zero and participant 17 (n=1) obtained a score of five, representing the 
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lowest and highest scores, respectively (M=1.65, SD=1.41). Participants 1, 2, 3, 4, 10, 14 and 

16 obtained scores below the mean (n=7) while participants 5, 6, 7, 8, 9, 11, 12, 13, 15 and 17 

(n=10) achieved scores above the mean. For Condition B, participants 1, 2, 3, 4 and 10 (n=5) 

obtained a score of zero and participant 8 (n=1) obtained a score of four, representing the 

lowest and highest scores, respectively (M=1.29, SD=1.21). Participants 1, 2, 3, 4, 6, 7, 9, 10, 

13, 14 and 16 obtained scores below the mean (n= 11) while participants 5, 8, 11, 12, 15 and 

17 (n=6) achieved scores above the mean. The median scores were 2 and 1 for Condition A 

and Condition B, respectively.  

 

4.2 Comparison of the accuracy of responses between Condition A and Condition B 

Participants 2, 4 and 10 (n=3) obtained a total score of zero and participants 8 and 17 

(n=2) obtained a total score of seven, representing the lowest and highest total scores 

respectively (M=2.94, SD=2.36). Participants 1, 2, 3, 4, 10, 14 and 16 obtained scores below 

the mean (n=7) while participants 5, 6, 7, 8, 9, 11, 12, 13, 15 and 17 (n=10) achieved scores 

above the mean. The median score for all the instructions was 3. 

Participants 1, 3, 6, 7, 9, 11, 13 and 17 (n=8) obtained a higher total for response 

accuracy for Condition A than for Condition B. Participants 5, 8, 12, 14 and 16 (n=5) did the 

opposite and obtained a higher total for response accuracy for Condition B. Participants 2, 4, 

10 and 15 (n=4) obtained the same accuracy total for both conditions. Three of these 

participants (2, 4 and 10) obtained zero for both conditions and participant 15 obtained two 

for both conditions. 

Figure 3 illustrates the percentage of accurate responses for Conditions A, Condition 

B and the total (Condition A and B).  
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Figure 3. Percentage of correct and incorrect responses for Condition A, Condition B, and the 

combined total (Condition A and Condition B) 

Figure 3 illustrates that the participants achieved an average response accuracy for 

instructions under Condition A of 27.45%, under Condition B of 21.57%. and 24.5% for all of 

the instructions. 

The Shapiro-Wilk test was used to test the assumption of normality and to determine 

whether the data points are from a normally distributed set of data points. The data points are 

not from a normally distributed set of data points for either Condition A (p=0.038) or for 

Condition B (p=0.029), where normal distribution is p>0.05. Thus, nonparametric tests, 

namely the Wilcoxon Sign-Rank test was used to determine whether or not there was a 

statistically significant difference between the two conditions of aided augmented input. 

Testing revealed that this was not the case. No statistically significant difference could be 

found between the two conditions of aided augmented input (Z = -1.164, p = 0.244). 

In addition, the Mann-Whitney test was used to determine whether there was a 

statistically significant difference between Group 1 and Group 2, so as to determine whether 

there were order effects. Group 1 were presented with Condition A and then Condition B, 

whilst Group 2 were presented with Condition B and then Condition A. Testing revealed no 

statistically significant difference between the two groups for Condition A (Z=-1.550, 
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p=0.121) and for Condition B (Z=-1.100, p=0.271). These results indicate that there were no 

order effects and that there was no significant difference in results for participants who were 

presented with Condition A first when compared to participants who were presented with 

Condition B first. 

 

4.3 Comparison of preposition knowledge between the pre-experimental task and under 

the aided augmented input conditions 

Table 11 illustrates participants preposition knowledge during the pre-experimental 

screening task and under the two conditions with the aided augmented input.  

