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ABSTRACT 

Non-motor symptoms in Parkinson’s disease (PD) can make relating to others 

difficult. Theory of Mind (ToM), an aspect of social cognition, is one such ability that may be 

compromised in PD. ToM underlies understanding of others’ emotions, knowledge and 

desires, enabling people to communicate effectively. Research into these abilities in PD has 

produced conflicting findings, necessitating a well-designed investigation of ToM in PD and 

potential underlying processes which could contribute to differences in past studies. To 

design such a study requires a good understanding of ToM abilities in healthy aging. To date, 

however, the ToM literature in healthy aging also comprises divergent findings, with 

speculation that suboptimal methodological processes may be, at least in part, responsible for 

these findings.  

To address these issues Study One comprised an investigation of ToM abilities in 

healthy older adults (60 – 93 years). Older (n = 41) and younger adults (n = 31) completed a 

battery of four cognitive and four affective ToM tasks. The effects of age, executive 

functioning and face-to-face social contact on ToM performance were also examined. The 

results revealed poorer performance by the older adult group on three tasks associated with 

cognitive ToM. In the older adults, increasing age was associated with poorer cognitive ToM 

performance while higher proportion of engagement in face-to-face social interactions was 

related to better affective ToM performance. These results informed the design of the study 

investigating ToM abilities in PD.  

 In Study Two, ToM abilities in individuals with mild-moderate PD (n = 40) and 

matched controls (n = 40) were examined on four tasks (two cognitive and two affective) 

ToM tasks. Executive and social functioning were also measured to investigate any influence 

on ToM performance in PD. Overall, individuals with PD did not differ from matched 

controls on any of the four ToM tasks, despite showing poorer performance on executive 

functioning and emotion recognition. Our results indicate that when ToM tasks minimise 

motor output and reliance on working memory, and include control conditions, individuals 

with early-to-mid stage PD perform at a similar level as older adults on tasks assessing ToM 

abilities. 

Study Three was a pilot study to investigate whether single nucleotide polymorphism 

(SNP) changes in oxytocin receptor gene (rs53576) and dopamine-regulating catechol-o-

methyltransferase gene (COMT gene; rs4680) can affect ToM processing in PD and healthy 

older adults. Both genes impact on dopamine functioning (already compromised in PD) and 
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oxytocin has been linked with ToM functioning in healthy adults and conditions marked by 

social dysfunctions. Participants provided a saliva sample in order to determine their 

genotype on the rs53576 and rs4680 SNPs and their performance on the four ToM tasks from 

Study 2 were tested separately in the two groups (i.e. healthy older adults and individuals 

with PD). While no significant differences between SNP groups were found in the healthy 

control group, the results indicated a small effect of the oxytocin rs53576 SNP on the Strange 

Stories task in the PD group. Individuals with PD with a G/G genotype showed less accuracy 

discrepancy between conditions, unlike individuals with an A allele present, who showed the 

expected greater accuracy on the control condition than the ToM condition. These findings 

extend the previous finding of increased empathy in healthy G/G carriers to include 

individuals with PD.  

This thesis suggest there are important factors which can influence ToM performance 

in healthy aging (e.g. social interactions) and in PD (rs53576 SNP). Overall, however, the 

performance of the mild-moderate PD participants provided no evidence of decline in ToM 

abilities. Without the development and use of thorough and carefully designed testing 

protocols, however, these results may have been different. Future studies, therefore, should 

expand upon these findings and recommendations, including careful selection of test stimuli 

and task designs, and elimination (where possible) of factors which may influence ToM 

performance, but which are, in fact, related to other processes. 
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Chapter 1: General Introduction 

 
Parkinson’s disease (PD), first described by James Parkinson (1817/2002), is a 

progressive neurodegenerative disease. The most common symptoms associated with PD are 

motor ones, in particular, resting tremors, rigidity, bradykinesia and postural instability 

(Jankovic, 2008). These are caused primarily by the loss of dopaminergic neurons, initially in 

the substantia nigra pars compacta, resulting in depletion of dopamine in the striatum, 

caudate and limbic nuclei. As the disease progresses, there is a more extensive loss of 

dopaminergic cells. Most cases of PD are idiopathic, and present with a variety of symptoms. 

The dysfunction to the dopaminergic system and regions it innervates is widespread. 

Therefore, although motor symptoms are most noticeable, non-motor symptoms are also 

common, including cognitive and mood symptoms. These symptoms have been associated 

with poorer quality of life, with potentially more impact on quality of life in PD than motor 

symptoms (Martinez-Martin, Rodriguez-Blazquez, Kurtis & Chaudhuri, 2011). 

The most commonly studied cognitive difficulties in PD include attentional and 

executive functions, associated with dysfunction of frontostriatal circuitry, although research 

into social cognition is gaining traction. Social cognition is an umbrella term for a group of 

functions that underpin social interactions, a number of which recruit regions of prefrontal 

cortex. Theory of Mind (ToM) is one such function, and specifically refers to the ability to 

understand the beliefs, feelings and desires of others (Premack & Woodruff, 1978). ToM is 

essential for effective social interactions and social functioning. This area has become of 

interest in PD research, partly due to evidence that there are difficulties with emotion 

recognition across modalities in individuals with PD, which can result in lower social 

wellbeing (Gunnery, Habermann, Saint-Hilaire, Thomas & Tickle-Degnan, 2016). There is 

little consensus at present on the integrity of ToM abilities in PD, which partly stems from 
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use of poor task designs that do not enable identification of selective ToM deficits. The main 

purpose of this thesis was to examine ToM abilities in PD using well-designed ToM tasks 

and to consider a number of PD-related variables that might influence task performance. 

In order to examine ToM abilities in PD, it is important to understand what happens to 

these abilities in normal aging. Until about 20 years ago this was largely ignored, with most 

studies focusing on ToM development in children (e.g. Perner & Wimmer, 1985). Initial 

aging studies suggested ToM may continue to improve in older age (Happé, Winner & 

Brownell, 1998), but this was followed by a wave of findings indicating a decline in ToM in 

older participants (for a review, see Moran, 2013). Many of these studies, however, have 

been hampered by methodological inconsistencies and ill-constructed paradigms, making 

comparisons across studies difficult. Lack of control conditions in many studies makes it 

impossible to determine if there are specific ToM deficits associated with aging (Slessor, 

Phillips & Bull, 2007). In addition, recent literature suggests that there are subtypes of ToM 

(cognitive and affective) with overlapping but distinct underlying neural circuitry (Abu-Akel 

& Shamay-Tsoory, 2011). Very few studies to date have systematically investigated these 

subtypes, which may underlie the inconsistent findings and claims about ToM in aging. 

Therefore, prior to investigating ToM abilities in PD, a carefully-designed study was 

conducted investigating ToM in older adults. The aim was to select a range of cognitive and 

affective tasks, and to explore the impact of executive and social functioning, which may be 

influencing ToM in aging. The results of this aging study (aging ToM study) were used to 

guide the design of the study investigating ToM in PD (PD ToM study).   

A final aim of this thesis was to investigate whether some of the variation in current 

research findings regarding ToM abilities in PD could be related to the effects of critical 

single nucleotide polymorphisms (SNPs); single base changes in important genes. SNPs can 

be benign, yet can contribute to changes in functionality (Shastry, 2009). The effect of two 
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SNPs were examined in a pilot study (SNP contribution study). One of these SNPs is in the 

oxytocin system, which has been previously linked with social cognition in other conditions 

(e.g. Baribeau et al., 2017) and which also partially moderates the dopaminergic system 

(Baskerville & Douglas, 2010). The other SNP is on the catechol-o-methyltransferase 

(COMT) gene which affects the rate of dopaminergic degradation, particularly in prefrontal 

cortex. Because of the relation of both these systems to dopamine, which is the primary 

mechanism of dysfunction in PD, it is possible that PD patients with different SNPs may 

perform differently behaviourally. 

The following introduction provides a review of literature related to each of these 

three studies. It begins with a detailed overview of PD, with a focus on neuropathology and 

descriptions of the symptoms experienced. This is followed by an overview of ToM, 

including findings related to its underlying neural circuitry, and research on ToM in healthy 

older adults, with a focus on gaps and inconsistencies in findings to date. Next, the literature 

related to ToM processing in individuals with PD is examined, again outlining existing issues 

and inconsistencies of research findings. Lastly, a review of the importance of both oxytocin 

and dopamine systems in relation to social functioning and PD is presented, along with an 

exploration of two SNPs related to these system and how these may modulate the behavioural 

aspect of ToM processing. 

 

1. Parkinson’s Disease 

 

Overview 
 

Parkinson’s disease (PD) is a debilitating neurodegenerative disease, affecting 

approximately 1% of adults over 60 years of age (de Lau & Breteler, 2006). As the second 
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most common neurodegenerative disease affecting older adults (after Alzheimer’s disease), it 

results in significant economic burden, both for the health system and individuals affected 

(Kowal, Dall, Chakrabarti, Storm & Jain, 2013). Bohingamu Mudiyanselage et al. (2017) 

reported that the annual cost of PD care in Australia amounted to $AUD32,300 per person in 

2016 (equivalent figures are not available for New Zealand cost). There may be differences 

between countries, related to geographic locations in prevalence rates (de Lau & Breteler, 

2006), however, this has not always been substantiated. De Rijk et al. (1997) conducted a 

study observing prevalence of PD across different European regions, with lesser 

consideration of the ethnic structure of the groups, and noted non-significant differences 

between the studied regions. This finding could suggest that while there may be differences 

between regions in prevalence of PD, as noted in their overview by de Lau and Breteler, these 

differences may be fairly small in and of themselves. Although the risk of incidence increases 

sharply with age from approximately 60 years onwards (de Lau & Breteler, 2006), there are 

some differences related to ethnicity, geographic location and gender. Van den Eeden et al. 

(2003) reported noticeable differences in diagnosis of PD in individuals of different 

ethnicities when comparing Caucasian, African-American, Asian and Latino individuals in 

Northern California, where the Asian and African-American groups had lower rates of 

diagnosis than the Caucasian group. Similar conclusions of differences in ethnic distribution 

were drawn more recently by Wright Willis, Evanoff, Lian, Criswell and Racette (2010) from 

a sample of PD individuals in the Midweast and Northeast regions of the United States. They 

found a higher incidence of PD in Caucasian than in African-American or Asian men. There 

is little research on ethnic differences in PD in New Zealand, with what is available 

suggesting an increased risk of PD in European, compared to Maori, Asian and Pacific 

populations, although it is difficult to establish differences between these three remaining 

ethnic groups (Pitcher et al., 2016).  
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Van den Eaden et al. (2003) have found a higher incidence of PD in males than 

females in Caucasian, African-American and Hispanic groups. A review by Twelves, Perkins 

and Counsell (2003) suggested that men tend to be diagnosed somewhat earlier than women, 

potentially leading to discrepancies in the sex ratio in PD diagnosis. This explanation, 

however, does not explain why not all studies find sex-related differences, particularly within 

Asian communities, where sex-related differences are found less often than in western 

communities (Liu, Li, Lee & Sun 2009; although see the study by de Rijk et al., 1997, for a 

contrasting finding). A number of researchers, however, have suggested that females may be 

less likely to be diagnosed with PD in general (for an overview of studies on either side of 

this debate, see de Lau and Breteler, 2006), leading to suggestions of possible protective 

qualities of either oestrogens (Rocca et al., 2008) or the X chromosome (for a review, see 

Gillies, Pienaar, Vohra & Qamhawi, 2014).  

Although there are acknowledged genetic contributions to the development of PD, 

these are fairly rare and tend to contribute more to younger-onset PD cases (de Lau and 

Breteler, 2006). As such, most of the diagnosed cases are considered idiopathic, i.e. with no 

known cause (Lang and Lozano, 1998; Lees, Hardy and Ravesz, 2009), which has fuelled 

speculations regarding possible causes outside of genetics. An often studied contributing 

factor is based on the risk associated between diagnosis of idiopathic PD and rural living. 

This has been speculated as relating to the relatively greater exposure of pesticides used in 

rural communities, which could contribute to biological degradation and therefore 

vulnerability to degeneration of biological processes associated with PD. A meta-analysis 

regarding PD and pesticide exposure conducted by Ahmed, Abushouk, Gabr, Negida & 

Abdel-Daim (2017) revealed wide discrepancies between the contributing studies. Some 

studies reported a greater incidence of PD in rural communities (e.g. Liu et al., 2009), while 

others reported no group differences between rural and urban communities (Ferraz, Andrade, 
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Tumas, Calia & Borges, 1996) or any associations with rural living in terms of risk factors 

(Breckenridge, Berry, Chang, Sielken Jr., Mandel, 2016), and one reported greater incidence 

in urban communities (Wright Willis et al., 2010). 

In summary, there may be differences in diagnosis related to age, ethnicity, 

geographic location and sex, but there is an undisputed increased risk of being diagnosed 

with PD associated with advanced age (increasing with age from 41/10,000 in the fifth 

decade to 1,903/10,000 in those over 80 years old; Cacabelos, 2017). With the current aging 

trends across the globe, the absolute number of individuals with PD will increase. Greater 

understanding of this disease, thus, becomes paramount to allow the individuals diagnosed to 

maintain the highest quality of life affordable to themselves and their families. 

 

Neuropathology 
 

Death of dopaminergic neurons in the substantia nigra pars compacta and subsequent 

depletion of dopamine, particularly in the striatum and other basal ganglia regions, is 

considered to be the primary dysfunction of PD. The actual neuropathology is a little more 

complex, however. According to Braak, Ghebremedhin, Rüb, Bratzke and Del Tredici 

(2004), PD can be classified as progressing through six stages, each associated with increased 

accumulation of inclusion bodies (Lewy neurites and/or Lewy bodies). These inclusion 

bodies are thought to appear as a result of abnormal overexpression and misfolding of α-

synuclein protein (Bellucci et al., 2015). Alpha (α)-synuclein proteins are small acidic 

proteins, highly expressed in healthy central nervous system of vertebrates (Bobela, 

Aebischer & Schneider, 2015). These protein accumulate, and show an increased chance of 

misfolding with age even in healthy individuals, leading to production of inclusion bodies. It 

seems that in PD, however, these proteins can become more vulnerable in certain parts of the 
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neuronal system and lose the ability to eliminate abnormal protein, which leads to the 

initiation of the disease (Braak et al., 2004). In both humans and animals, it appears that 

overexpression of α-synuclein is toxic (Burré, 2015). The accumulation of these bodies 

begins in the two ‘presymptomatic’ stages, where the inclusion bodies appear in the dorsal 

motor nucleus of the vagus nerve (Stage 1) and parts of the reticular formation, including the 

raphe nuclei, which release serotonin to the rest of the brain (Stage 2). The beginning of the 

third stage (the first in the sequence of symptomatic stages) includes further accumulation of 

inclusion bodies and neuronal loss in the substantia nigra, followed by the amygdala and the 

hippocampal formation (stage four). In stages 5 and 6, the accumulation of Lewy neurites, 

Lewy bodies and neural death progresses further into the prefrontal and association areas of 

the cortex (Braak et al., 2006). Braak et al. (2006) also indicate the presymptomatic stages 

show indications of dopaminergic neuronal loss, reflecting the notion that at symptomatic 

stages the majority of dopaminergic cells are lost in the substantia nigra pars compactus. 

The α-synuclein protein show a particular affinity for poorly myelinated neurons 

(Braak et al., 2004) and regions involved in the dopaminergic system (Burré, 2015). As such, 

it is unsurprising that PD has been primarily associated with a loss of dopaminergic cells, 

however, loss of other catecholamines and serotonin is also experienced (Lang & Lozano, 

1998). The dopaminergic system forms several major pathways in the human brain, of which 

the one of most importance to PD is the nigrostriatal pathway. This pathway extends from the 

substantia nigra pars compacta and terminates in the striatum (Björklund & Stenevi, 1979), 

and is involved, among other functions, in movement (Kim, Jang, Chang & Hwang, 2003). It 

is the disturbances to this pathway which underpin the motor symptoms associated with PD 

(discussed next). A number of dysfunctions occur in this pathway in PD, which seem to be 

underpinned by the underlying α-synuclein pathology. Naughton, O’Toole, Kirik and Dowd 

(2017) have shown that a combination of overexpression of α-synuclein in the nigrostriatal 
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pathway results in PD-like motor symptoms in a rat animal model of PD, which was further 

accelerated by environmental pesticides. Péran et al. (2010) also found changes in the 

substantia nigra of human PD participants related to lowered fractional anisotropy and greater 

diffusivity, suggesting greater degradation of this region in PD compared to healthy controls. 

Both of these factors can contribute to dopaminergic loss in this pathway, which may result in 

losses of up to 80% of cells in individuals with PD (Marsden, 1990). Although the loss of 

dopamine cells begins in the nigrastriatal pathway, as the disease progresses losses extend to 

more lateral regions; mirroring the pattern of accumulation of α-synuclein proteins (Bobela et 

al., 2015). Poletti, Enrici, Bonuccelli & Adenzato (2011) describe disruptions in PD across a 

number of different dopaminergic circuits: the dorsolateral, anterior and orbital circuits. The 

dorsolateral circuit links the dorsolateral prefrontal cortex (DLPFC) to the dorsolateral 

caudate, thalamus and globus pallidus. The anterior circuit includes the anterior cingulate 

cortex, ventral striatum, globus pallidus, nucleus accumbens and thalamus, while the orbital 

circuit innervates the lateral orbitofrontal cortex, the striatum, globus pallidus and thalamus. 

Some researchers argue that PD is an accelerated form of aging, particularly in light 

of α-synuclein’s negative effects on mitochondria (e.g. Cacabelos, 2017). While 

mitochondrial damage, leading to dysfunction of mitochondrial activity, is increased with 

age, it seems that the excess exposure to α-synuclein in PD can lead to its accelerated decline 

(Bobela et al., 2015). While the association between mitochondria and α-synuclein proteins is 

still poorly understood, it seems clear that, as per Braak et al.’s (2004, 2006) staging, first 

pathology and first manifestation of symptoms seems related to the damage to the 

nigrostriatal dopaminergic pathway and related structures. These dysfunctions result in a 

variety of symptoms (discussed next). While there is no cure for PD, dopamine agonists and 

precursors tend to be prescribed to counteract some of the symptoms. Most commonly 

prescribed is L-dopa; the effects of which have been highly praised by patients as it affords 
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them freedom associated with pre-diagnosis movement and cognitive flexibility (Gibson, 

2016). While these effects are associated with L-dopa for a number of years, unfortunately its 

efficacy is time-limited and eventually its use is discontinued (Cacabelos, 2017). 

Furthermore, striatal regions show more degeneration with increased dose of dopamine 

agonists (Péran et al., 2010), as well as number of years since diagnosis and number of 

symptoms experienced (Kordower et al., 2013; Seibyl et al., 1995), which can result in a 

number of side effects. 

 

Problems in PD 
 

Motor 
 

The most recognisable symptoms associated with PD are motor symptoms. James 

Parkinson (1817/2002), after whom the disease is now christened, described this condition as 

the ‘shaking palsy’, emphasising the symptom most often associated with PD – involuntary 

(or resting) tremor. The resting tremor tends to be of low frequency (between four and six 

HZ), generally beginning on one side of the body (often mirroring the unilateral onset of 

symptoms in the disease), and disappearing with targeted action or sleep, at least early on in 

the disease course (Jankovic, 2008; Lang & Lazano, 1998). These appear most often in 

relation to hands, but they may appear in other parts of the body. While appearing in a high 

proportion of individuals with the disease (between 42 and 69% at onset; Hughes, Daniel, 

Blankson & Lees, 1998; Wickremaratchi et al., 2011), it is not necessarily present in all PD 

individuals. As such, resting tremor is only one of the symptoms which may indicate 

probable PD, as assessed under different classification schemes in both United Kingdom and 

United States (Jankovic, 2008).  
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The remaining three motor symptoms considered integral to PD diagnosis are rigidity, 

bradykinesia and postural instability (de Lau & Breteler, 2006). Rigidity refers to the 

increased resistance experienced when attempting to move limbs, resulting in a ‘cogwheel’ 

appearance of movements, with start-and-stop periods (Jankovic, 2008). Bradykinesia (also 

known as akinesia) refers to general slowness of movement (Jankovic, 2008) and decrease in 

the range of movements (DeMaagd & Philip, 2015). As the disease progresses, this results in 

progressive issues associated with fine motor movements, such as buttoning clothes, as well 

as increased difficulty of spontaneous bodily functions, such as swallowing (Jankovic, 2008). 

Bradykinesia and rigidity are present in approximately 40% of initial PD cases 

(Wickremaratchi et al., 2011) and both of these symptoms are likely to develop in 80 to 90% 

of patients (DeMaagd & Philip). These can be particularly devastating symptoms for the 

individuals, as described in a study by Gibson (2016). Participants reported that increased 

rigidity and bradykinesia led them to feel as though all their activities were performed slower 

and therefore took more of their daily routine, along with being often associated with pain, 

thereby causing most dysfunctions for the patients. The last of the motor symptoms 

associated with PD is postural instability and this relates to the problems with the trunk, 

which can result in progressive flexion and inability to stand upright as the disease 

progresses, with the individual showing a bowed forward pose most of the time (Parkinson, 

1817/2014). Postural deformation is likely to predispose individuals to falls due to obvious 

instabilities (DeMaagd & Philip, 2015). This can also occur with hands and feet, which can 

be painfully bent out of its normal position, resulting in anatomical disfigurement of these 

bodily areas (Jankovic, 2008). These symptoms are quite common in PD but often 

underdiagnosed, particularly in hands and feet (Pandey & Garg, 2016).  

These cardinal motor symptoms typically get progressively more debilitating as the 

disease goes on, and many have flow-on effects where they start to influence other motor 
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functions (Parkinson, 1817/2014) which can include difficulty with eating (due to inability to 

hold utensils steady; Parkinson, 1817/2014), disturbances of sleep (DeMaagd & Philip, 

2015), increased risk of injury through falling, and swallowing problems (Pandey & Garg, 

2016). While these are the major motor symptoms associated with PD, they are by no means 

the end of motor dysfunctions, and other relatively common, but less frequent, motor 

symptoms are characteristic of PD. These include micrographia (progressively smaller 

writing; Parkinson, 1817/2014), dyskinesias (involuntary and erratic repetitive movements, 

often associated with medicinal side effects; Wickremaratchi et al., 2011), freezing of gait 

(inability to continue movements whilst walking which can occur in upwards of 40% of 

patients [Jankovic, 2008]), hypomimia (reduced facial expression; Gunnery et al., 2016), 

dysprosody (reduced voice inflexion; Péron et al., 2012), and dysarthria (difficulty in speech 

articulation; DeMaagd & Philip, 2015). 

The four predominant motor symptoms are relied upon most heavily to diagnose 

probable PD, however, there can be large differences between individuals based on 

symptoms present (e.g. presence or absence of tremor at onset etc.; Parkinson, 1817/2014). In 

order to allow a comprehensive evaluation of the severity of the condition, the Unified 

Parkinson’s Disease Rating Scale (UPDRS) is often administered (Goetz et al., 2007) to 

evaluate the progression of both motor and non-motor symptoms in PD. The motor scale of 

the UPDRS consists of evaluation of 18 symptoms evaluated by a trained assessor, with 

higher scores indicating greater disability. A Hoehn and Yahr stage can also be determined 

using this scale. This measure gives a one to five rating of overall severity of the symptoms, 

with a higher score emphasising greater disability. A copy of the scoring sheet for the 

UPDRS and a modified Hoehn and Yahr scale can be found in Appendix A. 
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Cognition (including social cognition) 
 

As the disease progresses, the frontal and prefrontal regions are increasingly more 

affected by the dopaminergic loss, causing disruptions in the functioning of DLPFC, orbital 

and anterior cingulate circuits (see review by Poletti et al., 2011), which can result in a 

variety of cognitive dysfunctions. Mild cognitive impairments and, later on, dementia are 

common cognitive symptoms of PD (DeMaagd & Philip, 2015). The range of patients 

progressing onto dementia varies, with estimates from 10% (Kehagia, Barker & Robbins, 

2013) to 80% of patients predicted to eventually progress to dementia (Wood et al., 2016), 

and seems to progress faster with later age of disease onset (Hughes et al., 1993). As 

cognitive declines are related to advanced age even in healthy individuals, the finding of 

accelerated risk of dementia with PD could well support the notion that PD is a pathological 

form of accelerated aging (Bobela et al., 2015), although not everyone supports this idea (e.g. 

Barker & Williams-Gray, 2014). 

More specific cognitive deficits have also been found with PD across the domains of 

executive functioning, visuospatial processing, attention and memory (Pirogovsky-Turk et 

al., 2017). Executive functioning (mental processes allowing complex human behaviours 

through inhibition, cognitive flexibility and working memory; Diamond, 2013) is typically 

studied in relation to PD, due to its relation to functioning of prefrontal cortex (Lezak, 

Howieson & Loring, 2004). Individuals with PD frequently show marked impairments in 

these functions (Yarnall et al., 2014). Verbal fluency is a common measure of executive 

functioning and refers to the ability to produce words in a set time frame according to a rule, 

either starting with a specific letter, or members of a category (Benton & Hamsher, 1989; 

Spreen & Strauss, 1998). PD patients typically show decreased performance on verbal 

fluency tasks compared to healthy controls (e.g. Aarsland, Bronnick, Larsen, Tysnes & 

Alves, 2009; Assogna et al., 2010; Hanby et al., 2014; Herrera, Cuetos & Rodriguez-Ferreiro, 
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2011; Roca et al., 2012). Furthermore, poor score on semantic fluency was found to be a 

predictor for the progression of PD patients to dementia after a three year (Williams-Gray, 

Foltynie, Brayne, Robbins & Barker, 2007), five year (Williams-Gray et al., 2009) and ten 

year follow up (Williams-Gray et al., 2013). The Wisconsin Card Sort task (WCST; Berg, 

1948) is also a common measure of executive functioning and requires sorting cards along a 

rule which a participant must figure out in response to feedback. Roca et al. (2012) found a 

deficit on this task in the PD group compared to healthy controls, but this deficit has not 

always been found (e.g. see Hanby et al., [2014] for lack of differences in their PD sample). 

Visuospatial processing is more reliant on parietal lobes (Lezak et al., 2004), therefore 

at first might seem a less likely candidate for deterioration in PD. As discussed by Gratwicke, 

Jahanashahi and Foltynie (2015), however, there are documented declines in parietal lobe 

functioning in PD, as well as the fronto-parietal network and fronto-striatal-parietal pathway, 

which could underlie deficits in visuospatial and attentional tasks. Indeed, Aarsland et al. 

(2010) found dysfunctions associated with this domain to be the second most common 

cognitive dysfunction in PD and can affect individuals with PD differently depending on the 

side of their motor problems onset (Amick, Schenden, Ganis & Cronin-Golomb, 2006). 

Figure copying is a commonly used visuospatial task in which participants are asked to copy 

(usually) a schematic figure. A number of other studies found deficits in PD groups on 

copying tasks compared to healthy controls (e.g. Assogna et al., 2010, Eichelberger et al., 

2017), although it should be considered whether the declines are a reflection of motor 

problems associated with PD, rather than visuospatial problems themselves (e.g. copying 

figures can show a decline due to actual problem with drawing rather than difficulty on 

visuospatial aspects). Furthermore, Williams-Gray et al. (2007, 2009, 2013) found that poor 

performance on copying a simple figure (a pentagon) was a significant predictor for cognitive 

decline in their PD samples at three, five and 10-years follow up, respectively. Aarsland et al. 
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(2009) also found visuospatial processing problems in PD using the Silhouette and Cube 

tasks, which required the identify objects presented in unusual views and to count cubes in a 

3D figure, respectively. 

While memory problems may present themselves as a fundamental cognitive problem 

with some individuals with PD, this is not always the case, given that attentional and 

executive functioning may impair initial processes which are important to memory formation. 

Where memory dysfunctions have been found, however, these have been exhibited across 

tasks assessing working memory and delayed memory recall in both verbal (delayed word 

recall) and visual types (delayed figure recall; Assogna et al., 2010). Hanby et al. (2014) 

found deficits on working memory on the digit n-back task (recall of an item particular 

number of items presented prior) while both Aarsland et al. (2009) and Weintraub et al. 

(2015) found deficits in PD patients compared to healthy controls on the immediate and 

delayed recall conditions of the California Verbal Learning Test (Delis, Kramer, Kaplan & 

Ober, 2000) and the Hopkins Verbal Learning Test – Revised (Benedict, Schretlen et al., 

1998), respectively. For both Aarlsand et al., and Weintraub et al., these tests comprised the 

greatest deficit in PD group compared to healthy controls. Immediate and delayed recall has 

also been found to be a significant predictor for developing dementia after a mean follow-up 

period of three years (Levy et al., 2002). Memory and attentional deficits appear to be often 

reported by the PD individuals themselves, with approximately 45% of PD patients in one 

study complaining of these symptoms, with the proportion of memory complaints rising with 

higher Hoehn & Yahr scores (Barone et al., 2009). These figures, however, were comparable 

to healthy controls’ complaints about memory (Khoo et al., 2013). Therefore, at least early on 

in the disease, it may be possible that subjective complaints of forgetfulness are on par with 

normal aging, and become more pathological later on, resulting in noted differences on 

neuropsychological testing. Alternately, it may be the case that the memory problems noticed 
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by the individuals themselves are actually related to other processes such as attention and 

retrieval rather than memory itself. 

Attentional deficits have also been found in PD and were found to represent the 

biggest difference between the performance of individuals with PD and healthy controls in 

some studies (e.g. Yarnall et al., 2014). A commonly used attentional measure used with PD 

has been the Serial 7 task (Manning, 1982), where the participants count down from one 

hundred in sevens. Both Aarsland et al. (2009) and Hanby et al. (2014) found deficits on this 

task in the PD group compared to controls (although it should be noted that this task utilises 

working memory as well). Assogna et al. (2010) found that individuals with PD performed 

more poorly than controls on the interference condition of the Stroop task (Stroop, 1935), 

which is a more complex aspect of attention than Serial 7 task.  

