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ABSTRACT 

Aphasia is an impairment in the capacity to formulate and interpret symbolic language 

functions caused by focal brain damage. The compensatory approach to aphasia 

rehabilitation usually takes the form of augmentative and alternative communication 

(AAC) which provides communication strategies for supplementing, scaffolding, 

replacing or restoring natural speech. AAC for persons with aphasia (PWA) ranges 

from vocalizations, signs, or gestures (unaided communication), to writing, 

communication books, and speech-generating devices that utilize picture or graphic 

symbols (aided communication). In recent years, aided AAC that utilizes graphic 

symbols have been trialled in PWA and reports of their ability to combine single 

meaning symbols to form simple phrases and sentences to convey message has been on 

the high rise.  

Despite these positive outcomes, PWA poses several challenges towards 

learning and acquisition of AAC due to their inherent linguistic and cognitive 

impairments that affect the linguistic, operational, social and strategic competence 

required to use an AAC. An adequate understanding of strengths and resources 

available to PWA becomes important in planning AAC intervention. However, there is 

an insufficient number of researches involving AAC in PWA to enable our 

understanding of how symbolic language skills required to use a visual-based 

alternative communication system is affected by each type and severity of aphasia. 

Also, the intervention studies that gave evidence towards the ability of PWA to identify, 

categorize and sequence symbols to use aided AAC, often failed to show generalization 

of abilities. The lack of ability of PWA to use an AAC system for independent 

communication demands researchers to re-explore the skills required to these systems. 

Furthermore, there is a need to conduct such studies in India due to the large disparity 
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between the country's small number of research done to guide clinicians to implement 

evidence-based AAC intervention and the large number of PWA who are potential 

candidates for AAC; given that India has the world's second-largest number of PWA. 

Thus, the present study investigated the symbolic language abilities required to use 

aided AAC in PWA.  

The symbolic language abilities studied included the ability to identify, 

categorize, and sequence symbols which was tapped using seven behavioural tasks 

designed using picture communication symbols (PCS). The study also explored the 

relationship between these symbolic language abilities and verbal language skills as 

well as non-verbal cognitive skills which were obtained from aphasia quotient and 

cortical quotient measures of test of aphasia in Malayalam. The study included 20 PWA 

(inclusive of 10 anomic aphasia and 10 Broca’s aphasia which formed subgroups of 

aphasia) and 20 age, gender, education-matched neurotypical adults as participants for 

the study. The comparison of performance between participant groups as well as within 

and across groups on the behavioural tasks, and the correlation between measures were 

performed using descriptive and inferential statistical analyses.  

The results of the study revealed that the performance of PWA and its subgroups 

were poorer than neurotypical adults. The study findings revealed that even persons 

with severe aphasia can identify, categorize symbols as well as sequence symbols to 

construct simple phrases and sentences to convey information. Supplementary analyses 

of the obtained data from the behavioural tasks showed that (a) grid size of the AAC 

display and grammatical category of referents have an effect on symbol identification 

in PWA, (b) performance on auditory categorization is better than visual categorization 

in PWA, and (c) the syntactic structure and semantic informativeness of sentences 

constructed using symbols by Broca’s aphasia was significantly less than anomic 
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aphasia and neurotypical adults. It was observed that symbols facilitated word retrieval, 

improved verbal utterances and rectified phonemic paraphasias in PWA. In addition, a 

strong positive correlation was found between symbolic language abilities and verbal 

language abilities, as well as between symbolic language abilities and non-verbal 

cognitive abilities. The implications, limitations, and future directions of the study are 

discussed in detail.   
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CHAPTER I 

INTRODUCTION 

All human languages are symbolic systems in which symbols are used to 

transmit information. A symbol is anything that “performs a referential function such 

as denoting, representing, or exemplifying an element, object, or concept” (Gardner, 

1974a, p. 141). Any purposeful communication that uses “learned, socially shared 

signal systems to transfer propositional knowledge via symbols” is known as symbolic 

communication (Buck & VanLeer, 2002, p. 522). Even though the verbal language is a 

symbolic form of communication, symbolic communication encompasses not only 

verbal symbols but also non-verbal symbols. Verbal communication, which makes use 

of words (spoken and written) to communicate is thought to fall into the symbolic realm 

because of the arbitrary link between the word (both written and spoken) and the 

concept. On the other hand, nonverbal symbolic communication makes use of icons, 

indices, or graphic symbols, instead of words to communicate the meaning of a concept.  

Focal damage to the cortical and subcortical structures of the brain 

hemisphere(s) dominant for symbolic manipulations, can cause an impairment of the 

capacity for interpretation and formulation of language symbols (i.e., a reduction in 

efficiency of the ability to decode and encode conventional meaningful linguistic 

elements such as morphemes and larger syntactic units), resulting in a condition known 

as aphasia (McNeil, 1984; McNeil & Kimelman, 2001). Aphasia, thus being a symbolic 

processing weakness may limit the ability to process all types of symbolic information 

(Hallowell & Chapey, 2008). This view popularly known as the central symbolic deficit 

theory considers aphasia as an impairment to a central cognitive-symbolic process that 

manifests itself in parallel dysfunctions of both verbal and nonverbal communication 

(Bay, 1964; Duffy et al., 1984). However, there is a robust second view known as the 
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theory of multiple symbolic capacities in aphasia which suggests that verbal and non-

verbal types of communication are affected differentially by the presence of aphasia 

(Thorburn et al., 1995). Considering that aphasia is not a central-symbolic disorder, 

persons with aphasia (PWA) can be trained to circumvent their communicative 

difficulties by learning to use alternative non-verbal systems (Buck & VanLeer, 2002). 

This latter view is supported by clinical evidence that PWA can compensate for their 

verbal impairment using nonverbal modes which they tend to generate spontaneously 

or as a result of treatment (Coelho & Duffy, 1987; Daniloff et al., 1986; Moody, 1982). 

1.1. Evolution of AAC as a Compensatory Approach to Aphasia Rehabilitation 

The birth and development of the compensatory approaches coincide with a 

period in time when aphasiologists became increasingly aware that approximately half 

of PWA treated using traditional restorative approaches continued to have restricted 

ability to communicate in everyday conversational exchanges (Porch, 1981). This 

awareness triggered a shift of focus from traditionally used restorative approaches to 

compensatory approaches in aphasia rehabilitation (Nicholas & Helm-Estabrooks, 

1990). The compensatory approaches based on the premise that language function is 

lost after brain damage aim to increase the level of function of PWA despite their deficit 

(i.e., establish functional communication) by adapting to the needs of the individual 

with language impairment (Beukelman et al., 2017; Russo et al., 2017). This is in 

contrast to the restorative approach that utilizes specific techniques to recover skills that 

are impaired due to brain damage such as strategies to retrain naming, recalling words, 

and executive functions (Russo et al., 2017).  

Compensatory approaches for aphasia usually take the form of augmentative 

and alternative communication or AAC (Russo et al., 2017). According to Beukelman 

and Mirenda (2013), “AAC refers to any communication strategy that is used to replace 



6 
 

or supplement spoken expression, auditory comprehension, written expression, or 

reading comprehension to facilitate communicative participation for persons with 

complex communication needs” (Taylor et al., 2019, p. 465). In other words, methods 

that enable individuals to convey their intentions either along with spoken language or 

instead of it is collectively termed as AAC. The AAC intervention usually establishes 

a combination of aided and unaided communication methods to convey information. 

Unaided communication relies solely on the body or ability of the user (such as 

vocalizations, speech, gestures, body language) to convey a message. Aided 

communication, on the other hand, is when the communicator relies on a physical form 

outside of themselves to express an intended message.  

The aided AAC strategies more appropriately known as communication 

supports in the field of aphasia (Beukelman et al., 2015) include materials (alphabets, 

words, pictures, or symbols) and strategies to facilitate communicative competence and 

linguistic skills. The aided AAC systems that use alphabets, pictures, or symbols as a 

means of language representation can be broadly classified into non-technology based 

and technology-based AAC approaches (Koul & Corwin, 2011). The non-technology 

based strategies involve the use of communication books, cue cards, or memory books 

that do not produce speech output when messages are selected. “Dedicated speech 

generating devices, software programs, and applications that transform computers or 

hand-held electronic devices into communication devices that produce digitized or 

synthesized voice output upon selection of messages” are examples of technology-

based strategies (Koul & Corwin, 2011, p. 2). The exploration of AAC in the 

rehabilitation of PWA started with the underlying expectation that the use of 

nonstandard linguistic forms in persons with severe aphasia would serve as 

replacements for spoken language skills or at least restore the person to functional 
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communication levels (Kraat, 1990). 

The first description of the benefits of using an iconographic system to improve 

grammaticality and phrase length for a person with expressive aphasia was provided by 

Luria in 1947 (Steele, 2010). Even though the use of AAC was first suggested several 

decades ago, further literature on the use of aided AAC in PWA did not appear until 

the report by Gardner and Zurif (1976). They used a visual-based symbol system and 

showed modest but distinctive communication benefits even for persons with global 

aphasia. Later, Garrett et al. (1989) documented the use of a multimodal augmentative 

communication system in a 74-year-old man with Broca’s aphasia. Their system 

consisted of an alphabet card, writing paper, and a thematic dictionary which was 

consolidated into a portable notebook. They found greater efficiency while transferring 

information using the augmented system than in unaugmented conditions. Since these 

reports, several documentations of the use of non-technology based aided AAC systems 

in PWA can be found in the literature. These included writing, drawing, communication 

books, pictures, and topic setters (tangible remnants or souvenirs).  

Kraat (1990), in her discussion of the evolution of the field of AAC and its 

intersection with aphasia rehabilitation, states that the field of AAC started growing at 

a steady pace in the late 1970s and early 1980s. This was mainly due to the following 

three reasons. First, pieces of evidence in the 1960s and 1970s based on single-case 

designs pointed at the possibility of using alternate means of communication, such as 

signs, gestures and writing to facilitate improvement in spoken language. Second, a 

shift in the traditional treatment focuses on improving phonology, syntax, and 

semantics to a new direction of pragmatics or social use of language in context. This 

new orientation changed the narrow “oral approach” to a much broader holistic view of 

communication thus letting AAC be viewed as an appropriate treatment tool. Third, the 
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rapid development of technologies that allowed communication through synthetic 

speech or printed symbols.  

Even with the proliferation of technologies in the 1980s, Sandt-Koenderman 

(2004) opined that the use of computer technology to support communication 

(technology-based aided AAC) in aphasia had been developing at a slow pace. He 

thought this to be due to a lack of cooperation between technologists and aphasiologists. 

He pointed out that the early computerized systems designed to improve 

communication in PWA focused on developing prostheses for specific linguistic issues 

(such as word-finding or sentence generation), and it had only been in the late 1990s 

and early 2000 that devices supporting communication started being developed. The 

devices that aided word-finding (Colby et al., 1982; Bruce & Howard, 1987) used 

phonological and semantic information to identify a target word when the user offers 

clues about the target word, to deliver a list of most probable words.  

Computer-aided Visual Communication (C-VIC) system (Steele et al., 1989; 

Weinrich 1991; Steele et al., 1992) was a device designed specifically for PWA around 

their residual cognitive strengths and relieve them from the demands of real-time 

processing, morpho-syntactic processing, and phonetic processing. Icons representing 

natural language lexical items (nouns, verbs, prepositions) were used to compose 

messages; wherein word-finding assistance was provided through icons during 

sentence construction. Later, a commercial version of C-VIC, called Lingraphica 

(Aftonomous et al., 1997) was developed using interactive multimodal materials for 

PWA. A picture-based software program that was conceptually based on C-VIC was 

known as C-Speak Aphasia (Nicholas et al., 2005) and a computer-assisted system that 

operated similar to Lingraphica was Talking Screen (Koul & Harding, 1998). Both C-

Speak Aphasia and Talking Screen offer graphic symbols along with synthesized 
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speech output and allow PWA to select icons and put them together to form statements, 

commands, and questions. In 2000, Linebarger and her colleagues described a 

processing prosthesis known as SentenceShaper, which allowed the production of 

longer utterances without aiding word finding. It was later developed into a portable 

computer software version known as “SentenceShaper To Go” (Bartlett et al., 2007; 

Linebarger et al., 2008). Several studies documented the use of these technology-based 

AAC systems resulting in an improvement in language functions but showed variation 

in the ability of PWA to learn the system.  

The devices that aided conversation in PWA included Talksbac (Waller et al., 

1998) and TouchSpeak® (Sandt-Koenderman et al., 2005). Talksbac provided ready-

made utterances in conversations and utilized written language modality to address 

vocabulary, on the other hand, TouchSpeak used digitized and synthesized speech along 

with written words, photos, drawings and pictographs to communicate which allowed 

PWA to decide which messages they need (Sandt-Koenderman, 2004). The Easy 

Speaker, a desktop computer software (Rostron et al., 1996) was also designed for PWA 

with very limited reading ability. It consisted of approximately 800 vocabularies 

represented as icons with speech output and also a range of topics that allowed the PWA 

to ask questions, or suggest an area of conversation.  

An increased reporting of the use of high-tech speech-generating devices (SGD) 

for PWA have been increasingly found in the mid-2000s, even though most of them 

focused on supporting specific communication tasks such as answering the telephone, 

calling for help, giving speeches, and ordering in restaurants (Garrett & Lasker, 2005). 

To support communication interactions dealing with a wide range of topics, narratives, 

and experiences, an effort to develop an AAC device prototype was undertaken in 2006, 

known as the visual scene display project (Beukelman et al., 2007).  
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Traditionally, most of the high tech AAC devices have grid displays, where the 

vocabulary is represented by graphic symbols and/or written words displayed in rows 

and columns, and these isolated symbols were combined to formulate messages. High-

tech AAC devices with visual scene displays (VSD) utilize personally relevant, high-

context photographs that are designed to complement residual cognitive and linguistic 

abilities of PWA by utilizing their intact episodic memory (Dietz et al., 2006; Thiessen 

et al., 2014), thus creating conversational support between the PWA and their 

communication partner (Beukelman et al., 2007; Brock et al., 2019; Taylor et al., 2019). 

DynaVox (McKelvey et al., 2007) and DynaVox VMax (Griffith et al., 2014; Dietz et 

al., 2014) are dedicated AAC devices that utilize visual scene displays to help PWA 

communicate. Research on VSDs is slowly gaining momentum due to the presence of 

contextualized pictures allowing for more communication exchanges and fewer 

communication breakdowns in PWA. VSDs focuses on manipulating the user interface 

of technology and fails to consider the language representation methods (i.e., use of 

single meaning symbols, multi-meaning icons or alphabets), high-frequency (core) 

vocabulary, and low frequency (extended) vocabulary, and availability of spontaneous 

novel utterance generation (Shin, 2017).  

The earliest research in aphasia and AAC attempted to develop alternative 

symbol communication systems for people with aphasia having extremely limited 

verbal language, while most of the later studies focused on how PWA was taught to use 

AAC (Garrett & Kimmelman, 2000). Recently, AAC intervention is currently receiving 

greater emphasis in aphasia rehabilitation because (a) a high percentage of stroke 

survivors having aphasia often experience persistent communication impairment even 

with an intensive speech-language intervention which limits their independence, social 

relations, education and employment, and (b) as the goal of aphasia intervention 
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emphasize on maximizing communication function for social interaction (Russo et al., 

2017). While revisiting the role of AAC in aphasia rehabilitation, Dietz et al (2020), 

pointed out that AAC intervention is usually multimodal, and needs to be implemented 

alongside traditional restorative interventions. While the restorative approach allows 

the PWA to recover as much language as possible, thereby decreasing the overall 

aphasia severity, the AAC approach provides support for PWA during inevitable 

anomic events during interactions. They further stated that the AAC had been 

frequently applied with an emphasis on compensatory function; however, it can be 

viewed as a dual-purpose tool that can simultaneously drive inter-systemic 

reorganization (i.e., a weak system being restored or strengthened during intervention 

when it is paired with a stronger or intact system, Luria, 1972) with the potential to 

support language function while compensating during communication breakdowns.  

1.2 Factors Influencing AAC use in PWA 

Light (1989) stated that to achieve communicative competence using AAC 

requires the individual to have knowledge, judgement, and skills in four interrelated 

domains which are linguistic, operational, social, and strategic. Linguistic competence 

involves an adequate level of mastery of the linguistic code (i.e., developing skills in 

the native language spoken by the family and community as well as mastering the 

language code of the AAC system). While operational competence refers to the skills 

required to operate any AAC system, social competence involves understanding the 

social rules (pragmatics) of communication (i.e. both socio-linguistic and socio-

relational). Last but not the least, strategic competence involves the use of appropriate 

compensatory strategies to bypass limitations in linguistic, operational, and/or social 

skills.  

 Despite the positive results on using AAC, some persons with severe aphasia 
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lack communicative competence or in other words, show difficulty in retrieval, 

construction, and utilization of messages from symbol-based aided AAC systems while 

others do not. Garrett and Kimelman (2000) hypothesized that accessing AAC systems 

independently may tax their cognitive and linguistic resources. These resources include 

memory, symbol recognition and association, semantic retrieval, syntactic encoding, 

pragmatic skills, and auditory and visual comprehension, resulting in variability of 

performance among PWA (Garrett & Lasker, 1997).  

Lasker (2008) has used an example of a communication partner asking a simple 

personal question to a PWA having an AAC device to help in understanding of the 

various linguistic and cognitive demands of a relatively simple conversational task. To 

communicate effectively, PWA must understand the question asked, identify an 

expressive modality of their choice (residual speech or AAC device), and attend to the 

symbols in the AAC system to recognize them accurately. They must utilize semantic 

mapping skills to know the content of the message represented by the symbol in the 

AAC system, remember the location to access the appropriate message symbol to 

deliver the message, use pragmatic knowledge to determine if their communication 

partner has understood them and decide if or not to revise the message. Finally, they 

must combine symbols to form a new message if they would like to continue the 

conversation. The example in itself is self-explanatory on why some PWA may have 

difficulty in consistently and effectively using AAC in real-life situations.  

Many linguistic impairments experienced by PWA can affect all types of 

symbolic communication, including the ability to recognize or categorize symbols 

within an AAC system (Taylor et al., 2019). For example, syntactic encoding 

difficulties affect the ability of PWA to combine symbols or to encode complex 

messages, or word retrieval/ semantic breakdowns affect the ability to comprehend and 
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associate meanings to alternate symbol forms (Garrett & Kimelman, 2000). This 

warrants individualized language assessment to determine the impaired and preserved 

residual linguistic skills and match them with the language requirements of each AAC 

system under consideration before its recommendation (Lasker, 2008) to ensure that a 

PWA is linguistically competent to use the AAC.   

Furthermore, cognitive skills such as attention, executive function, concept 

knowledge, and memory are important for constructing and retrieving language as the 

broad network of connected brain regions that support language also supports other 

processes such as working memory and cognitive control (Vallila-Rohter and Kiran, 

2013). Hence, it is only logical that impairments of attention, memory, executive 

functions, visual perceptual and visual cognitive processing may adversely affect the 

operational and strategic competencies required to use AAC. According to Purdy and 

Dietz (2010), PWA often have difficulty in maintaining fundamental levels of alertness 

and attention due to which they demonstrate reduced linguistic accuracy and efficiency 

during focused and divided attention conditions as the level of distraction increases. 

The resource allocation theory of aphasia (McNeil, 1983; McNeil et al., 1991) 

postulates that aphasia has an impaired resource capacity, impaired resource allocation 

abilities, or both. When the cognitive system in PWA tries to process information with 

fewer resources or incorrectly allocated resources, communication gets compromised. 

Impairments in verbal and non-verbal working memory in PWA might affect their 

ability to search multiple levels of messages, retain ideas, and persevere until the 

message is communicated or interfere with the ability to recall operational procedures 

for a system (thus affecting strategic competency). Impairments in executive 

functioning might affect their ability to initiate the use of an alternative strategy (i.e., 

the ability to switch to another modality such as gesturing or using an AAC device to 
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repair the failed verbal attempts).  

In sum, while language impairment in PWA can influence learning and use of 

symbols resulting in extensive training periods, cognitive limitations result in poor 

generalization to untrained items, reduced ability to initiate the use of an alternative 

strategy. Personal factors that may influence the use of technology-based AAC include 

age and individual expectations. While younger PWA may struggle to accept their 

disability and AAC, older PWA may have less technology experience, necessitating 

basic level training. Unrealistic expectations might lead to disappointment and 

abandonment of AAC in PWA. Environmental factors such as social support, beliefs, 

and perspectives of SLPs, and duration as well as the intensity of SLP services might 

also influence the use of AAC in PWA. Social support is required for maintenance of 

the AAC device, to provide opportunities to use the device in real-life contexts, co-

construction of messages and to act as an external monitor of the effectiveness of their 

communication attempts. The introduction of AAC primarily in chronic stages due to 

lack of awareness among SLPs might influence their usage. Low-intensity therapy input 

and therapy without generalization training is unlikely to facilitate meaningful success 

with AAC (Taylor et al. 2019). 

1.3. Need for the Study 

The need for conducting the present study is justified in line with the research 

gaps identified from critical analyses of literature reviewed in the field of AAC and 

aphasia. The need for the study in terms of the population, the research site, and the 

field of study are discussed in the below sections. 

1.3.a Need for Integrated Research in Aphasiology and AAC  

 McNaughton and Light (2015) reviewed and summarized 30 years of research 

in the field of AAC from 1985 to 2014, revealing that 83% of research was done in 
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individuals with developmental disabilities, and only 17% of research accounted for 

acquired disabilities. A manual search of AAC research published from the year 2015 

to 2022 was done using the same method as the above study to understand if the pattern 

found in McNaughton and Light’s (2015) study on the percentage of population under 

investigation has changed in recent years. The obtained data as depicted in Figure 1.1 

shows that the number of AAC researches in PWA is quite limited.  

 

Figure 1.1: Percentage of original research papers published between 2015 and 2022  

The global estimates of post-stroke aphasia frequency range between 18% to 

38% of stroke survivors (Ellis et al., 2018) and reports of the communication challenges 

in these populations being unmet or require support using compensatory strategies or 

alternatives to speech are on the high rise (LaPointe, 2005 and Laska et al., 2001). A 

dearth of research studies on AAC in this population as evident from the literature 

review can create challenges for AAC interventionists (SLPs) providing services to 

PWA. The major challenge is being unable to integrate AAC into all aspects of aphasia 

intervention. The task of providing a PWA with an efficient communication system 

differs from those with motor impairments (such as ALS) since the individual’s 

communication system has been impaired as a result of inherent language disorder as 
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opposed to poor motor control (Beukelman & Garrett, 1988). PWA often have an 

intense desire to communicate (Beukelman & Garrett, 1988), but must learn new or 

familiar communication tools in different ways and accept different outcomes from 

daily exchanges (Fried-Oken et al., 2011) which tend to disrupt the automaticity of a 

previously habitual process (Lasker, 2008). This indicates that before a brain injury, 

adults depended almost unconsciously on the brain's ability to search, formulate, and 

create messages; but, after incurring aphasia, these individuals are required to shift from 

a familiar internal mechanism to external support for communication- a highly 

challenging task.   

To address these clinical challenges, researchers are entrusted to provide 

evidence to professionals to enable them to introduce AAC effectively to maximize 

successful communication exchanges in PWA. Considering the importance of 

evidence-based practice in aphasia rehabilitation and the imbalance between the 

required evidence on AAC in PWA to enable clinical decision making and the actual 

number of researches done to date, justifies the need for additional research that allows 

integrating evidence from aphasiology, neuroscience and AAC.  

1.3.b. Need for study in India 

In India, the earliest reports published on post-stroke aphasia frequency shows 

that approximately 50% of the sample they studied from South India were affected (n 

=94 in Karanth & Rangamani, 1988; n = 78 in Nair and Viramani, 1973). Later, 

Panicker et al. (2003) pointed out that approximately 25% (n =26) of individuals with 

ischemic stroke in their study (n =105) exhibited aphasia. Tiwari and Krishnan (2011) 

underscored the lack of community-based, large-scale published prevalence data on 

aphasia in India. They speculated that the prevalence of aphasia in India could be 

remarkably high considering the disability statistics (which state that 11.65% of the 
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total Indian population has a disability; NSSO, 2002) and the available prevalence data 

on stroke which ranged from 143 to 220 per million people (Razdan et al., 1989; Dalal, 

1997). In 2015, Bohra et al. found that the frequency of post-stroke aphasia from North 

India in subjects having mixed etiology was 28%. In 2019, Dietz estimated the 

prevalence of aphasia in India to be greater than 5.2 million considering its population 

of 1.38 billion, making the country the second-highest in having the most number of 

individuals having aphasia following China which is closer to 5.5 million.  

An expert meeting on aphasia in India brought out the necessity of having a 

hospital-based data bank on the prevalence of aphasia from stroke registries across the 

country because of inadequate data available (Pauranik et al., 2019). A recent study 

among Bengali speakers (North-eastern India) reported a 40.39% incidence of post-

stroke aphasia from a total of 515 samples screened (Lahiri et al., 2020). Chazikhat 

(2012) projected that 22,000 people in Kerala (a southern Indian state) have aphasia out 

of a total population of 34.8 million (Directorate of Census Operations in Kerala, 2011), 

based on the National Aphasia Association's (2012) estimate that 40% of stroke 

survivors have aphasia. Since it is estimated that 50% of PWA may never recover 

linguistic skills sufficient for functional communication (Purdy & Dietz, 2010), there 

is an urgent need to implement AAC intervention among this population in the country.  

Even though an exhaustive literature search can rarely be complete, considering 

the geographical origin of the reviewed literature on AAC and aphasia, a 

disproportionately large number of studies are generated from the USA followed by 

Europe (Figure 1.2).  
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Figure 1.2. Geographical origin of research studies on AAC in PWA 

In India, even though the advocacy for using AAC in various communication 

disorders is gaining strength, published research studies are focused more on children 

with developmental disabilities (Ramani & Sankar, 2016; Sreekumar, 2014; Sreekumar 

et al., 2018; Sreekumar et al., 2019; Srinivasan et al., 2017; Veena et al., 2017). The 

only two published studies on AAC among PWA in the country were on investigating 

(a) the efficacy of using a communication board among PWA in hospital/ acute care 

settings (Sarkar, 2017), and (b) the efficacy of an AAC app as an adjunct to stimulation 

therapy in improving language and quality of life in PWA (Alam et al., 2021). The 

practice of AAC intervention for adults with acquired communication disorders is 

slowly gaining momentum in India, especially for use with progressive motor neuron 

diseases (Mukherjee et al., 2015); however, it is still not a popular choice for those 

having aphasia (Pauranik et al., 2019; Tiwari & Krishnan, 2011). This could be due to 

the presence of cognitive and linguistic limitations in using traditional AAC 

technologies that use grid displays with decontextualized symbols in PWA (Light et al., 

2019). Similarly, from a caregiver's perspective, a lack of awareness of AAC use among 

PWA could affect their decision to support AAC intervention. Moreover, from the AAC 
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interventionist perspective, the lack of adequate clinical research demonstrating the 

efficacy of one type of symbol or one type of aid or technology or AAC strategy over 

the other makes the clinical decision more challenging. This could be one of the reasons 

for the lack of its recommendation for clinical use, among other factors such as lack of 

expertise in providing AAC services. The lack of adequate training to implement AAC 

in PWA among professionals can also be assumed to contribute to its limited use 

clinically.   

Anecdotal reports from SLPs on the implementation and use of AAC in the 

country suggested that factors such as economic constraints imposed on the family, 

implementation barriers associated with technical skills of PWA and caregivers, as well 

as a dearth of AAC devices and apps that support the regional language of each state, 

limits the clinical recommendation and popularity of AAC in PWA. Moreover, the 

critical gaps in knowledge and everyday practice on AAC intervention in the country 

impede the clinical decision of whether to implement AAC in aphasia rehabilitation 

among practicing clinicians. This gap between research and everyday practice has been 

documented as one of the major challenges in the field of AAC (Light et al., 2019). 

Given the possibility that graphic symbols, which form the basis of any aided AAC 

system, are perceived differently by individuals from various cultural and ethnic 

backgrounds (Nigam, 2003, 2006), and that cognitive-linguistic deficits inherent in 

PWA make the task of using AAC challenging, it is difficult to answer questions raised 

by PWA caregivers without sufficient research studies within the country (e.g., whether 

the PWA will be able to recognize symbols, understand that they represent language, 

and combine them to produce sentences?). This opens up a wide range of research 

opportunities to bridge knowledge gaps and make recommendations on AAC 

intervention for PWA based on linguistically and culturally appropriate evidences.   
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1.3.c. Need to study symbolic language abilities for aided communication 

Having established the need to conduct additional AAC research in PWA 

globally as well in India, it was necessary to perform a comprehensive review of 

advances in AAC for aphasia to identify the critical gaps in the literature to initiate 

research that would enhance clinical practice. The literature review on AAC in PWA 

pointed out that the flow of research is only in certain directions. A significant portion 

of original research done with respect to AAC in this population since the 1980s 

includes interventional studies aimed at exploring and understanding the 

appropriateness and effectiveness of the use of alternative nonverbal communication 

systems using symbols. This is followed by experimental research that manipulated 

different components or features of the AAC system (such as symbol display; visual 

scene display v/s traditional grid display, number of graphic symbols and levels of 

symbols, message organization) to study the effect of these variables on the ability of 

PWA to identify and use AAC (McKelvey et al., 2007; Dietz et al., 2014; Petroi et al., 

2014; Brock et al., 2017). Research studies that explored cognitive and linguistic factors 

that affect the ability of PWA to communicate expressively using an AAC system are 

also found to some extent (Nicholas et al., 2011; Petroi 2011).  

The interventional studies that looked at the ability of PWA to learn alternative 

communication systems used different types of AAC ranging from unaided AACs (i.e., 

manual gestures) to graphic symbol based-high technology AAC devices. Several 

original research as well as reviews on understanding the efficacy of AAC intervention 

in PWA since the 1990s have been successful in providing evidence that PWA can learn 

to use nonverbal symbol systems to a degree significantly greater than spoken language 

in controlled environments while using both non-technology based as well as 

technology-based AAC approaches (for example, Beukelman & Garrett, 1988; Dietz et 
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al., 2020; Fried-Oken et al., 2011; Jacobs et al., 2004; Koul & Corwin, 2011; Koul et 

al., 2012; Russo et al., 2017). The use of AAC not only resulted in improvement in 

language but also cognitive skills and communicative independence (Hough & 

Johnson, 2009; Johnson et al., 2008). They were conclusive that PWA has multiple 

symbolic capacities, and cognitive factors that remain intact can be detrimental in 

learning these artificial languages.  

Despite the contribution of these research studies to understanding the 

effectiveness of using AAC in PWA, most of them had methodological limitations. 

Most early initiatives to provide alternate communication for PWAs relied on existing 

communication methods that were not designed to accommodate the disabilities and 

residual cognitive strengths of these individuals (Weinrich, 1991). The interventional 

studies that investigated the ability of PWA to use graphic symbol systems in the early 

years were just a detailed description of their work and did not employ an experimental 

design to establish the causality for the phenomenon reported or to determine principles 

for symbol design, or to document generalization (Steele et al., 1989). This observation 

led to the use of single-subject designs and experimental group designs in AAC 

intervention studies in PWA. Even with the use of subject control variables, most of 

these studies posed a threat to internal validity due to the small sample size chosen for 

their research. Koul et al. (2010) after systematically reviewing single-subject 

experimental and group designs to investigate the effectiveness of AAC intervention 

using SGDs and software programs using symbols or text for PWA, stated that “the 

variability of results within single-subject design studies indicates that predictions 

about the effectiveness of AAC interventions using SGDs for PWA cannot be made 

yet” (p. 158). 

It is worth noting that the majority of these interventional studies indicated that 
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some PWA performed better than others, but even those with better performance failed 

to generalize their skills to use AAC in everyday settings. This can be speculated to be 

caused due to failure to adequately control a myriad of factors affecting the 

communicative success for aided communication. One such factor could be a lack of 

matching the language demands of an AAC system to the skills and strengths of PWA 

(a process known as feature matching), before its recommendation and use. This may 

often lead to problems at the level of interaction during AAC use (Lasker, 2008). A 

lack of reporting of feature matching (i.e., matching strengths and skills of the user of 

AAC to the features of an AAC system) before intervention is evident in most of the 

intervention studies.  

In accordance, Goodenough-Trepagnier's (1995) statement that “poor rate of 

success in using AAC in aphasia is due to the unavailability of means of obtaining an 

accurate characterization of the abilities preserved in the presence of severe aphasia” 

(p. 338) is particularly noteworthy. Considering that aphasia is primarily characterized 

by deficits in language, and deficits in cognitive-linguistic domains, determining the 

extent of cognitive and linguistic strengths and weaknesses that influences the ability 

to comprehend and produce various augmented messages should be considered while 

planning AAC interventions (Beck & Fritz, 1998). Thus, if the ability for symbolic 

representation is found to be relatively spared despite profound language impairment, 

it will allow in choosing and developing appropriate AAC for PWA to conform to and 

build on preserved abilities (Goodenough-Trepagnier, 1995).  

Among the experimental research studies in PWA that manipulated AAC 

system features, only a few studies utilized grid displays (Brock et al., 2017; Petroi, 

2011) while most of them focused on using visual scene displays (Beukelman et al., 

2015; Dietz et al., 2014; Mckelvey et al., 2007; Steele et al., 2007). Due to the inherent 
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linguistic and cognitive impairments, PWA often have difficulty learning and using 

AAC systems that utilize grid displays with decontextualized symbols (Brock et al., 

2017). However, since most of the aided AAC systems available uses grid displays, it 

becomes necessary to evaluate and determine factors related to symbols, such as the 

type of symbols, their organization in a grid display that reduces cognitive load and 

facilitates the easy acquisition and use of the AAC system in PWA. Since the graphic 

symbols in the grid displays help to visualize concepts, relationships, and the structural 

aspects of language (Arvidson et al., 1999), knowledge of the degree to which a PWA 

can assign meaning to various types of symbols and which elements would facilitate 

appropriate activation of their semantic form is important (Beck & Fritz, 1998). 

Furthermore, Glennon and DeCoste (1997) stated that communicating with an aided 

AAC system at a symbolic level requires any individual to understand and use an object, 

tactile or picture symbols, or written language. They further explain the several 

symbolic skills that are necessary to successfully use any aided AAC system based on 

pictures or graphic symbols. At the preliminary level, the individual requires to 

understand that the act of pointing to a picture or symbol is a communicative act. At 

the next level, they are required to discriminate between multiple symbol choices 

followed by the ability to sequence symbols together to communicate messages. At 

higher levels, the individual needs to learn to categorize and associate words or phrases 

into logical semantic and syntactic groupings.  

The linguistic and cognitive processing patterns unique to aphasia may prevent 

the use of AAC strategies learned during the intervention program.  Among, the limited 

number of studies that investigated residual strengths of PWA to use aided AAC, the 

focus is found to be more on cognitive skills such as resource allocation, and working 

memory (Nicholas et al., 2011; Petroi, 2011) than linguistic skills. However, according 



24 
 

to Garrett and Lasker (2005), “the language limitations in (a) symbolizing meaning 

using printed messages or icons (representation), (b) combining words or sequencing 

icons into messages (formulation), (c) locating information in a book or electronic 

devices (navigation)”, often restricts the ability of PWA to use AAC systems 

(Beukelman et al., 2007, p. 236). Thus, similar to individuals with developmental 

disabilities, communication in PWA using aided AAC can become laborious without 

the ability to identify/ recognize, navigate, locate, and sequence symbols.  

To summarize, even though the use of alternative visual symbols has sufficient 

evidence for it to go beyond the level of research and into clinical application in PWA, 

numerous documentation of its eventual dismissal necessitates the need for 

understanding the “why” behind it. While we have some understanding of factors 

influencing AAC use in PWA, what aspects of symbolic language abilities for aided 

communication are available to the individual after brain damage and whether there 

exists any relationship with the residual verbal language and non-verbal cognitive skills 

remains the critical questions to be addressed to effectively employ AAC in aphasia 

rehabilitation. Knowledge of how persons with different types of aphasia vary in these 

abilities can have significant implications for aphasia rehabilitation; however, research 

studies that attempt to understand how PWA performs on various tasks to tap their 

symbolic language abilities for aided communication is very scanty and is a potential 

area of research. 

1.4. Aim of the Study 

The current study aimed to understand the symbolic language abilities for aided 

communication and its relationship with verbal language and non-verbal cognitive 

abilities among PWA who are natives of Kerala using a series of behavioural tasks that 

involved picture communication symbols (PCS).  
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1.5. Objectives of the Study 

 The symbolic language abilities for aided communication investigated in the 

present study includes symbol identification, categorization and sequencing abilities. 

To investigate symbol identification abilities, three behavioural tasks were designed 

which required the participants to identify symbols from a grid display. Symbol 

categorization abilities were tapped using two categorization tasks involving auditory 

and visual stimuli. Two tasks were designed to tap symbol sequencing abilities in terms 

of the ability to imitate symbol sequences and spontaneously produce symbol 

sequences in a grid display. The study derived accuracy, efficiency, and response time 

measures from the performance of PWA, subgroups of PWA (i.e., anomic aphasia and 

Broca’s aphasia), and their age, gender and education matched neurotypical adults 

while identifying, categorizing and sequencing PCS symbols in a traditional grid 

display. Furthermore, the accuracy score obtained from all tasks of identification, 

categorization, and sequencing of symbols was used to represent overall symbolic 

language abilities. All of these measures obtained across tasks were compared between 

PWA and neurotypical adults as well as within PWA and across neurotypical adults. 

The relationship between symbolic language abilities for aided communication with 

verbal language abilities and non-verbal & verbal cognitive abilities was also 

investigated in PWA and subgroups of PWA.  

Specifically, the objectives and sub-objectives of the study were to: 

1. Compare the symbol identification abilities in terms of accuracy, efficiency, 

and response time obtained on all three identification tasks combined (task 

1, task 2, and task 3)  

   (i) between PWA and neurotypical adults 

   (ii) across sub groups of PWA and neurotypical adults 
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2. Compare the symbol categorization abilities in terms of accuracy, efficiency 

and response time obtained on both categorization tasks combined (auditory 

categorization or task 4 and visual categorization or task 5)  

   (i) between PWA and neurotypical adults 

   (ii) across sub groups of PWA and neurotypical adults 

  2.a) Compare the symbol categorization abilities in terms of accuracy, 

 efficiency, and response time obtained on auditory categorization Task  

  (task 4) 

   (i) between PWA and neurotypical adults 

   (ii) across sub groups of PWA and neurotypical adults  

  2. b) Compare the symbol categorization abilities in terms of accuracy, 

 efficiency, and response time obtained on visual categorization task 

 (task 5) 

   (i) between PWA and neurotypical adults 

   (ii) across sub groups of PWA and neurotypical adults 

3. Compare the symbol sequencing abilities in terms of accuracy of response 

obtained on both sequencing tasks combined (task 6 and task 7)  

   (i) between PWA and neurotypical adults 

   (ii) across sub groups of PWA and neurotypical adults 

  3. a) To compare the symbol sequencing abilities in terms of accuracy, 

 efficiency, and response time obtained on symbol sequence imitation 

 task (task 6) 

   (i) between PWA and neurotypical adults 

   (ii) across sub groups of PWA and neurotypical adults 
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  3. b) To compare the symbol sequencing abilities in terms of accuracy 

 of response obtained on symbol sequence production task (task 7) 

   (i) between PWA and neurotypical adults 

   (ii) across sub groups of PWA and neurotypical adults 

4. Compare symbolic language abilities in terms of accuracy of response 

obtained on all tasks of identification, categorization, and sequencing 

combined   

   (i) between PWA and neurotypical adults 

   (ii) across sub groups of PWA and neurotypical adults 

5. Determine the relationship between the symbolic language abilities and 

verbal language abilities in PWA and subgroups of PWA. 

6. Determine the relationship between symbolic language abilities and 

nonverbal &verbal cognitive abilities in PWA and subgroups of PWA. 

1.6. Hypotheses of the study 

Based on the above objectives and sub-objectives, the following were the 

hypotheses and sub-hypotheses of the study: 

1. There is no statistically significant difference in the symbol identification 

abilities in terms of accuracy, efficiency, and response time taken to perform 

on all three identification tasks combined (task 1, task 2, and task 3)  

   (i) between PWA and neurotypical adults 

   (ii) across sub groups of PWA and neurotypical adults 

2. There is no statistically significant difference in the symbol categorization 

abilities in terms of accuracy, efficiency, and response time taken to perform 

on both categorization tasks combined (auditory categorization or task 4 and 

visual categorization or task 5)  
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   (i) between PWA and neurotypical adults 

   (ii) across sub groups of PWA and neurotypical adults 

2. a) There is no statistically significant difference in the symbol 

categorization  abilities in terms of accuracy, efficiency, and response 

time taken to perform on auditory categorization task (task 4) 

   (i) between PWA and neurotypical adults 

   (ii) across sub groups of PWA and neurotypical adults 

2. b) There is no statistically significant difference in the symbol 

categorization  abilities in terms of accuracy, efficiency, and response 

time taken to perform on visual categorization task (task 5) 

   (i) between PWA and neurotypical adults 

   (ii) across sub groups of PWA and neurotypical adults 

3. There is no statistically significant difference in the symbol sequencing 

abilities in terms of accuracy of response to perform on both sequencing 

tasks combined (task 6 and task 7)  

   (i) between PWA and neurotypical adults 

   (ii) across sub groups of PWA and neurotypical adults 

  a) There is no statistically significant difference in the symbol 

sequencing abilities in terms of accuracy, efficiency, and response time taken to 

perform on symbol sequence imitation task (task 6) 

   (i) between PWA and neurotypical adults 

   (ii) across sub groups of PWA and neurotypical adults 

  b) There is no statistically significant difference in the symbol 

sequencing abilities in terms of accuracy of response to perform on symbol 

sequence production task (task 7) 
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   (i) between PWA and neurotypical adults 

   (ii) across sub groups of PWA and neurotypical adults 

4. There is no statistically significant difference in symbolic language abilities 

in terms of accuracy of response while performing all tasks of identification, 

categorization, and sequencing combined 

   (i) between PWA and neurotypical adults 

   (ii) across sub groups of PWA and neurotypical adults 

5. There is no statistically significant correlation between symbolic language 

abilities and verbal language abilities in PWA and subgroups of PWA 

6. There is no statistically significant correlation between symbolic language 

abilities and nonverbal & verbal cognitive abilities in PWA and subgroups 

of PWA.  
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CHAPTER II 

REVIEW OF LITERATURE 

Aphasia, as defined by most of the established aphasiologists, is an acquired 

neuro-communication disorder characterized by impairment in understanding and 

formulating language (Hallowell, 2017). Aphasia results in impairment of symbolic 

processing of spoken and written language, as well as signs, pictures, graphic symbols, 

and gestures. This impairment may leave many PWA little or no functional speech 

making them rely on alternative or artificial language systems that supplement or 

replace natural or verbal language. Thus, considering that aphasia is a language 

disorder, and more precisely a symbol processing disorder, it is necessary to examine 

deficits associated with communication that extends beyond the use of natural language 

(Petroi, 2011).  

The most critical question of whether individuals who were unable to use the 

dominant language hemisphere due to brain damage can effectively communicate using 

an artificial language system was first addressed in the early 1970s. This was enabled 

through graphic symbol-based interventional studies whose primary aim was to 

determine the extent to which cognitive or conceptual functions specific to normal 

verbal communication may be preserved in severe cases of aphasia (Baker et al., 1975; 

Gardner et al., 1976; Glass et al., 1973). The primary element of Glass et al.’s (1973) 

artificial language system was symbols of varying shape and colour which were 

functionally equivalent to words. On the other hand, Baker et al (1975) and Gardener 

et al (1976) devised an artificial system known as a visual communication system (VIC) 

which also consisted of arbitrary, ideographic or representational graphic symbols 

denoting single words. This symbol system had an advantage over gesture/sign 

language in that it circumvented the visual memory deficits and motor coordination 
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problems that are common in aphasia.  

Glass et al. (1973) opined that, despite aphasia being an impairment of 

symbolization, the capacity for using symbols is not entirely abolished, even in persons 

with global aphasia. Moreover, persons with severe aphasia could use a system of visual 

symbols to respond to commands, answer questions, and describe actions in a real-time 

context and some may even use them to establish new communication (Baker et al., 

1975; Gardner et al., 1976). Both Gardner et al. (1976) and Glass et al. (1973) suggested 

the promise of mastering the vocabulary, syntax, and pragmatics of a visually based 

alternative communication system in PWA. They also proved that this visual-based 

communication system showcase superior performance over spoken language. But, 

these claims that logographic shapes and symbols were superior to spoken words in 

acting as a communicative medium for PWA was questioned by Funnell and Allport 

(1989). They found that symbols are processed by the same processes that underlie their 

residual natural language function for isolated spoken and written English words.  Also, 

performance with symbols was identical to their known processing of the word classes 

to which the symbols were matched making them no superior to written or spoken 

language.  

It can be noted that these early intervention studies were successful in proving 

that PWA can learn an alternative symbol-based system to communicate. However, 

having a partially impaired natural language as seen in PWA might interfere in the 

acquisition of an alternative symbol system unlike in individuals who possess intact 

natural language (Gardner et al., 1976). The extent and degree of success that can be 

achieved by a PWA in using a symbol system were always questioned partly because 

of the simplicity of the alternate communication system (i.e., limited lexicon mostly 

corresponding to familiar objects and actions as well as syntax consisting of the simple 
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ordering of elements left to right) and partly because of the impaired verbal language. 

However, the notion that relatively intact visual and cognitive capabilities in PWA can 

improve impaired communication even in the absence of usable natural language is 

supported by these early researches.   

Even when pieces of evidence weighed more towards proving that the use of 

non-verbal treatment approach using visual symbol system might be effectively used to 

communicate in PWA, it is noteworthy that a failure to functionally use mastered 

symbols during communicative interactions was evident in certain PWA in almost all 

research. This failure could be due to demands placed by different features of the visual 

graphic symbol (Bertoni et al., 1991) or due to the differential residual abilities of PWA 

(Avent et al., 1995). Hence, on the foundation built by earlier research that PWA can 

learn an artificial language system based out on visual symbols, later researches focused 

more on studying the efficacy of AAC intervention using different aided AAC systems 

and the effect of different features of AAC system on the ease of learning and 

acquisition of AAC use in PWA. 

From the above observations, an extensive review was conducted to gather 

relevant literature on (a) language abilities required to use aided communication in 

PWA, and (b) the effect of different aspects of the AAC system on the abilities of PWA 

to use AAC, and to subject them to critical analysis to find research gaps and identify 

the potential research areas.  

2.1. Symbolic language abilities for aided communication  

 The ability to use an aided AAC for communication requires an individual to be 

able to locate/discriminate/identify single symbols, categorize, and sequence symbols 

to form meaningful utterances (Glennen & Decoste, 1997). The existing literature on 

each of these abilities in PWA are reviewed in the below sections: 
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2.1.1 The Ability of PWA to identify/recognize and locate Graphic Symbols 

Gardner (1974a) investigated the ability to recognize symbols in 15 fluent, 15 

non-fluent and 10 individuals with global aphasia and compared their performance with 

10 neurotypical adults, 15 individuals with brain damage having no language defects, 

and six individuals having alexia. The author included individuals with alexia to 

investigate if they would only have difficulty with verbal symbols. Approximately 200 

symbols from 11 categories (such as letters, animals, numbers, faces, objects, signs, 

and printed words) were used as stimuli. Recognition of symbol was investigated either 

by asking them to name the symbol or else identify it among multiple choices. PWA 

performed worse in comparison to individuals with no brain damage. Individuals with 

fluent aphasia had more difficulty recognizing symbols than those with non-fluent 

aphasia. The average number of recognition errors were small, indicating that most 

subjects recognized most symbols. Individuals with non-fluent aphasia and individuals 

with brain damage having no language defects had the same number of errors in 

recognizing symbols; however, when scores from the facial recognition were controlled 

for, nonfluent aphasia had more errors. Neurotypical adults and brain-damaged controls 

only produced errors in the recognition and naming of rare and specialized signs. They 

found that recognition of symbols is differentially affected in PWA with symbols of 

objects being least affected suggesting that familiar, and easy to decode symbols are 

identified better. Participants with alexia had difficulty recognizing symbols from all 

categories suggesting that decoding of verbal symbols shares properties with decoding 

of other symbolic materials.  

It was found that a person with severe non-verbal aphasia could be trained to 

select Blissymbol nouns to identify photographed objects with 100% accuracy 

(Sawyer-Woods, 1987). Similarly, Bellaire et al. (1991) stated that PWA could be 
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taught to identify and point to pictured symbols to enable communication, even though 

not all of them may perform similarly. Thorburn et al. (1995) examined the ability of 

PWA to perform on iconographic symbol recognition test that they had developed. The 

test required the participants to watch a videotape of 21 rebus symbols and select the 

target symbol from a series of four pictures (which had a target, a semantic, perceptual 

and unrelated picture foils) after each presentation. The results showed that PWA 

demonstrated iconographic symbol understanding comparable to that of controls.  

Koul and Lloyd (1998) compared the performance of ten PWA, eight 

individuals with right hemisphere damage (RHD), and ten healthy individuals on 

recognition of graphic symbols across time. They also tried to determine the variables 

that affect symbol comprehension and use. Neurotypical adults and those with aphasia 

were found to have little difference in their ability to recognize, learn, and recall graphic 

symbols. PWA showed superior performance in comparison to individuals with RHD. 

They found translucency to be a potential factor that affects the ability of PWA to 

recognize or identify a visual symbol. Gardner (1974b, 1974a) and Koul and Lloyd 

(1998) emphasized the ability of PWA to recognize, learn, and retain graphic symbols. 

They discussed variations in performance among PWA and the potential contributions 

of symbol iconicity and grammatical category on these differential performances. 

Oetzel (2001) found that all three participants with chronic severe Broca’s aphasia who 

participated in her study were able to identify all 119-core vocabulary symbols on a 

dedicated communication device (DynaMyte 3100) with 100% accuracy after training.  

The number of studies that focused only on the symbol recognition ability of 

PWA was quite a few, and all of them yielded positive results on the ability of PWA to 

identify symbols with training and found that their performance was on par with 

neurotypical adults. However, the understanding of symbol recognition in PWA 
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without intervention is very limited. Thorburn et al. (1995) was the only study that 

included a tool to assess the ability of PWA to visually analyze written language, 

pantomime, and iconographs. The study emphasized the importance of identifying 

factors that hinder or facilitate the ability to recognize visual symbols in PWA. Hence, 

research that focused on understanding the effect of different symbol systems/sets, as 

well as other AAC system features on symbol identification abilities in PWA are 

reviewed in the below sections: 

2.1.1a. Effect of different Visual Graphic Symbol sets. Blissymbols were 

among the first alternative visual languages used for enabling communication in PWA 

because of its vocabulary for abstract concepts and its potential to combine symbols to 

express new and complex meanings (Johannsen-Horbach et al., 1985; Lane & Samples, 

1981; O’Donnell et al., 2010; Ross, 1979; Sawyer-Woods, 1987). Blissymbols not only 

improved communication but also facilitated spontaneous verbal language and writing 

in PWA despite any emphasis given to treatment on writing (Lane & Samples, 1981). 

However, Blissymbols required modification for it to be used for PWA (O’Donnell et 

al., 2010) and had to be integrated with other means of communication available (Ross, 

1979). According to Lane and Samples (1981), PWA requires better auditory 

comprehension, visual perceptual skills, and motivation to be able to learn this visual 

language. Furthermore, the long time required to learn these symbols, the lower degree 

of symbol translucency, and the lack of superiority to the written medium of 

communication eventually reduced the use of Blissymbols in PWA research. 

Contrary to Blissymbols which served as an alternative communication, other 

picture-based symbol systems were mostly designed for augmentative communication. 

Glass et al. (1973) used graphic symbols of different colour sizes and shapes which 

were functionally equivalent to words, and they were cut out from coloured paper. 
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Gardner et al. (1976) used index cards on which simple, arbitrary (geometric) and 

representational (ideographic) forms denoting a meaningful unit was drawn in their 

visual communication (VIC) system that they developed. Gardner et al. (1976) and 

Glass et al. (1973) chose to use visual graphic symbols as opposed to visual- manual 

symbols (i.e., gestures) to circumvent the visual memory deficits and motor 

coordination difficulties in aphasia. For PWA, iconographs, which are made of two-

dimensional, visually processed symbolic elements, were easier to understand than 

written words made of visually processed linguistic elements, and pantomime made of 

three-dimensional visually sequenced ongoing elements (Thorburn et al., 1995). 