Table 11  

Preposition Knowledge for the Pre-experimental Task and in the Aided Augmented Input 

Conditions 

Preposition 

Knowledge 

Participan

t number 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

P
r
e
-t

a
sk

 

On 
 - a   -   -   +   -  + +  -   -   -   -   -   -   -   -   -   +  

Under 
 -   -   -   -   -   -   -   +   -   -   -   -   -   -   -   -   -  

next to 
 -   -   -   -   -   -   -   -   -   +   +   +   +   -   +   -   -  

Behind 
 -   -   -   -   -   -   -   -   -   -   +   -   -   -   -   -   +  

C
o

n
d

it
io

n
 A

 On 
 -   -   +   -   +   +   +   +   +   -   +   -   +   -   +   -   +  

Under 
 + b   -   -   -   -   -   -   +   -   -   -   -   -   -   -   -   +  

next to 
 -   -   -   -   -   -   -   -   -   -   +    +   -   -   -   -   +  

Behind 
 -   -   -   -   -   -   +   +   -   -   -   -   -   -   -   -   -  

C
o

n
d

it
io

n
 B

 On 
 -   -   -   -  

  
+  

 +   +   +   +   -   +   +   -   -   +   -   +  

Under 
 -   -   -   -   +   -   -   +   -   -   -   +   +   -   +   -   -  

next to 
 -   -   -   -   +   -   -   +   -   -   +   +   -   +   -   +   +  

Behind 
 -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -   -  

Overall performance 1c 2d 1 3e 1 2 1 1 1 3 1+3 1 1+3 1 1+3 1 1+3 

Note: a incorrect or no response 

           b correct response 

           c better responses to the instructions for the aided augmented input than the pre-experimental task screening 

           d same response for aided augmented input than the pre-experimental task screening 
           e worse instruction responses for aided augmented input than in the pre-experimental task screening 
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The accuracy of responses in the aided augmented input conditions was low however, 

several participants (n=9) were able to carry out instructions containing prepositions under 

condition A or B, which they had not been able to carry out during the pre-experimental task 

screening task, as shown in Table 11. Two participants showed a decrease in the accuracy of 

their responses compared to the pre-experimental screening task, and two participants showed 

no change in the accuracy of their responses when compared to the pre-experimental 

screening task. Four participants presented with variable results, they presented with an 

increase in response accuracy for some of the prepositions and a decrease in response 

accuracy for other prepositions. 

 

4.4 Accuracy of instruction-following under Condition A and Condition B per 

instruction 

The accuracy of individual instruction following is described to outline the differences 

in the accuracy of responses per instruction. The information for individual instructions is 

represented in Figure 4.  

 

Figure 4. Accuracy of responses per instruction  

Figure 4 illustrates that participants achieved 47% response accuracy for instructions 1 

(Put the spoon on the bowl) and 53% response accuracy for instruction 5 (Put the doll on the 
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car) under Condition A, and a total of 53% accurate responses for instruction 1 (Put the cap 

on the box) under Condition B. These three instructions all targeted the preposition ‘on’, 

which is acquired at the age of about 24 months (Schlosser et al., 2013).  

The participants achieved 18% accurate responses for instruction 2 (Put the cap under 

the bowl) under Condition A, and a response accuracy of 12% for instruction 2 (Put the doll 

under the box) and 24% for instruction 5 (Put the spoon under the car) under Condition B (see 

Figure 4). These instructions contain the preposition ‘under’, which is acquired at the age of 

about 36 months (Schlosser et al., 2013).  

For the instructions that targeted the preposition ‘next to’, which is acquired at the age 

of about 40 months (Schlosser et al., 2013), the participants achieved 18% response accuracy 

for instructions 4 (Put the spoon next to the bowl) and 6 (Put the cap next to the box) under 

Condition A and 41% response accuracy for instruction 4 (Put the doll next to the car) under 

Condition B (see Figure 4).  

The participants achieved 12% response accuracy for instruction 3 (Put the doll behind 

the bowl) under Condition A and 0% for instructions 3 (Put the spoon behind the bowl) and 6 

(Put the cap behind the car) under Condition B (see Figure 4).  

 

4.5 Accuracy of instruction-following under Condition A and Condition B per 

preposition 

Figure 5 below provides a description of the response accuracy for the individual 

prepositions. 
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Figure 5. Accuracy of responses per preposition 

Figure 5 illustrates that the participants achieved a similar response accuracy for the 

preposition ‘on’ under Condition A (50%) and Condition B (53%) and the same response 

accuracy under both conditions (18%) for the preposition ‘under’ (see Figure 5). The response 

accuracy for the prepositions ‘on’ represents the highest total for all of the prepositions 

targeted, which may be due to the earlier age of acquisition (24 months). All of the 

participants attained an age-equivalent score of at least 24 months (2.0 years) on the PPVT-4, 

as illustrated in Table 10.  