Reduced processing speed is also commonly reported in PD.  For example, Weintraub 

et al. (2014) found that processing speed was one of the greatest differences between PD and 

control groups. Both Grossman et al. (2002) and Lee, Grossman, Morris, Stern and Hurtig 

(2003) found that poorer processing speed contributes to difficulties in reading 

comprehension in PD. Aarsland et al. (2009) and Sisco, Slonena, Okun, Bowers and Price 

(2017) have found deficits in PD populations on processing speed using the Stroop task. It 

would appear from existing literature that many individuals with PD who initially show 

specific cognitive deficits across these different domains (executive functioning, visuospatial 

and attentional processing and memory) eventually progress onto dementia. 

Dysfunctions in recognition of emotions are also commonly reported in PD, although 

not all studies report difficulties. These are often measured through identification of the six 

basic emotions (anger, disgust, fear, happiness, sadness and surprise; as outlined by Ekman 

and Friesen, 1976), present across cultures, in both visual and auditory format. Many studies 
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use the prototypical Ekman and Friesen (1976) stimuli, which present these emotions in black 

and white static photos. Some studies report global deficits in PD groups in facial emotion 

recognition compared to healthy control groups (e.g. Herrera et al., 2011). Deficits have been 

found for specific emotions as well, although with little agreement between studies (e.g., fear 

and sadness - Ariatti, Benuzzi & Nichelli, 2008; anger - Subramanian, Hindle, Jackson & 

Linden, 2010; happiness and disgust - Wagenbreth, Wattenberg, Heinze & Zaehle, 2016). 

Some studies, however, have only found deficits in individuals with PD when the stimuli 

have more subtle expressions than those depicted in the original Ekman & Friesen faces. 

Buxton, McDonald & Tippett (2013) found that the PD participants’ performance was poorer 

on identification of happiness, sadness and disgust than controls’, but only when the original 

photographs were made more subtle through manipulation of the images. Similar findings 

were found by Hanby et al. (2014) who report that their PD group was significantly poorer at 

recognising more subtle modalities of happiness than healthy controls. Albuquerque et al. 

(2015), however, did not find any deficits in PD group in either emotion identification or 

discrimination between emotional faces, and neither did Ille et al. (2016) nor Pell and 

Leonard (2005). Albuquerque et al. only used prototypical Ekman and Friesen faces as 

stimuli, however, which could have masked more subtle deficits. Deficits in identification of 

emotions from the eye region alone have also been found in PD, with greatest deficits 

exhibited on disgust recognition (Wagenbreth et al., 2016). Ariatti et al. have also found 

poorer performance in the PD group when asked to select matching emotional expressions 

from a range of different faces. 

In terms of auditory format, emotion recognition is generally evaluated using affective 

prosody identification tasks, where a neutral-content sentence is read aloud by an actor with 

emotional tone manipulated to reflect an expression of emotion and the participant is asked to 

identify the intended emotion. Individuals with PD performed more poorly overall than 
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controls on this task in a number of studies (Albuquerque et al., 2015; Ariatti et al., 2008; 

Buxton et al., 2013). Additionally, Albuquerque et al. found that PD patients were also poorer 

when discriminating between neutral and emotive prosodic sentences and Ariatti et al. found 

deficits in discriminating whether two sentences were of the same intonation. A review by 

Péron, Dondaine, Le Jeune, Grandjean & Vérin (2012) suggests that while dysfunctions in 

prosody are well established in PD, they seem somewhat less consistent than in facial 

emotion recognition tasks. They argued that both of these issues are likely to be underpinned 

by progressive degeneration and loss of dopaminergic cells in the amygdala (although this is 

just one view). In relation to the Braak et al. (2004) stages, this begins to occur in the third 

stage, or the first symptomatic stage of PD, suggesting that subtle differences in emotional 

processing in PD may be observed quite early on in progression of PD. Recognition of 

emotional content of words is also possibly influenced in PD. Wagenbreth et al. (2016) found 

that their PD group’s deficit, particularly on disgust recognition, carried over to recognising 

the emotional content of disgust-oriented words, suggesting a cross-modal deficit. 

 

Mood 
 

Individuals with PD have also been shown to exhibit disturbances in mood, including, 

but not limited to, anxiety, depression and apathy (Ang et al., 2018; DeMaagd & Philip, 

2015; Schapira, Chaudhuri & Jenner, 2017). It can be difficult to substantiate how much 

these are related to the disease itself, to the side effects of medication taken for PD, the 

reaction to the diagnosis of PD itself, or another factor altogether (Lees et al., 2009). 

Treatments related to PD target dopamine availability, however, and they tend to help with 

levels of depression experienced (e.g. Lemke, Brecht, Koester & Reichmann, 2006), 

complicating the role of medication in PD depression. If these symptoms are related to the 
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disease progression itself, it may be attributed to the progression of dysfunction from the 

striatum towards the limbic system and frontal regions (Braak et al., 2004; Oosterwijk, 

Vriend, Berendse, van der Werf & van den Heuvel, 2017), which are involved in mood and 

emotional processing (Hariri, Bookheimer & Mazziotta, 2000). It is suggested that depression 

and anxiety symptoms can predate the motor symptoms in PD (Darweesh et al., 2017, Jacob, 

Gatto, Thompson, Bordelon & Ritz, 2010; Shiba et al., 2010), which could be an indication 

that there is some extra vulnerability conferred by the PD prognosis.   

A systematic review by Schapira et al., (2017) suggest that the average rates of 

depression in PD occur in up to 35% the patients. Anxiety has been estimated to appear in up 

to 60% of patients (Schapira et al., 2017), and is often concordant with depression 

(Chaudhuri & Schapira, 2009, Darweesh et al., 2017). Apathy is also a common symptom, 

occurring in up to 36% of newly diagnosed patients but increasing to up to 40% of patients 

without dementia and 60% of patients with dementia (Pagonbarraga, Kulilsevsky, Strafella & 

Krack, 2015). Mood disorders have been found to be predictive of quality of life in 

individuals with PD, with higher anxiety (especially) and depression contributing to worse 

quality of life scores (Hanna & Cronin-Golomb, 2012) and increased risk of cognitive 

impairment at follow up (Schrag, Siddiqui, Anastasiou, Weintraub & Schott, 2017).  

PD progression clearly affects many aspects of mood and emotional processing, on 

top of well-established motor and cognitive symptoms. Emotion recognition dysfunction as 

well as mood changes could both contribute to reduced social functioning in PD, which has 

been reported by partners/caregivers as taking the form of reduced socialising and reduced 

social input in social situations, which can lead to further social withdrawal (Mercer, 2015). 

Additionally, recognition of emotional expressions is often viewed as a prerequisite for 

Theory of Mind. Before reviewing Theory of Mind abilities in individuals with PD, it is 
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important first to understand what these abilities involve, and what is understood about the 

neural circuitry underlying these abilities.  

 

2. Theory of mind (ToM) 
 

Description 
 

Theory of Mind (ToM) was a term first used by Premack and Woodruff (1978) in 

order to describe and evaluate the abilities of a chimpanzee to make decisions in a way that 

had, up until then, been thought to be a human-only trait (although extensive philosophical 

debates on the topic continue e.g., Andrews, 2017; Call & Tomasello, 2008). Premack and 

Woodruff defined ToM as being utilised when an individual ‘imputes mental states to himself 

and others’ (p. 515). ToM, as such, underscores our abilities to know, predict and understand 

the beliefs, knowledge, desires and emotions of those around us, as well as our own (for a 

review, see Moran, 2013). ToM is usually divided into cognitive (social-cognitive) and 

affective (social-perceptive) subtypes (Alegre, Guridi & Artieda, 2011; Brothers & Ring, 

1992), which came about due to evidence of differential performance on ToM tasks by 

individuals with varying lesions (discussed in the next section). This distinction allows for 

separation of the ‘colder’ cognitive aspects of ToM (understanding knowledge, beliefs and 

intentions) and ‘hotter’ affective aspects such as understanding others’ feelings. Additionally, 

underlying these two subtypes of ToM appear to be overlapping but dissociable, neural 

circuits (discussed in the next section).  

ToM abilities have a huge influence on social interactions and are a major contributor 

to effective social interaction (Moran, 2013). Research into ToM has been prolific, although 

this has predominantly focused on its developmental trajectory, and those conditions that are 
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characterized by social difficulties. The role of ToM dysfunction in Autism Spectrum 

Disorders (ASD) has received close attention (e.g. Baron-Cohen, Leslie & Frith, 1985; 

Matthews, Goldberg & Lukowski, 2013; White, Hill, Happé & Frith, 2009). Additionally a 

number of other conditions typified by social difficulties have also been shown to produce 

reductions in ToM, such as schizophrenia (Koelkebeck et al., 2013), bulimia nervosa 

(Kenyon et al., 2012) and Alzheimer’s disease (Poletti, Enrici & Adenzato, 2012). An 

increase in older populations and conditions associated with older age, has led to an increase 

in interest in ToM abilities in older age in more recent times (for a review, see Love, Ruff & 

Geldmacher, 2015). 

 

Neuroanatomy 
 

As described earlier, cognitive and affective ToM subtypes show distinct but 

overlapping neural networks, often referred to together as the mentalizing network (Abu-Akel 

& Shamay-Tsoory, 2011). This has been established through both imaging and lesions 

studies. The overlapping regions which appear engaged in processing ToM information 

(compared to control tasks) include areas in the temporal, parietal and frontal regions (for a 

review of activation likelihood estimation studies, see Bzdok et al., 2012). Within the 

temporal lobe, these regions include the superior temporal sulcus (STS; Jacoby, Bruneau, 

Koster-Hale & Saxe, 2015; Kanske, Bockler, Trautwein & Singer, 2015) and the temporal 

pole (Frank, Baron-Cohen & Ganzel, 2015; Kanske et al., 2015; Lavoie, Vistoli, Sutliff, 

Jackson & Achim, 2016). The frontal region associated with ToM generally is the medial 

prefrontal cortex (Frank et al., 2015; Kanske et al., 2015; Lavoie et al., 2015; Schurz, Radua, 

Aichhorn, Richlan & Perner, 2014). The parietal lobe regions showing ToM activation 

include the precuneus (Frank et al., 2015; Jacoby et al., 2015; Kanske et al., 2015; Lavoie et 
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al., 2015) as well as the temporoparietal junction (TPJ; Frank et al., 2015; Jacoby et al., 2015; 

Kanske et al., 2015; Lavoie et al., 2016; Schurz et al., 2014). The cerebellum has also been 

associated with ToM processing (Van Overwalle & Marien, 2015). Converging evidence for 

the role of the TPJ in social cognition comes from findings with transcranial magnetic 

stimulation (TMS; Krall et al., 2015), but controversially (due to its high association with 

imaging studies) has not always been associated ToM tasks (e.g. when using transcranial 

direct current stimulation [TDCS]; Santiesteban, Banissy, Catmur & Bird, 2015). Abu-Akel 

& Shamay-Tsoory (2011) have suggested that the overlapping regions associated with both 

types of ToM are regions that are recruited prior to an assessment being made of the need for 

cognitive or affective evaluation, hence their representation in both types of ToM.  

Cognitive ToM encompasses understanding of the knowledge and beliefs of others 

(Fischer, O’Rourke & Thornton, 2016; Kalbe et al., 2010; Poletti et al., 2012). When 

comparing cognitive ToM tasks to control conditions, cognitive ToM appears to activate 

supplementary motor area, amygdala and the right parietal lobule (Bodden et al., 2013). In 

prefrontal regions, the DLPFC has been strongly associated with cognitive ToM performance 

(for a review see Poletti et al., 2012). The dorsal part of the anterior cingulate cortex (Abu-

Akel & Shamay-Tsoory, 2011) and the dorsal medial prefrontal cortex (dMPFC; Abu-Akel & 

Shamay-Tsoory, 2011; Lavoie et al., 2016), perhaps most likely the rostrodorsal portion of 

the dMPFC (Eickhoff, Laird, Fox, Bzdok & Hensel, 2014), have also been linked with 

cognitive ToM. Lesion studies from Shamay-Tsoory and Aharon-Peretz (2007), however, 

suggest that more widespread damage of both dorsolateral and ventromedial cortices may be 

required to result in behavioural changes in cognitive ToM. It should be noted, however, that 

lesions, even in the same regions, can vary in exact size and location, so the extent to which 

each participant’s lesion could have contributed to deficits may differ ever so slightly to the 

group results. Some researchers have suggested that working memory demands of tasks 
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actually underlie those results; Stone, Baron-Cohen & Knight (1998) found deficits in 

performance on cognitive ToM tasks in DLPFC lesion patients only when there was a 

significant working memory load on the ToM tasks.  

Affective ToM tasks relate to understanding the feelings of others. A number of 

regions have been associated with affective processing when compared to non-ToM tasks, 

and, unsurprisingly, some of these have been linked with the limbic system e.g. the amygdala 

(Abu-Akel & Shamay-Tsoory, 2011; Bodden et al., 2013), subthalamic nucleus (Péron et al., 

2010) and the middle cingulate cortex (Bodden et al., 2013). Within the frontal regions, the 

orbitofrontal cortex (OFC; Bodden et al., 2013; Stone et al., 1998) and the ventromedial 

prefrontal cortex (VMPFC; Abu-Akel & Shamay-Tsoory, 2011; Poletti et al., 2012; Shamay-

Tsoory & Aharon-Peretz, 2007; Shamay-Tsoory, Tibi-Elhanany & Aharon-Peretz, 2006) 

appear to be strongly connected with affective ToM. When comparing affective to cognitive 

ToM, greater recruitment of the anterior and middle cingulate cortex also appears (Bodden et 

al., 2013). Medial prefrontal cortex has also been shown to be important in the Reading the 

Mind in the Eyes task (RMET; Baron-Cohen, Wheelwright, Hill, Raste & Plumb, 2001; a 

task assessing the ability to read the emotional expression of an actor from the photographs of 

eye region alone) performance (Adenzato et al., 2017); which is commonly used to test for 

affective ToM in various populations.  

In summary, there appears to be some overlap between the regions recruited by ToM 

tasks, which may utilise both types of ToM to some degree. It does seem however, that the 

cognitive ToM tasks, appear more associated with the more dorsal regions of the frontal 

lobes, while the affective ones with more ventral regions. 
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ToM in healthy older adults 
 

The first study focusing on how aging affects ToM was published 20 years ago by 

Happé et al (1998). Older and younger adult participants were presented with the Strange 

Stories task, in which the participant is asked to read a short passage and answer a question 

related to why something occurred in the story (usually related to why a protagonist did 

something). In this study, the older adults outperformed the younger participants on the ToM 

stories that required understanding of some internal state like motivation, and also showed 

more accurate performance on these stories compared to the control stories requiring no 

mental attributions. This led to speculations of continued ToM growth with age, utilising the 

stereotypes of old sages.   

Little support, however, has been seen for this conjecture since the original study. 

Maylor, Moulson, Muncer and Taylor (2002) failed to replicate these findings, instead 

finding deficits in their oldest group but no differences between their younger-old and young 

groups with decreased memory load. Sullivan and Ruffman (2004) also found deficits in an 

older adult group on this task compared to younger adults, but not between younger- and 

older-older groups. This contrasts with Charlton, Barrick, Markus and Morris (2009), Fischer, 

Bernstein and Thornton (2013) and Rakoczy, Harder-Kasten and Sturm (2012) who found a 

negative correlation between performance on the Strange Stories task and age, with Charlton 

et al. and Fischer et al., conducting these analyses in the older group only. Other groups also 

found deficits in older adults on the Strange Stories task (Castelli et al., 2010; Franco & 

Smith, 2013; Rakoczy et al., 2012). In addition to memory load being a potential contributing 

factor to performance (by placing extra cognitive demands on the participant), education 

level has been found to have an effect on ToM performance in older adults. Franco and Smith 

found that differences between younger and older adults disappeared when the older group 

had higher levels of education, with performance being equivalent to that of younger adults. 
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As such, evidence of older adults’ performance on the Strange Stories task, despite being 

used commonly, is far from consistent. 

Older adults are also impaired compared to younger counterparts when performing on 

other cognitive ToM tasks. These included other story-based tasks, such as the Belief-Desire 

Stories task (German and Hehman, 2006) where the participant is asked to choose the course 

of action taken by the protagonist of the story based on the information provided. Older 

adults were also less accurate when asked to identify a correct response from a selection of 

choices for punchlines to complete a joke (Uekermann, Channon & Daum, 2006) and to 

correctly answer a question regarding a story protagonist, once controlling for vocabulary 

scores (Slessor, Phillips & Bull, 2007). Deficits in the older adults have also been found on 

the false belief tasks (Phillips et al., 2011 but see Moran, Jolly & Mitchell, 2012, for 

conflicting results) where the participant has to recognise when a belief held by a protagonist 

is false and how that may impact on their actions. Bailey and Henry (2008) found deficits in 

the older adults when shown silent videos (visual equivalent of the Sally-Ann story task), 

although this was especially true for higher complexity conditions. Older adults were also 

impaired in a physical task aimed at assessing false belief reasoning bias (Bernstein, Loken 

Thornton & Sommerville, 2011). Older adults also perform worse on tasks of false belief and 

faux pas stories (unintentional social gaffe; Li et al., 2013), but again this was only true when 

older adults had lower levels of education (older adults with higher education did not differ 

from younger adults). El Haj, Raffard and Gély-Nargeot (2015) also found deficits in older 

adults when combining story and cartoon format. Overall, it would seem that performance on 

cognitive ToM tasks is an area in which older adults tend to show deficits across different 

modalities, although these deficits can be mediated by a number of factors, including 

cognitive complexity of the task (including memory load) and education levels of 

participants. As the two types of ToM, however, are tested differently (using different tests 
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and, generally, methods), these results should not be generalized to affective ToM 

performance, but rather considered separately. 

One of the most commonly used affective ToM tasks is the Reading the Mind in the 

Eyes task (RMET) and its earlier version, the Eyes task (Baron-Cohen et al., 2001). In this 

task, the participants are presented with a photograph of the eye region of the face, 

surrounded by four adjectives, and are asked to select the most appropriate label to what the 

actor in the photograph is trying to portray. A number of studies have found that older adults 

perform less accurately on this task than younger adults (Bailey & Henry, 2008; El Haj et al., 

2015; Pardini & Nichelli, 2009; Slessor et al., 2007) however, not all have (Castelli et al., 

2010; Li et al., 2013). Deficits in older adults on affective ToM compared to younger adults 

have also been found on other tasks, such as identifying emotional states from silent videos 

(Mahy et al., 2013; Rakoczy et al., 2012; Slessor et al., 2007). A meta-analysis by Henry, 

Ruffman, Phillips and Bailey (2013) suggests that findings on affective ToM in aging are less 

consistent than those on cognitive ToM, which, in part, stem from a number of issues relating 

to ToM methodology, discussed next. 

 

Common issues in ToM research 
 

Despite 20 years of research in this area, a number of common problems seem to arise 

time and again within the literature on ToM in older adults. One of these issues relates to the 

types of ToM tested. As discussed earlier, while cognitive and affective ToM share common 

regions, there is good evidence that these two processes also recruit distinct neural regions 

and should not be treated as interchangeable. Yet frequently researchers conduct 

investigations into ToM using only one task, which is entitled a ‘ToM’ task (e.g. Charlton et 

al., 2009; Fischer et al., 2013; Maylor et al., 2002). The lack of distinction between the two 
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types of ToM can add to the apparently conflicting results being found regarding the 

performance of older adults on ToM tasks. If indeed these two types of ToM are dissociable, 

performance on an affective ToM task is not necessarily representative of performance on a 

cognitive ToM task. A second issue is a result of the well-intended desire to improve upon 

available ToM tests, resulting in new versions of similar tasks being published in short 

periods of time. This has resulted in use of a huge number of ToM tasks, which can make 

comparison between studies difficult as the tasks may be subtly different and recruit different 

cognitive and neural processes. 

Perhaps the most serious of methodological issues in ToM research, however, relates 

to lack of control conditions, an issue raised in the literature by Slessor et al. (2007). 

Furthermore, problematically, this seems to be a more common issues in affective ToM tasks 

than in cognitive ones, which perhaps contributes to the less consistent results associated with 

older adults’ performance on affective tasks. In those situations, even if older adults do show 

relatively poorer performance on the ToM conditions than the younger participants, it is hard 

to ascertain that this is a selective deficit in ToM processing, without being able to compare it 

with a control condition. A number of studies have conducted their experiments in this 

fashion (e.g. Bailey & Henry, 2008; Rakoczy et al., 2012), and therefore results from these 

studies should be taken cautiously as it is hard to rule out difficulties on alternative factors 

that could have influenced performance on the ToM task, other than ToM abilities 

themselves. A related issue stems from how performance on ToM and control conditions are 

evaluated when these are available. Often, studies do not look for statistical interactions 

between these conditions and group, which would be the strongest indication of a specific 

ToM deficit in older adults. While these statistical methods are sometime precluded by the 

use of non-parametric statistics, when parametric statistics are used, frequently, the 

experimental and control conditions are compared separately (e.g. Slessor et al., 2007), which 
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does not enable relative performance on the two conditions to be evaluated. Care should be 

taken in future studies to avoid these problems as much as possible. A thorough investigation 

of ToM processes in aging would need to address these issues. One way to do this would be 

to utilize a representative sample of both types of ToM tasks, with control conditions, to 

enable possible identification of specific ToM deficits. 

 

ToM in Parkinson’s disease 
 

As discussed earlier on, there are multiple sources of information suggesting that 

progression of Parkinson’s disease may result in dysfunctions in social cognition. Animal 

models suggest that PD-mice interact with new mice less than wild-type mice (Magen et al., 

2015), with no differences between the groups on interacting with new objects. Participants 

with PD often show deficits in emotional processing across modalities (e.g. Albuquerque et 

al., 2015; Ariatti et al., 2008; Assogna et al., 2010; Buxton et al., 2013; Herrera et al., 2011), 

which are sometimes seen as prerequisites to ToM processing or even the earliest stages of 

ToM. Findings around ToM performance in PD, however, are relatively inconclusive. 

Deficits in PD groups have been found on false belief tasks when compared to healthy older 

adults (Eddy et al., 2013; Mangelberg et al., 2003; Monetta, Grindrod & Pell, 2009), as well 

as faux pas tasks (Péron et al., 2009, but see Eddy et al., 2013, and Yu et al., 2012 for 

contrasting findings). Subtle deficits in social communication have also been detected in PD 

patients, with Monetta et al. reporting that PD patients were less accurate in determining if a 

statement was a lie or whether it was ironic. Anderson et al. (2012), however, failed to find 

this deficit in cognitively-intact PD participants. Results from studies using Strange Stories 

have also yielded mixed findings with some groups finding deficits in PD participants 

(Mengelberg et al., 2003) and others not (Yu et al., 2012). Yu et al. did, however, find a 
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deficit in the PD group on a humorous cartoon task, where the participants were asked to 

explain the humour in each cartoon. 

While the findings reported in the cognitive ToM literature in PD are inconsistent, this 

is less so in the case of affective ToM. One hypothesis is that early administration of 

dopamine agonists has a detrimental effect on regions implicated in affective ToM. These 

regions at the early stages of the disease are not experiencing dopamine depletion and are 

therefore over-exposed to levels of dopamine (Cools, Barker, Sahakian & Robbins, 2001). As 

such, this could have a detrimental effect on affective ToM processing, which may be evident 

quite early on in progression of PD. The majority of the studies using the RMET task 

reported that the PD group performed less accurately (Arciniega-Martinez et al., 2016; 

Bodden et al., 2010; McKinley et al., 2013; Poletti et al., 2013; Raffo de Ferrari et al., 2015; 

Tsuruya et al., 2011; Xi et al., 2014). This has not always been the case, however, with some 

studies failing to find these deficits (Péron et al., 2009; Rosen et al., 2015). Using The 

Awareness of Social Inference Test (TASIT, where participants view videos of increasing 

social complexity, McDonald, Flanagan, Rollins & Kinch, 2003), Pell et al. (2014) found the 

PD group performed more poorly on the most complex condition compared to the healthy 

controls, but not on the less complex parts. Using the Yoni task which assesses both cognitive 

and affective ToM (where the participants are shown a cartoon drawing along with a 

statement of Yoni’s preferences, and a response from four choices must be selected to agree 

with the statement), Bodden et al. (2010) and Narme et al. (2013) found deficits in PD on 

global ToM performance. Relatedly, Santangelo et al. (2012) found global ToM deficits in 

PD on stories assessing both cognitive and affective ToM.   

Unfortunately, investigations of ToM abilities in PD are also affected by the same 

issues described earlier in relation to aging research. Many studies have either not included a 

control condition (Arciniega-Martinez et al., 2016; Bodden et al., 2010; McKinley et al., 
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2013; Monetta et al., 2009; Santangelo et al., 2012; Yu et al., 2012), have included a control 

condition but analysed the two conditions separately (e.g. Pell et al., 2014), or have only 

assessed one type of ToM while making claims about a general concept of ToM.  

Evaluating ToM abilities in PD is complex due to the progressive nature of the 

condition. Differences between studies as to the stage of progression or disease severity in the 

sample can mean that one study finding a deficit on a task in PD may not be replicated by 

another. For example, Péron et al. (2009) and Anderson et al. (2012) found deficits on ToM 

performance in PD, but only when their PD groups were either advanced in disease 

progression, or showed mild cognitive impairment, respectively. As such, as well as 

including well-designed ToM measures to assess ToM performance in PD, it is also 

important to take into account hallmarks of disease progression and how that may affect these 

abilities.  

These concerns could be addressed, once more, with an experimental paradigm 

investigating ToM abilities in PD thoroughly, with the intent of comparing tasks testing both 

cognitive and affective ToM, with control conditions. Ideally, these tasks would aim to 

minimise the motor output due to the motor difficulties experienced by individuals with PD, 

as well reducing additional cognitive difficulties, such as lack of relying on memory. This 

could provide a more comprehensive overview of these abilities in PD, with a particular 

focus on the effect of disease progression on ToM abilities. 

 

3. Underlying biological contributions to ToM performance 

 

An exciting novel factor which has been considered as a potential explanation for 

some of the inconsistencies in PD findings regarding executive functioning has been the 
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possibility that the results are in part modulated by underlying biological differences between 

participants (e.g. Nombela et al., 2014). This is a potentially a promising area of research for 

studying the differences between studies in PD on ToM findings. There are a myriad of 

possible candidates which could be investigated here, however, the choice of focusing on 

single nucleotide polymorphisms (SNPs) within the oxytocin and dopaminergic systems was 

related to investigating the smallest changes in genetic code, which may prove to have an 

effect on ToM functioning. Both oxytocin and dopamine SNPs have been shown to impact on 

ToM functioning in healthy controls (Lucht et al., 2013; Xia, Wu & Yu, 2014) and may 

provide a framework for investigating differences in these abilities in PD. 

 

Oxytocin 
 

 Biological overview 
 

Oxytocin is a nine-amino acid-long neuropeptide (Carter, Grippo, Pournajafi-

Nazarloo, Ruscio & Porges, 2008), conserved in humans due to its evolutionary role in 

affiliative and social behaviour. It is produced by the magnocellular cells in the 

paraventricular and supraoptic nuclei of the hypothalamus (Ludwig & Leng, 2006). It 

functions as both a hormone (when it travels to the pituitary gland) and a neuromodulator 

(Landgraf & Neumann, 2004) and is regulated by gonadal steroids (Gimpl & Fahrneholz, 

2001). Oxytocin’s targets are widespread within the central nervous system (CNS; e.g. 

amygdala, hippocampus, brainstem and nucleus accumbens) as well as being active in the 

peripheral nervous system (PNS; Carter et al., 2008). In the CNS, oxytocin enhances 

GABAergic transmission, leading to inhibition of signalling from the amygdala (Huber, 

Veinante & Stoop, 2005). The dampening of the amygdala response is further strengthened 

due to decreased functional connectivity between the amygdala and the brainstem following 
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administration of oxytocin (Kirsch et al., 2005). The mediating effects of oxytocin 

functioning on the amygdala response have been suggested to result in dampening of signals 

in response to fear-inducing stimuli (Kanat, Heinrichs & Domes, 2014). 

Oxytocin efficacy is underscored by a number of factors, including the availability of 

its receptors, many of which are in areas implicated in social-affective processes (Landgraf & 

Neumann, 2004), providing converging evidence supporting its role in social behaviour. In 

studies of voles, the distribution of oxytocin receptors varies across regions and is related to 

differences in social behaviour between species. More receptors in the septum is linked with 

social behaviour, in contrast to more receptors in the amygdala linked to parental behaviour 

(Insel & Shapiro, 1992), reflecting differences between polygamous and monogamous voles. 

It is difficult to determine whether these differences in social practices in voles are a result of 

the different distribution sites of oxytocin, or whether there were changes in distribution 

related to the most effective social strategies which were available to the species over time 

(i.e. are voles like this because of their oxytocin receptors or did the distribution change over 

time to reflect the most successful individuals in the group). Indeed, oxytocin levels in both 

humans (Feldman, 2012) and some voles (Insel & Shapiro, 1992) tend to spike during periods 

of bond attachment (including periods following birth and formation of new relationships) 

and increased empathic feelings towards others, when observing others in videos designed to 

elicit empathy in humans (Barraza & Zak, 2009).  

 

Oxytocin Receptor gene 
 

The oxytocin receptor protein is encoded by the oxytocin receptor (OXTR) gene. It 

was isolated by Kimura, Tanizawa, Mori, Brownstein and Okayama (1992) and is found in 

humans on chromosome 3p25 (3p24-3p26), consisting of four exons and three introns across 
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17 kilobases (Gimpl & Fahrenholz, 2001; Simons, Clancy, Quan & Knoll, 1995). The OXTR 

gene contains a number of single nucleotide polymorphisms (SNPs), which are evolutionary 

single-base mutations, resulting in a change in base code within a specific gene. One of the 

most studied SNPs in the OXTR gene is rs53576, located in intron 3 (Inoue et al., 1994). The 

ancestral form of rs53576 is a G allele, with a substitution to an A allele in some individuals; 

as a result of co-dominance, three genotypes occur in humans – G/G, G/A, A/A (Inoue et al., 

1994). 