Written text is mostly used to complement other means of communication (such as 

graphic symbols or spoken utterances) to improve its quality and efficiency in PWA 

(Lasker et al., 1997). 

The demands imposed by the abstractness of symbols such as Blissymbols or 

index cards used in VIC systems may frequently result in PWA failing to functionally 

use mastered symbols during daily communicative interactions. Hence, pictographs 

were developed which were more simplified pictorial representations of objects 

associated with tasks of daily living, under the assumption that their concrete rather 

than arbitrary graphic entries allow them to be easily comprehensible. Bertoni et al. 

(1991) found that pictographs were more amenable to intervention than gestures or VIC 

or Blissymbols in PWA because their referential meaning can be inferred easily, 

allowing attention to be drawn more effectively on components of information that 

must be indicated for the desired message to come over.  

Based on the representational hierarchy of symbols which states that more 

iconic symbols are easier to recognize without any prior learning, it can be assumed 

that photographs are easier to recognize than pictographs (Porter & Burkhart, 2010). 
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Thus, photographs viewed more as a supplemental material than a symbol type is 

increasingly used during elicitation of expressive language in PWA. Their increased 

usage can be accounted for their ability to provide visual referents for keywords thus 

helping them express ideas more efficiently (Beukelman et al., 2015). Thus, 

investigations using photographs in PWA focused more on the overall ability to express 

their ideas rather than specifically looking at their ability in identifying or locate 

specific referents within the pictures.  

Ho et al., (2005) compared the effectiveness of remnants and pictographic 

symbols during initiating and maintaining social interactions in PWA with familiar 

communication partners. Remnants include an actual object or photograph depicting 

recent or past events. Both types of communication symbols, remnants, and 

pictographs, successfully facilitated the interactions of PWA and their conversational 

partner. Even though there was no significant difference between the use of remnants 

and pictographs; the authors suggested that remnants might be more effective than 

pictographs because of less cognitive processing, augmentation of retention of the 

message due to the static representation to support the recall of events and, activation 

of emotional associations that may stimulate motivation and linguistic abilities of PWA.  

Highly contextualized and personally relevant photographs were found to be 

superior to personally irrelevant photographs when presented as visual supports during 

narration in PWA (Beukelman et al., 2015; Dietz, Weissling et al., 2014; Griffith et al., 

2014). The use of self-captured photographs in PWA increased the amount and 

specificity of content conveyed while decreasing reliance on the verbal modality 

(Ulmer et al., 2017).  The efficacy of using digital photographs has been documented 

(Mahmud et al., 2013) given the increased use of speech-generating devices for the 

rehabilitation of PWA. Lin and Chen (2017) found that their participants with aphasia 
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preferred photographs for representing nouns (represented human relations and 

objects), while line drawing was preferred for verbs and adjectives. They also found 

that animated (dynamic) symbols were preferred more by PWA than static symbols 

with auxiliary lines or only static symbols even though they thought for some 

vocabulary the qualities were better represented by the latter two types of symbols.  

To summarize, the literature reveals that among representational symbols, the 

most easily identified and used graphic symbols by PWA are personally relevant real 

or digitized photographs and highly translucent/transparent graphic symbols. Among 

graphic symbols, picture communication symbols (PCS) are being chosen for 

investigations in PWA due to their higher iconicity which makes them easily 

recognizable (Franco et al., 2015; Petroi et al., 2014). Since the perception of symbols 

may vary across various ethnic and cultural backgrounds (Nigam, 2003), the above 

statement on the ability of PWA to comprehend various visual stimuli should be 

interpreted with caution.   

2.1.1b. Effect of Symbol Display and Symbol Organization 

2.1.1b.(i) Effect of Symbol display. Symbol displays are classified as 

static/fixed displays (as in picture communication boards/ books) and dynamic displays 

(as in speech generating devices). Fixed displays are limited by the number and size of 

symbols they can contain, depending on the size of the screen, and cannot contain many 

vocabularies. On the other hand, in a dynamic display, the pictorial symbols can be 

placed over various pages, and each page can be composed of related symbols (Shin, 

2017).  Lin & Chen (2017) opined that fixed displays are better for representing 

symbols for nouns in PWA while dynamic display enables ease of identification for 

verbs and adjectives.  
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Symbol displays are also classified into traditional grid display, visual scene 

display (VSD), and hybrid display. Traditionally, most AAC systems used grids of 

symbols, pictures, or icons that occupied individual spaces at regular intervals. The 

individual square or grid isolates each symbol which requires PWA to process them 

individually and then combines them to formulate messages (Beukelman et al., 2007). 

Among grid displays, the taxonomic message organization strategy, in which symbols 

are represented in grids across multiple pages of a book or multiple screens (dynamic) 

of a device in a logical sequence, is commonly used (Petroi et al., 2014). This type of 

display puts additional cognitive demands such as that of working memory, and 

attention allocation on PWA to navigate, select, and combine graphic symbols (Petroi, 

2011; Petroi et al., 2014, Purdy & Dietz, 2010). With respect to locating symbols on 

the AAC system, PWA tends to locate graphic symbols on a taxonomic grid easily and 

with shorter latency, if the number of symbols is lesser on the screen. This is because 

as the number of symbols on a screen increases, the PWA requires more cognitive 

processing time to accurately identify those symbols. The level of location of the 

graphic symbol also decides how well a PWA will be able to locate it and use it to 

produce messages in an aided AAC system. For PWA, symbol identification tends to 

also be dependent on the iconicity of symbols. Moreover, navigating across screens to 

select symbols may be a more challenging task for PWA than the number of symbols 

displayed on the screen (Petroi et al., 2014).  

Unlike grid displays, a visual scene is generally a picture, photograph, or virtual 

environment that depicts and represents a situation, place, or experience. It gives PWA 

the visual contextual support to facilitate navigation of a dynamic display and 

successful communication of messages (Dietz et al., 2006). A highlighting difference 

between grid display and VSD is that in the grid display vocabulary is represented 
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through graphic symbols while in VSD, vocabulary is embedded within contextually 

relevant photographs or scenes. The superiority of VSDs over grid display for 

organizing messages for construction of multi-symbol messages due to reduction in the 

working memory demands (Thistle & Wilkinson, 2013) led to a more extensive 

exploration of visual scene displays in PWA (Beukelman et al., 2015; Dietz et al., 2006; 

McKelvey et al., 2007; Seale et al., 2007). Persons with aphasia tend to take shorter 

conversation time, more conversational turns and increased levels of conceptual 

complexity while using VSD in comparison to grid displays (Brock et al., 2017). The 

overall semantic organization of symbols, the greater number of symbols per page, 

higher number of subordinate categories, increased requirement for allocation of 

attentional resources and working memory in grid displays might affect the 

conversation time and the number of conversational turns taken by PWA (Brock et al., 

2017; Petroi, 2011).  

Hybrid displays usually include features of both grid displays as well as VSDs. 

These displays usually place high demands semantically and syntactically, thus 

requiring high levels of working memory and attention in PWA (Dietz, 2019).  

2.1.1b.(ii) Effect of Symbol organization. While designing an AAC device, the 

symbols featured in the array must be organized either by a structural dimension such 

as colour or shape or by a grammatical organization such as parts of speech (Thistle & 

Wilkinson, 2009). The other ways to organize an AAC system would be based on the 

topic, episode, or communicative context or based on semantic category (Balandin & 

Johnson, 2001). An aided symbol display that is organized to match the internal 

cognitive and lexical organizational strategies of the AAC user usually helps to 

maximize functional use (Wilkinson et al., 2006). A display that maps to or violates 

basic principles of visual processing tends to influence functional outcomes such as 
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symbol discrimination, identification, and recall.  

During the visual search for symbols, often perceptual cues such as colour help 

in narrowing down the search to facilitate response and is often known as guided search 

(Carlin et al., 2002). If colour serves as a powerful cue in AAC, as it does in visual 

cognitive science and neuroscience, it could be used as a facilitative cue to avoid 

unintentional barriers to AAC use. Several studies in the past two decades have thus 

investigated the effect of colour cueing (symbol-internal colour cues and symbol 

background colour cues) on locating symbols in an array.  

Symbol-Internal colour cueing. Wilkinson et al. (2006) observed that colour is 

considered as a primary element in many perceptual and cognitive tasks as it has a direct 

effect on responses or visual search. Colour has been found to play a role in the 

perceptual processes of stimulus location, recognition, and encoding, as well as in the 

cognitive processes of short-term memory, long-term memory, object classification, 

and picture recognition. Even when colour is commonly used in many aided AAC 

systems, they found that no research had been conducted to date on how colour affects 

symbol identification, recognition, recall, or use in AAC. Hence, they conducted the 

first study that aimed at understanding the speed of locating symbols under different 

colour conditions among 16 typically developing pre-school children. They found that 

grouping symbols having the same internal colour improved the speed and accuracy of 

locating symbols. Alant et al. (2010) further elaborated Wilkinson et al.’s (2006) work 

to understand if sequential exposure to different types of colour conditions had an 

impact on the accuracy and response time of locating target symbols in 60 preschool 

children. The results of the study pointed out that using same-colour condition as the 

first exposure in a sequence could potentially benefit participants in orienting more to 

the symbol detail that could eventually enhance the accuracy of performance.  
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 Stephenson (2007) studied the influence of symbol internal colour on matching 

performance in children with severe intellectual disabilities and poor spoken language 

comprehension who were beginning picture users. She found that they performed best 

when the internal colour of the symbol matched with that of their referent, then when 

the colours were mismatched or when it was black and white; suggesting that colour 

may facilitate recognition of symbols. Wilkinson and colleagues (2008) found that 

typically developing children as well as children with Down’s syndrome (DS) was 

faster and more accurate in locating symbols when symbols that shared internal colours 

were clustered together, irrespective of the type or complexity of the symbol. Wilkinson 

and Mcllvane (2013) replicated these findings with another sample of DS and found 

that a matched group of children having autism spectrum disorders (ASD) also 

performed similarly to children with DS. Even though, the influence of display design 

was consistent across two participant groups to suggest a potential universality of 

processing of these basic features; the fact that children with ASD outperformed 

children with DS in the visual search task, gives additional insights into universal vs 

etiologically linked aspect of visual processing. Studies exploring the similar effect on 

adults with no disability or adults with an acquired communication disorder have not 

been found and it still appears to be a grey area of research.  

 Background colour cueing. Providing colour cues in the symbol background is 

an alternative to manipulating the internal colour to provide perceptual cues as they can 

guide users to find related sets of symbols, or signal word-class categories (Thistle & 

Wilkinson, 2009; Wilkinson & Snell, 2011). Guidelines recommending the use of 

specific background colours to denote different parts of speech have been available 

since the 1990s. The first empirical study published on background colour coding found 

that among adults with severe intellectual disabilities, colour can be utilized to draw 
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attention to an object and focus visual attention on it (Bailey & Downing, 1994). Later 

in 2009, Thistle and Wilkinson examined the role of background colour presented either 

together or isolated from internal colour cues on the speed of locating symbols in 

younger and older typically developing children. They found that background colour 

coding does not affect the response time as long as the line drawings have foreground 

colour in both younger and older children. Further exploration of background colour 

cueing when the internal symbol colour cannot be manipulated, changed or clustered 

together found that the addition of background colour cueing did not aid typically 

developing pre-school children in locating symbols (Wilkinson & Coombs, 2010). The 

authors of both studies on typically developing children implied that dependence of 

physical characteristics of the display may be decreased with maturation/ experience 

(i.e., the control required over physical features of aided AAC displays for young 

children might not be required for older or more advanced communicators).  

 Wilkinson and Snell (2011) argued that the report of background colour cueing 

having no facilitative effect on locating target symbols in typically developing children 

only indicates that role of background colour cueing is less straightforward than that of 

internal colour cueing. With this proposition, they examined the influence of 

background colour cues and spatial organization of symbols on the accuracy and speed 

of locating symbols representing emotions in 30 typically developing children. Spatial 

organization of symbols based on positive and negative emotions was found to enable 

rapid location of targets; however, colour cue did not enhance either accuracy or speed 

of responding when it was provided alone or along with the spatial cue. Wilkinson et 

al. (2014) tested the hypothesis that spatial arrangement provides additional guidance 

for coloured-guided search for symbols using eye-tracking measures in school children 

without disabilities. They found that clustering symbols based on their internal colour 
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represent a narrowing of visual attention away from irrelevant distractors who do not 

share a target's colour. Their findings appear relevant while designing displays for 

several individuals who have difficulty inhibiting attention such as children with autism 

spectrum disorders or even adults with aphasia.  

 All of the above studies on the role of background colour cueing required 

locating a single symbol and the colour cueing reflected semantic properties. As a 

result, the findings of studies in which colour is used as a semantic cue may not apply 

to searches for multiple symbols belonging to different syntactic word classes. To test 

the above assumption, Thistle and Wilkinson (2017) studied the effect of symbol 

arrangement and background colour cues on multi-symbol message constructions using 

symbols representing different word class categories in typically developing children. 

Their results did not support the initial assumption as only symbol arrangement 

influenced the construction of multi-symbol messages.  

 In summary, none of the previous studies that explored the role of background 

colour cueing in typically developing children and children with intellectual and 

developmental disabilities found any systematic effect of background colour cueing 

either on accuracy or response time of locating a single symbol or constructing multiple 

symbol messages. A single investigation on the effect of symbol background on the 

speed of constructing a three sequence symbol message in adults without disabilities 

also reciprocated the above findings (Thistle, 2019). However, this particular study has 

been successful in pointing out the distinct advantage of background colour cueing on 

the performance of the participants while locating symbols in a 60-symbol array as 

opposed to a 16-symbol array. She suggested that AAC displays that use background 

colour coding to highlight parts of speech of symbols can prove beneficial for adults, 

especially when the complexity of display increases.  
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 From the literature reviewed on background colour coding, the following 

critical points are underscored, (a) background colour may reduce the visual-cognitive 

processing demands as they draw users’ attention to specific symbols, (b) background 

colour cue highlighting the syntactic cueing would facilitate ease of producing multi-

symbol messages, and (c) clinicians tend to use background colour cueing more often 

than symbol internal cues while designing AAC displays.  Most of the empirical 

evidence that emerged from typically developing children or children with intellectual 

and developmental disabilities found no facilitative effect of colour cues, and there was 

insufficient evidence from adults with and without communication disorders to argue 

for or against what is already known. Wilkinson and Mcllvane (2013) suspected that 

individuals with different etiological profiles might show different sensitivities to the 

perceptual features of the AAC display. Hence, it is critical to expand these studies and 

evaluate the visual cognitive processing of AAC displays in PWA as it becomes 

essential to understand how these variables influence the performance of individuals 

who have inherent cognitive and linguistic processing deficits. An understanding of 

visual processing abilities in individuals with disabilities and optimizing design based 

on such information can reduce barriers that unintentionally deter individuals from 

using AAC effectively (Wilkinson & Mcllvane, 2013). 

 2.1.1c. Effect of the grammatical category of Graphic Symbols. The single-

meaning symbols in any AAC system are usually categorized into symbols representing 

nouns, verbs and other word classes. Noun symbols distinguish the external 

characteristics of concrete items and hence they can be easily identified and tends to 

exhibit relatively higher iconicity than verbs and adjectives (Mizuko, 1987; Mizuko & 

Riechle, 1989; Worah et al., 2015). Since symbols representing verbs and word classes 

other than nouns are more abstract, they take more time to get processed even in typical 
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adults. Weinrich (1991) reported the use of a modified C-VIC system (C-VIC 2.0) 

which included animated representations to indicate verbs and found that their 

participant with global aphasia learned animated verbs more quickly than static symbols 

for verbs.  Lin and Chen (2017) found that adjectives that represented abstract or 

comparative concepts that required substantial details to prevent cognitive burden 

among neurotypical adults were better characterized by static symbols; whereas 

animated symbols were found more appropriate for representing approving and positive 

concepts (such as human emotions). Brock and Hung (2021) found no effect of symbol 

format (i.e., photograph vs video) on the identification of verbs in PWA which they 

assumed could be due to the relative simplicity of the task which only required them to 

use recognition memory and due to their relatively intact receptive semantics.  

Blissymbols representing open word class such as names of useful items and 

topics of interest were mostly highly translucent or transparent and were learned and 

used more meaningfully in PWA than closed class or nonspecific words such as 

pronouns, spatial prepositions, conjunctions, verbs of general reference with low 

imageability and concreteness, and interrogatives that were less translucent or opaque 

(Funnell & Allport, 1989).  

Symbols that had shared visual features were more difficult for PWA to learn 

initially than those which were not. Persons with severe aphasia take a longer duration 

to learn symbols representing verbs than nouns (Gardner et al., 1976). The concrete 

representation of verbs was learned slightly more quickly than abstract representation 

in persons with agrammatic aphasia (Weinrich et al., 1989b). Moreover, PWA finds it 

difficult to extend the use of symbols related to verbs into new contexts when compared 

to nouns and prepositions. Their inability to generalize could be due to difficulty in 

spontaneously accessing the semantic field that corresponds to the meaning of that 
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symbol, and it is already established that semantic fields of PWA are largely intact for 

nouns than verbs (Weinrich et al., 1989b). To enhance transparency and preference of 

symbols in PWA, nouns may be represented using real photographs while verbs and 

adjectives can be characterized using line drawings (Lin & Chen, 2017).  

Thus, even though PWA can learn to use visual graphic symbols to 

communicate, the symbol set used, the grammatical category of the symbols, their 

design, and representation affect the ease with which they learn to use a particular 

system. Moreover, the interface/ organizational layout can also substantially affect the 

efficiency and accuracy with which PWA locate symbols (Wallace &Hux, 2014).  

2.1.2 The Ability of PWA to Categorize Graphic Symbols 

 Categorization is defined as the ability to assign objects or other stimulus 

patterns to categories to gain access to information and make predictions (Schlosser, 

1997). Categorization, also known as semantic classification or semantic organization 

is thus thought to be a cognitive process whereby items are grouped by their similarity 

thus facilitating storage and retrieval of words (Balandin & Johnson, 2001). This 

process is important in the formation of concepts, where concepts refer to all of an 

individual's knowledge about a class of objects or events. (Hough, 1993). The ability to 

categorize is thought to enable humans to cope with a multitude of stimuli encountered 

every day and reportedly follows a developmental process (Bruner, 1970). Young 

children organize semantic concepts schematically (i.e., organize items related to 

scenes or events based on their function in that scene. For example, the words teacher, 

book, and singing might be grouped as they are related to each other in a preschool 

event).  

 As children mature, they start learning to associate semantic concepts based on 

their shared functions within events; they shift from schematic organization to 
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categorical or taxonomical organization structures. The taxonomical organization 

“refers to a hierarchical system of categories that are related to one another by means 

of class inclusion and within taxonomy, a superordinate term includes subordinate 

concepts” (Fallon et al., 2003, p. 75). The superordinate category is more abstract and 

perceived to be least semantically related as they tend to have few perceptual features 

in common and lack distinct perceptual representation (for example, vehicles and tools). 

The subordinate items share attributes and hence has the most semantic inter-

relatedness among members (for example, types of chairs) (Schlosser, 1997). Nelson 

(1977) suggested that superordinate-subordinate categorization is the dominant word 

organization strategy for neurologically healthy adolescents and adults.  

 Several reports of PWA having an altered semantic organization have been 

documented by investigations that tapped their categorization abilities. Goodglass and 

Baker (1976) found that adults with nonfluent aphasia (with high comprehension 

scores) had little difficulty in recognizing superordinate (e.g., the relation between car 

and vehicle) and same word associations (e.g., the relation between car and car), but 

had more difficulty identifying function (e.g., the relation between car and drive) and 

attribute associations (e.g., the relation between car and fast) and the greatest errors 

were for recognizing same class associations (e.g., the relation between car and truck). 

On the other hand, fluent aphasia (low comprehension scores) had severe difficulty in 

appreciating function associations than superordinate associations. Thus, a 

disproportionate increase in the difficulty of recognizing function associates (verbs) and 

a marked increase in the difficulty for the associative category of functional context in 

fluent aphasia is suggestive of a qualitative change in the semantic organization. Since 

the stimulus used in this study was auditory, it is possible that the auditory signals 

representing information at the periphery of the semantic fields (i.e., functionally 
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related verbs) were not able to arouse associations in an intact semantic system. Baker 

and his colleagues (1981) through their later works suggested that functional 

information lies at the core of some concepts rather than periphery and their results 

could have been as a result of testing procedure artifact (Nicholas, 1998; McCleary & 

Hirst, 1986).  

  Adults with posterior (fluent) aphasia had difficulty in classifying atypical 

members and related non-members in a category verification task (Grober et al., 1980). 

On the other hand, nonfluent aphasia tends to produce exemplars from central or highly 

representative portions of the semantic field while fluent aphasia produced out-of-set 

responses demonstrating only a superficial appreciation of the central part of the 

semantic field (Grossman, 1978, 1981). It was argued that adults with nonfluent aphasia 

may use implicit knowledge of the structure of the semantic field, that some items are 

more central than others to make reference and hence may perform better for 

superordinate categories. Grossman and Wilson (1987) who explored the ability of 

nonfluent aphasia to categorize object picture stimuli found that PWA has a general-

purpose categorizing ability. Kudo (1987) investigated the mental representative 

structure of hierarchically ordered semantic categories by asking the participants with 

aphasia to judge if a given picture was a member of a given category named by the 

examiner. They found that the category boundaries may be preserved in aphasia at least 

partially except for in fluent aphasia in which there is a profound disruption of category 

boundaries.  

 McCleary and Hirst (1986) examined the appreciation of three semantic 

associations (i.e., items of same basic level category, items of same superordinate 

category, and items related by function) in fluent aphasia using a classification task. 

They used stimuli that were not dependent on auditory comprehension as they assumed 
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the nature of the stimuli affected the outcome of Goodglass and Baker’s (1976) study 

on the semantic organization in PWA. They found that in comparison to nonfluent 

aphasia, adults with fluent aphasia had significantly more difficulty classifying 

semantically related items whether the items to be classified were basic, superordinate 

or function related items. Adults with nonfluent aphasia made few errors on basic and 

superordinate levels and more on function related items. This differential performance 

could be suggestive of a change in the structure of the semantic organization in fluent 

aphasia has changed while it is relatively preserved in nonfluent aphasia. While some 

opined that the structure of the semantic organization changes after aphasia has incurred 

(Goodglass & Baker, 1976), others suggested that the semantic organization may be 

intact but the ease with which they are accessed can be altered (McCleary & Hirst, 

1986).  

 More recently, Lice and Palmovic (2017) attempted to determine the semantic 

categorization of animate and inanimate objects in PWA having language 

comprehension difficulties using event-related potentials. They concluded that PWA 

has difficulty in both phases of lexical-semantic processing (i.e., lexical retrieval or 

recognition phase as well as categorization phase). The absence of difference in 

processing animate and inanimate objects was consistent with the connectionist model 

of semantic processing which claims that concepts are represented in a single 

distributed conceptual system and the same semantic system is active no matter which 

category is being processed.  

 Despite the difference in opinion on the semantic organization or categorization 

of concepts in PWA, developers of the AAC system have reasoned that even though 

one of the fundamental forms of symbolization (i.e., verbal language) may no longer 

be available, the ability to conceptualize the world symbolically may be intact in severe 
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aphasia. It is assumed that the central core of conceptual information is intact and this 

core can be accessed via alternate modalities if the language is no longer a viable route 

(Nicholas, 1998) and hence PWA should be able to use a semantically organized AAC 

system.    

 Simpson et al (1996) pointed out that the AAC systems used by PWA often all 

use semantic strategies to organize selection sets (i.e., individual symbols are grouped 

according to superordinate categories. For example, symbols representing objects of 

daily living are represented under “things” category). Intact semantic knowledge is 

thought to be necessary to utilize such an AAC system and those PWA who were 

successful in using such a system would have retained substantial semantic knowledge 

despite severe aphasia (Hux et al., 1993). Thus, dependence on this type of 

organizational strategy presumes that the user has a semantic organization system that 

is similar to neurotypical adults in their culture. Since most individuals with severe 

aphasia have difficulty in comprehending and using semantic information, the above 

assumption might be incorrect. Hence, Simpson and his colleagues used a two-item 

comparison task to evaluate the semantic organization and found that at least some 

PWA does not retain the commonly used strategy of organizing semantic information 

based on superordinate-subordinate categorization as neurotypical adults do.  

 Nicholas (1998) investigated the ability to make category selection in adults 

with nonfluent aphasia using two experimental tasks. The first task required the 

participants to choose among the basic categories of people, actions, and objects in 

response to a category item spoken aloud by the examiner. The second task asked the 

participants to choose among subcategories of objects and then select an exemplar 

match in response to a picture and spoken word stimuli. They found that even 

participants with severe aphasia can make many category decisions that are required by 
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most of the available picture-based AAC systems. They had particular difficulty in 

categorizing action concepts and making decisions among semantically related 

categories. Her results pointed out that the conceptual-semantic knowledge required to 

select correct categories or subcategories may not be fully available in severe aphasia.  

 Van de Sandt-Koenderman et al. (2007) emphasized the importance of intact 

semantic abilities for using the AAC system (Touch Speak) in PWA. All of their 

aphasia participants who were found to be extensive and independent Touch Speak 

users had normal or near-normal visual semantic association abilities as measured 

during baseline assessment using a task in which the participants had to choose the 

semantically closest picture to the target picture from a set of four pictures. They stated 

that since the Touch Speak vocabulary has to be organized following semantic 

principles, it is possible that the ability to use the system for communication would rely 

heavily on semantic processes such as identifying central features, appreciating 

semantic relation between items sharing the same features, and discriminating between 

items that are closely related. Future research into the central role of visual semantics 

in nonverbal communication or AAC use is recommended, as it is of clinical and 

theoretical relevance. Clinically, it seems important because semantic deficits are very 

common in aphasia and it may have no relation with severity or type of aphasia, hence 

there is a need to investigate the value of semantic processing for AAC success. 

Theoretically, it is necessary to find more evidence for the hypothesis that visual 

semantic processing may be closely related to the central process of non-linguistic 

concept formation and is needed for all non-verbal communication.  

 In contrast, to the above study, Nicholas et al. (2011) found executive functions 

appeared to be more relevant than semantic categorization abilities or auditory 

comprehension for successful use of the C-Speak Aphasia system among their 
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participants. However, they used the tasks used in Nicholas's (1998) study to investigate 

if pictorial semantic abilities are preserved in PWA. The performance of their 

participants with severe aphasia indicated that basic semantic categories and the ability 

to make a reasonable guess about where a particular item might be located in a pictorial 

semantic hierarchical system were relatively intact.  

 To sum, many of the currently available AAC systems rely on the capacity to 

categorize conceptual units into three basic categories (people, actions, and objects) and 

hence requires the user to have a high level of semantic organizational ability. 

Understanding the semantic organization or categorization ability of adults who would 

use AAC as their primary mode of communication is of prime importance while 

considering language intervention and layout of communication systems (Balandin & 

Johnson, 2001); however, upon review of literature, there is a clear scarcity of studies 

investigating the ability of PWA to categorize symbols in an AAC system. An intact 

semantic organization is thought to be essential for word retrieval and sentence 

formation and hence it becomes critical to understand how PWA who are augmented 

communicators classify or categorize concepts as it may have an effect not only on their 

sentence structure but also on the rate of production of the message.  

2.1.3. The Ability of PWA to combine and produce sentences using Graphic 

Symbols 

The ability of PWA to combine and produce sentences using graphic symbols 

were first evidenced when the participants with aphasia in Glass et al.’s (1973) study 

demonstrated that they could learn to convey information through simple constructions 

using symbols. Two of their subjects, in particular, showed considerable improvement 

and were able to comprehend and express simple declarative statements. Even though 

these sentences were simple, composed of subject-predicate-object, they involved the 
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syntactic use of symbols. Ross (1979) found that her participant with aphasia could 

effectively express herself using Blissymbols on a communication board with 

intervention. The participant could initiate conversation, ask questions and express 

opinions. The communication improved in terms of the use of longer and more complex 

sentence structure as well as with respect to increased speed and less effort.  

Lane and Samples (1981) investigated the ability of PWA to combine 

Blissymbols for communication. They noticed that when the PWA began to combine 

symbols, the number of symbols was not a significant factor because a string of two or 

three was combined with the same ease; rather, familiarity with symbols was found to 

have a significant contribution for producing symbol sequences. Three out of four 

participants tend to use necessary grammatical markers; however, the use of articles 

and conjunctions was more sporadic (i.e., they would omit articles and conjunctions 

and then immediately repeat the sequence with them). 

Based on these positive findings, Johannsen-Horbach et al. (1985) investigated 

the ability of PWA to acquire a basic lexicon involving nouns, verbs, adjectives, and 

adverbs and learn to understand and produce simple sentences using graphic symbols. 

Their results were not only in line with those of Glass et al. (1973), but they also found 

that three of their subjects who otherwise only produced automatisms could 

simultaneously articulate correct sentences while pointing to the symbols.  

With the rapid growth in technology, visual symbols started getting generated 

using computer software and communication devices. Technology allowed these 

symbols to be used along with synthesized speech which started being used in research 

that aimed at investigating the ability of PWA to understand and produce graphic 

symbols. Also, the evolution of linguistic and psycholinguistic research allowed solving 

issues fundamental to the construction of alternative communication systems. 
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Furthermore, elaboration and refinement of single-subject experimental designs 

allowed investigations to overcome limitations of early research which were only 

descriptive accounts of work without an experimental control. Tapping into the above 

advancements, Weinrich et al. (1989a) designed a computer-aided visual 

communication system (C-VIC) around residual cognitive strengths of PWA that 

relieves them of the processing demands of natural language such as real-time 

processing, morpho-syntactic processing and phonetic processing. They trained a 

person with global aphasia for two weeks and found that he could produce syntax 

without word order errors analogous to reversible prepositional phrases in verbal 

language using the C-VIC system. Subsequently, Steele et al. (1989) used C-VIC and 

successfully trained five PWA to access, manipulate symbols, and combine them into 

valid communications on screen and to use them appropriately in communication 

transactions.  

Participants with severe aphasia were found to produce locative prepositional 

phrases using C-VIC at greater than 90% accuracy with training (Weinrich et al., 1993). 

Weinrich et al. (1995) documented improvements in verbal and graphic symbol 

productions of prepositional phrases and S-V-O sentences with C-VIC training was in 

two persons with severe chronic Broca’s aphasia similar to findings of Johannsen-

Horbach et al. (1985) and Weinrich et al. (1993). They reasoned that the ability of PWA 

to build accurate C-VIC structures shows that their functional level representations, at 

least the component carrying semantic information are intact. Evidence was on the rise 

regarding the ability of PWA to comprehend and produce sentences of varying syntactic 

structures and complexity using these symbols in the C-VIC system with intervention 

(Goodenough-Trepagnier, 1995; McCall et al., 2000; Shelton et al., 1996; Weinrich et 

al., 2001; Weinrich et al., 1996; Weinrich et al., 1997a) even though the performance 
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varied with respect to the severity of aphasia (Naeser et al., 1998).  

Rostron et al. (1996) documented the ability of an individual with severe 

expressive aphasia and apraxia to identify symbols and construct sentences using a 

flexible icon-based communication aid (Easy Speaker for Windows). They noted that 

the time taken to construct sentences was slow (3.5 to 4 words per minute), and the 

accuracy of responses while improved, varied across sessions. They also reported that 

the PWA was unable to use the system independently for communication.  

 Koul (1997) and Koul and Harding (1998), attempted to replicate the results of 

studies that claimed using computer-generated picture symbols that persons with severe 

chronic aphasia could access, manipulate, and combine graphic symbols. The PWA 

was trained to construct S-V and S-V-O sentences using symbols (PCS) in response to 

a picture stimulus using software called Talking Screen. In both studies, PWA 

performed better for symbol identification tasks than symbol production and the 

percentage of nouns learned for subjects was more than verbs. The faster rate of 

learning of nouns could probably be because they tend to be iconic and concrete and 

they are acquired easily. Their results supported the “multiple symbolic capacities” 

theory of aphasia as PWA could acquire graphic symbols and could not develop spoken 

language even with treatment. They provide evidence against the central symbolic 

deficit theory that aphasia might be a central symbolic defect in which there is a 

decrease in competence across a range of symbol systems (from nonverbal pictures to 

purely linguistic symbols). They further discuss that recognition memory, vocabulary 

organization, and absence of articulatory and phonetic processing has an important role 

to play in the enhanced learning of computer-based graphic symbols in PWA. 

Communication devices that had pre-stored messages allowed its users to 

identify and use them with more efficiency and speed. They are installed with the 
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feature of iconic encoding which is a technique that allows the user to select and 

combine icons or pictures in order to communicate pre-stored messages on 

communication devices. An example is for the stimulus "I want to go to bed,” the iconic 

code will be "bed." Beck and Fritz, (1998) studied the effect of different types of 

aphasia on their ability to learn iconic encoding and the effect of the message type 

(abstract vs. concrete) on the ability of PWA to learn and retain iconic codes. Since, 

iconic codes typically use sequences of one, two, or three icons, their focus of research 

also encompassed finding if, there is an effect of these lengths on the ability of persons 

with various types of aphasia to learn and retain iconic codes. They also attempted to 

investigate the type of AAC that will be most beneficial to persons with various types 

of aphasia.  

All participants with aphasia as well as neurotypical adults in Beck and Fritz’s 

(1998) study learned and retained more iconic codes for concrete messages than for 

abstract messages. They suggested that similar performance between PWA and controls 

indicated that PWA understood the basic task of iconic encoding and auditorily and/or 

visually comprehended the messages they had to reproduce. PWA having high 

comprehension skills learned abstract messages as well but at a slower pace than 

concrete messages. They speculated that factors such as differences in cognitive skills 

(e.g., visual processing, memory deficits, attentional inefficiencies) or variations in 

underlying language processes could account for the disparity in abstract message 

performance between groups. It was observed that the acquisition of messages 

decreased for all participant groups as the length of iconic codes increased from one to 

two to three icons. Even though the performance of PWA and controls were similar at 

the level of one icon, the performance of PWA at the level of two and three icon lengths 

was markedly poor than controls which were attributed to the deficit in short-term 
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memory and difficulty in allocating attentional resources. They concluded that a person 

with anterior (nonfluent) aphasia with good comprehension skills could acquire iconic 

codes for concrete messages represented with one or two icons and for abstract 

messages represented with one icon. On the other hand, a person with a posterior type 

of aphasia and poor comprehension skills might be able to learn and retain concrete 

messages represented by a single icon. 

Linebarger et al. (1998) and Linebarger et al. (2000) provided evidence that 

PWA (chronic severe nonfluent agrammatic aphasia) could produce longer and more 

structured utterances when provided with a communication system (sentence 

synthesizer or sentence shaper; SS) designed for PWA. This allowed PWA to maintain 

sentence elements long enough to assemble them into larger structures after observing 

that PWA cannot maintain lexical items long enough to produce single sentences using 

graphic symbols. To be specific, the median utterance length ranged between 4 to 5 

using SS in comparison to 2 to 3 without SS; the % words in sentences ranged between 

70% to 86% using SS in comparison to 11% to 49% without SS; the % well-formed 

sentences ranged between 45% to 67% in comparison to 20% to 54% without SS; the 

mean sentence length ranged between 4.78 to 6.5 with SS compared to 3.4 to 4.87 

without SS.  

Oetzel (2001) examined the ability of three individuals with chronic severe 

Broca’s aphasia to produce sentences of increasing complexity as a result of AAC 

intervention using DynaMyte 3100 dedicated communication device. The syntactic 

complexity of experimental sentences was adapted from the “suggested hierarchy of 

difficulty for syntactic constructions by persons with aphasia” (Chapey, 1994).  Level 

I consisted of two-word constructions (action + object), Level II had two-word 

combinations + morphological inflections [plural (-s)], Level III included a 
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combination of noun phrases and verb phrases (agent+ action+ object), Level IV 

consisted of transformed sentences (e.g., question transformations) and Level V had a 

combination of two or more constructions to make one sentences. In comparison to 

earlier reports that persons with severe aphasia can acquire S-V, S-V-O sentences, and 

simple sentences with prepositions (Weinrich et al., 1995; Koul and Harding, 1997), 

Oetzel’s result provided evidence that PWA could produce substantially more complex 

sentences that included morphological markers and transformations using the AAC 

system. She also reported that performance on sentence production tasks varied across 

the three subjects, which precludes any prediction of the performance of individuals 

with Broca’s aphasia on computer-based AAC systems.   

Weinrich et al. (2001) trained two individuals with chronic agrammatic aphasia 

on the production of passive sentences in English using the C-VIC system. They found 

that both participants produced passive sentences, even though they showed variability 

in performance despite having similar syntactic deficits. In a second experiment, they 

tested the production of sentences involving conjoined subjects and objects without 

providing any training to the participants in the same. Both participants produced 

correct C-VIC constructions with conjoined subjects and objects. They concluded that 

semantic representations involving tenses and passive constructions with conjoined 

subjects and objects are intact in PWA.  

Koul et al. (2005) and Koul et al. (2008) examined the ability of individuals 

with severe Broca’s aphasia or global aphasia to produce graphic symbol sentences of 

varying syntactical complexity using the speech-generating device. They also aimed to 

investigate if the production of sentences using graphic symbols will be affected by the 

underlying deficits that cause morphological and syntactical impairments in the spoken 

language of individuals with severe Broca’s aphasia or global aphasia. The sentences 
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used in both studies ranged in complexity from simple two-word phrases to those with 

morphological inflections, transformations, and relative clauses. Eight out of the nine 

participants with aphasia (Koul et al., 2005) and all the three participants (Koul et al., 

2008) produced sentences using graphic symbols with varying degrees of success. 

However, it was noted that their performance on the generalization probes was more 

deficient than their performance on the training probes. Participants with global aphasia 

were unable to demonstrate any generalization. The most common type of sentences 

produced by PWA included noun +verb combinations. They opined that underlying 

linguistic impairment observed in individuals with aphasia might also affect their 

ability to produce grammatically complex sentences using graphic symbols.   

Johnson et al. (2008) adapted the treatment protocol from Koul et al. (2005) and 

tailored it for each of their three participants with chronic non-fluent aphasia to examine 

the quality and effectiveness of communication with AAC devices (Dialect with 

Speaking Dynamically Pro). The participants were effectively trained to identify 

symbols, navigate, and sequence two to three symbols to produce sentences and later 

use them for role-play sessions. The results were again replicated on a 56-year-old 

individual with severe non-fluent aphasia and apraxia of speech (Hough & Johnson, 

2009). A report from Brazil stated that PWA was able to combine several symbols 

(graphical or pictorial) effectively for communication and that AAC intervention 

improved the quality of communication (Franco et al., 2015).  

The therapeutic advantage to producing sentences using graphic symbols from 

any graphic symbol set in PWA is that they are usually free of dysarthria, paraphasias, 

and grammatical flaws in comparison to verbal language (Goodenough-Trepagnier, 

1995). The added advantage is that it remains visually present for the communication 

partner to decipher at any point in time. To fully exploit the use of visual graphic 
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symbols in PWA during the intervention, a clear idea of the presence and amount of 

extension of lexical deficits to a nonverbal system is required. However, this is still a 

matter of debate. Moreover, since PWA does not represent a homogeneous group, it 

becomes necessary to determine whether the use of symbols or pictorial materials is 

appropriate for all PWA (Stead, 2007; Stead et al., 2011). Thus the need to identify the 

relative integrity of the nonverbal system after aphasia has incurred, but before 

intervention becomes essential. This need appears to have been less addressed by 

researchers over the years as their focus was more on intervention-based studies and 

hence is a potential area of research. 

2.2. Non-Verbal Symbolic Language and its Relationship with Verbal Language, 

and Cognition in PWA 

2.2a. Relationship between Non-Verbal Symbolic Language and Verbal Language 

The relationship between non-verbal symbolic language and verbal language 

was first studied by Thorburn et al. (1995) who found no strong relationship between 

reading comprehension, pantomime recognition and iconographic comprehension in 

PWA. They also analyzed the relationship between each type of visual stimuli and 

aphasia severity as measured by Western Aphasia Battery-Aphasia Quotient (WAB-

AQ) and found no significant relationship between any stimuli and aphasia severity. 

The possible lack of association between the variables was attributed to relatively small 

sample size and the participant group being homogenous in terms of type and degree 

of aphasia.   

Later, the relationship between natural language (verbal language) ability and 

symbol-based language (aided language) ability was addressed by Steele and his 

colleagues (1989) while investigating the ability of PWA to use a computerized visual 

communication (C-VIC) system. They noted that the use of the C-VIC system did not 
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affect the natural language abilities as it remained impaired across all modalities before 

and after the intervention. However, they suggested that the natural language and C-

VIC both had the symbolic ability to provide a communicative advantage in a variety 

of human contexts, and some of the rules of the person’s natural language have been 

adopted into the C-VIC system (for example, left to right presentation of symbols 

similar to the word order in written language). C-VIC is not a natural language, though 

it may use common symbolic communication abilities and associated extra-linguistic 

cognitive structures. Thus, they opined that the alternative communication system is 

considered as an independent entity with rules which can be compared and contrasted 

with natural language through further research.  

Weinrich et al. (1993) discussed the relationship between natural language 

processing and comprehension and production of C-VIC. They explained different 

stages of natural language production using Levelt's (1992) and Garrett’s (1992) model; 

and the processes involved in C-VIC comprehension and production using Marr’s 

(1982) approach to analyzing processing in the visual system. For natural language 

production, a pre-linguistic message is formed by a conceptualizer. The message is then 

encoded into linguistic form by a formulator which is involved in a two-stage process 

of lexical retrieval, first at the level of lemmas (linked to semantic and syntactic 

representations) and second at the level of word forms (linked to phonological and 

morphological representations). Finally, the encoded message is converted to speech 

by the articulators. On the other hand, for producing a message in C-VIC, the individual 

must select the symbols to represent objects of interest, select the symbols to represent 

the propositional relationship between objects and order them to express thematic roles 

the objects play in the proposition. Weinrich and his colleagues (1993) identified 

important differences between C-VIC and natural language processing: (a) C-VIC 
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production lacks phonological encoding and articulation while auditory processing is 

absent from C-VIC comprehension, (b) the surface structure and grammatical encoding 

of C-VIC is simpler than natural language and is not similar to it.  

Naeser et al. (1998) examined the relationship between the scores obtained on 

the Boston assessment of severe aphasia (BASA) before and after C-VIC training. The 

overall BASA scores and BASA auditory comprehension scores of PWA in the best 

response group were significantly higher than those in the moderate response group. 

The overall BASA score before C-VIC treatment also showed significance in predicting 

C-VIC outcome as the median cut off for BASA scores for the best response group was 

38 and PWA in the moderate group had a score less than 38. 

Linebarger and Schwartz (2005) noticed that all their participants with aphasia 

who did not show consistent treatment effects using AAC had their WAB AQs outside 

the range of those who responded well for the treatment, thus linking the ability to 

effectively use an AAC system to the severity of language impairment in PWA. 

Johnson et al. (2008) used WAB AQ and WAB CQ (WAB- Cortical Quotient) scores 

to measure treatment outcomes using AAC devices in three individuals with chronic 

severe non-fluent aphasia. While AQ scores significantly improved with treatment for 

one participant, they did not change for another and declined for the third participant. 

The improvement in AQ scores was noted as a result of increased scores for naming 

and auditory comprehension subtests of WAB. The CQ scores increased for a single 

participant with treatment, the scores showed limited but meaningful improvement for 

another and minimal changes for the third participant. The changes in CQ were due to 

improved reading scores, as well as writing and drawing scores. These improvements 

in AQ and CQ were attributed to the overall improvement of symbolic language 

processing. Hough and Johnson (2009) who replicated Johnson and his colleagues' 
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(2008) study on a single participant with aphasia also reported continuous improvement 

in WAB AQ and WAB CQ during AAC intervention with most improvements were 

noted in auditory and visual comprehension skills.  Similarly, Steele (2010) reported 

improvements in auditory comprehension and naming subtests of WAB along with AQ 

scores after AAC intervention using an SGD in 20 persons with global aphasia.  

2.2b. Relationship between Non-Verbal Symbolic Language and Cognition 

Traditionally, it was assumed that PWA's poor communication abilities were 

solely due to their language impairment; however, more and more scientific evidence 

suggests that non-linguistic cognitive deficits could have contributed to the same. These 

cognitive impairments are presumed to be the reason for the inability of these 

individuals to spontaneously compensate for their language deficits and to functionally 

apply skills acquired in the intervention program (Nicholas et al., 2017). The same has 

been held accountable for a large variation in response to AAC (Nicholas et al., 2005), 

poor generalization of the use of AAC in everyday settings (Van de Sandt-Koenderman 

et al., 2007; Purdy & Dietz, 2010) and reduced inability to initiate use of an alternative 

strategy (Nicholas et al., 2011).   

 Glass et al. (1973) examined the conceptual functions and capacity of 

symbolization in global aphasics under the assumption that damage to language 

processes causing aphasia may leave the pre-linguistic cognitive functions intact. They 

conducted an assessment of the natural language and perceptual-cognitive capacity of 

their participants with global aphasia before artificial language training. The language 

tests that tapped into the semantic and syntactic knowledge, as well as word-non word 

recognition, revealed functional deficits in natural language. The cognitive assessment 

involved sorting picture cards of various objects, animals, plants, people and scenes. 

During the perceptual-cognitive picture sorting task, they found that their participants 
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made sophisticated conceptual judgements such as identifying key aspects of the 

discrimination, elucidating the underlying concept, and applying it to replicate the 

pictorial sort. They were also able to collapse and expand categories as the level of 

super-ordination changed. With intervention, all the participants showed an ability to 

learn artificial language systems despite gross deficits in natural language. Based on all 

of these observations, the authors concluded that (a) the cognitive impairments may not 

be in direct proportion to their language impairment, (b) and that individuals who have 

lost their ability to communicate due to a massive stroke may still retain some capacity 

for abstraction and conceptual thought as well as primitive linguistic functions.  

Baker et al. (1975) pointed out that understanding whether cognitive functions 

are preserved in the absence of language has both theoretical and practical importance 

in PWA. This is because, in the absence of natural language, effective communication 

may depend on their ability to master an alternative communication system that 

captures relevant cognitive properties of natural language. The ability of PWA to use 

arbitrarily designed symbols to represent elements of experience, encode meaningful 

relationships in terms of configurational properties or syntax of the symbol sequence, 

and encode such relationships in alternative syntactic forms is a critical test of the 

hypothesized dissociation between natural language and its cognitive pre-requisites. 

The preservation of cognitive concomitants of natural language in PWA was verified 

with alternative communication system training (Baker 1975; Gardner et al., 1976). 

Thus, these early descriptive reports on PWA using visual symbols were useful in 

understanding that PWA could master the fundamentals of alternative symbol systems 

and that some cognitive operations involved in natural language persist despite severe 

aphasia.  
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Funnell and Allport (1989) criticized the claims of Baker et al. (1975), Gardner 

et al. (1976), and Glass et al. (1973) that symbol systems tap into cognitive processes 

that are no longer available to surface forms of natural language. They argued that 

symbols successfully learned and used in communication by PWA are those which map 

onto preserved cognitive processes that are also available to familiar alphabetic forms 

of written language. Since symbols were taught entirely in relation to words, symbols 

behaved like their equivalent written words thus suggesting that they are processed 

based on the same processes that underlie their residual language function for isolated 

spoken and written words. Another evidence that the processing of a non-verbal symbol 

system is mediated by the same processing mechanisms subserving language is 

obtained from Coelho and Duffy’s (1987) investigation that trained PWA with manual 

signs. They found that the number of manual signs in Amerind acquired on a training 

level tend to decrease as the severity of aphasia increases (as measured by overall PICA 

scores).  

Gardner et al. (1976) correlated the ability of PWA to answer questions and 

describe events using a visual communication system (VIC) involving symbols with 

that of analogous scores obtained on the Boston Examination of Aphasia Severity. The 

participants were required to name objects in English and answer questions involving 

names in VIC. Results showed that PWA answered questions better in VIC than in 

English. An inverse correlation was found between these two measures suggesting that 

the better the natural language of the individual, the poorer his use of VIC in answering 

questions requiring names. This underlined the patient’s superior communication 

effectiveness using the new symbol system. They could not conclude if there were 

systemic differences in the cognitive status of those who failed to learn VIC at all in 

comparison to those who were successfully trained due to the small number of 
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participants in the study and suggested the importance of determining cognitive features 

that helps to differentiate those who can complete the training from those who cannot. 

Weinrich et al. (1993) found that even when non-verbal tests of cognitive function 

demonstrate that PWA retains some level of abstract reasoning and semantic 

organization, deficits in non-verbal tasks do not predict their performance in 

interpreting C-VIC symbol order.  

Johanssen-Horbach et al. (1985) observed that while one of their participant 

with aphasia recovered expressive speech via the use of symbols, another one could 

produce correct expressive speech with symbols, while two others could not draw many 

benefits. The authors assumed that the slow progress in two of their participants with 

aphasia might indicate that residual language capacities are necessary to benefit from 

symbol-based communication systems. Sawyer-Woods (1987) assumed that high 

scores on Raven's test and Illinois test of psycholinguistic ability in his participant with 

severe aphasia could be one of the reasons for his ability to identify and sequence 

symbols successfully with training.   

The use of AAC strategies requires several cognitive skills which led some 

investigators to look into the role of specific cognitive processes in using AAC systems 

in PWA. Cognitive impairments in terms of challenges in attention, perceptual 

processing, memory and executive functions in PWA may interfere with their ability to 

learn AAC strategies (Garrett & Kimelman, 2000). Even after being successfully 

trained to use alternate communication modes such as gesturing, drawing or using 

communication boards, PWA having an impairment of executive function (cognitive 

flexibility) were found to have difficulty in shifting to these alternate communication 

modes spontaneously (Purdy, 2002; Purdy & Koch, 2006; Yoshihata et al., 1998). To 

further elaborate, they were found to be less independent at using alternative 



68 
 

communication systems to communicate in real-life tasks (Bellaire et al., 1991; 

Nicholas et al., 2011; Purdy et al., 1994; Rostron et al., 1996; Yoshitata et al., 1998). 

Memory impairments (both short-term and long-term) in PWA tend to affect their 

ability to search multiple levels for messages, ability to retain ideas and persevere until 

the message is communicated, ability to recall operational procedures for an AAC 

system (Garrett & Kimelman, 2000). Moreover, they may have a limited amount of 

processing resources available or decreased ability to allocate resources to perform 

tasks involving graphic symbols (Petroi, 2011; Petroi et al., 2014).  

In the field of aphasiology, the relationship between verbal language and non-

linguistic cognitive abilities has long been a source of debate (Nicholas et al., 2017). 

This is because while some aphasiologists thought that non-linguistic cognitive deficits 

co-occur with language disturbances, others thought of it as part of the language 

disorder itself. Moreover, the presence of language impairment makes it difficult to 

evaluate non-verbal cognitive skills such as working memory and executive functions; 

and when language influence was controlled for, the relationship between aphasia 

severity and non-linguistic deficits were not uniform across patients (Nicholas et al., 

2017). The literature on non-verbal cognitive deficits shows that they tend to affect the 

course of treatment using AAC systems in PWA. Studies that examined the relationship 

between residual verbal language, non-verbal language and non-verbal cognitive skills 

prior to training were scarce; but is considered important to predict the performance of 

PWA on alternate communication treatments.   

To summarize, over the years, the compensatory based approach in aphasia 

rehabilitation has evolved from strategies that utilized gestures, drawing, and writing 

or pictures in the past to strategies that use a wide range of visual graphic symbol 

systems aided with and without technology to circumvent the verbal deficits in PWA. 
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Owing to the wide variety of symbols, and AAC systems available for communication 

intervention in PWA, clinicians often turn to evidence-based research for guidance to 

initiate intervention. Contrary to aphasia restoration intervention with well over 80 

years of evidence to guide clinicians in planning rehabilitation (Beukelman et al., 2008), 

the relative novelty in implementation of AAC strategies in PWA makes it difficult to 

find enough evidence to support evidence-based practices.  

