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Abstract 

Background & Aims 

Serial Positioning Effects (SPE) have been distinguished in clinical populations, and applied 

in research and clinical practice. In the current study, a paucity of research has been 

established concerning SPE in brain injury through rigorous review. This research set out to 

identify SPE in brain injury, further the theoretical understanding of SPE, and investigate its 

clinical usefulness. No research has queried the effect of processing speed (PS) in SPE, or its 

use as a predictor of cognitive functioning and brain injury severity. Its potential use as an 

indicator of effort was tested.   

Method 

A cross-sectional design was employed, utilising a secondary dataset which was derived from 

participants (N = 107) between 20-63 year’s old presenting for neuropsychological 

assessment in post-acute brain injury rehabilitation services. Three SPE scoring algorithms 

were applied through the RBANS List Learning measure to describe and analyse Primacy, 

Middle, and Recency region defined profiles. Groups split by Age and RBANS Coding 

scores constituted PS analysis. Regression analyses were employed alongside non-parametric 

statistics to test hypotheses. 

Results 

Analysis found a pronounced Primacy effect in Acquired Brain Injury (ABI). There are 

important differences between participants with Traumatic Brain Injury (TBI) and 

Cerebrovascular Accident (CVA) at Trial 1 and Overall. PS appears to be a universal 

advantage in the Middle region, however PS seems more important to the CVA group. 

Predictive modelling of SPE on an adjusted RBANS Total Index score accounted for a 

relatively large amount of the variance. Predicting MPAI-4 using SPE was less clear. A 
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reduced Primacy recall profile in this sample classified participants as sub-optimally 

performing.  

Conclusion 

Findings support a Primacy effect in mild ABI, with differences between TBI and CVA 

evident. PS significantly impacts on SPE, but in different ways for TBI and CVA across 

learning trials. Future SPE research should consider mixing scoring methods, the contribution 

of different learning speeds on SPE profile time-points, and TBI and CVA group differences. 

SPE may be a valid and useful tool for assisting Clinical Psychologists in predicting cognitive 

functioning and understanding effort. There may be value when used in shortened test 

batteries.   
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1.0 Introduction 

1.1 Study Context 

Researchers and clinicians endeavour to improve the quality of assessments in brain 

injury. This crucial process opens a gateway to the selection of the most appropriate 

remediation practices and pathways. Cognitive testing helps gather essential measurements of 

thinking and learning-based functions, and provides insight into aspects of brain functioning 

(Lezak, 1976; Sohlberg & Mateer, 1989; Groth-Marnat, 2000; Schaefer et al., 2020).  

When interpreting testing observations, Clinical Neuropsychologists draw on a range 

of theory and research (Hokkanen et al., 2020). The Serial Position Effect (SPE) 

(Ebbinghaus, 1913; Murdock, 1962; Capitani et al., 1992; Foldi et al., 2003, 2019) has been 

identified as a useful neuropsychological phenomenon in understanding changes in memory 

due to aging and disease, contributing clinically through improved diagnostics, prognostics, 

and treatment strategies (Bruno et al., 2018; Talamonti et al., 2020). 

SPE is a summary term for the phenomenon observed when people consciously recall 

a number of connected stimuli in a particular way; usually retrieving from memory the first 

portion of the stimuli and end portion of the stimuli quite well, with the middle portion 

retrieved less well. This effect can be best demonstrated in asking one to listen to a list of ten 

unrelated words, and after hearing the final word item, immediately recalling as many of the 

words as possible; a pattern emerges. 

However, SPE appears under-developed in the area of Acquired Brain Injury (ABI). 

Alongside other cognitive difficulties, memory problems are common following brain injury, 

and memory rehabilitation is often a major target of treatment (Malia et al., 2002; Fleming et 

al., 2017; Cicerone et al., 2019). The cognitive domain of Memory is complex, with a number 

of tests developed to quantify various aspects based on differing theoretical perspectives 
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(Lezak et al., 2004; Strauss et al., 2006). Brain injury is complex, and SPE may provide 

clinicians with a useful tool under certain circumstances, such as when assessing effort 

(Bernard, 1991; Suhr, 2002).  

The toll taken by brain injury is too often devastating, both for the individual, their 

family, and society in a multitude of ways; and providing insight at an early stage is a crucial 

clinical task (Turner-Stokes et al., 2015; Leitner et al., 2019; Jackson et al., 2020). There has 

been a lack of research supporting cognitive abilities as predictors of outcome in brain injury, 

which could aid in developing this insight (Allanson et al., 2017; Watson et al., 2020). There 

does not appear to be any research investigating the usefulness of SPE in this regard.  

Although the exact nature of SPE has been refined more recently with the help of 

neuroscience (Foldi et al., 2019), SPE as a phenomenon has been long reported in the 

literature (e.g. Seashore (1908), as cited in Welch & Burnett, 1924), and researchers continue 

to theorise its underpinning cognitive mechanics. Processing Speed (PS) is a separate, and 

more well-known concept in neuropsychology, which has been evolving over the past 30 

years. PS is a cognitive construct which is negatively affected by damage to the brain, with 

slowing a common and enduring consequence (Svingos et al., 2019). The interaction of SPE 

and PS has not been researched, and querying differences in SPE and PS in a brain injury 

context may carry advantages in progressing theory. 

Establishing commonalities and differences in neuropsychological phenomena for 

neurological conditions, have many clinically useful advantages (e.g. Lezak et al., 2004; 

British Psychological Society (BPS), 2015). In brain injury, assessing effort is a routine 

aspect of neuropsychological investigation, and describing SPE in this context may hold 

value.  

1.2 Study Rationale 
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Utilising a secondary dataset, the current study aims to explore SPE in ABI and its 

subtypes, investigating previously identified SPE profiles in ABI, with particular attention to 

the usefulness of SPE as a tool in the process of assessment and as a predictor of outcome. 

Testing expected cognitive differences in an ABI sample may help provide a platform to 

develop fresh insights into the cognitive mechanisms of SPE, helping develop extant 

literature and progress understanding. The relationship between PS and SPE in the dataset is 

to be explored in depth through a range of inferential statistics. Once the SPE has been 

described in a brain injury context, its usefulness in assessing effort will be explored relative 

to popular embedded tests. 
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2.0 Literature Review 

2.1 Overview of Chapter 

In orienting towards the aims of this research study, the main study topics are 

presented. Initially, there will be an overview of brain injury, describing the most common 

subtypes, and resulting sequelae. The topic of assessment will then be broached, beginning 

with brain injury severity measurement, and moving into neuropsychological assessment. The 

sections on assessment provide a brief history, and clinical uses of SPE, an introduction to 

effort testing, and an overview of Processing Speed (PS).  

2.2 Acquired Brain Injury (ABI) 

The devastation a brain injury causes cannot be understated. In most cases, life is 

suddenly markedly disrupted and often does not return to normal for the person or for their 

families (Yeates et al., 2009; ABI Ireland, 2018; Watson et al, 2020). In Ireland, there are 

estimated to be approximately 19,000 new brain injuries per year; brain injury can affect 

anyone, at any age, often leading to severe difficulties (ABI Ireland, 2018). 

Although brain injury can be highly variable, most people will require hospitalisation 

(estimated approx. 10,000 (ABI Ireland, 2018)), and after becoming medically stabilised, will 

be discharged into a post-acute rehabilitation setting, or into the community with follow up 

from a community healthcare team.  

2.2.1 ABI Subtypes 

Most commonly, ABIs include stroke, road traffic accidents (RTAs), falls, brain 

tumours, and those arising from physical assault. Acquired brain injuries do not include those 

that may be hereditary, congenital, degenerative, or induced by trauma at birth. A distinction 

is made between injuries arising from external events such as blunt force trauma – Traumatic 
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Brain Injury (TBI); and injuries occurring due to internal events such as oxygen deprivation 

or blood vessel dysfunction – known as Non-Traumatic Brain Injuries (NTBI) (National 

Academy of Sciences (NAoSc), 2019). 

Traumatic Brain Injury (TBI) 

TBI is generally classified as closed-head injury where the skull has not been 

penetrated, or as open-head injury where the skull has been penetrated, exposing the brain 

substrate. These injuries may occur as a result of physical assault, sports injuries, RTAs, and 

falls. 

Non-Traumatic Brain Injury (NTBI) 

In NTBI, internal circumstances cause damage to the brain. Examples may include the 

growth of a tumour, a lack of oxygen (e.g. drowning), infectious disease, or a stroke (also 

known as a Cerebro-Vascular Accident (CVA)). In 2019, the National Rehabilitation 

Hospital (NRH; Dublin, Ireland) report states that 120 people were admitted to the 

Comprehensive Integrated Inpatient Rehabilitation Programme (CIIRP), of which 42.5% (51) 

had a TBI, 56% (67) had a NTBI, and 1.5% (2) admitted due to other neurological conditions. 

CVA usually make up the vast majority of NTBI cases. 

Stroke 

According to the National Stroke Register Report (2019), there were 3,066 (85%) 

ischaemic (e.g. blood vessel blockage) strokes in Ireland in the year 2018, with 536 (15%) of 

haemorrhagic (e.g. blood vessel rupture) origin; of these 243 of the ischaemic group died as a 

direct result of the stroke, whereas 175 of the 536 people who experienced a haemorrhagic 

stroke died (these statistics are similar to the UK and US where 87% of stroke is reportedly 

ischaemically related). The Stroke Specialty Programme at NRH report 58% of referrals to be 

related to haemorrhagic stroke; with 34% due to ischaemic (and 7% due to miscellaneous 
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stroke e.g. cryptogenic, brain stem) (NRH, 2019). These statistics highlight the deadlier and 

longer-term damaging impact of haemorrhagic stroke. ABI Ireland report the majority of 

clients using the service to have had a stroke, and estimate 8-8,500 strokes to occur in Ireland 

each year (ABI Ireland, 2018).  

2.2.2 Sequelae of Injury 

Injury to the brain can occur in complex ways, immediately disrupting biological 

processes coinciding with cognitive and psychological dysfunction. Aside from the initial 

damage occurring at the site of an injury, a string of secondary biological responses can cause 

further damage (mechanisms such as excitotoxicity, oxidative stress, free radical production, 

apoptosis and inflammation (Bramlett et al., 2004; Stochetti & Zanier, 2016).  

2.2.2.1 Physical and Sensory 

Physical and sensory impairments are likely following brain injury, which are often 

variable and dependent on the lesion site which disrupts communication between the neurons 

necessary for instruction about usual functioning (see Teasell et al., 2019; also Scottish 

Intercollegiate Guideline Network (SIGN), 2013). Movement dysfunction with spasticity, 

joint contracture, as well as muscle atrophy (e.g. Upper Motor Neuron Syndrome) is often the 

result of damage to corresponding neuronal links in the pre-motor or primary motor cortex 

areas (Stochetti & Zanier, 2016). Pain syndromes such as neuropathy often accompany these 

(and the efficacy of medication in ABI is debated (Scuteri et al., 2020)). 

There are many possible sensory deficits such as visual, auditory, vestibular, thermal. 

Armstrong (2018) reports 23 different types of visual problem following TBI. Although 

many of these physical and sensory impairments can be located in specific brain areas, there 

are those which rely on the cooperation of multiple resources such as vestibular functioning 

(e.g. balance; Shepard et al., 2013).  
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2.2.2.2 Psychological, Emotional, and Cognitive Sequelae 

Complexity increases with less overt and tangible phenomena. Psychological, 

emotional and cognitive processes can be more covert and difficult to observe objectively.  

There are many perspectives on how brain injury is physiologically related to 

cognitive, affective and psychological changes. Neuroscience has helped advance 

neuropsychological theoretical and experimental investigation into brain functioning, and it is 

generally assumed amongst the scientific community that cognitive and psychological 

mechanisms responsible for human functions are physically located in brain tissue (although 

can be affected by other internal physiological processes). The exact physical location of 

these functions in the brain substrate remains the target of a multitude of researchers from 

niche areas such as Computational Neuroscience to Behavioural Psychophysics; however, the 

general location of major functions and abilities (such as movement or language production) 

have been well supported over a relatively long period (Brodmann, 1909; Panksepp, 2001, 

2011; Lorch, 2019).  

Normal psychological and emotional functioning are integral to maintaining 

wellbeing and reducing distress (Seligman & Csikszentmihalyi, 2000; National Institute of 

Health and Clinical Excellence (NICE), 2014; Steptoe, 2019). Brain injury can disrupt the 

awareness, recognition, expression, and regulation of emotions (Neumann, 2017).  Acute 

disturbances often occur initially - Dilley et al. (2011) report agitation presenting in 96% of 

TBI patients.  

In TBI, it is common for mood lability, irritability, aggression and impulsivity to be 

observed, which can place immense strain on relationships and occupational responsibilities 

(Rao et al., 2009; Rochat et al., 2013). In both TBI and NTBI there can often be difficulties 

with self-awareness, insight, metacognition (inner attention to and self-awareness of 
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cognitive functioning), and social communication (e.g. Socio-emotion perception 

(recognising emotions in others)) (Neumann, 2017; Merchan-Baeza et al., 2020). It is often 

extremely difficult to return to societal roles, and social and occupational commitments at the 

same level of pre-injury functioning (Materné et al., 2019). Watkin et al. (2020) report that 

after 12 months’ post-injury, from a sample of 172 people, even people with mild severity 

TBI, failed to completely return to work. Longitudinally, Verberne et al. (2021) report mTBI 

and mild stroke to have comparable outcomes after 12 months. Teasell and colleagues (2019) 

write that even in cases where a person has recovered well medically and physiologically, 

cognitive ability has been considered a major predictor of successful return to work as well as 

independent living following ABI; however, the predictive ability of cognitive skills may be 

difficult to capture. 

Changes in cognitive functioning can be heterogenous, although when viewing the 

major ABI groupings of TBI/ NTBI, some similarities have been reported. Alterations have 

been described in the general cognitive areas of attention, memory, and executive 

functioning, as reported by the person with the injury and their family (Turner-Stokes et al., 

2005; McKinlay et al., 2016). Cognitive functioning can be objectively quantified through 

cognitive testing, a core component of neuropsychological assessment. 

2.2.2.3 Subtype Differences in Cognitive Sequelae 

Generally, there appears to be a comparatively greater body of research on TBI rather 

than stroke in the neuropsychological literature, many studies grouping TBI together with 

NTBI (Cullen et al., 2008; Forsyth & Kirkham, 2012; Watson et al., 2020). Differences have 

been found in these groups on aspects of cognitive functioning, and some findings support 

more severe cognitive dysfunction in TBI.  
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A study by Zhang et al. (2016) found that in a cohort of 230 people with TBI and 

CVA, the TBI cohort had significantly poorer orientation and recall between one and twelve 

months’ post-injury; however, authors note those with more severe language difficulties were 

not included in the testing, demonstrating a bias not uncommon in ABI studies, and in some 

ways representing the disadvantages for those with severe language impairment (for example, 

in access to test measures and usual assessment protocols). In a French study, Castor et al. 

(2018) compared participants with TBI and CVA, with both groups showing improvements 

on tests of cognitive abilities over two months, including language, memory, guidance, visual 

spatial functions, affectivity and attention; however, the TBI group showed more 

improvement on tests of language.  

2.2.3 Assessing Severity 

Brain injury carries a high likelihood of disruption to independent functioning in a 

range of life areas from everyday activities, to vocational functioning and social engagement. 

The severity of disruption in each area is often used to describe injury outcome, in terms of 

disability, impairment, and quality of life (BarkerCollo & Feigin, 2006; Turner-Stokes et al., 

2015; NAoSc, 2019). Capturing severity early, is important to establishing a baseline, before 

later comparing changes, and can help define study groups in research - from which 

comparisons and predictions can be estimated. Predicting impairment and disability 

trajectories can hold advantages for pathway planning, important for the person with the 

injury, and the service/ larger scale planning.  

However, the prediction of outcome through capturing early injury severity is quite 

complex and has been challenging for researchers, with often imprecise findings (Perrin et 

al., 2015; Rizoli et al., 2016); Rost et al. (2016) report early severity assessment as crucial to 

outcome in stroke. 
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2.2.3.1 Classifying Severity 

There are a range of professional guidelines available from major representative 

institutions designed to help index severity. In stroke, the Rankin Scale, and National 

Institutes of Health Stroke Scale (NIHSS) are popular measures (see review by Rost et al., 

2016), while in TBI a larger range of guidelines exist from the American Academy of 

Neurology (AAN; 1997) to the National Institute of Neurological Disorders and Stroke 

((NINDS) 2018; see review by National Academy of Sciences (NAoSc), 2019). 

Through the use of screening questionnaires such as the Glasgow Coma Scale (GCS; 

Teasdale & Jennett, 1974), neuroimaging, reports of loss of consciousness (LOC) and other 

symptoms such as confusion, a severity level can be assigned. GCS and the injury cause (e.g. 

RTA) can best predict functional decline in the first week (NAoSc, 2019). Mild TBI (mTBI) 

can be diagnosed through a brief change in mental status (e.g confusion) or a concussion, 

with severe TBI being more associated with extremes such as extended loss of consciousness 

or prolonged loss of memory (e.g. Post-Traumatic Amnesia (PTA)). However, a diagnosis at 

this stage of injury often cannot capture the long-term severity of the symptoms and general 

difficulties the person will experience (Yeates et al., 2009; Svingos et al., 2019), so 

researchers have looked to other factors. 

2.2.4 Predicting Severity 

There are general factors reported which predict the occurrence and consequent 

severity of brain injury; which include age, diseases, existing tumours, repeated trauma, and 

alcohol misuse (NAoSc, 2019; Svingos et al., 2019). In the NAoSc conceptual model of brain 

injury severity, pre-existing migraine headache, diagnosis of ADD/ ADHD or learning 

disability, history of a prior TBI, level of education, and perceived life stress are cited as 
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factors affecting functional decline and recovery in the period of 3-12 months’ post-injury 

(NAoSc, 2019).  

2.2.4.1 Cognitive Abilities as Predictors of Severity and Outcome 

Svingos et al. (2019), comprehensively reviewed the literature and demonstrated a 

relative wealth of research supporting a number of ‘individual’ (e.g. educational level, sex) 

and ‘occasional’ (e.g. GCS score, CSF biomarkers) acute injury stage factors that can predict 

negative long-term cognitive outcomes in moderate-to-severe TBI. The authors highlight 

cognitive dysfunction to be a strong predictor of disability following TBI. However, the exact 

nature of that cognitive dysfunction used to estimate future disability appears unclear. 

Research supporting the use of cognitive abilities as predictors of outcome is less robust. 

For example, the aforementioned heterogeneity of brain injury can pose challenges to 

researchers due to the group approach (aim of generalising findings to the wider population), 

making it difficult to ascribe individuals to groups which is central to generating power in 

studies predicting outcomes (Roozenbeek et al., 2012; Hallock et al., 2016; Vellejo et al., 

2019).  

2.3 Neuropsychological findings in Outcome Prediction 

A common assumption of neuropsychological testing is that results will determine the 

level of subsequent functioning in the future; this is not always the case and has been a 

criticism of neuropsychology and psychological testing across patient groups (Prigatano, 

1999; Sherer et al., 2002; Fletcher & Miciak, 2017; Casaletto & Heaton, 2017).  

Cognitive functioning has been purported to be the greatest predictor of survival, 

disability and functional outcomes following stroke, over and above physical impairments 

(e.g. attentional ability (Barker-Collo et al., 2010); Leitner et al., 2019). However, this 

assertion may not be strongly supported empirically, and is somewhat contrary to the (meta-
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analytic) review findings of Allanson and colleagues (2017) in TBI, and Watson et al. (2020) 

in NTBI. These review studies highlight that depth, quality, and consistency of findings 

remain an issue. Both reviews report generally small sample sizes, apparent selection bias, 

conflicting results, and generalised conclusions based on the results of a major cognitive 

domain, without elaboration. Another finding in these reviews is that of limited injury-

specific information, for example often grouping stroke participants together with TBI 

(Allanson et al., 2017; Watson et al., 2020). 

2.3.1 Neuropsychological Dimensions as Predictors 

After applying exclusion criteria, just seven TBI studies were included by Allanson 

and colleagues’ (2017) review, reporting significant moderate-strength correlations between 

the cognitive abilities of immediate and delayed verbal memory, visuospatial ability, set-

shifting, generativity, - and the outcome measure, GOS-E (Glasgow Outcome Scale-

Extended; Jennett & Bond, 1975). The other popular outcome measure in the selected studies, 

the Disability Rating Scale (DRS; Rapaport et al., 1982), showed a weak-to-moderate 

correlation with generativity (executive functioning-related ability). Most of the cognitive 

dimensions were found to be moderate predictors of GOS-E rating (immediate verbal 

memory was not a significant predictor in the model assembled).  

In Watson and colleagues’ (2020) NTBI meta-analysis, 17 studies (totalling 2,384 

people, majority were stroke-injured) were reviewed after meeting inclusion criteria. 

Predictors of outcome were categorised as Quality of Life (QoL), and Activities of Daily 

Living (ADL) (Basic, and Instrumental), with a separate analysis for each; outcome measures 

were included in the meta-analysis based on their psychometric properties. They found tests 

of memory, attention, language, visuospatial abilities, and executive functions to have 

significantly moderate-to-strong statistical correlations to ADL functioning and QoL. 
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Attention and Visuospatial abilities were identified as significant predictors of ADL 

outcomes, however no neuropsychological tests were significant predictors of QoL, despite 

the correlations (as reviewed by Watson et al., 2020). 

A recent study by Leitner et al. (2019) did demonstrate the usefulness of 

comprehensive neuropsychological assessment to determine the level of functioning in a 

stroke sample 1-2 weeks after injury, when compared to the relatively well-supported 

predictive factors of demographic and neuroanatomical data. The study utilised the Mayo-

Portland Assessment Inventory version 4 (MPAI-4; Malec & Lezak, 2003) to gather 

functional information concerning ability, participation, and adjustment. The authors found a 

specific battery of neuropsychological tests with more emphasis on executive functioning to 

be strongly associated with participation, ability, and total scores on this multi-dimensional 

measure. However, in common with earlier TBI studies (Zgaljardic et al., 2011), there was no 

significant association found between test results and the Adjustment subscale; the authors 

suggest the use of non-cognitive tests to predict this (e.g. mood scales and personality 

measures).  

Together with the Watson et al. (2020) report stating there to be a lack of predictive 

ability for QoL outcomes, this Adjustment subscale finding would appear to suggest 

cognitive testing may be limited in predicting some aspects of outcome. It may be the case 

cognitive dysfunction skews an individual’s perception of their QoL and functional 

impairments (Passier et al., 2012; Adamit et al., 2015). The role of mood may also be 

important, a recent article by Grant (2021) posits that although the neuropsychological 

dimension of processing speed was a predictor of GOS-E rating, mood symptomatology was 

a greater predictor of functional outcome and severity in TBI (as rated by GOS-E).  

2.3.2 Challenges to Neuropsychological Approaches in Outcome Research 
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Neuropsychological testing can be sensitive to individual factors, both fixed factors 

such as sex and age, and dynamic such as mood and opinion; larger sample sizes often help 

control for these factors however as outlined in the aforementioned meta-analytic reviews, 

this is an issue and may be affecting consistency of findings. 

The individual variability in brain injury strongly contributes to difficulties in 

predicting prognosis and recovery. Although nuanced neuropsychological assessment can be 

superior to the information gathered by briefer measures of cognition and general severity/ 

functioning (Stuss et al., 2000; Leitner et al., 2019; Zou et al., 2021), and there is support for 

potential to predict longitudinal outcomes, neuropsychological approaches remain under-

developed in the research which is primarily dominated by medically-oriented studies. For 

example, a number of large global multi-centre longitudinal studies of brain injury include 

only brief generalised measures of cognition (e.g. MSE, MOCA), and provide minimal 

interpretative potential for neuropsychologically-nuanced secondary research studies (e.g. 

The Chronic Effects of Neurotrauma Consortium (CENC), 2013; The Traumatic Brain Injury 

Model Systems Center (TBIMSC), Dijkers et al., 2018). 

2.3.2.1 Shortened Neuropsychological Batteries  

Providing a shortened testing experience carries many advantages not just in the acute 

stage, but generally, both to use the time more efficiently and for ethical reasons in only 

subjecting the examinee to what is absolutely necessary (Binder et al., 1995). The 

experienced neuropsychologist will select and administer the minimal number of tests needed 

to answer the referral question. The RBANS measure is an example of a relatively brief and 

condensed neuropsychological test battery (Randolph, 1998) which has been popularly 

applied in ABI (Lippa et al., 2013; Grontkovsky et al., 2020).  
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Volbrecht et al. (2000) evidenced the use of a shortened neuropsychological test 

battery to successfully discriminate between a range of neurological conditions, expressing 

the importance of continually refining testing tools, for reasons such as shortening testing 

duration so as to avoid fatigue and frustration.  

2.3.3 Challenges in Neuropsychological Testing 

There are a number of challenges posed in the use of a neuropsychological test 

battery. One such problem is the assumption examinees are not unduly affected by a 

confounding factor, inadvertently challenging the validity and reliability of the test (Heaton 

& Marcotte, 2000). For example, a high level of pain may affect an individual’s ability to 

sustain attention on a task, the resulting test score placing that person in a lower level of 

ability than when without pain. In brain injury, as there are a limited number of items on a 

test before the examiner will discontinue, this can result in floor effect, where there are fewer 

responses to be analysed which hinders interpretation, formulation, and overall clinical 

usefulness (Heaton & Marcotte, 2000).  

2.3.3.1 Effort Testing 

Another well known issue is a lack of performance effort, whether intentionally or 

not. Where there may be incentive to do so, such as in a medico-legal context, examinees 

may feign impairments and exaggerate symptoms to create an impression of disability 

(Heinly et al., 2005). To detect these situations, neuropsychologists draw on effort tests, 

which can be delivered separately (standalone) or as part of a standardised cognitive test 

(embedded). The effort test is designed to require little ability and has been validated in 

populations with genuine, diagnosed impairments as part of conditions such as dementia 

(Bush et al., 2005; Bigler, 2012). Ideally, effort should be assessed through a number of 

measures spread throughout the testing process rather than administering one test 
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(Boone, 2009), and recently newer clinical frameworks have been proposed (Sherman et al., 

2020). 

2.3.3.1.1 Effort in Brain Injury 

The American Academy of Clinical Neuropsychology (AACN) state that any 

potential determination of malingering is based on objective criteria, and uses indicators that 

have established classification accuracy (2009). However, in a brain injury sample, with such 

a high level of heterogeneity in cognitive abilities, it is difficult to accurately classify 

inadequate effort especially where judgement is only based on cut-offs (Bigler, 2012; Lippa 

et al., 2014), still Bigler summarises the majority of people with a history of TBI do meet the 

testing criteria for adequate effort levels. Lippa and colleagues (2014) found measures of 

effort to be significantly associated with MPAI-4 assessed community functioning, where 

those with less participation performed more poorly. Studies of malingering in brain injury 

generally report higher rates of false positives with moderate-to-severe populations (Novitski 

et al., 2012; Macciochi et al., 2017). A recent review by McWhirter and colleagues (2020) 

presents some of the difficulties in the interpretation and usage of effort tests, although some 

aspects of this interpretation do not align with the AACN’s 2009 statement, nor more recent 

and progressive applications as outlined in Sherman, Slick and Iverson’s 2020 paper e.g. 

“While what we are measuring in PVTs [Performance Validity Tests] remains unclear, what 

is much clearer is that poor performance on PVTs renders other neuropsychological tests 

invalid.” Effort testing is a relatively new area (approx. 30 years), and perhaps over time a 

consensus might be reached. 

2.3.4 Discrimination of Profiles using Neuropsychological Assessment 

A unique advantage of neuropsychological assessment is in estimating a clinical 

profile based on cognitive test findings (but never interpreted in isolation) (e.g. Baird et al., 
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2007). This can help discriminate between conditions and increase the probability of true and 

accurate diagnosis. For example, differences in cognitive abilities help distinguish between 

developmental conditions (BPS, 2015). An aspect of immediate verbal memory testing, the 

Serial Position Effect (SPE), has been used to discriminate between stages of 

neurodegenerative decline (Foldi et al., 2003; Howieson et al., 2011; Bruno et al., 2018; 

Talamonti et al., 2019). 