Women express higher binding capacity of the OXTR gene than men, suggesting 

partial sexual dimorphism (Elands, van Woudenberg, Resink & de Kloet, 1990). This finding 

is not influenced by fluctuation of estrogen levels in women. However, as sex-mediated 

oxytocin effects have been noted, it is likely that estrogen influences the oxytocin system. 

One suggestion is that rather than influencing binding capacity, estrodial levels increase 

responsiveness to oxytocin (Champagne, Diorio, Sharma & Meaney, 2001), although the 

effects of estrogens on oxytocin are not well defined at this point. Another association of the 

OXTR gene has been found with the dopaminergic system (see review, by Baskerville & 

Douglas, 2010). Specifically, the rs53576 SNP has been implicated, with Chang et al. (2014) 

finding lower availability of striatal dopamine transporter in individuals with G alleles (G/A 

and G/G genotypes), which might suggest greater levels of dopamine available in those 

regions in those with a G allele (since dopamine transporter is responsible for the reuptake of 

dopamine). Furthermore, an interaction was found between the A/A genotype in individuals 

with low oxytocin level and dopamine transporter availability, which was predictive of lower 

neuroticism (Chang et al., 2004), suggesting that both oxytocin and dopamine systems might 

influence factors related to social behaviour.  

The distribution of the alleles varies significantly across ethnic lines, with Butovskaya 

et al. (2016) finding higher frequency of the A allele in the Asian population compared to 
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African and European populations, which did not differ in A-allele frequency. Comparing 

allelic frequencies across 12 countries also indicated that traditionally collectivistic countries 

had higher rates of the A-allele (Luo & Han, 2014), which might indicate a relationship 

between cultural values and OXTR gene distribution. Furthermore, Luo and Han found that 

higher frequency of the A alleles was significantly negatively correlated with major 

depression, suggesting that traditionally collectivist cultures show lower rates of major 

depression, which may be mediated through the OXTR gene rs53576 (although this is not the 

only plausible explanation). As such, it is important to take careful note of the ethnic 

composition of the sample studied, as ethnic-specific differences have been found in the 

OXTR gene literature. McInnis, McQuaid, Matheson and Anisman (2017), for example, did 

not find an association between rs53576 and mood (either positive or negative) in an 

exclusively Caucasian sample. Montag et al. (2017) found an association between the A 

allele frequency and higher scores on the Autism Quotient questionnaire in a Caucasian 

sample, but not the Asian one. This leads to the suggestion that actually the effect of OXTR 

gene may confer similar advantages in different ethnic populations, but that these may be 

mediated through different alleles in those cultures. 

Investigations into the differences between the three rs53576 genotypes have revealed 

differences between the genotypes in neural processing of social information and regions 

associated with those areas. Individuals with greater frequency of the G allele were found to 

show an increase in hypothalamic volume (Tost et al., 2010), with amygdala changes related 

to sex and the A allele (in males, the amygdala volume increased whereas in females it 

decreased). Individuals with G/G genotypes also show increased grey matter in temporal 

poles, hippocampal area and precuneus, and decreased grey matter in cerebral vermis 

compared to A-allele carriers (Schneider-Hassloff et al., 2016). Differences in methylation 

rates have also been found between genotypes, which may be an important component of 
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differences between subjects, as adding a methyl group to a genetic sequence can change the 

activity of underlying genes without changing the actual sequence. Depressed G/G 

participants showing lower methylation rates on exon 1 compared to those with an A allele, 

whereas methylation for G/G participants in the control group was higher than those with an 

A allele (Reiner et al., 2014). Similar results were found by Chagnon, Potvin, Hudon and 

Préville (2015) who found that A/A carriers with anxiety and depression had higher 

methylation rates than other genotypes, although these results did not survive post-hoc tests. 

As such, it may be the case that the rs53576 plays a role in socially-relevant processing, 

which would make it a candidate for mediating behaviour. 

 

Interactions between OXTR gene and social processing 
 

A major contribution to the notion that oxytocin may be related to social cognition has 

been related to findings suggesting its importance in social functioning. Lower plasma levels 

of oxytocin have been found in children with ASD (Modahl et al., 1998). Given that oxytocin 

plasma levels in healthy adults have been linked with cooperation and socially-rewarding acts 

(Rilling et al., 2012), altered oxytocin functioning may explain at least some of the reduced 

social abilities in ASD, although whether this is a cause of ASD or an effect of it, is 

debateable. Indeed, oxytocin administration can improve performance on social tasks in both 

healthy controls and individuals with ASD (Guastella et al., 2010; Hollander et al., 2007). 

This idea has been expanded on and refined further, with association of the OXTR gene to 

ASD in a genome-wide association (GWA) study (Ylisaukko-oja et al., 2006). These findings 

have been extended with findings of altered methylation of the OXTR gene and its reduced 

expression have also been found in post-mortem studies of ASD individuals (Gregory et al., 

2009).  
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In a number of studies, the G/G genotype of the rs53576 was related to superior 

performance on ToM tasks, mood and social wellbeing. Weisman et al. (2015) found a G/G 

genotype superiority in performance on the RMET in men (women showed a similar but non-

significant pattern). Rodrigues, Saslow, Garcia, John and Keltner (2009) found the same 

advantage across their sample on the RMET. Individuals with the G/G genotype were found 

to score higher on a Health and Wellness questionnaire related to emotional stability than A-

allele carriers (Massey-Abernathy, 2017). As emotional stability is related to social support 

and general health (Massey-Abernathy, 2017), it may be that the rs53576 SNP could be 

related to personality traits which can impact on ToM abilities, and, therefore, on overall 

wellbeing. G/G carriers have also been found to have higher levels of self-esteem, mastery, 

optimism and lower depression scores (Saphire-Bernstein, Way, Kim, Sherman & Taylor, 

2011), lower physiological stress reactivity (Rodrigues et al., 2009) and higher scores on 

positive affect (Lucht et al., 2013). All of these three studies have been conducted in western 

countries, and it should be noted that in studies investigating the role of the OXTR gene on 

mood, individuals genetically from Asian countries who were raised in western countries 

showed more similar influence of their environment, despite genetic background being more 

similar to Asian distributions (Kim et al., 2010). This suggests that while OXTR may exert 

influence on various social tasks, the context is still of importance and can mediate the gene 

effects on individuals. 

Empathy differences have also been noted between the three rs53576 genotypes, often 

measured using the Interpersonal Reactivity Index (IRI; a subjective measure of cognitive 

and affective empathy; Davis, 1980). Empathy has been studied extensively, with the earliest 

definition of empathy relating to its instinctive nature which allows quick and involuntary 

experiencing of emotions of others (Smith, 1759/2009). Uzefovsky et al. (2015) and Huetter 

et al (2016) both found that G/G individuals showed higher emotional empathy using the IRI, 
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while Rodrigues et al. (2009) had a similar finding on an alternate empathy measure scale. 

The findings from the fantasy scale of the IRI (putting yourself directly in place of a fictional 

protagonist), indicative of cognitive empathy, however, have been less conclusive about the 

influence of the G allele. Uzefovsky et al. found that the presence of the G allele was not 

predictive of performance on this measure. Similarly A/A genotype individuals scored higher 

on the fantasy scale in Montag et al.’s (2017) Caucasian sample, and G/G genotype 

individuals scored higher in Gong et al.’s (2017) Asian sample. Laursen et al. (2014), 

however, found that A/A genotype individuals showed higher empathy accuracy while 

watching videos of individuals experiencing pain compared to G allele carriers in a heathy 

female sample. Nishina, Takagashi, Inoue-Murayama, Takahashi and Yamagishi (2015) also 

found that men with G/G genotype displayed higher levels of trust than other genotypes. As 

such, there is evidence that OXTR rs53576 can impact on an individual’s social processing 

via influences on ToM abilities, mood, personality and alterations to empathy and trust. 

 

Catechol-o-methyltransferase (COMT) gene 
 

Biological overview 
 

A prominent dopamine-related SNP occurs in the COMT gene. The COMT gene is 

responsible for degradation of catecholamines, including dopamine (Axelrod & Tomchick, 

1958) and is particularly important in degradation of dopamine within the prefrontal cortex 

where other means of degradation are less readily available (Gogos et al., 1998). The COMT 

gene includes a number of SNPs, of which the most researched is the rs4680. In the rs4680, a 

single point evolutionary mutation has resulted in a substitution of the valine (val) allele to 

methionine (met) allele (Chen et al., 2004; Lachman et al., 1996), leading to three genotypes: 

val/val, val/met and met/met (Boudikova et al., 1990). Methionine substitution results in 
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greatly reduced COMT enzyme activity, leading to slower degradation of dopamine, which 

results in more dopamine being available in the prefrontal cortex (Apud et al., 2007), with the 

met/met individuals showing greatest levels of prefrontal dopamine. This could be of 

influence in PD, given that dopamine levels show progressive reductions in these regions and 

that dopamine agonists could affect individuals with different COMT rs4680 genotypes 

differently, due to differences in initial dopamine levels. 

Ethnic variations in distribution of the rs4680 genotypes have been documented 

between Caucasian and Asian populations (Tsai et al., 2003), although there does not appear 

to be differences in the underlying mechanisms of the COMT genes in different ethnicities 

(Chen et al., 2004). Some anatomical differences have been found between the genotypes. 

Lee and Qiu (2016) found greater age-related cortical thinning in met-allele carriers, 

predominantly in the angular gyrus, DLPFC and superior frontal cortex as well as in the 

putamen and caudate nucleus. This is potentially interesting as they authors found that the 

met allele carriers appear to show great cortical thickness when they are younger than the val 

allele carriers; a pattern which reverses in older age with older val allele carriers having 

greater cortical thickness. This could imply that lower availability of dopamine in the 

prefrontal regions could be offset by lower cortical thinning, resulting in lesser reduction of 

functioning in these regions over time. Gender variation exists in relation to rs4680, with 

greater activity of the COMT enzyme in males, regardless of the SNP type, with this finding 

being found in the DLPFC (Chen et al., 2004) and more generally (see Harrison & 

Tunbridge, 2008). The distribution rates of the alleles do not seem to differ between the 

sexes, however (McLeod et al., 1994). Gender effects of COMT activity have been noted, but 

inconsistently, with some research teams noting differences between the genotypes in females 

on measures of executive functions (Val/Val superiority; Solis-Ortiz, Perez-Luque, Morado-
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Crespo & Gutierrez-Monoz, 2010) and neuroticism (Met/Met more neurotic; Eley et al., 

2003) but not all (e.g. Bearden et al., 2004; Egan et al., 2001; Harrison & Tunbridge, 2008).   

 

Cognition 
 

There appear to be some evidence for rs4680 met allele superiority on cognitive and 

memory tasks, which may relate to greater dopamine availability. Met allele superiority has 

been seen on numerous tasks used for assessing executive functioning, such as the WCST 

(Bruder et al., 2005; Malhotra et al., 2002; Nagel et al., 2008), mixed-dots task in children 

(Diamond, Brand, Fossella & Gehlback, 2004), Tower of Hanoi (de Frias et al., 2005), 

working memory tasks (Bruder et al., 2005; de Frias et al., 2005; Heinzel et al., 2014), as well 

as on visuospatial tasks (de Frias et al., 2005). These claims have not always been 

substantiated, however, with some studies findings no differences between genotypes (Cerasa 

et al., 2008) or finding a val allele advantage (Apud et al., 2007; Nagel et al., 2008; Solis-

Ortiz et al., 2010). A meta-analysis of this phenomenon has been conducted with a suggestion 

that the COMT gene does not influence cognition (Barnett, Scoriels & Muanfo, 2008), 

however, even that meta-analysis was criticized (Goldman, Weinberger, Malhotra & 

Goldberg, 2009), leaving this topic wide open. It may be that COMT rs4680 is not 

exclusively responsible for cognitive advantage and other factors may influence this effect. 

 

Affect 
 

In response to often-claimed advantage of the met allele on cognitive tasks, a question 

was raised about why the val allele would remain evolutionarily viable, if its presence 

conferred a cognitive disadvantage. This was answered through the ‘Warrior-Worrier’ 
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hypothesis (Stein, Newman, Savitz & Ramesar, 2006), which proposed that the cognitive 

advantage conferred by the met allele was offset by lower emotional stability of its carriers. 

In contrast, the val allele was proposed as conferring an advantage on emotional stability. 

Indeed, the met allele has been linked with a number of affective conditions, including 

depression (Ohara, Nagai, Suzuki & Ohara, 1998), anxiety (Woo, Yoon & Yu, 2002) and 

emotional instability (Montag, Jurkiewicz & Reuter, 2012). The met allele has also been 

linked with poorer response to conditions such as panic disorder (Woo et al., 2002) and 

greater susceptibility of developing depression following childhood trauma (Aberg, Fandino-

Losada, Sjoholm, Forsell & Lavebratt, 2011). This may be due to emotional processing 

changes observed after trauma, which can result in altered response to emotional faces 

(Vrijsen et al., 2014), although in healthy college students, the met allele was also related to 

longer attentional bias to negative facial expressions (Gong et al., 2013), which could indicate 

a heightened sensitivity to emotionally salient information. The met allele has also been 

linked with a number of disorders, including schizophrenia (Gallinat et al., 2003) and bipolar 

disorder (Papolos et al., 1996). Both of these conditions are associated with disturbances of 

ToM, with an association between ToM performance and the COMT gene shown in 

schizophrenia (Alfimova et al., 2015), leading to the suggestion that the COMT gene may 

have an impact on ToM processing. 

 

Interactions between COMT, PD and ToM 
 

 Given the importance of the COMT rs4680 SNP in the degradation of dopamine in 

prefrontal cortex, this SNP may be of particular importance in accounting for heterogeneity 

of some of the non-motor symptoms related to Parkinson’s disease. Additionally, given the 

differences in baseline dopamine between individuals with different genotypes, the use of 



40 
 

medication in PD patients may result in differ performance due to non-specific targeting of 

levodopa and dopamine agonists (Jankovic, 2008), which may affect some individuals’ 

performance more than others. So while the distribution of the rs4680 genotypes may not 

differ in PD compared to healthy controls (Zhang et al., 2016), it may be that COMT activity 

may contribute to the associated dopamine dysfunction particularly in PFC. There have been 

noted interactions of dopamine medication on COMT genotype, with PD val/val participants 

developing a more advantageous strategy on an attentional task with medication intake which 

was not found in the met/met group (Williams-Gray, Hampshire, Barker & Owen, 2008). 

These findings have been disputed however, with lack of replication and differential response 

in patients of other conditions associated with catecholamines, such as depression (Blonder et 

al., 2013). Differences between COMT genotypes in PD have been observed on a task of 

executive functioning (reliant on prefrontal cortex) with met/met individuals performing 

worse than val/val individuals (Zhang et al., 2016), although this effect was only present in 

females. 

Ru et al. (2017) found that in healthy adults the val/val genotype was related to lower 

permissibility scores on moral judgment when related to impersonal dilemmas. That is, they 

were more likely to ascribe a scenario as morally just, suggesting that there may be a 

genotypic difference in processing empathic information as related to others. This was 

corroborated by val/val individuals also scoring higher on the empathic concern scale of the 

IRI (relating to how much concern for others one experiences) than those with a met allele 

(Ru et al. 2017). Swart et al. (2011) also found greater difficulty in verbalizing emotional 

content with increased number of met alleles, which could suggest reduced emotional 

understanding. There is relatively little research relating to how rs4680 influences ToM 

performance, with Xia, Wu and Su (2012) finding no relation between the SNP and ToM 

short stories (covering both types of ToM). Zahavi et al. (2016) found an advantage of 
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met/met individuals on the RMET over the val/val individuals, but as they did not include a 

control condition it is unclear whether or not this reflected a specific deficit in ToM.  

In summary, there is currently very little research conducted into the influence of 

OXTR and COMT genes on performance on ToM tasks, particularly in PD patients. The 

COMT gene impacts directly on prefrontal dopamine which is crucial in PD. The OXTR 

gene has been linked with ToM dysfunctions in a number of conditions, including 

schizophrenia, which also includes dopamine-related abnormalities, and it also has an effect 

on the dopaminergic system. Both of these genes have been shown to affect both affective 

and cognitive processing, which could be related to ToM processing. In light of this, we 

aimed to conduct a pilot study on the effects of both OXTR gene and COMT gene on ToM 

processing in individuals with PD. 

 

Aims of the thesis 

 

This thesis had a number of aims and hypotheses which were explored in three 

studies. In Study One, the first aim of this study was to investigate cognitive and affective 

ToM in healthy older adults. In particular, our aim was to select a large battery of ToM tasks 

that would be representative of both subtypes of ToM, and which could employ control 

conditions, enabling a more direct test of whether ToM abilities are specifically reduced in 

older adults. Additionally, given the findings that there may be factors other than ToM 

influencing performance on the ToM tasks in older adults, we wanted to investigate the 

effects of secondary factors which might influence ToM task performance in aging, 

specifically emotion recognition, executive functioning and sociality. The third aim of the 

study was to establish whether the ToM tasks in the large battery were well-tolerated by 

healthy older adults, to guide selection of a smaller, more targeted set of tasks for assessment 
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of ToM processing in Parkinson’s disease. Our hypotheses, based on existing literature, were 

that older adults would perform significantly less accurately on the ToM tasks than younger 

adults, with a greater deficits on cognitive ToM tasks. 

In Study Two, the general aim was to conduct a thorough investigation of ToM 

abilities in PD. Firstly, we wanted to determine whether any effects associated with the 

disease were specific to either ToM subtypes or were global deficits. Our intention was to 

select a battery of four ToM tasks, of which two would investigate cognitive ToM abilities 

and two would investigate affective ToM abilities. We hypothesised that while the PD group 

would perform less accurately on the ToM tasks globally than the control group, any 

differences would be magnified in the affective ToM tasks, based on more consistent findings 

around this ToM type. Secondly, we were interested as to whether there may be other factors 

which could influence ToM abilities in PD, with a particular focus on disease progression 

and, as in the aging study, emotion recognition, executive functioning and sociality. Our 

hypothesis was that individuals with PD would perform less accurately than controls on all 

tasks. 

The general aim of the third study was to conduct a pilot study looking at the effects 

of OXTR rs53576 and COMT rs4680 SNPs on ToM processing in individuals with PD. 

Within this study, both cognitive and affective ToM processing were assessed (see Study 2) 

using four tasks (two tasks of each subtype). The primary aim was to determine if there were 

any differences between the genotypes of the two SNPs in ToM processing in PD patients. It 

was hypothesised that both the SNPs would have an association with ToM functioning in PD, 

with individuals with the G/G genotype (OXTR) and val/val (COMT) genotypes performing 

most accurately on all the ToM tasks. We were also interested whether any findings 

regarding SNPs and ToM performance in PD participants were also present in healthy older 

adults, to indicate whether the presence of PD results in a similar or different influence of 
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these SNPs. Thirdly, we were interested in whether there may differences in the genotypes on 

factors which may influence ToM processing indirectly: emotion processing, executive 

functioning and sociality. 
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Chapter 2: Theory of Mind processing in healthy aging 

 

Theory of Mind (ToM) refers to the ability to interpret, predict and understand the 

behaviour, thoughts and desires of ourselves and others. Although this definition was initially 

provided by Premack and Woodruff (1978) and referred to chimpanzee’s abilities, it has 

become a topic of considerable interest in the human literature, under the umbrella of social 

cognition (for a review, see Moran, 2013). Most research has been devoted to understanding 

the trajectory of ToM development in children (e.g. Perner and Wimmer, 1985; for a recent 

review, see Richardson, Lisandrelli, Riobueno-Naylor & Saxe, 2018) and the difficulties that 

deficits in these abilities cause in social interactions in developmental conditions, such as 

autism spectrum disorders (ASD, Baron-Cohen, Leslie and Frith, 1985). With an increase in 

the aging population, there has been a spate of interest in understanding the trajectory of ToM 

abilities in adulthood, particularly in older adults. The resulting literature, however, has 

produced inconsistent findings, related to a number of factors.  

ToM is of particular importance in every day social interactions, with some 

researchers suggesting that it is one of the major components underlying effective social 

interactions (Moran, 2013). Deficits in these abilities are often noted in conditions which 

include social difficulties, including schizophrenia (Koelkebeck et al., 2013), bulimia nervosa 

(Kenyon et al., 2012) and Alzheimer’s disease (for a review, see Poletti et al., 2012). Models 

of ToM often incorporate a distinction between cognitive (understanding knowledge, 

intentions and beliefs of others) and affective (understanding other’s emotions and feelings) 

ToM (Brothers & Ring, 1992; Shamay-Tsoory & Aharon-Peretz, 2007). This distinction is 

sometimes characterised as social-cognitive and social-perceptive skills, respectively (Alegre, 

et al., 2011). The cognitive and affective differentiation within ToM appears to be supported 

by different neural circuitry, at least in relation to the involvement of regions of prefrontal 
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cortex (PFC). Evidence for this is primarily based on findings from lesion patients, where 

lesions to different parts of the prefrontal cortex resulted in distinct deficits on different ToM 

tasks (e.g. Gupta et al, 2012; Shamay-Tsoory & Aharon-Peretz, 2007; Shamay-Tsoory et al., 

2006; Stone et al., 1998) and corroborated with imagining studies (Bodden et al., 2013; 

Schurz et al., 2014). Despite clear overlaps in the neural circuitry underlying the two types of 

ToM (e.g. temporoparietal junction, superior temporal sulcus), cognitive ToM appears reliant 

on the dorsal regions of the PFC, including dorsomedial PFC (DMPFC) and dorsolateral PFC 

(DLPFC; Brodmann’s areas 9 and 46 [Abu-Akel & Shamay-Tsoory, 2011; Poletti et al., 

2012) while affective ToM is more closely associated with the ventral regions of the PFC, 

including ventromedial PFC (VMPFC; Brodmann’s areas 10-14; Baena, Allen, Kaut & Hall, 

2010) and inferolateral frontal cortex (ILPFC). 

Early research has demonstrated what appears to be a relatively consistent pattern of 

acquisition of ToM skills (Perner and Wimmer, 1985). This begins with understanding first-

order beliefs (knowledge akin to ‘I understand that he/she believes….’) from the age of 3 

(with some individual variability), progression to understanding false beliefs before the age 

of 6 and second-order belief (‘he/she thinks that [another] he/she believes…’) from ages of 7 

onwards, until the culmination of acquisition of faux pas recognition and similar complex 

skills at the age of 11 (Baron-Cohen, O’Riordan, Stone, Jones & Plaisted, 1999). Until 

recently, however, little attention has been paid to the trajectory of ToM abilities past its 

apparent maturational apex at the age of 11. The global shift in developed countries towards 

aging populations, however, has been accompanied by increased interest in cognitive changes 

occurring with advanced age, including changes in ToM abilities. Happé et al. (1998) 

conducted a seminal study focused on the ability of older adults (OA) to determine what a 

protagonist in a story might do, based on the information provided (Strange Stories task). In a 

result that garners interest to this day, their sample of OA was more accurate on this task on 
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the ToM condition than their younger adults (YA) group and significantly more accurate on 

the ToM condition than the corresponding control condition. This led to speculations of 

increased ToM superiority with advanced age, although this finding may be related 

specifically to cognitive ToM. Evidence from imaging studies indicates recruitment of a 

cognitive ToM network for the ToM stories compared to non-ToM stories, with activation in 

Brodmann’s area 8 (extending posteriorly into area 9 [dorsomedial frontal gyrus]) (Fletcher et 

al., 1995; Gallagher et al. 2000). Thus advantages shown by OA in this study may be specific 

to cognitive ToM only. 

Since Happé et al.’s (1998) study, however, there has been little additional evidence 

supporting the speculation that advanced age is accompanied by increased wisdom in 

understanding others. Many attempts at replication using the Strange Stories task in the OA 

population have failed to find enhanced ToM performance. Generally, instead, findings have 

shown lower accuracy in OA groups compared to YA samples on the Strange Stories task 

(Castelli et al., 2010; Cavallini, Leece, Bottiroli, Palladino & Pagnin, 2013; Maylor et al., 

2002; Rakoczy et al., 2012; Sullivan & Ruffman, 2004 but see Lecce, Ceccato & Cavallini, 

2018 for different findings). Indeed, a number of these studies have found a negative 

correlation between age and Strange Stories performance in older adults (Charlton et al., 

2009; Fischer et al., 2014), in direct contrast to the findings of Happé et al.  

Lower accuracy by OA on tasks sensitive to ToM abilities has also been found on 

other story tasks (Botirroli, Cavallini, Ceccato, Vecchi & Lecce, 2016; German & Hehman, 

2006; Keightley, Winocur, Burianova, Hongwanishkul & Grady, 2006; Li et al., 2013; 

Phillips et al., 2011; Slessor et al., 2007; Uekermann et al., 2006). Similar deficits were also 

found on tasks utilising videos (Bailey & Henry, 2008) and combination of story 

accompanied by related stimuli (e.g. a physical box [intended to create a more nuanced 

version of the original ‘Sally-Ann box’ task] or a cartoon; Bernstein et al., 2011; El Haj et al., 
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2016). Based on all these findings, it would appear that older adults do show some deficits on 

tasks that involve cognitive ToM, although these findings have often been framed simply as 

ToM deficits, rather than ‘cognitive’ ToM deficits. Failure to differentiate between cognitive 

and affective ToM, and just referring to ToM as a unitary construct, could be one reason why 

some studies report ToM deficits and others do not. Conflating two distinct processes may 

mask identification of deficits found in one subtype. 

The deficits of older adults on the ToM tasks described above may be, however, 

impacted by other cognitively demanding factors that could be affected by age. Evidence for 

this comes from studies which manipulated the cognitive load of the tasks. Maylor et al. 

(2002) and Bailey and Henry (2008) suggest that decreasing the executive demands of a ToM 

task (e.g. by manipulating levels of working memory and inhibition, respectively) results in 

improved performance in the OA group. Similarly, vocabulary/education levels are also of 

importance; Franco and Smith (2013) found that removing older adults with only primary 

education in their study eliminated the deficit of the older adult group on cognitive ToM 

performance. Slessor et al. (2007) noted declines in ToM but only after controlling for 

vocabulary scores within older adults, suggesting that superior vocabulary may mitigate age-

related declines in cognitive ToM. Therefore it is important when studying ToM in older 

adults to use tasks that minimize the possibility of finding group differences which are 

attributable to other cognitive faculties and to match groups carefully on key demographic 

variables. Another way to do this is to include carefully matched control tasks in the ToM 

paradigms, so that the task conditions can be effectively and systematically compared, to 

ascertain the nature of any deficits present, should they arise. 

There are multiple strands of evidence suggesting that other factors influence 

performance on both types of ToM in older adults. Many studies have stressed the 

importance of cognitive factors in influencing ToM performance (e.g. Charlton et al., 2009; 
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Rakoczy et al., 2012; Yeh, Lo, Tsai & Tsai, 2015). The most likely candidates for this are: 

processing speed (Charlton et al., 2009; Fischer et al., 2014; German & Hehman, 2006; Li et 

al., 2013; Margoni, Geipel, Hadjichristidis & Surian, 2018; Maylor et al., 2002), verbal 

abilities (Baksh, Abrahams, Auyeung & Macpherson, 2018; Bodden et al., 2013; Charlton et 

al.; Lavrencic et al., 2015; Maylor et al., Zhang et al., 2017; but see Keightley et al., 2006 for 

a different account) and inhibition (Bailey & Henry, 2008; German & Hehman, 2006; Li et 

al., 2013). Better performance on these cognitive abilities was related to superior 

performance on the ToM tasks. Nevertheless, other studies (e.g. Cabinio et al., 2015; Fischer 

et al., 2014; Keightley et al., 2006 and Mahy et al., 2013) have failed to find an association 

with these cognitive processes and ToM performance, suggesting that any association 

between these processes may be more complex and less direct. These findings suggest that 

while aspects of executive functioning may impact on ToM, further evidence is needed to 

clarify exactly how this occurs.  

Findings related to the integrity of affective ToM abilities in older adults are even less 

consistent. The most popular affective ToM task is the Reading the Mind in the Eyes task 

(RMET) and its predecessor (Baron-Cohen et al., 2001). Participants are presented with a 

photograph of an actor’s eye region along with four adjectives describing affective states. The 

participants are then asked to choose the best option for how they think the actor is feeling. 

Most of the studies that found lower accuracy in the OA group either did not use a control 

condition to check that poor task performance was specific to decline of ToM abilities, or did 

not find differentially poorer performance on ToM conditions relative to control conditions 

(e.g. Bailey & Henry, 2008; El Haj et al., 2015; Pardini & Nichelli, 2009; Slessor et al., 

2007). Other studies have not found differences between the performance of younger and 

older groups on the RMET (Castelli et al., 2010; Li et al., 2013). A number of studies showed 

a significant negative correlation between age and RMET performance (Baksh et al., 2018; 
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Cabinio et al., 2015; Margoni et al., 2018; Pearlman-Avinion et al., 2018; Rosen, Brand & 

Kalbe, 2016), however, all of these included younger as well as older participants. Studies 

which have used other tasks to assess affective ToM have all failed to either find a specific 

affective ToM deficit or to include a control condition (Mahy et al., 2013; Rakoczy et al., 

2012; Slessor et al., 2007). These findings are further complicated by some evidence of lower 

performance on emotion recognition tasks in older adults (Kessels, Montagne, Hendriks, 

Perrett & de Haan, 2013) and changes in the way in which older adults process emotional 

expressions compared to younger adults, through focus on different aspects of the face to 

identify those emotions (Sullivan, Ruffman & Hutton, 2007). Emotion recognition has been 

sometimes considered as an early prerequisite to ToM (Beer & Oschner, 2006) so there is a 

chance that changes in recognition of basic emotions (e.g., happy sad, angry etc.) can affect 

ToM performance, regardless of the integrity of more specific ToM processes.  

Sex is often cast as a variable of interest in social cognition. A number of sources 

suggest that there are sex differences in performance, particularly in younger adults, generally 

showing female advantage (e.g. Baron-Cohen et al., 1999; Baksh et al., 2018; Ibanez et al., 

2013). In older adult ToM literature, the evidence for sex effects is much less convincing. 