The PWA has become a target population for most of the original AAC research 

only in recent years, and hence the number of published literature is way behind the 

statistics documented for AAC research in children and adolescents with various 

communication disorders. The majority of the existing research has focused on 

understanding the effectiveness of using AAC to enable communication in PWA using 

intervention based studies. Various AAC symbol sets (such as Blissymbols, Dynasyms, 

PCS), and various types of aided AAC systems (no technology, low technology, and 

speech-generating devices) have been subjected to research in this population. The 

factors affecting AAC use in PWA also has been explored to some extent. 

Literature on aphasia and symbolic language abilities using various AAC 

systems raises several concerns. One is the inability of PWA to use a symbol-based 

AAC system effectively for independent communication. Second, clinicians and 

researchers have less knowledge about how basic skills required to use an AAC system 

for communication (i.e., navigating, locating, identifying, and combining symbols to 

generate messages) are affected by each type of aphasia, making it difficult to predict 

how well they will use them with training. Third, most of the intervention studies that 

gave evidence towards the ability of aphasia to identify, categorize and sequence 

measured their abilities only using the accuracy of response. None of the reports used 

detailed measures of response time or the number of attempts taken to respond, as 
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difficulty in both of these measures would equate to inefficient processing. Fourth, the 

relationship between verbal language and non-verbal cognitive skills is complex and 

has been found to interfere with the acquisition of alternate communication forms such 

as AAC. However, understanding the type and strength of the relationship of verbal 

language, non-verbal language, and non-verbal cognitive skills have received less 

attention. Fifth, the majority of the reviewed studies are from the Western, which raises 

concerns about the generalizability of the obtained results to the Indian population with 

over 22 regional languages. Thus, there exists a considerable need to research symbolic 

language abilities in PWA to guide SLPs in India for better clinical decision making 

and application of AAC intervention. 
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CHAPTER III 

METHODS 

 The linguistic demands for individuals who require AAC involve knowledge, 

judgment, and skills in linguistic codes of their native spoken language as well as the 

linguistic representation of the AAC system. Thus, in addition to receptive and 

expressive skills in spoken language, the individual must learn how to use AAC 

symbols to represent meaning, and how to combine symbols to express more complex 

ideas (Garrett & Kimelman, 2000; Light, 2003). These skills namely symbol 

identification, categorization, and sequencing collectively form symbolic language 

abilities for aided communication. Symbol identification is the receptive understanding 

of graphic symbols (i.e., the individual’s ability to discriminate between graphic 

symbols), while symbol categorization is the ability of an individual to understand 

semantic, syntactic, and functional vocabulary categories as they relate to graphic 

symbols. Symbol combination or sequencing is the ability of an individual to combine 

two or more graphic symbols to communicate a message. The present study examines 

these three symbolic language abilities required to use any aided AAC system in 

persons with aphasia using a series of behavioural tasks. It also attempts to investigate 

the relationship between symbolic language abilities, verbal language abilities and non-

verbal cognitive abilities. The participant details, nature of stimuli, the procedure for 

administration of tasks, and scoring/analyses of data obtained are explained in this 

chapter.  

3.1 Study Design 

  The study employed a quasi-experimental research design and a correlational 

design to meet the study objectives. The quasi-experimental research design (non-

equivalent control group design) was utilized to compare the performance of persons 
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with aphasia and its subgroups (clinical group) and neurotypical adults (control group) 

on behavioural tasks involving graphic symbols that tap symbolic language abilities. 

Since the research design is quasi-experimental, it did not involve randomization or 

random assignment of participants; however, participants were matched on assigned 

variables to improve the comparability of experimental and comparison groups. The 

independent variables included the participant groups and subgroups (assigned 

independent variable) and the behavioural tasks (active independent variable). The 

dependent variables were the accuracy, efficiency, and response time taken to perform 

each behavioural task. The dependent variables also included semantic and syntactic 

measures specifically for the sequence production task. The semantic measures were 

the total number of symbols, the total number of correct information units for symbols 

(CIU-S), and the percentage of correct information units for symbols (%CIU-S). The 

syntactic measures included the percentage of complete sentences, and the percentage 

of correct number of verbs.   

  A correlational design was used to determine the relationship between symbolic 

language abilities and verbal language abilities as well as between symbolic language 

abilities and non-verbal & verbal cognitive abilities. The variables used for correlation 

design included symbol performance quotient score (measured from behavioural tasks), 

aphasia quotient score and cortical quotient score (as measured from the test of aphasia 

in Malayalam).  

3.1.1 Sample size and Sampling 

  The sample size was calculated using G*power 3.1 software utilizing the mean 

and standard deviation obtained from the pilot study at the significance level (α) of 0.05 

and power of the test (1-ꞵ) at 0.80. The analysis prescribed a sample size ranging from 

5 to 10. A total of 40 participants were recruited for the present study consisting of 20 
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PWA and 20 neurotypical adults. A purposive sampling method was employed to 

collect samples for the present study.  

3.2 Participants 

Two groups of individuals having Malayalam (an Indo-Dravidian language 

spoken by natives of Kerala, a south-western state in India) as their native language 

were selected as participants for the study. The age of the participants ranged between 

20 to 80 years. Participants in both groups were visually and auditorily screened using 

case-history information along with the use of screening tools. Visual screening for the 

participants did not involve direct visual acuity testing, instead, language-free tasks of 

sustained and selective attention under the cognitive domain of the battery of cognitive-

communication disorder—Kannada1 (BCC-K; Goswami et al., 2020) was used. These 

tasks allowed to ensure that the participants could attend to visual information presented 

in the study. They were auditorily screened using Ling’s six sound test (Ling, 1989). 

All participants had the ability to use single finger-pointing as the responses for the 

tasks were recorded in the motor form. 

 3.2.1 Persons with Aphasia 

 The first group of participants (clinical group) included 20 individuals (males = 

16, females = 4) who incurred aphasia due to damage to the dominant cerebral 

hemisphere primarily as a result of stroke, traumatic brain injury or tumour as 

confirmed by neurological examination and computerized tomography (CT) scan or 

magnetic resonance imaging (MRI) but not limited to these aetiologies. They were 

recruited from various hospitals, speech and hearing private clinics, and institutes from 

the two major cities of Ernakulam and Trivandrum in the state of Kerala, India.  

                                                             
1 BCC-K is a clinical assessment tool to diagnose cognitive and linguistic deficits in Kannada (an Indo-

Dravidian language) speaking adults with acquired neurological disorders.  
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 They were diagnosed as having aphasia based on the results of the test of 

aphasia in Malayalam (Jenny, 1992). Similar to Western Aphasia Battery or WAB 

(Kertesz, 1982), the test of aphasia in Malayalam consists of four language subtests 

(i.e., spontaneous speech, auditory comprehension, naming, and repetition) and three 

performance subtests (i.e., reading and writing, arithmetic, and praxis). The test was 

developed such that the stimuli used in the test were translated from WAB in English 

and modified to suit the linguistic principles of Malayalam and the Indian cultural 

context. The number of stimuli in each subtest, as well as the administration, scoring, 

and interpretation of the results, are all comparable to WAB. The test was validated by 

administering it alongside the WAB in English to five Malayalam-English bilingual 

neurotypical adults. In the current study, the type of aphasia and severity of language 

impairment in adults with aphasia was determined based on the test of aphasia in 

Malayalam.  

 Those individuals who obtained a score of greater than five in auditory 

comprehension (out of a maximum score of 10) on the test of aphasia in Malayalam 

were selected for the study to ensure that the participants would understand the task 

instructions provided to them. The persons with aphasia included in the study were 

classified into two major types — Broca's aphasia (non-fluent aphasia, n =10) and 

anomic aphasia (fluent aphasia, n =10). These two types of aphasia were labelled as the 

subgroups of aphasia in the study. Thus, throughout the study PWA group indicate a 

combined group of persons with anomic aphasia and Broca’s aphasia. All participants 

in this group were right-handed as confirmed by Edinburgh Handedness Inventory-

Short Form (Veale, 2014).    

The demographic details of the participants with aphasia in terms of age, gender, 

education, time post-onset of stroke in months, aphasia quotient (AQ) scores, cortical 



75 
 

quotient (CQ) scores, the severity, and type of aphasia are provided in Table 3.1.  

Table 3.1 

Clinical and behavioural characteristics of persons with aphasia 

# Age 

(yrs)/ 

Gender 

Education 

(yrs) 

TPO 

(mth) 

AQ CQ Clinical Diagnosis/Site 

of Lesion 

Severity and 

type of 

Aphasia 

1 50/M 14 18 83 79.6 Left MCA infarct Mild/Anomic 

Aphasia 

2 70/M 17 36 86 80.5 Recurrent Left MCA 

infarct 

Mild/Anomic 

Aphasia 

3 67/M 21 5 82.8 70.5 Status post road traffic 

accident; left fronto-

temporal-parietal lesion 

Mild/Anomic 

Aphasia 

4 65/M 19 5 84.7 85.8 Acute dense infarct in 

left temporo-parietal 

lobe(left MCA 

territory); chronic 

lacunar infarcts in 

bilateral lentiform 

nucleus 

Mild/Anomic 

Aphasia 

5 62/M 10 24 79.1 69.4 Left MCA infarct Mild/Anomic 

Aphasia 

6 59/M 17 51 85.3 87.7 Left MCA infarct Mild/Anomic 

Aphasia 

7 51/F 19 11 85.8 87 Left MCA territory 

subacute infarcts (left 

fronto-temporal-parietal 

lobes) 

Mild/Anomic 

Aphasia 

8 36/M 12 2 79.2 80.1 Left MCA infarct Mild/Anomic 

Aphasia 

9 69/F 17 5 66.8 61.3 Left MCA infarct Moderate/ 

Anomic 

Aphasia 

10 74/F 12 3 73.4 77.9 Temporal evolution 

with an acute infarct in 

left frontal and parietal 

area 

Moderate/ 

Anomic 

Aphasia 

11 35/M 18 60 51.6 57 Left MCA infarct with 

right hemiparesis 

Moderate/ 

Broca’s 

Aphasia 

12 64/M 17 2 17.3 34.3 Left MCA ischemic 

stroke with severe right 

hemiparesis 

Very Severe/ 

Broca’s 

Aphasia 
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# Age 

(yrs)/ 

Gender 

Education 

(yrs) 

TPO 

(mth) 

AQ CQ Clinical Diagnosis/Site 

of Lesion 

Severity and 

type of 

Aphasia 

13 53/M 14 12 21.4 32.9 Left MCA infarct Very severe/ 

Broca’s 

Aphasia 

14 67/M 21 108 69.7 71.9 Recurrent left MCA 

infarct; left internal 

carotid artery occlusion 

Moderate/ 

Broca’s 

Aphasia 

15 52/F 12 19 66.2 62.6 Left MCA infarct Moderate/ 

Broca’s 

Aphasia 

16 47/M 15 312 58.2 52.1 Status post road traffic 

accident; left fronto-

temporal lesion with 

right hemiparesis 

Moderate/ 

Broca’s 

Aphasia 

17 56/M 17 7 42.6 49.8 Left MCA infarct with 

right hemiparesis 

Severe/ 

Broca’s 

Aphasia 

18 51/M 18 48 39.1 40.1 Status post tumour 

removal 

Severe/ 

Broca’s 

Aphasia 

19 21/M 14 24 38 45.4 Status post road traffic 

accident; left fronto-

parietal lesion 

Severe/ 

Broca’s 

Aphasia 

20 74/M 14 120 21.7 24.7 Left MCA infarct with 

right hemiparesis 

Very Severe/ 

Broca’s 

Aphasia 

Note. #= Participant number, TPO= Time post-onset, yrs= years, mth= months, M= 

Males, F= Females, AQ= Aphasia Quotient, CQ = Cortical Quotient, MCA= Middle 

cerebral artery 

3.2.2 Neurotypical Adults  

 Twenty neurotypical adults (Males = 16, Females = 4) with no reported history 

of neurologic, linguistic, motor, sensory, or cognitive problems were also recruited for 

the study as the control group. Montreal Cognitive Assessment- Malayalam (MoCA-

M, Krishnan et al., 2015; Radhamani, 2015) was used to screen these participants for 

cognitive impairments. This group of individuals were included in the study to 

understand symbol identification, categorization, and sequencing abilities without the 

confounding variables of the linguistic, perceptual, and cognitive impairments. 
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Neurotypical adults were matched to the age, gender, and education level of the adults 

with aphasia.  

Table 3.2 summarizes the group characteristics of persons with aphasia and 

neurotypical adults who participated in the study.  

Table 3.2 

Characteristics of Participant Groups and subgroups  

Group Age  

(years) 

Education 

(years) 

Time post-

onset 

(months) 

Aphasia 

Quotient 

Scores 

Cortical 

Quotient 

Scores 

Persons with aphasiaa      

      Mean 56.15 15.85 43.60 61.59 62.53 

      SD 13.96 3.06 71.61 23.79 19.65 

      Range 21 to 74 10 to 21 2 to 312 17.3 to 86.0 24.7 to 87.7 

Anomic aphasiab      

      Mean 60.30 15.80 16.00 80.61 77.98 

      SD 11.60 3.61 16.48 6.26 8.55 

      Range 36 to 74 10 to 21 2 to 51 66.8 to 86.8 61.3 to 87.7 

Broca’s aphasiab      

      Mean 52.00 16.00 71.20 42.58 47.07 

      SD 15.44 2.67 94.13 18.78 14.55 

      Range 21 to 74 12 to 21 2 to 312 17.3 to 69.7 24.7 to 71.9 

Neurotypical adultsa      

      Mean  55.80 15.70    

      SD 14.19 3.09    

      Range 20 to 75 10 to 21    

Note. a n= 20 for each group, bn= 10 for each group SD= Standard deviation 

3.3 Ethical consideration 

  The present study was approved by the Ethical Committee for bio-behavioural 

research involving human subjects at the All India Institute of Speech and Hearing 

(AIISH), Mysuru, India (WF-180/2018-2019, Appendix-A). The participants were 

recruited for the study only after obtaining their written consent (refer to Appendix B 

for informed consent form) as per the ethical guidelines for bio-behavioural research 

involving human subjects of the All India Institute of Speech and Hearing (Basavaraj 

& Venkatesan, 2009). All the participants with aphasia, their caregivers, and 
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participants in the control group (i.e., neurotypical adults) were explained the need, 

procedure, and approximate duration of the tasks. They were assured of safety during 

testing and confidentiality regarding their personal details.  

3.4 Materials 

  Materials included graphic symbols, two stimuli booklets with one containing 

symbols and the other having real-photographs to elicit and record responses, and rating 

scales. The graphic symbols from the Picture Communication Symbol set (PCS; 

Johnson, 1981) was used to investigate the ability of the participants to identify, 

categorize, and sequence graphic symbols. The primary reason for selecting PCS 

symbols in the current study was because it is the most transparent symbol set used 

widely across the globe (Beukelman & Mirenda, 2013). The other reasons are, (a)  these 

symbols have alternatives that are more or less concrete depending on the needs of the 

AAC communicator, and they are available through computer software which allows 

customization of symbols, (b) PCS symbols have been evaluated for cultural 

appropriateness and more than 90% of PCS lexical items (i.e. approximately 2,235 

symbols) were considered to have at least some value to individuals from Asian-Indian 

culture (Nigam, 2006), (c) the only other commercially available symbol set in India is 

Indian Picture Symbols for Communication (IPSC) developed at Indian Institute of 

Cerebral Palsy, Kolkata, India and these symbols have not been subjected to any formal 

investigations on iconicity or socio-cultural validation for different states in the country, 

and (d) stimulate the clinical material that is already in use thus maintaining some 

ecological validity of materials under study (Wilkinson et al., 2014).  
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To select the target PCS lexical items required for each of the behavioural tasks, 

the following steps were followed: First, a master list of lexical items was obtained 

from the English word list provided in the manual for Indian picture symbols for 

communication (Chakraborthy et al., 2007), Indian adaptations of Action Naming Test 

(Girish & Shyamala, 2015) in Kannada-English bilinguals, and Boston Naming Test 

(Shyamala et al., 2010) in Kannada-English and Telugu-English bilinguals. Second, the 

master list that encompassed 526 nouns, 180 verbs, 54 adjectives, and 12 prepositions 

were translated from English to the Malayalam language.  

The translated referents (words) were rated by five speech-language 

pathologists (SLPs) and five lay-persons who were native speakers of Malayalam 

language. Speech-language pathologists with a minimum of three years of clinical 

experience were recruited for rating. The lay-persons recruited included three females 

and two males belonging to different age groups, with different educational and 

professional backgrounds as provided in Table 3.3. 

Table 3.3 

Demographic details of lay-persons recruited for rating stimuli 

# Age Gender Education Profession 

1 28 Female Post graduate Career Advisor 

2 35 Male Post-graduate Human Resource Executive 

3 59 Female Graduate Teacher 

4 67 Male Diploma holder Civil Draftsman 

5 60 Female Graduate Home-maker 

 

  A 3-point scale was used to rate the target words in Malayalam for their 

appropriateness, frequency of occurrence in daily usage, and familiarity. 

Appropriateness of the word was rated in terms of the correctness of the translated 

Malayalam word corresponding to its English counterpart (highly appropriate -2, fairly 
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appropriate-1, not appropriate-0). The rater’s perception of the frequency with which 

the target Malayalam word is used in daily conversation was used to rate the frequency 

of occurrence of words (frequent use-2, occasional use-1, no frequent use-0). 

Familiarity of the word was rated in terms of how well known is a target Malayalam 

word to the rater (highly familiar-2, less familiar-1, not familiar-0). 

 Third, the PCS symbols for all the words that were rated high on the frequency 

of occurrence and familiarity were obtained from Boardmaker speaking dynamically 

pro software, Version 62. When searching for symbols from the Boardmaker software, 

the first symbol that appeared for the target word from the generated word list was 

selected based on the following criteria: (a) search for exact label or keyword reserved 

for the symbol and/or a different form of the same label, and (b) exact match for word 

class. The selected PCS symbols were again rated by the same set of five SLPs and five 

lay-persons. The symbols were rated on appropriateness, cultural relevance, simplicity, 

and iconicity using a 3-point scale (Goswami et al., 2011).  

 The appropriateness was rated in terms of consistency of the meaning of the 

selected symbol with the meaning of the target word in Malayalam (highly appropriate 

-2, fairly appropriate-1, not appropriate-0). Cultural relevance was rated as the 

acceptability of the symbols culturally and ethnically (highly relevant-2, fairly relevant-

1, not relevant-0). The comprehensibility of symbols was evaluated with simplicity 

(highly comprehensible-2, fairly comprehensible-1, not comprehensible-0). With 

respect to iconicity, a symbol was given a score of 2, if it can be understood in the 

absence of a referent; a score of 1 if it can only be understood if referent was provided 

and a score of 0 if it cannot be understood even if the referent was provided. Thus, a 

                                                             
2 Boardmaker software and PCS are trademarks of Tobii Dynavox LLC, USA and was used in the 

present study with permission.  
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final list of PCS symbols corresponding to nouns, verbs, adjectives, and prepositions 

that were rated high by all raters across all the parameters was obtained using the above 

method. The final PCS corpus consisted of 351 nouns, 94 verbs, 30 adjectives, and 10 

prepositions.  

 Fourth, target symbols required for each behavioural task were randomly 

selected from the final corpus and foil symbols or distractor items were randomly 

selected from lexical items excluded from the final corpus to construct stimuli plates in 

a traditional grid display. The distractor items were selected such that their physical 

shapes were as dissimilar as possible to minimize their influence on the performance. 

The target symbols and foils were arranged in separate grids and the size of the grid 

was dependent on the number of symbols displayed per page. The stimuli plates were 

printed on A4 size sheets to obtain the final stimuli booklet with symbols arranged in 

varying grid sizes (i.e., four, eight, twelve, and sixteen) as per the requirement of each 

task involved in the study. Thus, the presentation of stimuli was in the form of a non-

technology based AAC system. Appendix for the same is not provided as the stimuli is 

copyrighted.  

  Along with the symbol stimuli booklet, an additional real-photograph stimuli 

booklet consisting of single action pictures was also constructed as required by the final 

task in the study. The second booklet aimed to include coloured real-photographs to 

elicit single sentence descriptions using symbols from the participants. The setting, 

agent, object, and action used in the real photograph stimuli of the Test of Aided 

Symbol Communication Performance (TASP3; Bruno, 2010) was used to create 17 

similar real photographs with regional/ country-specific characteristics. Five 

                                                             
3 TASP is copyrighted to Dr. Joan Bruno, and the symbols are copyrighted to Mayer-Johnson. The 

permission to adapt the test material for the present study was obtained from both the author and 

Mayer-Johnson.  
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neurologically healthy lay-persons were asked to describe the main event of the picture 

in a complete sentence in Malayalam to obtain a list of target sentences corresponding 

to each stimulus. A total of 13 stimuli that were rated high by five speech-language 

pathologists and five non-professionals (same raters who rated symbols) were included 

in the study. A 3-point scale was used to rate the stimuli in terms of their 

appropriateness (highly appropriate -2, fairly appropriate-1, not appropriate-0), 

stimulability (highly stimulable -2, fairly stimulable-1, not stimulable-0), and relevancy 

(highly relevant-2, fairly relevant-1, not relevant-0). The appropriateness of the 

stimulus was rated in terms of its relevance to the target sentence, stimulability was 

rated in terms of the ability of the stimuli to elicit an appropriate response, and 

relevancy was rated with respect to the acceptability of the stimuli culturally and 

ethnically (Goswami et al., 2011).  

  A 12-point rating scale (refer to Appendix C) was developed to score the 

accuracy of responses obtained from the symbol sequence production task in the 

participant groups and subgroups. The scale allowed accounting for syntactic 

appropriateness, syntactic complexity, and semantic aspects of the response into the 

accuracy scoring. The content validity of the scale was carried out by five SLPs and the 

final rating scale was developed.   

A set of target sentences for the symbol sequence imitation task (task 6) was 

adapted from the syntactic performance subsection of the TASP (Bruno, 2010) through 

the following steps. First, the target sentences in English were subjected to forward 

translation to Malayalam language by two laypersons proficient in both languages. The 

necessary changes required to preserve the meaning of the target sentences in English 

as well as to maintain the different level of syntactic complexity was made to the 

stimuli. Second, any discrepancies between the two individuals' translations were 
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resolved in order to obtain a list of Malayalam target sentences. Third, the translated 

sentences underwent backward translation by another two bilingual laypersons 

proficient in English and Malayalam. The forward and backward translations were 

reviewed and necessary modifications were made. These sentences were rated by five 

SLPs in terms of equivalence of sentence length (highly equivalent-2, fairly equivalent-

1, not equivalent-0), syntactic appropriateness (highly appropriate -2, fairly 

appropriate-1, not appropriate-0), and semantic appropriateness (highly appropriate -2, 

fairly appropriate-1, not appropriate-0). A total of 18 target sentences in Malayalam 

rated high were included for the final study. 

3.5 Pilot study 

  A pilot study was conducted on five neurotypical adults and three persons with 

aphasia (who were not included in the main study) to determine and verify the stimuli, 

tasks and presentation related parameters to be used in the study. The number of stimuli 

used for each task, the target and foil stimuli used for each task, order of presentation 

of the stimulus (stimulus-related parameters), mode of presentation of tasks, order of 

presentation of tasks, number of grid sizes to be used for various tasks (task-related 

parameters), number of attempts to be provided and response duration (presentation 

related parameters) was noted during the pilot study. The performance of neurotypical 

adults provided support for the manner in which stimuli and tasks were developed for 

the study. All of the parameters were kept unchanged for the main study except for 

response duration and number of attempts.  

During the pilot study, each participant was given 15 seconds to respond 

correctly to a particular test item in each task. The neurotypical adults were able to 

complete all of the behavioural tasks in an average of 2 hours per participant, with an 

average time of less than 15 seconds per test item. Persons with aphasia often took more 
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than 15 seconds per test item, with those having severe aphasia performing only with 

an increase in time allotted (range 10-50 sec). Considering the observations from the 

pilot study and a previous investigation on the identification of single symbol and 

subject-verb-object (S-V-O) sentences which provided a time of 60 sec for persons with 

moderate to severe Broca’s aphasia to respond (Petroi et al., 2014), a time duration of 

60 sec was chosen for the original study. The decision to make the final task to be 

untimed was taken after the pilot study as time constraints were found to affect the 

performance of persons with aphasia.  

The number of attempts given to the participant to produce a correct response 

was three during the pilot study. With an increase in the time provided to respond to 60 

sec, it was logical to increase the number of attempts beyond three. Hence, for the main 

study, the participants were provided with five attempts to produce a correct response.  

3.6 Procedure  

  All participants who were recruited as per the subject selection criteria 

underwent familiarization tasks before administration of each of the behavioural tasks 

after obtaining a written consent. All sessions were carried out in a quiet room, free 

from distractions, and the responses of all the participants were video and audio 

recorded for later analyses.  

  Neurotypical adults took a maximum of two sessions to complete all the tasks. 

The time taken by PWA to complete the tasks varied and an average of five sessions 

were required. The participants were provided brief periods of rest whenever required 

or at the end of one task. The administration of tasks was terminated if the participant 

(especially PWA) reported fatigue or they had difficulty in attending to them and was 

continued in the next session. A summary of the study procedure is provided in Figure 

3.1. 
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Figure 3.1. Flowchart depicting summary of data collection procedure in the study 

3.6.1 Familiarization Task 

  Since none of the participants had any prior exposure or experience using AAC 

or symbols, familiarization trials were conducted before each behavioural task. This 

allowed each of the participants to familiarize themselves with the tasks before the 
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investigation began. Five practice items were provided prior to each of the seven 

behavioural tasks. The symbols and target sentences used for the practice trials were 

different from the ones used in the original study. The instructions used for practice 

items were the same as those used for the original test stimuli. Correct responses 

provided by the participant were acknowledged and incorrect responses were corrected.  

3.6.2 Behavioural Tasks 

 A total of seven behavioural tasks (refer Figure 3.2) were constructed to explore 

the performance of participants to identify, categorize, and sequence symbols to meet 

the objectives of the study. The seven tasks consisted of three identification tasks, two 

categorization and two symbol sequencing tasks. The description of each task along 

with the stimuli used and its administration are described in detail in the below sections. 

The order of the tasks was made random during administration and care was taken not 

to administer tasks of similar nature consecutively to avoid practice effect on the 

performance of participant groups.  

 

 Figure 3.2. Behavioural tasks designed to meet objectives of the study    
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 Symbol Identification Tasks. Identification of single symbols consisted of 

participants identifying target symbols from a set of symbols and foils to evaluate their 

ability to recognize symbols. The instructions to the participants for identification tasks 

were provided in Malayalam language and the English version of the instruction was, 

You will be given a set of picture symbols. Look carefully at all the picture symbols and 

point to the one that I say. The participants were given a total of 60 seconds to respond 

to a particular test item. If they were unable to produce a correct response in 60 seconds, 

they were provided with the next test item. If they pointed or selected an incorrect 

symbol within 60 seconds, they were given four more attempts to point to the correct 

test item. A total of three tasks were designed to measure symbol identification abilities. 

In addition to tapping the symbol identification abilities, each of the tasks was designed 

for gathering additional relevant information on the performance of the participants. 

The tasks are described in detail below: 

 Identification Task 1. The first identification task required the participants to 

identify symbols in varying grid sizes. Apart from tapping the symbol identification 

ability it also allowed to determine the effect of the number of symbols per display (i.e., 

grid size) on the identification of the target PCS symbol and the effect of cognitive 

taxing on recognition of the target PCS symbol. The stimuli for this task included four 

PCS symbols representing concrete nouns to avoid the influence of different levels of 

concreteness associated with word classes if any (such as verbs, adjectives, and 

prepositions) on symbol identification. Thus, any difficulty in identifying symbols can 

be attributed to the grid size and not to the iconicity of symbols or concreteness of the 

referent. The same set of four nouns was arranged at different grid levels (i.e., four, 

eight, twelve, and sixteen) along with foil symbols. All the test items were presented 

randomly to each participant. The participants were expected to point to the target PCS 
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symbols (nouns) across four grid levels (i.e., four, eight, twelve, and sixteen symbols 

per display) as shown in Figure 3.3.  

 

Figure 3.3. Sample template for Identification task 1 showing grid sizes (a) four, (b) 

eight, (c) twelve, and (d) sixteen 

  Identification Task 2.  This task required the participants to identify PCS 

symbols across two symbol organizations and background colour cue conditions as 

shown in Figure 3.4. The task also allowed investigation of the effect of symbol 

background colour cues and symbol arrangement on the identification of symbols.  

  In the first condition, PCS symbols were arranged in a taxonomic grid display 

with each semantic category colour based on the modified Fitzgerald key (Thistle, 

2019). The word class category and the corresponding colour coding were— people 

(yellow), verbs (green), adjectives (blue), and things (orange). The second condition 

involved randomly arranging the same set of PCS symbols without any categorization 
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or colour coding in a grid display. The participants were expected to point to seven 

target symbols under these two conditions across four grid sizes (i.e., 4, 8, 12, and 16 

grid sizes). The two conditions were counterbalanced across each grid size and target 

items were randomly presented to the participant.  

 
              (a) Condition 1    (b) Condition 2 

 

Figure 3.4. Sample template for identification task 2 showing PCS symbols between 

two symbol organizations and background colour cue conditions.  

 Identification Task 3. This task involved the identification of PCSs belonging 

to different grammatical categories such as verbs, nouns, adjectives, and prepositions 

(refer Figure 3.5). The task allowed determining the effect of the grammatical category 

on the identification of target symbols. 

 The participants were expected to identify a total of 60 target PCS belonging to 

different grammatical categories (Nouns=18, Verbs =17, Adjectives =15, 

prepositions=10) in each of the four grid sizes.  
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Figure 3.5. Sample template for identification task 3 showing PCS symbols belonging 

to different grammatical categories along with foil symbols (for example, Hen =noun, 

cutting=verb, few =adjective, and down = preposition)   

  Symbol Categorization Tasks. The symbol categorization abilities were 

investigated using two tasks which studied the auditory categorization and visual 

categorization of PCS symbols. In other words, these tasks aimed at investigating the 

participants’ ability to visually and auditorily categorize symbols to gain (a) insight into 

their understanding of how vocabulary can be associated and categorized using graphic 

symbols, and (b) determine if categorization ability was modality bound (auditory vs. 

visual). The participants were expected to categorize a total of 30 target symbols into 

four semantic categories (i.e., animals, food, action verbs, and things). The sample 

stimulus plate for these tasks is provided in Figure 3.6. The participants were given 60 

seconds to correctly categorize the test items. If they were unable to correctly categorize 

a symbol in 60 seconds, they were provided with the next test item. If they incorrectly 

categorized a symbol within 60 seconds, they were given four more attempts to produce 

a correct response.  
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Figure 3.6. Sample template for symbol categorization task where PCS symbols 

representing four categories (animals, food, action verbs, and things)  

  Auditory Categorization Task (Task 4).  In the auditory categorization task, 

each participant was expected to point to the appropriate category denoted by PCS in 

response to the spoken target word. The instruction to the participants for the task was 

provided in Malayalam language and the English version of the instruction was, I will 

say a word, point to the category to which the word belongs.  

  Visual Categorization Task (Task 5).  The target symbols for this task were 

printed out on 3 cm x 3 cm cards and the participants were expected to place these PCS 

symbol cards into the appropriate semantic category denoted by PCS, one by one. The 

cards were mixed randomly and given to each participant to sort. The instruction to the 

participants for the task was provided in Malayalam language and the English version 

of the instruction was, You will be given a picture symbol card. Look at the card 

carefully and place the card in the correct category to which it belongs.   

 Symbol Sequencing Tasks. The symbol sequencing abilities or in other words, 

the ability to combine symbols in a sequence were explored using two tasks, symbol 

sequence imitation task and symbol sequence production task, both of which are 
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described in detail below.   

  Symbol Sequence Imitation Task (Task 6). In this task, the participant was 

expected to sequence symbols after the researcher pointed and said the designated 

sequence. This task determined if the participants can imitate symbol sequences of 

varying syntactic complexity (i.e., from two symbol sequences to four or five symbol 

sequences). The PCS symbols required for each sentence along with foil symbols were 

arranged in a taxonomic grid display with each semantic category colour coded with 

Fitzgerald key (refer to Figure 3.7). Only three grid sizes (i.e., eight, twelve and sixteen) 

were used for this particular task as sequencing of symbols is difficult on a 2 x 2 array 

or grid size containing only 4 symbols.  

 

Figure 3.7. Sample template for symbol sequence imitation task 

The instruction to the participants for the task was provided in Malayalam 

language and the English version of the instruction was, I will say and point to certain 

symbol sequences corresponding to a sentence in Malayalam. You have to point to the 

same sequence of symbols as I have shown. The participants were given 60 seconds to 

correctly imitate each of the symbol sequences. If they were unable to correctly imitate 
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a symbol sequence within 60 seconds, they were provided with the next test item. If 

they incorrectly sequenced symbols or omitted symbols in a target sequence within 60 

seconds, they were given four more attempts to produce a correct response.  

Symbol Sequence Production Task (Task 7). The task aimed to determine the 

ability to sequence symbols to form messages to convey meaning. A picture description 

task involving 13 real coloured photographs containing action pictures were used to 

assess the performance of the participants. The participants were expected to construct 

simple sentences using symbol combinations in response to each of the real coloured 

photographs. The target symbols corresponding to each sentence along with foil 

symbols were arranged in a 4x4 taxonomic grid display (containing 16 symbols) with 

each semantic category colour coded with Fitzgerald key (refer to Figure 3.8).  

 

Figure 3.8. Sample template for symbol sequence production task  

The instruction to the participants for the task was provided in Malayalam 

language and the English version of the instruction was, You will be shown a few real 

photographs one by one. Describe the photographs using the symbols provided as 

practiced before. This particular task was untimed; however, they were provided with 
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a minimum of three attempts to produce the target sentence using symbol sequences. 

The next target stimuli were provided when the participant produced a correct response 

or when they indicated that they are ready for the next stimuli. The best of all the 

attempts which contained the maximum number of correct target symbols were taken 

for further analyses.  

3.7 Response Scoring 

  Both the correct and error responses for each task were measured and scored 

from the obtained video samples. The procedure for scoring of responses and 

calculation of data for statistical analyses is described below: 

3.7.1 Correct Responses 

  The correct responses were measured in terms of accuracy, efficiency, and 

response time for all tasks except the symbol sequence production task (task 7). In task 

7, only accuracy was measured as this task was untimed and the participants were given 

any number of attempts till they produced a response or indicated that they are ready 

for the next test stimuli. For all tasks except for task 7, the correct response was scored 

as “1” and incorrect response or no response was scored as “0” for each test item to 

calculate the accuracy of responses. For calculating the accuracy score for the symbol 

sequence production task, a 12-point scale was developed (refer to Appendix C). The 

symbol production accuracy scale measured the combined accuracy of semantic and 

syntactic aspects of simple sentences constructed using symbols. To enable statistical 

analyses, accuracy was calculated in percentage as per the following method- the total 

number of correct responses divided by the maximum possible correct targets (Thistle 

& Wilkinson, 2017) multiplied by 100. A symbol performance quotient (SPQ) score 

was calculated by dividing the accuracy scores of correct responses from all the seven 

tasks by the maximum attainable accuracy score, multiplied by 100. This quotient was 
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used to correlate the symbolic language abilities with the verbal language abilities (as 

measured using aphasia quotient) and non-verbal language abilities (as measured using 

cortical quotient) in persons with aphasia. The illustration of the same is given below: 

 

 

 

  The number of attempts to produce an accurate response was noted to calculate 

the efficiency using a reverse scoring method. If the participant could produce a correct 

response in the first attempt, they would receive an efficiency score of “4” for that 

particular test item. If the participant could only produce a correct response in the 

second or third attempt, they received a score of “3” and “2” respectively. Any attempts 

beyond three received a score of “1” and if the participants did not attempt to respond 

to a particular test item, they were given a score of “0”. Efficiency was also calculated 

in percentage for statistical analyses using the following equation- the total efficiency 

score of correct responses divided by the maximum attainable score multiplied by 100. 

Thus, more attempts to produce a correct response resulted in a reduced efficiency 

score. The response time of correct responses was measured in terms of the time 

duration in seconds from the onset of presentation of a stimulus to the beginning of the 

correct response for each task provided (Petroi et al., 2014). A freely downloadable 

video analyzing software, Wondershare Filmora 9 was used to extract response time in 

seconds. The response time was averaged for further statistical analyses.  

 3.7.2 Error Responses  

 The errors made while identifying, categorizing and sequencing target symbols 

in PWA were documented. A descriptive analysis of errors was employed to understand 

the nature of errors. For identification tasks, the non-target PCS selection or error 

Symbol Performance Quotient = Accuracy scores of correct responses from 

           all seven tasks   

          Maximum attainable accuracy score  
x 100 
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responses were recorded in terms of (a) errors due to perceptual indistinctiveness, where 

target PCS shares visual features with a different PCS that can make them look similar, 

(b) errors due to semantic indistinctiveness where the symbols do not look similar 

visually but may represent the same meaning as that of a different PCS used in the 

study, (c) errors due to both perceptual and semantic indistinctiveness, where symbols 

both look similar and have the potential to represent the same meaning (Dada et al., 

2013), (d) unrelated error as a result of a random selection of a symbol which was not 

as a result of perceptual or semantic indistinctiveness, and (e) no response or “I do not 

know” response. A total frequency of non-target PCS selection or percentage of a total 

error response for all three identification tasks combined was calculated as the total 

number of non-target selections divided by the total response (correct and error), 

multiplied by 100. For each type of error response in identification, a percentage of 

error response was calculated in terms of the total error produced.  

The frequency of categorization errors was recorded for both symbol 

categorization tasks. For symbol sequencing tasks, errors were recorded in terms of 

selection errors and sequencing errors. The selection errors were further analyzed in 

terms of (a) omission errors of predicates and arguments, and (b) substitution of 

predicates and arguments. The omission and substitution errors were calculated as the 

proportion of symbols omitted and substituted from a participant's response calculated 

across each component of the sentence respectively (Weinrich et al., 1997). The 

sequencing errors were reported in terms of word-order errors.  The word order was 

considered correct if the sentences constructed using symbols were syntactically correct 

(i.e., follows the subject-object-verb order of Malayalam language) even if the symbols 

did not match the target. Sequencing errors were only considered for productions 

involving a combination of two or more symbols.  
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Only the errors on the participants' final attempt for each target item was taken 

for error analysis (Binger et al., 2019) and the attempts were considered final when the 

participant indicated that they are ready to move on to the next item either verbally or 

gesturally. For the symbol production task (task 7), the errors on their best attempt (i.e., 

response having the maximum target responses) were considered for descriptive 

analysis.   

3.8 Statistical Analyses 

Descriptive data for each task was tabulated for each participant. The obtained 

data were analyzed using IBM Statistical Package for Social Sciences (SPSS) Version 

26. Descriptive analyses in terms of mean, standard deviation, median and inter-quartile 

range were estimated for the data for each objective. Non-parametric tests were done 

mostly across the study because (a) the data followed non-normal distribution, as 

evidenced in the Shapiro-Wilk test of normality, and (b) other assumptions of 

parametric tests were not met. In instances where data followed a normal distribution, 

parametric tests were also applied. For all tests, statistical significance was considered 

at p<.05. Whenever multiple tests were performed on the data set, Bonferroni 

corrections were applied. Bonferroni corrections allowed adjusting the significance 

value to reduce the possibility of making Type I error when performing multiple 

statistical comparisons (Armstrong, 2014). The statistical analyses in the present study 

involved main analyses and additional analyses which are described in the sections 

below. 

3.8.1 Main Analyses 

The main analyses included statistical analyses that were done to meet the 

objectives of the study. The calculation of all dependent variables (i.e., accuracy, 

efficiency, and response time) in each task for statistical analyses are described below 
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along with a summary of the statistical tests done.  

  Symbol Identification Tasks. For identification task 1, the accuracy, 

efficiency, and response time of correctly identified symbols were calculated for each 

grid size (i.e., four, eight, twelve, and sixteen). For identification task 2, which involved 

symbol identification between two symbol organization and background colour cue 

conditions, the average accuracy, efficiency, and response time was calculated for 

correctly identified symbols for each condition in four grid sizes. For identification task 

3, which involved the identification of symbols belonging to different grammatical 

categories, the accuracy, efficiency, and response time was calculated for each category 

(i.e., nouns, verbs, adjectives, and prepositions). The average accuracy (%), efficiency 

(%), and response time (sec) for all correctly identified symbols in all three 

identification tasks combined were calculated to meet the study objectives 1. (i) and 1. 

(ii).   

 Symbol Categorization Tasks. Behavioural tasks 4 and 5 involved visual and 

auditory categorization of PCS belonging to different semantic categories. For both 

tasks, accuracy was calculated in terms of the total number of PCS correctly 

categorized, and efficiency was calculated as the total number of attempts required to 

correctly categorize a symbol in a semantic category. The response time was calculated 

as the time measured from the period of onset of presentation of the stimulus (in terms 

of stimulus card or spoken stimulus) to the time that the participant correctly 

categorized the target symbol. The percentage of accurately categorized symbols, 

efficiency in terms of percentage of correctly categorized symbols, and response time 

of the symbols correctly categorized was averaged for all the stimuli from both tasks 

and the data was analyzed to meet the study objective 2. (i) and 2. (ii). The averaged 

data from each task of categorization was analyzed to meet the sub-objectives 2.a.(i), 
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2.a.(ii), 2.b(i) and 2.b.(ii) of the study.  

  Symbol Sequencing Tasks. For the symbol sequence imitation task (task 6), 

accuracy was calculated as the total number of correctly imitated sequences; efficiency 

was the total number of attempts required to imitate the symbol sequences correctly and 

response time was the time measured as the period of onset of presentation of a stimulus 

to the time that the participant correctly imitated the symbol sequence. The accuracy, 

efficiency, and response time for all correctly produced targets in each grid size were 

calculated separately and later averaged to determine the performance of participant 

groups and subgroups on symbol sequence imitation.  For the symbol sequence 

production task (task 7), only the accuracy of responses was calculated and a 12-point 

scale was used (refer to Appendix C). The accuracy for each sentence constructed using 

the symbol was calculated separately and total accuracy in percentage was calculated 

using the equation mentioned earlier for all other tasks. The average accuracy in 

percentage obtained for both sequencing tasks combined was used to meet the study 

objectives 3. (i) and 3. (ii), and the averaged data from both tasks were analyzed 

separately to meet the sub-objectives 3.a.(i), 3.a.(ii), 3. b(i) and 3.b.(ii)  of the study  

  Overall Performance. The performance from all behavioural tasks in terms of 

percentage of average accuracy (or symbol performance quotient) was used to meet the 

study objectives 4. (i) and 4. (ii).  

 Correlation between Symbolic Language Abilities, Verbal Language 

Abilities, and Non-Verbal & Verbal Cognitive Abilities. The symbol performance 

quotient derived from accuracy scores obtained from all seven behavioural tasks, 

aphasia quotient and cortical quotient derived from the test of aphasia in Malayalam 

was used to meet objectives 5 and 6 of the study.  A summary of statistical analyses 

done to meet the objectives of the study are illustrated in Figure 3.9.  
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Figure 3.9. Flowchart of statistical analyses performed to meet objectives of the study 

3.8.2 Additional Analyses 

The data was further analysed over and above the objectives of the study to 

explore the available data to gain more insights on the performance of participants. 

Hence, this set of data analyses was labelled as additional analyses in the present study 
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and is described below.  

  Symbol Identification Tasks. From the data obtained on each of the 

identification tasks, an additional analysis was done to determine the effect of (i) grid 

size, (ii) symbol organization and background colour coding, and (iii) grammatical 

category of referents on the identification of symbols in each participant group and 

subgroups. To investigate the effect of grid size on symbol identification, the average 

accuracy, efficiency and response time obtained from each of the four grid sizes (i.e., 

4, 8, 12 and 16) in Identification task 1 was compared. The average accuracy, 

efficiency, and response time obtained from two symbol organization conditions in 

identification task 2 were compared to explore the effect of symbol organization and 

background colour coding on symbol identification. In task 3, the average accuracy, 

efficiency and response time obtained for identifying symbols in each grammatical 

category (i.e., nouns, verbs, adjectives and verbs) was compared to determine the effect 

of the grammatical category of referent on the identification of symbols.  

A descriptive error response analyses was also performed in each subgroup of 

aphasia in terms of the percentage of error responses for different types of symbol 

identification errors.  

  Symbol Categorization Tasks. A comparison of performance between 

auditory and visual categorization was performed using the data obtained from each 

task of categorization in the participant groups and subgroups.  An error response 

analyses was also performed descriptively in each subgroup of aphasia in terms of the 

percentage of auditory and visual categorization errors. 

  Symbol Sequencing Tasks. Additional linguistic analyses along semantic and 

syntactic measures were performed on the sentences produced using symbols in the 

symbol sequence production task. In the semantic domain, the correct information unit 
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(CIU) analyses (Nicholas & Brookshire, 1993) were used for measuring the quantity of 

information and efficiency with which information in the connected speech was 

adapted to be used for analyzing aided sentences produced by the participants. Thus, 

the semantic measures included the total number of symbols, the total number of correct 

information units for symbols, and the percentage of correct information units for 

symbols (CIU-S). The total number of symbols included any symbol chosen from the 

communication board despite it being relevant to the stimulus shown. The total number 

of CIU-S included those symbols that were relevant to the target picture even though 

incorrectly sequenced. The percentage CIU-S (% CIU-S) was obtained by dividing the 

total CIU-S by the total number of symbols multiplied by 100. Each of these measures 

was averaged for all 13 stimuli and taken up for final analyses.  

  The syntactic measures included (a) percentage of complete sentences (Marini 

et al., 2011), and (b) the percentage of the correct number of verbs (Weinrich et al., 

1997). A percentage of complete sentences were calculated by dividing the number of 

grammatically correct sentences (i.e., a sentence with all required syntactic information 

in the S-O-V word order of Malayalam) with the number of utterances and then 

multiplying by 100. The correct number of verbs for each stimulus was calculated even 

if the production was syntactically incorrect and despite containing an incorrect subject 

or object (Weinrich et al., 1997). The percentage of the correct number of verbs was 

calculated by dividing the total number of correct verbs by the expected number of 

verbs, multiplied by 100.  

Error responses for sequencing tasks were analyzed descriptively in each 

subgroup of aphasia in terms of percentage of symbol selection errors and symbol 

sequencing errors.  
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A flowchart of the statistical tests performed for additional analyses of the data 

is provided in Figure 3.10.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.10. Flowchart summarizing statistical tests performed as additional analyses  

Descriptive Statistics 

Normality Test 

(Shapiro-Wilk) 

 

Inferential Statistics 

 (Non-parametric test) 

Inferential Statistics 

(Parametric tests) 

Friedman’s 

ANOVA 
Mixed 

ANOVA 

(a) Compare 

 across four 

grid sizes 

(task 1) 

 

(b) Compare 

across four 

grammatical 

categories of 

symbols (task 

3) 

Wilcoxon 

signed ranks 

test 

a) Compare 

between two 

symbol 

conditions 

(task 2) in 

terms of 

accuracy 

b) Compare 

between task 

4 and task 5 

in terms of 

accuracy, 

efficiency & 

response time 

in PWA, 

neurotypical 

adults and 

anomic 

aphasia 

Wilcoxon 

signed 

ranks test 

for post hoc 

analyses 

with 

Bonferroni 

corrections 

Kruskal Wallis 

H test  

Compare 

linguistic 

measures (task 

7) across 

subgroups of 

PWA and 

neurotypical 

adults  

Mann-

Whitney U 

test for post 

hoc analyses  

(a) Compare 

between two 

symbol conditions 

(identification task 

2) in terms of 

efficiency and 

response time 

 

b) Compare 

between Task 4 and 

Task 5 in terms of 

efficiency and 

response time 

 

Tukey’s Test post-

hoc analyses  

Non-normal distribution Normal distribution 

Repeated 

measures 

ANOVA 

(a) Compare 

efficiency 

across 

grammatical 

categories 

(task 3) in 

anomic 

aphasia  

Paired t-

test for 

post hoc 

analyses 

with 

Bonferroni 

corrections 



 

104 
 

 3.9 Reliability of dependent variables 

The inter-rater reliability of dependent variables (accuracy, efficiency and 

response time) were measured by analyzing the video-recorded samples of eight 

randomly selected participants (i.e., 20% of the participants) by a clinically practising 

speech-language pathologist familiar with the terms used in the study.  

The rater was explained all the operational definitions laid for this study and 

was given the training to use the video-editing software before the data analysis was 

initiated. The rater independently analyzed the video recorded samples to obtain 

accuracy, efficiency, and response time for each behavioural task for all eight 

participants. The data provided by the rater was compared with the data entered by the 

primary researcher using Cronbach’s alpha (α) to estimate the internal consistency of 

the outcome measures used in the study.  

The results of inter-rater reliability are provided in Table 3.4. The Cronbach’s 

correlation coefficient (α) value of greater than 0.9 is considered as excellent inter-rater 

reliability, a value between 0.9 and 0.7 is considered good, between 0.6 and 0.7 is 

considered acceptable, between 0.6 and 0.5 is poor and any value less 0.5 is considered 

unacceptable (Kline, 1999). From the table, it is evident that all the outcome measures 

had excellent inter-rater reliability. Whenever the inter-rater values were constant, 

Cronbach’s alpha couldn’t be determined; however, a 100% agreement was seen 

between both the raters.  
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Table 3.4 

Results of Inter-Judge Reliability of the Dependent Variables Measured for Each Task 

Analyzed Using Cronbach’s Alpha (α) 

Tasks Subtasks Dependent 

Variables 

Cronbach’s alpha 

Identification Task 1 Accuracy * 

  Response Time .979 

  Efficiency * 

 Task 2 Accuracy 1.000 

  Response Time .991 

  Efficiency 1.000 

 Task 3 Accuracy 1.000 

  Response Time .979 

  Efficiency .997 

 Overall Accuracy 1.000 

  Response Time .999 

  Efficiency .999 

Categorization Task 4 Accuracy * 

  Response Time .998 

  Efficiency .994 

 Task 5 Accuracy 1.000 

  Response Time .998 

  Efficiency .995 

 Overall Accuracy 1.000 

  Response Time .999 

  Efficiency .998 

Sequencing Task 6 Accuracy * 

  Response Time .983 

  Efficiency .969 

 Task 7 Accuracy 1.000 

 Overall Accuracy 1.000 

Total performance on all seven tasks Accuracy 1.000 

Note. * means that the inter-rater values were a constant and hence reliability co-

efficient could not be determined; however 100% agreement was seen between both 

the raters.  
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CHAPTER IV 

RESULTS  

 The present study aimed to investigate the symbolic language abilities for aided 

communication in PWA. The symbolic language abilities explored in this study 

included the ability to identify, categorize, and sequence AAC symbols. These abilities 

were tapped by measuring the accuracy (%), efficiency (%), and response time (sec) 

taken (dependent variables) to perform tasks involving identification, categorization, 

and sequencing of symbols. In the present study, a total of seven experimental tasks 

were designed which included three tasks involving identification, two tasks involving 

categorization, and two tasks involving sequencing of AAC symbols. The performance 

of PWA was compared with age, gender, and education-matched neurotypical adults. 

Furthermore, the relationship between symbolic language abilities and verbal language 

abilities as well as between symbolic language abilities and non-verbal & verbal 

cognitive abilities in PWA were also analyzed. The verbal language abilities and non-

verbal & verbal cognitive abilities were measured using aphasia quotient scores and 

cortical quotient scores respectively which obtained from the test of aphasia in 

Malayalam (Jenny, 1992).  

 The data obtained from 20 PWA and 20 neurotypical adults who participated in 

the study were taken for analysis. Among 20 PWA, 10 participants had anomic aphasia 

and 10 participants had Broca’s aphasia (which formed the subgroups of aphasia). 

