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Abstract 

 

 Phonological and Semantic List Learning with Individuals with TBI 

 

 

 

Andre Michele Lindsey, M.A. 

The University of Texas at Austin, 2011 

 

Supervisor:  Joyce L. Harris 

 
  The purpose of this study was to examine the extent to which learning and recall 

are facilitated by semantic and phonological targets. A list-learning paradigm was 

administered to 10 individuals with a history of traumatic brain injury. Participants were 

asked to recall and identify words that were present on the list. The lists consisted of 

semantically related associate words and phonologically related associate words. 

Participants recalled significantly more semantically related associates than phonological 

associates. Demographic factors such as age, time-post injury, and educational attainment 

did not have a significant effect on the recall ability for either word target type. Word 

recognition ability also was not influenced by target type. The results of this study found 

adults with TBI use a semantic network following brain injury and that semantic targets 

are more beneficial for recall than phonological targets.   
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   INTRODUCTION 

The achievement of functional communication is a common goal among speech-

language pathologists (SLPs) working with patients who have sustained a traumatic brain 

injury (TBI). Achieving this goal requires an understanding of underlying cognitive 

deficits associated with TBI as well as an understanding of the patient. TBI involves 

physical trauma to the head severe enough to result in brain damage with concomitant 

cognitive impairments. TBI patients may comprise a significant portion of a clinical 

caseload, particularly for SLPs working in an acute care or rehabilitation setting. 

According to the National Institutes of Health (2010), 1.4 million people sustain a TBI 

each year and one million of those individuals are treated at a hospital. The remediation 

of cognitive-linguistic disorders resulting from TBI is a responsibility of the SLP 

(American Speech-Language and Hearing Association [ASHA], 2007).  

 The effects of TBI may vary widely between individuals.  TBI encompasses an 

array of cognitive symptoms and though there are symptoms commonly associated with 

severe head trauma, these symptoms may be dwarfed by the large number of differences 

that exist between individual patients. In searching for unifying symptoms and attributes 

of TBI, it is important to note that all characteristics associated with TBI may not 

manifest during verbal discourse. Demanding cognitive tasks and information processing 

assessments may be needed to uncover latent deficits.   
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  REVIEW OF THE LITERATURE 

The term “traumatic brain injury”, refers to brain injury caused by trauma rather 

than disease, vascular accidents, alcohol-induced encephalopathy, or other neurologic 

events (McDonald, Togher,  & Code, 1999). TBIs are classified as being either a 

penetrating head injury or a closed-head injury (CHI). When trauma from an outside 

object or force results in penetration of the skull, the injury is classified as a penetrating 

head injury (Duffy, 2005). When an outside force results in brain trauma and the skull 

remains intact, the lesion is classified as a CHI. Penetrating head injuries, unlike many 

CHIs, tend to be focal, causing specific functional impairments associated with the site of 

lesion. Regardless of the cause of the brain injury, treatment of all individuals with TBI 

depends on the site of lesion, severity of the brain damage, and the disrupted behavioral 

or cognitive function. 

  CHIs can result from a variety of physical injuries and are classified in several 

ways. Focal neurological contusions resulting from a CHI are referred to as coup injuries 

(Duffy, 2005). Coup injuries occur as a result of motion forces moving the brain against 

the skull (Murray & Clark, 2006). Coup injuries can occur in isolation or may occur 

jointly with contrecoup injuries. A contrecoup injury results when the forces that led to 

the initial point of injury (the coup injury) also result in an injury opposite to the initial 

area of impact (Duffy, 2005).  Wide spread neurological damage sustained as a result of a 

CHI is referred to as a diffuse axonal injury.  

Diffuse axonal injury, commonly referred to as a DAI, results from axonal 

damage within the brain. Specifically, a DAI occurs when an external force is severe 

enough to twist, tear, or shear axonal fibers, neuronal fibers, and/or glial cell (support 
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cells) structures (Bigler, 1990; Duffy, 2005). Injury to these structures results in brain 

tissue damage, often occurring at the gray-white matter junction (Bigler, 1990; Murray & 

Clark, 2006). DAIs are associated with a loss of consciousness, interrupted cortical 

pathways, cortical atrophy, and impaired cognitive functioning (Bigler, 1990; Murray & 

Clark, 2006). Deficits in attention, memory, inhibition, and emotional regulation occur 

frequently as a result of DAIs (Bigler,1990; Duffy, 2005). The extent of impairment 

among individuals with a DAI like any brain injury is highly dependent on the amount of 

force and the type of protection, if any, given to the skull. Though impairments resulting 

from TBI may vary between individuals, there are specific areas in which cognitive 

deficits are likely to occur, memory being a prime example. 

Memory 

Memory deficits are a prominent residual effect of TBI. Improvement in memory 

impairment is initially a function of spontaneous recovery and time (Beukelman 

&Yorkston, 1991). Spontaneous recovery refers to the natural recovery the body engages 

in following an injury. Though recovery will vary from person to person, certain sequelae 

are likely to manifest during the recovery process. A common deficit associated with TBI 

and one that is typically seen throughout the recovery process is retrograde amnesia. 