2.4 Serial Position Effect  

2.4.1 Introduction 

Serial Position Effect (SPE) describes the cognitive phenomenon of recalling 

information relative to the order in which the information was received by the senses. It is a 

reliable, long-reported phenomenon, widely replicated across cultures (Murdock, 1962; 

Capitani et al., 1992; Foldi et al., 2003, 2019). The effect can be best demonstrated in asking 

a participant to listen to a list of ten unrelated words, and subsequently recalling as many 

words as possible. Primacy effect refers to the tendency to recall items from the first portion 

of the information better than the middle or most recent portion. A Recency effect would 

refer to a disproportionate recall of the most recent items more so than the Middle or start of 

the list. On a graph, this effect is illustrated by a U-shaped curve (see Figure 1, Appendix A; 

Murdoch, 1962; Foldi et al., 2003). The Primacy, Middle, and Recency regions may 

individually represent different neuroanatomical aspects of the memory system (Capitani et 

al., 1992; Foldi et al., 2019). Foldi and colleagues (2019) recently mapped the 

neuroanatomical correlates of each SPE region, finding distinct differences in location and 

time-point of learning. 

2.4.2 Brief History and Main Theories of SPE 
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SPE appears early in the available literature, for example - cited in 1908 by Seashore 

(‘Elementary Experiments in Psychology’ as cited in Welch & Burnett (1924)).  The primacy 

and recency effects are referred to as ‘secondary laws of association’ (along with ‘frequency, 

and vividness’), with roots in Greek philosophy (for more see Anderson & Bower, 2014).  

Further scientifically investigated through the work of Ebbinghaus (1913), it took 

many years to develop SPE theory after inconsistent findings (e.g. Thorndike, 1927); SPE 

experimentation appeared to re-emerge in the 60’s through Glanzer & Peters (1962) and 

gradually find stability as a valid fixed principle of learning and memory.  

With the growth of the field of Psychology and general interest in cognition, 

researchers began to investigate the exact mechanisms of SPE. Glanzer and Cunitz (1966) 

had found delaying participant recall after listening to a list of words, tended to significantly 

reduce the Recency effect, supporting the idea that participants were recalling that segment of 

the word list from recent ‘short-term’ memory rather than ‘long-term’. Glanzer (1972) 

showed presenting the list of words at a faster rate to also significantly reduce Primacy effect, 

theorising that participants were benefitting from more time in which they were rehearsing 

the words, and through that repetition improving the chance of the list item being 

‘transferred’ into ‘long-term’ memory. This supported Atkinson & Shiffrin’s early two-store 

model of memory (1968) (and raises questions about thinking speed advantages). 

However, with more research the nature of SPE began to be deconstructed, criticised, 

and developed. Baddeley and Hitch (1977) presented findings that the effect seemed to also 

exist over a longer period of weeks and months, showing how participants recalled events in 

the opening weeks and closing weeks more readily than the middle. Capitani et al. (1992) 

also cite a difficulty reported in a study by Watkins and Penircioglu (1983), where 

participants given longer lists with items representing categories nested in the list, recalled 
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items from each category in terms of primacy and recency regions,- that is three separate 

groups rather than mixing items as was expected. In a sample of people with severely 

impaired verbal memory span, the recency effect was preserved; in other studies, Capitani et 

al. write that weak or no correlations have been found between these two performance data.  

The Primacy effect has been supported as a reflection of long-term, consolidated 

memory in a range of studies which reliably dissociate people with extreme memory 

consolidation difficulties (e.g. Alzheimer’s dementia), from those with normal functioning 

(Baddeley & Warrington, 1970; Foldi et al, 2003; Howieson et al, 2010; Talamonti et al, 

2019).  

However, a good level of Recency recall may be intact in people with severe memory 

conditions, representing information that is not consolidated, rather temporarily placed in a 

store; this fits with Baddeley’s 1986 temporary phonological store theory. In addition, there 

may be a minimum capacity of these systems, which is sufficient to enable adequate Recency 

recall even in severe conditions (as per Capitani et al., 1992). Recency effect recall may be a 

property of all memory systems, subject to gradual loss of information over time, and this is 

supported in recent times through neuroscience (Capitani et al., 1992; Foldi et al., 2019; 

Barton & Brewer, 2020).  

2.4.3 Neuroscience and Decay Theory 

Neuroscience has helped to develop our understanding of these concepts and, at least 

in theory, validate the flow of information via neural circuitry. Considering decay theory (e.g. 

Ricker et al., 2016), that an engram is created in memory with input from the senses, recency 

effect likely reflects a transient phonological trace in the primary auditory cortex, which 

appears to act as a temporary buffer (see Barton & Brewer, 2020).  
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Although decay theory is still widely debated, the lines between assigning memory 

processes to different categories in terms of localised cognitive processes, may be viewed in 

terms of time and flow rather than distinct categorisation. For example, Awh et al. (2006) 

describe the classification of information being processed as Attentional, or Working-

Memory based, determined by the time that passes. There is massive complexity in auditory 

processing systems, including complex asymmetrical differences (between left and right 

hemispheric processing) which likely affect the distribution of information across brain 

systems (Mišic et al., 2018). Time may refer to the time it takes for information to move 

through the brain’s systems, while flow might refer to the path taken. From this perspective, 

speed of thinking may be an advantage, whereas a pathway with obstacles may be a 

disadvantage such as scarring seen in brain injury. 

The SPE in older adults may be a similar shape to younger age-groups, but “shifted 

downwards” (Foldi et al., 2003), representing a decline in ability affecting every SPE region. 

Capitani et al. (1992) found age to have a slight negative effect on the primacy region in a 

word list, and LaRue et al. (2008) found this to also be the case in middle-aged people with a 

family history of Alzheimer’s disease (AD). Talamonti and colleagues’ (2019) findings 

support a delayed primacy effect as being an indicator of neuropathological change, that is, 

primacy region items recalled following a longer delay period.  

Considering the loss of tissue integrity over time, as well as general slowing 

associated with the aging process (Salthouse & Madden, 2013), it may be the case that even 

subtle neuroanatomical changes can have a cumulative effect on neuronal communication 

between systems essential to the memory systems underlying SPE. In addition, referring to 

early theory on rehearsal, and findings by Glanzer (1972), a quicker rate of processing may 

allow for an increased rate of rehearsal, although it is unknown if this is a consciously 

intentional process. The interaction of thinking speed and SPE may be important. 
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2.4.4 SPE as a Clinical Tool 

A number of studies have sought to differentiate between various conditions through 

comparing typical SPE group profiles. Foldi and colleagues (2003) found there to be a 

difference between depressed older adults and those with Alzheimer’s dementia in the 

primacy segment of word lists, and normal controls to have a significantly better recall for 

words in the Middle portion than the depressed group. The area of dementia has been a 

particular focus of this research likely due to the high number of referrals to 

neuropsychologists to aid in the diagnostic process where cognitive impairment is not clear. 

Researchers have used a number of methods, including altering the original standard scoring 

system outlined by Capitani et al. (1992), using for example, reverse weighting (Shankle et 

al., 2005; Buschke et al., 2006; Shankle et al., 2009; Howieson et al., 2011; Bruno et al., 

2018). 

It was found, however, that the scoring methods reported have been ambiguous and 

unclear, for example the Standard method has been used differently by Howieson et al., 2011, 

and Talamonti et al., 2019; the mathematical descriptions of methods used do not fit the 

examples provided (e.g. Cunha et al., 2012); Talamonti et al., 2019). 

Generally, researchers have analysed the cumulative totals of primacy and recency 

regions across word-list learning trials. Although in theory this may provide a measure of an 

individual’s ability to learn a word-list over time, it does not take into account a range of 

possible confounding issues, such as whether the individual is benefitting from speaking the 

words aloud (e.g. the Production Effect (Forrin & McLeod, 2018)). Or further, whether they 

begin to formulate a strategy after a few trials such as making more effort to temporarily 

encode the recency items given their new knowledge of the list end-point following the first 

trial (e.g. Anchoring effect, Glanzer & Dolinsky (1965)). In the Howieson et al. (2011) study, 
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SPE was miniscule by the fifth learning trial. Thus, the first iteration of a word-list may be 

the best opportunity for ‘uncontaminated’ recall. 

2.5 Processing Speed 

Processing speed (PS) is the speed with which an individual processes many types of 

information, including higher level executive tasks, and basic elementary cognitive tasks. It is 

a relatively new construct, being proposed and supported through the 90s, and more generally 

accepted into the 2000s as a legitimate basic mental capacity in the cognitive system across 

the lifespan (Kail & Salthouse, 1994; Salthouse, 1996; Lezak, 2004; Salthouse & Madden, 

2013; DeLuca & Kalmar, 2013).  

There has been much debate in the literature as to the stage of cognition that PS 

should be measured, with many researchers using a reaction speed task such as pressing a 

button in reaction to a stimulus as a valid method; others using pencil and paper timed tasks 

requiring some level of higher order decision making (e.g. WAIS-IV Coding subtest). 

Conceptually it may be extremely difficult to measure PS purely without the confounding 

influence of task ability (Salthouse & Madden, 2013). 

2.5.1 PS and SPE  

PS may limit the speed of encoding and recalling information. Korsnes et al. (1996) 

suggested that their findings of age differences in memory, could be explained by “a single 

factor of mental speed limiting encoding efficiency and affecting decision times”. This was 

replicated in 2017 by Griffin et al., this time conducted across word list learning trials, where 

older adults encoded less at Trial 1.  

However, in another experiment Sekuler & Bennett (2017) found older adults to be 

unaffected by speed related decline on some aspects of how attention is deployed. Other 

experiments found older adults to compete evenly with younger adults on certain tasks, 
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however Kail & Salthouse (1994) state the role of experience likely compensated for neural 

speed. Nevertheless, Kail & Salthouse (1994) stress the importance of controlling for age-

related variance in the design and interpretation of research in cognitive development.  

In terms of flow, PS measures and SPE may be relatively minimally affected by 

thinking obstacles to computing a response, such as executive decision-making processes. 

Vanderploeg et al. (1994) found executive functioning processes to play a minimal role in 

learning word lists (using the California Verbal Learning Test). 

2.5.2 PS in Brain Injury 

Slowed PS is a common cognitive difficulty following brain injury. It is well-

supported that the integrity of structures associated with brain system communications, i.e. 

white matter tracts made up of billions of neurons which function as information transmitters, 

is associated with processing speed (see review by Magistro et al., 2015). Svingos et al. 

(2019) reviewed a number of TBI studies, reporting PS as being a pronounced and enduring 

cognitive deficit long after the initial injury, with the most commonly found protective factors 

being age and premorbid intelligence. In terms of the role of PS as a predictor of outcome, 

Watson and colleagues (2020) report there to be limited empirical support in NTBI studies. 

2.6 Rationale for Structured Review 

As we have seen, SPE may be affected by differences in PS both through time and 

flow. Data derived from people with brain injury can provide access to populations where 

there may be marked departures from normal functioning in these cognitive processes, 

allowing for the inference of dissociation. These group comparisons may be important in 

advancing the interplay of other phenomena in understanding and developing SPE as a 

principle of memory, and as a clinical tool. There appear to be few studies reported relating to 

SPE in brain injury, and of its usage in effort testing. A structured, methodical review was 
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undertaken to quarry the literature concerning SPE in brain injury, SPE and PS, and the use 

of SPE as an effort testing tool.  

2.7 Structured Review 

2.7.1 Overview  

This review systematically presents a comprehensive search of peer-reviewed and 

grey literature relative to the study’s aims and hypotheses. All relevant research is 

systematically appraised with the assistance of established review tools, discussed in terms of 

specific review aims, and finally synthesised for the purpose of highlighting research areas of 

need and demonstrating the importance of the current study aims. 

2.7.2 Introduction 

Following the general literature review, there appeared to be a paucity of SPE 

literature pertaining to brain injury. Most of the recent literature focuses on the use of the 

SPE curve in memory conditions in aging, to aid in diagnostic processes which can 

differentiate between stages of illness, and avoid false positives. SPE may have a role in brain 

injury, and to the current authors knowledge no studies relating SPE to brain injury outcomes 

have been undertaken. As we have seen, expected SPE profiles may be of use in assessing 

and understanding effort during testing, which is an aim of the current study.  

Specifically, this review sought to find out: 

What quantity of literature exists on the study’s main topics of SPE and Brain Injury? 

Of what quality are these studies? 

What consistencies can be found between these studies, particularly in SPE findings? 

Has SPE been used as a predictor of cognitive or functional outcomes in brain injury? 
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Do any of the studies investigate an interaction between PS (or Age) on SPE? 

What do previous researchers recommend for future research in SPE in brain injury? 

Has SPE been used as a measure of effort, and how? 

2.7.3 Method 

2.7.3.1 Direction, Strategy, and Procedure 

The review was completed with guidance from the PRISMA (Moher et al., 2009) 

search protocol. A number of databases were searched using the EBSCO host search engine 

by the current author. These included EBSCO/ Medline, ScienceDirect, ProQuest, 

PsycArticles, and PsycInfo. A grey search was also carried out using Google (and Google-

connected resources such as Pubmed, Frontiers, and Plos One), as well as inspection of 

reference sections in the articles identified. The keywords used for the searches were derived 

from the literature outlined in the previous Literature Review section, and are presented in 

Table 1.1, along with the combinations parsed by AND OR search syntax.  

For each search, the title of the article was scanned for relevance based on eligibility 

criteria and added to a list for consideration in the next round. The abstracts were then 

reviewed, and relevant articles added to the next list for full review of the article. In this final 

round, studies were examined for eligibility criteria as well as other possible relevance for 

inclusion. 

The PICO framework was referred to for guidance in determining clear parameters 

through which to structure the analysis of articles, with additional reference to the recent 

reviews outlined in the Allanson et al. (2017), and Watson et al. (2020) in appraising the 

studies. In addition, the Critical Appraisal Skills Programme (CASP; 2018) tool and Ferro & 



26 
 

Speechley (2009) Quality Index were consulted to enhance the assessment of study quality, in 

terms of what was reported, validity and reliability, and overall study power. 

Table 1.1 

Keywords and Combinations for Literature Search covering Main Hypotheses 

Serial Position Effect Processing Speed Brain Injury Effort 

    

Serial Position 

OR Primacy effect 

OR Recency effect 

 AND Brain Injury 

OR ABI 

OR TBI 

OR Stroke 

OR CVA 

 

 

  

  

  

   

   

    

Serial Position 

OR Primacy effect 

OR Recency effect 

AND Processing Speed 

OR Mental Speed 

OR Psychomotor Speed 

OR Speed of Processing 

  

  

  

   

   

Serial Position 

OR Primacy effect 

OR Recency effect 

  AND Symptom Validity 

  OR SVT 

  OR Effort 

  OR Malingering 

OR Validity Indices 

    

 

2.7.3.2 Selection Criteria 

Studies were selected on the basis of: relating to SPE or its three regions AND brain 

injury OR TBI OR Stroke OR CVA; if relating to SPE or its three regions AND Effort OR 

Symptom Validity OR Malingering OR Validity Indices OR Performance Validity; published 

journal articles from 1900 to the present (1st March, 2021); published in English; published in 

a peer-reviewed journal; based on adults (>18 years’ old).  

2.7.4 Results 

Table 1.2 gives an overview of all studies that were identified, analysed, and included 

in the review. The process is reported through the PRISMA flowchart in Figure 1.1. Results 

of the grey literature search were screened along with the results of the electronic databases, 

yielding two of the eventually selected articles (studies by Bernard, 1991 and Brooks, 1975). 
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The study titles were not reported, instead the main study purpose was summarised, along 

with a brief description of the brain injury type reported, number of participants, whether 

there was a control used, a description of the SPE curve/ significant differences in the groups, 

and the method of SPE calculation. The results of the Ferro & Speechley (2009) Quality 

Index can be viewed in Table 1, Appendix B. 
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Table 1.2  

Overview of the studies meeting inclusion criteria, arranged by date (newest first) and source type (peer-reviewed and grey) 

Authors & Year 

of Publication; 

Location of study 

Main Purpose of Study Sample 

Type/ size 

Comparator 

used? 

SPE profile findings Processing 

Speed? 

Outcome 

predictor? 

How was SPE calculated? Authors conclusions Limitations, Relevant notes 

Discovered via 

database 

        

Schoo et al., 2014; 

Netherlands 

Assess temporal order memory 

for performed activities 

following stroke 

Ischemic 

CVA/ 40 

Control/ 31 42.5% classified as “no 

SPE”; inconsistent 

No Placement of cards to describe 

temporal order of testing, 

Primacy = Item1,2 (12) 

Middle= Items 3-10 (12) 

Recency=Items 11, 12 (12) 

Exec. functioning is related to temporal memory 

No relationship found between temporal order memory 

and neuroanatomy 

**authors recommend the use of multiple regression in 

future studies  

 

Mean age = 64 +/-10.7 

Sample size 

Possible fatigue (tested within weeks of 

injury) 

Powell et al., 

2004; USA 

Investigating the use of SPE as a 

measure of effort 

Mod-Severe 

TBI/ 30 

Control Normal SPE curve but 

overall significantly 

reduced from normals 

No 15 item word-list (RAVLT) 

Primacy=items 1-5 

Middle=items6-10 

Recency=items 11-15 

 

Report different performance styles between simulated 

performance and TBI groups on the serial position 

curve  

Summed across all 5 trials rather than SPE at 

Trial 1 

 

Tested 2-8 weeks post injury 

Brodsky et al., 

2003; USA 

To examine the SPE of the 

percentage of information units 

(%IU) produced in the connected 

speech samples of adults with 

aphasia 

 

Left 

hemisphere 

damage/ 15 

Control/ 31 Normal SPE curve No % ‘Information Units’ gathered from 

story recall 

individuals with aphasia recall discourse length 

information using similar memory functions as the non-

impaired population, though at a reduced level of 

efficiency or quantity (including SPE curve) 

Ave age 62.73+/-9.14 

 

Type of brain injury not specified 

Suhr, 2002; USA Investigating SPE in malingering 

and head injury 

29 Mod- 

Severe TBI 

Control/ 34; 

simulating 

38; simulated 

and coached/ 

33 

Similar to normal but 

reduced in all regions. 

No 15 item word-list divided into 3 parts 

(AVLT); five trials 

Primacy=items 1-5 

Middle=items6-10 

Recency=items 11-15 

primacy index is not particularly sensitive to 

malingering, but is relatively specific; only a minority 

of the simulators show the flattened primacy pattern – it 

is not sensitive, but does seem specific 

 

Using delayed recall serial position patterns to detect 

malingering is less than promising 

 

Results averaged over 5 trials, not the first 

 

 

Della Sala et al, 

1998; Italy 

Dissociating recency effect and 

immediate memory span 

2 case 

studies of 

severe TBI 

Compared to 

321 controls 

used in a 

separate 

study 

Case 1: Pronounced 

Recency effect, poor 

primacy 

Case 2: Normal primacy, 

impaired recency effect 

 

No 12 item word list over 10 iterations; 

Primacy=item 1-7 

Recency=item 10-12 

Recency and memory span can no longer be considered 

to act as indices of the same temporary storage system 

One case showed aphasic symptoms 

No Trial 1 SPE reported 

Single case design 

Case 2 had to be tested twice as first tests 

were so poor overall 

 

Cappa et al., 1990; 

Italy 

 

Hemispheric differences and 

localisation of cognitive skills in 

people with hemispherically 

different injury using CT 

imaging 

26 right 

hemisphere 

damage due 

to CVA 

11 with left 

hemisphere 

damage/ 20 

matched 

normal 

controls 

LHD patients with a 

reduced capacity of 

phonological memory 

have absent recency 

effect. 

RHD patients had a 

significant reduction of 

the recency effect 

 

No 10 item word list iterated 10 times 

with recall after each iteration 

Primacy=items 1-5 

Recency=items 6-10 

Scores for each = average of all trials 

RHD group had an entirely normal immediate memory 

span associated with a reduction of the recency effect, 

recency impairment in RHD patients may be attributed 

to a defective selection of the most appropriate strategy 

A number of participants had object naming 

difficulties 

10 iterations may bring fatigue and confound 

overall results 

Testing was done 15-30 days after stroke 
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Authors & Year 

of Publication; 

Location of study 

Main Purpose of Study Sample 

Type/ size 

Comparator 

used? 

SPE profile findings Processing 

Speed? 

Outcome 

predictor? 

How was SPE calculated? Authors conclusions Limitations, Relevant notes 

O’Donnell et al., 

1988; USA 

To compare the encoding and 

retrieval processes of those with 

Learning Disabilities and Head 

Injury, and controls 

Mixed, 

mostly TBI/ 

20 

Control/ 30 Reduced primacy effect 

in the head injury group 

No 15 item word-list over 5 trials 

(RAVLT) split into 5 blocks of 3 

items  

Primacy=items 1-3 

Recency=items 13-15 

Did not benefit from organising items to aid retrieval -  

Suggest the clinical groups might not be using a 

rehearsal strategy or might be using a different one to 

the normal group 

 

Mean age 24 +/-3.5 yrs 

 

Based on older interpretations of cognition 

Discovered via reference  

sections and grey search 

       

Capitani et al., 

1992; Italy 

 

Comparing SPE between global 

amnesic, Alzheimer’s, and 

frontal-based brain damage 

groups 

18 with 

Bilateral 

frontal 

lesions, 

aetiology not 

reported 

Normal/ 321; 

Amnesic/ 16; 

Alzheimer’s/ 

46 

Sig. difference to normal 

group on primacy, and 

marked for recency 

(almost sig.) 

 

Three cases showed a 

primacy-recency 

dissociation 

 

No, but age 

differences 

reported 

10 lists of 12 words. 

Primacy=items 1-7 

Recency=items 10-12 

Averaged scores over all trials 

SPE pattern of results was broadly similar to that for 

the amnesic group 

 

Impairments in people with frontal damage on tests of 

memory performance are more likely due to deficits of 

attention rather than of memory 

Brain injury type not reported, likely TBI 

 

Age 56+/-7.8 

 

Tested approx. 16 months post injury 

Hall & Bornstein, 

1991; USA 

Examining the SPE following the 

recall of a narrative in mTBI 

‘Minor’ to 

‘Mild’ TBI/ 

22 

Matched 

Control (age 

and educ)/ 22 

Normal curve reduced 

overall however more 

significantly in the 

middle region relative to 

the controls. 

No Logical memory Story A only (subtest 

from the WMS-R), divided into three 

regions from 25 units 

Primacy=1-8 

Middle=9-17 

Recency=18-25 

 

Even minor head injury can produce a reduced overall 

SPE  

 

Poorer performance of the minor to mild closed-head-

injury group was not related to the duration from injury 

to testing and appears to be enduring 

Majority tested within 6 months of injury 

 

20-62 yrs old 

 

Paid to participate 

Bernard, 1991; 

USA 

Evaluating the detection of 

feigned deficits on the RAVLT 

using SPE 

‘Generalised’ 

TBI/ 18 

Three 

groups: 

Injury 

simulators/ 

28; coached 

simulators/ 

28; Normals/ 

30 

Stronger primacy than 

recency with reduced 

middle 

No 15 item word-list divided into 3 parts 

(AVLT); five trials 

Primacy=items 1-5 

Middle=items6-10 

Recency=items 11-15 

Shape of SPE curve was distorted for simulators. 

Malingering may be detected on the AVLT if the SPE 

is taken into account. 

Results suggest that the performance pattern - how 

scores are obtained - rather than the pattern of scores 

themselves, may be a good indicator of malingering. 

 

Malingering group produced a significantly reduced 

“primacy” versus “recency” effect 

 

First trial not reported 

 

Age 20.1+/-2.3 

 

recalling approx. one extra word per trial but 

SPE region not mentioned. 

Bigler et al, 1989; 

USA 

Examining differences in Word-

list and Complex-Figure between 

head injury and dementia 

‘Generalised’ 

TBI/ 52 

Alzheimer’s 

group/ 42 

Normal curve, primacy 

and recency prominent 

No 15 item word-list divided into 3 parts 

(AVLT); five trials 

Primacy=items 1-5 

Middle=items6-10 

Recency=items 11-15 

Word-lists and complex figure performances can be 

used to differentiate organic memory deficits 

 

Head injury perform significantly better than those with 

Alzheimer’s 

 

Age 33.1+/-13.7 

 

First trial results not reported 

 

Age not considered a potential reason for 

differences, sig. difference between age of 

comparator groups 

 

 

Brooks, 1975; 

USA 

Investigating short-term and 

long-term memory in head injury 

Mild to 

Severe TBI/ 

30 

‘Patient’ 

controls 

matched for 

age and educ/ 

15 

Normal curve slightly 

reduced overall; when 

recall delayed by 30 

seconds, primacy effect 

strongest, other regions 

flattened, similar to 

controls 

No 20 lists of 10 words, one word read 

every 2 seconds; 10 lists used 

immediate recall, 10 a 30 seconds 

distractor 

severity of the injury as judged by post-traumatic 

amnesia or the presence of neurological signs at the 

time of memory testing showed only a weak 

relationship to the severity of the memory deficit 

 

Patients tested early after the injury were significantly 

poorer on STM, but not on LTM 

Extreme individual variability 

 

Age 15-40 

 

Testing ranged from within 24 hrs of injury to 

12 months afterwards 

 

Fatigue likely  
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Figure 1.1 

PRISMA structured report of the search process 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.7.5 Findings 

Of what quality and consistency were the studies identified? 

As can be seen in the overview, there is much variability across the approaches taken 

by each set of researchers, and the results reported in these studies. According to the Ferro & 

Speechley (2009) Quality Index, the 12 studies scored an average of 8/ 15 (a rating of 53%). 

This index comprised three composite scores – Reporting, Internal validity, and External 

Search terms: (Serial Position OR Primacy OR Recency) AND ((Brain Injury OR ABI OR TBI OR Stroke OR 

CVA) OR (Processing Speed OR Mental Speed OR Psychomotor Speed OR Speed of Processing)) 

    

    

  

Electronic Databases searched: Ebsco/Medline (n = 59), PsycInfo/PsychArticles (n = 54), Science Direct (n = 

155), ProQuest (n = 122).  

Handsearching: References of included articles (n = 7), Grey Internet Search: (n = 4) 

Titles Screened: Duplicates and articles not relevant to topic removed (n = 397) 

Abstracts Screened: (n = 27) Abstracts Excluded (n = 10)  

Reasons:  

Not related to SPE (n = 7)  

Not related to brain injury (n = 2)  

Study related to children and adolescents 

(n=1) 

Full text articles retrieved for paper screening 

(n = 17) 

Studies included in Review (n = 12) 

Papers Excluded (n=5) 

Not related to SPE (n = 1)  

SPE findings not reported (n=3) 

Not related to brain injury (n = 1)  
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validity; averages of 5/7 (72%), 2/4 (50%), and 1.25/3 (42%) respectively. Sample sizes were 

generally low, reflected in the External validity composite score.  

What quantity of literature exists on the study’s main topics? 

Generally, there was a lack of research in the topic areas, with few up-to-date 

findings, - most studies were pre-2000 (67%). This represents an unavoidable bias in the 

findings due to under-developed theory in the other topic areas of the current study (PS and 

Effort). The most popular types of study returned during the search were related to SPE in 

Alzheimer’s disease, and the use of effort testing in brain injury litigation. SPE appears to 

have found stability around 2000, after a number of studies in the 80s and 90s using early 

versions of the Rey AVLT test (RAVLT; Rey, 1964) to develop clinical data. SPE is a stable 

and measurable construct used routinely as part of the Rey AVLT which also provides 

clinicians with normative SPE data (Poreh et al., 2016).  

What consistencies can be found between these studies, particular to SPE? 

Another general finding was of how SPE was measured in these studies, often the 

average cumulative effect following multiple learning trials. However, with such variation in 

the purpose of each study, the resulting methodology, and the findings reported, it is difficult 

to ascertain commonalities in the conclusions regarding SPE. In just two studies from 12, 

Powell et al (2004), and Suhr (2002), reported similar SPE profile findings; both studies 

utilised the RAVLT measure in an identical manner (and administered to a relatively similar 

clinical population). 