Those participants in both groups who were found as outliers were not excluded from 

the final data analysis as the findings did not substantially change with and without the 

outliers. Analyses of performance were done to meet the study objectives and sub-

objectives which were as follows: 
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1. To compare the symbol identification abilities in terms of accuracy, 

efficiency, and response time obtained on all three identification tasks 

combined (task 1, task 2 and task 3)  

   (i) between PWA and neurotypical adults 

   (ii) across subgroups of PWA and neurotypical adults 

2. To compare the symbol categorization abilities in terms of accuracy, 

efficiency and response time obtained on both categorization tasks 

combined (auditory categorization or task 4 and visual categorization or task 

5)  

   (i) between PWA and neurotypical adults 

   (ii) across subgroups of PWA and neurotypical adults 

2. a) To compare the symbol categorization abilities in terms of 

accuracy, efficiency, and response time obtained on auditory 

categorization task (task 4) 

   (i) between PWA and neurotypical adults 

   (ii) across subgroups of PWA and neurotypical adults 

2. b) To compare the symbol categorization abilities in terms of 

accuracy, efficiency, and response time obtained on visual 

categorization task (task 5) 

   (i) between PWA and neurotypical adults 

   (ii) across subgroups of PWA and neurotypical adults 

3. To compare the symbol sequencing abilities in terms of accuracy of 

response obtained on both sequencing tasks combined (task 6 and task 7)  

   (i) between PWA and neurotypical adults 

   (ii) across subgroups of PWA and neurotypical adults 
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3. a) To compare the symbol sequencing abilities in terms of accuracy, 

efficiency, and response time obtained on symbol sequence imitation   

task (task 6) 

   (i) between PWA and neurotypical adults 

   (ii) across subgroups of PWA and neurotypical adults 

3. b) To compare the symbol sequencing abilities in terms of accuracy 

of  response obtained from symbol sequence production Task (Task 7) 

   (i) between PWA and neurotypical adults 

   (ii) across subgroups of PWA and neurotypical adults 

4. To compare symbolic language abilities in terms of accuracy of response 

obtained on all tasks of identification, categorization and sequencing 

combined   

   (i) between PWA and neurotypical adults 

   (ii) across subgroups of PWA and neurotypical adults  

5. Determine the relationship between the symbolic language abilities and 

verbal language abilities in PWA and subgroups of PWA. 

6. Determine the relationship between symbolic language abilities and 

nonverbal & verbal cognitive abilities in PWA and subgroups of PWA. 

 

 The statistical analyses done in the present study includes main analyses done 

to meet the objectives of the study and additional analyses on the obtained data to 

gain more insight into the performance of the participants. In the main analyses, the 

statistical tests employed on the dependent variables derived from the tasks (i.e., 

accuracy, efficiency, and response time) are provided in Table 4.1. 

 



 

109 
 

Table 4.1  

List of statistical tests employed to meet the objectives in the present study 

Statistical Test Comparison/ Correlation 

Objective 1.(i) 

Descriptive Statistics Mean, SD, Median and inter-quartile range of 

the average accuracy (%), efficiency (%), and 

response time (sec) obtained from all three 

identification tasks in PWA (i.e., combined 

group of anomic aphasia and Broca’s aphasia) 

and neurotypical adults 

Mann-Whitney U test* To compare the performance between PWA 

and neurotypical adults on all three 

identification tasks combined  

Objective 1.(ii) 

Descriptive Statistics Mean, SD, Median and inter-quartile range of 

the average accuracy (%), efficiency (%), and 

response time (sec) obtained from all three 

identification tasks in each subgroup of PWA 

(i.e., anomic aphasia and Broca’s aphasia) 

and neurotypical adults 

Kruskal-Wallis H test  To compare the performance across 

subgroups of PWA and neurotypical adults on 

all three identification tasks combined 

Mann-Whitney U test* To determine the pairwise comparison of 

performance between participant groups 

Objective 2.(i) 

Descriptive Statistics Mean, SD, Median and inter-quartile range of 

the average accuracy (%), efficiency (%), and 

response time (sec) obtained from both 

categorization tasks in PWA (i.e., combined 

group of anomic aphasia and Broca’s aphasia) 

and neurotypical adults 

Mann-Whitney U test* To compare the performance between PWA 

and neurotypical adults on both 

categorization tasks combined  
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Statistical Test Comparison/ Correlation 

Objective 2.(ii) 

Descriptive Statistics Mean, SD, Median and inter-quartile range of 

the average accuracy (%), efficiency (%), and 

response time (sec) obtained from both 

categorization tasks in each subgroup of 

PWA (i.e., anomic aphasia and Broca’s 

aphasia) and neurotypical adults 

Kruskal-Wallis H test  To compare the performance across 

subgroups of PWA and neurotypical adults on 

from both categorization tasks  

Mann-Whitney U test* To determine the pairwise comparison of 

performance between participant groups 

Objective 2.a.(i) 

Descriptive Statistics Mean, SD, Median and inter-quartile range of 

the average accuracy (%), efficiency (%), and 

response time (sec) obtained from auditory 

categorization tasks in PWA (i.e., combined 

group of anomic aphasia and Broca’s aphasia) 

and neurotypical adults 

Mann-Whitney U test* To compare the performance between PWA 

and neurotypical adults on the auditory 

categorization task  

Objective 2.a.(ii) 

Descriptive Statistics Mean, SD, Median and inter-quartile range of 

the average accuracy (%), efficiency (%), and 

response time (sec) obtained from auditory 

categorization task in each subgroup of PWA 

(i.e., anomic aphasia and Broca’s aphasia) 

and neurotypical adults 

Kruskal-Wallis H test  To compare the performance across 

subgroups of PWA and neurotypical adults on 

from auditory categorization task 

Mann-Whitney U test* To determine the pairwise comparison of 

performance between participant groups 
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Statistical Test Comparison/ Correlation 

Objective 2.b.(i) 

Descriptive Statistics Mean, SD, Median and inter-quartile range of 

the average accuracy (%), efficiency (%), and 

response time (sec) obtained from visual 

categorization tasks in PWA (i.e., combined 

group of anomic aphasia and Broca’s aphasia) 

and neurotypical adults 

Mann-Whitney U test* To compare the performance between PWA 

and neurotypical adults on the visual 

categorization task  

Objective 2.b.(ii) 

Descriptive Statistics Mean, SD, Median and inter-quartile range of 

the average accuracy (%), efficiency (%), and 

response time (sec) obtained from visual 

categorization task in each subgroup of PWA 

(i.e., anomic aphasia and Broca’s aphasia) 

and neurotypical adults 

Kruskal-Wallis H test  To compare the performance across 

subgroups of PWA and neurotypical adults on 

from visual categorization task 

Mann-Whitney U test* To determine the pairwise comparison of 

performance between participant groups 

Objective 3.(i) 

Descriptive Statistics Mean, SD, Median and inter-quartile range of 

the average accuracy (%) obtained from both 

sequencing tasks in PWA (i.e., combined 

group of anomic aphasia and Broca’s aphasia) 

and neurotypical adults 

Mann-Whitney U test* To compare the performance between PWA 

and neurotypical adults on both sequencing 

tasks combined  
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Statistical Test Comparison/ Correlation 

Objective 3.(ii) 

Descriptive Statistics Mean, SD, Median and inter-quartile range of 

the average accuracy (%) obtained from both 

sequencing tasks in each subgroup of PWA 

(i.e., anomic aphasia and Broca’s aphasia) 

and neurotypical adults 

Kruskal-Wallis H test  To compare the performance across 

subgroups of PWA and neurotypical adults on 

from both sequencing tasks combined 

Mann-Whitney U test* To determine the pairwise comparison of 

performance between participant groups 

Objective 3.a(i) 

Descriptive Statistics Mean, SD, Median and inter-quartile range of 

the average accuracy (%), efficiency (%), and 

response time (sec) obtained from symbol 

sequence imitation task in PWA (i.e., 

combined group of anomic aphasia and 

Broca’s aphasia) and neurotypical adults 

Mann-Whitney U test* To compare the performance between PWA 

and neurotypical adults on symbol sequence 

imitation task 

Objective 3.a(ii) 

Descriptive Statistics Mean, SD, Median and inter-quartile range of 

the average accuracy (%), efficiency (%), and 

response time (sec) obtained from symbol 

sequence imitation task in each subgroup of 

PWA (i.e., anomic aphasia and Broca’s 

aphasia) and neurotypical adults 

Kruskal-Wallis H test  To compare the performance across 

subgroups of PWA and neurotypical adults on 

from symbol sequence imitation task 

Mann-Whitney U test* To determine the pairwise comparison of 

performance between participant groups 
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Statistical Test Comparison/ Correlation 

Objective 3.b(i) 

Descriptive Statistics Mean, SD, Median and inter-quartile range of 

the average accuracy (%) obtained from 

symbol sequence production task in PWA 

(i.e., combined group of anomic aphasia and 

Broca’s aphasia) and neurotypical adults 

Mann-Whitney U test* To compare the performance between PWA 

and neurotypical adults on symbol sequence 

production task 

Objective 3.b(ii) 

Descriptive Statistics Mean, SD, Median and inter-quartile range of 

the average accuracy (%) obtained from 

symbol sequence production task in each 

subgroup of PWA (i.e., anomic aphasia and 

Broca’s aphasia) and neurotypical adults 

Kruskal-Wallis H test  To compare the performance across 

subgroups of PWA and neurotypical adults on 

symbol sequence production task 

Mann-Whitney U test* To determine the pairwise comparison of 

performance between participant groups 

Objective 4.(i) 

Descriptive Statistics Mean, SD, Median and inter-quartile range of 

the average accuracy (%) obtained from all 

seven behavioural tasks combined (symbol 

performance quotient)  in PWA (i.e., 

combined group of anomic aphasia and 

Broca’s aphasia) and neurotypical adults 

Mann-Whitney U test* To compare the performance between PWA 

and neurotypical adults on all seven 

behavioural tasks combined 

Objective 4.(i) 

Descriptive Statistics Mean, SD, Median and inter-quartile range of 

the average accuracy (%) obtained from all 
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Statistical Test Comparison/ Correlation 

seven behavioural tasks combined (symbol 

performance quotient) in each subgroup of 

PWA (i.e., anomic aphasia and Broca’s 

aphasia) and neurotypical adults 

Kruskal-Wallis H test  To compare the performance across 

subgroups of PWA and neurotypical adults on 

all seven behavioural tasks combined 

Mann-Whitney U test* To determine the pairwise comparison of 

performance between participant groups 

Objective 5 

Spearman’s rank-order correlation 

test** 

To determine the correlation between symbol 

performance quotient and aphasia quotient 

score in PWA 

Objective 6 

Spearman’s rank-order correlation 

test** 

To determine the correlation between symbol 

performance quotient and cortical quotient 

score in PWA 

Note. PWA= Persons with aphasia (i.e., combined group of persons with anomic 

aphasia and Broca’s aphasia) 

* The effect sizes for the Mann-Whitney U test were computed using the formula, re= 

|z|/ √N (Rosenthal, 1991); where N is the total number of participants in the study. An 

effect size of 0.3 was considered as low, a re-value of 0.3 to 0.5 was considered as 

medium effect size and any value greater than 0.5 was considered as high effect size 

(Field, 2009).   

**The Spearman coefficient (ρ) of greater than .70 is indicative of a very strong 

relationship, ρ-value between 0.69 and 0.40 is indicative of a strong relationship, a ρ-

value value between 0.39 and 0.30 is indicative of a moderate relationship, a ρ-value 

value between 0.29 and 0.20 is indicative of weak relationship and a ρ-value value 

between 0.19 and 0.01 is indicative of no or negligible relationship (Dancey & Reidey, 

2004).   
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The statistical tests employed for additional analyses are provided in Table 4.2. 

Table 4.2 

List of statistical tests employed for additional analyses in the present study 

Statistical Test Comparison 

Analysis 1 

Descriptive Statistics Mean, SD, Median and inter-quartile range of the 

average accuracy (%), efficiency (%), and 

response time (sec) obtained from each of the four 

grid sizes in PWA, subgroups of PWA (i.e., 

anomic aphasia and Broca’s aphasia) and 

neurotypical adults 

Friedman’s ANOVA  To determine the effect of grid size on symbol 

identification in participant groups and subgroups 

by comparing average accuracy (%), efficiency 

(%), and response time (sec) obtained across four 

grid sizes in identification task 1 

Wilcoxon signed ranks test 

with Bonferroni correction for 

post hoc analyses 

Pairwise comparison of performance between grid 

sizes in each participant group and subgroups 

Analysis 2 

Descriptive Statistics Mean, SD, Median and inter-quartile range of the 

average accuracy (%), efficiency (%), and 

response time (sec) obtained from two symbol 

conditions in PWA, subgroups of PWA (i.e., 

anomic aphasia and Broca’s aphasia) and 

neurotypical adults 

Wilcoxon signed ranks test  To determine the effect of symbol organization 

and background colour cueing on symbol 

identification in participant groups and subgroups 

in terms of accuracy by comparing the average 

accuracy (%) obtained between two symbol 

conditions in identification task 2 

Mixed ANOVA test * To determine the effect of symbol organization 

and background colour cueing on symbol 

identification in participant groups and subgroups 

in terms of efficiency and response time by 

comparing average efficiency (%), and response 

time (sec) obtained between two symbol 

conditions in identification task 2 
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Statistical Test Comparison 

Tukey’s test as post hoc 

analysis of Mixed ANOVA 

To determine individual means those are 

significantly different from a set of means.  

Analysis 3 

Descriptive Statistics Mean, SD, Median and inter-quartile range of the 

average accuracy (%), efficiency (%), and 

response time (sec) obtained from each of the four 

grammatical categories in PWA, subgroups of 

PWA (i.e., anomic aphasia and Broca’s aphasia) 

and neurotypical adults 

Friedman’s ANOVA test To determine the effect of the grammatical 

category of referents on symbol identification in 

participant groups and Broca’s aphasia subgroup 

in terms of accuracy by comparing average 

accuracy (%) obtained across four grammatical 

categories in identification task 3 

Wilcoxon signed ranks test with 

Bonferroni correction for post 

hoc analyses 

Pairwise comparison of performance between 

grammatical categories in each participant group 

and Broca’s aphasia subgroup 

Repeated measures ANOVA 

test  

To determine the effect of the grammatical 

category of referents on symbol identification in 

anomic aphasia subgroup in terms of efficiency 

and  response time by comparing average 

efficiency (%), and response time (sec) obtained 

across four grammatical categories in 

identification task 3 

Paired t-test with Bonferroni 

corrections as post hoc analyses 

of repeated measures ANOVA 

test  

Pairwise comparison of performance between 

grammatical categories in anomic aphasia 

subgroup 

Analysis 4 

Descriptive Statistics Mean, SD, Median and inter-quartile range of the 

average accuracy (%), efficiency (%), and 

response time (sec) obtained from both tasks of 

categorization task in PWA, subgroups of PWA 

(i.e., anomic aphasia and Broca’s aphasia) and 

neurotypical adults.  

Wilcoxon signed ranks test To determine the effect of presentation modality 

on symbol categorization in terms of accuracy, 

efficiency and response time in PWA and 

neurotypical adults by comparing average 
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Statistical Test Comparison 

accuracy (%), efficiency (%), and response time 

(sec) obtained from auditory categorization and 

visual categorization tasks 

Wilcoxon signed ranks test To determine the effect of presentation modality 

on symbol categorization in terms of accuracy in 

subgroups of aphasia by comparing average 

accuracy (%) obtained from auditory 

categorization and visual categorization tasks 

Mixed ANOVA test* To determine the effect of presentation modality 

on symbol categorization in terms of efficiency 

and response time by comparing average 

efficiency (%) and response time (%) obtained in 

both subgroups of aphasia from auditory and 

visual categorization tasks.   

Tukey’s test as post hoc 

analysis of Mixed ANOVA 

To determine individual means those are 

significantly different from a set of means.  

Analysis 5 

Kruskal-Wallis H test Compare linguistic (semantic and syntactic) 

measures obtained from symbol sequence 

production task within subgroups of aphasia and 

neurotypical adults  

Wilcoxon signed ranks test 

with Bonferroni correction for 

post hoc analyses 

Pairwise comparison of performance in semantic 

measures and syntactic measures between 

subgroups of aphasia and neurotypical adults 

Analysis 6 

Descriptive Statistics Determine the percentage of symbol identification 

errors, symbol categorization errors and symbol 

sequencing errors  in subgroups of aphasia 

Note. PWA= Persons with aphasia (i.e., combined group of persons with anomic 

aphasia and Broca’s aphasia).  

* The effect size for mixed ANOVA was calculated using partial eta square (η2). A η2 

value between 0.01 and <0.06 was considered as a small effect size, while a η2 value of 

>0.06 and <0.14 was considered as medium effect size and a η2 value of >0.14 is 

considered as large effect size (Cohen, 2013).  

 A summary of all the analyses performed in the current study is provided in 

Figure 4.1.   
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Figure 4.1. Summary of analyses of data in the current study 
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The findings of the present study based on the above statistical analyses are reported 

in detail in this chapter under the following headings: 

 4.1 Symbolic Language abilities for aided communication 

  4.1.1 Performance on Symbol Identification Tasks  

   4.1.1a Additional Analyses 

    4.1.1a (i) Effect of grid size on identification of symbols  

4.1.1a (ii) Effect of symbol arrangement and 

background colour coding on identification of symbols  

    4.1.2a (iii) Effect of grammatical category of referent on 

    identification of symbols  

4.1.2a (iv) Error response analyses in Identification           

tasks 

  4.1.2 Performance on Symbol Categorization Tasks 

   4.1.2a Performance on auditory categorization Task (task 4) 

   4.1.2b Performance on visual categorization task (task 5) 

   4.1.2c Additional Analyses 

    4.1.2c (i) Performance between Auditory and Visual 

    Categorization Task  

   4.1.2c (ii) Error Response Analyses in Categorization 

     Tasks 

  4.1.3 Performance on Symbol Sequencing Tasks 

4.1.3a Performance on Symbol Sequence Imitation Task 

(task6) 

4.1.3b Performance on Symbol Sequence Production Task  

(task 7) 
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   4.1.3c Additional Analyses 

4.1.3c (i) Linguistic Analyses of Single sentence 

production using symbols 

4.1.3c (ii) Error Response Analyses in Sequencing 

Tasks 

  4.1.4 Overall Performance on all Behavioural Tasks  

 4.2 Correlation between Symbolic Language Abilities and Verbal Language 

Abilities 

 4.3 Correlation between Symbolic Language Abilities and Non-verbal & 

Verbal Cognitive Abilities  

4.1 Symbolic Language Abilities for Aided Communication 

 This section addresses the results of objective 1, objective 2, objective 3, and 

objective 4 and their sub-objectives which were to investigate the symbolic language 

abilities for aided communication using behavioural tasks involving PCS symbols.  

4.1.1 Performance on Symbol Identification Tasks  

 The ability to identify symbols was determined from the average accuracy (%), 

average efficiency (%), and average response time (sec) taken by each participant group 

for all three identification tasks combined. The results of the performance on all three 

identification tasks combined between PWA and neurotypical adults [objective 1(i)], 

as well as across subgroups of PWA and neurotypical adults [objective 1. (ii)], are 

described below. This section also addresses additional analyses done on data obtained 

from identification task 1, task 2, and task 3 of the present study.  

 Performance between PWA and Neurotypical Adults. The results of 

descriptive statistics on the performance of PWA and neurotypical adults are provided 

in Table 4.3. A Mann-Whitney U test was used to compare the performance between 
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PWA (n=20) and neurotypical adults (n=20) to meet the study’s objective 1. (i). The 

results revealed that the two groups significantly differed (p <.05) in terms of accuracy, 

efficiency and response time (refer Table 4.3) with a large effect size. The PWA was 

significantly less accurate and efficient than neurotypical adults in their ability to 

identify symbols and took a significantly longer response time to perform the task.  

Table 4.3 

Mean, Standard deviation, Median and Inter-Quartile Range Values for Accuracy, 

Efficiency, and Response Time Taken by PWA and Neurotypical Adults for all Three 

Identification Tasks Combined Along with the Result of Mann-Whitney U Test Used to 

Compare the two Groups.  

 Participant 

Groups 

n Mean SD Median IQR |z| p re 

Accuracy PWA 20 86.75 14.17 91.50 19.55 5.407 <.001 .85 

 NTA 20 99.76 0.35 100.00 0.33    

Efficiency  PWA 20 73.44 19.53 78.48 28.49 5.383 <.001 .85 

 NTA 20 97.96 1.57 96.71 2.06    

Response 

Time 

PWA 20 6.12 2.90 5.74 4.23 5.275 <.001 .83 

 NTA 20 1.89 0.60 1.90 1.01    

Note. PWA= Persons with Aphasia, NTA= Neurotypical adults, n= sample size, SD= 

Standard deviation, IQR= Interquartile range, |z|= standardized test statistic, p= 

significance value, re = effect size. PWA is a combined group of persons with anomic 

aphasia and Broca’s aphasia. 

 Performance across Subgroups of PWA and Neurotypical Adults. Since the 

performance between PWA and neurotypical adults showed a significant difference, a 

further three-group analysis (wherein each of these subgroups was further compared 

with neurotypical adults individually) was performed. This was expected to shed more 

information on the performances when the participant groups were made more 
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homogeneous. The results of the descriptive statistics are provided in Table 4.4.  

Table 4.4 

Mean, Standard Deviation, Median and Inter-Quartile Range Values for Accuracy, 

Efficiency and Response Time Taken by Anomic Aphasia, Broca’s Aphasia and 

Neurotypical Adults for all Three Identification Tasks combined and Result of Kruskal 

Wallis H Test to Compare the three Groups.  

Dependent 

Variables 

Participant 

Groups 

n Mean SD Median IQR  χ2 (2) p 

Accuracy Anomic Aphasia 10 94.93 5.12 96.63 6.73 31.492 <.001 

 Broca’s Aphasia 10 78.56 15.78 80.66 20.92   

 NTA 20 99.76 0.35 100.00 0.33   

Efficiency  Anomic Aphasia 10 85.37 10.02 88.58 15.43 31.266 <.001 

 Broca’s Aphasia 10 61.51 19.71 62.69 31.83   

 NTA 20 97.96 1.57 96.71 2.06   

Response 

Time 

Anomic Aphasia 10 4.40 1.66 3.59 3.31 30.106 <.001 

 Broca’s Aphasia 10 7.83 2.92 7.48 5.26   

 NTA 20 1.89 0.60 1.90 1.01   

Note.  NTA= Neurotypical adults, n= sample size, SD= Standard deviation, IQR= 

Interquartile range. PWA is a combined group of persons with anomic aphasia and 

Broca’s aphasia. 

Each dependent variable was compared across three groups (i.e., anomic 

aphasia, Broca’s aphasia and neurotypical adults) using the Kruskal-Wallis H test to 

meet the sub-objective 1. (ii) of the study. The test revealed that the accuracy, efficiency 

and response time taken differed significantly across the groups, p <.05 (refer Table 

4.4). Pairwise comparison of groups using the Mann-Whitney U test was performed to 

follow up on the above findings (refer Table 4.5). For accuracy, even though the 

performance of anomic aphasia was numerically superior to Broca’s aphasia, the score 
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between the groups did not differ significantly (p>.05). On the other hand, the scores 

obtained by neurotypical adults was significantly higher than both anomic aphasia and 

Broca’s aphasia (p<.05). Similarly for efficiency, there was no significant difference 

between anomic aphasia and Broca’s aphasia (p>.05); however, the difference was 

found to be significant between anomic aphasia and neurotypical adults (p<.05), and 

between Broca’s aphasia and neurotypical adults (p<.05). For response time, a 

significant difference was found between anomic aphasia and Broca’s aphasia (p<.05), 

between anomic aphasia and neurotypical adults (p<.05), and between Broca’s aphasia 

and neurotypical adults (p<.05).  

Table 4.5 

Result of Mann-Whitney U test between groups for Identification Tasks 

Dependent 

Variables  

Pair wise comparison 

[Objective 1.(ii)] 

 BA Vs. AA BA Vs. NTA AA Vs.NTA 

Accuracy  BA < AA BA < NTA (*) AA < NTA(*) 

Efficiency  BA < AA BA < NTA (*) AA < NTA(*) 

Response 

Time  

   BA < AA (*) BA < NTA (*) AA < NTA(*) 

Note. NTA= Neurotypical adults, BA= Broca’s aphasia, AA= Anomic aphasia. 

* Difference was significant at p< .05 with high effect size (re =.51 to 0.96) 

  4.1.1a Additional Analyses.  A between group analyses of the performance of 

participants (i.e., between PWA and neurotypical adults, and across subgroups of PWA 

and neurotypical adults) were performed separately for each identification task (i.e., 

task 1, task 2 and task 3). The findings of this analysis were similar to the above stated 

findings (i.e., PWA performed poorer than neurotypical adults in terms of accuracy, 

efficiency, and response time taken to identify symbols in task 1, task 2 and task 3. 

Similarly, among subgroups of aphasia, Broca’s aphasia performed poorer than anomic 
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aphasia and neurotypical adults, and anomic aphasia performed poorer than 

neurotypical adults in terms of accuracy, efficiency and response time obtained from 

identification task 1, task 2 and task 3). The results of comparison of performance 

between participants in each task of identification are not individually illustrated in this 

section to avoid redundancy and as it was not an objective of the study. However, the 

data was additionally analysed to obtain certain additional information from a research 

point of view which is provided below.  

The data obtained individually from identification task 1, task 2, and task 3 was 

used to study the effect of (i) grid size, (ii) symbol organization and background colour 

coding, and (iii) grammatical category of referents on symbol identification within each 

of the participant group and sub-groups. The error responses obtained from the 

participants while performing on identification tasks were also analyzed. The results of 

all the additional analyses of data obtained from symbol identification tasks are reported 

below:  

 4.1.1a(i). Effect of Grid Size on Identification of Symbols. From descriptive 

statistics provided in Table 4.6, it is evident that the average accuracy of single symbol 

identification declined as the grid size increased from 4 to 16 in PWA. In PWA, Broca’s 

aphasia showed a similar pattern; however, no such decline in accuracy could be 

observed in anomic aphasia or neurotypical adults. While efficiency also declined with 

an increase in grid size in PWA and both its subgroups; neurotypical adults did not 

show a decrease in efficiency. On the other hand, the response time taken to identify 

symbols increased with an increase in grid size in PWA, its subgroups and neurotypical 

adults.  

 The design of the task allowed exploring the effect of grid size in each 

participant group and subgroups using Friedman’s ANOVA test. In PWA, results 
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revealed a significant difference in the accuracy scores, χ2 (3) = 11.562, p <.05, and 

efficiency scores, χ2 (3) = 16.676, p <.001 obtained across grid sizes. Response time 

across the grid sizes did not show any significant difference. A pairwise comparison 

using Wilcoxon signed ranks test revealed that the accuracy scores significantly 

differed (p <.05) between grid 4 and grid 16, between 4 and 12, and between 8 and 12 

after applying Bonferroni correction, with medium effect size (re =0.30-0.50). On the 

other hand, after applying Bonferroni correction to pairwise comparisons using 

Wilcoxon signed ranks test on the efficiency scores, a significant difference was found 

only between grid 4 and 12 (p<.05) and the difference was significant with low effect 

size (re < 0.30). 

Considering subgroups of PWA, the accuracy scores across the four grid sizes 

were found to be significantly different only for Broca’s aphasia, 𝜒2 (3) = 11.563, p 

<.05. Further testing using Wilcoxon signed-rank test after Bonferroni correction 

showed a significant difference of accuracy scores between grid size 4 and 12, grid size 

4 and 16, and grid size 8 and 12 (p<.05) with high effect size (re. = 0.64-0.65). The 

efficiency scores across the four grid sizes were also found to be significantly different 

only for Broca’s aphasia, 𝜒2 (3) = 12.181, p<.05. Wilcoxon signed-rank test, after 

applying Bonferroni correction, showed a significant difference of efficiency scores 

between grid size 4 and 12, grid size 4 and 16, and grid size 8 and 12 (p < .05) with 

high effect size (re. = 0.74-0.77). The response times to accurately identify symbols 

across four grid sizes were found to be significant neither in anomic aphasia nor in 

Broca’s aphasia (p > .05).   
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 Table 4.6 

The Mean and Standard Deviation of Accuracy, Efficiency, and Response Time Measured for Identification Task 1 for Each Participant Group  

Variable Grid size Anomic Aphasia 

(n=10) 

Broca’s Aphasia 

(n=10) 

Persons with Aphasia 

(n=20) 

Neurotypical Adults 

(n=20) 

  Mean SD Median IQR Mean SD Median IQR Mean SD Median IQR Mean SD Median IQR 

Accuracy G4 100.00 0.00 100.00 

 

0.00 100.00 

 

0.00 100.00 

 

0.00 100.0 

 

0.00 100.0 

 

0.00 100.00 

 

0.00 100.00 

 

0.00 

 G8 100.00 

 

0.00 100.0 

 

0.00 97.50 

 

7.91 100.0 

 

0.00 98.75 

 

5.59 100.0 

 

0.00 100.00 

 

0.00 100.00 

 

0.00 

 G12 100.00 

 

0.00 100.0 

 

0.00 80.00 

 

22.97 87.50 

 

50.0 90.00 

 

18.48 100.0 

 

19.0 100.00 

 

0.00 100.00 

 

0.00 

 G16 100.00 

 

0.00 100.0 

 

0.00 78.50 

 

27.49 90.00 

 

50.0 89.00 

 

22.04 100.00 

 

15.0 100.00 

 

0.00 100.00 

 

0.00 

Efficiency G4 100.00 

 

0.00 100.00 

 

0.00 90.63 

 

12.58 96.87 

 

18.75 95.32 

 

9.91 100.0 

 

4.69 100.00 

 

0.00 100.0 

 

0.00 

 G8 99.37 

 

1.97 100.0 

 

0.00 84.37 

 

14.80 84.37 

 

25.56 91.88 

 

12.84 100.0 

 

17.19 100.00 

 

0.00 100.0 

 

0.00 

 G12 96.87 

 

7.93 100.0 

 

1.56 65.00 

 

27.35 71.87 

 

42.19 80.94 

 

25.53 93.75 

 

29.69 100.00 

 

0.00 100.00 

 

0.00 

 G16 96.87 

 

6.75 100.0 

 

3.13 65.00 

 

27.35 71.87 

 

46.88 83.12 

 

23.57 96.87 

 

32.81 100.00 

 

0.00 100.00 

 

0.00 

Response 

Time 

G4 1.42 

 

0.57 1.45 

 

0.68 4.27 

 

3.19 2.98 

 

5.81 2.84 

 

2.67 1.65 

 

1.81 0.88 

 

0.67 0.77 

 

0.42 

 G8 1.45 

 

0.77 1.44 

 

1.06 4.39 

 

2.32 4.28 

 

3.31 3.86 

 

3.61 2.25 

 

5.39 0.54 

 

0.16 0.54 

 

0.21 

 G12 1.99 

 

1.85 1.27 

 

2.29 6.26 

 

3.74 6.32 

 

7.67 5.71 

 

7.88 2.92 

 

4.70 0.67 

 

0.28 0.56 

 

0.45 

 G16 2.75 

 

3.77 1.38 

 

1.87 9.41 

 

9.85 3.84 

 

13.13 3.57 

 

3.16 2.41 

 

4.30 0.98 

 

0.45 0.99 

 

0.73 

 Note. G4= Grid size 4, G8= Grid size 8, G12= Grid size 12, G16= Grid size 16, SD= Standard deviation, IQR= Interquartile range, n= sample 

size. PWA is combined group of persons with anomic aphasia and Broca’s aphasia 
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  In neurotypical adults, there was no difference in the accuracy or efficiency 

scores across the grid sizes; however, the response time showed a significant difference 

across grid sizes on Friedman’s ANOVA test, χ2 (3) = 17.593, p <.001. A follow-up 

analysis using Wilcoxon signed ranks test for pairwise comparisons showed a 

significant difference in response time to identify symbols only between grid 4 and 8 

and between grid 8 and 16 (p<.05). The difference was significant with high effect size 

(re > 0.50). A summary of the results are provided in Table 4.7. 

Table 4.7 

Summary of Performance across Grid Sizes in PWA, Subgroups of PWA and 

Neurotypical Adults 

Dependent 

Variables  

Performance across grid sizes 

 Persons with 

Aphasia 

Broca’s Aphasia Anomic Aphasia Neurotypical 

Adults 

Accuracy  declined with an 

increase in grid 

size 
G4>G8>G12>G16* 

declined with an 

increase in grid 

size 
G4>G8>G12>G16* 

 

remained the 

same across grid 

sizes 

remained the 

same across 

grid sizes 

Efficiency  declined with an 

increase in grid 

size 
G4>G8>G12>G16* 

declined with an 

increase in grid 

size 
G4>G8>G12>G16* 

 

declined with an 

increase in grid 

size 
G4>G8>G12>G16 

 

remained the 

same across 

grid sizes 

Response 

 Time  

increased with an 

increase in grid 

size 
G4< G8<G16<G12 

 

increased with an 

increase in grid 

size 
G4<G8<G16<G12 

increased with an 

increase in grid 

size 
G4<G8<G16<G12 

increased with 

an increase in 

grid size 
G4<G8<G16<

G12* 

Note. G4= Grid size 4, G8= Grid size 8, G12=Grid size 12, G16= Grid size 16. 

Persons with aphasia is a combined group of anomic aphasia and Broca’s aphasia 

*Difference was significant at p<.05 with medium to high effect size (re= 0.45- 0.77)  

 4.1.1a(ii) Effect of symbol organization and background colour coding on the 

identification of symbols. Identification task 2 required the participants to identify PCS 

symbols in two symbol organization and background colour cue conditions. The first 
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condition (C1) had the symbols arranged in a taxonomic grid display with each 

semantic colour category in a different colour, while the second condition (C2) had 

symbols randomly placed in a grid without any categorization or colour coding. Thus, 

design of the task allowed determining the effect of symbol organization and 

background colour coding on symbol identification in each participant group and 

subgroup. The descriptive statistical analyses performed on average accuracy, 

efficiency, and response time taken to identify symbols in each condition from all grid 

sizes combined are provided in Table 4.8. The accuracy and efficiency measured in the 

two symbol conditions (i.e., C1 and C2) were compared in each participant group and 

subgroups of PWA using the Wilcoxon-signed rank test. On the Wilcoxon-signed ranks 

test, the average accuracy, and efficiency between the two symbol conditions in PWA 

did not show any significant difference (p >.05). Neither anomic aphasia nor Broca’s 

aphasia showed a significant difference in the accuracy or efficiency in identifying 

symbols between the two symbol conditions (p >.05). Neurotypical adults showed a 

significant difference with high effect size between the two conditions only in terms of 

efficiency, |z| = 2.558, p<.05, re= 0.57.  

 A mixed ANOVA was done to study the main and interaction effect of the two 

symbol conditions (i.e., C1 and C2) and two participant groups (PWA and neurotypical 

adults) in terms of response time. The difference in response time between C1 and C2 

as within-subject groups was statistically significant with medium to high effect size, F 

(1, 38) = 6.455, p <.05, η2= 0.145. Thus, the main effect for symbol condition was 

significant for response time. The response time taken between participant groups, 

irrespective of symbol conditions, were also found to be significantly different with a 

high effect size, F (1, 38) = 33.723, p <.001, η2 =0.470. There was no interaction effect 

between symbol condition and participant group. 
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Table 4.8 

The Mean, Standard Deviation, Median, and Inter-quartile range of Accuracy, Efficiency, and Response Time Measured for Identification Task 2 

for Each Participant Group and subgroups 

Variable Conditions Anomic Aphasia 

(n=10) 

Broca’s aphasia 

(n=10) 

Persons with Aphasia  

 (n=20) 

Neurotypical adults 

(n=20) 

  
Mean SD Median IQR Mean SD Median IQR Mean SD Median IQR Mean SD Median IQR 

Accuracy C1 93.56 4.99 94.63 4.46 79.28 16.73 78.57 26.78 86.42 14.07 92.85 19.64 99.64 1.10 100.0 0.0 

 C2 92.49 8.15 94.63 13.40 78.57 18.82 83.92 29.46 85.53 15.82 91.06 17.85 99.82 0.80 100.0 0.0 

Efficiency C1 84.28 

 

10.41 88.39 

 

19.76 63.30 

 

19.70 63.39 

 

33.47 73.79 

 

18.73 80.35 

 

28.13 94.95 

 

3.69 95.53 

 

5.14 

 C2 85.08 

 

12.59 90.17 

 

16.06 65.18 

 

20.97 65.63 

 

34.62 75.13 

 

19.69 82.58 

 

29.02 97.00 

 

2.53 96.87 

 

3.58 

Response  

Time 

C1 4.94 

 

3.99 3.99 

 

4.44 7.23 

 

2.43 6.60 

 

4.42 6.09 

 

2.67 5.43 

 

5.18 2.75 

 

1.37 2.64 

 

2.25 

 C2 4.84 
 

2.76 3.81 
 

3.56 6.31 
 

2.11 6.19 
 

2.79 5.57 
 

2.51 5.64 
 

4.39 2.07 
 

0.85 1.99 
 

0.89 

Note. C1= Condition 1 of symbol organization and colour coding, C2= Condition 2 of symbol organization and colour coding, n= sample size, 

SD= standard deviation, IQR= Inter Quartile range. PWA is a combined group of persons with anomic aphasia and Broca’s aphasia 
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Similarly, mixed ANOVA was conducted for response time measures with 

symbol conditions as within-subject factors and participant groups as between-subject 

factors. The results showed a significant difference between the two conditions, F (1, 

37) = 5.417, p <.05, η2= .128 irrespective of group. The participant groups were also 

found to be significantly different in terms of their response time in identifying 

symbols, irrespective of symbol conditions, F (2, 37) = 21.898, p < .001, η2= .542. No 

significant interaction effect was found between conditions and participant groups. As 

a follow up for mixed ANOVA, Tukey’s test was conducted to allow pairwise 

comparisons of groups to determine which two groups significantly differed in terms 

of response time. According to Tukey’s test, anomic aphasia, Broca’s aphasia, and 

neurotypical adults significantly differed with high effect size (p > 0.5) in the response 

time taken for identifying symbols (p <.05).  A summary of the results are provided in 

Table 4.9. 

Table 4.9 

Summary of Performance between two Symbol Organization and Colour cue 

Conditions in PWA, Subgroups of PWA and Neurotypical Adults 

Dependent  

Variables  

Performance between two symbol organization and colour cue conditions 

 PWA Broca’s Aphasia Anomic Aphasia NTA 

Accuracy  C1>C2 C1>C2 C1>C2 No difference 

Efficiency  C1>C2 C1>C2 C1>C2 C1>C2 

Response Time  C1<C2 (*) C1< C2 (*) C1< C2 (*) C1<C2 (*) 

Note. PWA= Persons with aphasia (combined group of persons with anomic aphasia 

and Broca’s aphasia), NTA= Neurotypical adults, C1= semantically arranged with 

colour coding, C2= with no colour and categorization.  

* Difference significant at p< .05  
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 4.1.1a(iii). Effect of Grammatical Category of Referents on Symbol 

Identification. The third and final task under identification required the participants to 

identify symbols belonging to different grammatical categories (i.e., nouns, verbs, 

adjectives, and prepositions) which allowed to determine the effect of the grammatical 

category of referents on symbol identification. The average accuracy, efficiency, and 

response time taken to identify symbols representing nouns, verbs, adjectives, and 

prepositions in each participant group were subjected to descriptive statistical analyses 

and the results are tabulated in Table 4.10.  
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Table 4.10 

The Mean, Standard Deviation, Median, and Inter-quartile range of Accuracy, Efficiency, and Response Time Measured for Identification Task 3 

for each Participant Group 

Variable Grammatical 

Category 

Anomic Aphasia 

(n=10) 

Broca’s aphasia 

(n=10) 

Persons with Aphasia  

(n=20) 

Neurotypical adults 

(n=20) 

  Mean SD Median IQR Mean SD Median IQR Mean SD Median IQR Mean SD Median IQR 

Accuracy Nouns 99.17 

 

1.49 100.0 

 

1.74 88.17 

 

13.65 93.67 

 

14.24 93.67 

 

11.00 97.22 

 

6.64 100.0 

 

0.00 100.0 

 

0.00 

 Verbs 96.47 

 

5.68 98.53 

 

5.15 83.38 

 

17.02 88.97 

 

20.22 89.92 

 

14.06 95.51 

 

14.71 100.0 

 

0.00 100.0 

 

0.00 

 Adjectives 93.67 

 

7.36 95.00 

 

10.00 71.83 

 

21.39 75.83 

 

29.58 82.75 

 

19.18 89.17 

 

22.08 99.58 

 

1.19 100.0 

 

0.00 

 Prepositions 87.75 

 

9.61 90.00 

 

13.75 59.25 

 

20.45 57.50 

 

28.75 73.50 

 

21.34 80.00 

 

34.38 99.12 

 

1.67 100.0 

 

1.88 

Efficiency Nouns 92.86 

 

4.24 94.38 

 

6.86 71.35 

 

20.95 81.42 

 

35.07 82.11 

 

18.39 87.14 

 

14.58 98.42 

 

1.54 98.78 

 

1.31 

 Verbs 87.12 

 

9.17 89.70 

 

27.35 65.87 

 

20.78 66.35 

 

31.71 76.49 

 

19.06 83.27 

 

24.64 97.58 

 

1.98 97.79 

 

3.04 

 Adjectives 80.69 

 

12.91 84.36 

 

49.37 52.63 

 

22.12 49.37 

 

31.77 66.66 

 

22.76 65.83 

 

37.19 96.52 

 

2.73 96.87 

 

4.48 

 Prepositions 76.54 

 

15.00 81.25 

 

22.08 41.23 

 

23.87 34.68 

 

30.16 58.88 

 

26.54 65.22 

 

50.31 94.99 

 

2.94 94.37 

 

4.22 

Response 

Time 

Nouns 3.31 

 

1.00 3.01 

 

1.84 6.99 

 

3.75 6.18 

 

4.65 5.15 

 

3.27 4.23 

 

3.59 1.41 

 

0.37 1.39 

 

0.61 

 Verbs 4.40 

 

1.86 4.08 

 

3.63 7.81 

 

3.26 6.78 

 

6.32 6.10 

 

3.12 5.81 

 

3.07 1.93 

 

0.85 1.85 

 

1.27 

 Adjectives 5.67 

 

2.51 4.67 

 

4.24 9.95 4.37 9.04 

 

5.33 7.81 

 

4.10 7.45 

 

5.41 1.93 

 

0.66 2.02 

 

1.22 

 Prepositions 5.93 3.09 5.24 2.96 11.24 4.57 8.97 7.78 8.58 4.67 7.28 7.47 2.31 0.92 2.09 1.04 

Note. n= sample size, SD= standard deviation, IQR= Inter Quartile range. Persons with aphasia is a combined group of persons with anomic 

aphasia and Broca’s aphasia. 
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 A comparison of the performance of each participant group and subgroups to 

identify symbols across grammatical categories (i.e., nouns, verbs, adjectives and 

prepositions) was done using Friedman’s ANOVA test (refer Table 4.11).  

Table 4.11 

Result of Friedman’s ANOVA to Compare Accuracy, Efficiency, and Response Time 

across Grammatical Categories in Each Grid Size in Persons with Aphasia and 

Neurotypical Adults.  

Variable Participant Group n χ2 (df =3) p 

Accuracy Persons with Aphasia 20 41.96 <.001 

 Anomic aphasia 10 23.46 <.001 

 Broca’s aphasia 10 20.64 <.001 

 Neurotypical adults 20 10.20 <.05 

Efficiency* Persons with Aphasia 20 40.02 <.001 

 Broca’s aphasia 10 21.00 <.001 

 Neurotypical adults 20 21.57 <.001 

Response Time * Persons with Aphasia 20 34.56 <.001 

 Broca’s aphasia 10 18.36 <.001 

 Neurotypical adults 20 29.76 <.001 

Note. * The efficiency scores and response time in anomic aphasia followed normal 

distribution due to which Friedman’s ANOVA was not performed. Persons with 

aphasia is a combined group of persons with anomic aphasia and Broca’s aphasia. 

From the above Table 4.11, it is evident that a significant difference across 

grammatical categories was found in the accuracy, efficiency, and response time 

measures in PWA, Broca’s aphasia and neurotypical adults; and in terms of accuracy 

in anomic aphasia. The post-hoc analyses for Friedman’s ANOVA carried out using 

the Mann-Whitney U test after Bonferroni correction in each participant group and 

subgroup is reported below. Since efficiency scores and response time in anomic 

aphasia followed a normal distribution, repeated measures ANOVA was performed 

which is also reported below along with its post hoc analyses using paired t-test.  
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 In PWA, pairwise comparison using the Mann-Whitney U test showed a 

significant difference (p<.05) in accuracy was between nouns and adjectives, between 

nouns and prepositions, and between verbs and prepositions with medium to high effect 

size (re = 0.73- 1.25). Pairwise comparison of efficiency scores in PWA showed a 

significant difference (p<.05) between noun and adjectives, noun and prepositions, 

verbs and prepositions as well as verb and adjectives with high effect size (re = 0.87-

1.23). Pairwise comparison of response time after Bonferroni correction showed a 

significant difference between all word classes (p <.05) with small to medium effect 

size (re = 0.26-0.44), except between nouns and verbs and between adjectives and 

prepositions (p <.05) in PWA. 

In anomic aphasia, post hoc analyses of Friedman’s ANOVA for accuracy 

scores showed significant difference (p <.05) with high effect size between noun and 

preposition (re = 1.31) and between verb and preposition (re = 0.93). The efficiency 

scores in anomic aphasia followed a normal distribution and hence a repeated-measures 

ANOVA was done to compare the average efficiency taken to identify symbols across 

grammatical categories. The results showed a significant effect of grammatical 

category on efficiency, F (3, 27) = 13.091, p <.05, with a large effect size as shown 

from partial eta square (η2) of .59. Pairwise comparisons after Bonferroni correction, 

showed a significant difference (p<.05) in the efficiency score between noun and 

adjectives, noun and preposition and between verbs and prepositions. Similarly, 

response time data in anomic aphasia was analyzed using repeated measures ANOVA 

which showed a significant effect of grammatical category on response time, F (3, 27) 

= 6.999, p <.05, with a medium effect size (η2=0 .43). Pairwise comparison showed a 

significant difference in response time between nouns and verbs, nouns and adjectives 

and verbs and adjectives (p<.05). 
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For Broca’s aphasia, post-hoc analysis of Friedman’s ANOVA showed that the 

accuracy scores had significant differences between noun and adjectives, noun and 

prepositions and between verbs and prepositions (p <.05) with high effect size (re = 

0.87-1.20). The efficiency scores showed a significant difference (p <.05) between 

nouns and adjectives, nouns and prepositions and between verbs and prepositions with 

high effect size (re = 0.93-1.25). The response time taken significantly differed (p <.05) 

between nouns and adjectives, nouns and prepositions and between verbs and 

prepositions with high effect size (re = 0.66- 1.09).  

 In the case of neurotypical adults, post hoc analyses showed no significant 

difference in accuracy score between any grammatical categories (p >.05). A pairwise 

comparison after Bonferroni correction of efficiency scores showed a significant 

difference between noun and adjectives, noun and prepositions, as well as between 

verbs and prepositions (p <.05) with high effect size (re = 0.67- 0.91). The response 

time in neurotypical adults showed a significant difference between nouns and verbs, 

nouns and adjectives and between nouns and prepositions (p <.05) with high effect size 

(re = 0.65-1.21). Table 4.12 provides a summary of performance participant group and 

subgroup across grammatical categories.   

Table 4.12 

Summary of Performance across Grammatical Categories in PWA, Subgroups of PWA 

and Neurotypical Adults 

Dependent 

Variable  

Performance across grammatical categories 

 PWA Broca’s Aphasia Anomic Aphasia NTA 

Accuracy  N>V>A>P (*) N>V>A>P (*) N>V>A>P (*) N>V>A>P (*) 

Efficiency  N>V>A>P (*) N>V>A>P (*) N>V>A>P (*) N>V>A>P (*) 

Response Time  N<V<A<P (*) N<V<A<P (*) N<V<A<P (*) N<V<A<P (*) 

Note. PWA = Persons with aphasia (which is a combined group of persons with anomic 

aphasia and Broca’s aphasia), NTA= Neurotypical adults, N= Nouns, V= Verbs, A= 

Adjectives, P = Prepositions.  

* Difference significant at p< .05  
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 4.1.1a.(iv). Error Response Analyses. An error analysis was conducted on 

incorrect responses during symbol identification in both subgroups of PWA. The mean 

percentage of each type of error response for identification tasks in each subgroup of 

PWA (i.e., anomic aphasia and Broca’s aphasia) is provided in Figure 4.2 and in Figure 

4.3. 

 

Figure 4.2. Mean of percentage of error responses in anomic aphasia  

 

Figure 4.3. Mean of Percentage of error responses in Broca’s aphasia  

 Persons with anomic aphasia had a total of 5.09% error responses while Broca’s 

aphasia had a total of 21.63% error responses in identification tasks. Among all the 

Perceptual error

Semantic error
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mixed error

Unrelated error
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error types, the highest percentage of errors consisted of no response errors which was 

evident in both subgroups of PWA. A visual inspection of the data reveals that the 

percentage of no response/ “I don’t know” errors is numerically superior to other error 

types in Broca’s aphasia. On the other hand, anomic aphasia had a relatively higher 

percentage of unrelated errors. It was also observed that symbols representing nouns 

had the least number of error responses, while error responses were highest for symbols 

representing prepositions and adjectives.   

4.1.2 Performance on Symbol Categorization Tasks 

 The overall ability to categorize symbols was determined from the accuracy, 

efficiency, and response time taken by each participant group for the two tasks of 

categorization (i.e., auditory and visual categorization). The results of the performance 

between PWA and neurotypical adults [objectives 2. (i)] as well as across subgroups of 

PWA and neurotypical adults [objective 2. (ii)] on both categorization tasks combined 

are described below: 

 Performance between PWA and Neurotypical Adults. The obtained 

accuracy, efficiency scores and response time taken to categorize symbols from both 

categorization tasks combined was subjected to descriptive statistical analyses and the 

results are tabulated in Table 4.13.  

The performance in terms of the three dependent variables was compared 

between PWA and neurotypical adults using the Mann-Whitney U test to meet 

objective 2. (i). The test revealed that the two groups significantly differed (p<.05) with 

a high effect size in terms of accuracy, efficiency and response time (refer Table 4.13). 
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Table 4.13 

Mean, Standard deviation, Median, and Inter-Quartile Range Values for Accuracy, 

Efficiency, and Response Time by PWA and Neurotypical Adults for the Two 

Categorization Tasks and the Result of Mann-Whitney U Test to Compare the Two 

Groups.  

Dependent 

Variables 

Groups n Mean SD Median IQR |z| p re 

Accuracy PWA 20 88.58 16.98 96.65 17.08 3.283 <.05 0.51 

 NTA 20 99.83 0.51 100.0 0.00    

Efficiency  PWA 20 68.45 21.18 72.08 26.76 5.128 <.001 0.81 

 NTA 20 94.98 4.03 96.04 5.31    

Response Time PWA 20 8.33 3.80 7.51 5.45 5.032 <.001 0.79 

 NTA 20 2.72 1.19 2.45 2.00    

Note. PWA= Persons with aphasia (is a combined group of persons with anomic 

aphasia and Broca’s aphasia), NTA= Neurotypical adults, n= sample size, SD= 

Standard deviation, IQR= Interquartile range, |z|= standardized test statistic, p= 

significance value, re = effect size.  

 Performance across Subgroups of PWA and Neurotypical Adults. The 

results of descriptive statistics for accuracy, efficiency, and response time measures 

from both categorization tasks is provided in Table 4.14. 

The performance for the task was compared across anomic aphasia, Broca’s 

aphasia, and neurotypical adults using the Kruskal Wallis H test to meet objective 2. 

(ii). The results revealed that the three groups differed significantly in terms of 

accuracy, efficiency and response time taken to categorize symbols (refer Table 4.14).  
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Table 4.14 

Mean, Standard deviation, Median and Inter-Quartile Range Values for Accuracy, 

Efficiency, and Response Time Taken by Anomic Aphasia, Broca’s Aphasia, and 

Neurotypical Adults for the Two Categorization Tasks and Result of Kruskal Wallis 

Test to Comparison of Three Groups.  