Retrograde amnesia refers to an inability to recall information and events occurring prior 

to the injury. Beginning at the onset of a brain injury, retrograde amnesia may be one of 

several long-term memory impairments. According to Levin, High, Meyers, von Laufen, 

Hayden & Eisenberg (1985) retrograde amnesia may persist for years following the initial 

onset. Retrograde amnesia is often accompanied by confusion, disorientation, and 

impaired functional memory (Beukelman & Yorkston, 1991). As neurologic status 



 4 

improves, gradual improvements in long-term memory occur. Patients will become more 

adept at recalling past events, but will likely never be able to recall events surrounding 

the injury (Murray & Clark, 2006).  

For many TBI patients, memory will not return to its pre-morbid state. The 

spontaneous recovery process often concludes when an individual reaches a stable level 

of memory function in which memory deficits are persistent and predictable (Beukelman 

& Yorkston, 1991; Murray & Clark, 2006). Individuals in the final stage of recovery are 

typically no longer affected by retrograde amnesia, but may have anterograde amnesia, in 

which an individual is unable to create new memories (McDonald, Togher, & Code, 

1999, Murray & Clark, 2006). Anterograde amnesia does not develop during the final 

stages of the recovery process, but is typically present through each stage of recovery, 

therefore co-occurring with retrograde amnesia. Anterograde amnesia and other deficits 

associated with working memory and long-term memory storage are of particular 

importance to clinicians because these deficits impede learning. 

Working memory is one of the primary cognitive mechanisms for the acquisition 

of new information-learning. Working memory is the immediate storage and analysis of 

incoming information enabling human thought and deliberate intentional action 

(Baddeley, 1986). Working memory consists of the central executive and two slave 

systems known as the phonological loop and the visual-spatial sketchpad (Goldstein & 

Beers, 2004). The central executive is responsible for regulating attention, where as the 

phonological loop is responsible for the storage of auditory information. The visual-

spatial sketchpad is concerned with the storage of visual stimuli (Goldstein and Beers, 

2004).  
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When remediating communication impairments with TBI patients, working 

memory is a prominent area of concern. Valla-Azouvi, Weber, Legrand, and Azouvi 

(2007) found that TBI patients performed similar to non-brain injured participants on 

tasks independently engaging each one of the slave systems of working memory (the 

phonological loop and the visual-sketchpad); however, tasks involving the central 

executive were significantly more difficult for individuals with TBI. TBI patients 

struggled with activities that taxed the central executive. Based on the findings of Valla- 

et al., (2007), individuals with a TBI will perform slower than controls when confronted 

with complex information. Individuals with TBI must have minimal central executive 

task demands in order for the components of working memory to encode information 

successfully.  

Working memory is a key component of learning and thought (Baddeley, 1992; 

Baddeley, 2003).  A common trait among individuals with TBI is a reduced capacity to 

develop new memories (McDonald, Togher, & Code, 1999). Newsome et. al. (2007) 

found that patients with severe TBI have reduced neural activation during working 

memory tasks. Individuals with TBI often have damage to the central executive, resulting 

in reduced working memory. Individuals with TBI can be highly variable in their ability 

to acquire new information. Deficits may range from an inability to recall recently 

provided information at a given time to an inability to accurately and precisely discern 

and dissect information (McDonald, Togher, and Code, 1999).  Speech-language 

pathologists work to remediate these deficits using encoding strategies and cueing 

techniques designed to facilitate improved retrieval. List learning tasks can serve as a 

clear, cohesive tool to analyze encoding and retrieval processes.   
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Word Acquisition and Memory  

Word learning refers to acquisition and transfer of novel vocabulary into long-

term memory storage (i.e., the mental lexicon). Word learning is a component of 

declarative memory, specifically lexical memory (Ulman et. al., 1997).  Declarative 

memory refers to the mental storage and representation of facts and events (Irving & 

Weiner, 2010). Declarative memory has historically been divided into two categories: 

episodic memory (autobiographical knowledge) and semantic memory (world 

knowledge) (Tulving, 1972; Irving & Weiner, 2010). Traditionally, lexical memory has 

not been classified as declarative or procedural memory; however, there is empirical 

evidence that lexical memory is a subset of declarative memory. According to Ulman et. 

al. (1997) declarative memory is subserved by the temporal-parietal and medial-temporal 

regions of the brain. Damage to these areas will result in traditional declarative memory 

deficits, such as a loss of autobiographical information and an inability to retrieve facts. 

Ulman et. al. (1997) found that damage to these brain regions also resulted in word 

retrieval deficits. Procedural memory however was unaffected. Regardless of the 

designation of lexical memory, there is little argument about its importance in word 

retrieval during verbal communication.   

Active verbal communication is the seemingly effortless process of retrieving and 

using target word forms in a clear and coherent manner. Lexical knowledge is not 

inherited. Rather, lexical knowledge is acquired through social interactions and academic 

experiences. When word learning occurs, an internal mental representation of the target 

word is formed (Gupta & Tisdale, 2009).  According to Thompson, Schill, and Botvinick 

(2006) lexical-semantic access or the retrieval of a word and its meaning is a multifaceted 
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process.  Word retrieval requires that working memory store the target word while ruling 

out related words.  McWilliams and Schmitter-Edgecombe (2008) found that individuals 

who sustained a mild-moderate TBI experienced difficulties with accessing semantic 

information. Encoding and retrieval deficits can have significantly negative effects on 

learning and can inhibit information recall.   