The response accuracy for the preposition ‘next to’ showed a difference under the two 

conditions with 18% under Condition A and 41% under Condition B. The percentage of 

accurate responses for the preposition ‘behind’ was 12% under Condition A, with no accurate 

responses recorded under Condition B (0%) for any of the participants. The instructions that 

contained the preposition ‘behind’ showed the lowest response accuracy for all of the 

prepositions targeted. This may be due to the age of acquisition of the preposition which is at 

the age of about 48 months (Schlosser et al., 2013) and only one participant attained an age-

equivalent score of 48 months (4.0 years) on the PPVT-4.  
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4.6 Discussion 

The purpose of this study was to measure and compare the ability of children with 

ASD to follow instructions containing prepositions under two conditions of aided augmented 

input – Condition A with aided augmented input provided for 25% of the instruction 

(preposition only) and Condition B with aided augmented input provided for 75% of the 

instruction (subject, preposition and location).  

For all the participants, it was clear that there was a deficit in receptive language 

skills, which is consistent with previous research findings  (Charman et al., 2003; Hudry et al., 

2010; Manolitsi & Botting, 2011; Rapin & Dunn, 2003). In addition, also consistent with 

previous research findings, the participants experienced a significant challenge in 

understanding instructions containing prepositions (Schlosser et al., 2013) – a finding that 

extended the current knowledge base and emphasised the need for additional research in this 

area. Previous studies focused on the effectiveness of aided augmented input, which has since 

been established (Schlosser et al., 2013) and was evident in this study, as several participants 

were able to carry out instructions containing prepositions which they had not been able to do 

during the pre-experimental task screening (which made no use of aided  augmented input). 

The use of prepositions in the classroom setting is inescapable, and therefore important, and 

this study highlights the need for spoken input to be supplemented with aided augmented 

input to improve the understanding of instructions containing prepositions (Schlosser et al., 

2013). Thus, even though the accuracy of responses was low, the aided augmented input 

assisted some participants in following the instructions that contained prepositions. 

The data collected for these participants showed that there was no statistically 

significant difference between the two conditions of aided augmented input. Some of the 

participants performed better with less aided augmented input, some performed better with 

more aided augmented input and others showed no improvement or difference between the 
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two conditions. This supports previous research which indicated that children with ASD are a 

heterogenous group of children, with unique strengths and abilities, and that it is not always 

possible to generalise findings or find one solution that will be generalisable to all children 

with ASD (Rao & Gagie, 2006; Trembath et al., 2015). 

Although many of the participants had not previously had exposure to AAC, all of 

them (including the participants who obtained zero for both conditions of aided augmented 

input) have had exposure to visual schedules, using PCS, in the classroom, which would 

suggest an awareness of pictures providing information or support for understanding (Cihak, 

2011). Previous studies made use of photos taken from video scenes, which may have allowed 

the matching skills of the children with ASD to by-pass the need to understand the spoken 

instructions (Schlosser et al., 2013). The current study made use of PCS which did not allow 

for matching skills to compensate for a lack of understanding and this may have resulted in 

poorer than anticipated results. 

The variability in performance across the two conditions may add to the body of 

available knowledge which suggests that not all children with ASD are strong visual learners 

(Brady et al., 2015; Ganz et al., 2015; Rao & Gagie, 2006) and that there is a need for in-

depth assessment to determine the strengths of individual children with ASD before 

implementing AAC or aided augmented input (Ganz, 2015).  

Overall, this study has shown that although aided augmented input improved the 

accuracy of responses to instructions containing prepositions for some of the children with 

ASD, there is no conclusive evidence to determine which condition of aided augmented input 

is most effective in improving the understanding of instructions that contain prepositions. 

There may well be need for intervention or training to maximise the benefits of the aided 

augmented input in children with ASD (Ganz, 2015; Schlosser et al., 2013). 
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5.  CONCLUSION 

The aim of the study was to investigate the effects of quantity of aided augmented 

input on the accuracy of instruction following in children with ASD. The children with ASD 

were given instructions under two conditions of aided augmented input, and their accurate 

responses were recorded and compared. Following is a summary of the most important 

aspects of the study. 