 Participant Groups n Mean SD Median IQR χ2 (2) p 

Accuracy Anomic aphasia 10 98.33 3.33 100.0 2.53 18.902 <.001 

 Broca’s aphasia 10 78.83 19.65 84.16 33.75   

 Neurotypical 

adults 

20 99.83 0.51 100.0 0.00   

Efficiency  Anomic aphasia 10 79.90 9.31 80.35 14.16 27.772 <.001 

 Broca’s aphasia 10 56.99 23.86 61.66 36.67   

 Neurotypical 

adults 

20 94.97 4.03 96.04 5.31   

Response 

Time 

Anomic aphasia 10 6.79 2.22 6.85 3.87 26.195 <.001 

 Broca’s aphasia 10 9.86 4.51 9.82 9.21   

 Neurotypical 

adults 

20 2.71 1.19 2.44 2.00   

 

A Mann-Whitney U test was performed to follow up on the above finding (refer 

Table 4.15). The results showed that the accuracy scores obtained by Broca’s aphasia 

were found to be significantly lower than neurotypical adults (p<.05) with high effect 

size (re = 0.78), and significantly lower than anomic aphasia (p<.05) with high effect 

size (re = 0.63). On the other hand, the accuracy scores of anomic aphasia did not 

significantly differ from those obtained by neurotypical adults (p>.05). The efficiency 

scores were found to significantly differ between anomic aphasia and neurotypical 

adults (p<.05) with large effect size (re = 0.63), and between Broca’s aphasia and 

neurotypical adults (p <.001) with high effect size (re = 0.89). Similarly, for response 

time, a significant difference was found between anomic aphasia and neurotypical 

adults (p < .001) with high effect size (re = 0.76), and between Broca’s aphasia and 
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neurotypical adults (p <.001) with high effect size (re = 0.63).  

Table 4.15  

Result of Mann-Whitney U test to compare Performance between Groups for 

Categorization Tasks 

Dependent 

Variable  

Pair-wise comparison 

[Objective 2.(ii)] 

 BA vs AA BA vs NTA AA vs NTA 

Accuracy       BA < AA (*) BA < NTA (*) AA < NTA 

Efficiency  BA < AA BA < NTA (*) AA < NTA(*) 

Response 

Time  

BA < AA BA < NTA (*) AA < NTA(*) 

Note. NTA= Neurotypical adults, BA= Broca’s aphasia, AA= Anomic aphasia 

* Difference significant at p< .05  

The performance on each task of categorization was also subjected to 

comparison to meet the sub-objectives 2.a.(i),2.a.(ii), 2.b (i), 2.b.(ii).The results are 

discussed below under each categorization task. 

 4.1.2a. Auditory Categorization Task (Task 4). The auditory categorization 

task required the participants to accurately categorize spoken words by pointing to the 

appropriate category denoted by PCS symbols to which the word belongs. The results 

of the comparison between PWA and neurotypical adults [objective 2.a.(i)] and across 

subgroups of PWA and neurotypical adults [objective 2.a.(ii)] on auditory 

categorization task is reported below: 

Performance between PWA and Neurotypical Adults. The accuracy, 

efficiency, and response time taken to correctly categorize auditory stimuli were 

subjected to descriptive statistical analyses and the results are provided in Table 4.16. 

The performance was compared between the two participant groups using the Mann-

Whitney U test to meet sub-objective 2.a.(i). The results showed a significant difference 

(p <.05) with moderate to high effect size between the two groups in their ability to 
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auditorily categorize AAC symbols in terms of accuracy, efficiency and response time 

(refer Table 4.16).  

Table 4.16 

Mean, Standard Deviation, Median, and Inter-Quartile Range Values for Accuracy, 

Efficiency, and Response Time Taken by PWA and Neurotypical Adults for Auditory 

Categorization Task and the Result of Mann-Whitney U Test to compare the two Groups 

 Participant 

Groups 

n Mean SD Median IQR |z| p re 

Accuracy PWA 20 88.17 18.08 100.0 23.34 2.989 <.05 0.47 

 NTA 20 99.83 0.74 100.0 0.00    

Efficiency  PWA 20 71.98 21.92 73.75 24.58 5.162 <.001 0.81 

 NTA 20 98.29 3.44 100.0 1.67    

Response 

Time 

PWA 20 6.96 3.65 5.42 4.93 5.004 <.001 0.79 

 NTA 20 1.66 1.21 1.24 1.23    

Note. PWA= Persons with Aphasia (is a combined group of persons with anomic 

aphasia and Broca’s aphasia), NTA= Neurotypical adults, SD= Standard deviation, 

IQR= Interquartile range, |z|= standardized test statistic, p= significance value, re = 

effect size 

Performance across Subgroups of PWA and Neurotypical Adults. The 

accuracy, efficiency, and response time taken to accurately categorize symbols in 

response to spoken words were measured in anomic aphasia, Broca’s aphasia, and 

neurotypical adults. The descriptive statistics for the same are provided in Table 4.17. 

The performance between the three participant groups was compared using the 

Kruskal-Wallis H test to meet objective 2.a.(ii). The results showed a significant 

difference (p<.05) across the participant group in their ability to auditorily categorize 

in terms of accuracy, efficiency and response time (refer Table 4.17).  
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Table 4.17 

Mean, Standard deviation, Median and Inter-Quartile Range Values for Accuracy, 

Efficiency, and Response Time Taken by Anomic Aphasia, Broca’s Aphasia, and 

Neurotypical Adults for Auditory Categorization Task and Result of Kruskal Wallis H 

Test to Compare the Three Groups 

 Participant Groups n Mean SD Median IQR χ2(2) p 

Accuracy Anomic aphasia 10 99.00 2.25 100.0 0.83 17.59 <.001 

 Broca’s aphasia 10 77.33 20.59 80.0 41.67   

 Neurotypical adults 20 99.83 0.74 100.0 0.00   

Efficiency  Anomic aphasia 10 84.81 10.67 86.57 19.17 28.92 <.001 

 Broca’s aphasia 10 59.17 23.14 65.83 38.75   

 Neurotypical adults 20 98.29 3.44 100.0 1.67   

Response 

Time 

Anomic aphasia 10 5.45 1.02 1.89 2.00 25.92 <.001 

 Broca’s aphasia 10 8.48 4.18 8.41 8.06   

 Neurotypical adults 20 1.65 1.21 1.23 1.23   

Note. n = sample size, SD= Standard deviation, IQR= Interquartile range.  

A follow-up test using Mann-Whitney U was performed for pairwise 

comparisons. Comparison of anomic and Broca’s aphasia showed that they 

significantly differed in terms of only accuracy (p <.05) with high effect size (re = 0.65). 

On the other hand, Broca’s aphasia and neurotypical adults significantly differed in 

terms of accuracy, efficiency, and response time (p<.05) with high effect size (re= 0.75-

0.92). Anomic aphasia and neurotypical adults showed a significant difference only in 

terms of efficiency (p<.05) with high effect size (re =0.61) and response time (p <.05) 

with high effect size (re =0.64).  

Table 4.18 provides a summary of the pairwise comparison of the performance 

of participant groups. 
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Table 4.18  

Result of Mann-Whitney U test to compare Performance between Groups for Auditory 

Categorization Task 

Dependent 

Variable  

Pair-wise comparison 

[Objective 2.(ii)] 

 BA vs AA BA vs NTA AA vs NTA 

Accuracy  BA < AA (*)  BA < NTA (*) AA < NTA 

Efficiency          BA < AA  BA < NTA (*)  AA < NTA(*) 

Response 

Time  

        BA < AA  BA < NTA (*) AA < NTA 

Note. NTA= Neurotypical adults, BA= Broca’s aphasia, AA= Anomic aphasia 

* Difference significant at p< .05  

 4.1.2b. Visual Categorization Task (Task 5). The visual categorization task 

required the participants to accurately categorize symbols printed on 3x3 cm cards by 

sorting them into the appropriate category. The results of analyses done to meet the 

study sub-objective 2.b.(i) which was to compare the performance between PWA and 

neurotypical adults on visual categorization task is provided below. Also, the result of 

comparison of performance across subgroups of PWA and neurotypical adults on the 

task [sub-objective 2.b.(ii)] is reported below:  

Performance between PWA and Neurotypical Adults. The accuracy, 

efficiency, and response time taken by each participant group to visually categorize 

symbols were measured and subjected to descriptive statistical analyses. The results of 

the same are tabulated in Table 4.19. The performance between PWA and neurotypical 

adults for this task was compared using the Mann-Whitney U test to meet sub-objective 

2.b.(i). The results showed a significant difference (p<.05) between the two groups in 

their ability to visually categorize AAC symbols in terms of accuracy, efficiency and 

response time, with a high effect size (refer Table 4.19).  
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Table 4.19 

Mean, Standard deviation, Median, and Inter-Quartile Range Values for Accuracy, 

Efficiency, and Response Time Taken by PWA and Neurotypical Adults for Visual 

Categorization Task and Result of Mann-Whitney U Test to Compare the Two Groups 

 Participant 

Groups 

n Mean SD Median IQR |z| p re 

Accuracy PWA 20 88.99 17.10 96.63 13.33 3.504 <.001 0.55 

 NTA 20 99.83 0.744 100.00 0.00    

Efficiency  PWA 20 64.92 21.43 67.91 24.38 4.642 <.001 0.73 

 NTA 20 91.66 6.08 93.75 9.58    

Response 

Time 

PWA 20 9.68 4.63 8.62 5.95 4.463 <.001 0.71 

 NTA 20 3.76 1.68 3.35 3.08    

Note. PWA= Persons with Aphasia (combined group of persons with anomic aphasia 

and Broca’s aphasia), NTA= Neurotypical adults, SD= Standard deviation, IQR= 

Interquartile range, |z|= standardized test statistic, p= significance value, re = effect 

size 

Performance across Subgroups of PWA and Neurotypical adults. The 

accuracy, efficiency, and response time taken by anomic aphasia, Broca’s aphasia, and 

neurotypical adults to visually categorize symbols were measured. The results of 

descriptive statistical analyses are provided in Table 4.20  

The performance across subgroups of PWA and neurotypical adults were 

compared using the Kruskal-Wallis H test to meet objective 2.b.(ii). The results showed 

a significant difference in accuracy, efficiency and response time taken to visually 

categorize across the participant groups (refer Table 4.20). 
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Table 4.20 

Mean, Standard deviation, Median, and Inter-Quartile Range Values for Accuracy, 

Efficiency, and Response time taken by Anomic aphasia, Broca’s aphasia, and 

Neurotypical adults for Visual Categorization task and Result of Kruskal Wallis H test 

to compare the three Groups 

 Participant Groups n Mean SD Median IQR χ2 (2) p 

Accuracy Anomic aphasia 10 97.66 4.45 100.0 4.22 19.64 <.001 

 Broca’s aphasia 10 80.33 20.75 88.33 38.33   

 Neurotypical 

adults  

20 99.83 0.744 100.0 0.0   

Efficiency  Anomic aphasia 10 74.99 9.77 74.14 11.25 22.71 <.001 

 Broca’s aphasia 10 54.83 25.38 56.67 35.83   

 Neurotypical 

adults  

20 91.66 6.08 93.75 9.58   

Response 

Time 

Anomic aphasia 10 8.13 2.70 8.19 3.93 20.27 <.001 

 Broca’s aphasia 10 11.24 5.71 11.12 11.81   

 Neurotypical 

adults 

20 3.76 1.68 3.35 3.08   

Note. n = sample size, SD= Standard deviation, IQR= Interquartile range.  

A follow-up test using Mann-Whitney U was performed for pairwise 

comparisons. Comparison of anomic aphasia and Broca’s aphasia showed a significant 

difference only in the accuracy to visually categorize symbols (p < .05) with high effect 

size (re =0.61). Between anomic aphasia and neurotypical adults, a significant 

difference was found in efficiency (p<.05) with high effect size (re =0.57) and response 

time taken to visually categorize symbols (p < .05) with high effect size (re =0.60). 

Considering Broca’s aphasia and neurotypical adults, the groups differed in terms of 

accuracy, efficiency, and response time taken to visually categorize (p < .05) with high 

effect size (re =0.72-0.80). A summary of the pairwise comparison of the performance 
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of subgroups of aphasia and neurotypical adults are provided in Table 4.21 

Table 4.21 

Result of Mann-Whitney U test to compare Performance between Groups in Visual 

Categorization Task 

Dependent 

Variable  

Pair-wise comparison 

[Objective 2.(ii)] 

 BA vs AA BA vs NTA AA vs NTA 

Accuracy       BA < AA (*) BA < NTA (*) AA < NTA 

Efficiency  BA < AA BA < NTA (*) AA < NTA(*) 

Response 

Time  

BA < AA BA < NTA (*) AA < NTA(*) 

Note. NTA= Neurotypical adults, BA= Broca’s aphasia, AA= Anomic aphasia 

* Difference is significant at  p< .05  

 4.1.2c. Additional Analyses. This section reports the results of the additional 

analyses done to compare the performance between auditory categorization and visual 

categorization in each of the participant groups. The results of the analyses of error 

responses obtained from categorization tasks are also reported in this section.  

 4.2.1c (i) Performance between Auditory Categorization Task (Task 4) and 

Visual Categorization Task (Task 5).  A comparison of the performance of each 

participant group between their ability to auditorily and visually categorize symbols 

was performed and the results are reported below. 

Performance in PWA and Neurotypical Adults. Results from Wilcoxon 

signed-rank test showed that the accuracy in auditorily and visually categorizing 

symbols differed significantly neither in PWA nor in neurotypical adults. However, a 

significant difference with high effect size was found between the tasks in PWA in 

terms of efficiency, |z|= 2.875, p<.05, re =0.64 and response time, |z| = 2.987, p<.05, re 

=0.66. Similarly, for neurotypical adults, a significant difference was found for 

efficiency, |z| = 3.514, p <.001, re =0.78 and response time, |z| = 3.435, p <.05, re =0.76 
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taken to auditorily and visually categorize symbols.  

Performance in Anomic aphasia and Broca’s aphasia. No significant 

difference between auditory and visual categorization of symbols was found in terms 

of accuracy in anomic aphasia and Broca’s aphasia as seen from results of the Wilcoxon 

signed-rank test (p>.05). A Mixed ANOVA was performed to compare the efficiency 

and response time between the two categorization tasks with participant groups as 

within-subject factors, as both data followed a normal distribution. The results showed 

a significant difference for efficiency, F (1, 37) = 30.939, p < .001, η2= .455, and 

response time, F (2, 74) = 44.085, p < .001, η2= .544, between the tasks. The participant 

groups were also found to significantly differ in their efficiency, F (2, 37) = 28.746, p 

< .001, η2= .608, and response time, F (2, 37) = 34.286, p < .001, η2= .650, to categorize 

symbols. Significant interaction effect was noted between tasks and participant groups 

only in terms of response time, F (2, 74) = 6.168, p < .001, η2= .250. Tukey’s test done 

as follow up analysis to mixed ANOVA revealed that all three participant groups 

significantly differed in their efficiency and response time (p < .05). A summary of the 

results are provided in Table 4.22 

Table 4.22 

Summary of Performance between Categorization Tasks in PWA, Subgroups of PWA 

and Neurotypical Adults 

Dependent Variable Performance between auditory and visual categorization 

 PWA Broca’s Aphasia Anomic Aphasia NTA 

Accuracy  A < V   A < V A > V A = V  

Efficiency       A > V (*)       A > V (*)      A > V (*)     A > V (*) 

Response Time     A<V (*)     A<V (*)    A<V (*)    A<V (*) 

Note. PWA= Persons with aphasia (is a combined group of persons with aphasia and 

Broca’s aphasia), NTA= Neurotypical adults, A = Auditory categorization, V= visual 

categorization 

*Difference significant p<.05 
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  4.1.2c (ii). Error Response Analyses in Categorization Tasks. The average 

visual and auditory categorization errors were calculated for both subgroups of PWA. 

Broca’s aphasia was found to have a higher proportion of errors in comparison to 

anomic aphasia (refer Figure 4.4). Auditory categorization errors were found to be more 

frequent than visual categorization errors in both anomic aphasia and Broca’s aphasia.  

 

Figure 4.4. Mean percentage of categorization errors in subgroups of PWA  

4.1.3. Performance on Symbol Sequencing Tasks  

 The overall ability to sequence symbols was calculated in percentage only from 

the accuracy scores of two tasks of sequencing. Investigating the ability to sequence in 

terms of efficiency and response time was not permissible as the second task of 

sequencing symbols did not have any restriction in the number of attempts and was 

untimed. The results of the performance between PWA and neurotypical adults 

[objective 3. (i)] as well as across subgroups of PWA and neurotypical adults [objective 

3. (ii)] on both symbol sequencing tasks combined are described below: 

 Performance between PWA and Neurotypical Adults. The accuracy score 

was compared between PWA (M = 83.17, SD = 8.33, Md= 85.41, IQR= 7.71) and 

neurotypical adults (M = 90.62, SD = 1.72, Md= 90.83, IQR= 1.36) using the Mann-
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Whitney U test to meet objective 3.(i). The test revealed that the accuracy scores 

differed significantly between the two groups with large effect size, |z| = 4.288, p < 

.001, re=.67.  

 Performance across subgroups of PWA and Neurotypical adults. The 

obtained accuracy score was compared across three participant groups (anomic aphasia, 

M = 87.01, SD = 3.77, Md = 87.29, IQR = 4.92, Broca’s aphasia, M = 79.33, SD = 9.97, 

Md = 82.50, IQR = 10.94 and neurotypical adults, M = 90.63, SD = 1.72, Md = 90.83, 

IQR = 1.36) using the Kruskal Wallis H test. The test done to meet objective 3. (ii) 

revealed that the scores differed significantly across the groups, χ2 (2) =21.229, p <.001. 

A pair-wise comparison of participant groups was done using the Mann-Whitney U test 

to follow up on the above findings. The scores obtained by anomic aphasia did not 

differ statistically from that of Broca’s aphasia (p>.05), but differed with medium effect 

size when compared with neurotypical adults, |z| = 2.529, p<.05, re =0.46. The accuracy 

scores of Broca’s aphasia also differed from that of neurotypical adults significantly 

with high effect size, |z| = 4.474, p <.001, re =0.81. 

 The performance on each task of symbol sequencing was also subjected to 

comparison to meet sub-objectives 3.a.(i), 3.a.(ii), 3.b.(i) and 3.b.(ii), and the results 

are discussed below under each task of sequencing. 

 4.1.3a Symbol Sequence Imitation Task (Task 6). This task required the 

participants to imitate the symbol sequences by pointing to the correct symbols in the 

order demonstrated by the researcher. Analyses of data obtained from this task were 

done to meet the study sub-objectives 3.a. (i) and 3.a.(ii).  

Performance between PWA and Neurotypical Adults. The accuracy, 

efficiency, and response time taken to accurately imitate symbol sequences in each 

participant group were measured and subjected to descriptive statistical analyses. The 
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results are tabulated in Table 4.23. The performance between PWA and neurotypical 

adults were compared using the Mann-Whitney U test to meet sub-objective 3.a.(i). 

Even though there was no significant difference in accuracy to imitate symbol 

sequences between the two participant groups, they significantly differed (p <.05) in 

terms of efficiency and response time taken to perform the task with a high effect size 

(refer Table 4.23).  

Table 4.23 

Mean, Standard deviation, Median, and Inter-Quartile Range Values for Accuracy, 

Efficiency, and Response Time Taken by PWA and Neurotypical Adults for Symbol 

Sequence Imitation Task and the Result of Mann-Whitney U Test to Compare the Two 

Groups 

 Participant 

Groups 

n Mean SD Median IQR |z| p re 

Accuracy PWA 20 98.88 3.77 100.0 0.00 1.777 .076 - 

 NTA 20 100.0 0.00 100.0 0.00    

Efficiency  PWA 20 86.29 12.10 91.43 18.64 5.430 <.001 0.85 

 NTA 20 99.24 0.97 99.54 1.39    

Response 

Time 

PWA 20 2.43 0.96 2.18 1.84 4.896 <.001 0.77 

 NTA 20 1.18 0.23 1.16 0.36    

Note. PWA= Persons with aphasia (is a combined group of persons with aphasia and 

Broca’s aphasia), NTA= Neurotypical adults, SD= Standard deviation, IQR= 

Interquartile range, |z|= standardized test statistic, p= significance value, re = effect size 

Performance across Subgroups of PWA and Neurotypical Adults. The 

accuracy, efficiency, and response time taken to correctly imitate symbol sequences in 

anomic aphasia, Broca’s aphasia, and neurotypical adults were subjected to descriptive 

analyses and the results are displayed in Table 4.24. The performance across the three 

participant groups was compared using the Kruskal Wallis H test to meet sub-objective 
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3.a.(ii). The three groups significantly differed (p<.05) in their ability to correctly 

imitate symbol sequences only in terms of efficiency and response time (refer Table 

4.24).  

Table 4.24 

Mean, Standard Deviation, Median, and Inter-Quartile Range Values for Accuracy, 

Efficiency, and Response Time Taken by Anomic Aphasia, Broca’s Aphasia, and 

Neurotypical Adults for Symbol Sequence Imitation Task and Result of Kruskal Wallis 

H Test to Compare the Three Groups 

 Participant Groups n Mean SD Median IQR χ2 (2) p 

Accuracy Anomic aphasia 10 99.44 1.25 100.0 .46 3.725 >.05 

 Broca’s aphasia 10 98.33 5.27 100.0 0.0   

 Neurotypical 

adults  

20 100.0 0.0 100.0 0.0   

Efficiency  Anomic aphasia 10 88.05 10.54 93.28 16.44 29.742 <.001 

 Broca’s aphasia 10 84.53 13.83 90.51 26.51   

 Neurotypical 

adults  

20 99.24 0.97 99.54 1.39   

Response 

Time 

Anomic aphasia 10 2.24 1.02 1.89 2.0 24.782 <.001 

 Broca’s aphasia 10 2.62 .91 2.44 1.68   

 Neurotypical 

adults 

20 1.18 0.23 1.16 0.36   

Note. n= sample size, SD= Standard deviation, IQR= Interquartile range.  

Mann-Whitney U test was done to follow up on the above finding by performing 

pairwise comparisons. The results of the test revealed that anomic aphasia and 

neurotypical adults significantly differed with high effect size (p <.05) in terms of 

efficiency (re = 0.76) and response time (re = 0.63). Similar results were obtained while 

comparing Broca’s aphasia and neurotypical adults (p<.05; re = 0.86 for efficiency and 

re = 0.82 for response time). There was no difference (p>.05) between the performance 
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of Broca’s aphasia and anomic aphasia in terms of efficiency or response time. Table 

4.25 provides a summary of pairwise comparison of the performance of subgroups of 

PWA and neurotypical adults. 

Table 4.25 

Result of Mann-Whitney U test to compare Performance between Groups in Symbol 

Sequence Imitation Task  

Dependent Variable   Three-group comparison 

[Objective 3.a(ii)] 

 BA vs AA BA vs NTA AA vs NTA 

Accuracy  BA < AA      BA < NTA AA < NTA 

Efficiency  BA < AA BA < NTA (*) AA < NTA(*) 

Response Time  BA < AA BA < NTA (*) AA < NTA(*) 

Note. PWA= Persons with aphasia (is a combined group of persons with aphasia and 

Broca’s aphasia), NTA= Neurotypical adults,  

*Difference significant p<.05 

 4.1.3b Symbol Sequence Production Task (Task 7). This task required the 

participants to construct simple sentences using symbol sequences or combinations in 

response to real coloured photograph stimuli presented. The accuracy scores calculated 

using a 12-point scale for each stimulus was averaged to obtain a score for each 

participant. This score was subjected to descriptive statistics and the results for each 

participant group and subgroups are displayed in Table 4.26. 

Performance between PWA and Neurotypical Adults. The obtained scores 

(refer Table 4.26) were compared between PWA and neurotypical adults using the 

Mann-Whitney U test to meet sub-objective 3.b.(i). The results revealed that the scores 

obtained by PWA were significantly lower than scores obtained by neurotypical adults 

with a large effect size, |z| = 4.572, p <.001, re =0.72.   
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Table 4.26 

Mean, Standard Deviation, Median, and Inter-Quartile Range Values for Symbol 

Sequence Production Score (Accuracy) Obtained by each Participant Group and 

Subgroups 

Participant Groups n Mean SD Median IQR 

Persons with Aphasia 20 75.43 16.16 78.99 17.00 

Neurotypical adults  20 92.64 3.30 92.75 3.00 

Anomic Aphasia 10 84.57 7.95 86.23 10.00 

Broca’s Aphasia 10 66.30 17.41 71.74 26.00 

Note. n = sample size, SD= Standard deviation, IQR= Interquartile range. Persons with 

aphasia is inclusive of persons with anomic aphasia and Broca’s aphasia 

Performance across subgroups of PWA and neurotypical adults. The 

performance of anomic aphasia, Broca’s aphasia and neurotypical adults (refer Table 

4.26) were compared using the Kruskal Wallis H test to meet sub-objective 3.b.(ii). The 

results showed a significant difference across participant groups, χ2 (2) = 24.179, p 

<.001. Pairwise comparison on Mann-Whitney U test revealed a significant difference 

between Broca’s aphasia and neurotypical adults, anomic aphasia and neurotypical 

adults as well as between Broca’s aphasia and anomic aphasia (p < 0.05) with medium 

to high effect size (re = 0.44-0.82).  

 4.1.3c. Additional Analyses. The single sentences constructed using symbols 

by participants in task 7 were subjected to linguistic analyses and the results are 

reported in this section along with the analyses of error responses obtained in the 

symbol sequencing tasks.  

  4.1.3c.(i) Linguistic Analyses of symbol sequence production. The aided 

responses obtained by anomic aphasia, Broca’s aphasia, and neurotypical adults were 

subjected to linguistic analyses along semantic and syntactic measures. The semantic 
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measures included the total number of symbols, the total number of correct information 

units for symbols, and the percentage of correct information units for symbols and 

syntactic measures included the percentage of complete sentences and the percentage 

of correct number of verbs. The descriptive analyses of the performance of each 

participant group and the results of the Kruskal-Wallis H test to compare performance 

across three groups are provided in Table 4.27  

Table 4.27 

Mean, Standard Deviation, Median, and Interquartile Range for all Dependent 

Variable Measures of Aided Responses in anomic aphasia, Broca’s aphasia, and 

Neurotypical Adults and Result of Kruskal Wallis H Test to Compare the Three Groups 

 

Dependent 

Variables 

Anomic Aphasia Broca's Aphasia Neurotypical 

Adults 
χ2 (2) p 

 Mean Median Mean Median Mean Median   

 Semantic Measures  

Total symbols 39.50 

(2.59) 

40.00 

(3.00) 

32.90 

(10.95) 

36.00 

(16.00) 

39.40 

(1.35) 

39.00 

(2.00) 

7.005 .030 

CIU-S 35.90 

(4.18) 

36.50 

(5.00) 

28.50 

(9.78) 

33.00 

(16.00) 

39.15 

(1.27) 

39.00 

(2.00) 

21.367 <.001 

% CIU-S 90.86 

(8.55) 

93.75 

(8.00) 

86.92 

(9.63) 

89.63 

(18.00) 

99.38 

(1.74) 

100.00 

(0.00) 

27.062 <.001 

 Syntactic Measures 

% of 

complete 

sentences  

60.17 

(29.13) 

65.60 

(37.00) 

17.93 

(15.13) 

15.38 

(27.00) 

95.23 

(4.71) 

92.00 

(8.00) 

35.582 <.001 

% of correct 

verbs  

93.84 

(7.07) 

96.15 

(15.00) 

85.90 

(14.11) 

88.47 

(31.00) 

100.00 

(0.00) 

100.00 

(0.00) 

1.042 .307 

Note. CIU-S= correct information unit for symbols. Standard deviations are presented 

in parenthesis along with mean and interquartile ranges are presented in parenthesis 

along with median. 

 From the above table 4.27, it is evident that there was a significant difference 

across the three groups for all semantic measures and one syntactic measure (i.e., % of 

complete sentences). Mann-Whitney U test was performed as follow-up analyses to 
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determine which two groups showed significant differences on each of these measures 

(refer table 4.28). Anomic aphasia and Broca’s aphasia was found to differ on all 

semantic measures (p<.05). The same trend was noted between Broca’s aphasia and 

neurotypical adults; however anomic aphasia and neurotypical adults only differed in 

terms of two measures (i.e., CIU-S and % CIU-S). In syntactic measures, a significant 

difference was found in terms of % of grammatically complete sentences between 

anomic aphasia and Broca’s aphasia, anomic aphasia and neurotypical adults as well as 

between Broca’s aphasia and neurotypical adults.   

Table 4.28 

Results of Mann-Whitney U test Between Participant Groups for all Semantic and 

Syntactic Measures in Symbol Sequence Production Task  

Dependent Variable  Pairwise comparison of performance of groups 

 BA vs AA BA vs NTA AA vs NTA 

 Semantic measures 

Total symbols       BA < AA (*) BA < NTA (*) AA < NTA 

CIU-S       BA < AA (*) BA < NTA (*)     AA < NTA(*) 

% CIU-S  BA < AA BA < NTA (*)    AA < NTA(*) 

 Syntactic measures 

% of complete 

sentences  

     BA < AA (*) BA < NTA (*)      AA < NTA(*) 

% of correct verbs  BA < AA BA < NTA (*)      AA < NTA(*) 

Note. NTA= Neurotypical adults, BA= Broca’s aphasia, AA= Anomic aphasia 

*Difference is significant at  p< .05 

 During this task, it was observed that persons with aphasia had a tendency to 

produce verbal sentences. Persons with anomic aphasia often attempted to produce 

verbal sentences while constructing symbol sequences. In instances where they 

produced phonemic paraphasias, pointing to symbols was observed while attempting to 

self-correct their utterances. Many participants with Broca’s aphasia were found to 
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accurately produce verbal sentences after constructing the same sentences using 

symbols. 

  4.3.1c(ii) Error Analyses for Sequencing Tasks. The error analyses for the 

sequencing task were limited to errors in symbol sequence production tasks as the 

symbol sequence imitation task had hardly any errors due to the inherent nature of the 

task itself. The errors in symbol sequence production tasks were classified into selection 

errors and sequencing errors. For selection errors in Broca’s aphasia, the mean 

percentage of omission of single symbols were found to be more than substitution of 

target symbols for non-target symbols (refer Figure 4.5).  

 

Figure 4.5. Mean percentage of selection errors (omission and substitution errors) and 

sequencing errors in symbol sequence production task  

Among omission errors in Broca's aphasia, the mean percentage of omission of 

arguments (M = 19.70, SD = 21.63) were found to be more than the percentage of 

omission of predicates (M = 4.00, SD = 3.78). Similarly, the percentage of substituted 

arguments (M = 3.33, SD = 3.84) were more than omitted arguments (M = 1.00, SD = 

1.59) in Broca’s aphasia. In anomic aphasia, the percentage of substitution errors were 
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relatively higher than the percentage of omission errors (refer Figure 4.3). The 

percentage of omission (M = 4.99, SD = 4.77) and substitution (M = 5.33, SD = 3.22) 

of arguments was found to be more than the percentage of omission (M = 1.65, SD = 

1.73) and substitution (M = 1.65, SD = 1.73) of predicates in anomic aphasia. The 

percentage of sequencing (word order) errors were found to be more in Broca’s aphasia 

(M =44.94, SD = 27.39) than for anomic aphasia (M= 9.5, SD = 17.07). 

 4.1.4 Overall Performance on Symbol Tasks 

 The symbolic language abilities for aided communication as represented using 

the symbol performance quotient (SPQ) score was calculated in percentage from the 

accuracy scores of symbol identification, categorization, and sequencing tasks to meet 

study objectives 4. (i) and 4. (ii). The results are reported below:  

 Performance between PWA and Neurotypical Adults. The obtained SPQ 

score was compared between PWA and neurotypical adults to meet objective 4. (i). The 

SPQ score obtained by PWA (M = 83.74, SD = 12.49; Md = 87.82, IQR = 15.62) was 

found to be lower than those obtained by neurotypical adults (M = 95.89, SD = 0.44; 

Md = 95.97, IQR = .55). The SPQ score in both participant groups is illustrated in figure 

4.8. The difference in the scores was found to be statistically significant with a high 

effect size on the Mann-Whitney U test, |z| = 5.425, p < .001, re=.85.   

Performance within PWA and across neurotypical adults. The SPQ score in 

three participant groups (i.e., anomic aphasia, M = 91.05, SD = 4.22, Md = 92.67, IQR 

= 5.50, Broca’s aphasia, M = 76.42, SD = 13.88, Md = 79.66, IQR = 19.83, and 

neurotypical adults, M = 95.89, SD = .44, Md = 95.97, IQR= 0.55) are illustrated in 

figure 4.6. The scores were compared using the Kruskal-Wallis H test to meet objective 

4. (ii). The results revealed that the scores significantly differed across the participant 

groups, χ2 (2) =31.550, p <.001. A follow-up test conducted using the Mann-Whitney 
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U test to compare each group of participants revealed that neurotypical adults obtained 

a significantly higher overall symbol performance quotient score than anomic aphasia, 

|z| = 3.588, p <.001, re = 0.65  and Broca’s aphasia, |z| = 5.271, p <.001, re = 0.96. On 

the other hand, even though the performance of anomic aphasia was numerically 

superior to Broca’s aphasia, the score between the groups did not differ significantly 

(p>.05).  

 

Figure 4.6. Bar graph representing median SPQ scores in PWA, subgroups of PWA 

and neurotypical adults.   

4.2 Correlation between Symbolic language abilities and verbal language 

abilities  

 The correlation between verbal language abilities (obtained from the aphasia 

quotient score of test of aphasia in Malayalam) and the symbolic language abilities 

(obtained from the accuracy scores of all tasks of identification, categorization, and 

sequencing combined represented as SPQ), in PWA, was tested using Spearman’s rank-

order correlation to meet objective 5. The correlation was found to be significant, ρ = 
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.808, p <.001 in PWA (n = 20). The spearman’s ρ-value of .808 indicates a very strong 

positive relationship between the two variables (Dancy & Reidy, 2004). The 

relationship between SPQ and AQ is represented in a scatter plot in Figure 4.7.   

 

Figure 4.7. Scatter plot showing the relationship between symbol performance quotient 

(SPQ) and aphasia quotient (AQ) in PWA (combined group of persons with anomic 

aphasia and Broca’s aphasia).  

 Considering each subgroup of aphasia, anomic aphasia did not show a 

significant correlation between symbolic language abilities and verbal language 

abilities (p > .05), while Broca’s aphasia showed a significant correlation, ρ = .733, p 

<.05. The relationship appears to be positive and very strong in Broca’s aphasia based 

on Spearman’s rho value. The relationship between SPQ and AQ in anomic aphasia 

and Broca’s aphasia are represented in a scatter plot in figure 4.8.  
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Figure 4.8. Scatter plot showing the relationship between symbol performance quotient 

(SPQ) and aphasia quotient (AQ) in anomic aphasia and Broca’s aphasia.  

4.3 Correlation Between Symbolic Language Abilities and Non-Verbal & Verbal 

Cognitive Abilities 

 The correlation between non-verbal & verbal cognitive abilities in PWA 

obtained from the cortical quotient (CQ) of test of aphasia in Malayalam and the 

symbolic language abilities obtained from the accuracy scores of all tasks of 

identification, categorization and sequencing combined (SPQ), was tested using 

Spearman’s rank-order correlation to meet study objective 6. The correlation was found 

to be significant, ρ = .904, p <.001 n PWA (n = 20). The spearman’s rho value of .904 

indicates a very strong positive relationship between the two variables (Dancy & Reidy, 

2004). Figure 4.9 shows the scatter plot depicting the relationship between SPQ and 

CQ in PWA.  
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Figure 4.9. Scatter plot showing the relationship between symbol performance quotient 

(SPQ) and cortical quotient (CQ) in PWA (a combined group of persons with aphasia 

and Broca’s aphasia) 

 Considering each subgroup of aphasia, a significant correlation between 

symbolic language abilities and verbal language abilities was found in both anomic 

aphasia,  ρ= .770, p <.05, and Broca’s aphasia, ρ= .842, p <.05. The relationship 

between the two variables appears to be positive and very strong in both anomic aphasia 

and Broca’s aphasia based on Spearman’s rho value. This relationship is represented in 

a scatter plot in figure 4.10 
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Figure 4.10.  Scatter plot showing the relationship between symbol performance 

quotient (SPQ) and cortical quotient (CQ) in anomic aphasia and Broca’s aphasia.  
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CHAPTER V 

DISCUSSION 

Linguistic competency to use an AAC necessitates that an individual has 

sufficient knowledge, judgment, and abilities in the linguistic code of the spoken and 

written language in their family and social community, as well as the language code of 

the AAC system they may use (Light, 1989). Learning the language code of the AAC 

system can be challenging because most of them are semantic systems that offer sets of 

symbols to represent concepts but have no inherent grammar or morphology (Light & 

McNaughton, 2014). These systems rely on the individual’s cognitive skills (Purdy & 

Dietz, 2010) as well as language formulation and navigation skills (Thiessen et al., 

2014), as most of the semantic concepts are organized in a grid pattern with rows and 

columns of compartmentalized icons or isolated images. Hence, to use these systems to 

produce meaningful utterances, an individual must be able to visually search multiple 

arrays, discriminate between symbols, identify the target symbol, retrieve them from 

categories defined by symbols, and arrange them in a linear sequence.  

Persons with aphasia, due to their inherent language and cognitive impairment 

present unique challenges to AAC use, unlike other acquired communication disorders. 

Even then, the ability of PWA to use different AAC systems to communicate in 

experimental and clinical context have been evidenced from numerous treatment 

studies conducted since the 1980s (Koul et al., 2005; Koul et al., 2008; Koul & Harding, 

1998; McCall et al., 2000; Weinrich et al., 2001; Weinrich et al., 1997). Given the 

scarcity of reports of functional or independent AAC use among PWA, we must re-

investigate and understand the linguistic abilities required to use such a system. 

Moreover, to date, there are no published literature on the performance of these 

individuals on tasks involving symbolic language abilities without providing 
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intervention. Furthermore, there are no data available in India that have investigated the 

symbolic language abilities required for using an aided AAC system in PWA. The 

current study provides insights into the performance of persons with aphasia on a series 

of behavioural tasks that tap into the linguistic abilities required to use aided 

communication in comparison to neurotypical adults. These language abilities included 

the ability to identify, categorize, and sequence symbols. This study also investigates 

the relationship between symbolic language abilities, verbal language abilities and non-

verbal & verbal cognitive abilities in PWA. The current study's objectives and 

hypotheses were evaluated using the data collected from all participants, and the 

findings have been detailed in Chapter IV. These findings are discussed in detail in this 

chapter under the following heads: 

5.1 Symbolic Language Abilities for aided communication 

5.1.1 Performance on Symbol Identification tasks 

 5.1.1a Effect of grid size on identification of symbols 

5.1.1b Effect of symbol organization and background colour 

coding on identification of symbols 

5.1.1c Effect of grammatical category of referents on 

identification of symbols 

 5.1.2 Performance on Symbol categorization tasks 

5.1.2a. Effect of presentation modality on categorization 

 5.1.3 Performance on Symbol sequencing tasks 

  5.1.3a Symbol sequence imitation 

  5.1.3b Symbol sequence production 

 5.1.4 Overall Performance on symbol-based tasks 

5.2 Relationship between symbolic language abilities, verbal language 
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abilities, and non-verbal & verbal cognitive abilities 

5.3 Summary of outcome of the hypotheses stated in the study  

5.1 Symbolic Language Abilities for Aided Communication 

This section is intended towards understanding how and to what extent aphasia 

affects each of the levels of linguistic processing that the AAC system requires by 

addressing objectives 1, 2, 3, and 4 of the study. Objective 1 investigated the symbol 

identification abilities in terms of accuracy, efficiency, and response time in PWA by 

comparing their performance with that of neurotypical adults as well as comparing 

performance across subgroups of aphasia (anomic aphasia, Broca’s aphasia) and 

neurotypical adults. Similar comparisons were done to investigate symbol 

categorization abilities as per objective 2, symbol sequencing abilities as per objective 

3. Objective 4 investigated the symbolic language abilities by comparing the overall 

performance on all seven behavioural tasks in terms of accuracy between PWA and 

neurotypical adults and across subgroups of PWA and neurotypical adults.  

Among the numerous behavioural outcome that can be measured, the current 

study selected and studied three specific behaviours: accuracy, response time, and 

efficiency with which the adult participants’ identified, categorized and sequenced 

symbols. Accuracy and response time measures are considered fundamental 

components of successful aided communication (Wilkinson et al., 2006; 2008; 

Wilkinson & Coombs, 2010; Wilkinson & Snell, 2011). The accuracy of response is 

critical because errors can lead to frustrating communication breakdowns. The speed or 

time taken (response time) for message construction (which involves symbol 

identification, categorization, and sequencing) is also important. This is because an 

extremely low rate of message construction (Beukelman & Mirenda, 2013) is one of 

the most significant barriers faced by AAC users (Wilkinson & Mcllvane, 2013). 
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Previous literature has discussed the efficiency of response in terms of speed and 

accuracy of response (Brown et al., 2015). The current study; however, has considered 

efficiency as the number of attempts required for producing an accurate response. Even 

though the efficiency measure is closely related to response time, it is an entirely 

different measure as it provides information on the functional aspect of response which 

is just as much as clinically relevant as the other two variables studied.  

 5.1.1 Performance on Symbol Identification tasks  

 An important aspect in AAC concerns the ability of the user to locate an aided 

visual symbol on a communication display to facilitate meaningful interaction with 

communication partners (Alant et al., 2010). Locating a symbol requires visual search 

and symbol identification. Symbol identification is the receptive understanding of 

graphic symbols or the individual’s ability to discriminate between graphic symbols. 

The ability to identify symbols in the current study was investigated using three 

behavioural tasks that involved visual search. Visual search tasks have been used as the 

most common experimental approach to study basic visual processing and its relation 

to AAC; wherein the participant is asked to locate a target stimuli and the response time 

taken to do so is measured (Wilkinson et al., 2006).  

 To better understand the performance of different participant groups on symbol 

identification tasks, it would be beneficial to first examine the following data obtained 

from all three tasks of symbol identification. The neurotypical adults showed 100% 

accuracy and 97% efficiency in identifying symbols. On the other hand, the 

performance was slightly reduced for anomic aphasia, wherein they were 97% accurate 

and 89% efficient in the identification of symbols. Broca’s aphasia showed even poorer 

performance with 81% accuracy and 63% efficiency in identifying symbols. The time 

taken to identify symbols was shortest for neurotypical adults (1.9 sec), followed by 
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anomic aphasia (3.59 sec) and Broca’s aphasia (7.48 sec). The data from all three 

identification tasks when subjected to analysis revealed that PWA was able to identify 

symbols; however, they were significantly less accurate, less efficient and took 

significantly longer response time to identify symbols in comparison with neurotypical 

adults. These findings are in consensus with previous research which mostly utilized 

only accuracy measures (Gardner et al., 1974a). Several studies that found the 

performance of PWA to be comparable to that of neurotypical adults (Koul & Lloyd, 

1998; Sawyer-Woods, 1987) used training, whereas the current study did not. Among 

PWA, the performance between Broca’s aphasia and anomic aphasia differed only in 

terms of response time and not in terms of accuracy or efficiency of response. Koul 

(1994) and Koul and Lloyd (1998) reported no difference between their subjects with 

moderate aphasia and global aphasia in terms of the mean number of symbols 

recognized and suggested that recognition of single graphic symbols may be 

independent of type and severity of aphasia. Hence, from the present study findings, it 

is suggested that the identification of single graphic symbols measured in terms of 

accuracy might be independent of type and severity of aphasia, but the type and severity 

of aphasia may influence the efficiency and response time taken to identify symbols. 

 The two subgroups of aphasia in the current study also did not differ in terms of 

the proportion of errors produced while attempting to identify symbols. The lack of 

difference could be because of the relatively preserved recognition abilities in Broca’s 

aphasia and the relatively milder language impairment in anomic aphasia resulting in a 

fewer and similar proportion of errors. Gardner (1974a) reported that non-fluent aphasia 

produced lesser errors while recognizing symbols in comparison to fluent aphasia. 

Considering the type of error produced, both anomic and Broca’s aphasia produced 

relatively large proportions of no responses followed by responses that had no direct 
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relation to the stimuli (unrelated errors). No response errors can be assumed to result 

from a lack of semantic concepts or inability to extract features of the symbols or due 

to the lack of concreteness of the symbols representing the concepts. They exhibited a 

relatively small proportion of perceptual, semantic, and perceptual-semantic mixed 

errors. Thorburn et al. (1995) observed perceptual errors (e.g., brush instead of 

toothbrush) and semantic errors (e.g., glasses for eyes) among two of their participants 

with aphasia while investigating their ability to identify a target rebus symbols from a 

group of semantic, perceptual and unrelated foil. The current investigation differs from 

Thorburn's study in that the foils were not specifically designed to be semantically or 

perceptually related to the target. However, such an attempt would have provided better 

insights into understanding what aspects of symbols facilitated or presented difficulty 

to PWA, and differentiating from processing difficulty of images in PWA from inherent 

representational limitations of symbols.  

  Locating symbols in an AAC system requires PWA to translate the symbols 

which are much more novel than natural speech. They must understand the meanings 

and internal representations of unfamiliar symbols. When multiple symbols are used, 

they must search an array, or multiple arrays or levels to identify a symbol. Most PWA 

even with good comprehension would have difficulty in carrying out these tasks 

(Garrett & Kimmelman, 2000). To further elaborate, Carlin et al. (1995) explain that 

typically top-down processing of visual arrays involves parallel and serial processing. 

Parallel processing occurs in the early stage of processing and operates parallel across 

the visual array to extract basic image characteristics (such as colour and orientation) 

which allow in rapid detection of targets. This is often followed by serial processing 

which allows for a more focused or localized processing of the visual array where target 

stimuli are identified as per their multiple or conspicuous defining features. Hence, 
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longer target detection time (or response time) as the number of symbols increases in 

an array is considered as evidence of serial or attentive processing. Also, when there is 

no increase in the response time with an increase in array size is suggested to be due to 

parallel processing of stimuli. Thus, a processing system with capacity limitations 

affects the pre-attentive (i.e., parallel) and/ or serial stage of visual processing and 

would be expected to require more time to process an array in the parallel stage and an 

item in the serial stage of processing. 

 The speed and accuracy of retrieving symbols can also be influenced by the 

location of the symbol within AAC devices and the cognitive abilities of an individual 

such as sustained attention and cognitive flexibility (Perrin et al., 2017). Sustained 

attention is the ability to maintain a conscious effort during a task while simultaneously 

inhibiting all other interferences or distractions within the task or in the surrounding 

environment, while the ability to activate and modify the way we perceive and react to 

changes during a task is known as cognitive flexibility. Thus, the relatively reduced 

accuracy, efficiency, and response time in identifying symbols can be attributed to the 

inherent linguistic impairment, visual processing difficulty, and also to the difficulty in 

attention and cognitive flexibility.  

 The efficiency with which an individual can access lexical items in an AAC 

system is also linked to the efficiency of the AAC system (Fallon et al., 2003). Thistle 

and Wilkinson (2009) pointed out that various perceptual characteristics of a display 

might be exploited to enhance the user’s ability to perceive and understand the visual 

aided AAC displays. These characteristics include grid versus schematic scene design, 

symbol colour, location, and symmetry. Such display characteristics interact with 

individual characteristics of the user (such as their language, cognition, sensory and 

motor abilities) and the task demands to influence functional communication outcomes 
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of symbol discrimination and identification. Thus, organizing symbols on AAC devices 

such as symbol location, size, and colour may be very important for increasing the 

efficiency and effectiveness of communication (Wilkinson & Jagaroo, 2004).  

 In the current study, three secondary exploratory questions were enabled by the 

nature of the behavioural tasks involving the identification of symbols that would 

facilitate clinicians in clinical decision making on AAC display designs. However, 

these questions were not directly targeted in the research objective (which was to 

understand the ability of participants to identify symbols) but seemed of interest to 

investigate given the ability of the individual to interact with the display designs and 

symbol features used. The three questions are as follows:  

a) What is the effect of grid size on the accuracy, efficiency, and response time 

taken for the identification of symbols in PWA, subgroups of PWA, and 

neurotypical adults? 

b) What is the effect of grammatical organization and background colour 

coding on the accuracy, efficiency, and response time taken for the 

identification of symbols in PWA, subgroups of PWA and neurotypical 

adults? 

c) What is the effect of the grammatical category of referents on the accuracy, 

efficiency, and response time taken for the identification of symbols in PWA, 

subgroups of PWA and neurotypical adults? 

The above questions are discussed in the following subsections: 

5.1.1a Effect of grid size on identification of symbols. The effect of grid size 

on the identification of symbols in PWA and neurotypical adults was measured using 

accuracy, efficiency, and response time taken to identify single symbols on a grid 

display with 4, 8, 12, and 16 symbols from the identification task 1. The results revealed 
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that the neurotypical adults performed significantly better than PWA in terms of 

accuracy, efficiency, and response time taken to identify symbols. Both groups 

identified symbols more accurately, efficiently, and with shorter response time on 

displays having four symbols followed by 8, 12, and 16. Thus, the gradual decline of 

performance with an increase in grid size was evident in both groups. However, it is 

worth noting that the rate of decline was different in each participant group.  

In PWA, while the mean accuracy of identifying symbols dropped from 100% 

at grid size 4 to 89% at grid size 16, neurotypical adults showed no such decline in 

accuracy scores with an increase in grid size. Similarly, while the mean efficiency 

dropped from 95% at grid size 4 to 83% at grid size 16 in PWA, in neurotypical adults, 

the mean efficiency remained the same across all grid sizes. The average response time 

taken to identify symbols increased from 2.74 sec to 3.57 sec as grid size increased 

from 4 to 16 in PWA; while in the case of neurotypical adults, the increase was from 

0.77 sec to 0.99 sec. Thus, at grid size 4, the accuracy and efficiency of performance of 

PWA were at par with neurotypical adults. Similar results were obtained by Thorburn 

et al. (1995) during their investigation on the ability of PWA to identify target rebus 

symbols from a set of four choices.   

The performance of subgroups of PWA (i.e., anomic aphasia and Broca’s 

aphasia) also showed a similar trend. Persons with anomic aphasia identified symbols 

more accurately, efficiently and with less response time than persons with Broca’s 

aphasia. In the case of Broca’s aphasia, the mean accuracy and efficiency declined from 

100% and 91% respectively at grid size 4 to 79% and 65% at grid size 16, and the 

average response time increased from 4.27 sec at grid size 4 to 9.41 sec at grid size 16. 

On the other hand, the mean accuracy did not decline across grid sizes in anomic 

aphasia as found in neurotypical adults. However, the mean efficiency reduced from 
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100% at grid size 4 to 97% at grid size 16, unlike neurotypical adults which remained 

the same for all grid sizes. The average response time increased from 1.42 sec to 2.75 

sec as grid size increased from 4 to 16 symbols per display in anomic aphasia, which 

was slower than neurotypical adults, but faster than Broca’s aphasia. Thus, the results 

of the current study show that there is an effect of grid size on the accuracy, efficiency, 

and response time taken to identify symbols in PWA, and subgroups of PWA. While 

the effect of grid size on symbol identification is evident in terms of response time in 

neurotypical adults. 

The results of the present study are consistent with the findings of Petroi et al. 

(2014), who found that PWA had shorter response latency and higher response accuracy 

when they located target symbols from among 4 symbols than 16 symbols per display. 

They attributed this finding to the fact that as the number of symbols on a screen 

increases, the longer cognitive processing time is required by the persons with aphasia 

(PWA) to identify those symbols accurately.  

In a grid display, placing each symbol in a separate cell separated by boundaries 

created by lines or spacing minimizes the association of one symbol with other symbols, 

requiring a minimum degree of localized attention from an individual to each symbol. 

Each stimulus in the grid is also subjected to object-centred processing, which involves 

extraction of the object’s main axes and perception of form, configuration, boundaries, 

and contrasts within the object (Wilkinson & Jagaroo, 2004). Thus, determining the 

target symbol in a grid display may demand more cognitive resources. Further, with an 

increase in the grid size, the demand again rises, affecting the performance in both 

neurotypical adults and PWA as found in the current study. Since PWA have 

impairments of attention, visual perceptual and visual cognitive processing (Purdy & 

Dietz, 2010), their performance on higher grid sizes considerably declines in 
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comparison to neurotypical adults. The decline in performance of neurotypical adults 

with increase in grid size is consistent with the findings of Frisch (2020) who reported 

that their neurologically healthy participants had difficulty in performing when the 

number of symbols on a screen increased.  