Word Acquisition, Retrieval, and Memory 

Word learning can be analyzed in two linguistic components, phonology and 

semantics. The phonological representation of a word is the word form. The word form 

refers to the sounds that compose the word. The semantic representation of a word is the 

internal meaning of the word. The semantic representation consists of a receptive link 

which is how the word is understood by the individual and an expressive link which is 

how the word is used in oral and written communication (Gupta & Tisdale, 2009). Access 

to a desired internal representation can be obtained through phonological or semantic 

connections.   

Word forms are interconnected by underlying phonological and semantic 

constructs. Phonological and semantic representations are governed by two distinct 

systems with differing constructs (Bock & Levelt, 1994). The phonological system is 

heavily linked by single nodes, whereas the semantic system has multiple overlapping 

connections (Burke, Mackay, Worthley, & Wade, 1991). Retrieval of a desired word can 

be obtained by targeting a specific system, but targets should reflect a construct of that 

system.  Thus word retrieval in the phonological system requires that the phonological 

prime, the word used to initiate retrieval, have a strong connection with the desired word 

form (James & Burke, 2000).  Words with high neighborhood density, or words with 
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similar phonological qualities, are more easily retrieved than words that share few 

linguistic properties (Guptra & Tisdale, 2009).  The recall of phonologically related 

words is dependent upon one’s ability to access words that share similar linguistic 

properties.  

Word retrieval errors and deficits are often the result of weakened associations 

within a linguistic network or the result of interference from related stimuli. The semantic 

network contains many associated words and therefore can subject an individual to 

interference from associated stimuli. False memories, or word intrusions, are common 

word retrieval errors in which an individual may recall a word that was not presented, but 

that was linguistically associated with words that were presented (Roediger &Mcdermott, 

1995).  Watson, Balota, and Sergent-Marshall (2001) found that the number of false 

memories produced during retrieval tasks increased both with age and the presence of 

dementia.  Marks (2004) found that individuals with CHIs are more susceptible to false 

memories, or intrusions, particularly when asked to identify semantic targets. When an 

individual with TBI attempts to retrieve a target word, several related words may be 

activated and the individual may have difficulty filtering out the target word from those 

related in meaning (i.e. intrusion). According to Dehurst and Robinson (2004), semantic 

intrusions are more likely to occur in adulthood because semantic association is the more 

prominent route for retrieval in adults.  

Lexical networks are directly influenced by memory and as a result, changes in 

memory may alter network connections. Memory functioning in children differs from 

that of adults. An example of this occurs in childhood when children shift from a 

phonological network to a semantic network (Dewhurst & Robinson, 2004). Brainerd, 
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Reyna, and Forrest (2002) found that using the Deese Roediger McDermott (DRM) 

paradigm, children produced almost no false memories and adolescents produced very 

few. The lack of false memories in children can be accounted for using Fuzzy-trace 

Theory. Fuzz-trace Theory contends that when a memory is formulated two 

representations of that memory are developed: the verbatim trace, the basic form of the 

experience and a gist trace, which consists of general semantic information (Brainerd & 

Reyna, 1990; Dewhurst & Robinson, 2004). Because children use a different network, 

they will not produce a significant numbers of intrusions or false memories. If adults with 

TBI use a semantic network, it is expected that they will produce false memories during 

the DRM list-learning task.   

Though the phonological network is not the primary mechanism for retrieval in 

adults, it is a functional and frequently accessed route for word retrieval. Phonological 

awareness skills, in particular rhyming, are commonly employed to access target words 

via the phonological network by individuals with memory impairment (Lukatela 

&Turvey, 1996; Murray & Clark, 2006).  Phonological networks are comprised of single 

nodes and are susceptible to errors resulting from association deficits (Burke, Mackay, 

Worthley, & Wade, 1991). Tip of the tongue (TOT) errors (substitute production of a 

phonologically similar word for a desired word) are common phonological word retrieval 

errors that occur as a result of a transmission deficit (TD) (Burke, Mackay, Worthley, & 

Wade, 1991).  James and Burke (2009) contend that, “According to the TD model, TOTs 

occur when the strength of the connections among phonological nodes is too weak to 

transmit sufficient priming for activation of the complete phonology of the target word” 
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(p.1379). Identifying which system (semantic or phonological) results in the production 

of errors, will aid clinicians in determining which targets facilitate accurate retrieval.  

    Present Study 

The purpose of this study was to examine the extent to which learning and recall 

are facilitated by semantic and phonological targets. The study used semantic and 

phonologically related words in a Deese Roediger McDermott (DRM) paradigm to 

examine the retrieval skills of individuals with traumatic brain injury, a population with a 

significant history of word retrieval deficits (Ries & Marks, 2004). The DRM paradigm is 

a list learning paradigm that explores the extent to which closely related targets result in 

false memories (Roediger &Mcdermott, 1995; Watson, Balota, &Sergent-Marshall, 

2001). The DRM paradigm was pertinent to this study because phonological and 

semantic targets are often accompanied by phonological and semantic cues which are 

presented in succession following inadequate retrieval of a target. Watson, Balota, and 

Sergent-Marshall (2001) successfully used the DRM paradigm to examine the word 

retrieval abilities of normally aging adults and those with Alzheimer’s dementia. The 

DRM paradigm permits analyses for how related words may facilitate or interfere with 

word retrieval. Using a list-learning paradigm, this study sought to determine whether 

participants with TBI were more susceptible to specific error types, and to identify 

whether semantic or phonological targets were better facilitators word retrieval.  
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        METHODOLOGY 

IRB Human Subjects Protection 

 This study was approved by the University of Texas at Austin Institutional 

Review Board on September 20, 2010.    