The majority of studies have found no sex differences either on RMET (e.g. Pardini & 

Nichelli, 2009; Péron et al., 2009; Ribeiro & Fearon, 2010) or on the Strange Stories task 

(Franco & Smith, 2013). In a surprising finding, Halberstadt, Ruffman, Murray, Taumoepeau 

and Ryan (2011) found a male advantage on accuracy of rating social faux pas, further 

complicating the issue of sex. Potentially, however, this may be a result of presenting videos 

from the TV show The Office, where the focus was always on the male protagonist. This 

could create a bias in participant responses, if the participants did not enjoy the show, or if 

the male participants identified more with the protagonist. The lack of consistent sex 

differences in the performance of older adults across either affective or cognitive ToM tasks 
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suggests that any differences that may be detected in younger participants disappear during 

aging.        

Recent findings suggest that engaging in activities which tap into understanding ToM 

in others, such as reading fiction (Kidd & Castano, 2013) and watching televised fiction 

(Black & Barnes, 2015), can result in improved performance on affective ToM tasks (as 

measured by the RMET). Similarly when older adults were recruited for a training program 

utilising ToM (a group training session where mental states were openly discussed between 

participants on a number of ToM tasks), they showed improvements on ToM tasks, both re-

tested (ones which were practiced in the training session) and new ones (Cavallini et al., 

2015). Given that no improvements were evident for the control condition following the 

training procedure (discussing physical occurrences with no mental input), the authors 

suggested that it may be possible to improve ToM performance with specialised training.  

Combining these two lines of research together, that ToM can be improved with 

practice and that this practice needs to involve social cognitive practice/engagement rather 

than just conversing itself, raises the possibility that continued engagement with other people 

may provide a naturally occurring training method which might result in better ToM 

performance. The potential role of social networks in everyday life and ToM performance is 

a recently emerging factor of interest. ‘Social network’ is variably defined across studies, but 

the definition chosen here pertains to social relations organised in some categorical manner to 

form distinct if sometimes overlapping groups (e.g. friends from rugby vs. family friends vs. 

siblings vs. parents; Stiller & Dunbar, 2007). Harré (2013) has conducted a computational 

model of development of ToM which suggested that social network maintenance is 

modulated by ToM abilities, offering a theoretical explanation for the importance of social 

networks in ToM processing. Imaging studies have also found evidence that the size of 

orbitofrontal PFC, associated with affective ToM, is mediated by mentalizing abilities and 
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related to the number of weekly social contacts (Powell, Lewis, Roberts, Garía-Fiñana & 

Dunbar, 2012). 

Indeed, Lecce et al. (2015) found that ToM performance (measured by Strange 

Stories) in older adults can be affected by friendship. These researchers found a significant 

positive relationship between performance on Strange Stories and relations with friends, but 

not relatives, as measured by numbers, frequency of contact and degree of closeness for the 

two categories of friends and relatives. Similar results of significant positive correlation on 

Strange Stories and level of social interaction in older adults were found by Pearlman-Avnion 

et al. (2018). These findings suggest a potentially different influence on ToM preservation, 

akin to the commonly described phenomenon of ‘use it or lose it’. It is possible that 

individuals who engage with more people (i.e. sustain more social networks) might perform 

more accurately on ToM tasks due to increased practice in reading the intentions of others, 

particularly in the affective ToM (Powell et al., 2012). 

As described earlier, cognitive and affective ToM are associated with differential 

recruitment of prefrontal cortex regions, DLPFC and DMPFC, and VMPFC and ILPFC, 

respectively. These regions of PFC show a number of age-related structural and functional 

changes. These include: declines in chemical levels (GABA and glutamate in the DLPFC 

specifically; Grachev & Apkarian, 2001), increased cerebral blood activity in response to 

tasks (suggesting increased energy being utilised to perform tasks; Nagahama et al., 1997) 

and age-related grey matter volume shrinkage (specifically in the dorsolateral PFC and 

orbitofrontal PFC [Raz et al., 2004], and more recently in dorsal PFC [Rzezak et al., 2015]). 

While changes to these regions seem to support the notion that frontal regions are vulnerable 

to age-related changes, there is some suggestion that the lateral PFC is more vulnerable to 

aging than the medial regions of the PFC. Significant negative correlations have been found 

between age and grey matter volume in the DLPFC (Nemoto et al., 2006; Raz, Briggs, Marks 
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& Acker, 1999, but see Good et al., 2001) and direct comparison of the two regions showed 

greater percentage shrinkage per decade in the lateral PFC compared to OFC (Raz et al., 

2004). Given this, tasks that rely on the lateral PFC might be expected to show earlier 

declines than those reliant on the medial PFC. The present literature appears consistent with 

this notion, given stronger evidence for decline in cognitive ToM with aging. Since the 

majority of those studies, however, lack the statistical information required to identify 

selective ToM deficits, and since very few studies examine both cognitive and affective ToM 

within the same individuals, this question remains open.   

In the following study we compared the performance of older and younger adults on a 

range of ToM tasks to determine whether aging is associated with declines in ToM abilities.  

We used a battery of ToM tasks, with half purported in the current literature to assess 

cognitive ToM and the other half affective ToM.  Having more than a single measure reduced 

the chance of idiosyncratic task-specific findings within a population sample. Our battery of 

ToM tasks comprised eight tasks, four involving cognitive ToM and four involving affective 

ToM. This also enabled us to undertake an evaluation of relative performance in the two ToM 

domains within individuals. The cognitive ToM tasks were chosen in order to represent story 

formats, which appear to be favoured in the literature (Strange Stories and Belief-Desire 

Stories), visual formats (Attribution of Intention) and one which taps into humour 

understanding (Joke Completion). While the RMET is a commonly used affective ToM task 

in older adult ToM literature, it was not included in this study as it was readily available on 

the Internet with correct answers. We reasoned that younger adults in particular may have 

come across the task online, possibly artificially inflating performance on this measure.  The 

tasks selected for affective ToM in this study increased in degree of social cues available, 

from still photographs (Attribution of Emotional Intention) to silent videos (Cambridge 
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Mind-Reading Battery) to film clips (Reading the Mind in the Films and The Office Faux Pas 

task).  

Overall, we predicted that older adults would perform less accurately on ToM tasks 

than younger adults, but not on control versions of the tasks. More specifically, we expected 

that older adults would be differentially impaired on cognitive ToM relative to affective ToM 

tasks, given findings that cognitive ToM (but not affective ToM) relies on dorsolateral 

prefrontal cortex (e.g. Stone et al., 1998) which has been shown to decline relatively earlier 

than ventromedial prefrontal cortex (associated with affective ToM; MacPherson et al., 

2002). Finally, we wanted to explore the possibility that performance on a measure of 

executive function would be related to more accurate performance on cognitive ToM tasks, 

and that increased social interaction would be related to more accurate performance on 

affective ToM tasks.  

 

Methods 
 

Participants 
 

A total of 72 participants were included in this study: 31 younger adults (17 to 30 

years old) and 41 older adults (60 years and over). Participants were recruited through 

advertisements placed in University of Auckland, multiple branches of University of the 

Third Age and retirement villages, as well as through word of mouth. Participants were 

required to be proficient in English and have normal, or corrected-to-normal, hearing and 

vision. Exclusion criteria included a history of major head injury or stroke, the presence of 

neurological conditions, psychiatric illness and current or recent alcohol or drug dependency 

issues. Additionally, for older adults only, a score of 82 (out of 100) on the Addenbrooke’s 

Cognitive Examination (ACE-III), was used as a cut-off score for inclusion, in order to screen 
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for undetected cognitive decline. Of the 50 older adult participants originally recruited, one 

participant dropped out from the study part-way through, three had ACE-III scores at or 

below 82, three had a past history of stroke unknown at the time of initial contact, one had a 

concurrent diagnosis of bipolar disorder and one had general poor health which prevented 

completion of the study.  

Demographic characteristics of both groups are presented in Table 1. The groups did 

not differ significantly in terms of gender, Fisher’s Exact Test, p = .79, years of education, 

F(1,70) = 2.27, p = .14, or handedness, Fisher’s Exact Test, p = .10. As expected, there was a 

significant difference between the groups in age, F(1,70) = 1005.78, p < .001. 

 

 
 

 
Table 1 
 
Demographic information for the younger and older adult groups 
 

  

  

Younger 
adults 

(n = 31) 

Older 
adults 

(n = 41) 
Age: mean (SD) 23.52 (2.79) 75.56 (8.80)*** 

Range 
 

19-29 
 

60-93 
 

Number of Females (%) 21 (67.7) 30 (73.2) 

Number of Right-Handers (%) 29 (93.5) 32 (78.0) 

Years of Education: mean (SD) 15.82 (1.90) 14.93 (2.85) 
Range 

 
12-20 

 
9-21.5 

 
ACE-III score: mean (SD)  92.39 (4.74) 

Range  84-99 

Note: *** = p < .001  
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Tasks 

 

Cognitive screening task for older adults 

 

Addenbrooke’s Cognitive Examination (ACE-III; Hsiegh et al, 2013) 

This is a cognitive screening task generally used to screen for dementia. Thus the 

ACE-III was used to screen for undetected significant cognitive impairment in older adult 

participants. The cut-off score for inclusion used in this study was 82 points or better (out of 

100). In an earlier version of the task (Addenbrooke’s Cognitive Examination – Revised, 

[ACE-R]) this score was described as an appropriate cut-off for research purposes (sensitivity 

of 0.84 and specificity of 1.00 for dementia; Mioshi, Dawson, Mitchell, Arnold & Hodges, 

2006). Research suggests that the ACE-III is comparable in sensitivity and specificity to the 

ACE-R (Hsieh et al., 2013). For a number of analyses (specified when used), a higher cut-off 

of 88 was used (sensitivity = 1.0; specificity = 0.96), to eliminate the possibility that lower 

cognitive performance might be related to the results in the older adults group. 

 

Theory of Mind (ToM) Tasks 

 

Cognitive ToM (as classified in current literature) 

 

Attribution of Intention (Brunet, Hardy-Baylé & Decety, 2000)  

In this task participants were asked to choose a logical conclusion to a short cartoon 

strip, based on either the mental or physical conditions implicated in the story. The task was 

presented on a computer screen, with the main story of the comic strip presented in the top of 

the screen, and three options shown underneath (these were only visible when the participant 
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pressed a keyboard button). There was a total of 28 Theory of Mind trials, with accuracy 

(proportion correct) being the outcome variable.  

 

Joke Completion (Brownell, Michel, Powelson & Gardner, 1983)  

In this task, participants were asked to select an appropriate humorous ending to a 

joke from four available options. Participants were initially presented with the body of a joke 

on a computer. Once they have read the body of the joke, the participant pressed a key on the 

keyboard which displayed four alternatives for the ending. The body of the joke stayed 

visible while the four options were presented to avoid additional working memory demands. 

Both accuracy and time taken to read the joke and provide the answer were recorded. There 

were a total of 12 jokes in total (six control and six Theory of Mind jokes), each worth one 

point. The Theory of Mind jokes required the participant to interpret some mental intention of 

the characters in the jokes to obtain the correct answers. The control jokes did not make those 

demands in order to choose the correct option and the humour was revolving around the pun-

nature of the punchlines. 

 

Happé Strange Stories (Happé, 1994)  

This task assessed participants’ understanding of different intentions of characters in 

short stories presented in written format. The task included eight ToM stories and eight 

control stories. The ToM stories required the participant to take into account mental 

attributions of a character in a story. The single question following the story asked the 

participant to answer, in an open-ended fashion, why did a character do something in the 

story. Full marks were given for a complete answer which took into account the character’s 

mental state. The answers were recorded verbatim on a separate form. Control stories, on the 

other hand, did not make this demand and full marks for an answer are possible without the 
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need to engage with the mental state of the characters. The control stories were taken from a 

revised version of the task (Fletcher et al., 1995). The answers were scored out of a maximum 

score of two by an independent rater and the administrator, for a maximum score of 16 points 

in each condition. The correct point scoring system was provided by the test authors with any 

uncertain answer patterns flagged and discussed by the rater and administrator to resolve 

confusion. Any initial disagreements regarding interpretation of the answer were discussed, 

clarified and resolved, resulting in a single mark agreed on by both raters. The overall 

agreement rate between the two raters was 92%. 

 

Belief-Desire Task (German & Hehman, 2006)  

This task assessed the ability to make an appropriate choice based on the desires of a 

protagonist in the story. This story task included 12 stories (three stories in each of four 

conditions: True Belief Approach Desire, True Belief Avoid Desire, False Belief Approach 

Desire and False Belief Avoid Desire). In True Belief stories, characters had a true belief 

about a situation whereas the False Belief stories indicated that their belief was incorrect. The 

Approach stories indicated that a protagonist wanted to do something whereas the Avoid 

stories suggested that a protagonist wanted to avoid something. Hence, the characters were 

presented as wanting to either engage in something or avoid it, based on either their true or 

false beliefs about the actual situation. According to the authors of the task, these stories are 

of increased cognitive complexity starting from True Belief Approach Desire through to 

False Belief Avoid Desire, as evidenced by the relative increment in age at which individuals 

acquire the ability to reliably solve these tasks. Each story was presented on a computer and 

followed by a single question about the protagonist’s actions. Participants were asked to 

choose from two available options which action the protagonist would choose. The answers 

were recorded on a separate form and both accuracy and time taken (recorded using a stop 
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watch) for reading and answering, were recorded. In addition to the total accuracy score 

(maximum of 12 points), accuracy for both True and False Belief conditions were also 

calculated. As no control condition accompanied this task, eight of the control stories from 

the Strange Stories task that focused solely on humans with no ToM component, were used to 

act as a control condition. This enabled comparison of the Belief-Desires ToM stories with 

written control stories. Exemplars from all of the cognitive ToM tasks are presented in 

Appendix B. 

 

Affective ToM tasks (as classified in current literature) 

 

Recognition of Emotional Intention task (Mier et al., 2010)  

In this computer-based task, the participant was presented with a statement and a 

coloured photograph of a person with an emotional expression. The participant was required 

to answer whether the statement and the picture were congruent or not, by answering verbally 

‘Yes’ or ‘No’ (presented under the photograph). The task included three conditions (Theory 

of Mind, emotion recognition and control) giving a total of 45 stimuli, with accuracy (for 

overall task and each condition) being the dependent variable. The control condition 

statements related to the physical properties of the individual in the photograph (e.g. 

sex/age/weight/hair colour) and comprised 13 trials. The emotion recognition control 

statements related to whether the person displayed basic emotions (e.g. 

happiness/fear/anger/disgust). The theory of mind statements involved an action that the 

person in the photograph might take in the future (e.g. cheer/run away/bluster/turn away). 

Emotion and theory of mind conditions had 16 trials each. No time limit was imposed on this 

task and the photograph with statement were present and visible to the participant at all times. 

 



59 
 

Cambridge Mindreading Face Task (CAM) (Golan, Baron-Cohen & Hill, 2006)  

This computer-based task aimed to determine how well participants can interpret the 

emotional state of individuals presented in silent video clips. The task comprised 39 silent 

video clips, ranging from 3 to 8 seconds each. Prior to and following each video clip, four 

adjectives (e.g. ‘stern, sociable, distraught, condemned’) were presented and the participant 

was asked to select the most appropriate descriptor for what the actor was trying to portray. 

The dependent variable was accuracy, with a maximum score of 39. Participants were 

provided with a glossary of all the terms used in the task to minimize issues relating to 

uncertainty over terminology. The control task from Recognition of Emotional Intention 

(described above), which involved true/false judgements about the physical properties of an 

individual in a photo, was used as a control condition for this task, as no specific control 

condition was available for the CAM. There was no time limit imposed on the task, however, 

the participant could only view each video once to obtain an initial reaction. 

 

Faux Pas Recognition Task (Halberstadt et al., 2011) 

This video task assessed the ability of participants to recognise socially inappropriate 

behaviours. The task utilised 16 video clips taken from the British version of the television 

show The Office, of which half featured the protagonist doing something socially 

inappropriate, with the other videos not including a social faux pas. After each clip the 

participants were asked how appropriate was the behaviour of the protagonist, using a scale 

of 0 to 100 (in intervals of 10). A rating of 0 indicated entirely socially inappropriate 

behaviour and 100 indicated entirely socially appropriate behaviour. The overall mean score 

was calculated for each condition for each participant, to determine the mean social 

appropriate score for each condition. In cases of mishearing, a transcript of the dialogue was 

made available to the participants after viewing the video, if they asked to view it. 
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Reading the Mind in the Films Task (Golan, Baron-Cohen, Hill & Golan, 2006) 

This task included 22 short video clips, ranging from 5 to 30 seconds, which featured 

interactions between one and four actors. Prior to and following the presentation of each 

video clip, a question was presented on screen asking the participant about the feelings of a 

particular protagonist in the video clip, along with four choices (e.g. ‘Bothered, Embarrassed, 

Surprised, Interested’). The participants were asked to select the option they felt was the 

closest to what the actors were portraying, with accuracy as the dependent variable. They 

were also provided with a glossary of all the terms used in the task to minimize issues 

relating to uncertainty over terminology. No time limit was associated with the task, however, 

the participants could only watch the video once to gauge initial reaction. In cases of 

mishearing, transcripts of the dialogue were made available to participants, if they so desired, 

following the viewing of the clip. Exemplars from all the affective ToM tasks are presented 

in Appendix C. 

 

Other measures 

Verbal Fluency task (Spreen & Strauss, 1998)  

Participants were asked to say as many words as they could think of within a one-

minute time frame that begun with letters F, A and S. These words could not be proper nouns, 

numbers or expansions on previously said words (e.g. ‘swimming’ after already saying 

‘swim’). Participants were then scored on how many original words they said for each letter 

and overall. Verbal fluency was included as a measure of executive functioning, given 

previous findings linking executive functioning and ToM performance, and given the regions 

of PFC linked with cognitive ToM.  
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Emotion Recognition task (Buxton et al., 2013)  

This computer-based task used photographs from Ekman and Friesen (1976) facial 

emotional photograph set, comprising of six basic emotions (anger, disgust, sadness, 

happiness, fear and surprise) and neutral expressions. As well as the original Ekman and 

Friesen photographs, more subtle morphs were included in the study. These were computer-

manipulated images obtained from creating a twelve step progression of emotions from 

neutral to target emotion and selecting the most difficult level for each emotion that was 

identified correctly by a pre-selected percentage of the pilot study (Buxton et al., 2013). This 

allowed for consistency in difficulty levels of presented emotions, in order to prevent ceiling 

effects. The participants were shown each photograph and were asked to choose from a set of 

seven labels (as outlined above) the option which best described the emotional state of the 

person in the photograph. The options were visible the entire time underneath the photograph 

with accuracy recorded. The participants were presented with 28 stimuli (two exemplars of 

six emotions, each at two levels of difficulty, plus four neutral expressions). Exemplars from 

the task can be seen in Appendix D. 

 

Social Networks Questionnaire 

Participants were asked to list individuals and/or groups of people with whom they 

had regular contact. Regular contact was defined as contact frequency of at least once a 

month, which went beyond exchanging pleasantries. This definition excluded small-talk 

conversations with, for example, retail assistants who were not seen regularly, but included 

members of groups or clubs which might meet only once a month. The participants were then 

asked about the main method of communication with each individual and/or group. These 

methods were divided into six categories: face-to-face contact, messaging application (e.g. 

text/Viber) contact, Facebook contact, email/letter contact, phone call contact and Skype 
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contact. The participant was asked to indicate the main method of communication for each 

social network.  

 

Procedure 

This study received ethics approval from the Auckland Human Participants Ethics 

Committee (Ref. 010454). Prior to beginning of the study, the study was described to all 

participants alongside the Participant Information Sheet provided, with any questions 

answered. Consent form was signed after the participant was satisfied with the information 

received. Both the consent form and the Participant Information Sheet for the study is 

provided in Appendix E.  

All participants completed all tasks, with the exception of two older adults who did 

not wish to complete the Faux Pas Recognition Task. Younger adults were encouraged to 

complete the testing in one session and older adults in two sessions (usually a week apart), 

however, the range of sessions and days taken to complete the testing varied. For younger 

adults, 27 participants completed the testing protocol in a single session and four completed 

the testing in two sessions (m: 8.75 days apart, SD: 3.75 days). For the older adults, one 

participant completed the testing in a single session, 33 in two sessions (m: 10.42 days apart, 

SD: 4.24 days) and seven in three sessions (m: 24.57 days, SD: 8.90 days). The testing 

sessions typically ranged from one to one and a half hours, mainly due to the self-paced 

nature of most of the tasks. The testing was conducted either in the University of Auckland or 

in the participants’ own home, as preferred. All of the participants started the first testing 

session with a demographic interview followed by the fluency and emotion recognition tasks, 

with older adults also completing the ACE-III task before moving onto the Theory of Mind 

tasks.  
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Statistical Analyses 

Analyses were conduct on the Statistical Package for Social Sciences (SPSS v.25).  

Separate split-plot analyses of variance (ANOVAs) were used to test for between-group 

difference in accuracy (and reaction time where available) on all ToM tasks that incorporated 

a control condition. Condition type (ToM, Control) was a within-subjects factor and Group 

(Younger Adults; Older Adults) was the between-subjects factor. ToM tasks analysed in this 

way included the Strange Stories, Joke Completion task, Belief-Desire task (as part of the 

cognitive ToM tasks) and, as part of the affective ToM tasks, Attribution of Emotional 

Intention, Cambridge Mind-Reading task and the Faux Pas task. When sphericity was 

violated, the Greenhouse-Geisser correction was used. Bonferroni pairwise comparisons were 

used to analyse significant interactions and significant main effects, as required. Split-plot 

ANOVAs were also used to investigate the effects of Gender, with Group and Gender as 

between-subject factors and Condition type as the within-subject factor. These results are 

only reported if any significant results included gender. Effect sizes were evaluated using 

either eta squared (one-way ANOVAs) or partial eta squared (eta squared for repeated-

measures ANOVAs). The magnitude for small, medium and large effect sizes was defined as 

.01, .06 and .14, respectively. 

For the two theory of mind tasks (one cognitive and one affective) that did not have a 

control condition (Attribution of Intention and Reading the Mind in the Films task), one-way 

ANOVAs were used to test for between-group differences. One-way ANOVAs were also 

used to test for between group differences on the Verbal Fluency task and Social Networks 

measure. 

Split-plot ANOVAs were used to examine performance of the two groups on the 

emotion recognition task accuracy, with emotion type (anger, disgust, fear, happiness, 

sadness and surprise) a within-subjects factor, and group a between-subjects factor. 
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Bonferroni pairwise comparisons were used for analysis of significant results. Mann-Whitney 

U test was used to investigate reaction time differences between the groups on recognition of 

neutral expressions in the emotions recognition task due to normalcy violations. 

To examine whether the labelling/classification in the literature of cognitive and 

affective ToM tasks could be empirically verified utilizing the current sample, a principal 

components analysis (PCA) with oblique rotation was conducted. Using the regression 

method, the individual weighting of each test score on each of the two factors was then used 

to generate a composite score for the cognitive ToM factor and the affective ToM factor for 

each participant. Linear multiple regressions were then conducted to examine whether there 

was any influence of age, the proportion of face-to-face contact in social networks, fluency 

score and ACE-III (for the older adults group only) on the composite scores of cognitive or 

affective ToM factors derived from the PCA. Separate regression models were calculated for 

younger adults and older adults. 

 

Results 

 

Cognitive ToM tasks (as classified in current literature) 

Attribution of Intention 

As this task did not include a control condition, a one-way ANOVA indicated that the 

YA group (M: .90, SD: .07) was significantly more accurate than the OA group (M: .82, SD: 

.13; F(1,70) = 10.54, p = .002, ƞ2 = .13). 
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Joke Completion  

Accuracy 

There was no significant main effect of group (p = .76) on proportion of correct 

responses on the Joke Completion task, nor a significant interaction between group and 

condition (p = .99). A significant main effect of condition, however, was revealed, F(1,70) = 

13.57, p < .001, ƞ2
p = .16, with more accurate responses to the control condition jokes (m: 

.92, SE: .02) than the ToM condition jokes (m: .84, SE: .02). 

 

Reaction Time 

For reaction time (RT), there was a significant main effect of group found, F(1,70) = 

7.11, p = .01, ƞ2
p = .09, with the YA group (m: 22.06 s., SE: 1.24) responding significantly 

more quickly than the OA group (m: 26.44 s., SE: 1.08). There was also a significant main 

effect of condition, F(1,70) = 10.33, p < .01, ƞ2
p = .13, with quicker RT to control condition 

jokes (m: 23.56 s., SE: .80) than to the ToM condition jokes (m: 24.94 s., SE: .90). 

Importantly, however, there was no significant interaction between group and condition (p = 

.26). 

 

Strange Stories 

There was no significant difference between the YA and OA groups on accuracy on 

the Strange Stories, F(1,70) = .71, p = .40. There was also no significant main effect of 

condition, F(1,70) = 2.54, p = .12, and no significant interaction between group and 

condition, F(1,70) = 1.06, p = .31. There was, however, a significant interaction between 

condition and gender, F(1,68) = 5.39, p = .02, η2
p = .07. Planned pairwise Bonferroni 

comparisons indicated that females performed more accurately on the ToM condition (m: .83, 

SE: .02) than the control condition (m: .78, SE: .02, p = .01) which was not the case for males 
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(p = .31). Additionally, the difference between the accuracy of females (m: .82, SE: .02) and 

males (m: .76, SE: .03) on the ToM condition approached significance (p = .06), while there 

was no difference between the groups on the control condition (p = .70). 

 

Belief-Desire Stories 

Accuracy 

Accuracy for the YA and OA groups on the Belief-Desire task is presented in Figure 

1. There was no significant main effect of group, F(1,70) = .68, p = .42. There was a 

significant main effect of condition, F(1,70) = 9.56, p < .01, ƞ2
p =.12, and, importantly, there 

was a significant interaction between condition and group, F(1,70) = 5.79, p = .02, ƞ2
p = .08. 

Planned pairwise Bonferroni comparisons revealed that that the YA group (m: .91, SE: .02) 

was significantly more accurate than the OA group (m: .83, SE: .02, p = .01) on the Belief-

Desire ToM condition, but not on the control task (p = .45). A repeated-measures ANOVA 

was also conducted with accuracy of the four ToM story types as within-subjects factors. The 

results indicated a main effect of group, F(1,70) = 5.80, p = .02, ƞ2
p = .08, and condition, 

F(2.13,149.29) = 22.83, p < .001, ƞ2
p = .25, but no significant interaction between the two, p 

= .51.  
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Figure 1. Accuracy (in proportion) of younger and older adults on the Belief-Desire stories 

(ToM condition) and control stories. ** = p ≤ .01. Error bars represent standard error. 

 

 

Reaction Time 

Since the Belief-Desire Stories task was comprised of four conditions of assumed 

increasing cognitive difficulty, RT for reading the story and answering the test question were 

compared between the groups using a repeated-measures ANOVA, with the RT for the four 

story types as a within-subject factors. Mean RT are presented in Table 2. There was a 

significant main effect of group, F(1,70) = 20.25, p < .001, ƞ2
p = .22, and condition, F(3,210) 

= 84.91, p < .001, ƞ2
p = .55, and, importantly, a significant interaction between these factors, 

F(3,210) = 4.64, p < .01, ƞ2
p = .06. Breaking down this interaction revealed that the YA 

group was significantly faster than the OA group on all the story types (all ps ≤ .002). 

Looking at each group individually, the YA group was significantly faster on both TB+ and 

TB- stories than both FB+ and FB- stories (all ps < .001). RTs for the TB+ and TB- stories 

did not differ (p = 1.0). The OA group was also faster on TB+ and TB- stories compared to 
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FB+ and FB- stories (all ps < .001) as well as being faster on the FB+ story than the FB- story 

(p < .001). 

 

Table 2 

Mean reaction time (seconds) for each of the four conditions of Belief-Desire Stories for 

Younger (YA) and Older (OA) adults, presented in ascending order of difficulty.  

              

YA     OA 

True Belief Approach (TB+): mean (SD) 15.25 (4.38) 21.64 (7.41)*** 

True Belief Avoid (TB-): mean (SD) 16.17 (4.52) 22.38 (6.40)*** 

False Belief Approach (FB+): mean (SD) 20.26 (5.77) 25.69 (7.74)** 

False Belief Avoid  (FB-): mean (SD) 21.42 (5.86) 30.59 (9.96)*** 

Note:  *** = p-value ≤ .001, ** = p ≤ .01 

 

 

In summary, the older adults group showed differentially poorer performance on the 

two of the four cognitive ToM tasks used. A summary of the performance of accuracy for 

both groups on the ToM conditions of the four cognitive ToM tasks is presented in Figure 2. 
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Figure 2. Mean accuracy (proportion correct) of younger and older groups on the theory of 

mind condition of the four cognitive theory of mind tasks; Attribution of Intention, Strange 

Stories, Belief and Desire Stories and Joke Completion. Error bars represent standard error. 

** - p ≤ .01. 

 

Affective ToM tasks (using current literature classification) 

Reading the Mind in the Films 

As this task did not include a control condition, one-way ANOVA was used to 

analyse any group differences. The results showed no differences between the groups on the 

accuracy measures of this task, F(1,70) = .12, p = .73). 

 

Cambridge Mind-Reading 

A split-plot ANOVA indicated main effects of group, F(1,70) = 12.14, p = .01, ƞ2
p = 

.15, and condition, F(1,70) = 329.82, p < .001, ƞ2
p = .83. Importantly, there was also a 

significant interaction between the group and condition, F(1,70) = 6.21, p = .02, ƞ2
p =.08. 
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Planned pairwise Bonferroni comparisons revealed that the YA group (m: .74, SE: .02) 

outperformed the OA group (m: .66, SE: .02) on the ToM condition (p = .001) but not on the 

control condition (p = .21). Both groups were more accurate on the control condition (YA m: 

.96, SE: .01; OA m: .94, SE: .01) than the ToM condition (both ps < .001). 