Do any of the studies investigate an interaction between PS (or Age) on SPE? 

No studies were identified that investigated, nor theorised PS as a factor in SPE. 

Although the Bigler et al. (1989) study summarises that participants with head injury may 

show a better SPE performance overall when compared to participants with Alzheimer’s 
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disease, there was a significant age difference between the two groupings (average age of 

33.1 compared to 68.5) - it was not until the 1990s that processing speed and age-related 

cognitive decline advanced in the research – age may have contributed to the performance 

differences. One study did report age effects in the normal control group, which showed 

generally reduced performance with aging, and an identical curve to younger groups 

(Capitani et al., 1992).  

Has SPE been used as a predictor of cognitive or functional outcomes in brain injury? 

There were relatively few studies identified concerning SPE and brain injury, with 

much variability in the method and overall quality reported. No studies reported using SPE as 

an indicator of brain injury outcomes. Sometimes the injury sites were reported, however 

differences in SPE were not analysed relative to the different injuries. Results were mostly 

generalised to the full brain injury cohort.  

It appears to be generally accepted in this literature, that people with mild, moderate, 

and severe brain injury demonstrate a relatively normal SPE curve, with pronounced primacy 

and recency effects relative to an often reduced middle portion. However, this may be a 

biased finding towards TBI studies which made up the majority. Inconsistent findings were 

reported in the stroke studies, with one study (Cappa et al., 1990) identifying SPE differences 

in two groups classified by hemispheric damage. 

What do previous researchers recommend for future research of SPE in brain injury? 

While some authors made general comment about potential to build SPE theory in 

conditions such as Alzheimer’s disease, few made suggestion relating to future research. Hall 

and Bornstein (1991) propose well-controlled studies of serial position effects in people with 

neurological disorders are needed to advance clinical practice. 

Has SPE been used as a measure of effort, and how? 
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Three studies concerning SPE, brain injury and effort testing were included (Powell et 

al, 2004; Suhr, 2002; Bernard, 1991). Generally, these studies report simulated or coached 

malingerers appear to demonstrate unusual SPE patterns, and often a flattened primacy effect; 

researchers recommend SPE should be used in conjunction with other effort tests before 

classifying credibility. In one excluded full-text reviewed article, Babikian et al. (2006) 

investigated the role of numerous standard and experimental Rey AVLT measurement 

methods to detect suspect effort in groups of malingerers versus head injured. Although 

reporting information that can help inform SPE use as an effort measure in brain injury, the 

detail of the SPE curves were not reported. The authors did find that combining average 

primacy recall, together with recognition scoring, could improve sensitivity and specificity to 

the non-credible group. As Suhr (2002) summarises, it may be the case that SPE is more 

useful in terms of specificity rather than sensitivity.  

2.7.6 Conclusion and Relevance to Study Aims & Hypotheses 

A broad selection criteria designed to capture all literature relating to the study 

questions evidenced few or no research studies. Although some studies have investigated 

serial positioning in brain injury, the methods reported and results found often lacked validity 

and reliability. TBI and CVA groups were often mixed, with inconsistent findings or 

limitations in methodology and representativeness. There were no studies investigating the 

interaction of PS with SPE. Similarly, there were no studies investigating SPE as a predictor 

of brain injury outcome. Some studies researched SPE as a measure of effort, using the 

RAVLT measure. SPE was often averaged over a number of learning trials, rather than 

investigating the first trial and changes across trials. Most studies were under-powered with a 

limited sample size of individuals with brain injury.  
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These findings informed the aims and hypotheses of the study through establishing a 

need to approach the empirical investigation with a view to expanding a pauce (and relatively 

mediocre quality) knowledge base, through further exploratory and supplementary analyses 

where appropriate. More specifically, it allowed the authors to determine that 1) to date the 

RAVLT had been used in most SPE-related studies but not RBANS, 2) the method of coding 

for SPE had been theoretically varied and thus applied differently, 3) PS had not been 

theorised as an SPE-related concept, 4) SPE studies in ABI were inconsistent with no 

established profile, and mostly made no distinction between TBI and nTBI, 5) no previous 

research made suggestions for future research in SPE/ ABI, 6) studies on SPE in malingering 

appeared to report a disturbed Primacy effect consistently using the RAVLT, but not the 

RBANS. 

2.8 Study Aims, Questions & Hypotheses 

To make clear the intentions of the current research following the literature review 

and structured review, the overall aims and hypotheses are presented. The principal priority 

of the study is to enhance understanding of SPE, in theory and in clinical usefulness, through 

asking questions of a secondary dataset derived from neuropsychological assessments in 

brain injury settings. As we have seen, there are significant research paucities in the area of 

SPE and ABI, and to a lesser extent, SPE and Effort; the interaction of SPE and PS, as well as 

SPE as a predictor of outcome has not been researched. When viewed through a brain injury 

lens, PS differences may provide new insights if interacting with SPE, furthering 

understanding of how mental speed may affect memory processes.  

Main Research Aim: 

• To investigate SPE in a dataset derived from people with brain injury 
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Specific Hypotheses: 

Intra-group differences 

H1.1 = There will be no difference between the number of words recalled in the Primacy 

region and Recency region at Trial 1, across Trials 2-4, or cumulatively for the ABI group  

H1.2 = There will be no difference between the number of words recalled in the Primacy 

region recall and Recency region recall at Trial 1, across Trials 2-4, or cumulatively for the 

TBI and CVA groups  

H1.3 = The number of words recalled in the Primacy region and Recency region will be 

significantly different to Middle region recall at Trial 1, across Trials 2-4, or cumulatively for 

the ABI group  

H1.4 = The number of words recalled in the Primacy region and Recency region will be 

significantly different to Middle region at Trial 1, across Trials 2-4, or cumulatively for the 

groups TBI and CVA 

Inter-group differences 

H2.1 = There will be no difference in the number of words recalled in the Primacy or Recency 

or Middle region between the ABI groups of TBI and CVA at List Learning Trial 1 

H2.2 = There will be no difference in the number of words recalled in the Primacy or Recency 

or Middle region between the ABI groups of TBI and CVA across the List Learning Trials or 

cumulative totals 

 

Secondary Aims: 

• To investigate the interaction of PS and SPE 
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• To investigate the clinical usefulness of SPE in predicting cognitive functioning 

and brain injury severity 

• To investigate the clinical usefulness of SPE as an embedded indicator of effort 

Specific Hypotheses: 

Interaction of PS 

H3.1 = For the ABI group, there will be a relationship between PS (Coding scores or Age, PS 

Groups) and the number of words recalled in the Primacy or Recency or Middle region for 

Trial 1, Trials 2-4, and cumulatively.  

H3.2 = There will be no difference in the relationship between PS (Coding scores or PS 

Groups) and the number of words recalled in the Primacy or Recency or Middle region for 

Trial 1, Trials 2-4, or cumulative totals for ABI groups (TBI and CVA) 

Predicting Severity 

H4.1 = The number of words recalled in the Primacy or Recency or Middle region at Trial 1 or 

in Total will account for significant variance in overall cognitive functioning (Adj. RBANS 

Total Index Score) 

H4.2 = The number of words recalled in the Primacy or Recency or Middle region will 

account for significant variance in severity of brain injury (MPAI-4 Total Score) 

H4.3 = There will be a positive, statistically significant relationship between SPE and 

cognitive functioning (Adj. RBANS Total Index Score) for the faster RBANS Coding 

performers, and younger participants 

H4.4 = There will be a moderately negative, statistically significant relationship between SPE 

and brain injury severity (MPAI-4) for the faster RBANS Coding performers, and younger 

participants 
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Effort 

H5.1 = There will be statistically significantly fewer words recalled in the Primacy region 

relative to Recency and Middle region for those with sub-optimal effort as classified using 

the ES/ EI/ RDS effort measures. 
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3.0 Method Section 

3.1 Overview 

As per comparative SPE research, the research questions were approached 

quantitatively, through the use of a secondary dataset which was used in isolation. The 

dataset is described in detail including demographics and measures utilised. It is then 

described as to how the dataset was merged with the study aims in order to define a 

procedure and analysis strategy which could answer the key study questions. 

3.2 Study Design 

As such the research employs a cross-sectional, correlational quantitative research 

design. This observational design involved the collection of data from individuals at one 

point in time, which produced a set of variables from which a range of data analysis methods 

can be used to infer relationships between that data. This method of statistical reasoning is 

used to test the study hypotheses and develop on supplementary questions which may support 

advancing the understanding of findings.   

3.3 Secondary Dataset 

The dataset is comprised of de-identified assessment data from post-acute brain injury 

rehabilitation services in the Mid-West region of Ireland. The dataset participants underwent 

neuropsychological assessment prior to beginning their rehabilitation, for the purpose of 

collecting a baseline estimation of functioning which could inform rehabilitation goals and 

strategies. All assessments were conducted by qualified Clinical Neuropsychologists or 

Clinical Psychologists with significant experience in neuropsychology. Each participant 

completed an informed consent agreement as part of their admission (see Appendix J), 

agreeing to the use of assessment information for research purposes in accordance with the 

Helsinki Declaration (2013). These services co-operate closely with the university, and this 
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data was completely anonymised and amalgamated into one dataset internally (UL Dept. of 

Clinical Psychology). As such, ethical approval was not required to use the dataset for the 

purposes of this study. 

3.3.1 Dataset Characteristics 

One hundred and ten (N = 110) participants underwent neuropsychological 

assessment, being administered and rated on a number of measurement tools which have been 

coded as variables in the dataset alongside demographics presented in Table 3.1. The ABI 

variable was transformed into fewer levels – TBI, CVA, Encephalitis, Anoxia, Neoplasm, 

and Other (incl. aboulia), as was the Relationship Status variable – Single, In a Relationship 

or Married, and Separated or Widowed or Divorced. The demographics are described 

through descriptive analysis in Table 4.1, Section 4.2.1. 

Table 3.1  

Participant demographic variables collected 

Demographics  Levels 

Age Numerical 

Sex Male, Female 

ABI Viral Infection, Road Traffic Accident, Other accident, Stroke, 

Tumour, Fall, AVM, Aneurysm, Hypoxia, Altercation, Other, 

Aboulia, Cerebral haemorrhage, Hydrocephalus, Post-surgical 

damage, Hypoglycaemia, Meningitis, Cyst Abscess 

Educational Level attained Primary schooling, Junior Certificate, Leaving Certificate, 

Postgraduate, Doctorate 

Relationship Status Single, In a relationship, Married, Separated, Divorced, 

Widowed 

Living Circumstances Alone, Family, Spouse/ Partner, Other 

Current Work Status Not working, Working part-time, Working full-time 

Employment History Unemployed, Employed full-time, Employed part-time, Self-

employed, N/A, Retired, Student 
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Age at Onset of Injury Numerical  

Time from injury to point of 

assessment 

Numerical 

 

3.3.2 Dataset Measures 

Remaining numerical variables were derived from commonly used standardised 

cognitive tests and psychological measures to gather data concerning cognitive ability, mood, 

social functioning, and long-term outcomes in ABI. Table 3.2 presents the variables selected 

for use in this study, coded from observations made and scored by the respective clinicians on 

these measures; an explanation of each is then offered together with any relevant information 

pertaining to its usage in this dataset and proposed study.  

Table 3.2 

Dataset instruments selected 

Instrument Variables 

Mayo-Portland Adaptability Inventory 

Version 4 (MPAI-4) 

MPAI-4 Items 1-35, Abilities Total, Adjustment Total, 

Participation Total, MPAI-4 Total Score 

Repeatable Battery for the Assessment of 

Neuropsychological Status Form A 

(RBANS-A) 

List Learning Trial 1-4, List Learning Total Score, 

Story Memory Trial 1 and 2, Story Memory Total 

Score, Figure Copy, Line Orientation, Picture 

Naming, Semantic Fluency, Digit Span, Coding, List 

Recall, List Recognition, Story Recall, Attention 

Index Score, Language Index Score, Immediate 

Memory Index Score, Visuospatial/ Constructional 

Index Score, Delayed Memory Index Score, RBANS 

Total Scale Score, List Learning Trial 1-4 individual 

items correct, Story Memory 1 and 2 individual items 

correct 

*All variables were coded with raw scores unless otherwise indicated 
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3.3.2.1 Mayo-Portland Adaptability Inventory – Version 4  

The MPAI-4 (Malec & Lezak, 2003) is a relatively popular outcome measure which 

assesses a range of important sequelae following brain injury, to provide a core quantified 

construct of global outcome. 30 rating-items covering a range of physical, cognitive, 

emotional, behavioural, and social problems as well as problems resulting from comorbid 

physical and psychiatric conditions are assessed, falling under three areas of Ability, 

Adjustment, and Participation (full list in Figure 1 of Appendix C). Items are rated on a 5-

point scale ranging from normal functioning to severe limitations in functioning. It can be 

completed as part of a multidisciplinary consensus rating, by a significant other, or 

administered as a self-report item. Normative data is available for staff, significant other, and 

self-report ratings referenced through two samples found in the MPAI-4 manual – a National 

Sample (United States) taken from multiple outpatient rehabilitation, community-based 

rehabilitation, or residential rehabilitation sites; and a sample derived from outpatient 

rehabilitation evaluations at Mayo Clinic, Rochester (Mayo-Rochester). The items help to 

assess major limitations to community re-integration and can provide insight as to future 

psychological, medical, social, and economic needs. 

Kean, Malec, Altman, and Swick (2011) completed a Rasch measurement analysis of 

603 people with ABI attending services similar to the current dataset and summarised the 

MPAI-4 as “a valid, reliable measure of outcome following traumatic ABI, which measures a 

broad but unitary core construct of outcome after ABI”.  

In the current study the measure was completed by the clinician only. Raw MPAI-4 

scores were converted to T-scores based on the manual-provided National Reference sample 

and from the Mayo-Rochester outpatient rehabilitation facility as part of an evaluation of 

their treatment – two comparison groups providing MPAI-4 Total Score variables, as well as 
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index scores covering the subscales Ability, Adjustment, and Participation. The T-score 

interpretations are presented in Table 3.3. 

Table 3.3 

T-score classifications as per the MPAI-4 Manual 

T-Score Estimated range of injury severity  

<30 Represents relatively good outcomes 

30-40 Mild limitations 

40-50 Mild to moderate range of overall severity compared to other people with ABI 

50-60 Moderate to severe range of overall severity 

>60 Severe limitations even as compared to others with ABI 

Note. A general comment is made in the MPAI-4 manual: 40-60 represents the average or typical of 

people involved in outpatient, community-based, or residential rehabilitation following brain injury 

3.3.2.2 Repeatable Battery for the Assessment of Neuropsychological Status 

The RBANS (Randolph, 1998) is a popular screening instrument with subtests 

designed to tap some of the major cognitive domains in a relatively brief window of 20-25 

minutes. It is administered face-to-face, with the participant asked to answer questions and 

carry out tasks concerned with the cognitive areas of attention, memory, visuospatial/ 

constructional, and language (see Table 3.4). Form A has been used in this dataset. Normative 

index scores corrected in 10 year bandings for ages 20-89 allow for the comparison of the 

examinee’s performances with age-related peers on Total Score as well as on each domain; 

while updated normative data has included subtests (Randolph, 2012), independent 

researchers have used the RBANS to develop more specific normative data to age groups 

(including for each subtest (Duff et al., 2003)).  

There has been much research concerning the validity and reliability of the RBANS, 

and its use in ABI is generally well supported (Lippa et al., 2014; Grontkovsky et al., 2020). 

Pachet (2007) found adequate construct and predictive validity of the RBANS’ indices and 
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subtests in moderate-severe ABI (Pachet, 2007); in a stroke sample, Larson and colleagues 

(2005) reported adequate discriminant and convergent validity in all indices but for attention 

which was weaker; and McKay et al (2007) concluded the RBANS to be a clinically valid 

and reliable measure for screening cognitive functions in moderate-severe TBI.  

Table 3.4  

The RBANS indices and constituent subtests 

Index Subtest 

Attention Digit Span, Coding 

Language Picture Naming, Semantic Fluency 

Visuospatial/ Constructional Figure Copy, Line Orientation 

Immediate Memory List Learning, Story Memory 

Delayed Memory List Recall, List Recognition, Story Recall, Figure 

Recall 

 

The RBANS has been used once before to derive SPE, in a study of older adults at 

risk of developing Alzheimer’s disease; unfortunately, the full-text paper was unavailable to 

the current authors which limited replication consideration (Lafaille-Magnan, Fontaine, & 

Breitner, 2015). 

3.4 Assessing SPE 

In the current study, SPE is derived from word-list recall (RBANS). This is viewed at 

Trial 1, in terms of trajectory across trials 1-4, and cumulatively. Three studies which used a 

10-word list for deriving SPE helped guide the portioning of the SPE components and scoring 

methods (Howieson et al., 2011; Cunha et al., 2012; Lafaille-Magnan et al., 2015). 

3.4.1 Primacy, Middle, and Recency Proportions 

The RBANS List Learning subtest was used to measure SPE. Previously, Cunha et al. 

(2012), and Howieson et al. (2011) report the use of a 10-word list from which to derive SPE, 

fragmenting it into the first three words for Primacy, the last three words for Recency, and the 
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remaining four words representing Middle effect. These proportions were used in all methods 

in the current study. Although many studies have focussed on Primacy/ Recency effects, 

Howieson et al. (2011) suggest analysing the Middle region may be important in some patient 

sub-groups. Armstrong et al. (1996) found there to be Middle effect differences in a group of 

people with Multiple Sclerosis (22% of that sample). 

3.4.2 Scoring Methods 

There have been a number of scoring algorithms used to calculate Primacy, Middle, 

and Recency in SPE; two previously used methods were chosen and a novel method created. 

The Standard Raw Score Method (SRM), has been described by Howieson et al. 

(2011). The participant’s raw scores are totalled for each SPE region per List Learning Trial, 

and cumulatively inclusive of all trials. In the Howieson et al. (2011) study, this method was 

found superior to the alternate methods proposed in that sample of older adults for the 

purpose of distinguishing between memory conditions. This method is primarily used for all 

analyses in the current study as represents the most straight-forward interpretation of SPE.  

The Retention Weighted Scoring (RWS) system (Buschke et al., 2006). The method 

requires each item to be inversely scored based on its serial position – e.g. Item 1 = a raw 

score of 10 rather than 1, Item 2 = a raw score of 9 rather than 1,.. Item 10 = a raw score of 1 

and so on. Howieson et al. (2011) found this method to have discriminability value, which 

may be of use in the current study investigating ABI subtype differences. The method was 

designed to detect differences in populations with severe memory problems where a recency 

effect is strong, and this may help discriminate similar differences in this ABI sample. 

A novel scoring method is proposed – Consistent Response Weighting method 

(CRW). Previous methods of scoring SPE have focused on cumulative totals and averages of 

SPE regions. However, these methods do not determine how consistent item recall is across 
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trials. Intrasubtest scatter (Weschler, 1958) is a common phenomenon in brain injury (Groth-

Marnat, 2000), and weighting responses based on consistency may have discriminative value. 

Bernard et al. (1991) suggests performance patterns may be an important indicator of 

differences in effort. The participant is credited for each item they have previously recalled 

correctly. Cumulative totals are computed at Trial 2, 3, 4, and after four trials. An example of 

the method is illustrated in Table 3.5. 

Table 3.5 

Consistent Response Weighting (CRW) system example 

Item 

Number 

Trial 1  Trial 2  Trial 3  Trial 4  Item 

Totals 

SPE 

Totals 

1 X 1 X 2 X 3 X 4 10 Primacy 

Total 

16 
2   X 1 X 2 X 3 6 

3          

           

4 X 1   X 2 X 3 6 Middle 

Total 

10 
5     X 1 X 2 3 

6          

7 X 1       1 

           

8     X 1 X 2 3 Recency 

Total 

14 
9       X 1 1 

10 X 1 X 2 X 3 X 4 10 

           

Total  4  5  12  19 40  

*Total words recalled = 20 

3.5 Assessing Brain Injury Severity 

The MPAI-4 is used as a measure of brain injury severity in the current study. It 

collects data about important life areas reflecting the individual’s capacity to independently 

function and integrate societally. The participant characteristics of the dataset were compared 
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to the MPAI-4 reference samples of the National Sample of people with ABI, and the Mayo-

Rochester with ABI. These can be seen in Table 1.1 of Appendix C – it was decided to 

analyse the group in relation to the larger National Sample (NS). 

As intimated in the literature review, cognitive functioning is inherently linked to 

severity, and in this dataset the RBANS provides a Total Score which is an objective 

comparison of the individual’s current level of cognitive functioning to same-age peers.  

3.6 Assessing PS 

Similar to the WAIS-IV Coding subtest (Weschler, Coalson, & Raiford, 2008), the 

RBANS Coding subtest has been supported as sensitive to PS in ABI (McKay et al, 2008), 

and was selected to provide a standardised measure of PS in the current study. This subtest 

assesses the ability to quickly and accurately scan and sequence simple visual information. 

The examinee is presented with a row of numbers (1-9), each with its own corresponding 

unique symbol. Rows of boxes with symbols but no numbers are then presented, and 

following demonstration, the examinee must fill in the missing numbers as quickly as 

possible within the allowed time of 90 seconds. Raw scores indicate the number of correct 

responses and incorrect responses are not penalised. 

Although not a pure measure of the target cognitive ability (as with any cognitive 

test), this RBANS subtest demands relatively straight-forward cognitive skills to be recruited 

(such as visual attentional abilities, visual working memory), allowing for the inference of 

fewer cognitive obstacles to be overcome as the person processes, thus allowing for relatively 

unhindered thinking processes.  

There are however limitations to using the measure as well as the data gathered. 

Physical and visual impairments following brain injury or stroke may affect the service users’ 

ability to perform (e.g. Low et al, 2017). The MPAI-4 items could be used in some cases to 
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mitigate this, in using the items to screen for confounding factors. The screening of MPAI-4 

Item 3 scores as an inclusion criterion (‘Vision: Problems seeing; double vision; eye, brain, or 

nerve’). MPAI-4 Item 2 (‘Use of hands: Impaired strength or coordination in one or both’) 

scores could not be used to mitigate this as the rating does not specify location, or degree of 

impairment, relative to the Coding subtest’s physical demands. 

3.6.1 PS Groups 

To investigate differences in groups of participants based on PS, groups were created 

representing RBANS Coding score, and Age. 

The first group, Cod_Range, was created through dividing the RBANS Coding range 

of 56 for this dataset, to provide tertile levels describing general performance differences of 

Low, Med, and High speed. A second group based on RBANS Coding scores was created 

using a median split (Cod_Mdn), which halves the range of scores according to the middle 

placed score, which is 33. These groups help control for the confounding effect of age. 

Age is the most well-known factor affecting performances on measures of PS (Kail & 

Salthouse, 1994; Finkel et al., 2007). Two groups were created to help investigate the role of 

age in the dataset. The first, Age_RBN was guided by the RBANS age categorisations which 

begin with a large grouping of 20-39 years of age, 40-49, and 50-59. Age effects may not be 

relevant until age 40 (Della Sala et al., 1998), which supports this proportional difference. As 

the Age range in this study is 19-63, the three groups are extended slightly to accommodate 

these participants. The second group, Age_Mdn, was based on a median split, taking the 

average of the two middle ages (39, 40) as the threshold; this by default split the groups into 

those who may not be affected by age effects (19-39), and those who may (40-63). The 

resulting sample sizes for each group can be viewed in Table 3.6. 
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Table 3.6 

Coding and Age Group sample sizes  

 ABI TBI CVA 

    

Cod_Range    

7-25 29 18 9 

26-44 55 25 22 

45-63 19 10 7 

    

Cod_Mdn    

7-33 57 27 21 

34-63 46 26 17 

    

Age_RBN    

20-39 51 35 11 

40-49 24 10 10 

50-63 27 8 17 

    

Age_Mdn    

19-39 52 35 11 

40-63 51 18 27 

    

*Note missing cases and outliers are removed (n = 7) 

3.7 Assessing Effort 

Three commonly used embedded effort measures were applied to the dataset and 

assessed using a dichotomous cut-off (Optimal effort; Sub-Optimal effort). 

The RBANS Effort Index (EI) is an algorithm comprising the scores of RBANS Digit 

Span, and RBANS List Recognition to produce a numerical value representing effort 

(Silverberg, Wertheimer, & Fichtenberg, 2007). The EI has been well supported in a number 

of populations including ABI (Lippa et al., 2014); both as a dichotomous indicator of effort 

as well as dimensional (Lippa et al., 2014), although some studies have highlighted issues 

with false positive rates when using the EI with more severe cognitive impairments (Duff et 

al., 2011). A score of >3 will be used in this study as per the TBI validated specificity found 

in the Silverberg et al. study (2007). 
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Novitski, Steele, Karantzoulis, & Randolph (2012) developed another RBANS 

algorithm, the Effort Scale (ES) in response to the false positive issues highlighted in the EI. 

The scale is based on patterns of recall and recognition on RBANS List Recall, List 

Recognition, Story Recall, Figure Recall, and Digit Span. Validated with a sample of mild 

TBI and people with severe memory problems, the ES may have better sensitivity and 

specificity than the EI (Lippa et al., 2014). The cut-off recommended by Novitski and 

colleagues is >12 and this will be used in the current study to indicate sub-optimal effort. 

Another commonly used built-in measure of effort is the Reliable Digit Span (Iversen 

& Fransen, 1991; Greiffenstein et al., 1994; Babikian et al., 2006) which has been used with 

the RBANS Digit Span subtest. This measure is based on the longest string of digits correctly 

recalled over both Digit Span trials. Generally, a cut-off raw score of 7 has been used to 

indicate insufficient effort, however Schroeder et al. (2012) in their systematic review and 

cross validation study of RDS found advantages in specificity over sensitivity for clinical 

populations in utilising a cut-off of <= 6. Still, they caution interpretation in the case of CVA.  

3.8 Analysis 

3.8.1 Overview 

Following preparation of the dataset, a range of statistical analyses are described 

which are used to investigate the main study hypotheses. The computer program SPSSv26 

(Statistical Product and Service Solutions version 26; IBM), was used to compute all 

analyses. Some graphs and tables were created using Microsoft Excel (Microsoft). Parametric 

and non-parametric analyses were computed based on meeting statistical test assumptions.  

3.8.2 Managing the Dataset 

3.8.2.1 Missing Values, Outliers 
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The dataset was initially inspected for missing values and irregular coding. Some 

values were missing due to data entry error. A Missing Values Analysis indicated that Little’s 

(1988) test of Missing Completely at Random (MCAR) was not significant, χ 2 = 34.26, DF = 

29, p = .230, indicating the data was statistically likely to be missing randomly and not 

systematically (variables presented in Table 1.1, Appendix D). These missing values were not 

transformed for the analysis; SPSS excluded these cases. 

On some key variables, outliers were identified through visual inspection of scatter 

plots, computation as extreme values through stem-and-leaf plots and boxplots, examination 

of skewness and kurtosis data, and in some cases conversion to standard z-scores (e.g. 

RBANS_Coding). These were filtered out of the analysis in SPSS. 

As per Table 1.3 and 1.4 in Appendix C, some additional criteria were considered to 

mitigate any confounding, and applied in supplementary analyses. The effect these had on 

sample sizes is in some cases too limiting to be applied, for example excluding on the basis of 

RDS. 

3.8.2.2 Reliability Analyses of Key Measures 

After preparing the dataset, reliability analyses were conducted on the outcome 

variables RBANS Total Scale Score, and the MPAI-4 Total and its subscales to examine 

internal consistency reliability (Table 3.7). A Cronbach’s alpha level of >0.7 has been 

recommended as representing a good level of internal consistency (DeVillis, 2003; Kline, 

2005). The MPAI-4, as previously described, consists of 30 items; a Cronbach’s alpha 

determined these items (representing the overall scale) to have a high level of internal 

consistency (alpha = .912).  

3.8.2.3 Distributions 
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The distributions of key variables were examined for normality for the main ABI 

group and its levels, through visual inspection of scatter plots, box-plots, and histograms. 