Research Design 

A nonrandomized within-subject quasi experimental design was employed for this 

study. A within-group statistical analysis was performed to examine participant 

experimental task scores. Data from the experiment were compared with standard scores 

from standardized tests to identify potential clinical significance.   

 Participants 

 Study participants were nine males and one female between the ages of 24 and 

48 years old. Participants were between 14 and 122 months post-onset of TBI who 

resided in or near Austin, Texas. All participants reported having a moderately severe 

closed head injury. The University of Texas at Austin Speech and Hearing Clinic 

(UTSHC), the Mary Lee Foundation Brain Injury Program, The Brain Injury Association 

of Texas, and University Medical Center Brackenridge served as the primary sources for 

recruiting participants. Individual participant demographic data are shown in Table 1. 

Individuals were recruited for participation in the study through flyers, word-of-mouth, 

and program affiliation. Participants were paid $15 for their participation in the study. To 

be included in the study, participants were survivors of CHI and were native English-

speakers. An additional inclusionary factor required that participants have at least a high 

school diploma or equivalent. Individuals who did not meet all aspects of the prescribed 

criteria were excluded from participating in this study. During the initial screening of 
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participants, one individual was excluded from the study because the brain injury was the 

result of a stroke.     

Table 1 Participant Demographics 

 
Materials  

Six word lists were used for this study. Three word lists contained phonologically 

related associate words and three contained semantically related associates. The lists were 

developed by Watson, Balota, and Sergent-Marshall (2001) to examine false memories in 

aging adults. Each list consisted of twelve words, each of which was associated with a 

critical item (i.e. category) that was not included in the list. Critical items were chosen 

based on their relation to a large number of associated words (Watson, Balota, and 

Sergent-Marshall, 2001). A copy of each word list is included in Appendix B. 

 The word lists were audio-digitally recorded by a female with a neutral, or non-

distinguishable, accent. The word list was pilot tested to ensure the clarity of the words 

on each list. Five male and five female college-age participants who reported having 

Participant Age  Gender Time Post 
Initial Event 
(Months) 

Ethnicity Education Level 

1 33;3 Male 66 Caucasian High School/GED 
2 35;9 Male 26 Caucasian High School/GED 
3 30;2 Male 122 Caucasian High School/GED 
4 27;1 Male 49 Caucasian High School/GED 
5 35;9 Male 26 Hispanic High School/GED 

6 24;2 Male 48 Hispanic High School/GED 
6 43;6  Male 27 Caucasian High School/GED 
8 40;1  Female 14 Caucasian Bachelors 
9 43;7 Male 53 Caucasian Graduate Degree: 

Master’s  
10 47;11 Male 42 Caucasian Graduate: 3 years 

toward degree not  
completed  

Mean 36;2  47;2  13;7 
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normal hearing were asked to listen to the word lists in an audiology sound booth and to 

repeat each word following its oral-verbal presentation. One hundred percent of the 

words recorded were identified correctly, and participants reported having no difficulty 

understanding the speaker’s pronunciation.  

Procedures 

Study participants were tested individually at the UTSHC. Participants were 

administered a pure tone hearing screening in which hearing was screened bilaterally at 

250 Hz, 500 Hz, 1000 Hz, 2000 Hz, 4000 Hz, and 8000 Hz prior to the administration of 

any of the experimental tasks. The procedure used for the immediate recall task of the list 

learning paradigm was adapted from the procedure used by Ries and Marks (2004) for 

testing false memory in individuals with a closed head injury.  During the initial 

assessment, participants were told that they were participating in a memory experiment in 

which they would hear lists of words presented via audio recording. They were told that 

after each list, they were to repeat the list of words back to the examiner. Participants 

were instructed to recall as many items as they could from the list regardless of order. 

The lists were presented via audio recording at a rate of 1 word per 1.5 seconds. 

Participants were given 2.5 minutes for recall at the end of each list. The beginning of 

each list was announced orally (e.g., “List 1” and “List 2”), and the end of the list was 

announced by the word “recall.” Word lists were presented so that half of the participants 

received a semantically related list first and the other half received a phonologically 

related list. Lists were presented in alternating fashion and were organized so that lists 

with words in the same semantic category were not presented sequentially. 
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Following the recall of each list, participants were presented with five written 

words. The words were presented individually with each word being simultaneously read 

and shown to the participant. The recognition trial consisted of the visual presentation of 

five words, three of which were present on the list and two of which were not, but shared 

similar linguistic features (phonological or semantic) as those on the list.  The 

participants were asked to state the word and whether or not the word appeared on the 

list. Words correctly recalled from each list as well as words correctly identified from 

written word identification task were tallied. Errors were also recorded and compared.   