 

Attribution of Emotional Intention 

For this task there were three condition types (ToM condition, base emotion condition 

and control condition). The split-plot ANOVA revealed a significant main effect of group, 

F(1,70) = 13.03, p < .001, ƞ2
p = .16, with the YA (m: .88, SE: .01) group performing 

significantly more accurately overall than the OA group (m: .83, SE: .01). There was also a 

significant main effect of condition, F(2,140) = 65.25, p < .001, ƞ2
p = .48. Pair-wise 

Bonferroni comparisons revealed that the control condition (m: .95, SE: .01) was 

significantly more accurately assessed by the participants than the base emotion condition (m: 

.83, SE: .01, p < .001) and the ToM condition (m: .79, SE: .01, p < .001). Additionally, the 

base emotion condition was perceived significantly more accurately than the ToM condition 

(p = .02). However, there was no significant interaction between Group and Condition, 

F(2,140) = 1.93, p = .15.  

 

Faux-pas ‘The Office’ task 

On this task, significant main effects of group, F(1,68) = 4.94, p = .03, ƞ2
p = .07, and 

condition, F(1,68) = 592.11, p < .001, ƞ2
p = .90, were found, as well as a significant 

interaction between condition and group, F(1,68) = 17.19, p < .001, ƞ2
p = .20. The YA group 

viewed the control videos (M: 67.90, SE: 2.9) as more socially appropriate than the OA group 

(M: 53.53, SE: 2.61, p < .001) with no difference between the groups on the faux pas videos 
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(YA M: 19.23, SE: 2.59; OA M: 19.03, SE: 2.31, p = .95). Both groups rated the control 

videos as more socially appropriate than the faux pas videos (ps < .001). 

 

In summary, the older adults group performed less accurately than the younger adults 

group on one of the three affective ToM tasks, and showed less distinction between socially 

appropriate and inappropriate videos. For a summary of the performance of both groups on 

three of the affective ToM tasks (the faux pas task was not included in the graph as it does 

not measure ‘accuracy’ per se), please see Figure 3.  

 

 

 

Figure 3. Mean accuracy (proportion correct) of younger and older groups on the theory of 

mind condition of the three affective theory of mind tasks; Attribution of Emotional 

Intention, Cambridge Mind-Reading and Reading the Mind in the Films. Error bars represent 

standard error. *** - p ≤ .001. 
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Other Measures 

 

Verbal Fluency (FAS) 

On the FAS verbal fluency task, the mean sum of words generated for all three letter 

was: YA, m = 39.68, SD: 10.05, and OA, m = 42.80, SD: 10.76. Using a one-way ANOVA, 

no significant differences were found between the groups on the total score, F(1,70) = 1.58, p 

= .21.  

 

Emotion Recognition Task 

A split-plot ANOVA revealed no significant main effect of group, F(1,70) =.73, p = 

.40. There was a significant main effect of emotion type, F(3.29, 230.02) = 6.41, p < .001, ƞ2
p 

= .08, but this was modified by a significant interaction between emotion type and group, 

F(3.29, 230.02) = 3.83, p < .01, ƞ2
p = .05. Planned pairwise Bonferroni comparisons revealed 

that the OA group (m: .66, SE: .03) was significantly more accurate than the YA group (m: 

.52, SE: .04, p = .01) on recognition of disgust, while the YA group (m: .64, SE: .05) was 

significantly more accurate at recognising sadness (m: .49, SE: .04, p = .02) and surprise (YA 

– m: .62, SE: 02; OA – m: .56, SE: .02, p = .04) than the OA group. The YA group did not 

show any differences in accuracy between the different emotions, but the OA group displayed 

significantly poorer accuracy on fear (M: .36, SE: .05) than anger (M: .57, SE: .04, p = .03), 

disgust (M: .66, SE: .03 p < .001), happiness (M: .61, SE: .03, p < .001) and surprise (p = 

.01). No other differences were significant (see Figure 4). There was also a significant main 

effect of gender, F(1,68) = 4.39, p = .04, with females (m: .57, SE: .02) scoring significantly 

more accurately than males overall (m: .51, SE: .02). One-way ANOVA indicated that the 

two groups did not differ on accuracy of recognising neutral expressions, F(1,70) = 1.20, p = 

.27 (YA m: .78, SE: .05; OA m: .71, SE: .04).   
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Figure 4. Mean accuracy in proportion of the younger and older groups on recognition of the 

six basic emotions (anger, disgust, fear, happiness, sadness and surprise. Error bars represent 

standard errors. * - p ≤ .05, ** - p ≤ .01. 

 

 

Social networks 

The mean number of social networks and the mean proportion of communication 

types used for each group are shown in Table 3. Overall, the OA group (M: 10.17, SD: 3.45) 

described a significantly higher number of social networks than the YA group (M: 7.45, SD: 

1.98), F(1,70) = 15.39, p < .001, ƞ2 = 18. A split-plot ANOVA was conducted to investigate 

group differences in means of communicating with their social networks, with the six 

methods of communication as a within-subject factor. The results showed a significant main 

effect of communication type, F(3.27, 228.87) = 157.62, p < .001, ƞ2
p = .69, and a significant 
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interaction between group and communication type, F(3.27, 228.87) = 9.15, p < .001, ƞ2
p 

=.12. There was no main effect of group. 

Planned pairwise comparisons indicated that the YA group (M: .14, SE: .02) was 

more inclined to use Facebook as the predominant means of communication compared to the 

OA group (M: .01, SE: .02, p < .001). The OA group, on the other hand, judged the telephone 

(M: .24, SE: .02) to be the main means of communication in their social interactions more 

often than the YA group (M: .04, SE: .03, p < .001). Correlations were conducted between 

the number of social networks present and ToM performance for each group, but no 

correlations were significant (all ps > .17). 

 

Table 3  

Mean number of social networks and proportions of communication subtypes for younger 

and older adult groups. 

 Younger Adults Older Adults 

Social Network numbers: mean (SD) 7.45 (1.98) 10.07 (3.39)*** 

Face-to-Face social network proportion: mean (SD) .62 (.23) .60 (.19) 

Messaging applications proportion: mean (SD) .08 (.12) .04 (.09) 

Facebook social network proportion: mean (SD) .14 (.15) .01 (.03)*** 

Email/Letter social network proportion: mean (SD) .08 (.14) .09 (.13) 

Phone call social network proportion: mean (SD) .04 (.09) .24 (.16)*** 

Skype social network proportion: mean (SD) .04 (.12) .02 (05) 

Note: *** = p ≤ .001 
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Principal Components Analysis of ToM tasks 

 

A principal components analysis was conducted on the ToM tasks to confirm the 

division of tasks into either cognitive or affective ToM types in the current sample. 

Therefore, the accuracy scores (proportion correct on seven tasks and mean faux pas rating 

for the Faux Pas task) of the ToM conditions of the eight tasks were entered into a 

confirmatory principal components analysis, with seven of the tasks having 72 participants’ 

data. One of the tasks, the Faux-Pas The Office task, only received input from 70 participants 

as two of the older participants did not wish to undertake it. Therefore, the data was recorded 

as missing pairwise data for that particular task. The Kaiser-Meyer-Olkin measure of 

sampling adequacy was .68, and Bartlett’s Test of Sphericity was significant (χ2 (28) = 

112.72, p < .001). All of the communalities were over .40, with the exception of The Office 

task, where the communalities value was .29. 

Two factors were extracted using oblique rotation (direct oblim), corresponding to a 

proposed ‘cognitive ToM’ factor and an ‘affective ToM’ factor. The variance of the 

eigenvalues was 34.33% and 18.12%, respectively. Other factors accounted for eigenvalues 

of less than 1. The two factors were retained not just for their eigenvalues but also because of 

the a priori hypothesis which suggested that the ToM tasks could be classified into two 

categories. Strange Stories, Cambridge Mind-Reading task, Joke Completion and Attribution 

of Intention all loaded primarily onto the first factor, proposed as the Cognitive ToM factor, 

with factor scores above the value of .50. Meanwhile, the Attribution of Emotional Intention, 

Reading the Mind in the Films and The Office task all loaded onto a second factor (proposed 

Affective ToM factor), again with factors scores over or equal to the value of .50. The Belief-

Desire stories was the only task which loaded similarly across both factors (.48 on the first 

‘cognitive’ factor vs. .49 on the second ‘affective’ factor). The list of factor loadings and 
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communalities are presented in Table 4. It should be noted that the high loading of the 

Cambridge Mind-Reading task onto what seems to be a predominantly cognitive factor was 

unexpected.  

 

Table 4  

Factor loadings and communalities based on a principal components analysis with oblique 

rotation for the eight ToM tasks.  

Task Cognitive 

factor 

Affective 

factor 

Communalities 

Strange Stories .780 -.284 .626 

Joke Completion .751 -.050 .556 

Cambridge Mind-Reading .715 .117 .549 

Attribution of Intention .635 .443 .680 

Attribution of Emotional Intention -.316 .701 .528 

Reading the Mind in the Films .170 .611 .432 

Belief-Desire Stories .483 .485 .536 

The Office Faux Pas task .012 .534 .288 

 

 

Composite scores for each factor were derived using the Regression method 

(Distefano, Zhu & Mîndrilâ, 2009). This method standardizes the obtained scores to a mean 

of 0 and a standard deviation of 1 and is an extension of the least squares regression 

approach. 

To examine whether the younger and older adult groups showed similar or differential 

patterns of performance across cognitive and affective ToM, a split-plot ANOVA was 

conducted, with group as the between subjects factor and ToM type (cognitive ToM 
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composite and affective ToM composite) as the within subjects factor. There was a 

significant main effect of group, F(1,68) = 8.66, p = .004, with the YA group (M: .29, SE: 

.13) scoring significantly higher on ToM generally than the OA group (M: -.21, SE: .11, ƞ2
p = 

.13). Neither the main effect of ToM type (p = .75) nor the interaction between ToM type and 

group (p = .86) were significant. In other words, the results indicate that younger adults are 

more accurate on ToM composites overall compared to the older adults. 

 

Linear Multiple Regressions 

 

Separate multiple linear regressions were conducted to test whether age was a 

significant predictor of cognitive or affective ToM, based on the composite scores obtained 

from the PCA analysis. These regressions were performed separately on the younger and 

older adult groups for a number of reasons. Firstly, the age distribution is not continuous 

across the sample, therefore if age was found to be a significant predictor of the total sample, 

this would likely be attributed to the relative superiority of the younger adults in general. 

Secondly, it was predicted that within the YA group there would not be any effect of age on 

their performance, as their age-band is too young to show any age-related changes on these 

tasks. Thirdly, the wide range of ages present in the OA group gives the best possibility for 

examining age-related changes, as the group itself represents individuals who, theoretically, 

should be at various stages of age-related ToM changes that might be observed. For the OA 

group, the multiple regressions were based upon 39 participants (due to the missing 

composite scores from the two participants who did not wish to undertake The Office Faux 

pas task). 
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Cognitive ToM 

To investigate whether age was a significant predictor of cognitive ToM composite 

score within the older adult group, age, ACE-III score and verbal fluency score were entered 

into the model. The regression model was significant, F(3,35) = 5.91, p = .002, with R2 

change = .34 (p < .01). Age was the only significant independent predictor of cognitive ToM, 

β (Standardised) = -.37, p = .02.  

For the Younger Adults, only age and verbal fluency were entered into the model. The 

regression model for cognitive ToM with these predictors was not significant, F(2,28) = .38, 

p = .69. 

 

Affective ToM 

To investigate whether age was a significant predictor of affective ToM within the 

older adult group, age, ACE-III score, and proportion of face-to-face social contacts were 

entered into the model. The face-to-face measure was included as it was hypothesised that 

increased social cues present in face-to-face contact (absent from most of the other means of 

communication), might facilitate the practice of reading social cues of others and therefore 

might be linked to better affective ToM. Once again the model was significant, F(3,35) = 

4.79, p = .007, with an R2 change = .29 (p = .007). In this case, the ACE-III score was the 

only significant predictor of affective ToM performance, β (standardised) = .45, p = .009. 

Age was not a significant independent predictor β (standardised) = - .16, p = .319. 

For the younger adults, again the model for affective ToM only included two 

variables: age and face-to-face contact. The results indicated that this model was not 

significant, F(2,28) = 1.56, p = .227. 

Given that the ACE-III score was a significant predictor of affective ToM in the OA 

group, we considered the possibility that the healthy OA group may have included cases 
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more at risk of progressing to very early stages of cognitive decline, even though they fell 

above the 82/100 cut-off mark on the ACE-III. To address this, we applied the more 

conservative cut-off score of 88 and over. We then re-ran both regression analyses including 

only with those OA participants with ACE-III scores of 88 and over (n = 33). For cognitive 

ToM, age and verbal fluency were retained as the two predictive factors. The ANOVA results 

indicated that this model was significant, F(2,28) = 7.12, p = .003, with R2 change = .34, p = 

.003. Age was a significant independent predictor of cognitive ToM (β standardized = -.48, p 

= .004), while verbal fluency was not (β standardized = .29, p = .069). For affective ToM, age 

and proportion of face-to-face communication were retained as the two predictive variables. 

The results showed that this model was significant, F(2,28) = 4.51, p = .02, with R2 change = 

.24, p = .02. In this model, only proportion of face-to-face contact was a significant predictor 

of affective ToM in older adults, β (standardized) = .36, p = .037, while age was not, β 

(standardized) = -.31, p = .071.  

 

 

Discussion 

 

Our results suggest that older adults do show a decline on theory of mind (ToM) tasks 

compared to younger adults. This decline, however, is not universal and appears to be 

restricted to tasks that loaded together on the cognitive ToM factor (this included the 

Cambridge Mind-Reading task which was not originally designated as cognitive). 

Furthermore, it appears that within the age-range of 60 - 93, age is predictive of declines in 

cognitive, but not affective, ToM. These findings partially support our initial hypotheses that 

older adults would perform less accurately than younger adults, with greater deficits on 

cognitive ToM, since we found deficits on some, but not all tasks measured, and these were 
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restricted to tasks that loaded onto a cognitive ToM factor. Our last hypothesis regarding 

increased accuracy in affective ToM performance with increased face-to-face social contact 

was partially supported, suggesting that an increase in proportion of face-to-face social 

contact and/or interactional practice might be relevant for improving affective ToM abilities. 

It is worthy of note that our initial task classifications based upon the literature placed the 

Cambridge-Mind Reading task in the affective ToM domain, whereas our principal 

components analysis revealed that it was more closely associated with other tasks construed 

as cognitive ToM tasks.  

In this study we used a large number of ToM tasks, which allowed a comparison of 

younger and older adults across different modalities of tasks and ToM subtypes of tasks. 

Looking at individual task performance, we found that younger adults outperformed older 

adults on three tasks: Attribution of Intention, Belief-Desire stories, and the Cambridge 

Mind-Reading task. As the Attribution of Intention did not have a control condition, the 

interpretation that this poorer performance by older adults is reflecting declines specifically in 

ToM abilities with aging cannot be verified, although it remains a potential explanation. 

Suitable control conditions were available and used for the other two tasks on which 

differences were found.  For both of these tasks, the critical, significant interactions between 

group and type of condition were found. In other words for both tasks older adults had 

relatively poorer performance on the ToM condition than younger adults, but not on the 

control condition. This provides clear evidence that these differences reflect a decline in ToM 

abilities. These findings are consistent with those of German and Hehman (2006) and Duval 

et al. (2011) who also found superior performance in younger compared to older adults on the 

Belief-Desire Stories and Attribution of Intention tasks, respectively. Similarly, results from 

Mahy et al. (2013) suggest a similar deficit in the older adults on ToM performance on the 

Cambridge Mind-Reading Battery (designated in their study as an affective ToM task).  
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Nevertheless, the performance of our two groups of younger and older adults was not 

different on the other five tasks. This is particularly noteworthy for the Strange Stories task, 

as this contrasts with a number of previous findings that have reported ToM deficits in their 

older adult samples on this measure (e.g. Castelli et al., 2010; Cavallini et al., 2013; Sullivan 

& Ruffman, 2004). One potential explanation for different findings could relate to the relative 

levels of education in younger and older adults in the samples. Franco and Smith (2013) 

suggested that level of education might contribute to differences in performance between the 

younger and older groups when they discovered that greater education in older adults was 

related to superior ToM performance on the Strange Stories task. Indeed the results from 

Happé et al (1998), which did find superior performance by their older adult group, included 

a very highly educated group of older adults who did not differ from younger adults in terms 

of education. In Cavallini et al., however, their younger adult group was more educated than 

the older adult group, while the other two studies do not include information for years of 

education of their samples. It remains possible, therefore, that the relatively poorer 

performance of older than younger adults in those previous studies may reflect lower levels 

of education in the older adult samples, rather than declines in the ToM abilities needed to 

perform the Strange Stories task. In our study, however, the younger and older groups were 

matched on years of education, with a corresponding absence of difference between the 

groups on the Strange Stories task.   

Given the large number of tasks used in the study, confirmatory principal components 

analysis was used to confirm the split of the tasks into the two hypothesised subtypes of 

ToM: cognitive and affective. Since we wanted to conduct a thorough analysis and derive 

composite cognitive and affective ToM scores, we did not want to rely solely on 

classifications used in existing literature (which are often untested) to subdivide the tasks we 
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used. While our results did confirm two factors, the tasks which clustered around particular 

factors were not entirely consistent with the predictions based upon the literature.  

The main difference was that the Cambridge Mind-Reading task loaded primarily on 

the factor that included all other tasks designated as cognitive ToM tasks. This was certainly 

unexpected, as the task requires observing complex facial expressions and appears, at face 

value, to ask questions of the affective states of mind of the actors. Participants view brief 

silent videos and are asked what the actor is trying to portray with their silent mimicry, with 

four possibilities provided. A closer examination of the terms used to depict possible 

expressions reveals options that are far removed from fundamental emotional states, for 

example, ‘Lured’ or ‘Convinced’. Indeed, these terms might evoke cognitive evaluations 

above and beyond those associated with standard affective demands. Furthermore, the forced-

choice nature of the task might contribute to extra cognitive evaluations, as one choice is 

weighed against another, which could explain the clustering of the Cambridge Mind-Reading 

task with other cognitively-demanding tasks. Both the complex terminology and the need to 

compare, contrast and select the appropriate answer may lead to higher load on cognitive 

demands than anticipated. The outcome of our classification sheds light on the difficulties of 

constructing ToM tasks which are purely designed to test one type of ToM or another 

We chose to use the factor loadings on the two factors derived from the principal 

components analysis to create two composite scores for each participant, which we labelled 

cognitive and affective ToM scores. The composite scores were used to examine which 

factors predicted performance in that particular domain. In individuals ranging from 60 years 

to 93 years, age was a significant predictor of performance on cognitive ToM only, such that 

the older a person is, the poorer their cognitive ToM performance. There was no such 

association between age and performance on affective ToM tasks. This suggests that any age-

related drops in performance (from 60 years onwards) would likely be restricted to the 
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cognitive facet of ToM. Cognitive ToM is more reliant on the DLPFC and lateral PFC 

regions, which have been shown to undergo age-related changes more rapidly than the medial 

regions of the PFC (Raz et al., 2004; Rzezak et al., 2015). In other words, the older adult 

sample in this study performed less well on ToM tasks that rely on regions associated with 

accelerated aging, but not on ToM tasks associated with other regions of PFC. Some previous 

studies have also found increased age to be a predictive factor of lower cognitive ToM 

performance both when comparing OA and YA and when looking at older adults alone 

(Fischer et al., 2013; German & Hehman, 2006; Mahy et al., 2013). 

Executive functioning, as measured by verbal fluency, did not predict performance on 

the cognitive ToM composite. This is in contrast to some previous claims that executive 

functioning may influence, and, indeed underlie, ToM performance, particularly on cognitive 

ToM tasks (e.g. Bailey and Henry, 2008; Li et al., 2013). Verbal fluency has not, however, 

always been found to be related to ToM performance in previous research (e.g. Keightley et 

al., 2006), indicating that our results are not an anomaly. Within the current sample, the only 

predictor of performance on cognitive ToM was age alone, although in future, other 

dimensions of executive functioning should be included (given the range of skills 

underscored by ‘executive functioning’) in order to test the notion that there may be subsets 

of specific aspects of executive functions associated with ToM performance in OA. 

Within our older adult sample, age was not related to the performance on affective 

ToM tasks, in contrast to the findings of Lavrencic et al. (2015) who did find an age effect on 

the performance on an affective ToM task (TASIT-R). Age was only related to negative 

emotions, however, which tend to be more difficult to discriminate between than positive 

emotions, at least in faces. The TASIT-R includes three parts of increasing complexity with 

third part requiring understanding of subtle undertones from all stimuli, and it may be the 
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case that as the tasks become more complex, the demands are evaluated more cognitively, 

potentially blurring the lines between cognitive and affective ToM tasks once again. 

Interestingly, the proportion of face-to-face contact within the social networks of 

older adults influenced how well they performed on the affective ToM tasks in this study. 

Face-to-face contact is likely to provide individuals with the richest social information and 

context. In this sense, the extent of face-to-face contacts does fit in with the idea of ‘use it or 

lose it’. Within this sample, the older adults engaged in the same proportion of face-to-face 

contact as the younger sample, which takes away the focus on absolute numbers of social 

contacts, which have been found in the past to decrease with age (e.g. Hill & Dunbar, 2003), 

although this has not been the case in our study.  

It is possible that some studies that have reported deficits on affective ToM tasks, 

have, by chance, an older adults sample in which individuals have fewer face-to-face contact 

in their social interactions and hence less practice. This is broadly consistent with the findings 

of Lecce et al. (2015) who found that ToM abilities can be improved with training, and also 

with findings that ToM performance can depend on individuals’ levels of engagement with 

perspective-taking abilities like reading and watching television shows (Kidd & Castano, 

2013; Black & Barnes, 2015). Taken together with our findings, this suggests that future 

studies should incorporate a measure of social networks and face-to-face contact within social 

networks, in order to both control for these effects, and to explore further the potential role of 

face-to-face contact within social networks in facilitating preserved affective ToM abilities. 

Measurements in this domain could be improved by including a more fine-grained analysis of 

numbers, quality, and extent of nature of face-to-face contact within social network structures 

of older adults. 

On the emotion recognition task, some differences were found between the groups 

and while overall older adults performed as well as younger adults at recognition of facial 
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emotional expressions, there was a different pattern of performance on individual emotions. 

Older adults recognised expressions of sadness and surprise less well than younger adults, but 

recognised expressions of disgust more accurately. Given that disgust recognition generally 

takes longer to perfect than other emotions and remains consistently reported in older age 

(Calder et al., 2003), our results are in line with past literature. Emotion recognition declines 

and changes in older age in general, however, and thus could contribute to ToM performance 

in older adults, although this was not found to be a case in our study.  

There are a number of limitations to the study. Firstly, our intention was to ensure that 

ToM tasks had a well-developed control task to ensure that any differences between the older 

and younger adults did not reflect a more generalised difficulty rather than a specific problem 

with ToM. In fact, four of our tasks did not have a control condition, although two were able 

to be compared to control conditions from other tasks that were reasonably closely matched 

in their demands. On one of these tasks, Attribution of Intention task, older adults performed 

less well than younger adults, and, for this task, it remains possible that this difference 

reflects some aspect of task performance other than ToM performance. A commonly used 

task for affective ToM is the Reading the Mind in the Eyes (RMET) and it is a limitation that 

it was not utilised in this study. The reason for this omission was that the task, along with its 

answers, appeared on popular media platforms and it was felt that there was a high chance 

that younger adults may have been exposed to it. Had that been the case, any differences 

between younger and older adults may have been inflated. This may have been over-cautious, 

and it may have been better to control for prior exposure to the task, rather than omitting it 

from the study design. Given the findings regarding social networks and affective ToM for 

older adults, future study designs should incorporate a more detailed evaluation of social 

networks including thorough descriptions of the nature of individuals’ social networks. The 
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social network measure included in this study was brief and would have been improved by 

further measures such as frequency of contacts.  

In conclusion, older adults in our sample did exhibit poorer performance on some 

aspects of ToM in comparison to younger adults, but not on all the tasks on which they were 

tested. The tasks on which they performed more poorly comprised cognitive ToM tasks, as 

determined by the existing literature (except for Cambridge Mind-Reading) and our factor 

analysis. This finding is consistent with accelerated age-related changes in DLPFC relative to 

ventral regions of PFC, which have been previously described. Additionally, face-to-face 

social contact was shown to have an influence on affective ToM, whereas age was 

influencing performance on cognitive ToM.  
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Chapter 3: Theory of Mind in Parkinson’s disease 

 

Parkinson’s disease (PD) is a common neurodegenerative disease, second only in 

prevalence in older age to Alzheimer’s disease (de Lau and Breteler, 2006). It affects 

approximately 1% of people over 60 years old in the developed world, although regional 

differences exist between countries (de Lau and Breteler, 2006). While there are 

acknowledged genetic contributions to the development of PD, most of the diagnosed cases 

are considered idiopathic (de Lau and Breteler, 2006; Lang and Lozano, 1998; Lees et al., 

2009). The neuropathology of PD is relatively predictable. According to Braak et al. (2004), 

PD progresses through six stages, beginning with two presymptomatic stages, followed by 

death of dopaminergic neurons in the substantia nigra pars compacta, with corresponding 

depletion of dopamine in the nigral-striatal pathway, as well as disturbance of the amygdala 

in symptomatic individuals in stage three onwards. At this point, the degree of dopaminergic 

loss is profound and motor symptoms begin to appear. Although PD is characterised by this 

loss of dopaminergic cells in the substantia nigra, loss of cells associated with disturbances in 

transmission of other catecholamines and serotonin is also present (Lang & Lozano, 1998). 

The primary neuropathology of PD is thought to relate to misfolding and overexpression of 

the α-synuclein protein (Bellucci et al., 2015). The underlying neural changes lead to a 

number of symptoms. While PD is mostly associated with motor symptoms, of which the 

most common are resting tremor, bradykinesia, rigidity and postural instability (Jankovic, 

2007; Parkinson, 1817/2012), non-motor problems are also common, including those related 

to the autonomic nervous system, sleep, cognition and affective systems (Palmeri et al., 

2017).  

Emotional processing and social cognition have been a recent focus of investigation in 

PD. Effective social interactions require a good command of both sets of abilities (Moran, 
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2013) so any deficits in PD in these areas could reduce the quality of social interactions for 

individuals with PD, both within their family and more broadly. There are many benefits to 

maintaining social interactions with age, including lower rates of depression (Shao, Xu & 

Pan, 2017), improved cognitive functioning (Zamora-Macorra et al., 2017), better diet 

(Bloom et al., 2017) and overall general satisfaction with life (Garcia, Banegas, Perez-

Regadera, Cabrera & Rodriguez-Artalejo, 2005). As such, anything that could impact 

negatively on social functioning could have a continued negative effect on individuals with 

PD and their quality of life. 

Theory of Mind (ToM), first described by Premack and Woodruff (1978), is an aspect 

of social cognition that contributes to human understanding of social interactions. It is 

through ToM that individuals are able to predict and understand what others might be 

thinking, what they might know or what they might feel. Evidence from lesion and imaging 

studies (Bodden et al., 2013; Shamay-Tsoory et al., 2006; Stone et al., 1998) suggests that 

ToM may consist of two overlapping but dissociable neural circuits that underlie cognitive 

and affective ToM. Cognitive ToM involves understanding the knowledge and beliefs of 

others (Fischer et al., 2016; Kalbe et al., 2010; Poletti et al., 2012), while affective ToM 

relates to understanding the feelings of others (Adenzato et al., 2017; Bodden et al., 2013; 

Shamay-Tsoory & Aharon-Peretz, 2007). Based on neuroimaging (Stuss, Gallup Jr & 

Alexander, 2001), transcranial magnetic stimulation (Kalbe et al., 2010) and lesion studies 

(Shamay-Tsoory et al., 2006), cognitive ToM appears to involve dorsolateral and 

dorsomedial prefrontal cortices while affective ToM is more reliant on ventromedial and 

inferolateral prefrontal cortices (Baena et al., 2010). Regions which are activated in response 

to both affective and cognitive ToM tasks include medial prefrontal cortex, bilateral 

temporoparietal junction, superior temporal sulcus and parts of the middle temporal gyrus 
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(Abu-Akel & Shamay-Tsoory, 2011; Castelli et al., 2010; Molenberghs, Johnson, Henry & 

Mattingley, 2016). 

Research findings spanning animal models to human studies suggest that PD may 

result in deficits in social interactions. Using a PD genetic animal model, Magen et al. (2015) 

found that experimental mice spend less time interacting with new mice compared to wild-

type mice. In contrast, there were no differences between the mice groups in interactions with 

novel objects. The authors argue that this indicates an intact exploratory instinct, suggesting 

the deficit may be specific to ‘social’ exploration. A number of human studies have reported 

problems in PD with recognition of emotional expressions both from faces and from prosody, 

suggesting that emotional recognition problems are multi-modal in PD. Buxton et al. (2013) 

reported that their sample of PD participants had problems in recognition of emotions from 

both facial expressions and prosody. While the PD participants did not show any difficulties 

recognising emotional expressions on prototypical Ekman and Friesen (1976) faces, they 

were significantly less accurate at recognising specific emotions in both moderately subtle 

(happiness and disgust) and difficult (more subtle) facial expression conditions (happiness 

and sadness). Deficits in facial emotion recognition in PD groups compared to healthy 

controls have also been found by Ariatti et al. (2008; fear and sadness), Assogna et al. (2010; 

disgust), Clark, Neargarder and Cronin-Golomb (2008; anger and surprise) and Herrera et al. 

(2011). Buxton et al. also found their PD group was less accurate overall at recognising 

affective prosody than the control group, although no deficits in specific emotions were 

detected. Deficits in recognising affective prosody in PD have also been reported by 

Albuquerque et al. (2015),  Ariatti et al. and Yip, Lee, Ho, Tsang and Li (2003), who all 

found a general deficit in accuracy on emotional prosody. While difficulties in recognising 

basic emotions are well documented in PD, ToM is a more complex process of social 

cognition, which is utilised in different ways across contexts, time and individuals.  
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As PD progresses, there is disruption of frontostriatal circuits due to the loss of 

dopamine in the nigrostriatal pathway and consequent hypostimulation of prefrontal regions. 

There is eventual loss of dopamine in prefrontal cortical regions (see review by Poletti et al., 

2011), following the involvement of the mesolimbic dopamine system. This progression of 

disease-related changes will in turn affect cognitive processes dependent upon these regions. 