Skewness and kurtosis values were calculated, and Kolmogorov-Smirnov or Shapiro-Wilk 

were both computed relative to the sample size of the group level (K-S>50>S-W). This  

Table 3.7 

Results of Reliability Analysis for outcome variables 

Measure Subscale Cronbach’s alpha 

  ABI TBI CVA 

     

MPAI-4 Ability .82 .86 .76 

 Adjustment .91 .92 .91 

 Participation .70 .70 .73 

     

RBANS Immediate memory .89 .89 .90 

 Attention  .25 .32 .13 

 Visuospatial .55 .47 .43 

 Language .39 .42 .33 

 Delayed memory .73 .64 .76 

 Total Scale .77 .75 .66 

 

allowed the identification of outliers and their statistical effects on the distributions. The 

distribution analyses for RBANS Coding, RBANS Total Scale Score, and MPAI-4 together 

with all relevant K-S and S-W computations for the ABI group and subtypes is in Section 1 

of Appendix D (see also Table 1.2, Appendix D). The majority of the SPE variables were 

non-normally distributed, with varying extremes, likely due to the low range of scores (e.g. 0-

3), however it was decided not to transform the data as this would make the data harder to 

interpret (Laerd Statistics, 2017). 

3.8.3 Statistical Analyses 

Initially, descriptive statistics are computed analysing the demographic variables 

described in Table 3.1. These include frequencies, percentages, means, medians, inter-

quartile ranges, and standard deviations (SDs). A grouped frequency table and mode statistic 
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was used to describe variables with a limited range (e.g. List Learning Trial 1-4 words 

recalled). This data is an essential reference point for understanding the inferential statistics 

observations. The study hypotheses are then addressed, with exploratory supplementary 

analyses carried out to assist in understanding findings and meet the study aims. 

A consequence of designing the study to explore the dataset using a number of 

important hypotheses and further supplementary hypotheses, was the need for a large number 

of inferential test enquiries of the dataset. This gives rise to an increased potential for 

spurious values in the form of Type I error; however, rather than control for these errors 

through an alpha level adjustment (e.g. Bonferroni correction) which would likely 

dramatically reduce statistically significant findings at the .05 level, p-values less than .01 

were considered to be more acceptable on which to base discussion. Values within this 

threshold are marked in tables using bold text. Values within .05 are not omitted for the 

purposes of reference. 

Standardised effect sizes were reported where possible, although caution is observed 

due to a lack of previous ‘benchmark’ effect sizes given the paucity of research in this area 

(Schafer & Schwarz, 2019). Still, non-brain injury SPE studies (e.g. Mild Cognitive 

Impairment - Talamonti et al., 2019) have utilised similar analyses, and reported effect sizes - 

which can help interpretation. Large effect sizes often indicate a meaningful real-world 

relationship between variables (Coe, 2002; Sullivan, 2012; Schafer & Schwarz, 2019). 

3.8.3.1 Comparing ABI Subtypes  

ABI subtype comparisons were made between the TBI and CVA groups using 

Independent samples t-tests where possible (e.g. Age at onset, RBANS subtests, MPAI-4). 

Due to non-normal distributions (see Section 1 and Table 1.2 in Appendix D), and violations 

of test assumptions, non-parametric tests were used – a Mann-Whitney U (comparing Age, 
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Duration of Condition), Chi-square test of Independence (comparing Education level). Where 

test assumptions were violated, the test used to check and identify the violation has been 

reported in the Results section. Where the sample size was fewer than 50 the distribution was 

checked for normality using a Shapiro-Wilk test; otherwise Kolmogorov Smirnov was used. 

3.8.3.2 Defining SPE 

Paired samples t-tests were used to compare the SPE variables of Primacy, Middle, 

and Recency region scores at different time points (Trials 1-4). When comparing between the 

groups, although there were violations in normality of distribution, they were not adjudged 

severe enough to affect the Independent samples t-test (Laerd Statistics, 2017) which was 

used for these calculations.  

3.8.3.3 Investigating PS Group Interactions 

Bivariate Pearson’s correlations were run to assess the statistical relationships 

between RBANS Coding, Age, RBANS List Learning Trial 1-4 and Total, and the SPE 

variables for each of the scoring methods. As many of the SPE variables were not normally 

distributed, Spearman’s rank tests were used.  

Assessing the relationship between RBANS Coding, Age, and the SPE variables 

helped establish the location of the statistically significant relationships between RBANS List 

Learning and RBANS Coding. Simple Linear Regression was used to investigate the size of 

the effect of Coding and Age on the List Learning and SPE variables. 

The PS Groups were compared across the List Learning and SRM SPE variables to 

investigate the relationships more precisely relating to participants in slow, medium, and fast 

Coding speed groups, and in young, middle, and older age groups. This was done using 

independent samples t-tests and One-way Analysis of Variance (ANOVA), Welch test (where 
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homogeneity of variance was violated) with post-hoc Games-Howell tests, and Kruskal-

Wallis tests. 

3.8.3.3.1 Between the Groups 

To investigate the role of RBANS Coding on List Learning (and SPE) between the 

TBI and CVA group, scatterplots were used to visually investigate the linear relationships 

(following the identification of statistically significant correlational relationships). Simple 

Linear regression was then used to explain the size of the effect of Coding and Age in these 

SPE variables.  

3.8.3.4 Predicting Brain Injury Severity 

In order to avoid part-whole data circularity which could inflate findings and lead to 

Type I error, RBANS Total Scaled Score could not be used wholly as the regression outcome 

variable. Informed by Silverberg and colleagues’ (2007) circularity issue (on the RBANS), 

SPE variable scores were separated from RBANS Total Scaled Score through creating an 

aggregate index score that did not include the List Learning subtest (from which the SPE 

variables are drawn). This variable is Adj. RBANS Total Index Score. The procedure is 

described along with variable characteristics, in Appendix D. 

Multivariate Regression analyses were employed to test the predictive ability of SPE 

variables on Adj. RBANS Total Index Score and MPAI-4 Total. Following assumption 

testing (reported in Results section), these regression analyses were generally subject to three 

phases – determining how well the data fit the linear regression model, establishing the 

coefficients of the model, and then using the values of the SPE variables to predict the 

outcome variable values (using SPSS contrast results). Adjusted R2 and Nagelkerke’s R2 were 

used to report goodness of fit and effect size, classified according to Cohen (1988) (Laerd 

Statistics, 2017). 
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3.8.3.5 Proc. Speed, SPE and Brain Injury Severity 

The interaction of Coding and Age in the relationship between SPE and Adj. RBANS 

Total Index Score, and MPAI-4 and RBANS Total Scaled Score was investigated through the 

use of Spearman’s correlations by PS Groups. Coding could not be examined as a mediating 

variable or moderator of RBANS Total Scale score nor Adj. RBANS Total Index Score due 

to data circularity confounding. 

3.8.3.6 Testing SPE Profile and Effort Level 

After classifying participants as Optimal/ Sub-optimal effort for each Effort measure 

(EI, ES, RDS), SPE variables were compared between these two levels at each trial as well as 

cumulatively. Due to SPE variable non-normality, an Independent Kruskal-Wallis test was 

used to compare between those with optimal and sub-optimal effort. The dataset was split by 

ABI subtype, allowing the separate analysis of TBI and CVA groups. 

3.8.3.7 Supplementary Analyses 

SPE as a predictor of brain injury severity (using the MPAI-4), and cognitive 

functioning (using the Adj. RBANS Total Index Score), was also investigated between the 

ABI groups. Multiple Linear regression modelling was used. 

Binary Logistic Regression was employed to predict the probability of the model 

correctly classifying the participants to TBI or CVA group. Sensitivity and specificity 

(including positive predictive values, and negative predictive values) to group classification 

was further explored using Receiver Operating Characteristic analyses (ROC; Hilbe, 2009). 

ROC analysis Area Under the Curve (AUC) values and corresponding classifications 

according to Hosmer et al. (2013) are shown in Table 3 of Appendix G.  
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4.0 Results 

4.1 Overview  

Initially, the dataset participant characteristics are presented with summary statistics 

for the main psychological tests utilised in the analysis. The main inferential analyses are 

then performed to investigate hypotheses. For clarity, ABI group investigations are sectioned 

separately to those of TBI and CVA subgroups. These two main analyses subsections 

describe the results of the statistics undertaken to investigate 1) SPE, 2) PS in SPE, 3) 

Predicting Brain Injury severity, 4) interaction of PS, SPE and brain injury severity. SPE and 

Effort is then investigated. Adjunct exploratory analyses within this section are delineated as 

so; a further Supplementary Analyses section is found in Appendix G, and additional test 

statistic assumption checking is in Appendix E.  

4.2 Descriptive Statistics and ABI Subgroup Comparisons 

4.2.1 Dataset Participant Characteristics 

Out of the 110 people (N = 110) included in the dataset, 57 (n = 57) were recorded as 

having sustained a TBI (of unknown type), and 39 (n = 39) as having experienced a CVA (of 

unknown type). Four cases were recorded as “anoxia”, four as “neoplasm”, two as 

“encephalitis”, two as “aboulia or other”, and two cases were unlabelled. Descriptive 

statistics for Age, Sex, Highest Education Level attained, Age at Onset (of injury), and 

Duration of Condition are all presented in Table 4.1. The median age of the participants was 

41 years old, with an interquartile range of 33-52 years old. The median number of years 

since the occurrence of the brain injury was 4.13 (Interquartile range = 2.13-9.06). 
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Table 4.1 

Group characteristics 

 ABI (N = 110) TBI (n = 57) CVA (n = 39) 

 M SD Range M SD Range M SD Range 

          

Age 41.75 11.38 44 

(19-

63) 

38.96 10.37 42 (21-

63) 

46.87 11.29 39 (23-

62) 

          

Sex %f 20.1% (32) - - 19.3% 

(11) 

- - 35.9% 

(14) 

- - 

          

Highest Educ. Level (freq. 

(%)) 

         

Primary School only 14 (12.7) - - 6 (10.5) - - 7 

(17.9) 

- - 

Junior Cert only 32 (29.1) - - 19 

(33.3) 

- - 9 

(23.1) 

- - 

Leaving Cert 39 (35.5) - - 23 

(40.4) 

- - 10 

(25.6) 

- - 

University 25 (22.7) - - 9 (15.8) - - 13 

(33.3) 

- - 

          

Age at onset 34.26 13.39 51 

(10-

61) 

31.14 11.89 51 (10-

61) 

40.89 12.36 45 (14-

59) 

          

Duration of condition 7.31 7.28 35 (1-

36) 

7.75 7.07 27 (1-

28) 

5.59 6.48 34.84 

(1.16-

36) 

  

4.2.2 Descriptive Summary Statistics for Psychological Test Variables 

The mean scores, standard deviations, and range of scores for the outcome variables 

are presented in Table 4.2. Referring to the original RBANS normative indices, for the 

average age in the study (41 years and 9 months), the average RBANS Total Scale score of 

72.02 is classified as being in the Borderline range when compared to people in the same age 

groups without brain injury. This indicates that the average participant in the dataset is 

performing better than 3% of their same-age peers. For the groups, this classification was in 

the Mildly Impaired range for those in the TBI group, and in the lower limits of the Low 

Average range for the CVA group. 
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Table 4.2 

Main study variable characteristics (corrected for missing values and outliers) 

 ABI  TBI CVA  

 Mean SD Range  Mean SD Range Mean SD Range p 

RBANS List Learning  

N = 109, n = 57, n = 38 

           

List Learning Trial 1 3.83 1.32 6 (1-7)  3.63 1.23 1-6 4.05 1.41 1-7 .128 

List Learning Trial 2 5.16 1.72 8 (1-9)  4.84 1.57 1-9 5.78 1.56 2-8 .005* 

List Learning Trial 3 5.77 1.97 9 (1-10)  5.57 1.70 1-9 6.15 2.08 2-10 .141 

List Learning Trial 4 6.27 2.04 9 (1-10)  6.00 1.87 1-9 6.68 2.13 2-10 .102 

List Learning Trials Total 21.05 6.21 31 (4-35)  20.05 5.35 4-31 22.68 6.43 7-33 .033* 

            

N = 107, n = 57, n = 37            

RBANS List Recall 3.40 2.81 10 (0-10)  2.56 2.41 0-8 4.54 2.91 0-10 .001* 

RBANS Digit Span 10.28 2.86 14 (2-16)  9.87 2.94 2-15 10.89 2.55 4-16 .187 

RBANS List Recognition  17.62 2.35 9 (11-20)  17.01 2.62 11-20 18.35 1.85 14-20 .014* 

RBANS Total Scale Score 72.02 15.58 71 (40-111)  67.24 14.32 42-100 80.37 10.43 49-111 .000* 

            

N = 103 n = 53, n = 38            

RBANS Coding  33.18 12.53 56 (7-63)  32.26 13.09 7-63 34.28 12.72 9-63 .538 

            

N = 109, n = 56, n = 39            

MPAI-4 Total(NS) 37.51 13.69 66 (-4-62)  38.55 15.18 66 (-4-

62) 

37.10 11.83 41 (16-

57 

.618 

MPAI Abilities (NS) 41.55 13.29 67 (-4-63)  43.25 13.70 67 (-4-

63) 

40.25 11.90 61 (-4-

57) 

.272 

MPAI Adjustment (NS) 38.93 17.59 76 (-6-70)  38.91 18.74 76 (-6-

70) 

40.74 15.65 76 (-6-

70) 

.617 

MPAI Participation (NS) 35.61 9.41 43 (7-50)  36.47 9.36 43 (7-

50 

34.67 9.54 42 (7-

49) 

.359 

Note. List Learning descriptives, List Recall, Digit Span, List Recognition, and Coding are 

presented using raw scores. MPAI-4 scores have been presented in raw and converted to 

manual provided standard scores. *p-value<.05; Bold indicates p-value <.01. 

 

Using the MPAI-4 classification table (see Table 3.3), the MPAI-4 total score for the 

dataset using both MPAI-4 indices, was in the mild range of severity (National Sample (NS), 

Mayo-Rochester Sample (MR); all MPAI-4 descriptives are viewable in Table 1 of Appendix 

F). This indicates that when compared to other individuals with ABI involved in community 

based rehabilitation, this sample was relatively mild in severity. This was also the case for 
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MPAI-4 Adjustment subscale, and MPAI-4 Participation subscale. The MPAI-4 Abilities 

subscale was in the Mild-Moderate range of severity.  

Although learning relatively few words at List Learning Trial 1, as can be seen from 

Figure 4.1, a consistent learning slope was then apparent for all groupings.  

Figure 4.1 

Learning Curve for each grouping across trials (List Learning Totals) 

 

 

4.3 ABI Group Inferential statistics 

4.3.1 Hypothesis 1.1 – 1.4: Describing SPE in ABI  

4.3.1.1 Intragroup Differences in SPE 

Although SPE variables violated the assumptions of normality (see Appendix D, 

Section 1 and Table 1.2 for values), t-tests were used to determine differences. The paired-

samples t-test is robust to violations of normality with respect to Type I error (Fradette et al., 

2003; Wiedermann & von Eye, 2013). For the SRM method SPE variables, referring to Table 
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4.3 there was a statistically significant difference in the scores for the Primacy and Middle 

region at Trial 1; the advantage of an extra item available in the Middle portion made no 

difference to the participants (see Table 4.4). Trial 1 Primacy was also statistically 

significantly different to Trial 1 Recency. Figure 4.2 illustrates these differences per wordlist-

item, and graphically presents the SPE profile of the ABI, TBI, and CVA groupings. 

Figure 4.2 

Serial Position Effect at Trial 1 

 

Table 4.3 

ABI group results of related samples t-tests for SRM method SPE variables by Trial 

 Trial 1  Trial 2  Trial 3  Trial 4  

 t(108) p t(108) p t(108) p t(108) p 

Primacy and Middle  4.988 .000* .410 .682 -.588 .588 1.028 .306 

Primacy and Recency 4.939 .000* 1.452 .149 .364 .716 2.482 .015* 

Middle and Recency .346 .730 1.064 .290 .903 .369 .980 .329 

*p<.05, bold p<.01  
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Across trials, referring to Table 4.3, there was a statistically significant difference 

between Primacy (M = 2.21, SD = .95) and Recency (M = 1.94, SD = .92) at Trial 4. 

Cumulatively, after four trials, there was a Primacy effect: SRM Primacy Total was 

statistically significantly different to both SRM Middle Total, albeit at the .05 level of 

significance (t(101) = 2.059, p = .042), and SRM Recency Total (t(101) = 3.672, p <.001); 

approximately one additional word was recalled overall in the Primacy region when 

compared to the other regions (see Table 4.4). The trajectory of the SPE variables across 

trials is illustrated in Figure 4.3. 

Table 4.4 

Serial Position method variable summary statistics (at List Learning Trial 1 and Totals) 

 ABI  TBI CVA  

 Mean SD Range  Mean SD Range Mean SD Range p 

            

SRM Trial 1 Primacy 1.68 .88 3 (0-3)  1.74 .85 3 (0-3) 1.68 .96 3 (0-3) .781 

SRM Trial 1 Middle 1.09 .88 3 (0-3)  .98 .81 3 (0-3) 1.28 .99 3 (0-3) .101 

SRM Trial 1 Recency 1.04 .90 3(0-3)  .91 .89 3(0-3) 1.07 .94 3(0-3) .385 

SRM Primacy Total 7.62 2.81 12 (0-12)  7.84 2.74 12 (0-

12) 

7.50 2.79 11 (1-

12) 

.556 

SRM Middle Total 6.90 3.52 15 (0-15)  6.12 321 14 (0-

14) 

8.07 3.60 14 (1-

15) 

.007* 

SRM Recency Total 6.46 2.68 12 (0-12)  6.05 2.63 9 (1-

10) 

7.07 2.87 12 (0-

12) 

.076 

Note. RWS and CRW scoring methods were included as between ABI subgroup exploratory analyses 

and can be viewed in Appendix F Table 2. *p-value<.05; Bold values indicate p-value <.01 
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Figure 4.3 

SPE trajectory across trials (SRM) 

 

 

4.3.2 Hypothesis 3.1: Processing Speed and Age in ABI 

To provide context, exploratory correlations were investigated on the root variables. 

A bivariate correlational analysis was run to investigate the linear relationships between 

RBANS Coding, Age, RBANS List Learning trials 1-4, and the SPE variables (results of 

these correlations are presented in Appendix F, Tables 4 and 5). As expected, Age had a 

negative effect on Coding performances, indicated by a Pearson’s correlation being 

statistically significant, moderately negative between Age and RBANS Coding, r = -.345, n = 

103, p <.001.  

4.3.2.1 Were there relationships between RBANS Coding or Age variables and SPE 

variables across Trials and Totals? 

Correlations between Coding and SPE variables for Trials 1-4, as well as cumulative 
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significantly associated with the SPE variables, ranging in strength from weak-to-moderate 

positive associations with SPE. At Trial 1, Coding was not statistically significantly 

associated with Middle or Recency region scores in this group. 

To explore the strength of the effect of Coding and Age on the SPE variables, Simple 

Linear Regression were performed. Coding was a statistically significant predictor of the 

Primacy region Trial 1 and Total scores, and Middle region Total scores (see Appendix E, 

Section 3 for assumption checking analysis). As predictor of Trial 1 Primacy, Coding 

accounted for 6.8% of the variance (F(1, 100) = 7.343, p = .008), and this was similar for 

Primacy Total where 6.8% of the variance was also accounted for by Coding ((F(1, 100) = 

7.340, p =.008). The Middle region total also yielded a significant model, F(1, 100) = 10.381, 

p = .007), Coding accounting for 9.4% of the explained variance, indicating Coding 

performances to be slightly more related to the Middle region total scores than Primacy total. 

A smaller effect at a weaker significance level was observed on Recency Total, with 4.9% of 

the variance accounted for by Coding (F(1, 100) = 5.105, p = .026).  

For Age, bivariate Spearman’s correlations showed statistically significant, negative 

weak relationships between Age and List Learning Trial 3, 4, and in total (see Appendix F, 

Table 5). A linear regression established that Age could statistically significantly predict 

Primacy at Trial 3, 4, and Total, with the largest of these effects at Primacy Total - F(1, 100) 

= 14.395, p = .004, Age accounted for 7.9% of the explained variability. The regression 

equation was: predicted Age = 10.561 + (-.068 x Primacy total score). 

4.3.2.2 PS Groups: RBANS Coding Groups and Age Groups 

4.3.3.2.1 Were there Coding Speed differences between the Age Groups? 

For context, differences in the age groups on Coding performance was explored. 

Independent samples t-tests showed significant differences between the younger and older 
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Age_RBN group on the dependent variable Coding, t(76) = 2.925, p = .005, supporting the 

detrimental role of aging on Coding performances – the younger age group (20-39) had the 

fastest Coding speeds. 

4.3.2.2.2 For the SPE variables, were there differences between the Coding or Age 

Group levels at Trial 1? 

Following assumption checking (see Appendix E, Section 4), there were no 

statistically significant differences at the .05 level between the means of the Age_RBN or 

Age_Mdn group SPE variables at Trial 1 – Age was not a significant determinant of number 

of words recalled in each region.  

For the Cod_Range group, Primacy region at Trial 1 was statistically significant 

(Welch's F(2, 47.146) = 4.784, p = .013). Games-Howell post hoc analysis revealed that the 

mean increase from Coding 7-25 to Coding 45-63 on Trial 1 Primacy (.73, 95% CI [.16, 

1.30]) was statistically significant (p = .009); quicker Coding performers recalled more 

Primacy items upon first hearing the wordlist.  

There were no significant differences in the means of the SRM variables at Trial 1 for 

the Cod_Mdn group levels, indicating the significant difference was located towards the 

extremes of the Coding performances. Figure 4.4, and 4.5 illustrates these findings. 

4.3.2.2.3 For the SPE variables, were there differences between the Coding or Age 

Group levels across Trials 2-4 and Totals? 

A Welch test was used which reported a statistically significantly difference for 

Primacy Trial 3 between the younger and older levels of Age_RBN (Welch's F(2, 43.72) = 

6.902, p = .002). This was similar to the Age_Mdn group, with statistically significant 

differences at Trial 3 Primacy (Welch's F(1, 87.43) = 14.875, p <.001), Trial 4 Primacy (F(1, 

100) = 3.346, p = .039), and SRM Primacy Total (Welch's F(1, 93.79) = 5.883, p = .017) 
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variables; meaning age was a significant factor in the Primacy region recall at Trial 3 at the 

.01 level of confidence, with Trial 4 and Total score significant factors at the .05 level. 

Figure 4.4 

Frequency graph (%) for each correctly recalled item by Age_RBN group 
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Figure 4.5 

Frequency graph (%) for each correctly recalled item by Cod_Range group 

 

It was noted that many of the group comparisons yielded significance at the <.05 

level, which was important for consideration of further analysis and resulting discussion. For 

the Coding groups, the Middle region score was statistically significantly different at Trial 2, 

3, 4 and overall for the Cod_Range group; post-hoc Tukey’s tests showed there was an 

increase in Trial 2 Middle from the 7-25 level (M = 1.28, SD = 1.11) to the 45-63 level (M = 

2.21, SD = 1.08), a mean increase of .93, 95% CI [.09, 1.75], which was statistically 

significant (p = .026); on Trial 3 Middle an increase from the 7-25 level (M = 1.50, SD = 

1.03) to the 26-44 level (M = 2.14, SD = 1.25) (.64 change, 95% CI [-1.28, .007], p = .047), 

and from the 7-25 level to the 45-63 level (M = 2.31, SD = 1.00; increase of .82, 95% CI [.08, 

1.55], p = .027). On Trial 4 Middle, the 7-25 level (M = 1.64, SD = .98) was significantly 
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There were differences in the totals: the cumulative total for Primacy was statistically 

significantly different (Welch's F(2, 43.380) = 4.140, p = .023) between the levels of the 

Cod_Range groups. There was statistically significant mean increase of 2.31 (about two 

words) (95% CI [.37, 4.23]) between the levels Coding 7-25 and Coding 45-63 (p = .016). 

Middle Total also increased significantly (Welch's F(2, 49.919) = 5.942, p = .005) 

between the Cod_Range: 7-25 level (M = 5.38, SD = 2.20) and the 26-44 level (M = 7.25, SD 

= 3.24) (1.96, 95% CI[-3.9, -.03], p = .045), and again between the 7-25 level and 45-63 level 

(M = 8.26, SD = 2.80) (2.97, 95% CI[.49, 5.45], p = .014). For this group there was also a 

significant increase from the first level 7-25 (M = 6.64, SD = 3.06) to the third level (M = 

8.94, SD = 2.36) (2.31, 95% CI [.43, 4.17], p = .011). 

For the Cod_Mdn group there were significant differences between the two levels on 

variables Trial 3 Recency (F(1, 100) = 4.304, p = .041, and Recency Total (F(1, 100) = 

4.097, p = .046), the probability value indicating a relatively weaker strength support for the 

effect of Coding on Recency region recall at Trial 3 and in total. 

Important to overall interpretation, it was noted that many of the group comparisons 

yielded significance at the <.05 level. 

4.3.3 Hypothesis 4.1-4.3: SPE variables as a Predictor of Brain Injury Severity 

4.3.3.1 Hypothesis 4.1: Do SPE Trial 1 and Total variables predict Adj. RBANS Total 

Index Score? 

Subsequent to test assumption checking (see Appendix E, Section 2), simple linear 

regression analyses were performed for each Trial 1 SRM SPE variable as predictor of Adj. 

RBANS Tot. Trial 1 Primacy was not a statistically significant predictor (F(1, 100) = 1.793, p 

= .184, adj. R2  = .008); Trial 1 Middle region was statistically significant at the <.05 level, 

explaining a relatively small amount of the variance (F(1, 100) = 5.218, p = .024, adj. R2  = 



68 
 

.04); and Trial 1 Recency was not a significant factor (F(1, 100) = 2.766, p = .099, adj. R2  = 

.017).  

Similarly, Simple Linear Regression were completed for the SRM SPE Total scores. 

SRM Primacy Total was a statistically significant predictor of Adj. RBANS Tot at the <.05 

level ((F(1, 100) = 4.833, p = .030, adj. R2  = .036); as was Middle Total (F(1, 100) = 22.919, 

p = .000, adj. R2  = 17.7); and Recency Total (F(1, 100) = 10.912, p = .000, adj. R2  = .089). 

As an adjunct analysis, acknowledging combining the SPE Totals into a regression 

block is no different to entering List Learning Total score, a Simple Linear Regression using 

List Learning Total score as predictor accounted for 24.8% of the variance (F(1, 100) = 

34.712, p = .000, adj. R2  = .248), a relatively large effect size. 

4.3.3.2 Hypothesis 4.2: Do SPE Trial 1 and Total variables predict MPAI-4 Total Score? 

For the full ABI sample, there were no significant correlations between the SPE 

variables for each scoring method, and MPAI-4 Total Score or MPAI-4 subscales.  

4.3.4 Hypotheses 4.3 and 4.4: Proc. Speed, SPE and Brain Injury Severity 

4.3.4.1 Hypothesis 4.3: PS Groups, SPE, and Adj. RBANS Total Index Score 

The dataset was split and compared using Spearman’s Correlation to investigate 

relationships between SPE variables and Adj. RBANS Total Index Score. For the Cod_Range 

group 7-25, no Trial 1 SPE variables were statistically significant. SRM Recency Total was 

not statistically significant (rs(26) = .305, p = .122); however SRM Primacy Total and Middle 

Total had strong positive statistically significant relationships with Adj. RBANS Total Index 

score (rs(26) = .445, p = .020, and rs(26) = .561, p = .002 respectively). The levels 26-44 did 

not have any statistically significant associations between SPE and Adj. RBANS Total Index 

score, whereas the 45-63 grouping had a moderately positive statistically significant 
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relationship between SRM Middle Total and Adj. RBANS Total Index Score (rs(37) = 

.429, p = .007). 