Participants completed two formal cognitive assessments following the 

completion of the experimental tasks. These tests included the California Verbal 

Learning Test, Second Edition (CVLT-II; Delis, Kramer, Kaplan, & Ober, 2000) and the 

Organization and Recall subtests of the Scales of Cognitive Ability for Traumatic Brain 

Injury (SCATBI; Adamovich & Henderson, 1992). The CVLT-II and SCATBI were 

chosen because they both provide insight into specific areas of deficit following a brain 

injury. Wiegner and Donders (1999) found that CVLT provided significant information 

about memory and learning in 150 individuals who sustained a TBI. The SCATBI was 

developed and normed using individuals who have sustained a TBI. Scores from formal 

tests were recorded and compared with the scores from the list learning paradigm to 

identify correlations that may exist between test scores and free recall ability.    

 

 

 

 



 15 

RESULTS 

Multiple paired t-tests were performed to determine if semantic or phonological 

targets were more effective facilitators of recall in a group of 10 individuals with 

traumatic brain injury (TBI). Quantitative data collected from test procedures were 

analyzed in four primary areas: Free Recall, Recognition, Intrusions, and False-Positives.  

Employing a paired t-test allowed for a statistical and comparative analysis of 

phonological and semantic targets to be performed, enabling a specific assessment of the 

influence of each target type in word retrieval and error production. Qualitative data also 

were collected from test procedures and used to examine links that may have existed 

between the target types, standardized test scores, and patient demographics.   

Semantic and Phonological Free Recall 

Figure 1 shows the mean score of the total number of targets retrieved and the 

standard error for each target type.  

Figure 1 Total Target Retrieval Group Means and Standard Error 
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Semantic targets (M=13.3, SD =3.497, SE=1.11, N=10) were recalled in greater numbers 

by participants than phonological targets (M=10.3, SD=4.347, SE=1.37, N=10). 

A two-tailed t-test was used to compare the recall scores between the two tasks. The test 

found a significant difference between the semantically related words and phonologically 

related words as free recall targets P(T<=t) two-tail= 0.0084).  

Semantic and Phonological Recognition Task 

 Recognition scores reflect the total number of words successfully recalled as 

being true (present on the word list) or not true (not present on the word list) following 

the readings of the three semantic and three phonological word lists. Figure 2 shows the 

mean recognition score of each target type and the standard error. 

Figure 2 Total Target Word Recognition Group Means and Standard Error 

 

Semantic targets (M =11.1, SD =1.85, SE =.59, N =10) were recalled in a slightly greater 

number by test participants than phonological targets (M = 10.5, SD = 2.12, SE =.67, N = 
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10). An analysis of semantic and phonological recognition scores did not yield a 

significant difference between the two tasks P(T<=t) two-tail of .3571 

 

Intrusions 

 An error analysis was performed to determine if retrieval errors in the form of 

intrusions (false memories) were the result of using a specific type of word target 

(semantic or phonological) with study participants. Figure 3 shows the mean number of 

intrusion for each target type and the standard error.   

Figure 3 Total Target Intrusions Group Means and Standard Error 

 

A paired t-test was performed and did not yield results a significant difference P(T<=t) 

two-tail= 0.3216) between semantic (M = 2.2, SD = 1.475, SE =.47, N =10) and 

phonological (M = 2.9, SD = 2.02, SE=.64, N = 10) targets.  

False-Positives 
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 A statistical analysis was performed using a paired t-test to examine if using a 

particular target would elicit more false-positives during a recognition task. Figure 4 

shows the mean number of false-positives produced for each target type and the standard 

error. 

Figure 4 Total Target False-Positives Group Means and Standard Error 

 

 The paired-t test performed yielded a P(T<=t) two-tail of 0.2099, signifying that study 

participants did not produce significantly more incorrect responses when identifying 

phonological targets (M = 1.9, SD = 1.595, SE = .46, N = 10) than when identifying 

semantic targets (M = 1.1, SD = 1.449, SE=.50,  N = 10).   

Standardized Test Scores 

A qualitative analysis was performed to explore potential links that may exist 

between participant standardized norm-referenced tests scores and target word retrieval 

scores.  Figures 5-7 show individual participant subtest scores from Trial-I of the CVLT-
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II, Organization and Recall subtests from the SCATBI, and semantic and phonological 

retrieval scores from the free recall experimental task.  

 

Figure 5 Participant CVLT-II and Experimental Free Recall Retrieval Scores  
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Figure 6 Participant SCATBI Organization Subtest and Experimental Free Recall 
Retrieval Scores  
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Figure 7 Participant SCATBI Recall Subtest and Experimental Free Recall 
Retrieval Scores  
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Individuals who scored higher on norm-reference tests tended to recall a greater number 

of targets as a group, but as shown by the graphs, little correlation was found between test 

performance and semantic or phonological target word retrieval.  Although semantic 

word targets may facilitate better free recall, neither semantic retrieval scores nor 

phonological retrieval scores were strong predictors of performance on select 

standardized subtests. 