De la Fuente-Fernández (2012) suggested that dopaminergic networks linking the DLPFC 

with the dorsal caudate nucleus show earlier depletion rates in PD than those underscoring 

the connections between OFC and caudate nucleus. This would imply that cognitive ToM 

should be affected earlier in PD than affective ToM. Findings regarding the integrity of 

cognitive ToM abilities in PD, however, are so far inconsistent. A number of researchers 

have found deficits in PD participants on false belief tasks (e.g. Eddy et al., 2013; 

Mengelberg & Siegert, 2003; Monetta et al., 2009). Péron et al. (2009) reported that their PD 

group performed significantly less accurately than healthy controls on the cognitive ToM 

component of faux pas recognition, but did not differ on control questions, which asked about 

details of the story.  

A number of other studies, however, have failed to find differences between groups 

on faux pas tasks (Eddy et al., 2013; Yu et al., 2012). Narme et al. (2013) found that while 

PD participants performed worse on a faux pas recognition task, this was driven by the 

participants’ general lower comprehension of the task, as shown by lower scores on details of 

the story. A similar conclusion was drawn by Costa et al., (2013) who did not find any 

differences between PD participants and control participants on a faux pas task if the 

participants were cognitively intact. This suggests that more general cognitive decline might 

influence performance on the ToM tasks and be misinterpreted as ToM deficits. The findings 

of studies that used other story tasks are equally mixed. Monetta et al. (2009) found that their 

PD group was less accurate than healthy controls when asked to determine whether a 
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character in a story was telling a lie or making an ironic statement. Mengelberg et al. (2003) 

found that PD participants scored lower on ToM stories taken from Happé Strange Stories 

(1994) than healthy controls, whilst showing no difference in performance on physical 

stories. These results might suggest a lower accuracy in PD on ToM tasks, however, 

Anderson et al. (2012), failed to find impairment of cognitively-intact PD participants on a 

story task which involved interpreting either a sarcastic statement or an action. Furthermore, 

Yu et al. did not find differences between healthy controls and PD participants when using a 

subset of the same test. They did, however, find significantly poorer performance by PD 

participants on a cartoon task where participants were asked why each picture was humorous, 

when the humour was based on incorrect or incomplete knowledge of the protagonist. 

Slessor et al. (2007) argued that a prominent problem in many ToM studies is that 

they lack appropriate control conditions. Without appropriate control conditions it is not 

possible to claim that there are specific deficits in ToM, rather than more general cognitive 

deficits in studied populations. Slessor et al. reasoned that studies need to include matched 

control conditions alongside ToM conditions, if a claim for a specific ToM deficit is made. 

The key finding indicating a ToM impairment would be a significant interaction between 

group and condition type, indicating differentially poorer performance on the ToM condition 

when comparing the group’s performance to the control condition. Indeed, from the studies 

reviewed above, neither Monetta et al. (2009) nor Yu et al. (2012) included control 

conditions, which lessens the certainty that the poorer performance of their PD group 

reflected a specific deficit in cognitive ToM. Also, both Mangelberg et al. (2003) and Yu et 

al. used non-parametric statistical analyses in their studies, due to the small sample sizes and 

absence of normal distributions of the data. While this is entirely appropriate, there is no non-

parametric method to test interactions directly. Using separate tests of significance comparing 

group performances on ToM and control conditions does not test whether the difference 
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between the significance of each condition is itself significantly different (Nieuwenhuis, 

Forstmann & Wagenmakers, 2011). Thus although the non-parametric findings are 

suggestive, this analysis limits the extent to which claims can be made about differentially 

poorer ToM abilities. Poorer ToM performance found by Péron et al. (2009) and Anderson et 

al. (2012), was only evident either in individuals with advanced PD (the former study), or in a 

PD group with mild cognitive impairment (MCI) when compared with a non-MCI PD group 

(in the latter). This suggests that the emergence of cognitive ToM difficulties may only 

develop later in the course of PD, or in the subgroup of individuals who have marked 

cognitive impairments. It is worthwhile noting that although both of these studies included 

control conditions, they were not analysed using split-plot ANOVAs, meaning that a true 

deficit on ToM conditions was not necessarily unearthed.   

Findings related to affective theory of mind in PD are more consistent and suggest 

deficits appear in PD participants even relatively early on in disease progression. The most 

popular task used to test affective ToM in PD is the RMET (Baron-Cohen, et al., 2001). In 

this task, participants are shown a photograph of the eye region of the face, surrounded by 

four adjectives and are asked to choose the best option for what the eyes are trying to 

‘portray’. A majority of the studies that have utilised this task found that PD participants 

perform less accurately than healthy controls (Arciniega-Martinez et al., 2016; Bodden et al., 

2010; McKinley et al., 2013; Poletti et al., 2013; Raffo de Ferrari et al., 2015; Tsuruya et al., 

2011; Xi et al., 2014) but not all (Péron et al., 2009; Rosen et al., 2015). A number of studies 

that found a difference between the groups, however, did not include a control condition 

(Arciniega-Martinez et al., 2016; Bodden et al., 2010; McKinley et al., 2013), making it 

difficult to infer a specific deficit of affective theory of mind, and not a more general deficit, 

such as visual processing, or general difficulty with taxing tasks. The remaining four studies 

which did find differences seemed focused on early to mid-stages of PD (maximum H&Y 
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stage: 3), with three of those studies having PD participants who showed no evidence of 

cognitive problems (as measured by Mini-Mental State Examination) relative to controls. Pell 

et al. (2014) used a different task, The Awareness of Social Inference Test (TASIT; 

McDonald et al., 2003) to investigate the differences between PD participants and healthy 

controls. TASIT consists of three parts, each showing videos of increasing social complexity: 

from base emotion recognition, to simple social interactions to interactions involving 

complex, non-literal verbal cues (such as sarcasm). Pell et al. did not find differences 

between the groups on the two easier conditions but did find a poorer performance in the PD 

group on the most complex of conditions.  

One possibility for more consistent findings regarding affective ToM, may be related 

to adverse effects of parkinsonian medication (Cools et al., 2001). By this account, deficits in 

affective ToM tasks may appear earlier because affective ToM is reliant on more ventral 

frontal regions, which are depleted later in the disease process compared to circuits connected 

to the DLPFC, as suggested by de la Fuente-Fernandez (2012). Thus, addition of dopamine 

through l-dopa can result in this region being ‘overdosed’ with dopamine, which has a 

detrimental effect on tasks that recruit this area, such as affective ToM. This hypothesis 

nicely links with the one suggested by de la Fuente-Fernández (2012) which would explain 

why cognitive ToM might not be affected early, despite earlier dopaminergic depletion, as 

the medication would ‘boost’ the levels of available dopamine to a level more comparable to 

healthy older adults. Only one study has looked at non-medicated patients and their 

performance on ToM, however, and their results do not support this possibility (Roca et al., 

2010), so it is unclear if this theory is accurate. 

Many of the studies mentioned above utilise either a cognitive or an affective ToM 

task, making it difficult to make inferences about performance on the other subtype. Other 

studies find inconsistent differences between subtypes when using more than one task (e.g. 
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investigating both affective and cognitive ToM but only finding a deficit on one type). A 

number of studies, however, have reported global ToM impairments in their PD samples. 

Two of those have used the Yoni task (Shamay-Tsoory & Aharon-Peretz, 2007). In this task, 

participants are shown a schematic face drawing of ‘Yoni’ who is surrounded by four objects 

(or objects and other schematic faces) and the participant is asked to make a decision about 

which one Yoni is thinking about (cognitive ToM) or which one Yoni loves (affective ToM). 

The task also includes a physical condition (about proximity or matching of objects) and 

second-order conditions in which a decision is based on other people’s thoughts or feelings, 

which can be either ToM or physical. Both studies using the Yoni task with PD participants 

found impairments in the PD group on both affective and cognitive conditions, suggesting a 

more global ToM impairment (Bodden et al., 2010; Narme et al., 2013). Santangelo et al. 

(2012) also found global ToM differences of their PD sample on cognitive and affective ToM 

stories, but unfortunately this study did not include a control condition.  

Whether ToM performance in PD samples is affected by impairments in other aspects 

of cognitive functioning has been a contentious issue in the field. A number of researchers 

have examined whether performance on the Frontal Assessment Battery (FAB; Dubois, 

Slachevsky, Litvan & Pillon, 2000) was associated with ToM performance. The FAB is a 

battery of cognitive tasks designed to assess frontal lobe functioning on six subscales 

(conceptualization, mental flexibility, motor programming, sensitivity to interference, 

inhibitory control, and environmental autonomy) with higher scores reflecting less 

dysfunction. Using this battery, Anderson et al. (2012) found a negative correlation between 

the total score and cognitive ToM performance in their PD group, while Santangelo et al. 

(2012) found a positive one. Conversely, Poletti et al. (2013) found a significant positive 

correlation between this measure and affective ToM performance in PD participants. Other 

measures of executive functioning have also been shown  to be related to ToM performance 
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including concept formation (Yu et al., 2012) and verbal fluency (Yu et al., 2012, but see 

Bodden et al., 2010 and Eddy et al., 2013 for contrasting findings). In addition, McKinley et 

al. (2013) found that visuospatial processing was associated with ToM (but for opposing 

conclusion, see Tsuruya et al., 2011). A number of researchers, however, failed to find a 

relation between ToM and processes such as reasoning (Bodden et al., 2010; Tsuruya et al., 

2011), verbal memory (either long-term or short-term; e.g. Santangelo et al., 2012) and 

working memory (as determined by the Digit Span Backwards task, Bodden et al., 2010). In 

summary, while other types of cognitive processes may be important for optimal ToM 

performance, the exact role that these abilities play are far from understood. 

One factor that may contribute to the variability in findings in the literature is 

differences in severity of PD in samples across studies. Increased disease severity could have 

an effect either because it is associated with dysfunction of neural circuity critical for ToM 

abilities, or because there is a global deterioration in performance on testing that is not 

associated with specific impairments. In the case of global cognitive deterioration participants 

would likely be impaired on both the ToM and control tasks, which again highlights the 

importance of including well-matched control conditions. Either way, comparing the findings 

from studies involving PD samples at different stages of severity will result in variable 

findings unless this factor is considered in the interpretation. PD severity is typically 

measured by the extent of motor dysfunction, measured either by the total Motor score on the 

Unified Parkinson’s Disease Rating Scale (UPDRS; Goetz et al., 2004) or the Hoehn and 

Yahr classification (Hoehn & Yahr, 1967). There is some evidence that affective ToM is 

negatively correlated with UPDRS (motor) scores (e.g. Xi et al., 2015).  

Given the heterogeneity of symptoms experienced by individuals with PD (for a 

review, see Jankovic, 2008), however, some research teams have focused on specific 

symptoms associated with PD, based on the assumption that these may indicate specific 
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dysfunctions within the disorder. Raffo de Ferrari (2015) reported that freezing of gait is 

associated with affective ToM. Their hypothesis stemmed from the suggestion that non-motor 

pathology may contribute to freezing of gait and that there may be overlapping neural 

substrates between this pathology and affective ToM (stemming from overloading of 

information received by the limbic system which affects processing of motion signals, 

causing freezing). In their study, the PD participants exhibiting freezing of gait not only 

performed significantly more poorly on the RMET than those without these problems, but a 

regression analysis suggested that freezing of gait was directly related to ToM performance 

even after controlling for education, gender and executive function. Their suggestion is that 

this is a result of competing functions performed by related underlying structures (striatal 

dopaminergic input and its relation to both the limbic system and ventromedial prefrontal 

cortex). Additionally, Santangelo et al. (2012) found that bodily pain scores significantly 

affected PD participants’ performance on affective ToM. The correlations between bodily 

pain and other scales and/or tasks were not significant.  

Clearly there are discrepancies between findings in the literature to date. Few studies 

have attempted to examine cognitive and affective ToM systematically within the same PD 

sample, to determine whether there are specific, or global, ToM deficits and how that might 

relate to PD progression. In the following study, we aimed to do this by including four well-

designed ToM tasks (two cognitive and two affective), each with control conditions. We 

reasoned that this would enable us to determine whether individuals with PD experienced 

specific affective or cognitive ToM difficulties, or global deficits in ToM. Our hypothesis 

was that individuals with PD would perform less accurately than their healthy pair-matched 

controls on both ToM subtypes, given the impact of loss of dopamine in the nigral-striatal 

pathway and the impact of this on the functioning of frontostriatal pathways. Based upon the 

existing literature, we also predicted that there would be differentially poorer performance, on 
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affective ToM tasks. An additional point of interest relates to whether factors other than the 

disease itself may relate to ToM performance. As established in this and the previous chapter, 

executive functioning and emotional processing have shown associations with ToM 

performance and since both of these abilities appear compromised in PD, there is a possibility 

that they may have a further detrimental effect on ToM abilities. As outlined in the previous 

chapter, the relationship between social networks, ToM performance and general health has 

been previously established (Powell et al., 2012; Santangelo et al., 2012). Therefore, it is of 

interest to investigate how social networks might feature in the ToM processing of PD 

individuals, given that the literature indicates that social networks tend to shrink with disease 

progression.  

 

 

Methods 

 

Participants 

 

Forty individuals with idiopathic PD (16 females, 24 males) and 40 age-matched 

healthy control participants (HC; 21 females, 19 males) took part in this study. Participants 

were required to have no history of stroke, severe traumatic brain injury or other neurological 

disorders (other than PD for the PD group), be over 55 years old and fluent in English.  

Exclusion criteria included current or recent alcohol or substance problems, diagnosis of 

dementia, diagnosis of schizophrenia, autistic spectrum disorder or bipolar disorder, and, for 

the PD group, early onset PD (under 40 years of age). For the HC group, an additional 

exclusion criterion was scoring below 82 (out of 100) on the ACE-III. This was to screen for 

individuals with previously undetected deterioration of cognitive functioning; 82 is the 
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recommended cut-off score for testing purposes (Hsieh et al., 2013). Individuals with PD 

were recruited from the Auckland and Canterbury regions of New Zealand. A total of 46 PD 

participants were initially recruited from the New Zealand Brain Research Institute (NZBRI) 

Parkinson’s disease research database (Christchurch) and in Auckland through contact with 

branches of the Parkinson’s disease Society, Auckland City Hospital Movement Disorder 

Research nurse, medical personnel and University of the Third Age. Six individuals were 

excluded for the following reasons: prior incidence of stroke (n = 2); inability to cope with 

the demands of the study (n = 4). Forty matched healthy controls were recruited to form the 

control group. These individuals were recruited from Auckland and Canterbury regions 

through the University of the Third Age, advertisements and word of mouth in Auckland and 

through the NZBRI database in Christchurch. A total of 41 healthy controls were initially 

recruited, with one person excluded due to an ACE-III score below 82. 

All but two of the PD participants were on parkinsonian medications and all were 

tested during ‘on’ state. The median modified Hoehn and Yahr (H&Y) stage of the group was 

2.25 (Goetz et al., 2004). The range of the H&Y stages, however, varied from 2.0 to 5.0. A 

total of 20 PD participants were rated Stage 2, 16 individuals were rated Stage 2.5, two were 

rated Stage 3 and one each were rated Stage 4 and Stage 5. The average Unified Parkinson’s 

Disease Rating Scale, Part 3 (motor – UPDRS) score was 34.75 (SD: 12.87), with a range 

from 17 to 80. The participants were diagnosed on average 7.99 years prior to testing (SD: 

4.72 years), ranging from 1 to 17 years.     

Demographic information for both groups can be seen in Table 5 below. The two 

groups did not differ in age, F(1,78) = 0.82, p = .37, years of education, F(1,78) = 0.55, p = 

.46, or the proportion of females (Fischer’s exact test, p = 0.37), or right-handed participants 

(Fischer’s exact test, p = 1.0). The PD group scored significantly lower than the healthy 

control group on the ACE-III, F(1,78) = 8.43, p = .005 (range: HC 84 – 99; PD 76-99 [four 
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participants scored below 82/100, with three from Auckland]). The PD participants scored 

significantly higher on the HADS depression scale, F(1,78) = 9.59, p < .01, η = .11, and the 

HADS anxiety scale, F(1,78) = 5.18, p < .03, η = .06, than the control group.  

 

Table 5 

Demographic information for healthy control and Parkinson’s disease (PD) groups. 

 Control Group (n=40) PD Group (n=40) 
   

Age: mean (SD) 72.18 (6.0) 70.90 (6.57) 

Number of Females (%) 21 (52.5) 16 (40.0) 

Right-Handers (%) 35 (87.5) 36 (90.0) 

Years of Education: mean (SD) 15.50 (3.34) 14.93 (3.52)  

ACE-III score: mean (SD) 93.05 (4.06) 89.88 (5.60)** 

Range 84-99 76-99 

H&Y Stage#: median (IQR)  2.25 (.50) 

HADS Depression score: mean (SD) 2.28 (2.48) 3.93 (2.28)** 

Range 1-10 1-9 

HADS Anxiety score: mean (SD) 3.83 (3.30) 5.60 (3.66) 

Range 0-13 0-13 

Note: ** -  p = .005; * - p < .05; # H & Y score is based on the newer modified version of 

scores, ranging from one to five. HADS = Hospital Anxiety and Depression Scale. H & Y = 

Hoehn and Yahr score. 
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Tasks 

 

Screening Tasks 

 

Addenbrooke’s Cognitive Examination (ACE-III; Hsieh et al., 2013) 

This cognitive screening tool was used as a means of detecting possible undiagnosed 

cognitive difficulties in prospective participants. Scores below 82 (out of 100) are indicative 

of possible impairment, discriminating individuals with dementia from healthy controls with 

a sensitivity of 0.93 and specificity of 1.0 (Hsieh et al., 2013). The ACE-III items contribute 

to five domains, assessing attention, memory, fluency, language abilities and visuospatial 

abilities. This screening tool takes approximately 10 to 15 minutes to administer. 

 

Parkinson’s disease participants only 

Unified Parkinson’s disease Rating Scale – Part Three (Goetz et al., 2004) 

The UPDRS covers a number of different symptoms and disabilities which are rated 

on four different subscales: motor, activities of daily living, behaviour and mood, and 

complications of therapy. The motor subscale (Part Three) measures the extent of the 

participants’ physical and motor impairments. It includes measures of rigidity, tremors, 

balance and walking impairments. It is a standard measure for determining the extent of 

parkinsonian motor symptoms. The motor subscale includes questions related to 18 

symptoms (33 questions altogether) as well as an overall indication of presence of dyskinesia 

(and any interference arising from these) and information about the last dose of medication 

taken (to establish on/off state). All of the questions regarding symptoms were scored on a 

scale from 0 (Normal) to 4 (Severe), with a maximum score of 132. 
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Modified Hoehn & Yahr Scale (Goetz et al., 2004; Hoehn & Yahr, 1967)  

The Hoehn & Yahr stage was calculated based on the symptoms observed in the 

participants. The Hoehn & Yahr Scale scores participants on a global scale, taking into the 

account the laterality of the symptoms, with a focus on degree of motor disability. Stage 1 is 

defined as unilateral symptoms only; Stage 1.5 represents unilateral symptoms presentation 

with axial involvement; Stage 2 refers to bilaterally-presenting symptoms without balance 

impairment; Stage 2.5 indicates bilateral symptoms with recovery on pull test. Stage 3 

describes a physically independent individual with some instability and mild to moderate 

bilateral symptoms. Stage 4 and 5 indicate severe levels of disability, with stage 5 being 

wheelchair bound or bedridden. 

 

Cognitive Theory of Mind Tasks (as classified in previous chapter) 

 

Strange Stories (Happé, 1994) 

This task comprised 23 stories (8 ToM stories and 15 control stories) and assessed the 

ability of the participants to understand the different intentions or incidents that occur within 

the stories. The participant was asked why something occurred in the story. A fully correct 

answer was scored the maximum of two points, one point for a partially correct answer and 

zero for an incorrect one. For full marks in the ToM condition, participants had to take into 

account mental attributions of the characters in the story. For the control condition, full marks 

were obtained without the need for engagement in introspection about mental states and were 

generally about physical repercussions of an incident. Participants were asked to read the 

story (aloud, if it was easier) from printed pages and answer the single question associated 

with each story. The answers were recorded verbatim on a separate form by the administrator. 
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These answers were scored independently by an independent rater and also by the 

administrator with a mean agreement rate of 84%. Any disagreements were discussed and 

resolved. There was no time limit associated with this task and accuracy for each condition 

was recorded. 

 

Cambridge Mind-Reading Face Task (CAM; Golan, et al., 2006) 

In this task, participants were presented with 39 silent video clips which ranged from 

3 to 8 seconds in duration. In the ToM condition, four adjectives were visible prior to and 

following each video clip. The participants were asked to select the adjective which they felt 

was the most accurate description of what the actor was portraying (e.g. ‘stern, sociable, 

distraught, condemned’). A glossary of all the terms used in this task was provided for the 

participants to avoid uncertainty over the terminology. In the control condition, the 

participants were shown the same videos and asked to answer how many times the actors 

blinked in the clip. Four options were also provided (None, Once, Twice, Three or more 

times), in line with the number of options available in the ToM condition. There was no time 

associated with the task, but participants were allowed to only watch the video clips once, 

and were required to provide an answer consistent with their initial impression. Accuracy was 

recorded for each condition. 

 

Affective ToM (as classified in previous chapter and current literature) 

 

Reading the Mind in the Eyes (RMET; Baron-Cohen et al., 2001) 

This task included three conditions: a ToM condition and two control conditions. In 

the ToM condition, the participants were presented with an eye region of the face, surrounded 
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by four adjectives (e.g. ‘playful, comforting, irritated, bored’). They were instructed to select 

the word which they felt best described what the actor was trying to portray. A glossary of the 

terms used was provided to minimise the possibility that lower scores were due to lack of 

knowledge of the terminology. In the first control condition, the participants were presented 

with the same photographs of the eye regions and asked to make a decision about whether the 

actor was male or female and whether they were looking ahead or to the side, thus providing 

four options. The change in condition was explained at length with examples to ensure 

understanding prior to administration of this condition, with participants provided with 

exemplars of each type of answer. This is a modification of the control task used in the 

original study (Baron-Cohen et al., 2001), which was originally a judgement of gender only.  

In order to match the demands of the TOM tasks with four options, the gaze component was 

added. In the second control condition, the participants were presented with pictures of 

animals and asked to choose which of the surrounding four adjectives best described that 

animal stereotypically (Harkness, Sabbagh, Jacobson, Chowdrey & Chen, 2005). A glossary 

was again provided for the participants to avoid incorrect responses due to lack of knowledge 

of the words. There was no time limit associated with this task. Accuracy was recorded for 

each condition. Exemplars of each condition are provided in Appendix F. 

 

Recognition of Emotional Intention (Mier et al., 2010) 

In this computer-based task, the participant was presented with a single coloured 

photograph of a person with an emotional expression, with a sentence underneath the 

photograph. The participants were asked whether the sentence and the photograph were 

congruent or not (‘Yes’ or ‘No’). Three conditions were included in the task (ToM, emotion 

recognition and control), with a total of 45 trials presented. Overall accuracy was recorded as 

well as accuracy for each condition. The 13 control trials centred on the physical 
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characteristics of individuals in photographs (i.e. gender, age, weight, hair colour). Both ToM 

and emotion conditions included 16 trials each. The emotion condition enquired about the 

emotions displayed (i.e. happiness, fear, anger, disgust). The ToM statements involved an 

action that a person might take as a result of an emotion (e.g. cheer, run away, bluster, turn 

away). There was no time limit imposed on this task. 

 

Mood 

 

Hospital Anxiety and Depression Scale (HADS; Zigmond & Snaith, 1983) 

The HADS is a self-report questionnaire that assesses anxiety and depression in two 

subscales that are scored separately. It contains 14 items, 7 each assessing anxiety and 

depression, which are intermingled. To reduce confounding by physical disorders, the scales 

do not include somatic symptoms such as dizziness, headaches, insomnia, and fatigue. Each 

item was rated by the participant about how they have been feeling over the past fortnight. 

The items were scored on a Likert-scale, ranging from zero to three points per question, for a 

maximum of 21 points in each scale. The scores can be divided into four scoring bands:  

Normal (0-7 points), Borderline/Mild (8-10 points), Moderate (11-14) and Severe (15-21 

points). 

 

Other tasks 

 

Verbal Fluency:  Controlled Oral Word Association Test (Spreen & Strauss, 1998) 

In this task, the participants were provided with letters F, A and S, one at a time and 

for each letter were asked to say as many words as they could think of that began with that 
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letter, within a one minute time limit. Participant were not allowed to provide proper nouns, 

numbers or use the same word base with a different ending (e.g. swimming or swims after 

already saying swim). Participants were scored on how many original words they said for 

each letter. The scores for each of the three letters were summed to provide a total score. 

 

Emotion Recognition task (Buxton et al., 2013) 

In this task, the participants were shown prototypical Ekman and Friesen (1976) 

photographs, depicting the six basic emotions (anger, disgust, fear, happiness, sadness and 

surprise) and a neutral expression, as well as a modified subtle version of each emotion. The 

subtle versions were the result of morphing the original expression and neutral expression for 

each face (Buxton et al., 2013). This resulted in a total of 52 photographs (six emotions, with 

four exemplars each, at 2 levels of difficulty, with an additional four neutral expressions). 

The photographs were presented one at a time on a computer screen in random order, with 

the seven labels visible at all times underneath the photograph. The participants were asked to 

choose the best suited emotion by using the designated keyboard keys. The accuracy scores 

were measured using proportion correct.  

 

Social Scale (based on Endo et al. [2014] and Lubbben et al. [2006]) 

In this questionnaire, participants were given four categories: family, friends, work-

related, and other. They were then asked to think about the people with whom they interact 

with regularly (at least once a month) in each category, and who were then ascribed as 

individual ‘networks’. Each of those ‘networks’ was then qualified by the participant by 

saying how close they felt to them (on a scale of one to three, with three being very close/best 

friends and one being acquaintances), how often they might interact with them, how they 
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might interact (which could be in multiple contexts) and what is the predominant way in 

which this interaction happened. A number of categories for types of interactions were 

specified (i.e. face-to-face, phone calls, email, Facebook and Skype), however two were 

added as the participants were commonly using them (e.g. instant messaging applications 

[e.g. WhatsApp] and LinkedIn). In the end, the proportions which were used for each 

platform/interaction type were calculated for each participant. All up, the participants’ 

responses were calculated for number of social networks available in total, as well as in each 

of the four categories; the closeness rating for each network in each category, and the 

proportion of communication with that network in each of the seven platforms. 

 

Procedure 

 

This study was granted ethics approval from the New Zealand Health and Disability 

Ethics Committee (16/STH/8). All of the participants undertook the tests either at home or at 

the University of Auckland (if from Auckland) or at the New Zealand Brain Research 

Institute in Christchurch (if from Canterbury regions). Testing occurred over two sessions (or 

more, where required), generally a week apart, to avoid fatigue. The participants were sent 

Participant Information Sheets (PIS) prior to the first meeting in order to give them time to 

read and understand the requirements of the study and consult anyone they wished about the 

study (e.g. family). These were then reiterated at the start of the first session, with any 

questions answered prior to providing a consent form for the participant to sign before 

beginning the study (both the PIS and consent forms are provided in Appendix G). In order to 

fit the testing material into two sessions, the order of the tasks sometimes varied but the 

beginning of the first sessions always started with a demographic questionnaire and the 

emotion recognition task (i.e. before the ToM tasks were administered) and the second 
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session always included the social network questionnaire and the verbal fluency task. The 

standard order of the tasks, however, was: Session 1 - Participant Information Sheet/Consent 

Form, Demographic questionnaire, ACE-III, emotion recognition task, Strange Stories; 

Session 2 - Attribution of Emotional Intention, HADs, CAM, Verbal Fluency, RMET and 

Social Networks questionnaire. 

 

Statistical Analyses 

 

The analyses were conducted using the Statistical Package for Social Sciences (SPSS 

v.25). The alpha level was set at p = .05. Effect sizes were evaluated using either eta squared 

(one-way ANOVAs) or partial eta squared (eta squared for repeated-measures ANOVAs). 

The magnitude for small, medium and large effect sizes was defined as .01, .06 and .14, 

respectively. 

For the ToM tasks, split-plot analyses of variance (ANOVA) were used with accuracy 

being the dependent variable, condition type (ToM, control) as within-subject factor and 

group (PD, controls) as between-subject factor. In cases of violation of Mauchly’s test of 

sphericity, the Greenhouse-Geiser correction was used. Bonferroni pairwise comparisons 

were used to examine significant interactions. All accuracies were recorded as proportions. 

For the RMET and Attribution of Emotional Intention tasks, additional repeated-measure 

ANOVAs were also performed to contrast the ToM condition with each of the control 

conditions separately.  

For the emotion recognition task, split-plot ANOVA was used with emotion type (6) 

and level (2) used as within-subject factors, and group as a between subject factor. In cases of 

violation of sphericity, the Greenhouse-Geiser correction was used. Post-hoc effects were 
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investigated with Bonferroni corrections. All accuracies were recorded as proportions. For 

the analysis of neutral expressions, one-way ANOVA was used to investigate performance of 

the groups.  

One-way ANOVAs were also used to investigate the difference between the groups 

on the Addenbrooke’s Cognitive Examination (ACE-III), total score on the FAS fluency task, 

and total scores on the depression and anxiety scales of the HADS task. Pearson correlations 

were also conducted on each group separately to investigate the relationship between 

performance on the ToM tasks and measures of disease severity, mood, and social networks 

variables. Principal Components Analysis (PCA) with oblique rotation was also undertaken 

to confirm the division of ToM tasks into affective and cognitive subtypes. From this 

analysis, a composite score was obtained of two factors, and group performance on the two 

factors was analysed using a split-plot ANOVA with factor (Factor 1; Factor 2) a within 

subjects factor, and group a between subjects factor.   