5.1.1b Effect of symbol organization and background colour coding on 

identification of symbols. The processing of stimuli location, recognition, and recall 

is thought to be aided by colour as it contributes to perceptual attention (Gegenfurtner 

& Rieger, 2000). Since colour helps to draw attention to certain symbols, they can be 

used for organizational and coding reasons to make the target locations easily 

distinguishable and useful to the user so that communication accuracy is increased 

(Bailey & Downing, 1994). Thus, colour can be utilized to reduce the cognitive 

demands of AAC related tasks. For example, the use of colour-coded background has 

been recommended as a method of easing visual processing demands through the 

utilization of colour-coded display designs such as modified Fitzgerald key (Beukelman 

& Mirenda, 2005; Goossens et al., 1999). The Fitzgerald key, originally developed to 

provide visual support to deaf children, was colour coded and applied to AAC displays 

to group targets together based on semantic-syntactic categories to improve visual 

access and provide the user with a reference to help locate symbols more easily (Thistle 

& Wilkinson, 2009).  

The current study also utilized the Fitzgerald key for symbol grouping and 

colour coding to study its effects on the identification of symbols (identification task 2) 

in each participant group and subgroups. Based on previous studies, it was assumed 

that colours would reduce the need to visually review each symbol allowing them to 

restrict the visual search to just symbols with assigned colour according to the symbols 

part of speech. The current study found that symbol grouping based on word class 
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category and background colour coding cues had no effect on the accuracy, efficiency, 

and response time required for symbol identification in both PWA and neurotypical 

adults. Similar results were found for anomic aphasia and Broca’s aphasia as well.  

To date, studies that have investigated the role of symbol arrangement and 

background colour cues have been mostly conducted on children, and they have found 

that background colour does not have an effect on the accuracy and response time for 

single symbol identification or multi-symbol message construction (Thistle & 

Wilkinson, 2009; Wilkinson & Coombs, 2010; Wilkinson & Snell, 2011; Thistle & 

Wilkinson, 2017). However, symbol grouping (in terms of internal symbol colour or 

implicit cue) was found to have an influence on the accuracy and efficiency of symbol 

identification in typically developing children. Thistle (2019) who investigated the 

effect of symbol background colour on the speed of locating symbols in neurotypical 

adults found no effect of background colour on neurotypical adults' response time. This 

result is similar to the findings of the current study and previous literature on children. 

They also found that for adults, background colour cues provided a distinct advantage 

for a larger array (such as a 60-symbol array) than a 16-symbol array. Thus, the 

background colour provided grouping that reduced the complexity of the display. It was 

suggested therefore that for adults, AAC displays may utilize colour coding to highlight 

parts of speech of symbol. Since the current study did not utilize a symbol array more 

complex than 16-symbols, it is difficult to arrive at a similar conclusion and hence needs 

to be further explored.  

5.1.1c Effect of grammatical category of referents on identification of 

symbols. The current study utilized PCS symbols representing nouns, verbs, adjectives, 

and prepositions to investigate the effect of the grammatical category of referents on 

the identification of symbols. The results from the study show that both PWA and 
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neurotypical adults identified nouns most accurately and efficiently with shorter 

response time followed by verbs, adjectives and prepositions. Thus, the order of 

difficulty in identifying symbols of the various grammatical categories was similar in 

PWA and neurotypical adults which was also reported in Gardner’s (1974a) study that 

investigated recognition of symbols in PWA.  

  The largest difference in accuracy scores was evident between nouns and 

prepositions followed by between verbs and adjectives and between adjectives and 

prepositions in PWA and in the subgroups of aphasia. The identification accuracy 

dropped from 94% for nouns to 74% for prepositions in PWA (99% for nouns to 87% 

for prepositions in anomic aphasia, and 88% for nouns to 59% for prepositions in 

Broca’s aphasia). In other words, PWA made more errors while attempting to identify 

symbols representing adjectives and prepositions than nouns or verbs. However, for 

neurotypical adults, there was relatively less difference in the mean identification 

accuracy for nouns (100%) in comparison to verbs (100%), adjectives (99%), and 

prepositions (99%).  

The findings of the current study are in accordance with previous research that 

reported nouns were identified more accurately than other word classes such as verbs 

and modifiers in neurotypical adults (Bloomberg et al., 1990) and PWA (Lin & Chen., 

2017). This could be attributed to the concreteness of the referent (i.e., the ease with 

which stimulus evokes an image of an object or objects) that permit relatively iconic 

representations of nouns graphically (Schlosser et al., 2014). In other words, the graphic 

representation of nouns allows preservation of most of the referent’s unique features, 

thus allowing a direct visual-perceptual association with the referent or rendering it 

highly iconic (Bloomberg et al., 1990). Those symbols which are more familiar and 

require less specialized knowledge, and those symbols for which well-established 
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routines of decoding exist are easier to identify (Gardner, 1974a). The study findings 

are in contrast with the results of Shin et al. (2017) who found no difference in the 

accuracy with which neurotypical adults in Korea identified Korean-based Ewha-AAC 

symbols representing different word categories (nouns, verbs, and adverbs). It can be 

assumed that the differences in the transparency of symbols within each symbol set 

(i.e., Ewha-AAC symbols and PCS) would have resulted in contrasting results. 

Verbs, on the other hand, are difficult to represent graphically as it often requires 

an object which is part of the activity to be depicted in the icons (Kozleski, 1991). A 

functionally useful representation of verbs depicts enough detail to evoke a clear 

connotation (Weinrich et al., 1989b). Since different cues such as convention cues (i.e., 

frozen postures, arrows, and dots) and postural cues (i.e., body postures that deviate 

from a neutral position) are used to depict action in a fixed or static position (Friedman 

& Stevenson, 1975; Bloomberg et al., 1990), the perception of iconicity of verbs might 

differ across individuals even for the same symbol.  

Adjectives and prepositions are considered less concrete than nouns and verbs, 

and hence it is more difficult to represent them graphically. The relative relationship 

between the referents aids in the identification of modifiers. Prepositions, especially 

spatial prepositions, often require a representation of a location relative to a reference 

point (Schlosser et al., 2011). Static representations of prepositions in PCS usually 

involves the use of a black coloured bar, or two bars or a schematic open box as a 

reference point along with a ball positioned in relation to a reference point. Sometimes, 

they also include arrows to serve as movement cues (Schlosser et al., 2014). This very 

abstract nature of the symbols might account for reduced performance in neurotypical 

adults. Furthermore, in PWA, accurately identifying symbols from different 

grammatical categories requires them to rely on the various direct perceptual features 
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as well as indirect conceptual cues which might be difficult given their impairment in 

visual perceptual and visual cognitive processing.  

Similarly, the mean efficiency also showed a decline from 82% for nouns to 

58% for prepositions in PWA. While in anomic aphasia, the decrease in efficiency 

ranged from 92% for nouns to 76% for prepositions, Broca’s aphasia showed an 

efficiency range from 71% for nouns to 41% for prepositions. Neurotypical adults 

showed a decline in efficiency scores from 98% for nouns to 95% for prepositions. It 

is noteworthy that even neurotypical adults did not achieve 100% efficiency in 

accurately identifying nouns. This in turn calls our attention to other factors that might 

play a role in symbol recognition, such as an individual’s cultural background and word 

knowledge.  

The average response time for identifying nouns was the shortest, while 

prepositions took the longest in both neurotypical adults (1.41 sec - 2.09 sec) and PWA 

(5.15 sec - 8.58 sec). Among PWA, Broca’s aphasia had the longest response time for 

identifying symbols belonging to all grammatical categories (range: 6.18 sec – 8.97 

sec), while for anomic aphasia, it ranged from 3.01 sec to 5.93 sec. The findings in 

neurotypical adults are consistent with the findings reported by Shin et al. (2017), who 

stated that among neurotypical adults, the response time required to identify a symbol 

corresponding to a noun was significantly shorter than an adverb or verb. They also 

found no significant difference between response time taken to identify adverbs and 

verbs. The current study findings along with previous literature suggest that the 

difference in iconicity of symbols affects the performance of even neurotypical adults 

as evident from the difference in response time taken to recognize and process symbols 

belonging to different word classes. Similarly, the current study’s findings also imply 

that PWA takes additional cognitive processing time to analyse the properties of the 
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symbol and correlate them with their referents due to their inherent cognitive and 

language impairments.    

5.1.2 Performance on Symbol Categorization Tasks 

 Categorization or semantic organization reflect how lexical items are organized 

in an internal lexicon (mental representations) or an external AAC display (Wilkinson 

et al., 2006). Since most of the picture-based AAC systems depend on non-verbal 

semantic category selection, it is not enough that PWA have retained their ability to 

identify symbols for functional use of these systems. They may still experience 

difficulty in locating symbols if they do not have retained semantic categorization 

abilities or in other words, have intact semantic knowledge. The ability of PWA to 

categorize symbols was investigated in the current study using an auditory and a visual 

categorization task and their performance was compared with that of neurotypical 

adults.  

 Before delving into the study’s findings, it is important to understand how 

concepts are semantically organized in a healthy brain and what happens to it after 

aphasia has incurred. Often, concepts in neurotypical adults appear to be organized 

hierarchically, from subordinate to basic level to superordinate concepts forming a 

semantic field or network (Goodglass & Baker, 1976; Kudo, 1987; Marques et al., 

2013). To further elaborate, the semantic field has an inner circle that consists of the 

label of an item/ object, its superordinate association, the most common descriptive 

adjective (Attribute), and terms related to the object by function (Functional Context). 

Towards the outskirts of the field are other objects of the same category (contrast 

coordinates), and verbs denoting actions carried out by the particular object (Function 

associates). These semantic representations or concepts are constructed from lifelong 

multimodal verbal and non-verbal experiences, and these information are encoded in 



 
 

179 
 

modality-specific cortices distributed across the brain (Martin, 2016). As opposed to 

earlier theories which assumed that concepts arise through direct connections among 

modality-specific regions, the controlled semantic cognition theory (Ralph et al., 2017) 

in common with classic neurological models and contemporary theories (Martin, 2016) 

proposes that semantic representations are activated by cross-modal interactions which 

are mediated at least in part by a single transmodal hub situated bilaterally in the 

anterior temporal lobes (semantic control system). 

 Aphasia is thought to impair a person's ability to categorize, and the reason for 

this is largely explained by two opposing schools of thought: semantic deficit 

hypothesis (Caramazza et al., 1982) and conceptual preservation hypothesis (Nicholas, 

1998). The semantic deficit hypothesis reasons that underlying semantic 

representations are impaired in severe aphasia which affects both expressive and 

receptive processing. The conceptual preservation hypothesis, on the other hand, 

divides semantic information into conceptual-semantic information (i.e., real-world 

knowledge about concepts) and lexical-semantic information (i.e., linguistic 

knowledge) and states that conceptual-semantic information is relatively preserved in 

severe aphasia and the lexical-semantic information is mostly impaired. Thus, even if 

a PWA may not be able to point to a chair after hearing the word because of an 

impairment in the lexical-semantic system, they will still be able to group it with other 

furniture because of the preservation of the conceptual-semantic system. Numerous 

empirical evidence support that PWA has relatively intact central semantic 

representations, and the issue lies with the process by which those representations are 

activated making it a semantic access disorder than a semantic storage disorder (Crutch 

& Warrington, 2008; McCleary & Hirst, 1986; Nicholas et al., 2011; Ralph et al., 2017; 

Van de Sandt-Koenderman et al., 2007).   
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 The current study utilized both auditory and visual stimuli for categorization 

tasks under the assumption that auditory access is not the only route to semantic 

knowledge. For example, the concept "apple" can be accessed by either looking at the 

picture of an apple, reading the word apple or by hearing the word apple. Separate 

semantic organizations may exist for each of these access systems, each geared to make 

access easier (McCleary & Hirst, 1986). It was hypothesized in the previous literature 

on the semantic organization in PWA, that if PWA performs differently when given 

spoken words versus pictures symbols, then the degree to which their semantic structure 

remains intact is dependent on the mode of access used.  

 Participants in this study were asked to choose which of the four superordinate 

categories (i.e., animal, food, actions, and object) best represented the target picture 

symbol or a spoken word. Their performance on categorization using both stimuli was 

measured in terms of accuracy, efficiency, and response time and was averaged. Taking 

a closer look at the performance data across each of the three dependent measures 

would seem beneficial in understanding their ability to categorize symbols. PWA (i.e., 

combined group of persons with anomic aphasia and Broca’s aphasia) obtained a 

median accuracy score of 96.65%, while the score was 100% for neurotypical adults. 

Considering each subgroup of aphasia separately, anomic aphasia obtained an accuracy 

score of 98.33%, while an accuracy score of 78.3% was obtained by adults with Broca’s 

aphasia. Similar to accuracy scores, the median efficiency score for PWA was 

significantly less (72.08%) than those obtained by neurotypical adults (96.04%). 

Anomic aphasia obtained a 79.9% efficiency score, while the efficiency scores 

significantly reduced to 56.9% in Broca’s aphasia. The response time taken by PWA 

was significantly longer (7.51 sec) than neurotypical adults (2.45 sec). Anomic aphasia 

took 6.85 sec, Broca’s aphasia took 9.82 sec to perform the categorization tasks, both 
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of which were considerably longer than the response time taken by neurotypical adults. 

Thus, while anomic aphasia performed at par with neurotypical adults in terms of 

accuracy, they demonstrated lower efficiency and increased response time in 

comparison to neurotypical adults. Broca’s aphasia, on the other hand, performed 

poorer than anomic aphasia and neurotypical adults in terms of accuracy, efficiency, 

and response time. 

The current study results are in line with reports of Weinrich et al. (1993) who 

also had found that all of their participants with severe aphasia (three global aphasia 

and three Broca’s aphasia) could accurately categorize pictures during their baseline 

measures prior to intervention. The ability to abstract features common to a set of items 

and then use this information to identify another item from the same set is required for 

the categorization task. Thus, a successful performance is determined by the 

individual's knowledge of the items, the associations the items evoke for the individual, 

and the relationships recognized among these associations (McCleary & Hirst, 1986). 

Since the participants in the current study with severe aphasia showed some ability to 

make category selections that are required to use AAC systems, it can be assumed that 

their semantic-conceptual system is preserved to some extent. Weinrich and his 

colleagues (1993) had also opined that the ability to categorize pictures or symbols 

correctly by their participants with aphasia was suggestive of the presence of a 

functionally intact abstract semantic memory.  

 Persons with aphasia have been found to be superior in processing subordinate 

items when compared to more general superordinate categories or basic level items 

(Crutch & Warrington, 2008). This does not mean that there is a loss of knowledge at 

the superordinate level and considering the relatively better accuracy scores, we can 

exclude the possibility that category information was not available in the semantic 
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network. A relatively reduced efficiency score and longer response time would point 

towards less efficient access to the system. Longer response time in both nonfluent and 

fluent aphasia for a category verification task using auditory stimuli was reported by 

Hough (1993). The author suggested that it may be indicative of reduced integration of 

auditory stimuli, slower accessing of the semantic system and increased initiation time. 

It was further pointed out by the author that longer latencies are indicative of different 

organization of lexicon as per semantic memory research with normal adults; however, 

cautions us to interpret the same without analyzing the entire pattern of performance. 

Lice and Palmovic (2017) also noted that PWA has a longer response time and lower 

accuracy scores than neurotypical adults on behavioural categorization tasks (i.e., 

participants had to judge if the auditory presented words belonged to the category of 

animate or inanimate objects). However, their observation along with results from 

event-related potentials studied (N400 and LPC components) made them conclude that 

PWA has difficulty in both categorization and lexical retrieval.  

 5.1.2a Effect of Presentation Modality on Categorization.  In the current 

study, collapsing data across the two tasks (i.e., auditory categorization and visual 

categorization) in each participant group was done to gain an insight into whether the 

degree to which their semantic structure remains intact is dependent on the mode of 

access used. Neurotypical adults were 100% accurate in both auditory and visual 

categorization. PWA (i.e., combined group of anomic and Broca’s aphasia) had a 

median accuracy of 100% for auditory categorization and 96.63% for visual 

categorization, though the difference was not significant. However, both groups were 

able to efficiently categorize auditory stimuli (100% in neurotypical adults and 73.75% 

in PWA) than visual stimuli (93.75% in neurotypical adults and 67.91% in PWA). Both 

groups took significantly longer response time for visual categorization (3.35 – 8.62 
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sec) than auditory categorization (1.24 sec- 5.42 sec). The subgroups of PWA also 

showed a similar trend, wherein the performance of anomic aphasia and Broca’s 

aphasia did not differ significantly between auditory and visual categorization in terms 

of accuracy, but it did differ in terms of efficiency and response time. While adults with 

anomic aphasia had an 86.6% efficiency score for auditory categorization, the score 

was reduced to 74.1% for visual categorization. In the case of Broca’s aphasia, a reverse 

trend was noted wherein the efficiency for auditory and visual categorization was 

56.7% and 65.83% respectively. Also, response time taken visually categorize symbols 

was longer (8.19 sec in anomic aphasia and 11.12 sec in Broca’s aphasia) than the time 

taken to auditorily categorize symbols (5.45 sec in anomic aphasia and 8.41 sec in 

Broca’s aphasia).  

 Thus, the presentation modality of stimulus did not affect the performance of 

the participants in terms of accuracy in the present study (i.e., they were equally able to 

or unable to select appropriate categories when the stimuli were picture symbols or 

spoken words). In terms of efficiency, the opposite trend in performance of anomic 

aphasia and Broca’s aphasia is suggestive of using a relatively stronger modality to 

access the semantic system when either of the two access pathways is affected. In other 

words, the relatively impaired auditory system would have been responsible for poorer 

efficiency scores for auditory categorization in Broca’s aphasia and the use of their 

relatively intact visual system allowed for increased efficiency for visual 

categorization. On the other hand, anomic aphasia was able to use their relatively intact 

auditory modality to access the semantic system similar to neurotypical adults leading 

to increased efficiency scores for auditory categorization than visual. Considering only 

visual categorization, difficulty in attending to visual stimuli (presence of picture 

symbols of categories might have been distracting) or novelty of picture symbols as 
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opposed to auditory stimuli could have also contributed to poorer efficiency scores in 

all participant groups and subgroups.  

 The increased response time for visual categorization than auditory 

categorization in the present study also may support the idea that modality may have 

an effect on accessing the relatively preserved semantic representations. If this is true, 

then it might account for the slow rate of message construction on the AAC system in 

PWA. However, the inherent nature of the visual categorization task may also have 

contributed to an increase in response time (i.e., the time taken to view the picture 

symbol, scan the superordinate categories, and initiate the motor activity of placing the 

symbol card in the appropriate place in the response sheet). 

 The lack of modality effect on the accuracy of performance was also reported 

by Nicholas (1998) on adults with nonfluent aphasia. They considered that the lack of 

effect of presentation modality is due to better performance in categorizing auditory 

stimuli than expected and poorer performance in categorizing visual stimuli than 

expected. The author further pointed out that it would be premature to conclude that the 

impaired performance is due to the deterioration of underlying semantic representations 

(semantic deficit hypothesis). This is because if semantic representations for a 

particular concept is impaired, then there will be difficulty making semantic decisions 

about that concept no matter the stimuli is presented auditorily or visually. They 

observed that categorization errors in both presentation modalities were only for 1/4th 

of the stimulus items and the rest of the items, errors were made more only for one 

presentation modality which does not support the semantic-deficit hypothesis. In the 

present study, the target word which could not be categorized auditorily could be 

categorized visually and vice-versa. Also, the presence of more proportion of auditory 

categorization errors than visual categorization errors in both anomic aphasia and 
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Broca’s aphasia supports the idea that the underlying semantic representations might 

be intact in PWA, but access modality might be impaired.   

The observation that even the participant with the least AQ score in the study 

had an accuracy rate of 40% for categorizing symbols, further supports the above 

statement of at least partially preserved semantic organization in PWA. Another 

observation was that between the two participants with poor AQ scores, while one 

obtained an accuracy score above 80%, the other only obtained a score of 40%. This 

individual variation in accuracy scores shows that the integrity of semantic organization 

following aphasia considerably differs from person to person (Simpson et al., 1996) 

and may not be directly related to the severity of language impairment. The observation 

of Van de Sandt-Koenderman (2007) that semantic deficits have no relation with 

severity of language impairment in aphasia is supported from the above observation. 

However, it needs to be interpreted with caution as a direct correlation analysis of the 

two data were not done as part of this study. Even then, it brings out the importance of 

evaluating semantic organization abilities in PWA who are potential candidates for 

AAC. This argument is supported by Weinrich et al. (1993) who opined that the ability 

to sort pictures into appropriate categories may be predictive of success in mastering 

the mechanics of an alternative symbol-based communication system as two of their 

participants who were unable to categorize were unable to complete AAC intervention 

successfully.   

5.1.3 Performance on Symbol Sequencing Tasks 

 In a symbol/ picture-based AAC system, symbols that represent a word or 

concept are often combined to produce meaningful phrases or sentences. Investigations 

on symbol sequencing in the AAC system has focused more on symbol sequence 

production and to some extent symbol sequence interpretation (e.g., Sutton et al., 2000; 
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Sutton et al., 2004; Poupart et al., 2013; Trudeau et al., 2010;) mostly among children, 

neurotypical adults and individuals with cerebral palsy. The current study investigated 

symbol sequencing ability using an imitation and a production task between the 

participant groups. The PWA performed poorer than neurotypical adults in their overall 

ability to accurately sequence symbols. The performance based on each of the 

sequencing tasks has been discussed below: 

5.1.3a Symbol Sequence Imitation.  The current study investigated the ability 

of participants to produce symbol sequences upon imitation. The purpose of including 

the symbol sequence imitation task (task 6) was twofold. First, the task resembled the 

repetition task on the Western Aphasia Battery test and was thought to provide 

information on visual-motor skills required to use the AAC system unlike the auditory-

motor skills used for the production of spoken utterances. Second, it would provide an 

opportunity for the participants to practice pointing to symbol sequences in the AAC 

display prior to the symbol sequence production task (Sutton et al., 2000). The results 

from the study showed that PWA (combined group of anomic aphasia and Broca’s 

aphasia together) and the subgroups of PWA could accurately perform the task similar 

to neurotypical adults; however, they exhibited decreased efficiency and increased 

response time. The performance between anomic aphasia and Broca’s aphasia did not 

differ significantly in terms of accuracy, efficiency, or response time. Thus, all the 

participants exhibited spatial picture or visual memory that is required to sequence 

symbols in an AAC system. Similar results were also reported by Weinrich et al. (1993) 

where four out of their six participants with aphasia were found to imitate the symbol 

sequence involving 3 icons during baseline measures prior to intervention.  

5.1.3b Symbol Sequence Production. In order to use an AAC system with 

graphic symbols (no-tech/ low-tech or high-tech), it is not enough that one can identify 
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individual symbols, but one should be able to combine them into sequences forming 

utterances (Poupart et al., 2013). The current study utilized a structured picture 

description task to investigate single sentence productions using symbols arranged in a 

grid display. The accuracy of single sentence aided productions was compared between 

PWA and neurotypical adults which revealed that they performed poorer than 

neurotypical adults. Among the subgroups of aphasia, the performance of anomic 

aphasia was found to be almost at par with neurotypical adults probably because the 

severity of language impairment was mild. The subgroup of Broca’s aphasia consisted 

of individuals with moderate to very severe language impairment which justifies their 

performance being poorer than anomic aphasia and neurotypical adults. Even though 

the performance of PWA was poorer than neurotypical adults, their accuracy scores 

show that they benefit in language production when augmented with symbols.  

Linguistic analyses of sentences produced along semantic and syntactic 

domains allowed for a deeper understanding of how the use of symbols augment single 

sentence productions in PWA. The semantic measures included a total number of 

symbols, the total number of correct information units for symbols (CIU-S) and 

percentage of CIU-S. While the total number of symbols included all symbols selected 

irrespective of their relevance to the target picture stimuli, the total number of CIU-S 

included only those symbols that were relevant to the target stimuli. The percentage of 

CIU-S was calculated as the ratio of CIU-S and the total number of symbols multiplied 

by 100. The total number of symbols selected by anomic aphasia and neurotypical 

adults were almost the same; however, the total number of CIU-S and % CIU-S were 

significantly lower than neurotypical adults. This could be viewed as a result of the 

language impairment in anomic aphasia or due to the abstractness of the symbols 

representing verbs, adjectives, and prepositions or because of the influence of modality 
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of expression. Smith (1996) had similar assumptions on the tendency to omit words in 

a picture based communication system and thought it could be due to an underlying 

linguistic deficit of the user or a communication process for effective communication, 

or due to modality-specific influences.   

It was observed that even neurotypical adults in the present study often failed to 

select symbols representing adjectives and prepositions while constructing sentences. 

Previous literature on neurotypical English speaking adults (Sutton et al., 2000; 

Nakamura et al., 1998) and Japanese speaking adults also reports that constituents tend 

to get omitted while constructing sentences using graphic symbols. Sutton et al. (2000) 

suggested that these omissions in neurotypical adults were more than random and could 

be because of the influence of modality of expression (visual-graphic symbols) which 

is also supported by the current study findings given these individuals did not possess 

any language impairment.  

Broca’s aphasia selected fewer symbols in comparison to anomic aphasia and 

neurotypical adults and the total relevant symbols as observed from the total number of 

CIU-S was also significantly lower than the other participant groups. However, 

considering the total symbols, total CIU-S and %CIU-S, even though Broca’s aphasia 

selected fewer symbols, most of the selected symbols were relevant to the target stimuli. 

It was observed that despite the limited verbal utterances, the selection of relevant target 

stimuli in Broca’s aphasia resulted in approximately 86% of efficiency in information 

transfer (as evidenced from %CIU-S), which was found to be 93% in anomic aphasia 

and 100% in neurotypical adults.  

The syntactic measures used in the present study included the percentage of 

grammatically complete sentences and the percentage of correct verbs. The percentage 

of grammatically complete sentences using symbols was significantly lower in both 



 
 

189 
 

anomic aphasia and Broca’s aphasia when compared to neurotypical adults. Broca’s 

aphasia had a significantly low percentage of complete sentences in comparison to 

anomic aphasia as well. The lack of ability to produce grammatically complete 

sentences in aphasia can be explained based on (a) percentage of the correct number of 

verbs and (b) error responses.  

Verbs have a strong relation with sentence production as they contain the 

semantic and syntactic information necessary for their generation (Webster & 

Whitworth, 2012). Persons with aphasia have been shown to have difficulty producing 

verbs when compared to other word classes as verbs have low imageability, impose 

additional syntactic and semantic constraints on phrases, and may take on different 

argument structures increasing the syntactic complexity of sentences (Brock & Hung, 

2021).  Those adults with aphasia who found it difficult to produce verbs had fewer and 

simpler sentences than those who were better at retrieving verbs (Berndt et al., 1997), 

which probably explains why Broca’s aphasia had a low percentage of grammatically 

complete sentences.   

On a positive note, Broca’s aphasia produced an average of 85% correct verbs, 

which did not differ significantly from anomic aphasia whose average % of correct 

verbs was 94%. Weinrich et al. (1997) reported similar findings where all three of their 

participants with non-fluent aphasia produced verbs using a computerized visual 

communication system (C-VIC) with 85% accuracy. Thus, despite the greater degree 

of language impairment demonstrated by individuals having Broca’s aphasia, they were 

able to identify and select symbols representing verbs appropriate to the target picture 

similar to that of anomic aphasia. In the case of spoken sentences, it is assumed that an 

impairment in accessing the lexical-syntactic information (argument-predicate 

structure) generally results in increased verb errors, thus affecting their production. 
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However, the use of symbols in the current study would have helped alleviate the 

problem, as the symbols acted as visual cues that enabled easy retrieval of lexicons 

from recognition memory (Weinrich et al., 1997; Koul et al., 2005). This could have 

increased the number of accurately selected verbs and grammatically complete 

sentences, especially in Broca’s aphasia.  

The description of a static picture requires abstraction and identification of 

actions (verbs), identification of objects and actors (agent), and assignment of 

appropriate thematic roles to the actors (Weinrich et al., 1997). In the present study, 

even with correct verb retrieval, the number of grammatically complete sentences did 

not increase considerably for adults with aphasia in comparison to neurotypical adults, 

which allows us to shift our focus on the errors in their production. The error responses 

were classified into symbol selection errors and symbol sequencing or word-order 

errors. The symbol selection errors were further classified into omission errors 

involving predicate and arguments, and lexical errors in terms of substitution of 

predicate and arguments. The proportion of symbol selection errors was higher in 

Broca’s aphasia when compared to anomic aphasia and neurotypical adults. While 

Broca’s aphasia showed more omission errors, anomic aphasia showed more 

substitution errors while selecting symbols. Among omission errors, Broca’s aphasia 

and anomic aphasia had a higher proportion of omission of arguments (verbs) than 

predicates (nouns). The omission errors could be attributed to the lack of concreteness 

of the symbol which might be making it difficult for PWA to locate them. It is known 

that nouns are easier to locate as they are concrete and easy to represent in comparison 

to verbs which is relatively less concrete and difficult to represent using static symbols. 

Moreover, the ability to allocate attentional resources could be more severely affected 
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in Broca’s aphasia than anomic aphasia which affects their visual search task leading 

to more number of omission errors.  

In the present study, the argument errors made by PWA were more agent 

(subject) errors than instrument (object) errors. McCall et al. (2000) found that their 

participant produced more noun errors than verbs when asked to locate more than two 

nouns on the AAC system. The ability of an individual to construct messages on a 

communication system that is organized based on semantic principles relies heavily on 

semantic processes such as (a) identification of central feature, (b) appreciation of the 

semantic relationship between items sharing the same features and (c) discrimination 

between items that are closely related (Van de Sandt-Koenderman et al., 2007). As a 

result, it is possible that PWA’s difficulties identifying symbols representing agents, 

which were all more semantically related and perceptually similar than objects, 

contributed to the higher frequency of agent-related errors. However, this assumption 

should be interpreted with caution because they had not received any formal training 

on these symbols, and a lack of training could be a factor in increased errors on agent 

symbols.  

 The number of lexical errors (i.e., substitution of arguments and predicates) 

made by participants of the study was relatively less in comparison to other errors, even 

in PWA, probably because they only had to choose lexicon only from a limited 

vocabulary set. Moreover, the vocabulary in the communication display provides stable 

representations that do not require continuous refreshment while other parts of the 

sentences are constructed (Weinrich et al., 1997). This improves lexical retrieval, which 

is otherwise difficult in verbal utterances. Substitution errors might also demonstrate 

the participants’ clear intention to select and use relevant vocabulary to produce 
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messages (Binger et al., 2019) which can be held true for participants with anomic 

aphasia. 

Word order errors (or sequencing errors) were found to be more than other 

syntactic errors in aphasia in this study. A possible explanation for this can be 

contemplated with respect to how symbols were arranged on the communication 

display in the study. The symbols were semantically organized but were not arranged 

in the syntactic order of the participants’ native language (i.e., Malayalam). Instead, the 

English language word order was (subject-verb-object) used to prevent the participants 

from drawing cues on the correct semantic-grammatical category for typical 

components of a message in Malayalam. The influence of arranging symbols as per the 

English constituent word order on the accurate production of non-semantically 

reversible sentences was earlier documented in an investigation using C-VIC (McCall 

et al., 2000).  

In the current study, while some participants with aphasia retained the correct 

word order of Malayalam (i.e., subject-object-verb) for all 13 stimuli, many did not. At 

this point, it is noteworthy that Malayalam has a flexible word order in which any 

arrangement of the subject, verb, and object is grammatically licensed and independent 

of syntactic function, even though it follows the S-O-V order in general (Perera & 

Srivastava, 2016). Given that all neurotypical adults maintained the S-O-V order 

despite their knowledge of flexible word order points out to an assumption that word 

order deficits do exist and it may be due to the lack of knowledge of PWA on the 

functional role of each component of the message plays in a sentence. Comparing 

anomic aphasia and Broca’s aphasia, the latter showed more word order errors or 

sequencing errors. This could be because Broca’s aphasia is characterized by 

impairment in the syntactic organization which is manifested as impaired linguistic 
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sequencing (Ardila, 2010) unlike anomic aphasia, and this underlying syntactic 

impairment can also be found while sequencing symbols to construct sentences (Koul, 

2005). Funnell and Allport (1989) also reported errors of word order even in highly 

practiced sequences during sentence construction tasks using symbols among their 

participants with aphasia. 

Having discussed the performance of aphasia in symbol sequence production, 

to understand underlying processing deficits for sentence production in aphasia and to 

specify the processes shared by verbal and aided language, it is essential to review a 

model of natural (verbal) language production. Garrett’s model of sentence production 

(Garrett, 1984) which was widely used to interpret the ability of PWA to learn to use 

symbols to construct sentences with intervention (Weinrich et al., 1995; Weinrich et 

al., 1997; Marshall et al., 1998) was also adopted by the current study for the above 

purpose. According to this model, sentence production is a five-stage process. In the 

first stage or the message level, the speaker conceptualizes the utterance. In the second 

stage or functional level, the semantic relationship between the verb and the arguments 

are defined. In the current study, the ability of the PWA to retrieve words (especially 

verbs) relevant to the target stimuli using symbols excludes the possibility that they 

were unable to process the event depicted in the picture stimuli and shows the integrity 

of semantic verb formation. Furthermore, the symbols enable PWA to access 

recognition memory, eliminating the need to generate and retrieve lexical 

representations, which is required in spoken language (Weinrich et al., 1997). The third 

stage or positional level is responsible for inserting retrieved words into the syntactic 

frame and laying out the word order of the sentence. This stage appears to be affected 

in PWA as evidenced by their syntactic errors in single sentence productions using 

symbols. The last two stages (i.e., phonetic and articulatory level) of the model 
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responsible for phonological processing and articulation of speech seems irrelevant to 

aided productions. Thus using symbols allows PWA to bypass the last two stages of 

sentence productions thus providing an advantage over spoken utterances.  

The present study required production of only simple sentences and the 

participants were provided with all the necessary symbols except for the grammatical 

markers. The observation that neurotypical adults maintained the same word order for 

graphic symbol sequences as that of spoken language (Malayalam) supports the 

findings of Nakamura et al. (1998) that neurotypical adults tend to use their fully mature 

metalinguistic skills in a situation where all symbols are present and chose to adhere to 

spoken word sequences of their native language. In situations where AAC systems do 

not display all the necessary symbols, they would still use their metalinguistic ability 

to compensate for the lack of grammatical markers (Sutton et al., 2004). The findings 

in neurotypical adults support the view that graphic symbols are first constructed in a 

spoken representation and later transferred to graphic symbols (Trudeau et al., 2007). 

Further, the construction of graphic symbol sequences in PWA showed errors similar 

to that made in verbal utterances providing further evidence to the above transposition 

hypothesis of graphic symbol production. Inherent in this view is the need for 

metalinguistic skills in constructing graphic symbol utterances (i.e., intentional control 

over various aspects of language such as semantics, morphosyntax, and pragmatics). 

The presence of errors in graphic symbol production especially in Broca’s aphasia can 

be assumed to be due to the lack of metalinguistic ability in PWA in addition to 

linguistic impairments.  

5.1.4 Overall Performance on Behavioural Tasks 

 In the current study, PWA could accurately identify approximately 78%-94% 

of symbols, categorize 78%-98% of symbols, and combine symbol sequences to 
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produce simple two to three-word sentences without training. Horner and Lapointe’s 

(1979) states that the use of picture stimuli minimizes memory load due to its inherent 

static character, modifies impulsivity and concomitant noise build-up through increased 

visual scanning and analysis time and provides increased opportunity for PWA to 

respond independently. This holds true for the participants with aphasia in the current 

study. The overall performance of PWA on all tasks involving graphic symbols has 

been discussed in terms of the following: 

Symbolic Processing Theories in Aphasia: Multi-symbolic Capacities 

Theory vs Central Symbolic Deficit Theory. What happens to an individual’s ability 

to process symbols after brain damage is of clinical significance as such an 

understanding would help to enhance communication with PWA. There are essentially 

two schools of thought. The first one suggests that aphasia is a central symbolic disorder 

(Duffy & Duffy, 1981; Duffy et al., 1975; Duffy et al., 1984; Cicone et al., 1979) which 

results in an overall reduction in the ability to process (i.e., express and comprehend) 

symbols in any modality. The second school of thought is the “pluralistic” position that 

suggests verbal and non-verbal communication are differentially affected (Daniloff et 

al., 1982). Thus, PWA have varying levels of symbolic impairment or in other words, 

they have multiple profiles of symbolic capacities. While some evidence supports each 

of the above two hypotheses, there are others who could not fully support either 

(Thorburn et al., 1995). This, thus leaves the issue open to debate because there are 

numerous ways to understand the processing of symbols and it is possible that different 

types of symbols are coded and manipulated differently (Stead, 2007; Stead et al., 

2011).   

Graphic symbol-based AAC studies in PWA has provided several pieces of 

evidence in favour of the multiple symbolic capacity theory. For example, previous 
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researches on pantomime interpretation (for example, Varney, 1982; Thorburn et al., 

1982; Wang & Goodglass, 1992), disconnection syndromes, sign and gesture 

dissociations, recognition of graphic symbols (for example, Gainotti et al., 1989; Glass 

et al., 1973), learning and acquisition of graphic symbols and symbol sequences (for 

example, Koul, 1994; Koul et al., 2005) points to the fact that PWA performs better in 

graphic or gestural symbolic systems despite deficits in verbal language or sign 

language.  

The present study findings that PWA, especially those with moderate to severe 

aphasia can identify, categorize, and sequence non-verbal graphic symbols without 

intervention provide support to the theory of multiple profiles of symbolic capacities in 

aphasia. The variability of performances among PWA in all the tasks in the current 

study depending on the severity of aphasia also supports the aforementioned theory, 

which predicts that different profiles of symbolic capacities exist depending on the 

severity of aphasia, site of lesion and other variables. Furthermore, an extension of the 

current study that compared aided single sentence productions with verbal single 

sentence productions among the same participants with aphasia found that even those 

with severe aphasia performed significantly better in the task of sentence production 

using symbols than verbally, lending support to the multiple symbolic capacities theory 

(Philip & Goswami, 2021).  

The ability of PWA to recognize, categorize, and sequence symbols without 

training is also supportive of dual coding theory (Paivio, 1991) which is similar to the 

“pluralistic” position. According to this theory, there exists two functionally 

independent but interconnected systems, one that specializes in linguistic material 

(verbal system), and the other that specializes in non-linguistic stimuli (imaginal 

system). Thus, non-verbal symbols are most likely to be dually coded which would 
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arouse a visual code and hence would be easily available to PWA even if access to the 

verbal system is damaged (Koul, 1994). The following observations from the present 

study are supportive of dual coding theory (i.e., graphic symbols arouse both verbal and 

imagery codes): (a) ability of PWA to identify symbols representing less concrete 

concepts such as adjectives and prepositions, (b) less number of visual categorization 

errors than auditory categorization errors, (c) the ability of Broca’s aphasia to verbally 

produce simple sentences after constructing them using symbols, and (d) the ability of 

anomic aphasia retrieve words and to correct phonemic paraphasias after pointing to 

the graphic symbols.  

Since graphic symbols form the basic unit of the study, it is necessary to address 

right hemisphere involvement in the processing of symbolic language which is 

discussed in the section below: 

Right hemisphere involvement in processing of symbols. Linguistic 

processing has long been assumed to be left-hemisphere-dependent, while non-

linguistic processing is right-hemisphere-dependent. Persons with aphasia with little or 

no ability to communicate using spoken language have been successfully taught to use 

visual communication systems. These findings support the hypothesis that certain 

groups of PWA become more dependent on the visuospatial processing strategy of the 

right hemisphere for communication. Since the current study did not utilize individuals 

with right hemisphere damage as a comparison group, it is difficult to conclude the role 

of the right hemisphere processing of symbols. However, it is assumed that the 

participants with aphasia in the current study would have utilized right hemisphere 

resources while identifying, categorizing, and sequencing symbols as the study 

employed graphic symbols or non-verbal linguistic stimuli for all the tasks and the right 

hemisphere is known to be able to process stimuli of high imagery value.  
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Further evidence obtained from comparing verbal and aided sentence 

production in the participants with aphasia from the current study also supports the role 

of the right hemisphere as sentences produced using graphic symbols were semantically 

and syntactically superior to verbal utterances (Philip & Goswami, 2020). Similar 

results have been demonstrated by Weinrich et al. (1989a) whose participants with 

aphasia demonstrated the ability to perform syntactic like operations with a symbol 

communication system despite having no useful natural language. They suggested that 

the anterior language area of the brain for syntactic like cognitive operations may be 

necessary for natural language and that alternative representations may be able to access 

analogous operations in other cortical areas. Recent evidence suggests that syntax is 

neurologically segregated and its components are housed in several distinct cerebral 

locations. Grodzinsky and Friederici (2006) found portions of the right cerebral 

hemisphere in the brain map for syntax. Moreover, Haverkort (2005) emphasizes that 

persons with Broca’s aphasia have limitations in the use of grammar, but their 

grammatical knowledge is still available and they select simpler syntactic structures as 

it imposes less burden on working memory. This view is supported by the current study 

results. Thus, understanding the involvement of the right hemisphere in non-linguistic 

information processing in contrast to the left hemisphere should enable the use of the 

spared right hemisphere in the rehabilitation of aphasia (Kaczmarek, 1991). 

Language competence vs performance theory in Aphasia. The task of 

differentiating competence from performance in the study of language disorders in 

PWA is a constant issue (Linebarger, 1998). The competency theory indicates that the 

basic units of language in the repertoire of PWA are lost due to the destruction of neural 

tissue; while the performance theory suggests that aphasia cannot be considered as a 

primary loss of language, but inefficiency in performing various linguistic and 
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cognitive operations (McNeil, 1984; Linebarger & Schwartz, 2005). Linebarger et al. 

(1998) defined competence as the “range of linguistic operations that the patient is 

capable of performing under ‘ideal’ circumstances.  

Several evidences supporting performance deficit theory in aphasia were drawn 

from studies involving AAC. Linebarger (1998) and Linebarger et al. (2000) found that 

the sentence production ability of PWA improved when they were provided with a 

computer-based communication system that minimized the processing load for 

sentence construction. Since the communication system allowed PWA to keep 

utterances in their working memory and provided no linguistic assistance (i.e., word-

finding assistance), the more structured sentences are suggestive of linguistic 

production competence being relatively preserved in aphasia.  

In the current study, the following two observations (a) persons with anomic 

aphasia could self-correct the phonemic paraphasias in verbal productions via the use 

of symbols, and (b) persons with Broca’s aphasia could produce complete sentences 

verbally after constructing the sentences using symbols, support the theory that 

linguistic knowledge is preserved to some extent in PWA. Johannsen-Horbach et al. 

(1985) thought that the presence of simoultaneous articulation of correct German 

sentences after training on Blissymbols whose syntax does not reflect German flection 

endings could support the theory that language competence remains largely undisturbed 

by aphasia. They assumed that simple sentences as those articulated simoultaneously 

have premorbidly been called up only in a grammatical form. The authors also assumed 

that a phonemic-motor store that is subordinate to a lexical content generator has 

stereotyped phrases, highly overlearned sequences, and frequently occurring flection 

morphemes. According to them, the intact production of highly overlearned sequences 

in persons with global aphasia suggests that there should be non-semantic access to the 
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phonemic-motor store which is possibly activated with the mediation of symbol 

language.  

Linebarger & Schwartz (2005) suggested that performance theories have more 

implications for use of AAC in PWA. They argued that if aphasia is viewed as a 

performance deficit (i.e., difficulty in accessing, retaining and selecting linguistic 

information), then the goal of AAC would be to provide indirect support. In which case, 

the device would help the PWA to utilize preserved language abilities rather than 

attempting to compensate for the deficits. AAC systems that allow the icons selected to 

be visible while the sentence construction is being completed, helps retain more 

elements to integrate them into sentences. This also allows the PWA to fully exploit 

lexical associations which otherwise is difficult for them. The ability of the AAC 

system to bypass spoken utterances is also considered as indirect support to PWA. On 

the other hand, if aphasia is believed to be due to a deficit in linguistic knowledge or 

ability, AAC may act as direct support (i.e., provide linguistic information in terms of 

words, phrases or sentences which the PWA might require). Since most of the AAC 

systems employ graphic symbols or printed text to enable PWA to construct sentences, 

they tend to provide direct support; but the sentence tab which displays all the icons 

selected tends to provide indirect support as well. Understanding such AAC system 

features and selecting them based on clinical and theoretical basis should enhance AAC 

use in PWA. 

5.2 Relationship between Symbolic Language Abilities, Verbal Language 

Abilities, and Non-Verbal & Verbal Cognitive Abilities 

In this section, objectives 5 and 6 of the study are addressed. Objective 5 was to 

investigate the relationship between symbolic language abilities and verbal language 

abilities, while objective 6 investigated the relationship between symbolic language 
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abilities and non-verbal & verbal cognitive abilities. Symbolic language abilities were 

derived from the symbol performance quotient (SPQ) obtained from averaging the 

accuracy of responses from identification, categorization, and sequencing tasks. The 

verbal language abilities in PWA was represented by the aphasia quotient (AQ) 

obtained on the test of aphasia in Malayalam (Malayalam adaptation of Western 

Aphasia Battery; Jenny, 1992). Aphasia Quotient is thought to be a functional measure 

of the severity of the spoken language deficit in aphasia (Shewan & Kertesz, 1980). 

The AQ is inclusive of scores from subtests measuring spontaneous speech, auditory 

comprehension of language, repetition and naming ability. Since three out of the four 

subtests rely on speech production, AQ is heavily weighted for speech production 

(Fridriksson et al., 2018). The cortical quotient (CQ) obtained on the test of aphasia in 

Malayalam reflects a broad measurement of cognitive behaviours or higher cortical 

functioning (Shewan & Kertesz, 1980), and was used to represent non-verbal and verbal 

cognitive abilities in PWA in the current study. The CQ is inclusive of scores from 

subtests of reading, writing, calculation, drawing, block design test, and Raven’s 

Coloured Progressive Matrices along with weighted scores of remaining subtests used 

to calculate AQ.  

The results of the current study showed a very strong positive relationship 

between symbolic language abilities and verbal language abilities (as measured using 

AQ) as well as between symbolic language abilities and non-verbal & verbal cognitive 

abilities (as measured using CQ). Thus, those individuals with better verbal language 

and non-verbal & verbal cognitive skills tend to perform better for graphic symbol 

related tasks. Petroi (2011) also reported a weak but positive correlation between WAB-

AQ values and accuracy of single symbol identification and a moderately strong 

positive relationship between WAB-AQ values and accuracy of S-V-O sentence 
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identification. Their results implied that PWA who had higher AQ values had a greater 

number of accurate responses and that participants who had lower AQ values had a 

fewer number of accurate responses while identifying single symbols and constructing 

S-V-O sentences in English.  

Similar findings were reported by Trudeau et al. (2010) who found that their 

participants with cerebral palsy having better receptive language skills and cognitive 

level showed more stable patterns while constructing sequences of symbols lending 

support to the idea that these two factors may facilitate the use of graphic symbol 

communication. Lane and Samples (1981) observed that those PWA with better 

auditory comprehension abilities performed better with Blissymbols. PWA who were 

rapid learners of VIC were found to have less severe aphasia than those who were 

slower and unsuccessful learners (Steele et al., 1992). Previous literature which has 

utilized WAB-AQ and WAB-CQ scores to measure outcomes of AAC intervention has 

been successful in showing improvements in both aided and verbal language skills 

suggesting an overall improvement in symbolic language processing in PWA with the 

use of a symbol-based AAC system (Johnson et al., 2008; Hough and Johnson, 2009; 

Steele et al., 2010).  

An inverse relationship between natural language and the use of alternative 

communication systems (i.e., poorer the natural language, better the use of symbol 

system) in PWA was reported by Gardner and his colleagues (1976). They believed that 

the presence of residual, ineffective natural language may cause more difficulty in 

mastering the visual communication system than having a total lack of natural language. 

Funnell & Allport (1989) found that the use of symbols failed to provide a channel of 

communication independent of natural language processes (i.e., whenever a symbol 
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could be learned and used, so could an equivalent written word sharing the same 

conceptual base).  

5.3 Summary of outcome of the hypotheses stated in the study  

 A summary of the outcomes of the hypotheses in the present study provided in 

Table 5.1 and Table 5.2.  

Table 5.1 

Summary and Status of Null Hypothesis 1, 2, 3 and 4 after Statistical Comparisons 

Hypotheses Comparison 

groups  

Dependent 

Variable 

measured 

Results obtained through 

statistical comparisons 

Null 

Hypothesis 

accepted/ 

rejected 

Hypothesis 1. 

There is no 

statistically 

significant 

difference in the 

symbol 

identification 

abilities in terms of 

accuracy, 

efficiency, and 

response time taken 

to perform on all 

three identification 

tasks combined 

(Task 1, Task 2 and 

Task 3):  

(i) between PWA 

and neurotypical 

adults 

(ii) across 

subgroups of PWA 

and neurotypical 

adults 

 

(i)PWA and 

neurotypical 

adults  

Accuracy, 

Efficiency, 

Response 

Time 

The accuracy and 

efficiency of identifying 

symbols in PWA were 

significantly lower than 

neurotypical adults. 

PWA took a significantly 

longer response time to 

identify symbols than 

neurotypical adults 

Hypothesis 

1. (i) 

rejected in 

terms of 

accuracy, 

efficiency 

and 

response 

time  

(ii) Anomic 

aphasia, 

Broca’s 

aphasia and 

neurotypical 

adults  

Accuracy Performance of Broca’s 

aphasia was significantly 

lower than anomic 

aphasia and neurotypical 

adults; Performance of 

anomic aphasia and 

Broca’s aphasia did not 

differ 

Hypothesis 

1. (ii) 

partially 

rejected in 

terms of 

accuracy  

Efficiency  Efficiency in identifying 

symbols did not 

significantly differ 

between anomic aphasia 

and Broca’s aphasia; 

Performance efficiency 

of Broca’s aphasia and 

anomic aphasia was 

significantly lower than 

neurotypical adults  

Hypothesis 

1. (ii) 

partially 

rejected in 

terms of 

efficiency 
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Hypotheses Comparison 

groups  

Dependent 

Variable 

measured 

Results obtained through 

statistical comparisons 

Null 

Hypothesis 

accepted/ 

rejected 

Response 

Time 

The response time taken 

to identify symbols did 

not significantly differ 

between anomic aphasia 

and Broca’s aphasia; 

Response time taken by 

Broca’s aphasia and 

anomic aphasia was 

significantly longer than 

neurotypical adults 

Hypothesis 

1. (ii) 

rejected in 

terms of 

response 

time 

Hypothesis 2. 

There is no 

statistically 

significant 

difference in the 

symbol 

categorization 

abilities in terms of 

accuracy, 

efficiency and 

response time taken 

to perform on both 

categorization tasks 

combined (Task 4 

and Task 5)  

(i) between PWA 

and neurotypical 

adults 

(ii) across 

subgroups of PWA 

and neurotypical 

adults 

 

 

(i) PWA and 

neurotypical 

adults  

Accuracy, 

Efficiency 

and 

Response 

Time 

Performance of PWA 

was significantly lower 

than neurotypical adults 

in terms of accuracy and 

efficiency. PWA took a 

significantly longer 

response time to 

categorize symbols than 

neurotypical adults 

Hypothesis 

2. (i) 

rejected in 

terms of 

accuracy, 

efficiency 

and 

response 

time 

(ii) anomic 

aphasia, 

Broca’s 

aphasia and 

neurotypical 

adults  

Accuracy Performance of Broca’s 

aphasia was found to be 

significantly lower than 

anomic aphasia and 

neurotypical adults; 

Performance of anomic 

aphasia and neurotypical 

adults did not differ 

Hypothesis 

2. (ii) 

partially 

rejected in 

terms of 

accuracy 

Efficiency Efficiency in 

categorizing symbols did 

not significantly differ 

between anomic aphasia 

and Broca’s aphasia; 

Performance efficiency 

of Broca’s  aphasia and 

anomic aphasia was 

significantly lower than 

neurotypical adults  

Hypothesis 

2. (ii) 

partially 

rejected in 

terms of 

efficiency 

Response 

time 

The response time taken 

to categorize symbols 

did not significantly 

differ between anomic 

aphasia and Broca’s 

Hypothesis 

2. (ii) 

partially 

rejected in 

terms of 
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Hypotheses Comparison 

groups  

Dependent 

Variable 

measured 

Results obtained through 

statistical comparisons 

Null 

Hypothesis 

accepted/ 

rejected 

aphasia; Response time 

taken by Broca’s aphasia 

and anomic aphasia was 

significantly longer than 

neurotypical adults 

 

response 

time 

Hypot   Hypothesis 2. a. 