 

5.1     Summary of the main findings  

The results of this study varied across participants with some participants performing 

better under Condition A and others better under Condition B. No statistically significant 

difference was found between the two conditions of aided augmented input. The study found 

that some participants performed better with instructions that contained prepositions which 

were acquired at a younger age, and worse with instructions that contained prepositions 

acquired at a later age regardless of the quantity of aided augmented input. The current study 

adds to the body of knowledge that suggests that aided augmented input helps children with 

ASD to understand instructions that contain prepositions 

 

5.2      Critical evaluation of the study 

5.2.1 Strengths. The current study aimed to determine which condition of aided 

augmented input was require to facilitated the improvement in the participants’ understanding 

of instructions that contain prepositions. The participants were screened prior to testing to 

determine their knowledge of the objects and prepositions as well as their matching skills. 

This was important to ensure that they did not have a pre-task knowledge of the prepositions 

targeted which previous studies had not measured (Schlosser et al., 2013). Establishing noun 

knowledge was important so as to ensure that the lack of knowledge of the objects or inability 
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to match pictures to objects, did not affect the outcome or have an impact on the results.  

Previous studies used photos of the target position or end result (Schlosser et al., 2013) 

and these could have by-passed the need for understanding and participants may have relied 

on matching skills. This study made use of PCS which decreased iconicity and reduced the 

possibility of matching therefore it improved the isolation of the dependent variable, namely 

the participants’ execution of the instruction due to understanding. 

The research design allowed for the control of order and carry-over effects as well as 

experimenter demand effects, thus improving the validity of the results. (Charness et al., 

2012; McMillan & Schumacher, 2010; Price et al., 2013). In addition, scripts were used to 

ensure consistency across participants and improve the procedural integrity of the study. 

 

5.2.1 Limitations. The study included 17 participants, who complied with specific 

selection criteria and were recruited from schools for children with special needs. This 

resulted in a purposeful and small sample, which unfortunately limits the potential 

generalisability of findings to the broader population of children with ASD. 

The study participants were provided with the target items, thus the objects included in 

the instruction were pre-determined without any foils. This strategy reduced the demands 

placed on the participants and the possibility for incorrect subject or location choice. 

However, it also reduced the generalisability to real-life situations where many foils could 

impact on the participant’s ability to understand or execute an instruction. 

The study made use of 12 instructions and targeted four prepositions. Although every 

attempt was made to match the two conditions of six instructions each with age of preposition 

acquisition, this was not achieved. Both conditions contained instructions with the four 

targeted prepositions and an additional two duplicate prepositions which were different for the 

two conditions. Condition A contained ‘on’ and ‘next to’ and Condition B contained ‘under’ 
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and ‘behind’, as duplication prepositions in the instructions. These variations in prepositions 

across the two conditions may have had an effect on the results. 

The study presented the aided augmented input as individual pictures which were 

pointed to as the instructions was verbalised, resulting in the PCS being as transient as the 

auditory input, thus reducing the potential benefits of a more permanent visual aid. This may 

have placed higher demands on the working memory of the participants and reduced the 

potential to benefit from the aided augmented input. 

Although the study tested the noun and preposition knowledge as well as matching 

skills of the participants, the participants’ ability to process information in a sentence was not 

assessed. The PPVT-4 also assessed the participants’ language skills at a single word level, 

thus no formal assessment of language at the sentence level was carried out and that may have 

had an influence on the results. 

This was an experimental study which tested the participants’ ability to follow 

instructions without any prior intervention and outside of a natural context. The study did not 

allow for teaching of the objects or the PCS prior to the testing so as to ensure that all of the 

objects and PCS were known. 

 

5.3      Clinical implications 

The study found that the individual participants responded differently to the two 

conditions of aided augmented with varied results across the two conditions, suggesting that 

there is need for individualised assessments and interventions when using aided augmented 

input for children with ASD. As previously stated, children with ASD are not an homogenous 

group (Ganz, 2015) and this emphasises the need for individualised clinical interventions. 

The study found that the use of aided augmented input can improve children with 

ASD’s understanding of instructions that contain prepositions in everyday situations, 



70 

 

especially in the classroom where prepositions are frequently used. Although the actual 

amount of aided augmented input required may differ among children with ASD, there 

appears to be general consensus (confirmed by this study) that aided augmented input is 

effective in improving the understanding of instructions that contain prepositions by children 

with ASD (Schlosser et al., 2013), therefore caregivers and professionals working with these 

children can use them to facilitate understanding. 