 

 

Results 
 

Performances of the PD participants recruited from each of the two sites (Auckland 

and Christchurch) were compared on each of the tasks, to check that there were no between-

site differences in the performance of samples recruited from these two locations. Since no 

differences were found, these were combined into one PD group. The summary of 

performance for the PD and Healthy Control groups is presented in Table 6 and described in 

detail in individual sections. 
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Table 6 

Summary performance of the healthy control and Parkinson’s disease (PD) groups on the 

cognitive and affective theory of mind (ToM) tasks.  

  Healthy 

Controls 

Mean (SD) 

PD Group 

Mean (SD) 

Cognitive ToM 

 

   

Strange Stories: 

 

   

 Control .78 (.11) .77 (.13) 

 ToM .77 (.14) .72 (.18) 

Cambridge Mind-Reading: 

 

   

 Control .94 (.03) .92 (.06) 

 ToM .68 (.09) .65 (.10) 

    

Affective ToM  

 

  

Reading the Mind in the Eyes: 

 

   

 Control – Gender/Gaze .83 (.10) .83 (.09) 

 Control - Animals .82 (.09) .83 (.13) 

 ToM .73 (.13) .69 (.12) 

Attribution of Emotional 

Intention: 

 

   

 Control .94 (.06) .93 (.06) 

 Base Emotion .83 (.11) .81 (.10) 

 ToM .80 (.11) .77 (.12) 

Note: mean represents proportion correct 
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Cognitive ToM tasks 

 

Strange Stories 

The split-plot ANOVA revealed no significant main effects of condition, F(1,78) = 

3.15, p = .08, ƞ2
p = .04, nor of group, F(1,78) = 1.42, p = .24, ƞ2

p = .02, and, importantly, 

there was no significant interaction between these two factors, F(1,78) = 1.11, p = .30, ƞ2
p = 

.01. 

 

Cambridge Mind-Reading 

Two PD participants did not undertake this task, therefore the data from their matched 

control participant was also removed leaving results from 38 PD participants and 38 matched 

healthy controls. There was a significant main effect of condition, F(1,74) = 533.01, p < .001, 

ƞ2
p = .88, and a significant main effect of group, F(1,74) =4.70, p = .03, ƞ2

p = .06, but no 

significant interaction between group and condition, F(1,74) = .50, p = .48. Overall, 

participants were significantly less accurate on the ToM condition (m: .67, SE: .01) than on 

the blinking control condition (m: .93, SE: .01). PD participants (m: .78, SE: .01) were 

significantly less accurate overall than healthy control participants (m: .81, SE: .01).  

 

Affective ToM tasks 
 

Reading the Mind in the Eyes 

One PD participant did not undertake this task, therefore the data from their matched 

control participant was also removed leaving the data from 39 PD participants and 39 

matched healthy control participants. For this task two control conditions were used, a gaze-

gender control condition and an animal control condition, thus giving three condition-types in 
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the within-subjects variable condition (ToM condition, gaze-gender control condition and 

animal control condition). A split-plot ANOVA revealed a significant main effect of 

condition, F(2,152) = 35.55, p < .001, ƞ2
p = .32. Bonferroni planned pairwise comparisons 

revealed that the participants were significantly less accurate on the ToM condition (m: .71, 

SE: .01) than on the gaze (m: .83, SE: .01, p < .001) or animal conditions (m: .83, SE: .01, p 

< .001). The two control conditions did not differ in accuracy (p = 1.00). There was, 

however, no significant main effect of group, F(1,76) = .36, p = .55, nor a significant 

interaction between the group and condition, F(2,152) = 1.63, p = .20. Separate ANOVAs 

were also conducted each using only a single control condition and the ToM condition.  

These analyses did not change any of the above results. 

 

Attribution of Emotional Intention 

For this task there were three condition-types in the within-subjects variable condition 

(ToM condition, base emotion condition and physical control condition). The split-plot 

ANOVA revealed a significant main effect of condition, F(2,156) = 68.47, p < .001, ƞ2
p = 

.47. Bonferroni planned pair-wise comparisons revealed that the ToM condition (m: .78, SE: 

.01) performance was significantly less accurate than both the base emotion condition (m: 

.82, SE: .01, p = .03) and control condition (m: .94, SE: .01, p < .001) performances. The 

base emotion condition was also less accurately performed than the control condition (p < 

.001). There was, however, no significant main effect of group, F(1,78) = 2.00, p = .16, nor a 

significant interaction between the group and condition, F(2,156) = 0.29, p = .75. Comparing 

the ToM condition and each control condition separately did not alter any of the above results 

i.e. no significant interactions was found for either analysis. 
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Composite measures using Principal Components Analysis 

 

A principal components analysis was applied to the ToM tasks to confirm the division 

of tasks into either cognitive or affective ToM types. The accuracy scores (all proportion 

correct) of the ToM conditions of the four tasks were entered into a confirmatory principal 

components analysis, using data from all 80 participants for the Recognition of Emotional 

Intention and Strange Stories tasks, 79 participants for the RMET task and 78 for the 

Cambridge Mind-Reading task. Where applicable, the data was recorded as missing pairwise 

data for the RMET and Cambridge Mind-Reading tasks, meaning that participants missing 

data for a particular variable were only excluded from analyses involving that variable, rather 

than the whole data set. The Kaiser-Meyer-Olkin measure of sampling adequacy was .63, and 

Bartlett’s Test of Sphericity was significant (χ2 (6) = 31.92, p < .001), which are acceptable 

for this analysis. All of the communalities were over .58.  

Two factors were extracted using oblique rotation (direct oblim). The eigenvalues of 

variance were 44.75% and 24.52%, respectively. Other factors accounted for eigenvalues of 

less than 1. The two factors were retained since the a priori hypothesis suggested that the 

four ToM tasks used in the study could be classified into two categories, however, they did 

not split according to our a priori assumptions. Strange Stories, Cambridge Mind-Reading 

task, and RMET all loaded primarily onto the first factor, with factor scores above the value 

of .72. The Attribution of Emotional Intention loaded onto a second factor with a factor score 

of .96. For a list of factor loadings and communalities, see Table 7. It should be noted that the 

clustering of the RMET task along with tasks labelled as cognitive ToM tasks is unexpected. 

As such, the factors in our analysis will not be named cognitive and affective ToM factors 

hereafter, but referred to as Factor 1 and 2. Composite scores for each factor were derived 

using the Regression method, as used in Study 1 (Distefano et al., 2009). 
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Table 7 

Factor loadings and communalities based on a principal components analysis with oblique 

rotation for the four ToM tasks.  

 Task Factor 1 Factor 2 Communalities 

Strange Stories .725 -.176 .589 

Cambridge Mind-Reading .761 .175 .589 

RMET .791 .279 .665 

Attribution of Emotional Intention .135 .962 .927 

 

 

Comparison of the two groups indicated a significant main effect of factor, F(1,74) = 

7.97, p = .006, ƞ2
p = .10 and a significant main effect of group, F(1,74) = 5.67, p = .02, ƞ2

p = 

.07, but no significant interaction between the two, F(1,74) = .08, p = .78. The controls (m: 

.75, SE: .01) were overall significantly more accurate than the PD group (m: .71, SE: .01, p = 

.02) and overall, the participants were significantly more accurate on Factor 2 (m: .75, SE: 

.01) than Factor 1 (m: .71, .01, p = .006).  

 

Mood measures 

 

Table 8 presents the means and standard deviations on the HADS Anxiety and 

Depression subscales for the PD and Control groups. The PD group scored significantly 

higher than the control group on the HADS anxiety subscale, F(1,78) = 5.18, p = .03, ƞ2 =.06. 

Similar differences were found between the groups on the HADS depression scale, F(1,78) = 
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9.59, p = .003, ƞ2 =  .11 Because the number of participants in the mild, moderate and severe 

ranges was smaller than required for valid chi-square analyses, these were combined into an  

‘abnormal’ range and contrasted with the normal range. On the anxiety measure, the groups 

did not differ in the proportion of individuals scoring abnormally, χ2
(1) = 2.58, p = .11. It was 

not possible to conduct the analyses with scores on HADS depression due to the small 

number of individuals in both groups scoring outside of the normal range.  

 

Table 8 

Means and standard deviations for PD and Control groups on the Hospital Anxiety and 

Depression subscales.  

 PD 

(n =40) 

Controls 

(n =40) 

HADS Depression Scale  

 Total score: mean (SD) 

 % in abnormal range 

 

3.93 (2.28) 

7.5 

 

2.28 (2.48) 

5 

Anxiety Scale  

 Total score: mean (SD) 

 % in abnormal range 

 

5.60 (3.66) 

30 

 

3.83 (3.30) 

15 

 

Other tasks 

 

Verbal Fluency (FAS) 

This task was used as a measure of executive function. On the FAS verbal fluency 

task, the number of words generated by the PD group (m= 38.70, SD: 13.00) was 

significantly lower than the number generated by the healthy control group (m = 48.18, SD: 

13.12), F(1,78) = 10.52, p = .002, ƞ2 = .12. Separate Pearson’s correlations were conducted 

for each group between FAS and the ToM conditions in each task. In the PD group, there 
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were positive correlations between the FAS score and RMET (r = .34, p = .04) and the 

Cambridge Mind-reading task (r =.42, p = .008). No significant correlations were found in 

the control group. 

 

Emotion Recognition task 

One PD participant did not undertake this task, so the results of their matched control 

participant were also not included, leaving data from 39 PD participants and 39 healthy 

controls. Results from the split-plot ANOVA revealed a marginally significant main effect of 

group, F(1,76) = 3.89, p = .05, ƞ2
p = .05, a significant main effect of emotion type, 

F(4.29,326.30) = 28.33, p < .001, ƞ2
p = .27, and a significant main effect of level, F(1,76) = 

1018.17, p < .001, ƞ2
p = .93. There was also a significant interaction between emotion and 

level, F(5,380) = 43.35, p < .001, ƞ2
p = .36 and between emotion and group, F(4.29,326.30) = 

2.41, p = .05, ƞ2
p = .03. The three-way interaction between emotion, level and group was not 

significant, F(5,380) = 1.50, p = .19. 

The control group (m: .58, SE: .02) was significantly more accurate overall than the 

PD group (m: .54, SE: .02, p = .05), but this was modified by a significant group by emotion 

interaction. Breaking down the interaction revealed that the control group was only 

significantly more accurate at recognising two of the emotions, anger (HC m: .64, SE: .04; 

PD m: .52, SE: .04, p = .02) and disgust (HC m: .75, SE: .03; PD m: .64, SE: .03, p = .005). 

See Figure 5 for more detail. 
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Figure 5. Mean accuracy in proportion of the healthy controls and PD participants on 

recognition of the six basic emotions (anger, disgust, fear, happiness, sadness and surprise). 

Error bars represent standard error. * = p < .05, ** = p ≤ .01. 

 

 

Breaking down the interaction between emotion and level revealed that, as expected, 

participants were able to identify emotions more accurately at the strongly expressed level 

(prototypical Ekman expression) than the more subtle level (all ps ≤ .004). For subtle 

expressions of emotion, disgust was recognised more accurately than all the other emotions 

(all ps ≤ .03). Additionally, anger, fear and happiness were recognised more accurately than 

surprise (all ps ≤ .03). Anger was also recognised more accurately than sadness (p = .01). For 

prototypical expressions, happiness (m: 1.00, SE: .003) was recognised significantly more 

accurately than all other emotions (all p values ≤ .001), while fear was recognised 

significantly less accurately than all other emotions (all p values < .01). Additionally, surprise 
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was recognised significantly more accurately than anger (p = .002) and sadness (p < .001), 

and both anger and disgust were recognised significantly more accurately than sadness (both 

ps < .001).  

A one-way ANOVA revealed no significant difference in recognising neutral 

expressions between the groups, F(1,76) = .32, p = .58. Separate Pearson’s correlations were 

conducted for each group between overall emotion recognition accuracy and the ToM 

conditions on each task. In the PD group, significant positive correlations were found 

between the emotion accuracy score and the Cambridge Mind-reading task accuracy (r =.35, 

p = .03). In the control group, a significant correlation was found between emotion accuracy 

score and the RMET score (r =.40, p = .01). 

 

Social networks  

Only 36 of the 40 PD participants completed this task (due to time constraints). 

Overall, the PD participants (m: 12.94, SD: 6.87) described significantly fewer social 

networks than the 40 healthy controls (m: 16.69, SD: 4.78), F(1,74) = 6.12, p < .02, ƞ2 = .08. 

When examining the specific numbers of family, friends, work colleagues and others, the 

groups differed in the number of friends social networks described, F(1,74) = 9.15, p < .01, 

ƞ2 = .11, and other, F(1,74) = 4.66, p = .03, ƞ2 = .06, but not number of family or work 

colleagues networks (both ps < .65). See Table 9 for more details. When investigating 

whether the groups differed in the degree of “closeness” of their social networks, no 

differences were found between the groups (all ps ≥ .41). See Table 10 for more detail. The 

groups also did not differ on how they interacted with social networks, all ps ≥ .25, with the 

most frequent method of interaction in both groups being face-to-face contact.  
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Table 9 

Means and standard deviations for PD and Control groups on total social network numbers, 

and for the four subtypes of social networks (Family, Friends, Work colleagues, Other). 

 Control Group (n=40) PD Group (n=36) 

Total social networks: mean (SD) 16.30 (4.87) 12.94 (6.87)* 

Family networks: mean (SD) 5.75 (2.07) 5.61 (2.36) 

Friends networks: mean (SD) 5.20 (2.43) 3.47 (2.55)** 

Work colleagues networks: mean (SD) 1.08 (1.62) 1.28 (2.19) 

Other social networks: mean (SD) 4.28 (3.19) 6.53 (5.68)* 

Note: * = p < .05, ** = p ≤ .01 

 

 

Table 10. 

Means and standard deviations for PD and Control groups for proportions of the three levels 

of ‘closeness’ of the social networks described, in descending order from closest to least 

close. 

  Control Group (n=40) PD Group (n=36) 

Closest (3) .36 (.19) .32 (.20) 

Friends/Close (2) .37 (.14) .39 (.19) 

Acquaintances (1) .28 (.15) .29 (.14) 

 

 

Each group was also investigated separately to see whether there was any relationship 

between the total number of social networks and the number of friends networks, and their 

performance on ToM tasks. No significant correlations were found in the PD group. In the 
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healthy control group, however, a significant positive association was found between the 

ToM condition on the Strange stories task and number of friends networks, r = .42, p < .01, 

but not on other tasks.  

 

Symptoms and ToM tasks 

 

The overall UPDRS motor score and the H&Y stages in the PD group were correlated 

with performance on the ToM conditions of each task to determine whether greater disease 

severity impacted on ToM performance. Both the UPDRS motor score and the H&Y stage 

were significantly negatively correlated with ToM performance on the Strange Stories task 

(UPDRS: r = -.33, p = .04; H&Y stage: r = -.32, p = .04) but not with control conditions (both 

ps ≥ .09). Both of these results, however, disappeared after removing the one participant who 

had the H&Y stage of 5 (UPDRS: r = -.27, p = .09; H&Y stage: r = -.26, p = .11). The 

freezing of gait was specifically selected for individual analysis due to past research by Raffo 

de Ferrari et al. (2015) suggesting a link between this symptom and affective ToM 

performance. This rating was obtained from looking at individual participants’ UPDRS 

scores and participants were divided into two groups, based on whether they expressed these 

symptoms or not. Using repeated-measures ANOVA to determine whether freezing of gait 

had any impact on the two types of ToM performance revealed that participants showing 

signs of freezing of gait, F(1,36) = 9.86, p = .003, ƞ2
p = .22, were scoring significantly less 

accurately overall on the Cambridge Mind-Reading task (m: .74, SE: .02) than those without 

these symptoms (m: .80, SE: .01).  
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Discussion 

 

The aim of this study was to conduct a thorough investigation into whether 

individuals with PD have difficulties with ToM abilities compared to age- and education-

matched healthy older adults, and, if so, what factors may influence these difficulties. 

Previous literature has generated mixed findings and there is no consensus on whether or not 

ToM abilities are affected by PD, nor whether there are differential difficulties on affective or 

cognitive ToM. Overall, our findings did not support our hypothesis that PD participants 

would perform differentially more poorly on ToM measures than healthy controls, nor did we 

see differentially poorer performance on the affective ToM tasks than cognitive ToM tasks. 

Instead, the PD participants in this study showed little indication of performing differently on 

ToM conditions than age- and education-matched control participants on any of the four ToM 

tasks administered. On one of the tasks, however, the Cambridge Mind Reading task, PD 

participants performed more poorly over both conditions, which could be related to the 

properties of the task (e.g. maintaining sustained attention on the video).  

Our results indicated that only one of the tasks, Strange Stories, showed a significant 

negative relationship to disease severity, as measured by either discrete (H&Y stage) or more 

continuous (UPDRS motor score) measures, despite lack of group differences on this 

measure. This may be an indication that the Strange Stories task is the most sensitive of the 

tasks used to note subtle changes in ToM processing in PD. It could be the case, also, that this 

task could be more difficult, however, this explanation seems unlikely as severity of PD was 

not related to performance on the control condition of this task. Alternately, there may be 

other underlying factors which may contribute to ToM performance, which were not 

accounted for in a behavioural study. It is also noteworthy that our sample of PD participants 

appear to show relatively spared ToM processing when compared to controls. This is despite 
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showing worse performance on a task of emotion recognition and an executive functioning 

task, both of which have previously been linked to ToM performance (e.g. Halberstadt et al., 

2011; Yu et al., 2012). Furthermore, severity of PD diagnosis was not linked to ToM 

performance either in our sample of individuals with PD. 

These findings are consistent with some studies reported in the literature, but differ 

from others. Costa el al. (2013) found no differences between PD participants and controls on 

faux pas stories, providing that the PD participants were cognitively intact. Péron et al. 

(2009) and Rosen et al. (2015) also found no differences between PD participants and healthy 

controls on the RMET, mirroring our findings. Yu et al. (2012) have also not found any 

differences when comparing participants and controls on the Strange Stories, which again is 

consistent with our findings. Other researchers, however, found opposing results. For 

example, Mengelberg et al. (2003) found deficits in PD participants on Strange Stories. A 

number of research groups report deficits in their PD participants on the RMET (Bodden et 

al., 2010; McKinley et al., 2013; Poletti et al., 2013, Raffo de Ferrari et al., 2015; Tsuruya et 

al., 2011 and Xi et al., 2014). 

Clearly our results are at odds with these findings. It is worth examining differences 

between these studies and our study, in order to determine whether there are variables that 

can account for the different finding. Two of these studies (Mengelberg et al., 2003 and 

Poletti et al., 2013) identified deficits in their PD samples using non-parametric analyses. As 

noted earlier, comparing control and ToM conditions with separate statistical tests (as 

required with non-parametric analyses) does not test whether the difference between the 

significance of each condition is itself significantly different (Nieuwenhuis et al., 2011). In 

other words it is not possible to identify whether there is a differential impairment in the ToM 

condition. Indeed, if the RMET data in this study are analysed using two Mann-Whitney non-

parametric tests on the ToM and control conditions, we also find a significant difference 
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between the groups on the ToM condition, yet clearly our parametric analyses indicate 

performance on the ToM condition was not differentially poorer than their performance on 

the control condition. Mengelberg et al. only had a small number of participants (13 PD 

patients and 11 controls), so they had little choice but to use non-parametric statistics, but 

contrasting the findings from parametric and non-parametric analyses in this study, illustrates 

the caution that needs to be taken in interpreting findings if forced to use this statistical 

approach.   

Three of the other studies reporting ToM difficulties in PD using the RMET task, 

(Bodden et al., 2010; McKinley et al., 2013; and Raffo de Ferrari et al., 2015) did not use 

control conditions at all.  Once again this makes it impossible to establish there is a specific 

deficit in ToM abilities, as opposed to more general cognitive problems. Similarly, Tsuruya et 

al. (2011) and Xi et al. (2014) tested group differences using t-tests. Conducting two t-tests to 

determine differences between groups on each condition separately, as with parametric tests, 

does not allow for comparison of performance of each group on each condition, again making 

ToM specific deficit claims unfounded. Similarly, our composite scores analysis would seem 

to imply a subtle deficit on ToM in PD, however, once more, the scores used in composite 

scores focus only on ToM, but not control conditions, which makes a ToM-specific claim 

difficult to substantiate.  

Tsuruya et al.’s (2011) study involved a group of PD participants in earlier stages of 

PD compared to our sample, as demonstrated by lower mean H&Y stage and shorter mean 

disease duration. In this study, the authors found a deficit in ToM performance, even at those 

early stages of disease. This is interesting since it would be anticipated that as the disease 

progresses, these discrepancies would become more, and not less, pronounced, which was not 

found by our sample of more advanced PD individuals. This suggests that despite greater 

disease severity, there may be other factors which may impact on ToM performance in our 
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sample. Xi et al.’s (2014) study was also much smaller than our sample, and conducted with 

less educated participants (based on years of education) who were likely to be in earlier 

stages of PD (again based on the H&Y score, disease duration and UPDRS Part III motor 

score, all of which were lower than ours). If ToM abilities declined in a linear fashion with 

disease progression, we should be seeing a continuation of these deficits as the disease 

progresses, given that both Xi et al. and Tsuruya et al. found deficits present early on in the 

disease. Our results do not corroborate this idea. It does, however, fit with the notion that 

early administration of dopamine agonists could impair affective ToM tasks (used in both 

studies), since the participants in both these studies were medicated. Our results, on the other 

hand, did not find this effect, therefore do not support the hypothesis of over-exposure of the 

ventral PFC to dopamine, resulting in poorer ToM performance, since our PD group did not 

differ on any tasks. 

The PD participants in this sample generated fewer words on FAS than controls, and 

thus were poorer on our single measure of executive function. Decreases in executive 

functioning (as evidenced by decreases in verbal fluency scores in PD participants) have been 

reported in PD previously (e.g. Bodden et al., 2010; Díez-Cirarda et al., 2015). Given that 

executive functioning utilises frontal cortical regions, this is not an unexpected finding, given 

that dopamine depletion affects the functioning of frontostriatal pathways and regions of PFC 

in PD (see review by Péron et al., 2012). In line with other research (e.g. Eddy et al., 2013), 

when looking at the relationship between verbal fluency and ToM performance in the PD 

sample only, how well people did on the FAS was associated with how well they did on the 

RMET and the Cambridge Mind-Reading tasks. This could suggest that individuals with PD 

with better executive functioning may perform better on tasks which require more complex 

verbal demands, reflecting an ability to compare more cognitively complex terms rather than 

ToM ability per se.  



124 
 

Individuals in our PD sample had a lower number of social networks than our sample 

of matched older adults. It is probable that motor symptoms of PD can negatively impact on 

social interactions through loss of independence as well as more difficulty engaging with 

others. There is good evidence, however, that decrease in dopamine can result in increased 

levels of anhedonia, apathy and depression (Lemke et al., 2006), all of which can additionally 

contribute to loss of social interactions. Therefore this could be one explanation for the 

reduction in desire for sociality. It is possible that our results of increased anxiety and 

depression scores and lowered social networks are part of the same symptomology affecting 

PD participants, with increased anxiety impacting social engagement. Whether anxiety and 

depressive symptoms are a factor in wanting to withdraw from social situations, or a result of 

social withdrawal itself remains to be seen and may be a worthwhile follow up in future 

studies in investigating impact of PD symptoms in social participation. The unexpected 

benefit of increased friends networks on the ToM condition performance in the Strange 

Stories task in the healthy control group was surprising. Cavallini et al. (2015) have shown 

that with nuanced mental training, older adults can show improvements on ToM tasks, both 

practiced and novel. Perhaps our findings extend this, by showing that the amount of 

interaction with friends could provide a differential social benefit when compared to family 

member interaction, and may impact differently on ToM performance.  

Overall, our PD sample was less able to recognise facial expressions of emotions than 

the healthy older adult sample, with specific deficits on recognition of expressions of anger 

and disgust. They did not have difficulty on the emotion recognition component of the 

Attribution of Emotional Intention task, however this task is relatively simpler as it uses 

fewer emotions and also involves simple yes-no answers. Other studies in the literature have 

also found emotion-specific deficits (e.g., Ariatti et al., 2008; Assogna et al., 2010; Buxton et 

al., 2013; Clark et al., 2008 and Herrera et al., 2011), so our results are in line with these 
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studies. Notably, despite lowered emotion recognition, the PD group did not show ToM 

impairments. Both of our groups, however, showed a positive relationship between emotion 

recognition and one of the ToM tasks – PD group with the Cambridge-Mind Reading, and the 

controls with RMET. Therefore, it seems like there is still an effect of emotion recognition on 

some aspects of ToM, although this result in the PD group does not extend to ToM 

performance. This could suggest that in PD, there may be more prominent factors which 

influence ToM performance, for example, executive functioning, as we have noted that 

verbal fluency seems to relate to ToM performance on more tasks in the PD group. 

When selecting the four ToM tasks we wanted to include a good representation of 

both cognitive and affective ToM tasks. Three of the tasks were chosen based on previous 

findings in a healthy aging study (see Chapter 2). The fourth task used was the RMET which 

was not utilised by us earlier. It is generally viewed as an affective ToM task, although Rosen 

et al. (2015) have suggested that it involves cognitive ToM, describing their ToM battery, 

(which included RMET), as requiring the “ability to (cognitively) infer other people's mental 

states” (p.2). Indeed, in our principal components analysis, our prediction about the four tasks 

splitting into two factors equally, with RMET joining the Attribution of Emotional Intention 

task as part of an affective factor, was not upheld. As such, there is a possibility that the three 

tasks which clustered together (RMET, Strange Stories and Cambridge Mind-Reading), do so 

because they all reflect inherently cognitive properties. Alternately, they may cluster together 

because of some other quality. One potential alternative factor may be “complexity”. Few 

studies have described how their tasks are classified. Instead, assumptions tend to be made 

based upon the definition of what constitutes cognitive and affective ToM. In particular, 

affective ToM is defined as understanding the feelings of others, and particularly often it is 

evaluated through looking at faces. It is possible, however, that what is ‘read’ on the face (or 

part of it, such as the eye regions) is more complex than an emotional expression and requires 
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more complex evaluations, particularly when presented with pre-existing options to choose 

from. If this is the case, a number of affective ToM tasks designed for adults may not be 

purely affective. The more complex the expressions and the distinctions between them 

become, the more likely it is that the participants may also recruit cognitive ToM resources to 

understand the situation.  

Raffo De Ferrari et al.’s (2015) study reported that freezing of gait had a specific 

effect on ToM performance on the RMET in their PD sample, which was divided into 

individuals displaying freezing of gait and those who did not display those symptoms. We 

attempted to replicate these results, but found that the only difference between PD 

participants with and without freezing of gait symptoms, was poorer overall performance on 

the Cambridge Mind-Reading task by those with freezing of gait symptoms. There was no 

differential impairment in the ToM condition of the Cambridge task (nor on any of the other 

three tasks). Thus these findings did not show deficits of ToM associated with freezing of gait 

symptoms and do not replicate those of Raffo De Ferrari et al.  

There are a number of limitations within this study. Like a number of other studies, 

the size of the participant groups is modest. While criteria for inclusion were fairly open, the 

demands of this study (i.e., the numbers of tasks) frequently required two sessions. This kind 

of time commitment might have biased against the selection of individuals who were lower 

functioning. Additionally, the data are incomplete for a few participants. This largely resulted 

from time-constraints on data collection in one site (Christchurch). Although the majority of 

the PD participants completed the study in two sessions, each of 1.5 hours, there was no 

option for participants in Christchurch to go over that time, if a third session was needed. 

Lastly, the clustering of the RMET with tasks traditionally defined as cognitive (such as 

Strange Stories), leads to future questions regarding how affective the so-called affective 
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ToM tasks really are. Neuroimaging studies of these tasks could help determine the 

commonalities and differences of neural circuitry and activation in task performance.  

In summary, our study used four ToM tasks, initially classified as having an even split 

between cognitive and affective ToM tasks, to compare the performance of PD participants 

and healthy controls. Most strikingly our results indicate that as a group, our PD sample did 

not perform more poorly on ToM conditions from the healthy controls on any of the ToM 

tasks, suggesting there may be no fundamental difficulties with these abilities as a result of 

PD. It is possible that the differences between PD participants and healthy controls in other 

studies may be related to another underlying cause besides the diagnosis itself.  
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Chapter 4: Genetic contributions to Theory of Mind 
 

Parkinson’s disease (PD) is a progressive neurodegenerative disease, affecting 

dopaminergic circuits and resulting in a variety of motor, cognitive and affective symptoms 

(Parkinson, 1817/2002). PD involves loss of dopaminergic neurons in the substantia nigra 

and corresponding dopamine depletion striatum in early stages, with progression extending to 

the frontal dopaminergic networks in later stages (de Lau & Breteler, 2006). While the classic 

motor symptoms of resting tremor, rigidity, bradykinesia and postural instability are 

considered the hallmark of PD (Jankovic, 2008), there is increasing awareness that non-motor 

symptoms associated with the disease have a large impact on quality of life. As described in 

the previous chapter, changes in social cognition, and, specifically, theory of mind (ToM) 

have received recent scrutiny. Research findings regarding ToM problems in PD are, 

however, mixed with some studies finding clear disturbances in PD participants compared to 

controls (e.g. Monetta et al., 2009; Tsuruya et al., 2011), some not (e.g. Costa et al., 2013; 

Peron et al., 2009), or, alternately, only finding differences on some tasks (e.g. Eddy et al., 

2013). In the study described in Chapter Three, we found no differences in ToM processing 

in the PD sample compared to matched controls. Overall, it remains unclear whether the 

discrepant findings in the literature are a result of inconsistent methodology, differences in 

the PD samples, or other underlying factors.  

One factor that could potentially contribute to variable findings across studies could 

be the effects of single nucleotide polymorphisms (SNPs) on key genes. SNPs involve a 

random change to a single base of DNA, which, most commonly, is not associated with any 

changes (Cargill et al., 1999). A change in or near more critical regions of the DNA 

sequence, however (e.g. in a gene), can impact on aspects of functioning or behaviour. Two 

SNPs which could be of importance in ToM processing in PD are on the oxytocin transporter 
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(OXTR) gene and the catechol-o-methyltransferase (COMT) gene. There are a number of 

reasons why these two genes in particular could have a role in differential results found 

across studies. The OXTR gene has been linked with ToM dysfunctions in various 

conditions, including autism (Ylisaukko-oja et al., 2006), schizophrenia (also related to 

dopamine dysfunction, Montag et al., 2012) and also seems to affect the dopaminergic system 

through targeting of mesocorticolimbic dopamine neurons (for a closer discussion, see Love, 

2014). The COMT gene directly impacts on the activity of prefrontal dopamine degradation, 

which could have a direct effect on underlying differences in functioning of PD individuals. 