There is no 

statistically 

significant 

difference in the 

symbol 

categorization 

abilities in terms of 

accuracy, 

efficiency, and 

response time taken 

to perform on 

auditory 

categorization Task 

(Task 4) 

(i) between PWA 

and neurotypical 

adults 

(ii) across 

subgroups of PWA 

and neurotypical 

adults 

 

(i) PWA and 

neurotypical 

adults  

Accuracy, 

Efficiency, 

Response 

Time 

The accuracy and 

efficiency in auditory 

categorization were 

significantly lower in 

PWA than in 

neurotypical adults. 

PWA took a significantly 

longer response time for 

auditory categorization.  

Hypothesis 

2.a.(i) is 

rejected in 

terms of 

accuracy, 

efficiency 

and 

response 

time.  

(ii) anomic 

aphasia, 

Broca’s 

aphasia and 

neurotypical 

adults  

Accuracy  Anomic aphasia had 

significantly higher 

accuracy in auditory 

categorization than 

Broca’s aphasia. While 

Broca’s aphasia had 

significantly lower 

accuracy than 

neurotypical adults, 

anomic aphasia and 

neurotypical adults did 

not significantly differ in 

their accuracy for 

auditory categorization  

Hypothesis 

2.a.(i) is 

partially 

rejected in 

terms of 

accuracy 

Efficiency  Anomic aphasia and 

Broca’s aphasia did not 

significantly differ in 

their efficiency for 

auditory categorization.  

Broca’s aphasia and 

anomic aphasia had 

significantly lower 

efficiency than 

neurotypical adults. 

Hypothesis 

2.a.(ii) is 

partially 

rejected in 

terms of 

efficiency  

Response 

Time 

A significantly longer 

response time for 

auditory categorization 

Hypothesis 

2.a.(ii) is 

partially 
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Hypotheses Comparison 

groups  

Dependent 

Variable 

measured 

Results obtained through 

statistical comparisons 

Null 

Hypothesis 

accepted/ 

rejected 

was found only for 

Broca’s aphasia when 

compared with 

neurotypical adults. 

Neither anomic aphasia 

and Broca’s aphasia 

significantly differed, 

nor did anomic aphasia 

and neurotypical adults    

rejected in 

terms of 

response 

time 

HH        Hypothesis 2. b. 

There is no 

statistically 

significant 

difference in the 

symbol 

categorization 

abilities in terms of 

accuracy, 

efficiency, and 

response time taken 

to perform on 

visual 

categorization Task 

(Task 5) 

(i) between PWA 

and neurotypical 

adults 

(ii) across 

subgroups of PWA 

and neurotypical 

adults 

 

(i) PWA and 

neurotypical 

adults  

Accuracy, 

Efficiency, 

Response 

Time 

The accuracy and 

efficiency in visual 

categorization were 

significantly lower in 

PWA than in 

neurotypical adults. 

PWA took a significantly 

longer response time for 

visual categorization.  

Hypothesis 

2. b (i) is 

rejected in 

terms of 

accuracy, 

efficiency, 

and 

response 

time.  

(ii) anomic 

aphasia, 

Broca’s 

aphasia and 

neurotypical 

adults  

Accuracy Anomic aphasia had 

significantly higher 

accuracy scores than 

Broca’s aphasia in visual 

categorization. While 

Broca’s aphasia showed 

significantly lower 

accuracy scores when 

compared with 

neurotypical adults, 

anomic aphasia did not 

differ in terms of 

accuracy scores when 

compared with 

neurotypical adults 

Hypothesis 

2.b.(ii) 

partially 

rejected in 

terms of 

accuracy 

Efficiency Anomic aphasia and 

Broca’s aphasia did not 

differ in their efficiency 

for visual categorization. 

Anomic aphasia and 

Broca’s aphasia had 

significantly lower 

efficiency when 

Hypothesis 

2.b.(ii) 

partially 

rejected in 

terms of 

efficiency  
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Hypotheses Comparison 

groups  

Dependent 

Variable 

measured 

Results obtained through 

statistical comparisons 

Null 

Hypothesis 

accepted/ 

rejected 

compared to 

neurotypical adults  

Response 

Time 

The response time taken 

by anomic aphasia and 

Broca’s aphasia for 

visual categorization did 

not significantly differ. 

However, the response 

time was found to be 

significantly lower for 

anomic aphasia and 

Broca’s aphasia in 

comparison to 

neurotypical adults  

Hypothesis 

2.b.(ii) 

partially 

rejected in 

terms of 

response 

time 

T           Hypothesis 3. 

There is no 

statistically 

significant 

difference in the 

symbol sequencing 

abilities in terms of 

accuracy of 

response to perform 

on both sequencing 

tasks combined 

(Task 6 and Task 7)  

(i) between PWA 

and neurotypical 

adults 

(ii) across 

subgroups of PWA 

and neurotypical 

adults 

(i) PWA and 

neurotypical 

adults  

Accuracy Accuracy in symbol 

sequencing in PWA was 

significantly lower than 

neurotypical adults  

Hypothesis 

3. (i) is 

rejected 

(ii) anomic 

aphasia, 

Broca’s 

aphasia and 

neurotypical 

adults  

Accuracy Performance of Broca’s 

aphasia and anomic 

aphasia was found to be 

significantly lower 

neurotypical adults; 

Performance of anomic 

aphasia and Broca’s 

aphasia did not differ 

Hypothesis 

3. (ii) is 

partially 

rejected 

Hy          Hypothesis 3.a. 

There is no 

statistically 

significant 

difference in the 

symbol sequencing 

abilities in terms of 

accuracy, 

efficiency, and 

(i) PWA and 

neurotypical 

adults  

Accuracy 

Efficiency 

Response 

Time 

PWA had significantly 

lower efficiency and 

significantly longer 

response time than 

neurotypical adults  

Hypothesis 

3.a.(i) 

rejected 

only in 

terms of 

efficiency 

and 

response 

time 
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Hypotheses Comparison 

groups  

Dependent 

Variable 

measured 

Results obtained through 

statistical comparisons 

Null 

Hypothesis 

accepted/ 

rejected 

response time taken 

to perform on 

symbol sequence 

imitation Task 

(Task 6) 

(i) between PWA 

and neurotypical 

adults & (ii) across 

subgroups of PWA 

and neurotypical 

adults 

(ii) anomic 

aphasia, 

Broca’s 

aphasia and 

neurotypical 

adults 

Accuracy Anomic aphasia and 

Broca’s aphasia did not 

differ in terms of 

accuracy of symbol 

sequence imitation. 

Similar findings were 

obtained when anomic 

aphasia and neurotypical 

adults were compared 

and when Broca’s 

aphasia and neurotypical 

adults were compared  

Hypothesis 

3.a.(ii) was 

accepted 

in terms of 

accuracy 

 

Efficiency  

 

Anomic aphasia and 

Broca’s aphasia did not 

significantly differ in 

their efficiency for 

symbol sequence 

imitation. Anomic 

aphasia and Broca’s 

aphasia had significantly 

lower efficiency when 

compared with 

neurotypical adults  

 

Hypothesis 

3.a.(ii) is 

partially 

rejected in 

terms of 

efficiency  

 Response 

Time 

The response time 

obtained by anomic 

aphasia and Broca’s 

aphasia did not 

significantly differ; 

however, both subgroups 

of aphasia had 

significantly longer 

response time when 

compared to 

neurotypical adults while 

performing on symbol 

sequence imitation task  

Hypothesis 

3.a.(ii) is 

partially 

rejected in 

terms of 

response 

time 

Hypothesis 3. b. 

There is no 

statistically 

significant 

difference in the 

symbol sequencing 

(i) PWA and 

neurotypical 

adults  

Accuracy PWA had significantly 

lower accuracy for 

symbol sequence 

production tasks when 

compared to 

neurotypical adults  

Hypothesis 

3.b.(i) was 

rejected.  
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Hypotheses Comparison 

groups  

Dependent 

Variable 

measured 

Results obtained through 

statistical comparisons 

Null 

Hypothesis 

accepted/ 

rejected 

abilities in terms of 

accuracy of 

response to perform 

on symbol 

sequence 

production Task 

(Task 7) 

(i) between PWA 

and neurotypical 

adults 

(ii) across 

subgroups of PWA 

and neurotypical 

adults 

(ii) anomic 

aphasia, 

Broca’s 

aphasia and 

neurotypical 

adults  

 Anomic aphasia had 

significantly higher 

accuracy than Broca’s 

aphasia, but significantly 

lower than neurotypical 

adults. Broca’s aphasia 

also had significantly 

lower accuracy scores 

than neurotypical adults  

Hypothesis 

3.b.(ii) is 

rejected 

Hypothesis 4. 

There is no 

statistically 

significant 

difference in the 

symbolic language 

abilities in terms of 

accuracy of 

response while 

performing all tasks 

of identification, 

categorization and 

sequencing 

combined 

(i) between PWA 

and neurotypical 

adult 

(ii) across 

subgroups of PWA 

and neurotypical 

adults 

(i) PWA and 

neurotypical 

adults  

Accuracy The PWA had 

significantly lower 

accuracy than 

neurotypical adults 

Hypothesis 

4. (i) is 

rejected.  

(ii) anomic 

aphasia, 

Broca’s 

aphasia and 

neurotypical 

adults  

Accuracy Anomic aphasia and 

Broca’s aphasia did not 

significantly differ in 

terms of accuracy. 

Anomic aphasia and 

Broca’s aphasia had 

significantly lower 

accuracy scores when 

compared with 

neurotypical adults  

Hypothesis 

4. (ii) is 

partially 

rejected.  
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Table 5.2 

Summary and Status of Null Hypothesis 5 and 6 after Statistical Analyses 

Hypothesis Variables  Result from statistical 

analyses 

Status of null 

hypothesis 

Hypothesis 5. There is 

no significant 

correlation between 

symbolic language 

abilities and verbal 

language abilities 

Symbol 

performance 

quotient (SPQ) 

and aphasia 

quotient (AQ) 

A very strong positive 

correlation was found 

between symbolic language 

abilities and verbal language 

abilities in PWA 

Hypothesis 5 is 

rejected 

Hypothesis 6. There is 

no significant 

correlation between 

symbolic language 

abilities and non-

verbal & verbal 

cognitive abilities 

Symbol 

performance 

quotient (SPQ) 

and cortical 

quotient (CQ) 

A very strong positive 

correlation was found 

between symbolic language 

abilities and non-verbal & 

verbal cognitive abilities in 

PWA 

Hypothesis 6 is 

rejected 
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CHAPTER VI 

SUMMARY AND CONCLUSIONS 

 “Aphasia is a communication disability due to an acquired impairment of 

language modalities caused by focal brain damage” (Berg et al., 2020, p.7). It is 

estimated that more than 50% of persons having aphasia do not recover enough 

language skills that enable independent communication (Purdy & Dietz, 2010), which 

makes them potential candidates for AAC intervention. AAC intervention includes any 

communication strategy used to supplement or replace spoken language, auditory 

comprehension, written expression, or reading comprehension (Beukelman & Mirenda, 

2012). The use of AAC in PWA to improve communication have been trialled only 

since the 1980s. Even though the literature on AAC in PWA is limited (McNaughton 

& Light, 2015; Russo et al., 2017), there are several documentation of positive 

outcomes for its use in this population. Despite these encouraging reports, 

implementing AAC for PWA presents unique challenges due to their inherent language 

and cognitive impairments.  

 The linguistic impairments (such as semantic processing, grammar, and syntax 

deficits) that are experienced by PWA can affect all types of symbolic communication 

including the ability to understand or categorize icons that represent concepts within an 

AAC system (Vallila-Rohter & Kiran, 2013a, 2013b). The cognitive impairments in 

PWA (such as executive functioning, attention and memory impairments) affect their 

ability to initiate the use of AAC, poor generalization to untrained items and large 

variation of response (Taylor et al., 2019). Determining residual linguistic and cognitive 

capacities in PWA is often difficult; however, effective non-verbal rehabilitation needs 

to evaluate how they understand and use non-verbal concepts (Stead, 2007).  
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 The reviewed literature on understanding symbolic language abilities for using 

aided AAC in PWA highlights several research gaps. The first one is the presence of 

an insufficient number of researches involving AAC in PWA to enable our 

understanding of how symbolic language skills required to use a visual-based 

alternative communication system is affected by each type and severity of aphasia. 

Second, the intervention studies that gave evidence towards the ability of PWA to 

identify, categorize and sequence symbols to use aided AAC, often failed to show 

generalization of abilities. The lack of ability of PWA to use an AAC system for 

independent communication demands researchers to re-explore the skills required to 

these systems. Third, the outcome measure used in most of the intervention studies on 

AAC in PWA used accuracy of response as their only dependent variable; even though 

the use of response time and efficiency of response would better quantify inefficient 

processing of non-verbal linguistic stimuli. Fourth, the relationship between verbal 

language, non-verbal language, and non-verbal cognitive skills is complex and thought 

to interfere with the learning and acquisition of AAC in PWA; however, this area of 

research has received less attention in comparison to the understanding influence of 

language impairments on use of AAC in PWA. Last, but not least, only a single study 

was found on the Indian population that explored the use of AAC in PWA which shows 

the huge imbalance between the number of evidence generated and the proportion of 

evidence required for implementing AAC, given India has the second-largest number 

of PWA in the world (Dietz, 2019).  

 In light of the above research gaps, the present study was designed to determine 

the symbolic language abilities for aided communication in PWA using a quasi-

experimental research design. Specifically, one independent variable (behavioural tasks 

to identify, categorize, and sequence AAC symbols) was systematically manipulated to 
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observe changes in three dependent variables (i.e., accuracy, efficiency and response 

time) in PWA and their subgroups (clinical group) as well as neurotypical adults 

(control group). A total of 20 PWA (inclusive of subgroups of PWA, i.e., 10 persons 

with anomic aphasia and 10 persons with Broca’s aphasia) and 20 neurotypical adults 

participated in the study. The obtained data were subjected to descriptive and inferential 

statistical analyses to enable between-group and within-group comparisons of 

performance on behavioural tasks. The data was also used to determine the relationship 

between symbolic language abilities, verbal language abilities and non-verbal cognitive 

abilities. The verbal language abilities and non-verbal & verbal cognitive abilities were 

obtained from aphasia quotient and cortical quotient measures respectively on the test 

of aphasia in Malayalam. Several supplementary analyses were also done with the 

obtained data to gain a better understanding of the performance of the participant groups 

on the behavioural tasks. 

 The results from the present research provide evidence that PWA can identify, 

categorize and sequence graphic symbols at varying levels and hence can be employed 

in treatment to enhance communication. To further elaborate, the salient findings of the 

study are provided below: 

 A significant difference between PWA and neurotypical adults was observed in 

terms of accuracy, efficiency, and response time taken to identify symbols from 

all three tasks of symbol identification. The performance of Broca’s aphasia and 

anomic aphasia on symbol identification tasks did not significantly differ in 

terms of accuracy, efficiency, but differed in terms of response time. Anomic 

aphasia and Broca’s aphasia had significantly lower accuracy and efficiency 

with a longer response time for identifying symbols in comparison to 

neurotypical adults.  
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 A significant effect of grid size on the identification of symbols was found in 

PWA, their subgroups and neurotypical adults. It was found that accuracy and 

efficiency lowered and response time increased with an increase in the number 

of symbols per display (grid size) from 4 to 16. At gird size 4, the performance 

of PWA was the same as that of neurotypical adults.  

 A significant effect of the grammatical category of referents on the 

identification of symbols was observed among participant groups and 

subgroups. Among the grammatical category of referents, nouns were identified 

with the most accuracy, efficiency, and shorter response time followed by verbs, 

adjectives, and prepositions in PWA, their subgroups and neurotypical adults.  

 Considering all tasks of symbol categorization, the performance of PWA was 

significantly lower than neurotypical adults in terms of accuracy, efficiency, and 

response time. Anomic aphasia and Broca’s aphasia did not significantly differ 

in terms of accuracy, efficiency, and response time taken to categorize symbols. 

The performance of anomic aphasia and Broca’s aphasia was significantly 

lower than neurotypical adults in terms of accuracy, efficiency, and response 

time. 

 Persons with aphasia performed significantly poorer than neurotypical adults on 

auditory categorization tasks in terms of accuracy, efficiency, and response 

time. Anomic aphasia and Broca’s aphasia was found to significantly differ in 

their ability to auditorily categorize only in terms of accuracy. While Broca’s 

aphasia significantly differed from neurotypical adults in terms of accuracy, 

efficiency and response time taken to auditorily categorize; anomic aphasia 

differed from neurotypical adults only in terms of efficiency.  
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 The performance of PWA on visual categorization was significantly poorer than 

neurotypical adults in terms of accuracy, efficiency, and response time. Broca’s 

aphasia and anomic aphasia significantly differed in their ability to visually 

categorize only in terms of accuracy. Anomic aphasia differed from 

neurotypical adults in terms of efficiency and response time; while Broca’s 

aphasia differed from neurotypical adults in terms of all three dependent 

variables.  

 Considering the performance between auditory and visual categorization, the 

performance significantly differed only in terms of efficiency and response time 

in PWA and neurotypical adults. In anomic aphasia and Broca’s aphasia, a 

significant difference between auditory and visual categorization was found in 

terms of efficiency and response time.  

 The performance of PWA on symbol sequencing tasks was significantly 

reduced than neurotypical adults in terms of accuracy. Performance of anomic 

aphasia and Broca’s aphasia did not differ; however, their performance was 

significantly lower than neurotypical adults.  

 A significant difference was observed between PWA and neurotypical adults 

for symbol sequence imitation in terms of efficiency and response time. Both 

anomic aphasia and Broca’s aphasia performed significantly poorer than 

neurotypical adults in terms of efficiency and response time taken for symbol 

sequence imitation task; however, there was no difference in the performance 

of Broca’s aphasia and anomic aphasia in terms of any of the dependent variable 

measured.  

 For the symbol sequence production task, the PWA obtained a significantly 

lower accuracy score than neurotypical adults. The same was observed for both 
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Broca’s aphasia and anomic aphasia in comparison with neurotypical adults. 

Among the subgroups of aphasia, Broca’s aphasia performed significantly 

poorer than anomic aphasia in terms of accuracy. 

 Linguistic analyses of single sentences constructed using PWA was done in 

terms of semantic and syntactic measures between anomic aphasia, Broca’s 

aphasia, and neurotypical adults. Anomic aphasia and Broca’s aphasia, as well 

as Broca’s aphasia and neurotypical adults, differed significantly from each 

other on all measures of semantics (i.e., the total number of symbols selected, 

the total number of correct information units for symbols (CIU-S) and % of 

CIU-S). Anomic aphasia and neurotypical adults differed only in terms of CIU-

S and % CIU-S. In syntactic measures, anomic aphasia and Broca’s aphasia 

differed significantly in terms of % of complete sentences, while no difference 

was found for % of correct verbs. On the other hand, anomic aphasia and 

neurotypical adults differed in both syntactic measures and so did Broca’s 

aphasia and neurotypical adults.  

 The symbolic language score obtained from accuracy scores of all behavioural 

tasks by PWA and their subgroups were significantly lower than neurotypical 

adults.  

 A very strong positive correlation was found between symbolic language 

abilities and verbal language abilities as well as between symbolic language 

abilities and non-verbal & verbal cognitive abilities in PWA.  

6.1 Implications of the Study 

  Demonstration that PWA can identify, categorize, and sequence symbols 

without intervention is an encouraging finding for the development of AAC systems as 

well as designing AAC intervention. The communicative performance of such 
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individuals with aphasia can be enhanced by configuring communication systems 

around their residual abilities. The clinical implications of the findings of the study are 

discussed in the below sections. 

Insights from identification tasks 

 The present study results showed that PWA has the ability to identify symbols 

from a grid display and their performance increases when the number of symbols per 

display is less, and when the symbols were more concrete than abstract. The results 

contribute to our understanding of symbols and display characteristics that may impact 

the identification of symbols in a grid display. It is known that locating each symbol on 

a grid via an explicit visual search for relevant graphic places significant demands on 

attention and short-term memory (Dukhovny & Zhou, 2016). Since PWA are known to 

have deficits in attention and short-term memory (Garrett & Kimelman, 2000), it 

becomes essential that the cognitive load of locating a graphic symbol be reduced to 

ensure that the message production is not affected. One way to reduce cognitive load 

would be to decrease the number of symbols per display or start with a smaller grid size 

(probably with 4 symbols). Even though the present study only investigated the effect 

of grid size on the identification of symbols, it is necessary to consider two features 

closely related to grid size (i.e., icon/symbol location and symbol/icon size). These two 

features allow a grid display to be either location centred design or size-centred grid 

design. In a size centred design, the icon location changes with a decrease in the size of 

the icon or as grid size decreases, thus forcing the user to relearn the visuospatial 

arrangement of the grid. This will require them to conduct explicit visual searches to 

locate the target icon. On the other hand, the location-centred design introduces an 

initial AAC grid with several small icons and then progressively add icons on the grid 

keeping the locations of the previously introduced icons constant. This method is 



 
 

218 
 

presumed to improve learning and reduce cognitive demands of the device as the user 

is not required to relearn the visuospatial arrangement of the grid as new icons are 

introduced (Dukhovny & Zhou, 2016). Thus, maintaining consistent symbol placement 

may support procedural memory thus significantly reducing the cognitive load of 

searching for the appropriate symbol. Given the limited resource allocation capacity 

and reduced perceptual processing in PWA, it can be speculated that their performance 

on a grid-based AAC system would be enhanced by using a small grid size and a 

location-sized design. However, future investigations are required to gather scientific 

evidence for the above hypothesis. Even then, it may be beneficial to include 

consideration of grid size, size-centred and location-centred design during AAC 

assessment in PWA. Since sustained attention assists in determining the ease with 

which he or she would be able to learn symbol locations on a symbol grid (Perrin et al., 

2017), the assessment may also include tasks to measure sustained attention.   

The finding from the present study that the concreteness of the symbol affects 

the ease with which they are identified, introducing more concrete symbols such as 

nouns and transparent verbs for PWA who are first-time users of AAC would seem 

beneficial. Since grid displays use static symbols and abstract symbols such as opaque 

verbs, adjectives and prepositions are difficult to represent graphically, additional 

assistance might be provided to PWA during AAC intervention in guiding them to 

select those symbols.  

Insights from Categorization Tasks 

 The results from both behavioural tasks involving categorization provide 

evidence that PWA can make category selections that are required by most of the 

picture or graphic-symbol based AAC systems, though the extent and ease with which 

they perform will not be the same as that of neurotypical adults. It can be assumed that 
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the independent use of a visual-graphic based communication system such as that of an 

AAC requires visual categorization abilities relatively more than auditory 

categorization; however, both skills are thought to be essential during the training phase 

given PWA benefits from multimodal stimulation.  

 Most of the AAC system requires a PWA to select symbols from categories for 

actions, people, and objects. The present study used objects as well as action categories 

in the categorization task, and informally it was observed that they made more errors 

while categorizing actions than objects. The suggestions provided by Baker (1992) and 

Nicholas (1998) to minimize the number of action icons while introducing AAC, 

providing extra assistance for training actions category, or organizing action icons 

along with objects they are most likely to be used with receives support from the above 

observation in the present study.   

Insights from Symbol Sequencing Tasks 

 The results from symbol sequencing tasks provide encouraging findings that 

persons with even severe Broca’s aphasia have the ability to construct simple S-V-O 

sentences using symbols despite their difficulty to verbally produce sentences as seen 

on the test of aphasia in Malayalam. Some of the persons with severe expressive 

(Broca’s) aphasia could verbally produce simple sentences after constructing those 

using graphic symbols. It was also observed that symbols facilitated word retrieval 

abilities and alleviated phonemic paraphasic errors in anomic aphasia. All of these 

findings and observations imply that AAC can be used as a compensatory strategy to 

convey the desired message despite their linguistic, cognitive, and motor limitations, 

and they may also contribute to a restorative approach in terms of facilitating word 

retrieval in those individuals with aphasia having mild language impairment.   
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 In summary, the findings from the present study have important clinical 

implications as they support the claim that AAC can be used to enhance communicative 

abilities of PWA and hence should be considered as an active treatment option (Koul 

et al., 2005) rather than a last resort. The behavioural tasks utilized in the study can be 

used to develop an AAC assessment tool for PWA to gain insight into all the resources 

and strengths of PWA while planning AAC intervention for communication. The study 

also supports Sandt-koenderman’s (2004) opinion that determining only the type and 

severity of aphasia may be insufficient indicators of the success of an aided AAC and 

hence assessment must go beyond the administration of a standard aphasia battery.  

6.2 Strengths of the Study 

 The study is the first of its kind to provide evidence on symbolic language 

abilities required to use aided AAC among PWA in India.  

 The study utilized a quasi-experimental group design (non-equivalent 

comparison group research design). Since randomization of participants is 

required to meet the requirements of a true experimental design, a non-

equivalent comparison group design, which has properties similar to a classic 

experimental design but without randomization, was utilized to answer the 

research objectives. The design is considered superior to non-experimental 

research design as it allows manipulation of the independent variable and hence 

improves the internal validity of the study.  

 Since randomization was difficult, including a comparison group (neurotypical 

adults) matched based on assigned variables decreased the subject selection bias 

and provided control of extraneous variables to some extent, thus increasing the 

internal validity of the study.  
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 The study utilized an adequately sized sample through sample size calculation 

taking into consideration the level of significance and power of test values. An 

adequately sized sample is expected to allow the drawing of precise and 

accurate conclusions from the data measured. 

 The use of accuracy, efficiency, and response time measures as dependent 

variables provided a better understanding of the processing of symbolic 

language abilities unlike previous studies in the literature which utilized only 

accuracy measures. 

 The study participants from the experimental group (PWA) could be further 

grouped into anomic aphasia and Broca’s aphasia, thus incorporating persons 

from two major types of aphasia (i.e., fluent and non-fluent aphasia) into the 

study. This allowed the formation of a more homogeneous study group which 

provided better insight into how aphasia of different types and severity perform 

on the behavioural tasks utilized to tap symbolic language abilities.  

 The study utilized picture communication symbols (PCS) which is the most 

widely used symbol set across the globe both for clinical and research purposes. 

This allowed comparison of the study results with that of previous literature 

findings.  

 The design of the behavioural tasks and the stimuli used in the present study 

was such that the behaviours elicited resembled the naturally occurring 

behaviours while using an aided AAC in real-life situations, thus improving the 

ecological validity of the study. For example, the study developed the stimuli 

material similar to that of a no-technology AAC system (such as a 

communication book) using a commonly used symbol set and utilized single 

finger pointing to record responses. This resembled real-life/ clinical situations 
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as observed wherein many PWA tend to use no-tech AAC systems as opposed 

to high-tech AAC systems due to socio-economic constraints as well as lack of 

easy availability of technology.   

 Along with analyses to meet primary objectives, several supplementary 

analyses were performed as found necessary to gain more insight into the 

interaction of various AAC system features on the symbolic language abilities 

of PWA. 

 The evidence from the present study can be utilized for AAC assessment in 

PWA as well as designing an AAC system when first introduced to a PWA.   

6.3 Limitations of the Study 

 The study utilized the purposive sampling method and hence the inferential 

generality (external validity) of results from sample to a population is limited. 

Subsequent studies with a representative sample will be required to generalize 

the study findings.  

 The study participants were not a representative sample as they were not 

randomly selected from the population which again limits the validity of the 

study. 

 The study did not include all types of aphasia (such as Wernicke’s aphasia or 

global aphasia) due to the inclusion of criteria of auditory comprehension score 

of greater than five for the experimental group. According to the participation 

model of AAC assessment and treatment (Beukelman & Mirenda, 2012), AAC 

follows no candidacy rule (i.e., any individual with communication needs is an 

AAC candidate. However, understanding how other types of aphasia perform 

on tasks of symbolic language abilities would have aided our knowledge in 

assisting them for further AAC intervention.  
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 The present study did not employ Indian picture symbols for communication 

(IPSC) as stimuli for the behavioural tasks despite the symbols being developed 

for the Indian population as there was no published literature on the iconicity of 

symbols or socio-cultural validation of symbols for different states in the 

country.   

 The study did not employ an objective method for the presentation of stimuli or 

measuring of the dependent variables (for example, software such as DMDX or 

E-Prime) 

  The study did not use any existing high-technology AAC device to measure the 

performance on the tasks even though the tasks were designed such that they 

could have been customized on an AAC device.  

6.4 Future directions  

 The present study, which is the first of its kind, opens up several opportunities 

for future research in the field of AAC and aphasia. As an extension of the current 

study, an investigation that explores the predictive capability of symbolic language 

performance quotient, aphasia quotient and cortical quotient on the outcomes of AAC 

intervention in PWA can prove beneficial. Since both linguistic and cognitive 

capabilities are necessary for achieving communicative competence using AAC in 

PWA and the current study only investigated linguistic capabilities, future studies can 

evaluate the effect of cognitive impairments (such as working memory, attention, 

executive functions) on AAC use among PWA. Further studies along the same lines, 

can include all types and severity of aphasia, individuals with right hemisphere damage, 

and also individuals with other focal and diffuse lesions causing linguistic and cognitive 

disturbances. They may also explore the extent to which the abilities assessed in the 

task rely on right hemisphere processing.    
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 Each of the tasks designed in the current study can be modified to gain further 

understanding of the symbolic language abilities. The identification tasks could 

incorporate higher grid sizes (such as above 16 symbols per display) to understand the 

effects of cognitive taxing on the performance of the task. It may also help in 

understanding AAC system features that facilitate the use of AAC in PWA. For 

example, the effect of symbol organization and colour coding on symbol identification 

was not found in any grid size less than 16 in the present study and previous studies 

report the effect to be evident on higher grid sizes. The categorization tasks may involve 

the “people” category as most of the AAC systems use basic categories such as people, 

actions and objects, out of which the present study had the latter two. Future studies 

may also involve exploring the performance of PWA across semantic categories (such 

as comparison of performance across people, actions and objects) and also the effect of 

semantic-interrelatedness on categorization abilities in PWA (i.e., comparison of 

category decision abilities on semantically related categories vs semantically unrelated 

categories). The symbol sequence imitation task in the present study involved test 

stimuli ranging from two symbol combinations to four symbol combinations. Future 

studies may investigate the ability to imitate symbol sequences across the length of the 

stimuli. The symbol sequence production task in the current study only required the 

participants to construct simple S-V-O sentences. Future investigations may study the 

effect of different types of sentences or sentences of varying syntactic complexity on 

the performance of PWA.  

 Furthermore, the stimuli used in all the tasks could be replaced with either 

Indian picture symbols for communication (IPSC) or PCS® In-context symbols, if any 

attempts of systematic replication of the current study are undertaken in the future. The 

advantage of IPSC being indigenous and the PCS® In-context symbols being 
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specifically designed for adults to allow for understanding the effect of symbol sets on 

the performance of PWA on tasks that tap symbolic language abilities. Furthermore, 

the effect of animated symbols on the performance of tasks, especially identifying and 

locating action verbs, adverbs, and prepositions can be explored in this population. With 

respect to AAC system layout, evidence from recent research points towards the use of 

visual scene displays (VSD) over traditional grid displays for PWA. The basis of 

message representation and navigation in AAC systems that utilize VSDs with 

personally relevant contextualized images are autobiographical memory and visual-

cognitive abilities than linguistic processing (Dietz et al., 2006). Future research may 

explore the effect of VSDs over grid displays on communicative competence in PWA.   

  



 
 

226 
 

REFERENCES 

Aftonomos, L. B., Steele, R. D., & Wertz, R. T. (1997). Promoting recovery in 

chronic aphasia with an interactive technology. Archives of Physical Medicine, 

78, 841-846. 

Alam, N., Munjal, S., Panda, N. K., Kumar, R., & Gupta, S. (2021). Efficacy of 

Jellow app as an adjunct to stimulation therapy in improvement in language 

and quality of life in patients with chronic Broca’s aphasia. Disability and 

Rehabilitation: Assistive Technology, 1–7. 

https://doi.org/10.1080/17483107.2021.1892844 

Alant, E., Kolatsis, A., & Lilienfeld, M. (2010). The effect of sequential exposure of 

color conditions on time and accuracy of graphic symbol location. 

Augmentative and Alternative Communication, 26(1), 41–47. 

https://doi.org/10.3109/07434610903585422 

Ardila, A. (2010). A proposed reinterpretation and reclassification of aphasic 

syndromes. Aphasiology, 24(3), 363–394. 

https://doi.org/10.1080/02687030802553704 

Armstrong, R.A (2014). When to use the Bonferroni correction. Ophthalmic and 

Physiological Optics: Journal of the College of Optometrists, 34, 502-508. 

Arvidson, H. H., McNaughton, S., Nelms, G., Loncke, F. T., & Lloyd, L. L. (1999). 

Graphic symbols: Clinical issues. In F.T. Loncke, J. Clibbens, H. H. Arvidson, 

& L. L. Lloyd (Eds.), Augmentative and alternative communication (pp. 174–

189). London: Whurr Publishers. 

Avent, J. R., Edwards, D. J., Franco, C. R., Lucero, C. J., & Pekowsky, I. I. (1995). A 

verbal and non-verbal treatment comparison study in aphasia. Aphasiology, 

9(3), 295–303. https://doi.org/10.1080/02687039508248206 

Baker, E., Beery, T., Gardner, H., Zurif, E. B., Davis, L., & Veroff, A. (1975). Can 

linguistic competence be dissociated from natural language functions? Nature, 

254, 509–510. 

Baker, E., Blumstein, S.E., & Goodglass, H. (1981). Interaction of phonological and 

semantic factors in auditory comprehension. Neuropsychologia, 19, 1-15.  



 
 

227 
 

Baker, K. D. (1992). A comparison of expressive vocabulary produced by non-

ambulatory, speaking preschool children and ambulatory speaking preschool 

children. (Masters Dissertation). Portland State University 

Bailey, B., & Downing, R. (1994). Using visual accents to enhance attending to 

communication symbols for students with severe multiple disabilities. 

Rehabilitation and Education for Blindness and Visual Impairment, 26 (3), 

101–119.  

Balandin, S., & Johnson, H. (2001). Semantic Organisation of adults with cerebral 

palsy. International Journal of Speech Language Pathology, 3(1), 1–11. 

https://doi.org/10.3109/14417040109003704 

Bartlett, M. R., Schwartz, M. F., Fink, R. B., Lowery, J. S., & Linebarger, M. C. 

(2007). Spoken-language enhancement with SentenceShaper To Go, a portable 

AAC system based upon processing support. Brain and Language, 103(1–2), 

217–218. https://doi.org/10.1016/j.bandl.2007.07.125 

Basavaraj, V., & Venketesan, S. (2009). Ethical guidance for bio-behavioural 

research involving human subjects. Mysore, India: All India Institute of 

Speech and Hearing.  

Bay, E. (1962). Aphasia and non-verbal disorders of language. Brain, 85(3), 411–426. 

Beck, A., & Fritz, H. (1998). Can people who have aphasia learn iconic codes? 

Augmentative and Alternative Communication, 14(3), 184–196. 

Bellaire, K. J., Georges, J. B., & Thompson, C. K. (1991). Establishing functional 

communication board use for nonverbal aphasic subjects. In Clinical 

Aphasiology (pp. 219–228). 

Berg, K., Isaksen, J., Wallace, S. J., Cruice, M., Simmons-Mackie, N., & Worrall, L. 

(2020). Establishing consensus on a definition of aphasia: an e-Delphi study of 

international aphasia researchers. Aphasiology, 1–16. 

https://doi.org/10.1080/02687038.2020.1852003 

Berndt, S. R., Mitchum, C. C., Haendiges, A. N., & Sandson, J. (1997). Verb 

Retrieval in Aphasia. Brain and Language, 106(56), 68–106. 



 
 

228 
 

Bertoni, B., Stoffel, A.-M., & Weniger, D. (1991). Communicating with pictographs: 

A graphic approach to the improvement of communicative interactions. 

Aphasiology, 5(4–5), 341–353. https://doi.org/10.1080/02687039108248535 

Beukelman, D. R., Fager, S., Ball, L., & Dietz, A. (2007). AAC for adults with 

acquired neurological conditions: A review. Augmentative and Alternative 

Communication, 23(3), 230–242. https://doi.org/10.1080/07434610701553668 

Beukelman, D.R., Garrett, K., Beukelman, D. R., & Garrett, K. L. (1988). 

Augmentative and alternative communication for adults with acquired severe 

communication disorders. Augmentative and Alternative Communication, 

4(2), 104–121. https://doi.org/10.1080/07434618812331274687 

Beukelman, D. R., Hux, K., Dietz, A., Mckelvey, M., Beukelman, D. R., Hux, K., … 

Weissling, K. (2015). Using visual scene displays as communication support 

options for people with chronic severe aphasia: A summary of aac research 

and future research directions. Augmentative and Alternative Communication, 

31(3), 234–245. https://doi.org/10.3109/07434618.2015.1052152 

Beukelman, D.R., & Mirenda, P. (2005). Augmentative and alternative 

communication: Supporting children and adults with complex communication 

needs (3rd ed.). Baltimore, MD: Paul H. Brookes.  

Beukelman, D. R., & Mirenda, P. (2013). Augmentative and alternative 

communication: Supporting children and adults with complex communication 

needs (4th ed.). Baltimore, MD: Paul. H. Brookes 

Binger, C., Richter, K., Taylor, A., Williams, E. K., & Willman, A. (2019). Error 

patterns and revisions in the graphic symbol utterances of 3- and 4-year-old 

children who need augmentative and alternative communication. 

Augmentative and Alternative Communication, 35(2), 95–108. 

https://doi.org/10.1080/07434618.2019.1576224 

Bloomberg, K., Karlan, G. R., & Lloyd, L. L. (1990). The comparative translucency 

of initial lexical items represented in five graphic symbol systems and sets. 

Journal of Speech and Hearing Research, 33(4), 717–725. 

https://doi.org/10.1044/jshr.3304.717 



 
 

229 
 

Bohra, V., Khwaja, G. A., Jain, S., Duggal, A., Ghuge, V. V., & Srivastava, A. 

(2015). Clinicoanatomical correlation in stroke related aphasia. Annals of 

Indian Academy of Neurology, 18(4), 424–429. https://doi.org/10.4103/0972-

2327.165469 

Brock, K. L., & Hung, P. F. (2021). The effects of digital symbol format on the 

naming, identification, and sentence production incorporating verbs for 

individuals with aphasia. Aphasiology, 35(5), 681-703. 

https://doi.org/10.1080/02687038.2020.1734528 

Brock, K.L., Koul, R., Corwin, M., & Schlosser, R. (2017). A comparison of visual 

scene and grid displays for people with chronic aphasia: a pilot study to 

improve communication using AAC. Aphasiology, 31(11), 1282–1306. 

https://doi.org/10.1080/02687038.2016.1274874 

Brock, K. L., Koul, R., Corwin, M., Schlosser, R. W., Brock, K. L., Koul, R., … The, 

R. W. S. (2019). The psychometric properties of the communicative 

competence scale for individuals with aphasia using speech-generating 

devices. Aphasiology, 33(5), 520–543. 

https://doi.org/10.1080/02687038.2018.1561639 

Brown, J., Thiessen, A., Beukelman, D., & Hux, K. (2015). Noun representation in 

AAC grid displays: Visual attention patterns of people with traumatic brain 

injury. Augmentative and Alternative Communication, 31(1), 15–26. 

https://doi.org/10.3109/07434618.2014.995224 

Bruce, C., & Howard, D. (1987). Computer-generated phonemic cues: An effective 

aid for naming in aphasia. British Journal of Disorders of Communication, 22, 

191-201. 

Bruner, J. S. (1970). The role of language in thinking. In H.F. Clarizio, R. C. Craig, & 

W. A. Mehrens (Eds.), Contemporary issues in educational pyschology. (pp. 

297-325). Allyn and Bacon 

Bruno, J. (2010). Test of aided communication symbol performance. Mayer-Johnson.  

Buck, R., & VanLear, C. A. (2002). Verbal and nonverbal communication: 

Distinguishing symbolic, spontaneous, and pseudo-spontaneous nonverbal 



 
 

230 
 

behavior. Journal of Communication, 52(3), 522–541. 

https://doi.org/10.1093/joc/52.3.522 

Caramazza, A., Berndt, R. S., & Brownell, H. H. (1982). The semantic deficit 

hypothesis: Perceptual parsing and object classification by aphasic patients. 

Brain and Language, 15(1), 161–189. https://doi.org/10.1016/0093-

934X(82)90054-2 

Carlin, M.T., Soraci, S.A., Dennis, N.A., Strawbridge, C., Chechile, N.A (2002). 

Guided visual search in individuals with mental retardation. American Journal 

of Mental Retardation, 107:237–251.  

Carlin, M. T., Soraci, S., Goldman, A. L., & McIlvane, W. (1995). Visual search in 

unidimensional arrays: A comparison between subjects with and without 

mental retardation. Intelligence, 21(2), 175–196. https://doi.org/10.1016/0160-

2896(95)90025-X 

Chakraborthy, S., Bhaumik, K., Sandip, H., Basu, S., Saha, M. S., Bhattacharya, B., 

… Khator, S. (2007). Indian Picture symbols for communication: User’s 

guide. Kolkata: Indian Institute of Cerebral Palsy. 

Chapey, R. (Ed). (1994). Language Intervention Strategies in Adult Aphasia. 

Williams and Wilkins. 

Chazhikat, E. & Olness, G. S. (2012). Awareness of aphasia and aphasia services in 

South India: Public health implications. The Eagle Feather: A Publication for 

Undergraduate Scholars, University of North Texas Libraries, 9, 1–12. 

https://doi.org/10.12794/tef.2012.30 

Cicone, M., Wapner, W., Foldi, N., Zurif, E., & Gardner, H. (1979). The relation 

between gesture and language in aphasic communication. Brain and 

Language, 8, 324–349. 

Coelho, C. A., & Duffy, R. J. (1987). The relationship of the acquisition of manual 

signs to severity of aphasia: A training study. Brain and Language, 31(2), 

328–345. https://doi.org/10.1016/0093-934X(87)90078-2 

Cohen, J. (2013). Statistical Power Analysis for the Behavioural Sciences. United 

https://doi.org/10.12794/tef.2012.30


 
 

231 
 

Kingdom: Elsevier Science.  

Colby, K. M., Christinaz D., Parkinson, R. C., Graham, S., & Karpf, C. (1982). A 

word-finding computer program with a dynamic lexical-semantic memory for 

patients with anomia using an intelligent speech prosthesis. Brain and 

Language, 14, 272-281 

Crutch, S. J., & Warrington, E. K. (2008). Contrasting patterns of comprehension for 

superordinate, basic-level, and subordinate names in semantic dementia and 

aphasic stroke patients. Cognitive Neuropsychology, 25(4), 582–600. 

Dada, S., Huguet, A., & Bornman, J. (2013). The Iconicity of picture communication 

symbols for children with English additional language and mild intellectual 

disability. Augmentative and Alternative Communication, 29(4), 360–373. 

https://doi.org/10.3109/07434618.2013.849753 

Dalal, P. M., Bhattacharjee, M. (2007). Stroke Epidemic in India: Hypertension-

Stroke Control Programme is urgently needed. Journal of Association of 

Physicians of India, 55, 689-691 

Dancey, C., & Reidy, J. (2004).  Statistics without maths for psychology: Using SPSS 

for windows. London, England: Prentice-Hall. 

Daniloff, J. K., Fritelli, G., Buckingham, H. W., Hoffman, P. R., & Daniloff, R. G. 

(1986). Amer-Ind versus ASL: Recognition and imitation in aphasic subjects. 

Brain and Language, 28(1), 95–113. https://doi.org/10.1016/0093-

934X(86)90094-5 

Daniloff, J.K., Noll, J.D., Fristoe, M., & Lloyd, L.L. (1982). Gesture recognition in 

patients with aphasia. Journal of Speech and Hearing Disorders, 47, 43-49.  

Dietz, A, Wallace, S. ., & Weissling, K. (2020). Revisiting the role of augmentative 

and augmentative communication in aphasia rehabilitation. American Journal 

of Speech Language Pathology, 29(May), 909–913. 

https://doi.org/https://doi.org/10.1044/2019_AJSLP-19-00041 

Dietz, Aimee. (2019). A Novel Approach to AAC: Maximizing Language Recovery 

for People with Aphasia. In 13th Annual Northern Kentucky Brain Injury 



 
 

232 
 

Conference, Erlanger, Kentucky. 

Dietz, Aimee, McKelvey, M., & Beukelman, D. R. (2006). Visual scene displays 

(VSD): New aac interfaces for persons with aphasia. Perspectives on 

Augmentative and Alternative Communication, 15(1), 13–17. 

https://doi.org/10.1044/aac15.1.13 

Dietz, Aimee, Weissling, K., Griffith, J., McKelvey, M., & MacKe, D. (2014). The 

Impact of interface design during an initial high-technology AAC experience: 

A collective case study of people with Aphasia. Augmentative and Alternative 

Communication, 30(4), 314–328. 

https://doi.org/10.3109/07434618.2014.966207 

Directorate of Census Operations in Kerala (2011). Kerala Population Census 2011. 

http://www.census2011.co.in/census/state/kerala.html 

Duffy, R. J., & Duffy, J. R. (1981). Three studies of deficits in pantomime expression 

and pantomime recognition in aphasia. Journal of Speech and Hearing 

Research, 24, 97-111. 

Duffy, R. J., Duffy, J. R., & Mercaitis, P. A. (1984). Comparison of the performances 

of a fluent and a nonfluent aphasic on a pantomimic referential task. Brain and 

Language, 21(2), 260–273. https://doi.org/10.1016/0093-934X(84)90051-8 

Duffy, R. J., & Duffy, J. R., & Pearson, R. L. (1975). Impairment of pantomime 

recognition in aphasics. Journal of Speech and Hearing Research, 18, 115-

132. 

Dukhovny, E., & Zhou, Y. Y. (2016). Effects of icon size and location on speed and 

accuracy of SGD access. Augmentative & Alternative Communication, 32(4), 

241–248. https://doi.org/10.1080/07434618.2016.1236835 

Ellis, C., Hardy, R. Y., Lindrooth, R. C., & Peach, R. K. (2018). Rate of aphasia 

among stroke patients discharged from hospitals in the United States. 

Aphasiology, 32(9), 1075–1086. 

https://doi.org/10.1080/02687038.2017.1385052 

http://www.census2011.co.in/census/state/kerala.html


 
 

233 
 

Fallon, K., Light, J., & Achenbach, A. (2003). The semantic organization patterns of 

young children: Implications for augmentative and alternative communication. 

Augmentative and Alternative Communication, 19, 74–85. 

https://doi.org/0.1080/0743461031000112061 

Field, A. (2009). Discovering Statistics Using SPSS (3rd Ed.). Sage Publishing.  

Franco, E. C., Carleto, N. G., Cusin Lamônica, D. A., & de Lourdes Caldana, M. 

(2015). Intervention in aphasia using the augmentative and alternative 

communication, 17 CEFAC - Speech, Language, Hearing sciences and 

Education Journal, 956–964. CEFAC Saúde e Educação. 

https://doi.org/10.1590/1982-0216201518613 

Fridriksson, J., Den Ouden, D. B., Hillis, A. E., Hickok, G., Rorden, C., Basilakos, 

A., … Bonilha, L. (2018). Anatomy of aphasia revisited. Brain, 141(3), 848–

862. https://doi.org/10.1093/brain/awx363 

Fried-Oken, M., Beukelman, D. R., & Hux, K. (2011). Current and future AAC 

research considerations for adults with acquired cognitive and communication 

impairments. Assistive Technology, 24(1), 56–66. 

https://doi.org/10.1080/10400435.2011.648713 

Friedman, S. L., & Stevenson, M. B. (1975). Developmental changes in the 

understanding of implied motion in two-dimensional pictures. Child 

Development, 46(3), 773–778. 

https://doi.org/https://psycnet.apa.org/doi/10.2307/1128578 

Frisch, B.W.M (2020). A User  Experience Evaluation of AAC Software. (Masters 

dissertation). Bowling Green State University. Retrieved from 

http://rave.ohiolink.edu/etdc/view?acc_num=bgsu1594112876812982 

Funnell, E., & Allport, A. (1989). Symbolically speaking: Communicating with 

blissymbols in aphasia. Aphasiology, 3(3), 279–300. 

https://doi.org/10.1080/02687038908248995 

Gainotti, G., Silveri, M. C., & Sena, E. (1989). Pictorial memory in patients with 

right, left and diffuse brain damage. Journal of Neurolinguistics, 4(3–4), 479–

495. https://doi.org/10.1016/0911-6044(89)90036-5 



 
 

234 
 

Gardner, H. (1974a). The naming and recognition of written symbols in aphasic and 

alexic patients. Journal of Communication Disorders, 7, 141–153. Retrieved 

from https://ac.els-cdn.com/0021992474900276/1-s2.0-0021992474900276-

main.pdf?_tid=605d7279-0833-4f1b-8e19-

40ebe4325804&acdnat=1536036974_e61629c97230550d694fc587cc951b4d 

Gardner, H. (1974b). The naming of objects and symbols by children and aphasic 

patients. Journal of Psycholinguistic Research, 3(2), 133–149. 

https://doi.org/10.1007/BF01067572 

Gardner, H., Zurif, E. B., Berry, T., & Baker, E. (1976). Visual communication in 

aphasia. Neuropsychologia, 14(3), 275–292. https://doi.org/10.1016/0028-

3932(76)90023-3 

Garrett, M.F. (1984). The organisation of processing structure for language 

production: Applications to aphasic speech. In Caplan, D., Lecours, A.R., and 

Smith, A. (Eds.), Biological Perspectives on Language. (pp. 172-

193). London, England: MIT Press. 

Garrett, K. L., Beukelman, D. R., & Low-Morrow, D. (1989). A comprehensive 

augmentative communication system for an adult with Broca's aphasia. 

Augmentative and Alternative Communication, 5(1), 55–61. 

https://doi.org/10.1080/07434618912331274976 

Garrett, K.L. & Kimelman, M.D.Z. (2000). AAC and Aphasia. In D.R.Beukelman, 

K.M.Yorkston, J. Reichle (Eds.). Augmentative and alternative 

communication for adults with acquired neurologic disorders (pp. 339-374). 

Baltimore: Paul. H. Brookes 

Garrett, K. L., & Lasker, J. P. (1997). The multimodal communication screening task 

for persons with aphasia (MCST): A scoring form. Retrieved from 

https://cehs.unl.edu/documents/secd/aac/assessment/score.pdf 

Garrett, K. & Lasker, J. (2005). Adults with severe aphasia. In D.R. Beukelman and 

P. Mirenda (Eds.) Augmentative and alternative communication: Supporting 

children and adults with complex communication needs, (3rd ed., pp. 467-

504). Baltimore: Paul. H. Brookes.  



 
 

235 
 

Garrett, M. (1992). Disorders of lexical selection. Cognition, 42, 143-180 

Gegenfurtner, K., & Rieger, J. (2000). Sensory and cognitive contributions of colour 

to the recognition of natural scenes. Present Biology, 10, 805–808. 

Girish, K. S., & Shyamala, C. (2015). Standardization of action naming test 

(Unpublished master dissertation). All India Institute of Speech and Hearing. 

Glass, A. V., Gazzaniga, M. S., & Premack, D. (1973). Artificial language training in 

global aphasics. Neuropsychologia, 11(1), 95–103. 

https://doi.org/10.1016/0028-3932(73)90069-9 

Glennen, S. L., & DeCoste, D. C. (1997). Augmentative and alternative 

communication systems. The handbook of augmentative and alternative 

communication, 59-69. Singular Publishing.  

Glosser, G., & Deser, T. (1990). Patterns of discourse production among neurological 

patients with fluent language disorders. Brain and Language, 40, 67–88. 