For the Age_RBN groups, while there were no significant relationships for the middle-

aged group (40-49), the 20-39 and 50-63 groups showed moderate to large positive 

statistically significant relationships between SPE cumulative totals and Adj. RBANS Total 

Index Score scores. Although SPE was not significant at Trial 1, the SPE Totals were each 

statistically significantly associated with Adj. RBANS Total Index score, Middle Total 

particularly strong for the youngest grouping (rs(51) = .534, p = .000). The eldest level of 50-

63 years old, did not show any significant association between Trial 1 Primacy or Recency 

score and Adj. RBANS Total Index score, however Trial 1 Middle region was moderately 

positively statistically significant (rs(26) = .473, p = .013); in addition, Middle Total and 

Recency Total were statistically significantly associated with Adj. RBANS Total Index score 

– all correlations are presented in Table 6 of Appendix F. 

For the Primacy, Middle and Recency at Trial 1 and Totals, Pearson’s Partial 

Correlations revealed that when controlling for Age, these scores tend towards significance 

(see Tables 6 in Appendix F for Partial Correlation List Learning results). 

4.3.4.2 Hypothesis 4.4: PS Groups, SPE, and MPAI-4 

Post-hoc exploratory analyses through the use of Spearman's rank-order correlations 

were run to assess the relationships between the SPE variables (at Trial 1 and totals), and the 

MPAI-4 variables, by the Coding and Age groups. For the Cod_Range: 45-63 group, there 

was a statistically significant, strong positive correlation between Trial 1 Recency and the 

MPAI-4 Total (NS) (rs(19) = .504, p = .028), and its subscales (Ability: rs(19) = .499, p = 

.030; Adjustment: rs(19) = .510, p = .026; Participation: rs(19) = .514, p = .024) – in this 

Coding speed group, participants who recalled more words from the Recency region at Trial 
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1, were more severely impaired as per MPAI-4 ratings (although significance was at the <.05 

level). In the Age_RBN groups there were relatively (compared to Coding groups) few 

statistically significant associations; the 40-49 age group having a strong positive correlation 

between Recency score at Trial 1 and MPAI-4 Adjustment (NS) - rs(24) = .513, p=.007. 

There was a weak negative statistically significant relationship between the 20-39 group’s 

Middle Total scores and MPAI-4 Participation (rs(51) = -.274, p=.047), although at a less 

certain level of statistical confidence.  These PS Group correlations can be found in Table 6 

of Appendix F. 

4.4 ABI Subgroups (TBI, CVA) 

4.4.1 Hypothesis 2.1 and 2.2: Describing SPE in TBI and CVA 

4.4.1.1 Intergroup differences in SPE  

Between the groups… There were no statistically significant differences between the TBI and 

CVA groups on Trial 1 Primacy, Trial 1 Middle, or Trial 1 Recency (see Appendix F, Table 

2). For the List Learning Trial 2 overall score, the groups were statistically significantly, with 

the CVA group generally recalling one list item more (M = 5.79, SD = 1.56) than the TBI 

group (M = 4.84, SD = 1.58 at this stage (M = .95, 95% CI [-1.60, -.29], t(93) = -2.877, p = 

.005). Referring to Table 2 in Appendix F, this significant difference was located in the 

Middle and Recency regions of the list, and not in the Primacy. There was no significant 

difference between the groups in Primacy. Figure 4.7 illustrates these differences across the 

learning trials for each group.  

Within the groups… Referring to Appendix F: Table 2, at Trial 4, the Middle region was 

significantly stronger in the CVA group when compared to the TBI group (M = .75, 95% CI 

[-1.21, -.29], t(93) = -3.261, p = .002); and when compared to the CVA Trial 4 Recency 

region was significant but at a lesser level of confidence (t(37) = 2.130, p = .042). For the 
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TBI group, Primacy was statistically significantly stronger than both Middle (M = .62, 95% 

CI [-.87, -.17], t(56) = -3.001, p = .004) and Recency (M = .55, 95% CI [.12, .75], t(56) = 

2.805, p = .007) regions at Trial 4. 

As is visualised in Figure 4.6, the CVA Middle region total words recalled was statistically 

significantly larger than the TBI Middle total (for values see Table 2, Appendix F). 

Figure 4.6 

Stacked Bar Chart of cumulative SPE totals for ABI, TBI, and CVA groups by mean scores 
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Figure 4.7 

SRM method variable means across trials for the TBI and CVA group 

 

 

4.4.2 Hypothesis 3.2: Processing Speed and Age (TBI / CVA) 

4.4.2.1 RBANS Coding and Age Variables 

To assist with context, the TBI and CVA groups were compared on Coding 

performance. There were no statistically significant differences in Coding score between the 
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4.4.2.1.1 Is there a difference in the relationship between Coding variables, and SPE 

across Trials for the ABI Groups? 

Referring to Table 3 in Appendix F, varied correlations between Coding and the SPE 

variables were observed across the ABI groups. For further investigation of the role of aging 

in SPE for these subgroups, Table 4, Appendix F presents correlations between Age and SPE 

variables. 

To explore the strength of the effect of Coding on the SPE variables, Simple Linear 

Regression were performed. Simple Linear Regression analyses were performed for each of 

the SRM method variables per group as dependent variables, and Coding as predictor. 

Although a regression model was not statistically significant for the TBI group, a simple 

linear regression model using Coding as predictor of Trial 1 Primacy in the CVA group, 

accounted for 17.4% of the explained variance (F(1, 35) = 7.398, p = .010). The CVA 

participants were no different to the TBI participants in terms of number of words recalled 

overall at Trial 1 (t(88) = -1.546, p = .128; Table 1, Appendix F); Coding speeds were 

significant in the CVA group’s number of words recalled in the Primacy region at Trial 1 

when compared to the TBI participants.  

Although at a lesser level of statistical confidence, Coding was more significant in the 

TBI group when investigating cumulative words recalled: running a simple linear regression, 

Coding was a significant predictor of Primacy Total (F(1, 51) = 4.175, p = .046), accounting 

for 7.6% of the variance; also, Middle Total, explaining 8.6% of the variance (F(1, 51) = 

4.770, p = .034). For the CVA group, Coding was not a significant predictor of SPE totals. 

4.4.2.2 Coding Groups and Age Groups 

4.4.2.2.1 Were there TBI/ CVA group differences between the levels of the Coding/ Age 

Groups for the SPE variables? 
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A one-way ANOVA was conducted to determine if the SPE variables were different 

for the levels of the Coding groupings (Cod_Range, Cod_Mdn) or Age groupings (Age_RBN, 

Age_Mdn) when accounting for type of injury (TBI/ CVA).  

Trial 1 

For the CVA group, Trial 1 Primacy recall scores were statistically significantly 

different between Cod_Range levels, F(2, 34) = 4.472, p = .019. It was shown to increase 

linearly from the Coding 7-25 level (M = .88, SD = .83) to the 26-44 level (M = 1.81, SD = 

.95), and 45-63 level (M = 2.14, SD = .69). Tukey post hoc analysis revealed that the mean 

increase from 7-25 level to 26-44 level (.94, 95% CI [.41, 1.84]) was statistically significant 

(p = .039), as well as the increase from 7-25 to 45-63 (1.25, 95% CI [.22, 2.33], p = .017), but 

no other group differences were statistically significant. As expected, TBI group differences 

were not statistically significant. 

For the Age groups, the younger and older TBI group levels were statistically 

significantly different for overall List Learning Trial 1 score (t(41) = 2.204, p = .033), and for 

SPE, the Age_RBN group showed through one-way ANOVA statistically significant 

differences for the TBI group on Trial 1 Primacy (F(2, 50) = 3.718, p = .031), indicating the 

significant differences in overall score was located in the Primacy region. Inspection of post 

hoc Tukey’s computations showed the mean increase between the level Age 40-49, and the 

level Age 50-63 (.93, 95% CI [.03, 1.81]) was statistically significant (p = .039). The 

significance values were noted in terms of statistical confidence in the findings. 

No other groups (or group levels) were statistically significantly different for either 

TBI or CVA. 

Across trials and totals 
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Figures 4.8.1 and 4.8.2 graphically illustrate the TBI and CVA group performances on 

List Learning trials 1-4 per item. On the List Learning trial overall scores, for the TBI 

Cod_Range group, the high and low speed levels were significantly different at Trial 3, 

whereas for the CVA group these levels were statistically significantly different at Trial 2, 

and overall. 

On the SPE variables, these Cod_Range levels were not statistically significantly 

different for the TBI group; for the CVA group levels, there was a statistically significant 

difference on Primacy Total at the <.05 level (Welch’s F(2, 12.914) = 3.989, p = .045) 

between the 7-25, and 45-63 levels (Games-Howell post-hoc analysis (2.48, 95% CI [-1.3-

2.67], p = .031). 

No other significant differences were observed for the CVA group across the Coding 

and Age groups on the SPE variables. However, the TBI group showed significant 

differences on the Age grouping levels. The younger and older Age_RBN groups were 

statistically significantly different on List Learning Trial 2 overall score (t(41) = 2.287, p = 

.027), Trial 3 overall score (t(41) = 3.206, p = .003), 4 (t(41) = 3.079, p = .004), and in Total 

(t(41) = 3.414, p = .001). When locating these differences in the SPE regions, the younger 

and older groups were statistically significantly different at Primacy region Trial 4 (Welch’s 

F(2, 18.141) = 7.540, p = .004; .80, 95% CI[.20, 1.40], p = .031) and overall in the Recency 

region (Welch’s F(2, 14.923)= 4.698, p = .026; 2.04, 95% CI[.38, 3.70], p = .014). 
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Figure 4.8.1 

TBI group performance per item across trials

 

Figure 4.8.2 

CVA group performance across trials 
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Figure 4.9 

Graph demonstrating SPE curve differences at Trial 1 between levels of EI Effort measure 

group

 

4.5 Hypothesis 5.1: SPE and Effort 

As the SPE variables were non-normally distributed, non-parametric analyses were used. 

All earlier cases excluded due to outlier scores, were included in this analysis. An 

independent samples Kruskal-Wallis test was used to compare the mean ranks of the 

participants classified as Sub-Optimal Effort/ Optimal Effort across the RBANS_EI, 

RBANS_ES, and RDS groups. Results are presented in Table 11 of Appendix F. There were 

statistically significant differences between those classified as Optimal/ Sub-Optimal effort 

on the EI measure, on Trial 1 Primacy, Total Primacy score, and Total Middle score. Figure 

4.9 shows the SPE curve for these participants, demonstrating the unusual Primacy region 

performance when compared to participants classified as optimally performing, and a 

different SPE profile (Primacy is raised in the Optimal Effort group relative to Middle and 

Recency). 
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4.6 Conclusion 

Through the use of parametric and non-parametric analysis, the dataset was 

comprehensively statistically examined to answer the present study hypotheses, as well as 

explore the data through adjunct supplementary investigations. An ABI SPE profile was 

established, with distinct differences found in the TBI and CVA SPE profiles. The stage of 

describing profile was important, with particular differences in the ABI subgroups 

cumulatively. Coding and Age variables interacted with SPE at different points during the 

List Learning trials, and examining Coding group levels and Age group levels located these 

interactions in terms of Coding performances, and age group. SPE was found to predict 

cognitive functioning to different degrees however brain injury severity (MPAI-4) was less 

clear. Coding and Age were found to affect the relationship between SPE and MPAI-4. 

Participants classified by effort level were compared on SPE variables, with different profiles 

identified. 
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5.0 DISCUSSION 

5.1 Overview 

The Discussion section will evaluate findings and expand on how they relate in terms 

of meaning and importance to theory and research, and clinical applications, referring to 

previous research findings where possible. The main study aims are investigated through the 

results of the hypotheses, describing Serial Position Effect (SPE) profiles, the interaction of 

Processing Speed (PS) with SPE, the use of SPE as a predictor of functioning, and other areas 

relevant to clinical practice. These applications of SPE are presented, with Limitations and 

recommendations for future research.  

5.1.1 Reviewing Study Purpose, Rationale, Aims 

The current research sought to explore SPE in brain injury, its usefulness as an 

assessment tool, and usefulness as a predictor of outcome. There is a lack of research 

concerning SPE in ABI, with few studies specifying ABI subtypes. The study aimed to 

broach literature gaps in the clinical usefulness of SPE - particular to identifying profiles, 

considering its role in a shortened battery, and helping understand test effort levels in a 

sample of people with brain injury. SPE represents a nuanced neuropsychological dimension, 

of which research supporting prognostic indications of brain injury severity and outcome are 

scarce. Further, a main aim of this study was to expand SPE theory, through exploring the 

influence of PS (and by default, Age).  

5.1.2 Summary of Main Findings 

The main findings identified unique SPE profiles in brain injury and the subtypes of 

TBI and CVA, differing mainly by the stage of measurement during List Learning trials. 

Investigating these profiles in terms of PS, revealed interactions between test-based measures 

of PS, and Age, which carry different meanings at separate time-points and in different SPE 

regions for both subgroups. In addition, these interactions are associated with overall 
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cognitive functioning, yielding potentially useful predictive algorithms. However, SPE 

associations with brain injury severity and functioning following brain injury, were less clear. 

The SPE profile established was found to have potential use as an indicator of sub-optimal 

effort.  

5.2 Describing SPE in ABI, TBI and CVA 

5.2.1 Intragroup Differences 

5.2.1.1 ABI Learning Curve & Key Feature 

Across the List Learning Trials 1-4, notwithstanding a poor overall performance 

relative to non-brain injury peers (Borderline Impaired range of ability), the total participants 

in this dataset demonstrated a relatively normal learning curve, recalling one or two extra 

words after each learning trial. However, as described, the words being recalled at each 

learning Trial differed in where they were placed in terms of Primacy, Middle, and Recency 

regions. A pronounced Primacy effect when compared to Middle and Recency region scores, 

was a distinguishing feature of SPE in the sample. This was the case on first hearing the 

wordlist, after the fourth iteration, and when all scores were totalled. It appeared the sample’s 

Middle and Recency region recall began to close the difference by Trial 4, and were there to 

have been another learning Trial, the Primacy effect may not have endured. 

Though few studies of SPE in ABI were identified during the structured review, the 

majority of literature described a relatively normal SPE profile to be expected in ‘brain 

injury’, with the classic Primacy/ Recency dominated curve. These studies were based mostly 

on people with TBI injuries, just one study described a ‘mixed’ sample (O’Donnell et al., 

1988), however, a reduced Primacy region was described, contrary to the current findings. 

The SPE profile at Trial 1 of that study was not reported, so no Trial 1 comparison can be 

made; O’Donnell et al. (1988) report using the five trials of the RAVLT, and considering the 

aforementioned finding in the present study where participants demonstrated varied learning 
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speeds in each SPE region over the trials, this may be a challenge to the RAVLT test 

methodology. It may have been the case the participants in that study were of a different 

severity level to those of the current study. 

5.2.1.2 TBI Learning Curves & Key Features 

At an average of 39 years old, the TBI group was classified in the Impaired range of 

ability on the List Learning trials when compared to peers without brain injury. The group 

generally recalled 4, 5, 6, and 6 words from 10 across the four trials, demonstrating a 

relatively limited ability to learn. 

The analysis showed this group to have a pronounced Primacy effect at Trial 1 when 

compared to Middle and Recency regions, which was also the case after totalling all four 

trials. At Trial 2 and subsequently Trial 3, the Middle and Recency regions saw steadily 

significant improvement, however while Primacy improved after a fourth trial, Middle and 

Recency regions did not. Examining the learning curve illustrated in Figure 4.7, it appears 

this group greatly benefitted from a second and third iteration, and at that point given an 

apparent plateau in Middle and Recency regions, may have reached a saturation point. It may 

be the case the TBI participants then began to refine their learning, from the start of the list, 

showing additional recall in the Primacy region; this may represent a learning pattern, - in 

any case, repetition was important for Middle and Recency region recall and the Primacy 

region seemed the most important focus of learning (relative to the CVA group).  

Most studies identified in the structured review were based on TBI samples of 

differing severities and ages to the present study. Just one study- Bernard et al. (1991), 

reported a similar SPE profile in their sample of 18 “generalised” TBI participants; however, 

the first learning trial SPE results were not reported and findings were RAVLT based totals. 

Other studies using similar measures and participants as the Bernard et al. (1991) study, and 

using larger sample sizes (such as the Bigler et al. (1989) study), reported different SPE 
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profiles. It is therefore difficult to claim consistency with the findings of Bernard et al. 

(1991). 

5.2.1.3 CVA Learning Curves & Key Features 

The CVA group average was 47 years of age, with an overall List Learning 

performance level placed in the Low Average range when compared to the RBANS 

normative sample matched for age. The group recalled an average of 4, 6, 6, and 7 words 

from 10 across the Trials. 

After the first list learning trial, the CVA group showed a significantly stronger 

Primacy region recall than Recency, but not Middle. There were no differences in the CVA 

SPE regions at Trial 2 or 3; however, at Trial 4, the Middle effect appeared to become 

pronounced – significantly stronger than Recency, and almost statistically stronger than 

Primacy (p = .083). It must be considered however, there is an extra item in the Middle 

region which may give participants a greater chance of recalling from that region over the 

start and end regions. Overall, totalling all regions saw no significant differences. 

When compared to Primacy region learning across trials, this group of CVA-injury 

participants appear to recall more items from the Middle and Recency regions after a second 

and third iteration, with continued learning in the Primacy and Middle regions on the fourth 

iteration (with the Recency region plateauing, see Figure 4.7). The group’s SPE may be 

described as somewhat pronounced in the Primacy region following Trial 1, with a graduated 

slope downwards into the Middle region and further tapered downwards into the Recency 

region. For overall totals, there appears to be no one region which is more pronounced than 

the other; no SPE. In interpreting Figure 4.7, there may have been learning saturation 

between Trial 2 and 3, with stronger learning in the Primacy and Middle effect occurring 

again in Trial 4. The difference in the profile from that of the TBI group was unexpected and 

demonstrates the importance of reporting SPE profile across learning trials rather than in total 
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or only at the first trial. This finding suggests SPE profile is not fixed and can change 

dependent on other factors such as differences in ability to learn during the trials. Most of the 

studies in the structured review, do not report SPE differences across trials, and this may 

challenge the validity of those results. Recent studies in SPE compare across trials (e.g. 

Cunha et al., 2012) and it would be a recommendation for future studies to consider this.  

Comparing findings to previous research is difficult due to scarcity and very different 

methodology in the studies that do exist. In the Schoo et al. (2014) study, 42.5% of that CVA 

sample were classified as showing no SPE (no one region more pronounced than the other), 

which may be somewhat consistent with the cumulative total findings in the current study; 

however, that study methodology was not based on word list memory, but temporal memory 

for subtest timing which was queried of the participant following assessment. In addition, the 

average age in that study was 64 years’ old, and the participants were tested only 2-3 weeks 

following injury. 

The other reviewed CVA study - Cappa et al. (1990), which had investigated 

Primacy/ Recency-split SPE in CVA participants compared by left or right sided hemisphere 

injury, reported a reduced or absent Recency recall in line with the present findings. 

However, Cappa et al. averaged the scores over ten iterations of word-list trials, whereas in 

the current study as we have seen, after just four iterations, the Recency region was no 

different statistically to the other regions. Cappa et al. carried out the experiment just 15-30 

days following the injury, so it is possible at that stage of recovery, the difficulties in the 

Recency region were more pronounced, leading to apparently extended Recency region 

deficits despite increased word-list iterations.  

5.2.2 Inter-group Differences 

On the RBANS List Learning measure, the CVA group outperformed the TBI group 

at each Trial, and overall.  
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These differences were statistically significant at Trial 2 and in total, inferring the 

CVA group had quicker learning ability than the TBI group after hearing the information a 

second time, and overall.  

The dissimilarity was located in the Middle and Recency regions. While the CVA 

group outperformed the TBI group in these regions, the TBI group Primacy was relatively 

strong across trials. This led to the main difference in the shape of the groups’ SPE profiles. 

While the TBI groups’ learning appears to have been mainly focused on the Primacy region 

until the second trial, the CVA group seems to have spread the focus to the Middle region as 

well as the Primacy region initially, then building on that learning quicker and stronger than 

the TBI group in Trial 2, leading to no statistically significant SPE curve overall. 

This may be explained in a number of ways. One reason may be that the words heard 

by the CVA-injured participants may create a stronger set of engrams which do not decay as 

quickly as the TBI group. As described by Barton and Brewer (2020), the transient 

phonological trace created may not be retained long enough to become (or be transferred to, 

dependent on the theoretical model applied), a working memory trace (as per Awh et al. 

(2006)).   

There may be executive functioning differences which affect the TBI-injured 

participants’ ability to cope with the demands of memorising relatively fast incoming 

information. It also could be the case that differences in the ability to process information 

quickly may impact on encoding processes, interacting with the executive control of trace 

engrams, building a strategy, or naturally consolidating information faster. Although, 

Vanderploeg et al. (1994) found executive processes were not a significant factor in list 

learning. As Glanzer (1972) earlier hypothesised, it may also be due to a difference in 

participant rehearsal speed. 
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5.3 Interaction between SPE and PS Groups 

5.3.1 ABI Group 

Setting aside the subgroup differences, and considering the full sample, the analysis 

suggested that Age and PS both played a role in SPE, but at different time points and in 

different regions. On first hearing the word list (Trial 1), ABI participants with better 

performances on Coding, tended to recall approximately one more word from the Primacy 

region of the list, generally Item 1 (illustrated in Figure 4.5), implying speed was important to 

participants in encoding the first three words heard. 

Across the trials and in overall totals, Coding performances were most strongly 

related to Middle region recall, indicating thinking speed may account for increased learning 

in the full sample. After the four trial iterations, there was a difference of approximately 3 

words in this region alone associated with Coding speed. The association with PS and the 

Recency region was less consistent, only appearing to be a significant factor at Trial 3, and 

after all trials were totalled.  

Locating the influence of PS and Age through the Coding and Age group levels, aside 

from the younger age advantage in Coding speed, there was no age advantage for Trial 1 SPE 

recall. Across trials, there was a small effect of age mainly occurring after Trial 3 in the 

Primacy region, suggesting although small, age may provide a subtle, cumulative effect over 

trials.  

Overall, PS as theoretically captured by the Coding subtest performances, was a 

stronger determinant of performance than Age, located in the Primacy region at Trial 1, and 

Middle region overall. PS may also provide advantage in cumulative Recency scores. Coding 

speed, and Age-related speed (or other age-related ability), both contributed to different 

aspects of SPE recall, suggesting these concepts may represent separable contributions to 

serial position memory processes. This may help understand the conflicting findings and 
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conclusions by Korsnes et al. (1996) and Griffin et al. (2017), with those of Sekuler and 

Bennett (2017), and Kail and Salthouse (1994) discussed earlier in section 2.5.1, relating to 

age advantages on word-list learning. It may be the case that these differences are not in 

overall List Learning performances, but in each SPE region; and may not represent a “single 

factor of mental speed” (Korsnes et al., 1996). 

5.3.2 TBI Group  

For the participants with TBI injury, Coding speeds were moderately associated with 

overall recall scores for List Learning Trials 2, 3, and 4. However, investigating the results 

through comparing groups of participants split by Age and Coding scores did not support 

these differences across SPE variables. Coding speed was a significant factor in the Middle 

region of Trial 3, and cumulatively, totals for the Primacy and Middle region almost reached 

significance at the .05 level when comparing the low and high speed Coding groups. Overall, 

Coding-measured speeds had a small effect on TBI SPE. This finding was unexpected, and 

suggests that Coding–related speed is not a major factor in SPE processes for people with 

TBI. 

Age provided an advantage in Primacy region recall for the TBI group. The advantage 

was located in the middle-aged group, performing better than the younger and older groups. 

This may conflict with a theory of age being a linear advantage/ disadvantage; it also may 

reflect genuine advantages in middle age that are under-developed in younger people, and 

decreased in older people. However, the younger group’s performances in the Primacy region 

became a clearer advantage at Trial 4 Primacy, with the older group recalling on average 2 

words fewer than the younger (and middle-aged groups). Age was significantly negatively 

associated with Primacy region across all trials and cumulatively for the TBI group; this may 

be an important finding for researchers and clinicians interpreting Primacy region 

deterioration in older adults where there may be a history of TBI. 
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5.3.3 CVA Group  

The relationship between Coding performances and Trial 1 Primacy as well as 

Primacy Total scores, was well supported for the CVA group. Those with lower scores on 

Coding recalled fewer words from the Primacy region at the first list iteration, with the faster 

Coding performers recalling more. This was also the finding in the CVA group at Trial 4 in 

the Middle region, with the participants in the faster PS group levels recalling more words.  

The findings suggest that for participants with CVA-related injury, encoding and 

recalling Primacy region items may be reliant on abilities captured by Coding performances, 

possibly thinking speed. Considering the CVA SPE profile at Trial 1, where there was no 

significant difference between the Primacy region and Middle region, it may be the case these 

participants are ‘spreading’ the Coding-related thinking advantages across the Primacy and 

Middle regions. 

Age was not a factor in SPE for the CVA group, with no significant associations 

found across trials nor cumulatively, despite being moderately negatively associated with 

Coding scores in this group. Similar to the TBI findings, and when compared to the parent 

ABI group, this was unexpected, and made clear the ABI group findings were not reflecting 

its subgroup differences.  

5.3.4 Disproportionate PS Advantages in TBI/ CVA  

When compared, although Coding-related abilities were an advantage to both CVA 

and TBI groups when recalling wordlist items generally, the SPE region most affected by 

these abilities differed. While the TBI group did not show SPE-specific differences related to 

Coding speeds, the participants in the CVA group with faster Coding speeds recalled more 

items in the Primacy region on first hearing the wordlist. The TBI group, in light of the CVA 

group findings, did not appear to require a speed advantage to perform just as well or better 

than the CVA group in this region. 
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5.3.4.1 Low Speed CVA versus TBI 

Referring to Figure 4 in Appendix I, for example, at Trial 1, 100% of those in the 

faster Coding group (both TBI and CVA) recalled Item 1, with 80% of those in the slower 

TBI Coding group recalling this item, however just 12% of the slower range CVA Coding 

group. This stark difference is again the case for Item 10 between the groups, with 70% 

recalling Item 10 (CVA High speed Coding), but none of the slower CVA Coding group 

recalling it, compared to a closer range of scores in the TBI group (50% to 35%).  

These nine CVA group participants with slower performances on Coding, may have 

been particularly cognitively impaired, as when compared to TBI group participants with 

similar Coding performances, they did not encode the Primacy items as expected; these 

unknown impairments causing such differences between the groups, might explain the Trial 1 

Coding speed effect for the CVA group in the Primacy region.  

5.3.4.2 Age 

The analysis suggests Age was more important to overall list learning for the TBI 

group, with no relationship found for the CVA group. For the TBI participants, this 

advantage was in the Primacy region. When considering this alongside the possible reliance 

on Coding speed abilities in the CVA group, Kail and Salthouse’s (1994) theory of how 

experience may compensate for neural speed slowing may be relevant. While the CVA group 

may rely on thinking speed abilities to recall Primacy region items, TBI group participants 

may rely on age-related abilities for recall in this region. 

5.3.5 Coding and Age in Primacy, Middle and Recency 

5.3.5.1 Primacy 

The results suggest that although Primacy was significantly enhanced by PS in the 

CVA group at Trial 1, and not in the TBI group, overall the TBI group Primacy scores were 

consistently marginally better than the CVA group without reliance on Coding-estimated PS. 
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This may suggest Primacy (as measured through this method) is a phenomenon which is not 

significantly affected by PS. Age appeared to be a factor more so than Coding in the TBI 

group. It may be the case that difficulties with Primacy region memory in the CVA group 

may be reliant on PS advantages to compensate – the low speed CVA group performed 

poorly in the Primacy region (relative to TBI). Further, there was no significant difference in 

the ABI groups on Coding suggesting no overall speed advantage in the list learning trials 

(although may be located in the Middle regions). This may feed a theory that the groups 

differed on when they actually applied Coding-related speed abilities; similar to the Time and 

Flow theory suggested earlier (see Section 2.4.3). 

It may be that the TBI group tended to use most memory and attentional resources on 

the Primacy region, whereas the CVA group spread these resources across the Primacy, 

Middle, and Recency regions – however this may not explain the markedly poor Primacy 

performances of the slower CVA group – which may suggest these processes occur without 

awareness, in the absence of a conscious strategy. 