Participant Demographic and Target Retrieval  

 Semantic and phonological free recall scores were compared with participant age, 

time-post event, and educational attainment to explore the possibility that scores may be 

correlated and connected with biographical factors. An analysis of scores revealed that 

there is no significant correlation between word retrieval scores (semantic or 

phonological) and age, time-post event, and level of education achieved.  
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DISCUSSION 

The present study produced findings in several pertinent areas related to memory 

and retrieval. The study yielded results indicating that target selection can influence word 

retrieval ability.  Results also indicate that following trauma, the brain continues to 

operate using a semantic network. In examining participant characteristics, study results 

indicate that the extent to which a specific target type facilitated recall was not a function 

of participant characteristics. The results of this study corroborate existing research and 

theories regarding memory processing and retrieval. The results are discussed in greater 

detail below. 

Semantic and Phonological Free Recall  

 Study participants were significantly better at retrieving semantic targets in 

comparison to phonological targets. This finding is consistent with Watson, Balota, and 

Sergent-Marshal (2001) who found that healthy young adults, healthy older adults, and 

individuals with the dementia of the Alzheimer’s’ type recall semantically related targets 

in greater number than phonological targets. Under the assumptions of Fuzzy-trace 

theory, this was expected. Adults use a semantic network. Therefore, semantic terms will 

be easier to retrieve because they have gist representation linked to experiences (Brainerd 

& Reyna, 2001; Gerkens & Smith, 2004). The results of this study are also supported by 

the work of Lukatela and Turvey (1996), who found that phonologically related stimuli 

that rhyme may impede one’s ability to retrieve a target because of an inability to inhibit 

rhyming words. Thus, many of the phonological targets used in the study may have 

interfered with a participant’s attempt to retrieve target words. When analyzed 

collectively with previous research, the results of this study yield support for using 
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semantically related targets to aid an individual with TBI in completing free recall word 

retrieval tasks. The findings of this study provide further evidence that semantic targets 

are better facilitators of retrieval in a free recall task than phonological targets. The 

results also provide evidence that adults use a semantic network and that phonological 

targets may actually interfere with one another during a free recall task.  

Intrusions 

Study participants demonstrated the false-recall effect producing several 

intrusions, or false memories, during free recall, yielding results consistent with previous 

studies (e.g. Roediger & McDermott, 1995; Ries & Marks, 2006). The presence of the 

false-recall effect indicates that participants are encoding and storing information using a 

semantic network (Dewhurst & Robinson, 2004). Brainerd, Reyna, and Forrest (2002) 

found that children age five and seven years old produced almost no false memories. 

Their finding was consistent with the belief that children do not use a semantic network 

during word retrieval. False memories suggest the access of gist information, but an 

inability to access the complete representation.  The presence of a false memory is 

consistent with Fuzzy-trace theory; that is, that a simultaneous verbatim trace and 

semantic gist trace have been developed (Brainerd & Reyna, 2001).  Because participants 

were accessing information organized semantically, it was easier to retrieve targets that 

utilize that system.    

Word Recognition  

The results of this study indicate that target selection does not influence 

successful word recognition. The word recognition results do not reflect the ability of 

word type as a facilitator of retrieval, but as facilitator of encoding. According to Dellis, 
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Kramer, and Ober (1995), “if a person is impaired on free recall but performs normally 

on recognition testing, then the individual is thought to have a retrieval deficit” (p.48). 

The ability to accurately identify the word when presented to the individual reflects that it 

has been accurately encoded (Dellis, Kramer, & Ober, 1995). Target word choice did not 

significantly influence lexical encoding as evidenced by the paired t-test performed on 

the recognition task. Errors that were produced during the word recognition task were not 

the result of target selection as evidenced by the error analysis. Participants were able to 

encode all targets equally and word recognition was not significantly influenced by word 

type or by participant characteristics.  

Participant Characteristics and Norm-Referenced Test Scores 

Study results indicate that a significant relationship does not exist between 

participant age, time post-onset, educational attainment, and target retrieval ability. There 

was no indication that the use of a specific target type was influenced by any of the 

participant characteristics (e.g. phonological targets facilitating increasing word retrieval 

with higher educational attainment). Watson, Balota, and Sergent-Marshal (2001) found 

that age was a factor with semantic target retrieval and that the number of recalled targets 

decreased with age. Although this was not seen in the present study (likely due to the 

limited sample size and the age range tested), this should be expected because of 

decreased memory as a result of the aging process. Experimental scores did not 

differentiate participants in terms of norm-referenced test performance and thus 

experimental scores did not show the ability to predict test performance. The results of 

this study provides efficacy for using either target type, phonological or semantic, as a 

tool to facilitate retrieval regardless of basic socio-demographic factors.  
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Limitations and Future Studies 

The present study provides further insight into the memory and retrieval processes 

of individuals with TBI.   However, it is hindered by the small sample size. Although the 

study yielded results supported by empirical evidence, a larger sample size with a greater 

representation of participants from various segments of society is still necessary to 

generalize the core findings of this study to the TBI population. Additional research 

should consider examining the use of phonological and semantic targets as therapy tools 

and comparing their effectiveness in facilitating word recall in conversations related to 

daily living.  

Conclusion 

The results of this study indicate that memory function does not seem to undergo 

an organizational restructuring, or change of underlying strategy, following trauma. 