Goodenough-Trepagnier, C. (1995). Visual analogue communication: An avenue of 

investigation and rehabilitation of severe aphasia. Aphasiology, 9(4), 321–341. 

https://doi.org/10.1080/02687039508248208 

Goodglass, H., & Baker, E. (1976). Semantic field, naming, and auditory 

comprehension in aphasia. Brain and Language, 3(3), 359–374. 

https://doi.org/10.1016/0093-934X(76)90032-8 

Goossens, C., Crain, S. S., & Elder, P. S. (1999). Engineering the preschool 

environment for interactive symbolic communication: 18 months to 5 years 

developmentally (4th ed.). Birmingham, AL: Southeast Augmentative 

Communication Conference. 

Goswami, S. P., Shanbal, J.C., Samasthitha, S., & Navitha, U. (2010). Feedback 

Questionnaire for Aphasia Treatment Manuals. In Field Testing of Manual for 

Adult Non-fluent Aphasia Therapy in Kannada (MANAT-K). [Unpublished 

ARF project]. All India Institute of Speech and Hearing: Mysore, Karnataka. 

Goswami, S. P., Uthappa, V., Krishna, M., Hengst, J. A., Suma, D. R., & Francis, R. 

C. (2020). Development of battery for cognitive communicative disorders-



 
 

236 
 

Kannada (Unpublished department of health research project). All India 

Institute of Speech and Hearing. 

Griffith, J., Dietz, A., & Weissling, K. (2014). Supporting narrative retells for people 

with aphasia using augmentative and alternative communication: Photographs 

or line drawings? Text or no text? American Journal of Speech-Language 

Pathology, 23(2), S213. https://doi.org/10.1044/2014_AJSLP-13-0089 

Grober, E., Perecman, E., Kellar, L.. & Brown, J. 1980. Lexical knowledge in anterior 

and posterior aphasics. Brain and Language, 10, 318-330. 

Grodzinsky, Y., & Friederici, A. D. (2006). Neuroimaging of syntax and syntactic 

processing. Current Opinions in Neurobiology, 16, 240–246. 

Grossman, M. (1981). A bird is a bird: Making reference within and without 

superordinate categories. Brain and Language, 12(2), 313–331. 

https://doi.org/10.1016/0093-934X(81)90022-5 

Grossman, M. (1978). The game of the name: An examination of linguistic reference 

after brain damage. Brain and Language, 6, 112-l 19. 

Grossman, M., & Wilson, M. (1987). Stimulus categorization by brain-damaged 

patients. Brain and Cognition, 6(1), 55-71.  

Hallowell, B. (2017). Aphasia and other acquired neurogenic language disorders: A 

guide for clinical excellence. Plural Publishing 

Hallowell, B., & Chapey, R. (2008). Introduction to language intervention strategies 

in adult aphasia. In R. Chapey (Ed.), Language intervention strategies in 

aphasia and related neurogenic communication disorders (5th ed., pp. 3-19). 

Lippincott Williams & Wilkins.  

Haverkort, M. (2005). Linguistic representation and language use in aphasia. In A. 

Cutler (Ed.), Twenty-first century psycholinguistics: Four cornerstones (pp. 

57–68). Mahwah, NJ: Lawrence Erlbaum Associates Inc. 

Ho, K. M., Weiss, S. J., Garrett, K. L., & Lloyd, L. L. (2005). The effect of remnant 

and pictographic books on the communicative interaction of individuals with 



 
 

237 
 

global aphasia. Augmentative and Alternative Communication, 21(3), 218–

232. https://doi.org/10.1080/07434610400016694 

Horner, J., & LaPointe, L. L. (1979). Evaluation of Learning potential of a severe 

aphasic adult through analysis of five performance variables using novel 

pictorial stimuli. In Clinical Aphasiology: Proceedings of the conference 1979 

(pp. 101–114). BRK Publishers. Retrieved from 

http://aphasiology.pitt.edu/379/1/09-11.pdf 

Hough, M. S. (1993). Categorization in aphasia: Access and organization of goal-

derived and common categories. Aphasiology, 7(4), 335–357. 

Hough, M. S., & Johnson, R. K. (2009). Use of AAC to enhance linguistic 

communication skills in an adult with chronic severe aphasia. Aphasiology, 

23(7–8), 965–976. https://doi.org/10.1080/02687030802698145 

Hux, K., Rankin, J. L., Beukelman, D. R., & Hahn, D. (1993). Alternative Procedure 

To Evaluate Semantic Classification. Augmentative and Alternative 

Communication, 9(2), 119–125. 

https://doi.org/10.1080/07434619312331276501 

Jacobs, B., Drew, R., Ogletree, B. T., & Pierce, K. (2004). Augmentative and 

Alternative Communication (AAC) for adults with severe aphasia: Where we 

stand and how we can go further. Disability and Rehabilitation, 26 (21-22), 

1231-1240. https://doi.org/10.1080/09638280412331280244 

Jenny, E.P (1992). Test of Aphasia in Malayalam (unpublished master’s dissertation). 

Mysore: All India Institute of Speech and Hearing.  

Johannsen-Horbach, H., Cegla, B., Mager, U., Schempp, B., & Wallesch, C. W. 

(1985). Treatment of chronic global aphasia with a nonverbal communication 

system. Brain and Language, 24(1), 74–82. https://doi.org/10.1016/0093-

934X(85)90098-7 

Johnson, R. (1981). The Picture Communication Symbols. CA: Mayer-Johnson.  

Johnson, R. K., Hough, M. S., King, K. A., Vos, P., & Jeffs, T. (2008). Functional 

communication in individuals with chronic severe aphasia using augmentative 



 
 

238 
 

communication, 24(4), 269-280. https://doi.org/10.1080/07434610802463957 

Karanth, P., & Rangamani, G. N. (1988). Crossed aphasia in multilinguals. Brain and 

Language, 34(1), 169–180. https://doi.org/10.1016/0093-934X(88)90130-7 

Kertesz, A. (1982). Western aphasia battery: Test booklet. Retrieved from 

https://www.kean.edu/~mshulman/documents/WAB.pdf 

Kline, P. (1999). The handbook of psychological testing (2nd ed.). London, England: 

Routledge. 

Koul, R., & Corwin, M. (2011). Augmentative and alternative communication 

intervention for persons with chronic severe Aphasia: bringing research to 

practice. EBP Briefs, 6(2), 1–8. Retrieved from 

https://images.pearsonclinical.com/images/assets/ebp/pdfs/EBPV6A2.pdf 

Koul, R., Corwin, M., & Hayes, S. (2005). Production of graphic symbol sentences by 

individuals with aphasia: Efficacy of a computer-based augmentative and 

alternative communication intervention. Brain and Language, 92(1), 58–77. 

https://doi.org/10.1016/j.bandl.2004.05.008 

Koul, R., Corwin, M., Nigam, R., Oetzel, S., & Corwin, M. (2008). Training 

individuals with chronic severe Broca’s aphasia to produce sentences using 

graphic symbols : implications for AAC intervention. Journal of Assistive 

Technologies, 2(1), 23–34. 

Koul, R., Dietz, A., Corwin, M., & Wallace, S. (2012). Section 1: AAC and Aphasia: 

Science and Clinical Practice. In L. Lloyd, L. J. S Koehler, & S. von 

Tetzchner (Eds.), Proceedings of 2012 International Society for Augmentative 

and Alternative Communication (ISAAC) Research Symposium (Vol. 45195, 

pp. 7–25). Pittsburgh, USA. Retrieved from https://www.isaac-

online.org/wordpress/wp-content/uploads/ISAAC-Research-Symposium-

Proceedings-2012-FINAL-FOR-WEBSITE.pdf 

Koul, R., & Harding, R. (1998). Identification and production of graphic symbols by 

individuals with aphasia: efficacy of a software application. Augmentative and 

Alternative Communication, 14(1), 11–24. 

https://doi.org/10.1080/07434619812331278166 



 
 

239 
 

Koul, R. K., Petroi, D., & Schlosser, R. (2010). Systematic review of speech 

generating devices for aphasia. In J. W. Mullennix & S. Stern (Eds.), 

Computer synthesized speech technologies: Tools for aiding impairment (pp. 

148–160). Hershey, PA: IGI Global. 

Koul, R., & Lloyd, L. L. (1998). Comparison of Graphic Symbol Learning in 

Individuals with Aphasia and Right Hemisphere Brain Damage. Brain and 

Language, 62(3), 398–421. https://doi.org/10.1006/BRLN.1997.1908 

Koul, R. (1994). Comparison of graphic symbol learning in individuals with aphasia 

and right brain damage. (Doctoral Dissertation). Purdue University. 

Koul, R. (1997). Evaluation of the Effectiveness of a Computer Based Communication 

System in Enhancing the Communicative Abilities of Individuals with Severe 

Aphasia Institute for Quality Improvement in Long Term Health Care. 

Retrieved from 

https://digital.library.txstate.edu/bitstream/handle/10877/4364/Evaluation of 

Effectiveness of a Computer Based Communication 

System.pdf?sequence=3&isAllowed=y 

Kozleski, E. B. (1991). Research articles: Visual symbol acquisition by students with 

autism. Exceptionality, 2(4), 173–194. 

https://doi.org/10.1080/09362839109524782 

Kraat, A. W. (1990). Augmentative and alternative communication : Does it have a 

future in aphasia rehabilitation ? Aphasiology, 4(4), 321–338. 

Krishnan, S., Justus, S., Meluveettil, R., Menon, R. N., Sarma, S.P., & Kishore, A. 

(2015). Validity of Montreal cognitive assessment in non-English speaking 

patients with Parkinson’s disease. Neurology India, 63(1), 63. 

https://doi.org/10.4103/0028-3886.152637 

Kudo, T. (1987). Aphasics’ appreciation of hierarchical semantic categories. Brain 

and Language, 30(1), 33–51. https://doi.org/10.1016/0093-934X(87)90026-5 

Lahiri, D., Dubey, S., Ardila, A., Sawale, V. M., Roy, B. K., Sen, S., & 

Gangopadhyay, G. (2020). Incidence and types of aphasia after first-ever acute 

stroke in Bengali speakers: age, gender, and educational effect on the type of 

https://doi.org/10.4103/0028-3886.152637


 
 

240 
 

aphasia. Aphasiology, 34(6), 688–701. 

https://doi.org/10.1080/02687038.2019.1630597 

Lane, V. W., & Samples, J. M. (1981). Facilitating Communication Skills in Adult 

Apraxics: Application of Blissymbols in a Group Setting. Journal of 

Communication Disorders, 14, 157–167. Retrieved from https://ac.els-

cdn.com/0021992481900095/1-s2.0-0021992481900095-

main.pdf?_tid=e728177a-dbd6-43cb-87bd-

4d1af42d6fde&acdnat=1536559493_fdc3bed95fd6436c5d6fd951e3fcecbb 

LaPointe, L. (2005). Foundations: Adaptation, accommodation, aristos. In: L. 

LaPointe (Ed.), Aphasia and related neurogenic language disorders (3rd ed., 

pp.1-18). New York: Thieme 

Laska, A. C., Hellblom, A., Murray, V., Kahan, T., & Von Arbin, M. (2001). Aphasia 

in acute stroke and relation to outcome. Journal of Internal Medicine, 249(5), 

413–422. https://doi.org/10.1046/j.1365-2796.2001.00812.x 

Lasker, J. P. (2008). AAC Language Assessment: Considerations for Adults With 

Aphasia. Perspectives on Augmentative and Alternative Communication, 

17(3), 105–112. https://doi.org/10.1044/aac17.3.105 

Lasker, J., Hux, K., Garrett, K. L., Moncrief, E. M., & Eischeid, T. J. (1997). 

Variations on the written choice communication strategy for individuals with 

severe aphasia. Augmentative and Alternative Communication, 13(2), 108–

116. https://doi.org/10.1080/07434619712331277908 

Levelt, W. J. M. (1992). Accessing words in speech production: Stages, processes and 

representations. Cognition, 42, 1–22. 

Lice, K., & Palmović, M. (2017). Semantic categorization in aphasic patients with 

impaired language comprehension: An event–related potentials study. 

Suvremena Lingvistika, 43(84), 135–156. 

https://doi.org/10.22210/suvlin.2017.084.01 

Light, J. (2003). Shattering the silence: Development of communicative competence 

by individuals who use AAC. In J.C. Light, D.R. Beukelman, & J. Reichle 

https://doi.org/10.1046/j.1365-2796.2001.00812.x


 
 

241 
 

(Eds.) Communicative competence for individuals who use AAC: From 

research to effective practice (pp. 3–38). Baltimore, MD: Brookes  

Light, J. (1989). Toward a definition of communicative competence for individuals 

using augmentative and alternative communication systems. Augmentative and 

Alternative Communication, 5(2), 137–144. 

https://doi.org/10.1080/07434618912331275126 

Light, J., & McNaughton, D. (2014). Communicative competence for individuals who 

require augmentative and alternative communication: A new definition for a 

new era of communication? Augmentative and Alternative Communication, 

30(1), 1–18. https://doi.org/10.3109/07434618.2014.885080 

Lin, T. ., & Chen, C. (2017). The transparency of Communication Symbol with 

Aphasia Adults- A Preliminary study on representation style and status. 

Journal of Design, 22(4), 45–68. Retrieved from 

https://www.scopus.com/record/display.uri?eid=2-s2.0-

85040367150&origin=inward&txGid=b29ceaf88c650e4adf8c9679bc729e27 

Linebarger, M. C., Romania, J. F., Fink, R. B., Bartlett, M. R., & Schwartz, M. F. 

(2008). Building on residual speech: A portable processing prosthesis for 

aphasia. Journal of Rehabilitation Research and Development, 45(9), 1401–

1414. https://doi.org/10.1682/JRRD.2007.10.0171 

Linebarger, M. C., Romania, J., Kohn, S., Schwartz, M. &, & Locatelli, D. (1998). 

Competence versus performance in agrammatic production: Evidence from an 

augmentative communication system. Brain and Language, 65, 199–202. 

Retrieved from https://ac.els-cdn.com/S0093934X98920119/1-s2.0-

S0093934X98920119-main.pdf?_tid=9397947e-0282-4690-b34a-

d76d33c09d9f&acdnat=1536557927_bc41611721a1e04a8138a2a1527f7d15 

Linebarger, M. C., Schwartz, M. F., Romania, J. R., Kohn, S. E., & Stephens, D. L. 

(2000). Grammatical encoding in aphasia: Evidence from a “processing 

prosthesis.” Brain and Language, 75(3), 416–427. 

https://doi.org/10.1006/brln.2000.2378 

Linebarger, M., & Schwartz, M. (2005). AAC for hypothesis testing and treatment of 



 
 

242 
 

aphasic language production: Lessons from a “processing prosthesis.” 

Aphasiology, 19(10–11), 930–942. 

Ling, D. (1989). Foundations of spoken language for the hearing-impaired 

child. Washington, DC: Alexander Graham Bell Association for the Deaf. 

Luria, A. R. (1972). Traumatic aphasia. Mouton. 

Luria, A. R. (1947). Traumatic aphasia: Its syndromes, psychopathology, and 

treatment. Moscow: Academy of Medical Sciences. 

Mahmud, A. Al, Limpens, Y., & Martens, J. B. (2013). Expressing through digital 

photographs: An assistive tool for persons with aphasia. Universal Access in 

the Information Society, 12(3), 309–326. https://doi.org/10.1007/s10209-012-

0286-8 

Marini, A., Andreetta, S., del Tin, S., & Carlomagno, S. (2011). A multi-level 

approach to the analysis of narrative language in aphasia. Aphasiology, 25(11), 

1372–1392. https://doi.org/10.1080/02687038.2011.584690 

Marques, J. F., Mares, I., Martins, M. E., & Martins, I. P. (2013). The hierarchical 

organization of semantic knowledge in stroke aphasia: The role of feature 

sharedness and executive function. Journal of Neurolinguistics, 26(5), 552–

560. https://doi.org/10.1016/j.jneuroling.2013.03.005 

Marshall, J., Pring, T., & Chiat, S. (1998). Verb retrieval and sentence production in 

aphasia. Brain and Language, 63(2), 159–183. 

https://doi.org/10.1006/brln.1998.1949 

Martin, A. (2016). GRAPES- Grounding representations in action, perception, and 

emotion systems: How object properties and categories are represented in the 

human brain. Psychonomic Bulletin and Review, 23(4), 979–990. 

https://doi.org/10.3758/s13423-015-0842-3.GRAPES 

McCall, D., Shelton, J. R., Weinrich, M. &, & Cox, D. (2000). The utility of 

computerized visual communication for improving natural language in chronic 

global aphasia : Implications for approaches to treatment in global aphasia. 

Aphasiology, 14(8), 795–826. Retrieved from 

https://doi.org/10.3758/s13423-015-0842-3.GRAPES


 
 

243 
 

https://www.tandfonline.com/doi/pdf/10.1080/026870300412214?needAccess

=true 

McCleary, C., & Hirst, W. (1986). Semantic classification in aphasia: A study of 

basic, superordinate, and function relations. Brain and Language, 27(2), 199–

209. https://doi.org/10.1016/0093-934X(86)90015-5 

McKelvey, M. L., Dietz, A. R., Hux, K., Weissling, K., & Beukelman, D. R. (2007). 

Performance of a person with chronic aphasia using personal and contextual 

pictures in a visual scene display prototype. Journal of Medical Speech-

Language Pathology, 15(3), 305–317. Retrieved from 

https://www.scopus.com/record/display.uri?eid=2-s2.0-

34548135660&origin=inward&txGid=ff4bff6eb4074c2cc305314eeca6e044 

McNaughton, D., & Light, J. (2015). What we write about when we write about AAC: 

The past 30 years of research and future directions. Augmentative and 

Alternative Communication, 31(4), 261–270. 

https://doi.org/10.3109/07434618.2015.1099736org/10.3109/07434618.2015.1

099736 

McNeil, M. R. (1984). Current Concepts in adult aphasia. International Rehabilitation 

Medicine, 6, 128–134. https://doi.org/10.1097/00132586-196808000-00001 

McNeil, M. (1983). Aphasia: Neurological considerations. Topics in Language 

Disorders, 3, 1-19. 

McNeil, M. R., & Kimelman, M. D. (2001). Darley and the nature of aphasia: The 

defining and classifying controversies. Aphasiology, 15(3), 221-229. 

McNeil, M., Odell, K., & Tseng, C. (1991). Toward the integration of resource 

allocation into a general theory of aphasia. In T. E. Prescott (Ed.), Clinical 

aphasiology (pp. 21-40). Austin, TX: PRO-ED 

Mizuko, M. (1987). Transparency and Ease of Learning of Symbols Represented by 

Blissymbols, PCS, and Picsyms. Augmentative and Alternative 

Communication, 3(3), 129–136. 

https://doi.org/10.1080/07434618712331274409 



 
 

244 
 

Mizuko, M., & Reichle, J. (1989). Transparency and recall of symbols among 

intellectually handicapped adults. Journal of Speech and Hearing Disorders, 

54(November 1989), 627–633. https://doi.org/10.1044/jshd.5404.627 

Mohan, V., Kunnath, S. K., Philip, V. S., Mohan, L. S., & Thampi, N. (2017). 

Capitalizing on technology for developing communication skills in autism 

spectrum disorder: a single case study. Disability and Rehabilitation: Assistive 

Technology. https://doi.org/10.1080/17483107.2017.1413144 

Moody, E. J. (1982). Single Case Study: Sign Language Acquisition by a Global 

Aphasic. The Journal of Nervous and Mental Disease, 170(2). 

Mukherjee, K., & Chatterjee, D. (2015). Augmentative and Alternative 

Communication device based on eye-blink detection and conversion to Morse-

code to aid paralyzed individuals. In Proceedings - 2015 International 

Conference on Communication, Information and Computing Technology, 

ICCICT 2015. Institute of Electrical and Electronics Engineers Inc. 

https://doi.org/10.1109/ICCICT.2015.7045754 

Naeser, M. A., Baker, E. H., Palumbo, C. L., Nicholas, M., Alexander, M. P., 

Samaraweera, R., … Weissman, T. (1998). Lesion Site Patterns in Severe, 

Nonverbal Aphasia to Predict Outcome With a Computer-Assisted Treatment 

Program. Archives of Neurology, 55(11), 1438. 

https://doi.org/10.1001/archneur.55.11.1438 

Nair, R., & Virmani, V. (1973). Speech and language disturbances in Hemiplegics. 

Indian Journal of Medical Research, 61(9), 1395–1403. Retrieved from 

https://ijmr.icmr.org.in/ijmr/archive/CurrentTopicView.aspx?year=+Indian+J+

Med+Res++61%2C+9+%2C+September+1973%2C+pp+1395-

1403%24Original+Article 

National Aphasia Association. (2012). Aphasia FAQs. 

https://www.aphasia.org/aphasia-faqs/ 

National Sample Survey Organization ( 2002). Disabled Persons in India (58th 

Round). http://mospi.nic.in 

https://www.aphasia.org/aphasia-faqs/
http://mospi.nic.in/


 
 

245 
 

Nelson, K. (1977). The syntagmatic-paradigmatic shift revisited: A review of research 

and theory. Psychology Bulletin, 84, 93-116.  

Nicholas, L. E., & Brookshire, R. H. (1993). A system for quantifying the 

informativeness and efficiency of the connected speech of adults with aphasia. 

Journal of Speech and Hearing Research, 36(2), 338–350. 

https://doi.org/10.1044/jshr.3602.338 

Nicholas, M. L. (1998). Category selection in patients with nonfluent aphasia: 

Implications for use of a picture-based alternative communication system. 

(Doctoral Dissertation). Emerson College. Retrieved from 

https://elibrary.ru/item.asp?id=6670787 

Nicholas, M., & Helm-Estabrooks, N. (1990). Aphasia. Seminars in Speech and 

Language: The efficacy of Speech-Language Pathology Intervention, 11, 135-

144. 

Nicholas, M., Hunsaker, E., & Guarino, A. J. (2017). The relation between language, 

non-verbal cognition and quality of life in people with aphasia. Aphasiology, 

31(6), 688–702. https://doi.org/10.1080/02687038.2015.1076927 

Nicholas, M., Sinotte, M. P., & Helm-Estabrooks, N. (2005). Using a computer to 

communicate: Effect of executive function impairments in people with severe 

aphasia. Aphasiology, 19(10–11), 1052–1065. 

Nicholas, M., Sinotte, M. P., & Helm-Estabrooks, N. (2011). C-Speak Aphasia 

alternative communication program for people with severe aphasia: 

Importance of executive functioning and semantic knowledge. 

Neuropsychological Rehabilitation, 21(3), 322–366. 

https://doi.org/10.1080/09602011.2011.559051 

Nigam, R., & Huer, M. B. (2003). Do Individuals from Diverse Cultural and Ethnic 

Backgrounds Perceive Graphic Symbols Differently? Augmentative and 

Alternative Communication, 19(2), 135–136. 

https://doi.org/10.1080/0143461031000073074 

Nigam, R. (2006). Sociocultural development and validation of lexicon for Asian-

Indian individuals who use augmentative and alternative communication. 



 
 

246 
 

Disability and Rehabilitation: Assistive Technology, 1(4), 245–256. 

https://doi.org/10.1080/09638280500476063 

O’Donnell, T., Bruce, C., Black, M., & Clayton, A. (2010). Knowledge is BLISS: An 

investigation into the transparency of BLISS symbol strings directed by a 

person with aphasia. International Journal of Language and Communication 

Disorders, 45(4), 461–479. https://doi.org/10.3109/13682820903190097 

Oetzel, S. C. (2001). Production of sentences by individuals with severe aphasia: 

Efficacy of computer-based graphic symbol intervention. 

Paivio, A. (1991). Dual coding theory: Retrospect and current status. Canadian 

Journal of Psychology, 45, 255-287. 

Panicker, J. ., Thomas, M., Pavithran, K., Nair, D., & Sarma, P. . (2003). Morbidity 

predictors in Ischemic stroke. Neurology India, 51(1), 49–51. 

Pauranik, A., George, A., Sahu, A., Nehra, A., Paplikar, A., Bhat, C., … Faroqi‑Shah, 

Y. (2019). Expert Group Meeting on Aphasia: A report. Annals of Indian 

Academy of Neurology, 22(2), 137–146. https://doi.org/10.4103/aian.AIAN 

Perera, C. K., & Srivastava, A. K. (2016). Animacy-based accessibility and 

competition in relative clause production in Hindi and Malayalam. Journal of 

Psycholinguistic Research, 45(4), 915–930. https://doi.org/10.1007/s10936-

015-9384-0 

Perrin, M., Robillard, M., & Roy-Charland, A. (2017). Observing eye movements and 

the influence of cognition during a symbol search task: a comparison across 

three age groups. Augmentative and Alternative Communication, 33(4), 249–

259. https://doi.org/10.1080/07434618.2017.1381990 

Petroi, D. (2011). Investigation of Resource Allocation in Persons with Aphasia for 

AAC-Related Tasks. (Doctoral Dissertation). Texas Tech University Health 

Sciences Center. Retrieved from https://ttu-ir.tdl.org/ttu-

ir/bitstream/handle/2346/23876/ttu_etd001_012349.pdf?sequence=2 

Petroi, D., Koul, R. K., & Corwin, M. (2014). Effect of number of graphic symbols, 

levels, and listening conditions on symbol identification and latency in persons 



 
 

247 
 

with aphasia. Augmentative and Alternative Communication, 30(1), 40–54. 

https://doi.org/10.3109/07434618.2014.882984 

Philip, S.V., & Goswami, S.P (2021). Comparing verbal and aided single sentence 

productions in Malayalam-speaking adults with aphasia: a preliminary 

investigation. Clinical Linguistics & Phonetics, 11(35), 1036-1059. 

https://doi.org/10.1080/02699206.2020.1855254 

Porch, B. (1981). Porch Index of Communicative Ability (3rd ed.). Palo Alto, CA: 

Consulting Psychologists Press. 

Porter, G., & Burkhart, L. (2010). Limitations with Using a Representational 

Hierarchy Approach for Language Learning, (Cvi), 2007–2010. Retrieved 

from http://lindaburkhart.com/wp-

content/uploads/2016/07/representational_hierarchy_draft.pdf 

Purdy, M., & Dietz, A. (2010). Factors influencing aac usage by individuals with 

aphasia. Perspectives on Augmentative and Alternative Communication, 70–

78. https://doi.org/10.1044/aac19.3.70 

Purdy, M., Duffy, R., & Coelho, C. (1994). An investigation of the communicative 

use of trained symbols following multimodality training. Clinical 

Aphasiology. Retrieved from 

http://aphasiology.pitt.edu/archive/00000183/01/22-28.pdf 

Purdy, M. (2002). Executive function ability in persons with aphasia. Aphasiology, 

16(4–6), 549–557. https://doi.org/10.1080/02687030244000176 

Purdy, M., & Koch, A. (2006). Prediction of strategy usage by adults with aphasia. 

Aphasiology, 20(02–04), 337–348. 

Radhamani, M. (2015). Validation of Malayalam version of Montreal cognitive 

assessment for Keralite Patients with Parkinson’s disease (Doctoral 

dissertation). SCTIMST. 

http://dspace.sctimst.ac.in/jspui/bitstream/123456789/2625/1/6289.pdf 

Ralph, M. A. L., Jefferies, E., Patterson, K., & Rogers, T. T. (2017). The neural and 

computational bases of semantic cognition. Nature Reviews Neuroscience, 

https://doi.org/10.1080/02699206.2020.1855254
http://dspace.sctimst.ac.in/jspui/bitstream/123456789/2625/1/6289.pdf


 
 

248 
 

18(1), 42–55. https://doi.org/10.1038/nrn.2016.150 

Ramani, S. A., & Sankar, A. (2016). “ ISPEAK ” - Augmentative and Alternative 

communication for children with communication disorders. Sri Ramachandra 

Journal of Medicine, 9, 1–4. 

Razdan, S., Kaul, R. L., Motta, A., Kaul, S. (1989). Cerebrovascular disease in rural 

Kashmir, India. Stroke, 20, 1691-1693. 

Rosenthal, R. (1991). Effect sizes: Pearson's correlation, its display via the BESD, and 

alternative indices. American Psychologist, 46 (10), 1086-1087 

Ross, A. J. (1979). A study of the application of blissymbolics as a means of 

communication for a young brain damaged adult. International Journal of 

Language & Communication Disorders, 14(2), 103–109. 

https://doi.org/10.3109/13682827909011350 

Rostron, A., Ward, S., & Plant, R. (1996). Computerised augmentative 

communication devices for people with dysphasia: Design and evaluation. 

European Journal of Disorders of Communication, 31(1), 11–30. 

https://doi.org/10.3109/13682829609033149 

Russo, M. J., Prodan, V., Meda, N. N., Carcavallo, L., Muracioli, A., Sabe, L., … 

Olmos, L. (2017). High-technology augmentative communication for adults 

with post-stroke aphasia: a systematic review. Expert Review of Medical 

Devices. https://doi.org/10.1080/17434440.2017.1324291 

Sandt-Koenderman, M. van de. (2004). High-tech AAC and aphasia: Widening 

horizons? Aphasiology, 18(3), 245–263. 

https://doi.org/10.1080/02687030344000571 

Sawyer-Woods, L. (1987). Symbolic function in a severe non-verbal aphasic. 

Aphasiology, 1(3), 287–290. https://doi.org/10.1080/02687038708248848 

Schlosser, R. W., Koul, R., Shane, H., Sorce, J., Brock, K., Harmon, A., … Hearn, E. 

(2014). Effects of animation on naming and identification across two graphic 

symbol sets representing verbs and prepositions. Journal of Speech, Language 

and Hearing Research, 57(5), 1779–1791. 



 
 

249 
 

https://doi.org/10.1044/2014_JSLHR-L-13-0193 

Schlosser, R. W., Shane, H., Sorce, J., Koul, R., Bloomfield, E., Debrowski, L., … 

Neff, A. (2011). Animation of graphic symbols representing verbs and 

prepositions: effects on transparency, name agreement, and identification. 

Journal of Speech, Language, and Hearing Research, 55(2), 342–358. 

https://doi.org/10.1044/1092-4388(2011/10-0164) 

Schlosser, R. W. (1997). Nomenclature of category levels in graphic symbols, part I: 

Is a flower a flower a flower? Augmentative and Alternative Communication, 

13(1), 4–13. https://doi.org/10.1080/07434619712331277798 

Seale, J. M., Garrett, K. L., & Figley, L. (2007). Quantitative Differences in Aphasia 

Interactions with Visual Scenes AAC Displays. Poster presented at the 2007 

Clinical AAC Research Conference, Lexington, KY. Clinical AAC Research 

Conference. Retrieved from 

https://www.researchgate.net/publication/266494973 

Shelton, J. R., Weinrich, M., McCall, D., & Cox, D. M. (1996). Differentiating 

globally aphasic patients: Data from in-depth language assessments and 

production training using C-VIC. Aphasiology, 10(4), 319–342. 

https://doi.org/10.1080/02687039608248415 

Shewan, C. M., & Kertesz, A. (1980). Reliability and validity characteristics of the 

Western Aphasia Battery (WAB). Journal of Speech and Hearing Disorders, 

45(3), 308–324. https://doi.org/10.1044/jshd.4503.308 

Shin, S. (2017). Effect of fixed array AAC graphic symbols on sentence construction. 

Communication Sciences and Disorders, 22(2), 341–351. 

https://doi.org/10.12963/csd.17408 

Shyamala, C., Sunil, K, & Vijetha, K. (2010). Development and standardization of 

Boston Naming test in Bilinguals (Unpublished ARF project). All India 

Institute of Speech and Hearing. 

Simpson, K., Hux, K., Beukelman, D., Lutt, S., & Gaebler, C. (1996). Two item 

comparison task to assess category structure. Augmentative and Alternative 

Communication, 12(3), 181–188. 



 
 

250 
 

Smith, M. (1996). The medium or the message: A study of speaking children using 

communication boards. In S. von Tetzchner & M. Hygum Jensen (Eds.), 

Augmentative and alternative communication: European perspectives (pp. 

119–136). London: Whurr Publishers. 

Sreekumar, S. (2014). Using AVAZ to enhance communicative abilities of a child 

with cerebral palsy. Disability, CBR & Inclusive Development, 25(1), 95–102. 

https://doi.org/10.5463/DCID.v25i1.289 

Sreekumar, S., Kunnath, S. K., & Philip, V. S. (2018). Predictors in the selection of an 

AAC system: An evidence-based report on overcoming challenges. Disability, 

CBR and Inclusive Development, 1(1), 60-66. 

https://doi.org/10.5463/DCID.v29i1.673 

Sreekumar, S., Sangeetha, G. S., & Mathew, B. S. (2020). Advancement to higher 

communicative functions with transition to iPad app–a case report. Disability 

and Rehabilitation: Assistive Technology, 15(4), 480-483. 

Srinivasan, S., Mathew, S. N., & Lloyd, L. L. (2011). Insights into communication 

intervention and AAC in South India: A mixed-methods study. 

Communication Disorders Quarterly, 32(4), 232–246. 

https://doi.org/10.1177/1525740109354775 

Stead, A. (2007). Expectation in Visual Symbolic Processing of Environmental 

Symbols in People with Fluent Aphasia. (Masters Dissertation). University of 

Wisconsin-Madison. Retrieved from 

https://digitalcommons.lsu.edu/cgi/viewcontent.cgi?article=4989&context=gra

dschool_theses 

Stead, A. L., Savage, M. C., & Buckingham, H. W. (2011). Pictorial and Graphemic 

Processing in Fluent Aphasia. Imagination, Cognition and Personality, 31(4), 

279–295. https://doi.org/10.2190/IC.31.4.c 

Steele, R. D., Aftonomos, L., & Koul, R. (2010). Outcome improvements in persons 

with chronic global aphasia following the use of a speech generating device. 

Acta Neuropsychologia, 8(4), 342–359. 

Steele, R. D., Kleczewska, M. K., Carlson, G. S., & Weinrich, M. (1992). Computers 



 
 

251 
 

in the rehabilitation of chronic, severe aphasia: C-VIC 2.0 cross-modal 

studies. Aphasiology, 6(2), 185–194. 

https://doi.org/10.1080/02687039208248590 

Steele, R. D., Weinrich, M., Wertz, R. T., Kleczewska, M. K., & Carlson, G. S. 

(1989). Computer-based visual communication in aphasia. Neuropsychologia, 

27(4), 409–426. https://doi.org/10.1016/0028-3932(89)90048-1 

Stephenson, J. (2007). The effect of color on the recognition and use of line drawings 

by children with severe intellectual disabilities. Augmentative and Alternative 

Communication, 23(1), 44–55. https://doi.org/10.1080/07434610600924457 

Taylor, S., Wallace, S. J., & Wallace, S. E. (2019). High-technology augmentative 

and alternative communication in poststroke aphasia: A review of the factors 

that contribute to successful augmentative and alternative communication use. 

Perspectives of the ASHA Special Interest Groups, 4(3), 464–473. 

https://doi.org/10.1044/2019_pers-sig2-2018-0016 

Thiessen, A., Beukelman, D., Ullman, C., & Longenecker, M. (2014). Measurement 

of the visual attention patterns of people with aphasia: A preliminary 

investigation of two types of human engagement in photographic images. 

Augmentative and Alternative Communication, 30(2), 120–129. 

https://doi.org/10.3109/07434618.2014.905798 

Thistle, J. J. (2019). The Effect of Symbol background colour on the speed of locating 

targets by adults without disabilities: Implications for augmentative and 

alternative communication display design. Perspectives of the ASHA Special 

Interest Groups, 4(4), 1482–1488. Retrieved from 

http://www.globalbuddhism.org/jgb/index.php/jgb/article/view/88/100 

Thistle, J. J., & Wilkinson, K. (2017). Effects of background color and symbol 

arrangement cues on construction of multi-symbol messages by young 

children without disabilities: implications for aided AAC design. 

Augmentative and Alternative Communication, 33(3), 160–169. 

https://doi.org/10.1080/07434618.2017.1336571 

Thistle, J. J., & Wilkinson, K. M. (2013). Working memory demands of aided 



 
 

252 
 

augmentative and alternative communication for individuals with 

developmental disabilities. Augmentative and Alternative Communication, 

29(3), 235–245. https://doi.org/10.3109/07434618.2013.815800 

Thistle, J. J., & Wilkinson, K. M. (2009). The Effects of color cues on typically 

developing preschoolers’ speed of locating a target line drawing: Implications 

for augmentative and alternative communication display design. American 

Journal of Speech-Language Pathology, 18(August), 231–241. 

Thorburn, L., Newhoff, M., & Rubin, S. S. (1995). Ability of subjects with aphasia to 

visually analyze written language, pantomime, and iconographic symbols. 

American Journal of Speech-Language Pathology, 4(4), 174–179. 

https://doi.org/10.1044/1058-0360.0404.174 

Tiwari, S., & Krishnan, G. (2011). Aphasia Rehabilitation in India: A preliminary 

survey of speech-language pathologists. Journal of All India Institute of 

Speech & Hearing, 30, 108–116. 

Trudeau, N., Sutton, A., Dagenais, E., de Broeck, S., & Morford, J. (2007). Utterances 

by children, teenagers, and adults: The effect of structure and task demands. 

Journal of Speech, Language and Hearing Research, 50(October), 1314–

1329. 

Ulmer, E., Hux, K., Brown, J., Nelms, T., & Reeder, C. (2017). Using self-captured 

photographs to support the expressive communication of people with aphasia. 

Aphasiology, 31(10), 1183–1204. 

https://doi.org/10.1080/02687038.2016.1274872 

Vallila-Rohter, S., & Kiran, S. (2013). Non-linguistic learning and aphasia: Evidence 

from a paired associate and feedback-based task. Neuropsychologia, 51(1), 

79–90. https://doi.org/10.1016/j.neuropsychologia.2012.10.024 

Van de Sandt-Koenderman, M., Wiegers, J., & Hardy, P. (2005). A computerised 

communication aid for people with aphasia. Disability and Rehabilitation, 

27(9), 529–533. https://doi.org/10.1080/09638280400018635 

Van de Sandt-Koenderman, W. M. E., Wiegers, J., Wielaert, S. M., Duivenvoorden, 

H. J., & Ribbers, G. M. (2007). A computerised communication aid in severe 



 
 

253 
 

aphasia: An exploratory study. Disability and Rehabilitation, 29(22), 1701–

1709. https://doi.org/10.1080/09638280601056178 

Varney, N. R. (1982). Pantomine recognition defect in aphasia: Implications for the 

concept of asymbolia. Brain and Language, 15, 32-39. 

Veale, J.F. (2014).  Edinburgh Handedness Inventory-Short Form: a revised version 

based on confirmatory factor analysis. Laterality, 19(2), 164-77. 

doi:10.1080/1357650X.2013.783045. 

Wallace, S. E., & Hux, K. (2014). Effect of two layouts on high technology AAC 

navigation and content location by people with aphasia. Disability and 

Rehabilitation: Assistive Technology, 9(2), 173–182. 

https://doi.org/10.3109/17483107.2013.799237 

Waller, A., Dennis, F., Brodie, J., & Cairns, A. Y. (1998). Evaluating the use of 

TalksBac, a predictive communication device for nonfluent adults with 

aphasia. International Journal of Language and Communication Disorders, 

33(1), 45–70. https://doi.org/10.1080/136828298247929 

Wang, L., & Goodglass, H. (1992). Pantomime, Praxis, and Aphasia. Brain and 

Language, 42, 402-418. 

Webster, J., & Whitworth, A. (2012). Treating verbs in aphasia: Exploring the impact 

of therapy at the single word and sentence levels. International Journal of 

Language and Communication Disorders, 47(6), 619–636. 

https://doi.org/10.1111/j.1460-6984.2012.00174.x 

Weinrich, M., Mccall, D., Shoosmith, L., Thomas, K., Katzenberger, K., & Weber, C. 

(1993). Locative prepositional phrases in severe aphasia. Brain and Language, 

45(1), 21–45. https://doi.org/10.1006/brln.1993.1031 

Weinrich, M., McCall, D., Weber, C., Thomas, K., & Thornburg, L. (1995). Training 

on an iconic communication system for severe aphasia can improve natural 

language production. Aphasiology, 9(4), 343–364. 

https://doi.org/10.1080/02687039508248209 

Weinrich, M. (1991). Computerized visual communication as an alternative 



 
 

254 
 

communication system and therapeutic tool. Journal of Neurolinguistics,6 (2), 

159-176. https://doi.org/10.1016/0911-6044(91)90005-4 

Weinrich, M., Boser, K. I., McCall, D., & Bishop, V. (2001). Training agrammatic 

subjects on passive sentences: Implications for syntactic deficit theories. Brain 

and Language, 76(1), 45–61. https://doi.org/10.1006/brln.2000.2421 

Weinrich, M., Shelton, J. R., Cox, D. M., & McCall, D. (1997). Remediating 

production of tense morphology improves verb retrieval in chronic aphasia. 

Brain and Language, 58(1), 23–45. https://doi.org/10.1006/brln.1997.1757 

Weinrich, M., Shelton, J. R., McCall, D., & Cox, D. M. (1997). Generalization from 

single sentence to multisentence production in severely aphasic patients. Brain 

and Language, 58(2), 327–352. https://doi.org/10.1006/brln.1997.1759 

Weinrich, M., Shelton, J. R., McCall, D., & Cox, D. M. (1997). Generalization from 

single sentence to multisentence production in severely aphasic patients. Brain 

and Language, 58(2), 327–352. https://doi.org/10.1006/brln.1997.1759 

Weinrich, M., Steele, R. D., Carlson, G. S., Kleczewska, M., Wertz, R. T., & Baker, 

E. (1989). Processing of visual syntax in a globally aphasic patient. Brain and 

Language, 36(3), 391–405. https://doi.org/10.1016/0093-934X(89)90075-8 

Weinrich, M., Steele, R. D., Kleczewska, M., Stevens, G., Baker, E., & Robert, T. W. 

(1989). Representations of ‘verbs’ in a computerized visual communication 

system. Aphasiology, 3(6), 501–512. 

https://doi.org/10.1080/02687038908249018 

Wilkinson, K., Carlin, M., & Thistle, J. (2008). The role of color cues in facilitating 

accurate and rapid location of aided symbols by children with and without 

down syndrome. American Journal of Speech-Language Pathology, 17(2), 

179–193. https://doi.org/10.1044/1058-0360(2008/018) 

Wilkinson, K. M., Carlin, M., & Jagaroo, V. (2006). Preschoolers’ speed of locating a 

target symbol under different color conditions. Augmentative and Alternative 

Communication, 22(2), 123–133. https://doi.org/10.1080/07434610500483620 

Wilkinson, K. M., & Coombs, B. (2010). Preliminary exploration of the effect of 



 
 

255 
 

background color on the speed and accuracy of search for an aided symbol 

target by typically developing preschoolers. Early Childhood Services (San 

Diego, Calif.), 4(3), 171–183. Retrieved from 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4599784/  

Wilkinson, K. M., & Jagaroo, V. (2004). Contributions of principles of visual 

cognitive science to AAC system display design. Augmentative and 

Alternative Communication, 20(3), 123–136. 

https://doi.org/10.1080/07434610410001699717 

Wilkinson, K. M., & McIlvane, W. J. (2013). Perceptual factors influence visual 

search for meaningful symbols in individuals with intellectual disabilities and 

Down syndrome or autism spectrum disorders. American Journal on 

Intellectual and Developmental Disabilities, 118(5), 353–364. 

https://doi.org/10.1352/1944-7558-118.5.353 

Wilkinson, K. M., O’Neill, T., & Mcllvane, W. J. (2014). Eye-tracking measures 

reveal how changes in the design of aided AAC displays influence the 

efficiency of locating symbols by school-age children without disabilities. 

Journal of Speech Language and Hearing Research, 57, 455–466. Retrieved 

from 10.1044/2013_JSLHR-L-12-0159 

Wilkinson, K. M., & Snell, J. (2011). Facilitating children’s ability to distinguish 

symbols for emotion: The effects of background colour cues and spatial 

arrangement of symbols on accuracy and speed of search. American Journal of 

Speech Language Pathology, 20, 288–301. https://doi.org/10.1044/1058-

0360(2011/10-0065) 

Worah, S., McNaughton, D., Light, J., & Benedek-Wood, E. (2015). A comparison of 

two approaches for representing AAC vocabulary for young children. 

International Journal of Speech-Language Pathology, 17(5), 460–469. 

https://doi.org/10.3109/17549507.2014.987817 

Yoshihata, H., Watamori, T., Chujo, T., & Masuyama, K. (1998). Acquisition and 

generalization of mode interchange skills in people with severe aphasia. 

Aphasiology, 12(12), 1035–1045. 

https://doi.org/10.1080/02687039808249468 



 
 

256 
 

APPENDIX-A 

ETHICS COMMITTEE APPROVAL CERTIFICATE 

 

 



 
 

257 
 

APPENDIX-B 

INFORMED CONSENT FORM  

 

All India Institute of Speech and Hearing (AIISH), Manasagangothri, 

Mysore- 570006, Karnataka, India  
 

Consent to Participate in a Research Study 
 

Title of the 

study 

Symbolic Language abilities for aided communication in 

persons with aphasia 

Investigator Ms. Vineetha Sara Philip 

Guide Dr. S.P.Goswami  

 

I Ms. Vineetha Sara Philip, Junior Research Fellow at All India Institute of 

Speech and Hearing (AIISH), Mysore is conducting a study on symbolic language 

abilities required for using aided communication in persons with Aphasia. During the 

course of the study, I will be administering certain tasks which involves picture 

symbols. Audio and video recording of the sessions will be done for later analysis of 

responses. It is assured that these recordings will be kept confidential. There are no 

risks or discomforts or involved during the study. Participation in the study is purely 

voluntary and not compulsory. You may choose to withdraw from the study at any point 

in time.  

Informed Consent 

I have been informed about the study and understand its purpose and my/my 

son’s/daughter’s/ spouse’s participation in it. I understand that there are no risks 

involved by extending my/ my son’s/daughter’s/ spouse’s participation as a human 

subject in the study. I understand that I have a right to refuse participation or withdraw 

my consent at any time. I willingly give my consent for my/ my son’s/daughter’s/ 

spouse’s participation in this study.  

 

 

Signature                                                                                                                          

(Name and Address)   
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All India Institute of Speech and Hearing (AIISH), Manasagangothri, 

Mysore- 570006, Karnataka, India  
 

ഗവേഷണത്തില്  പങ്കെടുക്കാൻ ഉള്ള സമ്മതപത്തം  

 

പഠനത്തിൻങ്കട  വപര്  സിംവ ാളിക് ലാംവഗേജ് എ ിലിറ്റീസ് വ ാർ എയ്ഡഡ് 

കമ്മയൂണിവക്കഷൻ ഇൻ വപഴ്സൺസ് േിത്ത് അവ സിയ  

ഗവേഷക  േിനീത സാറ  ിലിപ്പ്  

നിർവേശകൻ  വഡാ.  എസ് പി വഗാസോമി  

 
േിനീത സാറ  ിലിപ്പ് എന്ന ഞാൻ ഓൾ ഇന്ത്യ ഇൻസ്റ്റിറ്റയൂട്ട് ഓ ് സ്പീച് ആൻഡ് 

ഹിയറിങ്ങിങ്കല ജൂനിയർ ഗവേഷക ആണ്. ഞാൻ അവ സിയ ഉള്ളേരിൽ ചിത്തങ്ങൾ 

ഉപവയാഗിച്്ച ആശയേിനിമയം നടത്തുോനുള്ള  കഴിേുകങ്കള കുറിച്ചാണ് പഠിക്കുന്നത് 

.  ഈ പഠനത്തിനായി ഞാൻ ചിത്തങ്ങൾ ഉൾങ്കപ്പടുത്തിയിട്ടുള്ള കുറച്ചു ത്പേർത്തികൾ 

ആണ് ങ്കചയ്യിപ്പിക്കാൻ ഉവേശിക്കുന്നത് . ഈ ത്പേർത്തികൾ ങ്കചയ്യുന്നതിൻങ്കറ 

േിഡിവയാചിത്തം എടുക്കുന്നതായിരിക്കും. ഈ േിഡിവയാചിത്തങ്ങളുങ്കട സേകാരയത 

നിലനിർത്തുന്നതായിരിക്കും. ഈ പഠനത്തിൽ നിങ്ങൾ പെുവചരുന്നത് ങ്കകാണ്്ട 

നിങ്ങൾക്്ക യാങ്കതാരുേിധ അപകടവമാ, നഷ്ടവമാ, ഉണ്ടായിരിക്കുന്നതല്ല. ഈ പഠനത്തിൽ 

പെുവചരുന്നത് തികച്ചും നിങ്ങളുങ്കട  ഇഷ്ടാനുസരണം ആയിരിക്കും, യാങ്കതാരു 

േിധത്തിൽ ഉള്ള നിർ ന്ധേും  ഉണ്ടായിരിക്കുന്നതല്ല . പഠനം തുടങ്ങിയതിനു വശഷം 

എവപ്പാൾ വേണങ്കമെിലും നിങ്ങക്്ക ഇതിൽ നിന്നും പിന്ത്ിരിയാേുന്നതാണ്. 

 

േിേരങ്ങള് േയക്തമാക്കിങ്കക്കാണ്ടുള്ള സമ്മതം 

 

ഈ പഠനങ്കത്ത പറ്റിയും, ഇതിൽ എൻ്്ങ്കറ, എൻ്്ങ്കറ  മകൻ/മകൾ/ 

ഭർത്താേ്/ഭാരയയുങ്കട പെിങ്കന കുറിച്ചും  എനിക്്ക പറഞ്ഞു തരികയും , അതിങ്കന 

പറ്റി  ഞാൻ പൂർണമായും മനസിലാക്കുകയും ങ്കചയ്യുന്നു. ഈ പഠനത്തിൽ പെ് വചരുന്നത് 

ങ്കകാണ്്ട എൻ്്ങ്കറ  മകൻ/മകൾ/ ഭർത്താേ് / ഭാരയക്്ക  യാങ്കതാരു േിധ ഹാനിയും 

,സംഭേിക്കുകയില്ല എന്്ന ഞാൻ മനസിലാക്കുന്നു. പഠനവേളയിൽ എവപ്പാങ്കളെിലും 

എൻ്്ങ്കറ  മകൻ/മകൾ/ഭർത്താേ്/ഭാരയക്്ക എങ്കന്ത്െിലും അസൗകരയം ഉണ്ടായാൽ ഏതു 

സമയത്തും എൻ്്ങ്കറ  േിസമ്മതം അറിയിക്കുകയും പഠനത്തിൽനിന്നും പിന്ത്ിരിയാൻ 

സാധിക്കുകയും ങ്കചയ്യും  എന്്ന ഞാൻ  മനസിലാക്കുന്നു. താങ്കഴ പറയുന്ന ഞാൻ ഈ 

പഠനത്തിൽ പങ്കെടുക്കാനുള്ള എൻ്്ങ്കറ മകൻ/മകൾ/ഭർത്താേ്/ഭാരയയുങ്കട സമ്മതം 

അറിയിക്കുന്നു. 

 

വപര്                ഒപ്പ്  
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APPENDIX C 

SCORING DESCRIPTION FOR ACCURACY OF RESPONSE FOR SYMBOL 

SEQUENCE PRODUCTION TASK 

 

Score Description for scoring aided response 

0 No symbol selected 

1 Single symbol selected but not appropriate for the photograph provided 

2 Two symbols selected-not appropriate for the photo provided 

3 Three or more symbols selected- not appropriate for the photo provided 

4 Single symbol selected, appropriate for the photograph. 

5 Two symbols (agent & object) selected- appropriate for the photo, not 

following word order 

6 Two symbols (agent& object) selected- appropriate for the photo, 

following word order 

7 Two symbols (agent& action, or action &object) selected, appropriate for 

the photo, not following word order 

8 Two symbols (agent &action, or action & object) selected- appropriate for 

the photo, following word order 

9 Three symbols (agent, action &object) selected- appropriate for the photo 

provided, not following S-O-V order 

10 Three symbols (agent, action &object) selected- appropriate for the photo 

provided, following S-O-V order 

11 More than three symbols (agent, action, preposition/ adjective &object) 

selected which is appropriate for the photo provided, not following S-O-V 

order 

12 More than three symbols (agent, action, preposition/ adjective &object) 

selected which is appropriate for the photo provided, following S-O-V 

order 

 