5.3.5.1.1 Lack of Association between Primacy and Delayed Memory 

Previous studies had suggested an association between Primacy effect, and delayed 

memory ability, particularly in studies of memory conditions (e.g. Moser et al., 2013; 

Talamonti et al., 2019). In the current study, no association was found between RBANS 

Delayed Memory Index scores and Primacy region scores at Trial 1 or cumulatively. There 

were no differences between participants recalling one word in the Primacy region after Trial 

1, or those recalling 3 in this region after Trial 1. This was the case for both TBI and CVA 

groups (see Table 1 Appendix F). Through dissociation, these findings support studies of 

populations with organic memory conditions in that the Primacy/ Delayed Memory link did 

not occur. In comparison to those studies, participants in the present study recalled items after 
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a 20 min delay regardless of their Primacy region performances, suggesting intact 

consolidation abilities located throughout the list. 

Foldi et al. (2019) recently found in a sample of healthy participants (mean age of 70), 

an improvement in recalled Primacy region items over time (Primacy Progression), which 

was not present in the sample of people with Alzheimer’s disease. Although Delayed List 

Recall items were not recorded in the current study dataset, findings imply the differences 

underlying Primacy region scores in these ABI groups may impact on these processes. 

Primacy items encoded during trials, but not verbalised, may be more likely to be recalled 

later by the TBI group, on the basis of the CVA group apparently requiring speed advantages 

to perform in this region. This may be important in expanding the relatively new primacy 

progression theory in older adults, due to the higher incidence of CVA-injury. 

5.3.5.2 Middle Region 

Middle region scores appeared to be better across trials and cumulatively for those 

participants with faster Coding performances. Except for Trial 4 in the CVA group, this 

difference was less obvious when moving from ABI group investigation, to TBI/ CVA 

analyses. The TBI group performances in the Middle region, and Recency region was more in 

line with the cognitively normal group of older adults in the Griffin et al. (2017) study, 

however age was not a factor for the Middle or Recency regions in the current study. 

5.3.5.4 Recency Region 

Recency effect was reduced for the full ABI sample, and for both subgroups. 

Participants in the faster CVA Coding group performed best on Recency overall, though not 

significantly so when compared to TBI, or to the groupings by Age. For the ABI group, 

overall there was a significant advantage to the faster speed Coding group at Trial 3 Recency, 

and in total Recency scores, although the overall effect remained reduced when compared to 

Primacy. This was an unexpected finding. Considering RBANS Digit Span was ranked in the 
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Average range for the TBI group (Group average age of 39; Group average of Raw score 

=10; z-score= -.68; 25th %ile), and in the Average range for the CVA group (Group average 

age of 47; Group average of Raw score= 11; z-score= .18; 55th %ile), this does seem to 

support the dissociation of Recency performance from working memory ability, in line with 

Capitani et al. (1992), and Baddeley’s model of a separable phonological store (1986), or 

separate auditory trace as per Barton & Brewer (2020) (see Section 2.4.3). Still, the 

difference in the groups on Digit Span, although not statistically significant, does add to a 

theory of a possible contributing advantage to Middle and Recency region recall scores, and 

this may be an avenue for further nuanced investigation through split group comparisons as 

has been done in the current study with Coding (and Age). 

5.4 Group Membership 

Given the differences in SPE curves between both groups, and the apparent 

interaction of PS and to a lesser extent, Age; analysis was supplemented to investigate 

whether these differences may be useful in statistically distinguishing the two groups of ABI, 

TBI and CVA (see Appendix G, section 8). 

A theoretical model was identified based on group differences - differences based on 

Middle region at Trial 1, participants with CVA tending to be older as well as the potentially 

slight advantage in age-related speed, and differences in Coding performances.  

The model explained a relatively large amount of the variance in the CVA group 

(27.9%). 75.6% of cases were correctly classified, with a specificity of 84.9% and sensitivity 

of 62.2%. This means the model would be successful in detecting people with CVA (when 

compared to TBI), in 62.2% of cases. It means that in 84.9% of cases, the model could 

correctly identify those with TBI (when compared to CVA).  

The model had 77.3% accuracy overall, which when compared to the Talamonti et al. 

(2019) model of 65% accuracy (using Delayed Primacy region scores to distinguish older 
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adults with Mild Cognitive Impairment (MCI) from healthy controls), and the Howieson et 

al. (2011) study reporting 81% accuracy (classifying MCI from AD), demonstrates the 

usefulness of SPE, along with PS and Age in distinguishing participants with TBI, from CVA 

related injury.  

5.5 SPE as a Predictor 

5.5.1 Predicting Cognitive Functioning 

A number of models were created to predict an overall RBANS Total Score (adjusted 

for the removed subtest List Learning), a composite score indicating level of cognitive 

functioning. With clinical utility in mind, models were assembled using Trial 1 SPE variables 

only, which were relatively weak models. This may be due to the low range of scores at this 

stage of the test.  

The cumulative totals provided a greater range, which likely helped magnify and 

identify improved linearity between SPE variables and RBANS Total Score. The Middle total 

was a relatively stronger predictor of overall cognitive functioning (as measured by the 

RBANS). The Middle region has been the most difficult area of wordlists to encode, as 

exemplified by the universal U-curve of the serial position phenomenon; it is therefore 

unsurprising 17.7% of the variance in the adjusted RBANS scores could be accounted for by 

this region total.  

However, Trial 4 Middle region scores improved on this one-predictor model of Total 

Index Score, accounting for 23.1% of the variance. Each item (from 4 possible items) 

recalled at this stage of Trial 4, increased the Total Scaled Score by 29.771 (maximum of 

+40.278). This suggests Trial 4 Middle region recall performances were the most 

representative of overall cognitive functioning in these participants. 

In a supplementary analysis to further explore the data, a regression model 

incorporated other SPE scoring methods, and this included the Standard Raw Method (SRM) 
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Trial 4 Middle region score, SRM Recency region score at Trial 2, and the Reverse Weighted 

Scoring (RWS) score from the Primacy region at Trial 4. This model could account for 

32.2% of the variance in the adjusted RBANS Total Index Score, a large effect size. Each 

correctly recalled item from these regions could raise the Total Score by 26.881, 20.833, 

1.489, respectively (a potentially cumulative total adjusted RBANS index score of 443.053 

(107.244+62.499+4.467).  

TBI versus CVA 

Supplementary analyses to explore the associations and differences in the ABI subgroups in 

predicting an Adj. RBANS Total Index Score through SPE, revealed relatively large effect 

sizes. In TBI, with Middle Total as predictor variable, up to 13.9% of the variance in Adj. 

RBANS Total Index Score was explained; in CVA, Middle Total together with Recency 

Total accounted for 31.4%. Middle Total in TBI and CVA was associated with faster Coding 

performances. 

5.5.1.1 Influence of PS on the relationship between SPE and Overall Cognitive 

Functioning 

Coding-related abilities had an influence on the relationship between SPE and 

Adjusted RBANS Total Index Score,- results indicated there to be a Coding-related 

advantage for participants at Trial 1 Primacy learning, Totals, and generally in Middle region 

recall, which was pronounced at Trial 4. Examining the PS Group level relationships between 

SPE and Adj. RBANS Total Index Score allowed the influence of Coding-related ability 

differences in the sample’s participants to be investigated (third-variable statistical analyses 

could not be performed due to circularity).  

The low speed group showed a moderately strong relationship between Primacy Total 

and Adj. RBANS Total Index Score, and Middle Total and Adj. RBANS Total Index Score, 

indicating that for those with low Coding scores, Total Primacy and Middle region Total 
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scores may be a stronger marker of overall cognitive functioning. In theory, this may imply 

that should those with lower PS recall more words from the Primacy and Middle regions 

overall, they can still perform well in total cognitive functioning score, and this may imply 

these participants are using other cognitive skills/ abilities besides speed (such as attentional/ 

executive skills) to compensate and perform better including on other cognitive tests (and 

possibly extending this functionally). The Middle region totals relationship to Adj. RBANS 

Total Index Score in the high-speed group, along with the aforementioned low-speed group 

suggests this may be a useful indicator of overall cognitive functioning, however a lack of 

significant association in the mid-speed group might imply that for some of the sample, 

Coding-related abilities were not a significant factor in overall cognitive functioning.  

Age was weakly significantly associated with Adj. RBANS Total Index Score, 

however was negatively moderately associated with Coding, and with List Learning – 

particular to the Primacy region Trial 3, 4, and Total scores. This means that younger 

participants generally performed better than older participants in these areas. Further 

investigation implied an interaction between Age and SPE in determining the relationship 

with Adj. RBANS Total Index Score.  

When controlling for Age, in addition to the level of statistical confidence becoming 

stronger, the cumulative SPE variables’ relationship with Adj. RBANS Total Index score 

increased, and in some SPE regions this was a substantial increase. Investigating this further 

by splitting the Age groupings into tertiles, the relationship between SPE cumulative totals 

and Adj. RBANS Total Index Score for participants aged between 40-49, was not significant, 

indicating this age group’s SPE totals were unrelated to overall cognitive functioning. 

However, for the youngest group (20-39) and oldest group of participants (50-63), there were 

interesting relationships between SPE and Adj. RBANS Total Index Score. The Middle 

region total relationship was quite large for the younger group, meaning for those between 
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20-39 years old, the Middle region total may be a good indicator of overall cognitive 

functioning, (also considering there were moderate strength correlations with Primacy Total 

and Recency Total but at a lower level of statistical confidence). A relatively large 

association was found between the older age group and Recency total, which may suggest 

this region can be the best indicator of overall functioning for this age group (notwithstanding 

the association with Middle Total at the .05 level of significance). For these older 

participants, Middle region scoring at Trial 1 suggested a strong association between this 

capacity and overall cognitive functioning.  

5.5.2 Predicting Brain Injury Severity 

5.5.2.1 Influence of PS Groups on SPE and Brain Injury Severity (MPAI-4) 

Although the SPE variables were not found to be significant predictors of Brain injury 

severity as per MPAI-4 ratings, when controlling for PS using the groups, there were some 

significant findings mainly in the group of participants with the fastest Coding performances. 

For this group of participants, Trial 1 Recency scores were strongly associated with Ability, 

Adjustment, Participation, and Overall functioning. This suggests participants with faster 

Coding performances who recalled more items at Trial 1 in the Recency region, were more 

impaired across MPAI-4 subtests.  

Participants in the mid-speed range on Coding had a moderately negative relationship 

between Recency total and Participation, which implies higher Recency region scores overall 

indicate better participation following brain injury. However, this finding may contradict the 

findings of the faster speed group – it is also possible that this group may be impaired in other 

areas which affect their MPAI-4 scores.  

There was also a finding relating to age group – participants aged 40-49 had strong 

positive relationships between Trial 1 Recency recall, and the Adjustment subscale, 

indicating recalling more Recency region scores may be related to more impaired 
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functioning. The younger age group, 20-39, demonstrated a weak-to-moderately negative 

relationship between the Middle region total and Participation subscale, which suggests 

recalling more items in the Middle region across trials is related to better participation after 

brain injury. The differences may represent injury-related impact to normal SPE processes. 

The consistent Recency region finding for the fast speed Coding group suggests that 

in this dataset, participants recalling more Recency items at Trial 1 were experiencing more 

severe brain injury outcomes. It may have been the case these participants were impaired on 

Primacy and Middle region stage processing, relying on the temporary phonological store 

somewhat reflected in Recency region recall, similar to SPE profiles in Alzheimer’s disease 

(e.g. Talamonti et al., 2019).  

Although compensating for Primacy and Middle region recall difficulties through this 

recent memory span strategy might imply relatively good insight and executive ability, 

Leitner and colleagues (2019) did not find a relationship between executive functioning and 

MPAI-4 Adjustment, blurring any supposed links. The authors suggest this may instead be 

related to mood; Grant (2021) recently posited mood may be a better predictor of functional 

outcome and severity. This may be a potential area for future research in participants with 

brain injury. 

5.6 Effort 

5.6.1 Flattened Primacy 

Three embedded indicators of effort level algorithms were applied to the data. 

Previous studies had shown malingerers to show a flattened Primacy region effect (Bernard, 

1991; Suhr et al., 2002; Powell et al., 2004). Also, given the general SPE profile in this 

dataset showing a Primacy effect, Primacy scoring does imply participants with low Primacy 

scoring to be unusual in the sample. The participants classified as showing inadequate effort 

using the RBANS EI, and RDS, both showed a reduced Primacy region at Trial 1 and overall. 
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However, this was not the case for the RBANS ES. Also, Middle region total score was a 

commonly found indicator of inadequate effort between the three Effort groups. 

5.6.2 False Positives 

The ES measure may be inappropriate in this population. The ES algorithm classified 

57 from 107 participants as sub-optimally performing. 33% of those classified by the EI as 

inadequate effort recalled no Primacy items at Trial 1, with just 5.2% of the participants 

classified as Adequate effort recalling no Primacy items. For the RDS, this was 33%/ 4.1%. 

But in the ES group, this was 5.2%/ 10%, indicating there were more participants who 

recalled no Primacy items classified as showing adequate effort than those classified as 

inadequate; further, scanning the SPE mean rank differences show in most cases, the 

Inadequate group out-scored the Adequate: it is likely using this effort indicator would yield a 

high rate of false positives in a brain injury population. Considering this dataset represented a 

group of participants rated by MPAI-4 as having mild severity injury, this may be contrary to 

previous assumptions that a higher rate of false positives is more likely to occur when using 

these effort measures with moderate-severe brain injury groups (Novitski et al., 2021; 

Macciochi et al., 2017). In contrast, the EI and RDS appear to have made classifications 

which are more likely to be correct in this context, this based on a generally large difference 

in the mean SPE ranks, and unusually low mean rank score differences in the Primacy region 

for this dataset, as well as the low number of participants recalling no Primacy items at Trial 

1 in the Adequate effort classified group relative to the Inadequate. 

As EI and RDS use RBANS Digit Span, and List Recognition to detect sub-optimal 

effort, in contrast to ES’s use of RBANS List Recall, List Recognition, Story Recall, Figure 

Recall, and Digit Span, the demand on subtest performances is greater - which may suit 

participants with higher functioning where an interaction between cognitive dysfunction and 

everyday activities is unlikely. Additionally, using List Recall does not allow for the apparent 



98 
 

nuanced SPE differences in populations such as MCI and Alzheimer’s (Foldi et al. 2003; 

Bruno et al., 2018; Talamonti et al., 2019), as well as the current study brain injury SPE 

profile findings, which may miss unusual recall patterns during List Learning. 

5.7 Comparing the Scoring Methods 

The use of a Middle region, as recommended by Howieson et al. (2011), was essential 

to the findings of this study. The key feature in discriminating the TBI and CVA curve at 

Trial 1, was the Middle region slope. Although at times the extra item in the Middle region 

did add room for potential bias because the participant had more items to choose from (and 

therefore more chance of correctly recalling from this region), it could also be viewed as a 

disadvantage in that it may have been more difficult to recall the items in this region. When 

considering the usual finding of a reduced Middle region in SPE studies, and the general 

difficulty that the full ABI sample in this study had in recalling words from this region – the 

Middle region items likely represented more valuable items. 

The Standard Raw Score Method (SRM) (Howieson et al., 2011) was undoubtedly the 

most straight-forward scoring method for interpreting and understanding SPE in this dataset. 

The Retention Weighted Scoring (RWS) system (Buschke et al., 2006) was no more useful in 

discriminating between the groups in this dataset, than the SRM method, despite its 

discriminability value being highlighted by Howieson et al. (2011). However, in an 

exploratory stepwise regression, a combination of the RWS and SRM methods was found to 

be a more powerful predictor of overall cognitive functioning. 

While the Consistent Response Weighting (CRW) method frequently produced 

similar results to the SRM and RWS methods, it was not stronger in any statistical findings. 

However, it may be useful in supporting other scoring methods or exploring response patterns 

in SPE where recall ‘scatter’ (Groth-Marnat, 2000) is suspected. The CRW comparisons 
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mimicked the SRM results in the present study, which might suggest the sample 

demonstrated consistent responses.  

5.8 Clinical Implications 

5.8.1 Establishing ABI Profiles 

As mentioned in Section 2.3.4, discriminating between neuropsychological profiles 

holds advantages such as in differential diagnostics. The SPE profiles clearly outlined in the 

current study provide clinician and researcher with a reference literature for typical 

performance in SPE regions of word list trials, controlling for age and speed differences on 

Coding tests. These findings supplement the growing literature on SPE profiles and can sit 

alongside the work of Foldi et al. (2003), Bruno et al. (2018), and Talamonti et al. (2019) 

when interpreting an examinee’s SPE curve in clinic. 

5.8.2 Lack of ABI Subtype Distinction in SPE Research 

No other research has compared SPE in ABI to the depth of investigating subgroup 

differences. TBI and CVA appear to have different SPE profiles, with the Middle region 

more pronounced at Trial 1 in CVA, and after totalling all trials showing no SPE which is 

different to the Primacy effect finding in TBI. Clearly, studies mixing these subtypes run the 

risk of inconsistent findings. 

In addition, the Coding speed advantage highlighted in the ABI group for the Primacy 

region at Trial 1, appears to be influenced heavily by the CVA group differences rather than 

TBI. This may imply the TBI participants do not significantly benefit from a PS advantage at 

Trial 1 as might be presumed. Similarly, the findings of Age being a significant factor in 

Primacy scores at Trial 3, and in total, are likely significantly influenced by the TBI group 

difference. This may be an important distinction when considering the long-term effects of 

PS-related difficulties. PS dysfunction is a common and enduring difficulty in brain injury 
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(e.g. Svingos et al., 2019), and this finding provides a more nuanced understanding of how it 

may affect memory processes.  

5.8.3 Learning Differences in TBI and CVA 

An understanding of the differences in SPE regions, and the significance of these 

regions in overall learning, may be important in a rehabilitation context. The TBI group 

appear to perform well in the Primacy region regardless of possible PS advantages, whereas 

the CVA group appear to rely on speed advantages in this region. For the Middle and 

Recency regions, the TBI group find it more difficult to learn in these areas, requiring at least 

two additional iterations before being able to build on overall learning; the learning occurred 

faster in the CVA group who began to excel in the more difficult Middle region after 3 trials. 

5.8.4 Low Speed CVA Group Compensation 

CVA group participants with low speed performances on Coding tended to perform 

poorly at Trial 1 Primacy and significantly better in Trial 1 Recency. As inferred previously, 

this may provide clinicians insight as to how this subgroup may compensate using executive 

skills rather than speed related abilities. This PS-related finding may be of use in studies 

reporting reduced Primacy effect, such as those in memory conditions where a Recency effect 

is instead observed (e.g. Talamonti et al., 2019). 

5.8.5 Using SPE for predicting TBI/ CVA Pathology 

The regression model described may be a useful algorithm for clinicians where 

subgroup differentiation may be useful. This might be in the case of mixed pathologies, such 

as when it is unknown whether a CVA or TBI was the primary injury, and/ or where 

neuroimaging findings are vague. Foldi et al. (2019) report distinct locational differences in 

the neuroanatomical correlates of SPE regions. Differences in Primacy region recall are 

reported as being associated with reduced grey matter volume in the left Medial Temporal 

Lobe (MTL) and in specific temporal lobe substructures; Middle region recall was associated 
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with the cerebellum bilaterally; and Recency recall was associated with the MTL (bilaterally) 

and the right Superior Temporal Gyrus (STG). With the apparent differences in the SPE 

profiles of the current study subgroups, in addition to the use of the regression model, these 

correlates may guide the clinician in correctly classifying the injury, potentially informing 

pathway and prognosis. 

5.8.6 Predicting Overall Functioning and Brain Injury Severity 

A number of models were successful in helping explain overall cognitive functioning 

differences, as measured by the Adj. RBANS Total Index Score. These models may be useful 

in clinic where a patient’s SPE recall results can be inserted into the regression model. 

Although SPE was not a significant predictor of MPAI-4 rated brain injury severity, there 

were interesting associations between Trial 1 Recency region, and Middle region total scores 

– with further research the nature of these relationships may become clearer and new models 

created.  

5.8.7 Indicating Effort 

Findings suggest that, in this brain injury context, SPE can be useful in helping 

understand a test examinee’s level of effort. A ‘flattened’ Primacy region score at Trial 1 or 

when totalling the Primacy region, may indicate an unusual performance for an individual 

classified reporting brain injury symptoms or diagnosed with brain injury. In line with the 

more progressive dimensional approach to effort during testing, SPE may serve as an 

embedded indicator of effort during the list recall period. Based on these study findings, 

however, clinicians should observe caution when applying the Novitski et al. (2012) 

embedded effort algorithm with this population. 

5.8.8 Shortened Batteries 

As outlined in Section 2.3.2.1, there are many advantages to a shortened test battery. 

As we have seen, SPE can be utilised to give an overall estimate of cognitive functioning. 
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Even where a participant has failed to complete all List Learning trials, SPE data from Trial 1 

can help formulate the person’s possible brain injury subtype profile, the level of likely 

Coding performance (possibly representing processing speed), overall cognitive functioning, 

and their level of effort. It may also give an idea of how the participant applies executive 

functioning skills.  

This is potentially of importance not only where a neuropsychologist may need to 

interpret an incomplete assessment, or administer a shortened assessment, it may also be 

important in developing test batteries for use in acute settings. This may have a secondary 

benefit of addressing some of the mass research difficulties outlined earlier in Section 2.3.1 

(e.g. future consideration of SPE as an ‘Occasional’ factor in Svingos et al. (2019) model 

considering it may predict cognitive functioning).  

5.8.9 Testing SPE in Language Impairment 

As demonstrated earlier, language difficulties can mean exclusion from usual testing protocol 

(e.g. Zhang et al., 2016). The Schoo et al. (2014) CVA study findings show some 

consistencies with the current CVA sample profiles. Although it was not the intention of the 

study, the method employed of querying temporal order through placing cards, may have 

potential as a valid non-verbal measure of SPE. This may be a future research opportunity. 

5.9 Limitations of the Current Research 

Being a secondary data analysis, there were many limitations to the research not under 

the control of the authors, which may reduce the quality of findings. 

Firstly, the data analysis was limited in that the usual assumptions of inferential 

statistical tests were often violated requiring the use of non-parametric analyses. This was 

mainly due to non-normal distributions of scores, likely attributed to a low range of scores 

available in the SPE variables. Even if most tests used in this study may be considered as 

being robust to mild-moderate violations, findings should be interpreted with caution (and 
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where appropriate this has been expressly stated). This also limited the testing strategy, for 

example, where a factorial ANOVA may have been useful in exploring interactions between 

multiple groups and levels.  

A major consideration in the undertaking of a study to expand recorded data and 

generate new theory, is in the study’s capacity to avoid being underpowered while controlling 

for Type I and Type II error. While error is an inevitable outcome for a fraction of statistical 

test results, the proportion of errors can be mitigated through lowering the acceptable level of 

error in the alpha level. Statistically, as the number of statistical inference tests increase, the 

chances of statistically significant findings increase, not all of which are genuine and true 

probability values (p-values; Type I error). Lowering this alpha level reduces Type I error, 

however greatly increases Type II error proportionate to the number of tests carried out on 

the sample. For example, utilising a Bonferroni correction in this study, accounting for all 

correlations, comparisons, and regressions performed (approximately 500), would reduce the 

alpha level to 0.0001. This means one would only accept significance below this level for all 

test results. In this study, the corrected alpha level would control for the expected error within 

the family of tests - Family-Wise Error Rate (FWER), which through calculation suggests 

there would be a 99.99999% chance of there being a Type I error in these study results. 

The appropriate use of adjustments to account for error have been widely debated 

with no agreed consensus across researchers (Perneger (1998); Cabin & Mitchell (2000); 

Nakagawa (2004); Armstrong (2014)), and the concern of unnecessarily strict alpha level 

corrections is important to studies wishing to expand theory. For example, in this study, it is 

debateable where the familywise error begins and ends (i.e. magnitude of error), which would 

have extreme implications for the investigation. This being a preliminary study, designed to 

generate theory more so than report confirmatory statistics, meant finding a balance between 

acceptable Type I/ II error with so many statistical tests placed the study authors into the 
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position of not controlling for the family-wise error rate; instead, emphasis was not placed on 

rigid p-value thresholds, although p-values lower than 0.01 were at the centre of any premises 

formed. It is, of course, the assumption of the authors that any findings herein would be 

corroborated by future researchers seeking to replicate in another suitable brain injury 

dataset. With this in mind, the reader is encouraged to interpret the p-values and study results 

with caution.  

There was no control group data, which places the findings in isolation as they are 

comparable only to a brain injury sample. In addition, this is one of only a few studies to use 

the RBANS in investigating SPE, again this difference should be considered.  

These individual differences may be important, and relevant nuanced data was 

unavailable, such as medications a person may be taking (i.e. influencing ability to engage 

(O’Reilly et al., 2016)), the rehabilitation they may have had to date, or the progress they may 

have made since the injury first occurred. 

The description of injury is relatively vague. Although defined as TBI or CVA 

injuries, often the descriptions of injuries available to clinicians are vague, there is no data to 

confirm the extent to which these injuries are separable through a TBI/ CVA categorisation, 

nor information regarding neuroanatomical lesion location, etc. Participants with TBI can 

often have similar lesion sites as those with CVA. This was a limitation of the current study 

subgroup comparisons. 

5.10 Future Research Recommendations 

Given it was made clear through comprehensive literature review there is a general 

lack of research in this area, the current study has contributed to a base of findings and 

emerging theory in need of further research and replication. In addressing the limitations, 

future studies should seek to implement data correction adjustments to more rigorously 

control for Type I error which could help confirm present statistical findings. With much 
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heterogeneity in brain injury, researchers should seek to collect as much categorical 

information as possible to help inform more precise extrapolation. 

The study highlighted the rich differences in how processing speed-associated 

abilities interact with learning across time, and this may be useful for researchers to consider 

in trial-based testing, for example in serial position studies of older adults, or general studies 

of learning in young adults with brain injury. 

The study findings suggested distinct differences between TBI and CVA subgroups of 

ABI, for example in SPE profile, and in the impact of age – to date few studies in SPE have 

viewed these subgroups separately and this would be important to future research. With such 

differences in methodology in the past, consistency in methodology should be considered so 

as to build on SPE profile findings and avoid adding to the inconsistent findings. SPE should 

be analysed and reported at each learning trial, as well as totals, and it would be the 

recommendation of this study that a middle region is used along with the Standard Raw 

Method of scoring. The CRW scoring method may be of use in studies requiring a measure of 

consistency across responses, for example in effort. Findings in this study caution that the ES 

method of effort analysis should be used carefully in future research. 

Although limited in neuropsychological depth, the RBANS is an appropriate measure 

for examining SPE and profile distinction based on that; it is relatively easy to administer 

with minimal training and could be used in studies more so than the RAVLT which is usually 

part of a wider battery of tests and expertise.  

The association between Trial 1 Recency and Middle Total with MPAI-4, 

representing brain injury severity, should be investigated further. Although findings 

suggested PS plays a role, there are many other factors to consider in capturing metrics and 

explanations, such as executive functioning, and mood; the impact of injury is capable of 
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extreme disruption and dysfunction across every facet of the person’s inner and outer world, 

and investigating the interaction with SPE/ PS may help distinguish organic injury sequelae. 

5.11 Conclusion 

This research study was undertaken to address a number of limitations in the research 

literature of SPE theory, application, and clinical utility. There are relatively few studies 

concerning this nuanced neuropsychological phenomenon, let alone in a brain injury context. 

This research piece was designed to investigate at a depth, how Primacy, Middle, and 

Recency scoring integrate in providing estimates of immediate memory ability as well as 

other clinically meaningful data. Though the study did have limitations, all research aims 

were achieved, through testing hypotheses and asking questions of the results.  

There were a number of unique study findings which will advance the literature. SPE 

profiles were clearly outlined and presented for a sample of 107 participants between 20-63 

year’s old with brain injury of mostly TBI and CVA origin, classified as mild severity. This 

analysis explored at depth TBI and CVA differences, identifying two separate SPE profiles. 