 

5.4     Recommendations for further studies 

The following recommendations are made regarding future studies. Firstly, there is a 

need for studies with a larger number of participants. Studies with a larger number of 

participants would help to identify any differences in understanding that may exist between 

the different conditions of aided augmented input and may help with highlighting factors that 

influence the benefits of each condition of aided augmented input.  

Secondly there is need for an increase in the number of instructions presented, that 

would test each preposition at least twice. A larger number of instructions with the same 

prepositions tested equally in each condition would decrease variables across the conditions 

which may influence the outcome. 

In addition, there is need to increase the duration of the aided augmented input and to 

present the input as a picture sentence which is non-transient, rather than as individual words 

which are transient.  

There is need for additional language testing of potential participants, so that the 

language skills of the participants are known at the sentence level, specifically relating to their 

ability to process information provided in sentences. 

Lastly, there may be need for a treatment study, with repeated exposure over a period 

of time to determine whether teaching with aided augmented input improves the 
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understanding of instructions that contain prepositions and if there is carry-over to other 

prepositions once the concept is learned. 

 

5.5     Conclusion 

The findings of this study suggest that there was no statistically significant difference 

between the two conditions of aided augmented input that were provided. The study has 

added to the body of knowledge that suggests that aided augmented input helps children with 

ASD to understand instructions that contain prepositions. However, there is need for further 

research to determine what condition of aided augmented input is required to optimally 

facilitate the understanding of instructions that contain prepositions. 

  

Notes: 

1. TM1: iPad, iPad Air2 and iPad Wifi are registered trademarks of Apple Inc., 

Cupertino, CA 95014, USA. 

2. TM2: GoTalk Now App is a registered trademark of Attainment Company, Verona, 

Wisconsin, USA. 

3. TM3: iAdaptor is a registered trademark of Advanced Multimedia Devices, Inc., 

Farmingdale, NY 11735, USA  
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Appendix D: Therapist Consent Letter 
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Appendix E: Teacher Consent Letter 
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Appendix F: Caregiver Consent Letter 
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Appendix G: Participant Assent Letter 
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Appendix H: Non-disclosure Agreement – Independent Observer 
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Appendix I: Teacher Questionnaire 
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Appendix J: Caregiver Questionnaire 

 

Official use: 

Participant No. 

 

 

CAREGIVER QUESTIONNAIRE 

 

Dear Parent/ Guardian 

 

Thank you for your assistance with this research study. Could you please answer the 

questions below regarding (child’s name)      so that I am able 

to better understand him/her. 

 

Thank you in advance. 

 

BIOGRAPHICAL INFORMATION 

 
Learner’s Name: ____________________    ____ Date of Birth: _____________    

Home language: __________________________ Gender: M  F 

Diagnosis: _______________________________________________________ 

When was your child diagnosed? _____________________________________ 

Which professional diagnosed your child? ______________________________ 

 

Please tick (✓) the relevant column  
 

CURRENT THERAPY 

 YES NO 

1. Does your child currently receive speech & language therapy?   

2. If yes, how long has your child been receiving speech & language 
therapy? 

  

3. Has your child been exposed to Augmentative and Alternative 
Communication? 

  

 

VISION 

 YES NO 

4. Has your child’s eyesight ever been tested?   
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5. Does your child have any visual problems?   

6. Does your child wear glasses?   

 

HEARING 

7. Has your child’s hearing ever been tested?   

8. Does your child have any hearing difficulties?   

9. Does your child use a hearing aid/ cochlear implant?   

10. Does your child respond when being called by a person not facing 
him/her? 

  

11. Does your child have any difficulty hearing you at home?   

 

LANGUAGE 

 YES NO 

12. What is your home language   

13. What language do you speak to your child?   

14. Does your child understand English?   

15. Does your child use English to communicate at home?   

16. Does your child use English to communicate socially?   

 

GENERAL 

 YES NO 

17. Does your child have any special/ particular likes or dislikes?   

 

Please mention any additional information which you think is important: 

            

            

            

             

 

I, (parent’s name),         am the legal guardian/ parent 

of (child’s name),     . The information above is correct and 

accurate to the best of my knowledge. 