Though memory deficits may and often do arise following a closed-head injury, the 

underlying network continues to be semantically organized. Semantic organization is 

likely what makes semantic targets better facilitators of free recall than phonological 

targets. Cognitively, participants were only searching in a few select categorical areas 

during word retrieval and the retrieval of one target may have facilitated the retrieval of 

another. Phonological targets may tax the lexical network because the network is 

attempting to access several items that are located in categories that are spread across the 

network. It is also possible that the phonological targets are so closely related in sound 

that they become a distracter. Word density, which was once a strength, is now a 

weakness and as a result participants were only able to retrieve a few targets. Further 
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research is necessary to determine the benefits of using each target as a functional tool for 

word retrieval in daily living.   
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APPENDICES      

   Appendix A 

            CONSENT FORM 

Title: Phonological and Semantic List Learning with Individuals with TBI              

IRB PROTOCOL 2010-08-0074 
Conducted By: Andre Lindsey B.A. (Primary Investigator) and Joyce Harris Ph.D. (faculty 
advisor) of The University of Texas at Austin:  Communication Science Disorder             
Telephone: 512 471 5406 
 
You are being asked to participate in a research study.  This form provides you with information 
about the study.  The person in charge of this research will also describe this study to you and 
answer all of your questions. Please read the information below and ask any questions you might 
have before deciding whether or not to take part. Your participation is entirely voluntary.  You 
can refuse to participate without penalty or loss of benefits to which you are otherwise entitled.  
You can stop your participation at any time and your refusal will not impact current or future 
relationships with UT Austin or participating sites.  To do so simply tell the researcher you wish 
to stop participation.  The researcher will provide you with a copy of this consent for your 
records. 
 
The purpose of this study is to examine facilitative learning techniques currently in use with 
individuals with traumatic brain injury (TBI). The study will examine which type of cues result in 
better recall in individuals with TBI by comparing the list learning paradigm results of ten 
individuals with TBI.  
 
If you agree to be in this study, we will ask you to do the following things: 

 Report to the University of Texas at Austin Speech and Hearing Clinic 

 Complete a hearing screening 

 Complete a brief background interview 

 Complete a list learning paradigm 

 Complete two standardized tests 
 

Total estimated time to participate in study is 2 hours and 15 minutes.  
 
Risks of being in the study 

 There are no physical risks involved with participating in this study. 

   Participants will have to briefly discuss the cause of their injury and the impact the 
injury has had on their memory.  

 
Benefits of being in the study 

 Participating in this study will allow for analysis of techniques currently in place to 
facilitate learning and word retrieval.   

 
Compensation: 

 Participants who complete the study will be given $15 as compensation for their 
participation.  
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 You will be responsible for any taxes assessed on the compensation. 
 

Confidentiality and Privacy Protections: 

 Participants will be assigned a clinic number so that only the intake interview 
questionnaire contains his/her name. Participant codes will be used to refer to individuals 
in the study when not referring to them directly. Participant information will only be 
shared with those directly involved in the study and research faculty. Personal/ 
identifying participant data will not be discussed outside of private/secure clinical setting. 
All Data stored on password protected server only accessible at UT Austin. Paperwork 
will be stored in a locked research designated room at UTSHC. Client codes will be used 
on audio recordings of session. Audios will be deleted once study is completed.   

 The data resulting from your participation may be made available to other researchers in 
the future for research purposes not detailed within this consent form. In these cases, the 
data will contain no identifying information that could associate you with it, or with your 
participation in any study. 

 The records of this study will be stored securely and kept confidential. Authorized 
persons from The University of Texas at Austin, members of the Institutional Review 
Board, and (study sponsors, if any) have the legal right to review your research records 
and will protect the confidentiality of those records to the extent permitted by law.  All 
publications will exclude any information that will make it possible to identify you as a 
subject. Throughout the study, the researchers will notify you of new information that 
may become available and that might affect your decision to remain in the study. 

 
Contacts and Questions: 
If you have any questions about the study please ask now.  If you have questions later, want 
additional information, or wish to withdraw your participation call the researchers conducting the 
study.  Their names, phone numbers, and e-mail addresses are at the top of this page.   
 
If you would like to obtain information about the research study, have questions, concerns, 
complaints or wish to discuss problems about a research study with someone unaffiliated with the 
study, please contact the IRB Office at (512) 471-8871 or Jody Jensen, Ph.D., Chair, The 
University of Texas at Austin Institutional Review Board for the Protection of Human Subjects at 
(512) 232-2685. Anonymity, if desired, will be protected to the extent possible. As an alternative 
method of contact, an email may be sent to orsc@uts.cc.utexas.edu or a letter sent to IRB 
Administrator, P.O. Box 7426, Mail Code A 3200, Austin, TX 78713. 

 
You will be given a copy of this information to keep for your records. 

 
Statement of Consent: 
 
I have read the above information and have sufficient information to make a decision about 
participating in this study.  I consent to participate in the study. 
 
Signature:___________________________________________ Date: __________________ 
 
_________________________________________________ Date: ___________________ 
Signature of Person Obtaining Consent 
 
Signature of Investigator: __________________________ Date: __________________ 

mailto:orsc@uts.cc.utexas.edu
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    Appendix B 

Semantic word lists were developed by Watson, Balota, and Sergent-Marshal (2001) and 
used with the permission of David Balota, Ph.D.   
  