These profiles were then used to further explore SPE theory through the lens of PS, which by 

default involved a measure – RBANS Coding, and the natural association to PS – Age. PS 

was shown to interact with SPE in this dataset, and this interaction was further investigated 

relative to overall cognitive functioning and the use of SPE to predict both cognitive 

functioning and brain injury severity. Finally, the use of SPE to help understand effort level 

in brain injury was explored alongside popular traditional embedded measures. 

The study addressed and built on a number of methodological limitations and 

recommendations of previous neuropsychology research. The utilisation of a brain injury 

dataset allowed a more extreme range of linear values to be explored through inferential 

statistics, building on the recommendations of previous researchers calling for the use of 

regression analyses (Schoo et al., 2014). In addition, a criticism of neuropsychological studies 
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of brain injury has often been smaller sample sizes and large individual variability, affecting 

the generalisation of studies (Allanson et al., 2017; Watson et al., 2020). While some aspects 

of this study were necessarily narrowed in terms of subgroup samples, the overall pool of 

participants was relatively large. As far as could be achieved, nuanced neuropsychological 

results and findings were set out, interpreted, and reported separate to integrated findings. 

Allanson et al., (2017), and Watson et al., (2020) also recommend the reporting of injury-

specific information, which in this case is limited to the broad categories of TBI and CVA, 

nevertheless is an improvement on studies which have not separated these often very 

different pathologies. 

This group of ABI participants demonstrated a pronounced Primacy effect after the 

first recall of a list of 10 words, and after totalling the scores of four learning trials. However, 

this differed when viewing the subgroups TBI, and CVA which made up the main ABI 

group. Although the TBI group maintained a Primacy effect as per the main group, the CVA 

group demonstrated a reduced or absent Recency effect only at Trial 1, and a lack of an SPE 

profile after totalling all trials. The CVA group had a generally stronger Middle region than 

the TBI group. 

This advantage may have been due to PS differences between the groups, as measured 

by RBANS Coding. Coding-speed differences, and Age-related differences interacted with 

SPE at different time-points. While Coding-related differences may be important in the CVA 

group, Age-related advantages may be a factor in the TBI group. PS, as measured by Coding, 

appeared to have a stronger influence on performances overall, than Age. Primacy, may be a 

naturally occurring phenomenon which is only somewhat enhanced by PS. This is an 

interesting follow-up finding relative to Murray Glanzer’s 1972 study implying thinking 

speeds affect Primacy item recall (Section 2.4.2). 
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While SPE was found to be a relatively powerful predictor of overall cognitive 

functioning, results were less encouraging in using SPE to predict functioning and brain 

injury severity with the MPAI-4. Although interrogating the data for PS interactions, findings 

were mixed, however some links were made between Middle and Recency region scores, and 

Coding-speed, which may be a useful avenue for future research. 

Clinical applications were presented. Establishing TBI and CVA SPE profiles carry 

useful advantages for the clinician, providing clues about how people with these pathologies 

learn information, as well as likely future cognitive outcomes. Algorithms were defined 

which provide clinicians with a relatively high level of sensitivity and specificity in 

classifying participants with brain injury as experiencing a TBI or CVA pathology. The use 

of SPE regions as an indicator of effort level may be valid in a mild brain injury context as 

demonstrated in this study where a flattened Primacy region was unusual (similar to previous 

effort studies), although this would be an area for future research, where a control group of 

simulated malingerers would help clarify its utility.  

Considering SPE information at Trial 1 (and overall) can provide valuable clinical 

information, it may be suited to time-limited testing circumstances. Developing shortened test 

batteries which make the most of this phenomenon would, based on these research findings 

yield a useful clinical tool. This may help advance the involvement of neuropsychological 

tools in large research studies. 

The current study carried limitations, not least of all a lack of control of the data 

which comes with utilising a secondary dataset. There were challenges to the reliability and 

validity of the data, and findings, which were mitigated as much as possible through a careful 

design and methodology. These limitations mainly concern the management of the dataset 

analysis, controlling for Type I error, and depth of participant information available. 

Nevertheless, it is rare to find a relatively large, rich neuropsychology-laden dataset in brain 
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injury, and this has provided a framework for a relatively seminal piece of work in advancing 

the understanding of SPE. 

Studies of serial positioning in brain injury are few and often lack quality. Working to 

the recommendations of recent reviews of neuropsychological studies in brain injury 

(Allanson et al., 2017; Watson et al., 2020), the present study was completed to help address 

research gaps, and further theory, application, and the usefulness in research and clinical 

settings of serial positioning.  
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Appendices 

Appendix A: SPE Curve Illustration 

 

Figure 1 

Murdock’s U-shaped SPE curve (1962) 

 

Note. From "Murdock, B. B. (1962). The serial position effect of free recall. Journal of 

Experimental Psychology, 64(5), 482–488.”  
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Appendix B: Ferro & Speechley Quality Index 

Table 1 

Study Quality Index table as described by Ferro & Speechley (2009) 
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Score 

Author, 

Year 

Hypothesis 

or 

Objectives 

described 

Main 

Outcomes 

described 

in Intro 

or 

Method 

sections 

Patient 

characteristics 

described 

Main 

findings 

described 

Estimates 

of the 

random 

variability 

Probability 

values 

reported 

Response 

rate 

described 

Data 

dredging 

made 

clear 

Statistical 

tests 

appropriate 

 

Outcome 

measures 

valid and 

reliable 

Adjustment 

for 

confounding 

Patients 

asked to 

participate 

representative 

of population 

Patients 

prepared to 

participate 

representative 

of population 

Staff, Places, 

facilities 

representative 

of treatment 

majority 

Sample 

size or 

power 

calculation 

 

Schoo et 

al., 2014 

1 0 1 1 0 1 1 0 1 1 1 1 1 1 0 11 

Della Sala 
et al, 1998 

1 1 1 1 0 1 1 0 1 0 0 1 0 0 0 8 

O’Donnell 

et al., 
1988 

1 0 1 1 0 1 1 0 1 1 0 1 1 0 0 9 

Powell et 

al., 2004 

1 0 1 1 0 1 1 0 1 1 1 0 0 0 1 9 

Cappa et 

al., 1990 
 

1 0 1 1 0 1 1 0 1 0 0 1 1 0 0 8 

Suhr, 

2002 

1 0 1 1 0 1 1 0 1 1 1 0 1 0 0 9 

Brodsky 

et al., 

2003 

1 0 1 1 0 1 1 0 1 0 0 0 0 0 0 6 

Hall & 

Bornstein, 

1991 

1 0 1 1 0 1 1 0 1 1 0 1 1 1 0 10 

Brooks, 

1975 

1 0 0 1 0 1 1 0 1 0 0 1 0 0 0 6 

Bigler et 

al, 1989 

1 1 1 1 0 1 1 0 1 1 0 0 1 0 0 9 

Bernard, 

1991 

1 0 1 1 0 1 1 0 1 1 0 0 1 0 0 8 

Capitani 

et al., 

1992 
 

1 0 1 1 0 1 1 1 1 0 1 0 0 0 0 8 
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Appendix C: MPAI-4 Tables 

Table 1.1 

Descriptives for the current dataset and MPAI-4 normative samples 

 Current Dataset  US National Sample Mayo-Rochester 

N 110 386 134 

Age Mean = 41.75 

SD = 11.38 

Median = 41 

Interquartile range = 33-52 

Range = 19-63 

Mean = 38 

SD = 12.4 

Median = 38 

Interquartile range = 29.0-47.3 

Range = 14-77 

Mean = 38.8 

SD = 13.5 

Median = 38 

Range = 17-77 

Sex F% 20.1% 27% 39% 

Education Primary School =14% 

Junior Cert only = 32% 

Leaving cert = 39% 

Postgraduate = 25% 

<12 years 

12-15 years 

≥16 years 

23% 

66% 

11% 

18% less than HS, HS with spec 

ed, GED 

51% high school degree, high 

school + some college 

31% college degree, advanced 

degree 

Type of Injury TBI = 51.81% 

CVA = 35.45% 

Other = 12.72% 

TBI 88% 

CVA 6% 

Other 6% 

TBI = 65 % traumatic (TBI) 

CVA = 15%  

Other vascular = 8% 

Other = 12% 

Time since 

Injury 

Mean = 7.31 

SD=7.28 

Median = 4.13 

Interquartile range = 2.13-

9.06 

Range  = 1-36 

Mean = 6.9 

SD = 7.5 

Median = 5.0 

Interquartile range = 1.1-10.0 

Range =0-40 

Mean = 5.3 yrs  

SD = 8.4 yrs  

Median = 1.8 yrs  

Range = 1 mo – 43.4 yrs 

Interquartile range = not 

available 

    

 

Table 1.2 

Converted T-score data and comparisons using MPAI-4 samples 

 US National 

Sample 

Indexed 

Mayo-Rochester 

Sample Indexed 

t-statistic p 

 M (SD) M (SD) t p 

MPAI Total Score (n = 109) 37.51 (13.69) 39.50 (16.39) 7.366 <0.000 

MPAI Abilities (n = 109) 41.55 (13.29) 45.23 (14.69) 18.991 <0.000 

MPAI Adjustment (n = 110) 38.93 (17.59) 36.80 (21.12) -5.896 <0.000 

MPAI Participation (n = 110) 35.60 (9.40) 39.61 (9.09) 39.654 <0.000 
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Figure 1 

MPAI-4 indices and their items (Malec and Lezak, 2003, pp.2). 

 

 

 

Table 1.3 

Confounding issues and use of MPAI-4 items to mitigate 

Confounding Issue Mitigation Strategy 

No current psychiatric 

disorder. 

(i) Previous studies of SPE (Talamonti et al., 2019), have 

excluded people experiencing psychosis which is associated 

with abnormal recall during word lists. These participants 

were rated on the MPAI item 32, “Psychotic Symptoms: 

Hallucinations, delusions, other persistent severely distorted 

perceptions of reality”, where a score of 3 (‘Symptoms 

interfere with everyday functioning; additional treatment 

recommended’) or 4 (‘Inpatient or residential treatment 
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required’). (ii) Campanholo et al. (2015) excluded on the 

basis of marked anxiety or depression as measured using the 

HADS (cut-off set at <9), and this was also calculated to 

check how much it would affect the dataset cases available 

for analysis. 

 

Hearing ability. Participants require normal hearing ability to encode the 

wordlist. This was checked with the MPAI Item 4 – 

“Audition: Problems hearing; ringing in the ears”; a score of 

>2 excluded the case (2= ‘Mild problem; interferes with 

activities 5-24% of the time’). 

 

Adequate visual 

functioning 

Participant would require adequate visual skills to complete 

the RBANS Coding measure. The MPAI item 3 - “Vision: 

Problems seeing; double vision; eye, brain, or nerve injuries 

that interfere with seeing”, was used to control for 

abnormality in this domain; scores above 2 excluded the case 

from the analysis (2= ‘Mild problem; interferes with activities 

5-24% of the time’). 

 

Effort Sample sizes too small to remove sub-optimal effort cases, 

see Table 1.4 below. 
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Table 1.4 

Case numbers to be removed from dataset following application of exclusion criteria, by 

main research hypotheses 

 

Relevant number of cases proposed for removal from analyses 

N Missing 

Values 

Outliers MPAI32<3 MPAI4<2 MPAI3<2 RDS>7 EI>3 ES<12 HADS<9 

          

110 3 - 0 4 - 12 11 57 27 

110 2 - 0 4 - 12 11 57 27 

96 1 - 0 4 - 12 11 57 27 

          

110 1 7 0 4 10 12 11 57 27 

110 3 7 0 4 10 12 11 57 27 

96 3 7 0 4 10 12 11 57 27 

          

110 1 - - - - 12 11 57 27 

          

Note. (i) Missing Values also includes values entered as 0 on some variables. (ii) Explanation 

of how to read the table using an example: for the hypothesis ‘There is no difference in the 

relationship between PS and SPE in TBI or CVA’, the removal of missing values, outliers, 

MPAI32, MPAI4, MPAI3, HADS, and EI, the number of cases remaining for inclusion in the 

analysis would be 35. (iii) the Table shows final number of cases for analysis following the 

removal of outliers and missing data – this differs per variable for example might include 

SPE and MPAI_TOTAL so all cases removed for both of these variables are calculated. 
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Appendix D: Dataset management 

Table 1.1 

Missing Values Analysis of main variables 

 No. of 

Missing 

Values 

RBANS_LIST_LEARNING1 1 

RBANS_LIST_LEARNING2 1 

RBANS_LIST_LEARNING3 1 

RBANS_LIST_LEARNING4 1 

RBANS_LIST_LEARNING_TOTAL 1 

RBANS_DIGIT_SPAN 1 

RBANS_CODING 0 

RBANS_LIST_RECALL 2 

RBANS_LIST_RECOG 2 

RBANS_TOT_SCALE 3 

MPAI_TOTAL 1 

 

 

1. Distribution Inspection procedure and results for key study variables 

If skewness is >2 in absolute value, the variable is considered to be asymmetrical around the 

mean. If the kurtosis is >= 3, then the variable’s distribution is markedly different than a 

normal distribution in its tendency to produce outliers (Kim, 2013; Westfall & Henning, 

2013). 

RBANS Coding… For the ABI group, RBANS_CODING standardized values were calculated 

for skewness (0.31) and kurtosis (1.04) which indicated although the distribution was slightly 

positively skewed and peaked, the data were approximately normally distributed. The K-S 

test of normality (or S-W) was not significant (D(110) = 0.59, p > 0.20) for the ABI group, 

nor for the TBI (D(57) = 0.074, p> 0.20) or CVA  group (D(39) = 0.096, p > 0.20), despite 
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outliers. For the ABI group, one extreme value (value=81) was identified; when viewed by 

groups TBI and CVA, one and two outliers were identified respectively.  

On inspection of the raw RBANS_CODING data, it was decided a raw score below 7 would 

not be included in the analysis on the basis of inability to adequately engage in the test. One 

case met the exclusion criteria for visual ability. This totalled 7 excluded cases. Following 

this, skewness and kurtosis standardised values for the ABI group were calculated as 0.89 and 

-0.74. 

RBANS Total Scale Score… For the ABI, TBI, and CVA groups, RBANS_TOT_SCALE 

contained no extreme values. For the ABI group, standardized values were calculated for 

skewness (0.22) and kurtosis (-1.27), indicating a slightly negative peak, however 

approximately normally distributed (K-S: D(107) = 0.69, p > 0.20); TBI group: D(57) = 

0.102, p > 0.20); S-W for CVA group: D(37) = 0.112, p > 0.20)). Z-scores were calculated 

for RBANS_TOT_SCALE which revealed a range from -2.05 to 2.50, scoring adjudged to be 

within acceptable limits (Stevens, 2004).  

MPAI-4… The MPAI-4 Total, along with subscales, demonstrated asymmetrical non-

normally distributed data (see Table 1.2, Appendix D) which was extremely leptokurtic, 

skewed, or bimodal. After accounting for univariate and multivariate outliers, a re-run 

analysis did not alter these distributions markedly/ statistically either visually nor by K-S/ S-

W test. It was decided not to transform this data, and the best-fit distributions were chosen on 

visual symmetry and K-S/ S-W non-significant or close to it. These variables were: 

MPAI_TOT_MR, MPAI-4 Adjustment (MR). For the TBI and CVA group, just one MPAI-4 

subscale was observed to be normally distributed for both groups (necessary for some 

inferential analyses), MPAI-4 Adjustment (MR). Notwithstanding the K-S and S-W tendency 

to be overly-sensitive to asymmetry with larger samples, these values were not far from 
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significance and subsequent statistics concerning these variables were interpreted with 

caution.  

Age… On inspecting the histograms for the distributions of Age, the TBI group distribution 

appeared positively skewed (skewness = 2.098 (SE = 0.316); kurtosis = -.396 (SE = 0.623)), 

with the CVA group appearing negatively skewed (skewness = -1.285 (SE = 0.378); kurtosis 

= -0.991 (SE = 0.741). The TBI group returned a significant K-S test (D(57) = 0.154, p 

>0.002), and the CVA group a significant S-W test (W(39) = .943, p = .047), indicating a 

departure from normality for both distributions. This was mitigated through the use of 

grouping variables, however when used in the analysis alone, this variable was considered 

with care. 

Adj. RBANS Tot… The procedure for creating Adj. RBANS Tot was as follows: 

Immediate Memory index score x 2 = Imm. Memory Composite Standard Score 

Imm. Memory Composite Standard Score – List Learning Total Standard Score* = Story 

Memory Total Standard Score  

Story Memory Total Standard Score + Visuospatial/ Constructional Index Score + Language 

Index Score + Attention Index Score + Delayed Memory Index Score = Adj. RBANS Tot 

*all cases adjusted for age as per RBANS normative indices 

The creation of an adjusted RBANS Total Index Score to avoid circularity may be 

viewed in different ways, not without potential limitations. The variable includes the Delayed 

memory Index score, which comprises List Recall and List Recognition among its factors. 

Although these subtests are conceptually related to the initial List Learning trials, for example 

were List Recall to be administered after Trial 4, the association would be expected to be 

greatly inflated given the temporal proximity in learning. However, when List Recall is 
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administered (approx.. 20 mins) after the List Learning Trials, it is assumed this recency 

advantage is finished, and the participant must draw on their retrieval ability from 

consolidated memory. One cannot presume consolidated memory is a fixed measurable 

construct, nor an ‘active’ skill-altered dimension, but nevertheless the participant is scored on 

their performance in retrieving words from what was consolidated earlier (as an active 

intentional process or not). It may be therefore viewed as a general memory exercise 

representing the retrieval of words from what may have been an active or passive, but 

implicit process of consolidation. Given the Immediate Memory variable is represented by 

the Story Memory performance alone, which likely closely shares some of cognitive skills 

required in List Learning, it can be viewed as a close substitute in some ways. The Delayed 

Memory Index score may be viewed as another dimension of cognitive skills, a separable set 

of subtests, however it must be considered while the SPE scores have been removed from the 

overall composite, the same participants contributed which introduces internal bias – 

inescapable in this exploratory study and something to consider in future studies seeking to 

expand on or replicate findings. 

Once computed, the Adj. RBANS Tot variable was examined for outliers and missing 

values of which there were three, which were removed. Four cases were removed from the 

analysis as they were deemed to have performed to a degree which indicated they were not 

able to engage with the subtest, which would deflate a true Total Score reflection of ability 

(criteria: any score above zero on all subtests excluding List Learning Total, List Recall, List 

Recognition).  

Inspecting the histogram revealed some slight negative skewness (skewness = -.199 (SE = 

.238; kurtosis = -.524 (SE = .472)) in the distribution of scores, with a Kolmogorov-Smirnov 

test of non-normality indicating this to be acceptable (D(103) = .064, p = .064). Z-score 
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conversion showed a range from -2.07 to 2.25, which according to Stevens (2004), is within 

acceptable limits. 

The Adj. RBANS Tot variable characteristics included an average score classified in the 

Impaired range (Index Score=72, %ile= 3rd;  M=389.08, SD=70.26). Scores ranged from 228 

to 547, a range of 319. The middle score in the distribution was 395 (Median=395.00), with 

the most common score being 435 (Mode=435). 
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Table 1.2 

Results of assessment of normality for Main Study variables 

Variable ABI TBI CVA 

 Skewness Kurtosis K-S p Skewness Kurtosis K-S p Skewness Kurtosis S-W p 

Age .878 -2.102 .107 .003* 2.098 -.396 .154 .002* -1.285 -0.991 .943 .047* 

Age_at_Onset .582 -2.050 .076 .138 1.674 -.224 .085 .200 -1.071 -1.044 .955 .120 

Dur_of_Condition 8.026 6.853 .224 .000* 4.224 1.701 .195 .000* 9.417 19.175 .569 .000* 

             

List_LearningT1 -.268 -.723 .155 .000* -.433 -.597 .169 .000* -.887 -.437 .928 .018* 

Lst_LearningT4 -1.558 -1.496 .161 .000* -.965 -.510 .125 .028* -1.856 -.520 .913 .006* 

List_Learning_Tot -1.402 -.411 .065 .200 -1.889 1.288 .089 .200 -1.812 -.308 .947 .073 

             

MPAI-4 Total Mayo Rochester -1.649 -.849 .086 .046* -2.134 .003 .094 .200 .658 -1.748 .923 .011* 

MPAI-4 Total National Sample -2.333 -.102 .099 .010* -2.705 .671 .112 .079 .544 -1.726 .928 .016* 

MPAI-4 Abilities (MR) -2.831 1.614 .093 .023* -1.902 .582 .116 .057 -1.791 1.748 .921 .009* 

MPAI-4 Abilities (NS) -4.922 4.888 .104 .006* -3.188 2.574 .109 .095 -3.275 4.834 .888 .001* 

MPAI-4 Adjustment (MR) -1.774 -.838 .082 .067 -1.573 -.977 .112 .077 -.386 -.121 .970 .388 

MPAI-4 Adjustment (NS) -2.727 -.176 .110 .002* -2.150 -.636 .124 .033* -1.108 .974 .968 .316 

MPAI-4 Participation (MR) -2.696 .755 .097 .013* -2.457 1.111 .130 .020* -.722 -.294 .969 .343 

MPAI-4 Participation (NS) -4.623 2.965 .141 .000* -3.902 3.087 .128 .023* -1.738 .608 .951 .089 

             

             

RBANS Total Scale Score .226 -1.278 .069 .200 .835 -1.282 .102 .200 -.286 .200 .972 .460 

RBANS Coding .311 1.041 .068 .200 .867 .903 .074 .200 .025 .524 .977 .637 

             

Trial 1 Primacy -.627 -1.549 .224 .000* .041 -1.276 .226 .000* -.702 -1.046 .876 .001* 

Trial 1 Middle 2.714 -.376 .284 .000* 2.066 .348 .281 .000* 1.172 -.936 .856 .000* 

Trial 1 Recency 1.575 -1.840 .206 .000* 1.547 -1.380 .250 .000* 1.182 -.908 .858 .000* 

SRM Primacy Total -2.372 -.028 .113 .002* -2.094 1.468 .134 .013* -1.326 -.254 .953 .112 

SRM Middle Total .502 -1.483 .079 .087 .015 -.669 .081 .200 -.357 -1.286 .956 .142 

SRM Recency Total -1.086 -.949 .110 .003* -1.107 -1.035 .124 .030* -.835 -.420 .961 .211 

RWS_P1 -1.181 -1.278 .177 .000* -.367 -1.020 .217 .000* -.906 -.970 .895 .002* 

RWS_M1 1.978 -.997 .205 .000* 1.623 -.398 .199 .000* .791 -1.105 .914 .006* 

RWS_R1 3.614 -.651 .227 .000* 3.060 .154 .219 .000* 1.979 -.886 .843 .000* 

RWS_P_TOT -2.632 .239 .084 .057 -2.348 1.873 .106 .176 -1.433 -.112 .958 .169 

RWS_M_TOT .112 -1.511 .071 .200 -.386 -.653 .058 .200 -.530 -1.318 .957 .154 

RWS_R_TOT -.121 -1.424 .070 .200 -.303 -1.520 .096 .200 -.334 -.778 .965 .273 

CRW_P_TOT -.207 -1.22 .055 .200 .335 -.271 .086 .200 -.321 -.894 .975 .544 
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Variable ABI TBI CVA Variable ABI TBI CVA Variable ABI TBI CVA  

 Skewness Kurtosis K-S  Skewness Kurtosis K-S  Skewness Kurtosis K-S p 

CRW_M_TOT 2.428 -.644 .095 .016* 1.297 .014 .085 .200 .751 -1.105 .951 .094 

CRW_R_TOT .956 -1.307 .092 .025* .136 -1.256 .074 .200 .331 -1.086 .964 .260 
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Appendix E: Assumptions of inferential statistics analyses 

1. Assumption checking for SPE comparisons between TBI and CVA groups 

(Section 4.4.1.1) 

Independent samples t-tests were performed for the between-ABI-group comparisons 

(presented in Table 4.9) of SPE variables. Where group variables violated the assumption of 

an approximate normal distribution, those violations were not adjudged severe enough to 

affect the robustness of the test. Non-normality does not affect Type I error rate substantially 

and the independent-samples t-test can be considered robust (Laerd Statistics, 2017). 

Levene’s test of homogeneity of variance was not significant unless explicitly stated.  

 

2. Assumption checking for Multiple Regression analyses of Trial 1 SPE variables 

as predictors of Adj. RBANS Total Index Scale in Section 4.3.3.1 

Simple and Multiple regression analyses were run to reveal the predictive contribution to 

Adj. RBANS Total Index Score from the SPE variables, using two separate SPE scoring 

methods: SRM and RWS. There was linearity as assessed by partial regression plots and a 

plot of studentized residuals against the predicted values. Observations were assumed 

independent by the nature of data collection, so positive Durbin-Watson statistics were 

disregarded. There was homoscedasticity, as assessed by visual inspection of plots of 

studentized residuals versus unstandardized predicted values. There was no evidence of 

multicollinearity, as assessed by tolerance values greater than 0.1. There were no studentized 

deleted residuals greater than ±3 standard deviations, no leverage values greater than 0.2, and 

values for Cook's distance above 1. The assumption of normality was met, as assessed by Q-

Q Plots.  
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3. Assumption checking for Regression with Coding as predictor of SPE (Section 

4.3.2.1) 

Simple Linear Regression analyses were performed for each of the SRM method 

variables as dependent variables and Coding as predictor. Linearity was established by visual 

inspection of Coding and SRM method variables on scatterplots. There was 

homoscedasticity, as assessed by visual inspection of plots of standardized residuals versus 

standardized predicted values. Residuals were normally distributed as assessed by visual 

inspection of normal probability plots. 

4. Assumption checking for Coding groups and Age groups prior to SPE 

comparisons (Section 4.3.2.2.2) 

A one-way ANOVA was conducted to determine if SPE was different for the levels of the 

Coding-split groupings (Cod_Range, Cod_Mdn) or Age groupings (Age_RBN, Age_Mdn). 

Non-normality does not affect Type I error rate substantially and the one-way ANOVA can 

be considered robust to non-normality (Maxwell & Delaney (2004); still a Welch’s ANOVA 

computation was consulted where the Levene’s test of homogeneity of variance was violated, 

with the Games-Howell test used for post hoc analyses in these instances. 