 

 

Signed:         Date:        
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Appendix K: Noun Knowledge Task 

 

Noun Knowledge Task 

 

 

 

 

 

Instruction Presented with: Correct 

(+) 

Incorrect 

(-) 

Give me the doll spoon  car    

Give me the bowl teddy 
bear 

truck    

Give me the spoon cap box   

Give me the car box truck   

Give me the cap doll bowl   

Give me the box bowl teddy bear   

Give me the truck doll cap   

Give me the teddy bear car spoon   

 

 

Completed by:       

 

Checked by:       

 

 

  

Participant Number:   
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Photographs of Miniature Objects 

 

Doll        

   

Spoon 

 

Bowl        
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Cap        

   

 

Car 

 

 

Box 
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Truck        

   

 

Teddy Bear 
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Appendix L: Preposition Knowledge Task 

 

Preposition Knowledge Task 

 

 

 

 

 

Instruction Correct 

(+) 

Incorrect 

(-) 

Put the teddy in front of the truck    

Put the teddy on the truck   

Put the teddy next the truck   

Put the teddy behind the truck   

Put the teddy under the truck   

 

 

Completed by:      

 

Checked by:       

 

 

 

 

  

Participant Number:   
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Appendix M: Matching Task 

 

Matching Task 

 

 

 

 

Instruction: “Give me this one” 

  Point at the image on the iPad 

 

Picture Communication 

Symbol (PCS) 

Presented with: Correct 

(+) 

Incorrect 

(-) 

Spoon cap car    

Cap bowl doll   

Doll cap box   

Car box spoon   

Box doll bowl   

Bowl car spoon   

 

 

 

Completed by:       

 

Checked by:       

 

 

  

Participant Number:   
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Appendix N: Peabody Picture Vocabulary Test – Fourth Edition 
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Appendix O: Childhood Autism Rating Scale 
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Appendix P: Picture Communication Symbols 

 

Doll 

 

 

Bowl 

 

 

 

Spoon 
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Car 

 

 

 

Cap 

 

 

 

Box 
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Appendix Q: Procedural Integrity Protocol 

 

Procedural Integrity Protocol 

 

Day 1 

Screening 

             (please tick ✓) 

Procedure Completed 

Greet   
Confirm Consent Form is signed  

Obtain Participant Assent  

Noun Knowledge Task  

Preposition Knowledge Task  

Matching Task  

Peabody Picture Vocabulary Test – fourth 

edition (PPVT-4) 

 

Childhood Autism Rating Scale (CARS) 

(possibly with teacher) 

 

Token  

 

  

Participant Number:   
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Day 2 – Trial Items 

Procedure Script Completed 
Participant Assent Obtained   

Inform participant that we are starting with trials We are going to start now.  

You need to listen carefully and look at 

the pictures on the iPad. 

 

 I am going to put two toys on the table.  

 I will ask you to move the toys around.  

Trial 1. 

Put the doll and box in front of the participant. 

  

Start PCS on the iPad. 

Point to the relevant PCS on the iPad and say: 

 

Put the doll IN the box. 

 

If child responds appropriately go to Trial 3. 

If child does not respond repeat: 

Demonstrate required action whilst repeating 

instruction. 

 

Put the doll IN the box. 

 

Trial 2.  

Remove previous toys. 

Put the spoon and car in front of the 

participant. 

  

Start PCS on the iPad. 

Point to the relevant PCS on the iPad and say: 

 

Put the spoon IN FRONT OF the car. 

 

If child responds appropriately go to Trial 3. 

If child does not respond repeat: 

Demonstrate required action whilst repeating 

instruction. 

 

Put the spoon IN FRONT OF the car. 

 

Trial 3. 

Remove previous toys. 

Put the doll and box in front of the participant. 

 

 

 

Start PCS on the iPad. 

Point to the relevant PCS on the iPad and say: 

 

Put the DOLL IN FRONT OF the BOX. 

 

If child responds appropriately go to 

Experimental Tasks. 

If child does not respond repeat: 

Demonstrate required action whilst repeating 

instruction. 

 

 

Put the DOLL IN FRONT OF the BOX. 

 

 

Trial 4. 

Remove previous toys. 

Put the cap and bowl in front of the participant. 

  

Start PCS on the iPad.   
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Point to the relevant PCS on the iPad and say: Put the CAP IN the BOWL. 