Cold 
Chill  

Frost   

Warm  

Ice 

Shiver  

Hot  

Winter  

Sneeze  

Freezer  

Arctic  

Snow  

Frigid 

 
Glass 
Bottle  
Jar  
Shatter  
Fragile  
Mirror  
Lens  
Crystal  
Prism  
Break 
Cup  
Mug 
Window 
 
Hard 
Rigid  
Difficult  
Easy  
Concrete  
Cement  
Tough  
Stiff  
Simple  
Complex  
Firm  
Solid 
Soft 

Phonological word lists were developed by Watson, Balota, and Sergent-Marshal (2001) 
and used with the permission of David Balota, Ph.D. 
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Cold 
Code  
Told  
Fold  
Old  
Culled  
Called 
Scold  
Sold  
Hold  
Coal  
Colt  
Polled 
 
Glass 
Class 
Pass 
Brass  
Sass  
Glaze  
Grass  
Bass  
Lass  
Mass  
Gas  
Gloss  
Glance 
 
Hard 
Bard  
Herd 
Harm 
Yard 
Charred  
Hark  
Hoard  
Tarred  
Card  
Hired  
Harp  
Heart 
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Word recognition sheet was developed by the test examiner using words from the list 
developed by Watson, Balota, and Sergent-Marshal (2001) and words with similar 
semantic or phonological features.   
 
Semantic Recognition Word List 
 
Cold  
Frost   
Hot 
Shudder 
Snow  
Cool  
 
Glass  
Mug 
Lens  
Pitcher 
Frail 
Jar 
 
Hard  
Cement 
Stone 
Complex 
Difficult 
Weak 
 
Phonological Recognition Word List 
 
Cold  
Told 
Mold 
Bolt 
Called 
Colt 
 
Glass  
Gloss 
Grass  
Floss 
Has  
Pass 
 
Hard  
Hark 
Harp 
Herd  
Lard  
Marred  
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     Appendix C 
SCATBI Scores Selected Subtests 
 

Participant Organization 
Percentile   Standard Score 

Recall 
Percentile   Standard Score 

1 84               115 25                  90 

2 45                 98 45                  98 

3 97               129 40                  96 

4 37                 95 27                  91 

5 84               115 37                  95 

6 97               129 68                107 

7 90               119 40                  96 

8 68               107  18                  86 

9 97               129 90                119 

10 97               129 63                105 

Mean 79.6            116.5 45.3               98.3         

SS Standard Score 
 
CVLT-II Scores 
 

Participant CVLT-II 
Trial 1 

CVLT-
II Trial 
5 

CVLT-II 
Short-
Delayed 
Recall 

CVLT-II 
Short-
Delayed 
Cued 
Recall 

CVLT-II 
Recognition 
Hits 

CVLT-II 
Recognition 
FP 

1 4 (-1.5) 4 (-3.5) 1 (-3) 5 (-2) 14 (-1) 10 (2.5) 

2 4 (-1.5) 10 (-1) 7 (-1.0) 7 (-1.5) 8 (-5) 9 (2) 

3 5 (-1) 4 (-3.5) 0 (-3.5) 4 (-2) 12 (-2.5) 12 (3) 

4 4 (-1.5) 8 (-2) 1 (-3.5) 8 (-1.5) 9 (-4.5) 1 (0) 

5 5 (-1) 10 (-1) 11 (0) 11 (-.5) 13 (-1.5) 0 (-1.5) 

6 7 (0) 11 (-.5) 11 (0) 11 (-.5) 14 (-1.0) 1 (0) 

7 4 (-1.5) 6 (-2.5) 0 (-1.5) 7 (-1.5) 14 (-1) 7 (1) 

8 5 (-1.5) 6 (-3.5) 5 (-3) 5 (-3) 11 (-5) 8 (3) 

9 5(-1) 10(-1.0) 9(-0.5) 11 (0.5) 13 (-1.5) 0 (-1.0) 

10 5(-1) 11 (0) 6 (-1) 10 (0) 13 (-0.5) 12 (3.0) 

Mean 4.8 (1.15) 8 (-1.85) 5.1 (-1.7) 7.9  (-1.2) 12.1(2.35) 6 (1.2) 

Raw scores with standard scores in parentheses  
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   Experimental Tasks Score Sheet 
 

Participant Free Recall   Word 
Recognition 
 

 

 Semantic Phonological Semantic Phonological 

1 8 4 11 10 

2 16 9 9 9 

3 14 15 8 7 

4 6 5 14 10 

5 14 8 13 10 

6 17 18 11 11 

7 14 10 11 14 

8 14 10 10 10 

9 15 10 13 14 

10 15 14 11 10 

Mean 13.3 10.3 11.1 10.5 

 
 
 
 

Participant Intrusions  False 
Positives 
 

 

 Semantic Phonological Semantic Phonological 

1 2 4 1 1 

2 1 2 0 1 

3 2 5 1 2 

4 4 7 0 4 

5 0 2 0 4 

6 2 1 2 2 

7 5 2 0 0 

8 2 4 3 1 

9 1 1 0 0 

10 3 1 4 4 

Mean 2.2 2.9 1.9 1.1 
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