When comparing the levels of the Age_RBN grouping on the SPE variables across trials and 

in total, the assumption of homogeneity of variances was violated, as assessed by Levene's 

test for equality of variances (p = .003). 
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Appendix F: Summary Tables and Correlations with TBI/ CVA comparisons 

Table 1 

Main study variable characteristics (corrected for missing values and outliers) 

 ABI  TBI CVA  

 Mean SD Range  Mean SD Range Mean SD Range p 

RBANS List Learning  

N = 109, n = 57, n = 38 

           

List Learning Trial 1 3.83 1.32 6 (1-7)  3.63 1.23 1-6 4.05 1.41 1-7 .128 

List Learning Trial 2 5.16 1.72 8 (1-9)  4.84 1.57 1-9 5.78 1.56 2-8 .005* 

List Learning Trial 3 5.77 1.97 9 (1-10)  5.57 1.70 1-9 6.15 2.08 2-10 .141 

List Learning Trial 4 6.27 2.04 9 (1-10)  6.00 1.87 1-9 6.68 2.13 2-10 .102 

List Learning Trials Total 21.05 6.21 31 (4-35)  20.05 5.35 4-31 22.68 6.43 7-33 .033* 

            

N = 107, n = 57, n = 37            

RBANS List Recall 3.40 2.81 10 (0-10)  2.56 2.41 0-8 4.54 2.91 0-10 .001* 

RBANS Digit Span 10.28 2.86 14 (2-16)  9.87 2.94 2-15 10.89 2.55 4-16 .187 

RBANS List Recognition  17.62 2.35 9 (11-20)  17.01 2.62 11-20 18.35 1.85 14-20 .014* 

RBANS Delayed List Recall 3.49 2.84 10 (0-10)  2.58 2.40 8 (0-8) 4.63 2.88 10 (0-

10) 

.000* 

RBANS Total Scale Score 72.02 15.58 71 (40-111)  67.24 14.32 42-100 80.37 10.43 49-111 .000* 

            

N = 103, n = 53, n = 38            

RBANS Coding  33.18 12.53 56 (7-63)  32.26 13.09 7-63 34.28 12.72 9-63 .538 

            

N = 109, n = 56, n = 39            

MPAI-4 Total 32.97 19.48 73 (2-75)  35.42 20.52 73 (2-

75) 

31.25 18.91 59 (7-

66) 

.317 

MPAI-4 Total (MR) 39.50 16.39 77 (-7-70)  40.86 18.02 77 (-7-

70) 

38.87 14.43 49 (14-

63) 

.569 

MPAI-4 Total(NS) 37.51 13.69 66 (-4-62)  38.55 15.18 66 (-4-

62) 

37.10 11.83 41 (16-

57 

.618 

MPAI Abilities 13.52 8.46 32 (0-32)  14.96 9.21 32 (0-

32) 

12.13 7.51 26 (0-

26) 

.115 

MPAI Abilities (MR) 45.23 14.69 71 (1-72)  47.35 15.36 71 (1-

72) 

43.48 13.12 62 (1-

63) 

.203 

MPAI Abilities (NS) 41.55 13.29 67 (-4-63)  43.25 13.70 67 (-4-

63) 

40.25 11.90 61 (-4-

57) 

.272 

MPAI Adjustment 13.94 10.81 38 (0-38)  14.49 11.07 38 (0-

38) 

14.20 11.05 38 (0-

38) 

.901 

MPAI Adjustment (MR) 36.81 21.12 90 (-14-76)  37.07 22.34 90 (-

14-76) 

38.61 19.34 90 (-14-

76) 

.726 

MPAI Adjustment (NS) 38.93 17.59 76 (-6-70)  38.91 18.74 76 (-6-

70) 

40.74 15.65 76 (-6-

70) 

.617 

MPAI Participation 8.85 5.69 21 (0-21)  9.45 5.75 21 (0-

21) 

8.26 5.96 20 (0-

20) 

.325 

MPAI Participation (MR) 39.61 9.09 41 (15-56)  40.50 9.10 41 (15-

56) 

38.67 9.31 39 (15-

54) 

.337 

MPAI Participation (NS) 35.61 9.41 43 (7-50)  36.47 9.36 43 (7-

50 

34.67 9.54 42 (7-

49) 

.359 
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Note. List Learning descriptives, List Recall, Digit Span, List Recognition, and Coding are 

presented using raw scores. MPAI-4 scores have been presented in raw and converted to 

manual provided standard scores. *p-value<.05; Bold indicates p-value <.01. 

 

Table 2 

SPE scoring methods RWS and CRW variable summary statistics (at List Learning Trial 1 

and Totals) 

 ABI  TBI CVA  

 Mean SD Range  Mean SD Range Mean SD Range p 

            

Other Scoring Methods:            

RWS Trial 1 Primacy 15.68 7.90 27 (0-27)  16.21 7.50 27 (0-

27) 

15.44 8.63 27 (0-

27) 

.649 

RWS Trial 1 Middle 6.50 5.15 18 (0-18)  5.89 4.85 18 (0-

18) 

7.57 5.62 18 (0-

18) 

.123 

RWS Trial 1 Recency 1.78 1.82 18 (0-18)  1.52 1.70 6 (0-6) 1.97 2.00 6 (0-6) .246 

RWS Primacy Total 69.28 25.27 6 (0-6)  71.43 24.39 108 (0-

108) 

67.86 25.30 100 (8-

108) 

.493 

RWS Middle Total 39.66 19.64 108 (0-108)  35.77 18.17 80 (0-

80) 

45.68 20.27 79 (4-

83) 

.015* 

RWS Recency Total 12.01 5.76 83 (0-83)  11.00 5.59 20(1-

21) 

13.63 6.11 24 (0-

24) 

.033* 

CRW Primacy Total 16.08 7.68 24 (0-24)  16.75 7.41 30 (0-

30) 

15.71 7.71 29 (1-

30) 

.510 

CRW Middle Total 12.97 8.50 36 (0-36)  11.38 7.24 33 (0-

33) 

15.47 9.34 35 (1-

36) 

.019* 

CRW Recency Total 12.83 6.88 30 (0-30)  11.82 6.36 22 (1-

23) 

14.52 7.76 30 (0-

30) 

.067 

Note. Other scoring methods were included as exploratory analyses *p-value<.05 
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Table 3 

TBI and CVA group results of related samples t-tests for SPE variables by Trial, and between group 

comparisons for the SRM method variables 

 TBI   CVA      

 M (SD) t p M (SD) t p  t p 

SRM          

Trial 1 Primacy 1.73 (.85) 5.30 .000* 1.68 (.96) 1.568 .125  .279 .781 

Trial 1 Middle .98 (.81)   1.28 (.98)    -1.595** .115 

          

Trial 1 Primacy  4.65 .000*  2.655 .012*    

Trial 1 Recency .91 (.89)   1.07 (.94)    -.873 .385 

          

Trial 1 Middle  .386 .701  .941 .353    

Trial 1 Recency          

          

Trial 2 Primacy 1.82 (.90) 1.49 .142 1.81 (.92) -.821 .417  .046 .964 

Trial 2 Middle 1.52 (1.07)   2.05 (1.25)    -2.193 .031* 

          

Trial 2 Primacy  1.82 .074  -.314 .755    

Trial 2 Recency 1.49 (.90)   1.89 (1.00)    -2.029 .045* 

          

Trial 2 Middle  .205 .839  .642 .525    

Trial 2 Recency          

          

Trial 3 Primacy 1.98 (.91) .746 .459 1.86 (1.06) -1.31 .195  .556 .580 

Trial 3 Middle 1.84 (1.08)   2.21 (1.21)    -1.549 .125 

          

Trial 3 Primacy  1.12 .268  -.984 .331    

Trial 3 Recency 1.78 (.99)   2.07 (.96)    -1.403 .164 

          

Trial 3 Middle  .256 .799  .572 .571    

Trial 3 Recency          

          

 TBI   CVA      

 M (SD) t p M (SD) t p  t p 

Trial 4 Primacy 2.29 (.88) 3.00 .004* 2.13 (.93) -1.78 .083  .879 .382 

Trial 4 Middle 1.77 (1.10)   2.52 (1.10)    -3.261 .002* 
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Trial 4 Primacy  2.80 .007*  .662 .512    

Trial 4 Recency 1.85 (.87)   2.02 (1.02)    -.848 .398 

          

Trial 4 Middle  -.510 .612  2.13 .040*    

Trial 4 Recency          

          

SRM Primacy Total 7.84 (2.74) 3.317 .002* 7.50 (2.79) -.839 .407  .591 .556 

SRM Middle Total 6.12 (3.21)   8.07 (3.60)    -2.765 .007* 

          

SRM Primacy Total  3.527 .001*  .752 .457    

SRM Recency Total 6.05 (2.63)   7.07 (2.87)    -1.792 .076 

          

SRM Middle Total  .133 .895  1.557 .128    

SRM Recency Total          

*p-value<.05; Bold indicates p-value <.01. 

** denotes a significant Levene’s test indicating equal variances were not assumed 

 

Table 4 

Correlation coefficients for RBANS Coding, List Learning, and SPE variables 

 RBANS Coding Correlations 

 ABI TBI CVA 

(Pearson’s correlations)    

Age -.345** -.355** -.497** 

List_Learning1 .341** .225 .417* 

List_Learning2 .387** .362** .395* 

List_Learning3 .359** .430** .252 

List_Learning4 .290** .271* .194 

List Learning Total .392** .385** .363* 

    

(Spearman’s Rank Order)    

Trial 1 Primacy .243* .121 .366* 

Trial 1 Middle .165 .143 .080 

Trial 1 Recency .149 .103 .260 

SRM_P2 .117 .225 .003 

SRM_M2 .290** .234 .286 

SRM_R2 .258** .173 .243 

SRM_P3 .203** .147 .299 

SRM_M3 .242** .314* .037 

SRM_R3 .240** .249 .224 

SRM_P4 .188 .232 .084 

SRM_M4 .287** .236 .264 

SRM_R4 .081 .001 .074 

Srm Primacy Total .256** .238 .276 

Srm Middle Total .311** .293* .236 

Srm Recency Total .268** .206 .270 

    

RWS_P1 .303** .186 .459** 

RWS_M1 .186 .178 .106 
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RWS_R1 .095 .099 .132 

RWS_P2 .086 .195 -.039 

RWS_M2 .279** .233 .274 

RWS_R2 .257** .160 .273 

RWS_P3 .205* .157 .297 

RWS_M3 .212* .286* .014 

RWS_R3 .261** .308* .208 

RWS_P4 .221* .242 .175 

RWS_M4 .258** .235 .178 

RWS_R4 .076 .023 .045 

RWS_P_TOT .273** .246 .314 

RWS_M_TOT .300** .282* .223 

RWS_R_TOT .240* .224 .172 

    

CRW_P2_Tot .228* .178 .283 

CRW_M2_Tot .249* .189 .220 

CRW_R2_Tot .233* .107 .335* 

CRW_P3_Tot .248* .197 .328* 

CRW_M3_Tot .251* .225 .184 

CRW_R3_Tot .264** .169 .335* 

CRW_P_Tot .261** .229 .307 

CRW_M_Tot .263** .242 .188 

CRW_R_Tot .266** .181 .294 

*p<.01   **p<.05 

 

Table 5 

Correlation coefficients for Age, List Learning, and SPE variables 

 Age Correlations 

 ABI TBI CVA 

(Pearson’s correlations)    

List_Learning1 -.175 -.108 -.274 

List_Learning2 -.149 -.145 -.277 

List_Learning3 -.276** -.240 -.218 

List_Learning4 -.199* -.254 -.056 

Lust Learning Total -.223* -.230 -.276 

    

(Spearman’s Rank Order)    

Trial 1 Primacy -.057 .073 -.094 

Trial 1 Middle -.171 -.202 -.138 

Trial 1 Recency -.023 -.037 -.093 

SRM_P2 -.155 -.219 .006 

SRM_M2 -.153 -.148 -.174 

SRM_R2 -.014 -.020 -.179 

SRM_P3 -.346** -.263 -.281 

SRM_M3 -.105 -.007 -.068 

SRM_R3 -.123 -.196 -.109 

SRM_P4 -.304** -.300* -.055 

SRM_M4 -.084 -.073 -.139 

SRM_R4 -.096 -.231 .097 

Srm Primacy Total -.307** -.254 -.192 

Srm Middle Total -.147 -.119 -.192 
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Srm Recency Total -.106 -.170 -.107 

    

*p<.01   **p<.05 

 

 

Table 6 

Coding/ Age Group correlations between SPE T1, cumulative totals and RBANS Total Scaled Score/ 

MPAI-4 and subscales, by Level 

  Cod_Range  Age_RBN 

 r 7-25 26-44 45-63  20-39 40-49 50-63 

Adj. RBANS Tot Index Score and         

Primacy Trial 1 .116 .287 -.065 .001  .114 .057 .111 

Middle Trial 1 .206* .210 .110 .228  .192 .154 .473* 

Recency Trial 1 .141 .076 .163 .026  .159 .111 .240 

Primacy Total .176 .445* -.076 -.009  .321* .144 .314 

Middle Total .421* .561* .196 .429*  .534* .282 .475* 

Recency Total .281* .305 .255 .148  .318* .213 .489* 

         

MPAI (NS) Ability and         

Primacy Trial 1 -.064 -.050 -.101 .073  -.058 -.298 .050 

Middle Trial 1 -.045 .047 -.081 .042  -.065 -.165 .026 

Recency Trial 1 .029 -.142 -.064 .499*  .064 .195 -.149 

Primacy Total -.042 -.206 .007 .159  .010 .079 -.184 

Middle Total -.099 -.019 -.104 -.028  -.141 -.035 -.110 

Recency Total -.040 -.249 -.098 .230  .004 -.118 -.179 

         

MPAI (NS) Adjustment         

Primacy Trial 1 -.046 -.332 .014 -.178  -.137 -.137 .142 

Middle Trial 1 -.006 -.024 -.087 .209  .093 -.286 .092 

Recency Trial 1 .098 -.007 -.003 .510*  .046 .513* -.111 

Primacy Total .091 -.262 .245 -.186  .013 .029 .308 

Middle Total .004 -.054 -.037 .135  -.014 .111 -.041 

Recency Total .026 -.035 -.117 .223  .076 .165 -.205 

         

MPAI (NS) Participation         

Primacy Trial 1 -.003 .071 -.034 .012  -.100 -.034 .119 

Middle Trial 1 -.032 .228 -.205 .098  .015 -.052 -.031 

Recency Trial 1 -.021 -.148 -.133 .514*  .014 .055 -.095 

Primacy Total .025 -.041 .081 .077  .036 .111 .013 

Middle Total -.154 .039 -.238 -.073  -.274* .065 -.108 

Recency Total -.174 -.312 -.310* .275  -.162 -.125 -.288 

         

MPAI (NS) Total and         

Primacy Trial 1 -.053 .071 -.046 -.043  -.110 -.197 .142 

Middle Trial 1 -.034 .228 -.149 .072  -.012 -.295 .063 

Recency Trial 1 .058 -.148 -.032 .504*  .071 .340 -.088 

Primacy Total .025 -.041 .117 -.024  -.015 .113 .089 

Middle Total -.088 .039 -.134 -.039  -.158 .021 -.083 

Recency Total -.067 -.312 -.170 .171  -.009 -.091 -.186 

         

Note. *p-value<.05; Bold indicates p-value <.01. 
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Table 7 

Correlation Matrix of variables relating to Trial 1 SPE and Brain Injury Severity 

SPE Variables  1. 2. 3. 4. 5. 6. 7. 8. 9. 

1. MPAI-4 

Total 

Mayo 

Rochester 

   1.00** -.052 -.035 .058 -.055 -.067 .053 

2. MPAI-4 

Total 

National 

Sample 

    -.053 -.034 .058 -.057 -.065 .053 

3. Trial 1 

Primacy 

     -.017 -.118 .970** -.068 -.173 

4. Trial 1 

Middle 

      -.190* .019 .946** -.173 

5. Trial 1 

Recency 

       -.084 -.193* .966** 

6. RWS_P1         -.034 -.073 

7. RWS_M1          .062 

8. RWS_R1           

           

**Correlation is significant at the 0.01 level (2-tailed)  

* Correlation is significant at the 0.05 level (2-tailed) 

 

Table 8 

 

Spearman’s rank correlations between outcome variables and SRM Method  

 
SPE Variables MPAI-4 Total 

National Sample 

Trial 2 Primacy .103 

Trial 2 Middle -.068 

Trial 2 Recency -.050 

Trial 3 Primacy -.026 

Trial 3 Middle -.123 

Trial 3 Recency -.184 

Trial 4 Primacy -.038 

Trial 4 Middle -.051 

Trial 4 Recency .018 

SRM Primacy Total .025 

SRM Middle Total -.088 

SRM Recency Total -.067 

**Correlation is significant at the 0.01 level (2-tailed)  

* Correlation is significant at the 0.05 level (2-tailed) 
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Table 9 

 

Spearman’s rank correlations between outcome variables and RWS Method  

 
SPE Variables MPAI-4 Total 

National Sample 

RWS_P2 .105 

RWS_M2 -.072 

RWS_R2 -.056 

RWS_P3 -.061 

RWS_M3 -.140 

RWS_R3 -.157 

RWS_P4 -.065 

RWS_M4 -.040 

RWS_R4 .004 

RWS_P_TOT .007 

RWS_M_TOT -.087 

RWS_R_TOT -.067 

**Correlation is significant at the 0.01 level (2-tailed)  

* Correlation is significant at the 0.05 level (2-tailed) 

 

 

Table 10 

 

Spearman’s rank correlations between outcome variables and CRW Method  

 
SPE Variables MPAI-4 Total 

National Sample 

CRW_P2_Tot .075 

CRW_M2_Tot -.066 

CRW_R2_Tot .001 

CRW_P3_Tot .039 

CRW_M3_Tot -.082 

CRW_R3_Tot -.040 

CRW_P_Tot .036 

CRW_M_Tot -.060 

CRW_R_Tot -.034 

  

**Correlation is significant at the 0.01 level (2-tailed)  

* Correlation is significant at the 0.05 level (2-tailed) 

 

 

 

 

 



159 
 

Table 11 

Kruskal-Wallis test comparisons between Sub-Optimal/ Optimal-rated participants on SPE variables 

by Effort Group, and ABI Group 

 EI ES RDS 

 Sub-

Opt. 

Opt. H p Sub-

Opt. 

Opt. H p Sub-

opt. 

Opt. H p 

 Mean 

Rank 

Mean 

Rank 

  Mean 

Rank 

Mean 

Rank 

  Mean 

Rank 

Mean 

Rank 

  

ABI (N = 109) (n = 11) (n = 96)   (n =57) (n = 50)   (n = 12) (n= 97)   

Primacy Trial 1 30.77 56.66 7.699 .006* 52.94 55.21 .160 .689 30.25 58.06 9.210 .002* 

Middle Trial 1 38.73 55.75 3.439 .064 59.34 47.91 4.186 .041* 48.58 55.79 .644 .422 

Recency Trial 1 44.82 55.05 1.190 .275 51.85 56.45 .648 .421 36.13 57.34 5.326 .021* 

Primacy Total 31.59 56.57 6.482 .011* 57.79 49.68 1.844 .174 31.04 57.96 7.851 .005* 

Middle Total 32.14 56.51 6.130 .013* 63.35 43.34 11.155 .001* 35.08 57.46 5.392 .020* 

Recency Total 40.68 55.53 2.296 .130 60.45 46.65 5.353 .021* 36.83 57.25 4.525 .033* 

             

TBI (N = 57) (n = 9) (n = 48)   (n= 26) (n = 31)   (n = 8) (n =49)   

Primacy Trial 1 18.33 31.00 4.955 .026* 28.02 29.82 .187 .665 18.88 30.65 3.887 .049* 

Middle Trial 1 20.61 30.57 3.241 .072 29.79 28.34 .128 .720 22.13 30.12 1.895 .169 

Recency Trial 1 29.11 28.98 .001 .981 28.44 29.47 .061 .805 21.13 30.29 2.358 .125 

Primacy Total 18.39 30.99 4.447 .035* 29.46 28.61 .038 .846 16.56 31.03 5.320 .021* 

Middle Total 19.06 30.86 3.874 .049* 33.23 25.45 3.136 .077 15.81 31.15 5.932 .015* 

Recency Total 26.67 29.44 .215 .643 31.96 26.52 1.549 .213 21.13 30.29 2.132 .144 

             

CVA (N = 37) (n = 2) (n = 35)   (n= 23) (n =14)   (n = 4) (n= 34)   

Primacy Trial 1 6.00 19.74 3.378 .066 18.46 19.89 .170 .680 6.75 21.00 6.472 .011 

Middle Trial 1 16.50 19.14 .126 .723 20.57 16.43 1.414 .234 21.63 19.25 .183 .669 

Recency Trial 1 6.00 19.74 3.369 .066 18.17 20.36 .391 .532 12.63 20.31 1.890 .169 

Primacy Total 7.00 19.69 2.645 .104 21.13 15.50 2.396 .122 10.75 20.53 2.817 .093 

Middle Total 10.25 19.50 1.401 .237 21.52 14.86 3.345 .067 16.13 19.90 .418 .518 

Recency Total 4.75 19.81 3.727 .054 20.61 16.36 1.366 .243 12.25 20.35 1.933 .164 

             

Note. *p-value<.05; Bold indicates p-value <.01. 
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Appendix G: Supplementary Analyses 

1. ABI subtype comparisons on sample demographics 

Given the violations of normality outlined (see Appendix D, Table 1.2), a Mann-Whitney 

U test was used to determine if there were differences in the TBI and CVA groups on the 

variable Age, and Duration of Condition.  

For Age, this revealed the distributions to be statistically significantly higher in the CVA 

group (Mdn = 48), than in the TBI group (Mdn = 36) for age, U = 1426.50, z = 3.378, p = 

.001, using an exact sampling distribution for U (Dineen & Blakesley, 1973). For Duration of 

Condition, the Mann-Whitney U test indicated that there was no significant difference for 

Duration of Condition between the groups - TBI (Mdn = 5) and CVA (Mdn = 4), U = 927.50, 

z = -1.375, p = 0.169.  

In comparing the groups on Education Level, a chi-square test of independence showed 

that there was no significant association between Highest Education Level and ABI group 

(TBI/ CVA),  χ2(3, N = 96) = 6.34, p = .096). An independent samples t-test indicated a 

significant difference in the groups TBI and CVA for Age at Onset (t(94)= 3.89, p <.000). 

2. ABI group differences on RBANS List Learning trials 

A statistically significant difference was observed in the means of the TBI and CVA 

groups at Trial 2 of the List Learning subtest (p = .005), and this is illustrated in Figure 4.1 

which shows the trajectory of list learning across the trials 1-4.  For List Learning Trial 1, the 

group differences as well as summary statistics for the serial position method variables are 

presented in Table 4.2.    

3. ABI: SPE as a predictor of Adj. RBANS Total Index Score using Stepwise 

modelling 
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Three significant models were generated by a stepwise multiple linear regression 

computation with all Coding Methods across trials entered as predictors. These are presented 

in Table 1.1. Model 1 indicated that approximately 23.1% of the variance in Adj. RBANS 

Total Index scores could be accounted for by the SRM Trial 4 Middle variable alone (R2= 

.238, F(1, 100) = 31.592, p <.001). The addition of SRM Trial 2 Recency in Model 2 

generated a significant change in R2 (Adj. R2 = .301, F(2, 99) = 22.921, p <.001), which 

further improved in Model 3 with the addition of RWS Trial 4 Primacy (R2 = .342, F(3, 98) = 

17.127, p <.001). 

Table 1 

Stepwise Multiple regression results for Adj. RBANS Total Index score 

Adj. RBANS Total Index score B 95% CI for B SE B β R2 Adj. R2 

  LL UL     

Model 1      .238 .231*** 

(Constant) 327.234*** 302.301 352.167 12.569    

SRM Trial 4 Middle 29.771*** 19.263 40.278 5.297 .488***   

        

        

        

Model 2      .314 .301*** 

(Constant) 296.693*** 266.755 326.631 15.090    

SRM Trial 4 Middle 28.582*** 18.537 38.627 5.063 .469***   

SRM Trial 2 Recency 20.239*** 8.183 32.294 6.077 .276***   

        

Model 3      .342 .322*** 

(Constant) 268.843*** 228.695 308.992 20.234    

SRM Trial 4 Middle 26.811*** 16.768 36.855 5.062 .440***   

SRM Trial 2 Recency 20.833*** 8.945 32.721 5.991 .285***   

RWS Trial 4 Primacy 1.489** .032 2.946 .734 .168**   

        

Note. Model= “Stepwise” method in SPSS Statistics; B = unstandardized regression 

coefficient; CI = Confidence Interval; LL = lower limit; UL = upper limit; SE B = standard 

error of the coefficient; β = standardised coefficient; R2 = coefficient of determination; Adj. 

R2 = adjusted R2. 

*p < .05. **p < .01. ***p < .001. 
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The proportion of variance in Adj. RBANS Total Index score explained by Model 3 

was up to 32.2%. R2 for the overall model was 34.2% with an adjusted R2 of 32.2%, a large 

size effect according to Cohen (1988). The regression equation would be: predicted Adj. 

RBANS Total Index Score = 268.843 + (26.811 x SRM Trial 4 Middle) + (20.833 x SRM 

Trial 2 Recency) + (1.489 x RWS Trial 4 Primacy). 

 

4. TBI/ CVA: SPE as a predictor of cognitive functioning at Trial 1 and Totals 

For the TBI group, Spearman’s Correlations revealed no statistically significant 

relationships between SPE variables at Trial 1, Primacy Total, or Recency Total; however 

Middle Total was moderately positively significantly associated ( rs(54) = .394, p = .003). A 

Simple Linear Regression revealed Middle Total could account for 13.9% of the variance in 

Adj. RBANS Total Index score for the TBI grouping (F(1, 52) = 9.730, p =.003). The 

regression equation was: Adj. RBANS Total Index Score = 316.293 + (8.041 x Middle Total 

score). 

For the CVA group, Spearman’s correlations showed no statistically significant 

relationships between Trial 1 SPE variables and Adj. RBANS Total Index score; Middle 

Total and Recency Total were moderately and strongly positively statistically significant 

(rs(35) = .386, p = .020 and rs(35) = .447, p = .006 respectively).A Multiple Regression block 

showed Middle Total and Recency Total together accounted for 31.4% of the variance in Adj. 

RBANS Total Index Scores (F(2, 32) = 9.022, p =.000) for the CVA group, a large effect size 

for this dataset. The regression equation was: Adj. RBANS Total Index Score = 320.859 + 

(5.620 x Middle Total score) + (8.705 x Recency Total Score). 

 

3. Predicting ABI Group Membership 
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A binomial logistic regression was performed to ascertain the effects of processing speed, 

age, and Trial 1 SPE variables on the likelihood that a participant has had a TBI or CVA. 

Linearity of the continuous variables with respect to the logit of the dependent variable was 

assessed via the Box-Tidwell (1962) procedure. Based on this assessment, all continuous 

independent variables were found to be linearly related to the logit of the dependent variable.  

There was one standardized residual with a value of -2.481 standard deviations which was 

kept in the analysis. The logistic regression model was statistically significant, χ2(4) = 

20.897, p < .001. The model explained 27.9% (Nagelkerke R2) of the variance in the CVA 

group and correctly classified 75.6% of cases. Sensitivity was 62.2%, specificity was 84.9%, 

positive predictive value was 74.2% and negative predictive value was 76.3%. All three 

predictor variables were statistically significant: Trial 1 Middle, Age, and RBANS Coding (as 

shown in Table 4.12). For every item recalled at Trial 1 in the Middle portion, participants’ 

odds of being classified as having had a CVA increase by 1.779. Increasing age was 

associated with an increased likelihood of CVA classification, as was a higher score on 

RBANS Coding. The area under the ROC curve was .773, 95% CI [.673, .873], which is an 

acceptable level of discrimination according to Hosmer et al. (2013). 
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Figure 1 

Receiver Operating Characteristic (ROC) curve of predictive models

 

Note. The further the blue line is above the straight line, the better the discrimination (Laerd, 

2017). 

 

Table 2 

Binomial Logistic Regression models predicting the likelihood of classification to TBI or 

CVA  

 B SE Wald df p Odds 

Ratio 

95% CI for Odds 

Ratio 

       Lower Upper 

Model 1         

RBANS Coding .048 .022 4.793 1 .029 1.049 1.005 1.095 

Age .101 .027 13.743 1 .000 1.106 1.049 1.166 

Trial 1 Middle .576 .278 4.281 1 .039 1.779 1.031 3.070 

Constant -6.866 1.769 15.063 1 .000 .001   
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Table 3 

Classifications for the area under the ROC curve (AUC) according to Hosmer et al. (2013) 

AUC Classification 

0.5 This suggests no discrimination, so we might as well flip a coin. 

0.5 < AUC < 0.7 We consider this poor discrimination, not much better than a coin toss. 

0.7 ≤ AUC < 0.8 We consider this acceptable discrimination. 

0.8 ≤ AUC < 0.9

  

We consider this excellent discrimination 

AUC ≥ 0.9 We consider this outstanding discrimination. 
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Appendix H: Graphed Linear Relationships between Coding and RBANS List Learning 

Trial 1 by ABI group 

Figure 1 

TBI and CVA scatterplots showing relationships between List Learning Trial 1 and Coding 
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Figure 2 

 

TBI and CVA scatterplots showing relationships between List Learning Total and Coding 
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Appendix I: SPE curve graphs for Coding groups and Age groups 

Figure 1 

Frequency graph (%) for each correctly recalled item by Age_Mdn group 

 

Figure 2 

Frequency graph (%) for each correctly recalled item by Cod_Mdn group
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Figure 3 

SPE curves visual comparison of Age groupings by TBI and CVA at Trial 1 
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Figure 4 

SPE curves visual comparison of Coding groupings by TBI and CVA at Trial 1 
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Appendix J: Service Consent Form 

Figure 1 

 

 