If child responds appropriately go to 

Experimental Tasks. 

If child does not respond repeat: 

Demonstrate required action whilst repeating 

instruction. 

 

 

Put the CAP IN the BOWL. 

 

Start Experimental Task   
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Group 1 (Condition A; Condition B) 

Aided Input Experimental Task          (please tick ✓) 

Procedure Script Completed 

Participant Assent Obtained   

Turn on Recording equipment   

Inform the participant that we are starting with 

the experimental task 

You are going to start listening to how 

you must move the toys around. 

 

 

 I will record you while you are moving the 

toys around. 

 

 

Tell the participant what s/he will be doing. You need to listen carefully and look at 

the pictures on the iPad.  

 

 I am going to put two toys on the table.  

 I will ask you to move the toys around.  

 We are going to start.  

Aided Instructions   

CA.1   

Put the spoon and bowl in front of the 

participant 

  

Start PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the spoon ON the bowl  

CA.2   

Remove previous toys 

Put the cap and bowl in front of the participant 

  

Change PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the cap UNDER the bowl  

CA.3   

Remove previous toys 

Put the doll and bowl in front of the participant 

  

Change PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the doll BEHIND the bowl  

Provide neutral reinforcement You are on track!  

CA.4   

Remove previous toys 

Put the spoon and bowl in front of the 

participant 

  

Change PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the spoon NEXT TO the bowl  
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CA.5   

Remove previous toys 

Put the doll and car in front of the participant 

  

Change PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the doll ON the car  

CA.6   

Remove previous toys 

Put the cap and box in front of the participant 

  

Change PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the cap NEXT TO the box  

Provide neutral reinforcement You are on track!  

CB.1   

Remove previous toys 

Put the cap and box in front of the participant 

  

Change PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the CAP ON the BOX  

CB.2   

Remove previous toys 

Put the doll and box in front of the participant 

  

Change PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the DOLL UNDER the BOX  

CB.3   

Remove previous toys 

Put the spoon and bowl in front of the 

participant 

  

Provide neutral reinforcement You are on track!  

Change PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the SPOON BEHIND the BOWL  

CB.4   

Remove previous toys 

Put the doll and car in front of the participant 

  

Change PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the DOLL NEXT TO the CAR  

CB.5   

Remove previous toys 

Put the spoon and car in front of the participant 

  

Change PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the SPOON UNDER the CAR  

CB.6   

Remove previous toys 
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Put the cap and car in front of the participant 

Change PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the CAP BEHIND the CAR  

Remove the toys from the table   

Thank the participant Thank you very much. You are a star.  

Give participant token   

Turn off recording equipment   

Take participant back to class   

Completed By:      

Checked By:       
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Group 2 (Condition B; Condition A) 

Aided Input Experimental Task          (please tick ✓) 

Procedure Script Completed 

Participant Assent Obtained   

Turn on Recording equipment   

Inform the participant that we are starting with 

the experimental task 

You are going to start listening to how 

you must move the toys around. 

 

 

 I will record you while you are moving the 

toys around. 

 

 

Tell the participant what s/he will be doing. You need to listen carefully and look at 

the pictures on the iPad.  

 

 I am going to put two toys on the table.  

 I will ask you to move the toys around.  

 We are going to start.  

Aided Instructions   

CB.1   

Put the cap and box in front of the participant 

  

Change PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the CAP ON the BOX  

CB.2   

Remove previous toys 

Put the doll and box in front of the participant 

  

Change PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the DOLL UNDER the BOX  

CB.3   

Remove previous toys 

Put the spoon and bowl in front of the 

participant 

  

Provide neutral reinforcement You are on track!  

Change PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the SPOON BEHIND the BOWL  

CB.4   

Remove previous toys 

Put the doll and car in front of the participant 

  

Change PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the DOLL NEXT TO the CAR  

CB.5     
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Remove previous toys 

Put the spoon and car in front of the participant 

Change PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the SPOON UNDER the CAR  

CB.6   

Remove previous toys 

Put the cap and car in front of the participant 

  

Change PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the CAP BEHIND the CAR  

Provide neutral reinforcement You are on track!  

CA.1   

Put the spoon and bowl in front of the 

participant 

  

Start PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the spoon ON the bowl  

CA.2   

Remove previous toys 

Put the cap and bowl in front of the participant 

  

Change PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the cap UNDER the bowl  

CA.3   

Remove previous toys 

Put the doll and bowl in front of the participant 

  

Change PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the doll BEHIND the bowl  

Provide neutral reinforcement You are on track!  

CA.4   

Remove previous toys 

Put the spoon and bowl in front of the 

participant 

  

Change PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the spoon NEXT TO the bowl  

CA.5   

Remove previous toys 

Put the doll and car in front of the participant 

  

Change PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the doll ON the car  

CA.6   

Remove previous toys 

Put the cap and box in front of the participant 
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Change PCS on iPad 

Point to relevant PCS on iPad as you say: 

Put the cap NEXT TO the box  

Remove the toys from the table   

Thank the participant Thank you very much. You are a star.  

Give participant token   

Turn off recording equipment   

Take participant back to class   

 

Completed By:      

Checked By:       
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Appendix R: Record Form 

 

 

Record Form 

Trial 

Number 

Instruction Level of 
Aided Input 

Correct Incorrect  

1 Put the doll IN the box Pr   

2 Put the spoon IN FRONT OF the car Pr   

3 Put the DOLL IN FRONT OF the BOX S+Pr+L   

4 Put the CAP IN the BOWL S+Pr+L   

 

Instructions: Script 1 

Instruction 

Number 

Instruction Level of 

Aided Input 

Correct Incorrect 

CA.1 Put the spoon *ON the bowl **Pr   

CA.2 Put the cap UNDER the bowl Pr   

CA.3 Put the doll BEHIND the bowl Pr   

CA.4 Put the spoon NEXT TO the bowl Pr   

CA.5 Put the doll ON the car Pr   

CA.6 Put the cap NEXT TO the box Pr   

CB.1 Put the CAP ON the BOX ***S+Pr+L   

CB.2 Put the DOLL UNDER the BOX S+Pr+L   

CB.3 Put the SPOON BEHIND the BOWL S+Pr+L   

CB.4 Put the DOLL NEXT TO the CAR S+Pr+L   

CB.5 Put the SPOON UNDER the CAR S+Pr+L   

CB.6 Put the CAP BEHIND the CAR S+Pr+L   

 

* Text in CAPS was represented with PCS 

 

Completed By:      

 

Checked By:      

 

  

Participant Number:   
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Record Form 

Trial 

Number 

Instruction Level of 
Aided Input 

Correct Incorrect  

1 Put the doll IN the box Pr   

2 Put the spoon IN FRONT OF the car Pr   

3 Put the DOLL IN FRONT OF the BOX S+Pr+L   

4 Put the CAP IN the BOWL S+Pr+L   

 

Instructions: Script 2 

Instruction 

Number 

Instruction Level of 

Aided Input 

(%) 

Correct Incorrect 

CB.1 Put the *CAP ON the BOX ***S+Pr+L   

CB.2 Put the DOLL UNDER the BOX S+Pr+L   

CB.3 Put the SPOON BEHIND the BOWL S+Pr+L   

CB.4 Put the DOLL NEXT TO the CAR S+Pr+L   

CB.5 Put the SPOON UNDER the CAR S+Pr+L   

CB.6 Put the CAP BEHIND the CAR S+Pr+L   

CA.1 Put the spoon *ON the bowl **Pr   

CA.2 Put the cap UNDER the bowl Pr   

CA.3 Put the doll BEHIND the bowl Pr   

CA.4 Put the spoon NEXT TO the bowl Pr   

CA.5 Put the doll ON the car Pr   

CA.6 Put the cap NEXT TO the box Pr   

 

* Text in CAPS was represented with PCS 

 

Completed By:      

 

Checked By:      

 

 

 

 

Participant Number:   
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Appendix S: Excel Data Collection Form 

 

      Condition A Condition B    

Participant 
Number 

Gender Set Age 
PPVT-4 

Age 
Equivalent 

CARS 
1         

on 
2   

under 
3  

behind 

4       
next 
to 

5         
on 

6        
next 
to 

1        
on 

2      
under 

3      
behind 

4      
next 
to 

5      
under 

6      
behind 

CA 
Total 

CB 
Total 

TOTAL Difference 
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Appendix T: Research Feedback Brochure 
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Appendix U: Certificate of Language Editing 
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Appendix V: Declaration of originality 

 