Given that SNP changes are random, any sample, no matter how small, could include a very 

distinct genetic frequency distribution. This could underlie differences in subject participants 

which are not screened for, and thus may differ widely between studies. This could explain 

differences between sample findings, if it is the case that these SNPs may affect ToM 

functioning. Our approach, then, was to focus on SNP differences and contribution to ToM 

processing in individuals with PD in these two genes. 

 

Dopamine 
 

A number of SNPs, broadly speaking, have been suggested to play a role in ToM 

abilities, most of those directly associated with the dopaminergic system such as the catechol-

O-methyltransferase (COMT) gene, responsible for degradation of catecholamines (Axelrod 

& Tomchick, 1958). It is especially important in degradation of dopamine within the 

prefrontal cortex (Gogos et al., 1998). One of the most researched SNPs in this gene is rs4680 

(also known as the val158met), where an evolutionary mutation (Chen et al., 2004) results in a 

random substitution of valine (val) allele to methionine (met) allele (Lachman et al., 1996). 
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This has led to a tri-distribution of the two co-dominant alleles: val/val, val/met and met/met 

(Boudikova et al., 1990). The substitution of methionine results in lowered activity of the 

COMT enzyme, which leads to more dopamine being available in the prefrontal cortex than 

corresponding val/val individuals (Apud et al., 2007). In some studies, gender differences 

amongst the different SNP groupings were found, more commonly in females (e.g. Solis-

Ortiz et al., 2010) but not all findings have been consistent (e.g. Bearden et al., 2004; Egan et 

al., 2001; for a review see Harrison & Tunbridge, 2008). From a functional perspective, there 

appears to be some differences in COMT-related activity between sexes (Boudikova et al., 

1990) but not in distribution rates (McLeod et al., 1994). 

Given its influence on the dopaminergic and prefrontal system, it is not surprising that 

the COMT gene, and especially the rs4680 SNP, have been seen as a possible mechanism for 

influencing both cognitive and affective systems in humans. There is evidence relating the 

COMT gene to mood, emotion and mentalizing abilities. The met allele has been linked with 

mood and personality disorders (for a review, see Montag et al., 2012). Possession of a met 

allele has been linked to greater susceptibility of developing depression following childhood 

difficulties (Aberg et al., 2011) as well as processing bias to emotional faces (Gong et al., 

2013; Vrijsen et al., 2014). These findings could indicate a heightened sensitivity to 

emotional content, although potentially experienced in a negative way. In healthy individuals, 

there is often an observed trade-off between emotional instability and cognitive advantage 

regarding the met allele, termed the ‘Warrior-Worrier’ hypothesis (Stein et al., 2006). When 

healthy individuals with met alleles have been shown to show emotional sensitivity, they also 

have shown superiority on cognitive tasks, particularly those utilizing prefrontal cortex (e.g. 

Heinzel et al., 2014; Nagel et al., 2008). Amongst non-neurotypical individuals, the met allele 

has been linked with a number of disorders typified by disturbances in theory of mind ability, 

including schizophrenia (e.g. Gallinat et al., 2003; for reviews on the topic see Brune, 2005, 



131 
 

and Sprong, Schothorst, Vos, Hox & van England, 2007) and bipolar disorder (e.g. Papolos et 

al., 1996; for recent reviews see Kerr, Dunbar & Bental, 2003; Mitchell & Young, 2016).  

A hallmark of Parkinson’s disease (PD) is the loss of dopamine, initially in the 

striatum, followed by progressive loss of this chemical in the prefrontal cortex, with the 

disruptions to the mesolimbic dopaminergic system (Lang and Lozano, 1998). As such, the 

COMT gene might be of particular importance in describing the heterogeneity of non-motor 

symptoms related to this disease, in part because the dopamine-agonist medication, which is 

often prescribed relatively early in the disease progression, is non-specific in its targeting. As 

such, there may be an over-exposure of dopamine in the ventral region of the PFC, leading to 

poorer performance on tasks which utilize those regions, which is not actually affected by 

dopaminergic loss until later on in disease progression (Cools et al., 2001). The parkinsonian 

medication aimed at alleviating motor symptoms are designed to increase the presence of 

dopamine (Jankovic, 2008) and changes in functioning after medications have been noted in 

individuals with PD. There have been noted effects of dopamine medication on PD val/val 

patients on attentional tasks, where attentional strategies increase in val/val participants after 

medication administration, resulting in better performance, but not for met/met group, whose 

performance worsened after medication (Williams-Gray et al., 2008). This could indicate that 

underlying differences in dopamine availability between participants could contribute to 

variable results found between studies. 

Indirect measures of dopamine suggest it may affect empathy, emotion processing and 

ToM. Lackner, Bowman and Sabbagh (2010) have shown a relation between eye blink rate 

(which was taken as an indirect measure of dopamine functioning; for a review on the topic 

see Jongkees & Colzato, 2016) and ToM in children. Children with a higher blink rate 

showed better ToM performance. The authors suggest that these results may indicate that 
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dopamine plays a role in the development of ToM abilities. Ru et al. (2017) found that adults 

with val/val genotype on the COMT gene (rs4680) scored higher on the empathic concern 

scale of the IRI compared to those with a met allele (no other scales showed a significant 

difference). Swart et al. (2011) found that the increase in met alleles was associated with 

more difficulties in verbalising emotional content. In contrast, however, on a variant of the 

RMET (Baron-Cohen et al., 2001), Zahavi et al. (2016) found that val-homozygotes were 

significantly less accurate on the task overall than the met-homozygotes. Investigation of 

seven SNPs from the COMT gene by Xia et al. (2012) also yielded no differences between 

the genotypes on rs4680 on a number of ToM short stories. It may be the case that extra 

dopamine is associated with better functioning on the ToM tasks in children while these skills 

are still developing. It seems that once the participants have reached adulthood however, the 

val allele (associated with lower levels of prefrontal dopamine) may be related to greater 

scope for empathy for others, which could lead to greater emotional stability of the val 

individuals. The results regarding whether this same advantage is conveyed in ToM 

processing, however, has not been well, or extensively, studied and deserves a more thorough 

investigation.  

 

Oxytocin 
 

Oxytocin is a neuropeptide (Carter et al., 2008), and assumed to be involved in 

affiliative and social behaviour. The oxytocin receptor is encoded by the oxytocin transporter 

(OXTR) gene, found on chromosome 3p25 (3p24-3p26) in humans (Gimpl & Fahrenholz, 

2001). Oxytocin has been linked with social dysfunctions, most commonly in individuals 

with ASD. It is possible that lowered oxytocin in ASD may account for some of the reduced 
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social abilities in this group. In both adults and children with ASD, administration of 

oxytocin improves performance on social functioning tasks (e.g. Guastella et al., 2010; 

Hollander et al., 2007). Furthermore, an association between OXTR gene in autism has been 

found in a number of genome-wide association (GWA) studies (di Napoli, Warrier, Baron-

Cohen & Chakrabarti, 2014; Ylisaukko-oja et al., 2006). As such, it seems reasonable that the 

oxytocin system, governed by the OXTR gene may be influential in response to social 

cognition. 

One of the single polymorphism nucleotides (SNPs) in the OXTR gene is rs53576. 

The ancestral form of this SNP is the G allele, with a single point mutation to an A allele in 

some individuals, resulting in three genotypes, G/G, G/A, A/A (Inoue et al., 1994). Specific 

social deficits have implicated the OXTR gene and particularly the rs53576 SNP in the social 

processing arena. Wu and Su (2015) found that healthy children with a G/G genotype would 

engage in more prosocial behaviours than children with other genotypes, and also had higher 

scores on ToM tasks, when these two factors were considered separately. Among individuals 

with attention deficit hyperactive disorder (ADHD) however, Baribeau et al. (2017) found 

that individuals with A/A performed significantly more accurately on the RMET. The 

authors, however, did not find the same pattern for individuals with ASD, where these results 

were not significant. This result echoes that of Park et al. (2010) who have also found that the 

A/A genotype was predictive of better social cognitive ability in ADHD. In Baribeau et al.’s 

study, those individuals in the ASD group with a G allele (G/G, G/A) scored higher when 

rated by parents/caregivers on a communication questionnaire (indicating higher symptoms 

of ASD) whereas this trend was opposite in the ADHD group. This is an interesting finding 

because it would be anticipated that individuals scoring higher on this measure should also 

show lower levels of accuracy on the RMET, which was not the case, suggesting that the 



134 
 

diagnosis of ASD on its own does not necessarily imply a uniformly poor performance on 

ToM tasks.  

An advantage of G/G genotype of the rs53576 SNP on performance on RMET was 

also found in a sample of healthy adults, with higher accuracy compared to A-allele 

genotypes (Rodrigues et al., 2009; Weisman et al., 2015). This was only significant in men, 

however, with the female sub-sample showing a similar, but non-significant, pattern. Massey-

Abernathy (2017) found that the presence of the A allele (in a combined A/G, A/A group) in 

healthy adults was related to lower scores on Health and Wellness questionnaire related to 

emotional stability than the G/G group. Additionally, she found that emotional stability was 

related to social support and general health which suggests that differences in rs53576 SNP 

may be related to personality traits (as defined in the study by ‘emotional stability’) which 

could in turn influence overall wellbeing. Those individuals with an A-allele were also found 

to have lower levels of self-esteem, mastery and optimism compared to G allele homozygotes 

(Saphire-Bernstein et al., 2011). Consistent with this, Saphire-Bernstein et al. also found that 

A-allele carriers scored significantly higher on measures of depression, which together 

suggests that A-allele carriers possess lower levels of psychological resources. As such, these 

results could reflect underlying negative bias, which could impact on wellbeing and coping 

resources. Rodrigues et al. (2009) found that A-allele carriers also displayed higher 

physiological stress reactivity as measured by the startle anticipation task. The A/A genotype 

was also associated with lower scores on positive affect (Lucht et al. (2013). 

The rs53576 SNP has also been found to be related to aspects of empathy, which 

differ from, but are related and potentially predictive (Ibanez et al., 2013), of ToM. 

Uzefovsky et al. (2015) found that having an A allele in the rs53576 SNP was predictive of 

lower emotional empathy, but not predictive of cognitive empathy, as measured by the IRI. 
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Consistent with this, Huetter et al. (2016) found increased performance on the IRI with 

increased presence of the G allele (driven predominantly by empathic concern scale scores 

and women participants). Rodrigues et al. (2009) also found that A-allele carriers showed 

lower empathy compared to G/G homozygotes. This pattern of findings has not always been 

found, however. In Montag et al.’s (2017) study individuals with the A/A genotype scored 

more highly on the fantasy sub-scale of the IRI than G alleles. Laursen et al. (2014) found 

that A/A genotype carriers displayed higher empathy accuracy whilst watching videos of 

individuals experiencing pain than either of the G-allele-carrying genotypes, who did not 

differ significantly from each other. The discrepancy between this study and those from 

Uzefovsky et al., and Huetter et al., might be related to the formatting of the task. In the 

Laursen et al.’s task, the participants were required to rate someone else’s pain, rather than 

make judgment on themselves as in the other two studies. A sex-related effect was found by 

Nishina et al. (2015) with an effect of OXTR only in men, not women, when investigating 

behavioural trust. Their results indicated a significantly higher levels of trust in men with 

G/G genotype compared to A/A carriers, suggesting that, in their sample, men with G/G 

genotype were more trusting, with no similar differences found in women. 

 

Hypotheses 
 

There are a number of reasons to investigate SNPs within the dopaminergic and 

oxytocin system and their relation to ToM processing in PD. The COMT gene impacts 

directly on prefrontal dopamine, which is particularly important in PD. The OXTR gene has 

shown mediating effects on the dopaminergic system, and with ToM dysfunction in 

conditions which also include dopamine dysfunction, such as schizophrenia. Despite changes 
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to only a single base pair in a gene, SNPs can nevertheless result in profound changes, either 

directly or through changes in neural processing which then affect behaviour. Given this we 

decided to conduct a pilot study investigating the effects of these two SNPs on ToM 

processing in individuals with PD, with a view to identify a potential source of variation in 

ToM functioning in this population. A secondary aim of the study was to look at the effects 

of these SNPs in healthy older adults. In light of the current research findings, it was 

hypothesized that individuals with G/G genotype (in the OXTR gene) would outperform 

other genotypes on ToM tasks. Additionally, it was anticipated that for the COMT gene, the 

Met homozygotes would perform less accurately on ToM tasks than Val allele carriers (i.e. 

Val/Val and Val/Met). This is in line with the inverted-U hypothesis of dopamine functioning 

(Williams & Goldman-Rakic, 1998) which suggests that either excess or deficit of dopamine 

results in sub-optimal performance on tasks utilizing dopamine. 

 

 

Methods 
 

Participants 
 

Parkinson’s Disease Group:  The Parkinson’s disease patients in this study were the same 

ones included in Study 2 (see pages 96 – 98 for details).  

Healthy Older Adult Group.  This group comprised the 40 matched controls recruited in the 

previous study (pages 96 - 98) and 19 additional participants, who were also included in order 

to increase the size of the sample to assist with statistical power. The same inclusion criterion 

were applied to the additional participants, namely, aged 55 or older and fluent in English, no 
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history of neurological disorders or insults, no current or recent substance abuse problems, no 

history of schizophrenia or bipolar disorder. A total of 59 older adults were included. The 

demographic characteristics and SNP distribution of this older adult group and the PD sample 

are presented in Table 11. 

 

Table 11 

Demographic information for healthy controls and Parkinson’s disease groups. 

 

 

Healthy Controls 

Group (n= 59) 

Parkinson’s Disease 

Group (n=40) 

Age: mean (SD) 72.75 (6.36) 70.90 (6.57) 

Female (%) 40 (67.8) 16 (40) 

Years of Education: mean (SD) 14.72 (2.47) 14.64 (2.18) 

ACE-III: mean (SD) 92.66 (4.11) 89.88 (5.60) 

OXTR rs53576: G+, G- 27, 28 11, 22 

COMT rs4680: Val+, Val- 41, 13 20, 9 

Note: G+ = G/G, G- = (A/A and A/G); Val+ = (Val/Val and Val/Met), Val- = Met/Met  
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Tasks 
The ToM tasks used in this study have already been described in Study 2, as has the 

emotion recognition task (see pages 99 - 104).  

 

Genetic Process 
 

DNA Collection 
 

The DNA was collected through a saliva sample, acquired by the use of Oragene 

Assisted Collection Kit (OG-575). The required saliva volume for this kit was 0.75 mL. The 

use of this device was aimed primarily to achieve fairly high quality genetic content in as 

small a sample as possible, as salivary problems are common in PD (Jankovic, 2008). The 

participants were given an individually boxed DNA sample kit, which contained two swabs, a 

test tube with a funnel-like top attachment with a lid. The participant was asked to use the 

swab (or swabs, if two were required) to collect buccal cells from the inside of their mouth 

and gums and squeeze those into the test tube. If assistance was required, this could be 

administered by another individual. Once the appropriate volume of saliva was collected, the 

participant was asked to close the lid, unscrew the funnel top and cap the tube with an 

enclosed lid. The sample was then inverted five times to mix the content. 

 

Genotyping Process 
 

Primer Selection 

The two single nucleotide polymorphisms (SNPs) were sequenced using the National 

Center for Biotechnology Information (NCBI) SNP database. For each SNP the FASTA 
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sequence was copied into the NCBI Primer Blast tool with PCR product size ranging from a 

minimum of 400 to a maximum of 500. The primers were aimed to be no further than 250 

bases from the centre region. This provided us with the forward primers. For determining the 

reverse primer, the Reverse Complement from Bioinformatics.org was utilised. As the 

primers were being used with the Illumina MiSeq System, the 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG overhang was added to the forward 

primer and the GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG overhang to the 

reverse primer, as per specifications. This resulted in the following primers: rs53576 forward:  

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTGGCCCAGAGTGAATATCCT 

and reverse: 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTGGACTCAGGAGGAATAGGG

A. For rs4680, the forward primer was: 

TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCACAGGCAAGATCGTGGAC 

and the reverse primer was 

GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGCAGTTTACCCAGAGCTGTG.  

It should be noted that eight SNPs altogether (four from OXTR gene and four from 

COMT gene) were initially primed, purified and underwent PCR, however, because of the 

number of participants and samples, only two SNPs were analysed. 

 

DNA Purification 
 

Initially, the DNA kit was inverted and gently shaken in order to adequately mix the 

sample. This was then followed by incubating the samples for a minimum of two hours. 40µl 

of the PrepIT L2P reagent was transferred into a microcentrifuge tube, where it was mixed 

with 1 ml of the mixed sample. This mixture was then incubated on ice for 10 minutes, 
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followed by centrifuging at room temperature for 15 minutes at 14,000 revolutions per 

minute (RPM). 800µl of isopropanol was transferred to a new, clean microcentrifuge tube, 

where it was mixed with a carefully extracted supernatant. The tubes were then mixed gently 

by inversion 20 times before being left to stand at room temperature for 10 minutes. 

Following this interval, the tubes were placed in the microcentrifuge and centrifuged for five 

minutes at 14,000 RPM. The supernatant was then removed, leaving behind a DNA pellet. 1 

ml of 70% ethanol was added to this pellet, with the sample being left to stand at room 

temperature for one minute before completely removing the ethanol wash. 100µl of TE 

solution was then added to dissolve the DNA pellet, with the mixture being vortexed for at 

least five seconds. The samples were then incubated overnight, followed by vortexing before 

measuring the DNA concentration and purity using Nanospectrometer. 

 

Primer Preparation 
 

Initially, forward and reverse primers for each of the two SNPs were de-solidified by 

adding TE solution to specification on the primers (nmol x 10, to convert to µl). For rs53576, 

this resulted in concentration of 23.2 nmol for the forward primer and 23.4 nmol for the 

reverse primer. For rs4680, the forward primer concentration required was 19.5 nmol and 

27.2 nmol for the reverse primer. The mixture of primer and TE was then inverted to dissolve 

and centrifuged for a few seconds to dissolve. In a new tube, a mixture of 10 µl of the 

forward and reverse primer for each SNP was diluted with 180µl of water.  

 

Polymerase Chain Reaction (PCR) process 

The following solutions and their quantities were combined to prepare the samples for 

the PCR procedure: Buffer A 5x (2 µl), 10 dNTP (0.2 µl), Primer (Forward and Reverse; 1 
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µl), Diluted DNA (5 µl), 2G Enzyme (0.04 µl) and H20 (1.8 µl). This mixture was combined 

within the PCR strips, shaken and centrifuged for a few seconds before being put into the 

PCR machine for the following sequence: 95° (3 minutes), (95° - 15 sec, 58.5° - 15 sec, 72° - 

1 minute) – Repeated 35 times, 72° (1 minute). 

While the mixture was in the PCR machine, a 2% agar gel was created. This was done 

by dissolving 4g of agarose with 200ml of fresh TBE solution after heating, and adding 4µl 

of Redsafe. Once the mixture cooled down (approximately 10-15 minutes), a block for the gel 

comb was set up and balanced with balance circle. Enough of the cooled TBE/agarose 

mixture was poured to cover the gel comb rungs 2/3s of the way up, and was then left to set 

(approximately 20 minutes).  

Once the gel was solidified and the comb removed, and the PCR procedure complete, 

the gel was moved to the electrophoresis tank where it was covered with fresh TBE. A drop 

of gel loading dye was added to approximately 5µl of DNA mixture and inserted into the 

grooves created by the comb, starting from the second groove. The first groove had Kappa 

Universal ladder solution inserted into it, for determining whether the PCR process was 

working with individual samples. The tank was then covered with its lid, and turned on with 

following specifications: 100V and 60 minutes.  

Following the time in the tank, the gel was removed after the allotted time and, once 

rinsed with water to remove salt content, placed into imaging machine and investigated using 

the Quantity One software. The gel was placed inside the machine, and using AutoFocus 

function on the computer software, was zoomed in and taken a picture of using the 

AutoExposure function to determine the effectiveness of the PCR process. 
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PCR Clean Up 
 

The samples were prepared on a 96-well Amplicon PCR plate. In each well, the two 

SNPs were combined for each of the 96 participants. AMPure XP beads were used for the 

process of clean up. These were vortexed for approximately 30 seconds in order to evenly 

disperse the beads. 20 µl of beads were added into each well of a new 96-well MIDI plate. 25 

µl of each of the combined samples was added to every well of plate containing beads. 

Throughout the process, each well was pipetted gently ten times, in order to combine the 

beads and the sample. The plate was then incubated at room temperature for five minutes, 

followed by approximately two minutes on the magnetic stand, in order for the supernatant to 

clear. Whilst standing on a magnetic stand, the supernatant was removed (approximately 45 

µl). With the plate still on magnetic stand, the beads were washed with 80% ethanol (200 µl 

into each well), left to incubate on the magnetic stand for 30 seconds and removed. This was 

performed twice. Remaining on the magnetic stand, the beads were incubated at room 

temperature for ten minutes. Subsequently removed from the magnetic stand, 52.5 µl of 

10mM Tris pH 8.5 was added to each well, carefully pipetting each well ten times. The plate 

was then incubated at room temperature for two minutes, followed by further incubation on 

the magnetic stand for another two minutes. 50 µl of the supernatant was then transferred to a 

new PCR plate.   

 

Sequencing and Genotyping 
 

The samples were handed over to the DNA Sequencing Facility of the Centre for 

Genomics, Proteomics and Metabolomics at the School of Biological Sciences (University of 

Auckland) for sequencing and genotyping. Final analysis and confirmation of genotype 

distributions was performed by Dr. Kien Ly. Both SNPs were within the Hardy-Weinberg 
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equilibrium (rs53576, χ2 (1) = 1.08, p = 0.58; rs4680, χ2 (1) = .11, p = .95). For the following 

analyses, only participants with high confidence in genetic results were used, leading to the 

following SNP distribution across the sample for rs53576 in the PD group were as follows: 

G/G = 11, A/G = 15 and A/A = 7 (A allele = 22, G/G = 11); and for rs4680: val/val = 3, 

val/met = 17, A/A = 9 (val+ = 20, val- = 9). For the healthy controls, these numbers were 

G/G = 27, A/G = 21 and A/A = 7 (A allele = 28, G/G = 27) for the rs53576; and val/val = 12, 

val/met = 29 and met/met = 13 (val+ group: 41, val- group: 13) for the rs4680. Due to the low 

numbers in some groups, investigation of interactions of condition and the three genotypes in 

each gene would not be statistically sound. As such, it was decided to compare A-allele 

carriers to G/G genotype in the rs53576 SNP and val-allele carriers to met/met genotype in 

rs4680. 

 

Statistical Analyses 
 

The statistical analyses were conducted separately for each group and each gene SNP. 

The alpha value was set at p = .05 for all tests, with all accuracies being recorded as 

proportions correct. 

For the ToM tasks and OXTR rs53576 gene, split-plot analysis of variance (ANOVA) 

was used with accuracy on condition type as a within-subjects factor and Allele group (A-

allele carriers vs. G/G) as between subject factor. For the COMT rs4680 gene, the genotypes 

were compared at the allelic level, with val/val and val/met groups combined (val+) and 

compared to met/met individuals (val-). In cases of violation of sphericity, the Greenhouse-

Geiser correction was used. Post-hoc effects were investigated with Bonferroni corrections.    
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Based on existing literature suggesting that gender may play a role in the effects of 

these gene SNPs, separate repeated-measures analyses of variance tests were conducted with 

ToM tasks with the inclusion of gender as another between-subjects value. Results were only 

reported in detail, if the addition of gender altered the results.   

For the base emotion task, repeated-measures ANOVA was used with emotion type 

(6) and level (2) used as within-subject factors and genotype/allelic variant as between 

subject factor. In cases of violation of sphericity, the Greenhouse-Geiser correction was used. 

The alpha value was set at p = .05. Post-hoc effects were investigated with Bonferroni 

corrections. All accuracies were recorded as proportions. For the analysis of neutral 

expressions, one-way ANOVA was used to investigate performance of the genotypes. 

 

 

Results 
 

OXTR rs53576 
 

The genetic results of high confidence were available for 88 participants (33 

Parkinson’s disease individuals [PD group] and 55 healthy controls). Chi-square tests 

indicated that there were no differences in gender distribution between the two allelic groups 

(A-allele carriers and G/G carriers) in either the PD group, χ(1) = .06, p = .80, or in the control 

group, χ(1) = .03, p = .85. Chi-square tests were also conducted to check the distribution of the 

three genotypes between the PD and control groups, with no significant differences found, 

χ2
(2) = 2.39, p = .30. Only results which showed an effect of gene group were reported. 
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COMT rs4680 
 

The genetic results of high confidence were available for 83 participants (29 

Parkinson’s disease individuals [PD group] and 54 healthy controls). Chi-square tests 

indicated that there were no significant differences in gender distribution between the two 

allelic groups (val-allele carriers and met/met carriers) in either the PD group, χ(1) = 0.87, p = 

.35, nor in the control group, χ(1) = 1.27, p = .26. No significant differences were found 

between the PD and control groups, using Chi-square tests, χ2
(2) = 1.90, p = .39. Only results 

pertaining to an effect of gene group were reported. 

 

Parkinson’s disease group 
 

OXTR rs53576 SNP  
 

Theory of Mind Tasks 

The split-plot ANOVAs indicated there was only an expected significant main effect 

of condition type for three of the four ToM tasks, with better performance on the control 

condition: Reading the Mind in the Eyes (n = 32), F(2,60) = 13.28, p < .001, ηp
2 = .31; 

Attribution of Emotional Intention (n = 33), F(2,62) = 29.47, p < .001, ηp
2 = .49, and 

Cambridge Mind Reading Task (n = 31), F(1,29) = 154.29, p < .001, ηp
2 = .84. For these 

three tasks there were no significant main effects of allele group, nor significant interactions 

between allele group and condition.  

On Strange Stories, however, there was a significant interaction between condition 

type and allele group, F(1,31)= 5.34, p = .03, ηp
2 = .15. Post-hoc Bonferroni comparisons 

indicated that while the A-allele carrying group (A/A, A/G) performed significantly more 
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poorly on the ToM condition (m: .67, SE: .04) than the control condition (m: .77, SE; .03, p = 

.006) the G/G group showed no difference between conditions (ToM - m: .78, SE: .06; 

Control – m: .73, SE: .04, p = .46). No other comparisons or main effects were significant. 

See Figure 6A for more detail. 

 

 

 

Figure 6. The accuracy (in proportion correct) of combined A/A and A/G genotypes (red) 

and G/G genotype (black) of the OXTR rs53576 SNP on the Strange Stories performance 

task on ToM and control conditions. Figure A represents the PD group and Figure B 

represents the healthy control group. Error bars indicate standard error. ** denotes p ≤ .01.  
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Emotion Recognition task 
 

A split-plot ANOVA indicated a significant main effect of emotion type, F(5,150) = 

7.17, p < .001, ηp
2 = .19, a main effect of level, F(1,30) = 297.83, p < .001, ηp

2 = .91 as well 

as a significant interaction between emotion type and level, F(5,150) = 16.30, p < .001, ηp
2 = 

.35. There was no main effect of SNP group, nor significant interactions involving group. A 

one-way ANOVA comparing the accuracy of genotype groups on recognition of neutral 

expressions was not significant, F(1,30) = .01, p = .93. 

 

COMT rs4680 SNP 
 

Theory of Mind Tasks 
 

The split-plot ANOVAs indicated there was a significant main effect of condition 

type for the Reading the Mind in the Eyes task (n = 28), F(2,52) = 14.59, p < .001, ηp
2 = .3 

and the Cambridge Mind Reading task, (n = 27), F(1,25) =  220.33, p < .001, ηp
2 = .90. For 

these tasks there was no significant main effect for allele group, nor significant interactions 

between allele group and Condition.  

Analysis of performance on the Attribution of Emotional Intention task (n=28), 

however, revealed a significant main effect of allele group, F(1,27) = 5.28, p  = .03, ηp
2 = .16, 

with val carriers (m: .85, SE: .01) outperforming the met/met group (m: .80, SE: .02) overall. 

There was also the expected significant main effect of condition type, F(2,54) = 33.27, p < 

.001, ηp
2 = .55, but the interaction between SNP type and condition was not significant. 

Analysis of the Strange Stories task also revealed a significant main effect of allele 

group, F(1,27)= 6.25, p = .02, ηp
2 = .19, with the val-allele carriers (m: .68, SE: .03) 
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performing significantly worse overall than the met/met group (m: .81, SE; .04). The main 

effect of condition and interaction between the two were not significant. 

 

Emotion Recognition task 
 

Similarly, the split-plot ANOVA revealed only significant main effects of emotion 

type, F(5,130) = 7.48, p < .001, ηp
2 = .22, and level, F(1,26) = 281.93, p < .001, ηp

2 = .92, as 

well as a significant interaction between emotion type and level, F(5,130) = 13.78, p < .001, 

ηp
2 = .35. Once again the main effect of SNP group was not significant, nor were any 

interactions involving group significant. For recognition of neutral expressions, one-way 

ANOVA comparing genotype groups was not significant, F(1,26) = 1.43, p = .24. 

 

Healthy Control group 

 

OXTR rs53576 SNP  

Theory of Mind tasks 
 

Three of the four ToM tasks showed a main effect of condition type, with the control 

conditions being significantly more accurate than other conditions: RMET, F(2,106) = 18.42, 

p < .001, ηp
2 = .26, Attribution of Emotional Intention, F(2,106) = 37.81, p < .001, ηp

2 = .42, 

F(1,53) = 372.53, p < .001, ηp
2 = .88. The Strange Stories task did not show any main effects 

or interactions. 

Addition of gender as a second between-subjects variable, however, resulted in a 

three-way interaction between condition type, allele group and gender on the Strange Stories 

task. In order to break this analysis down, two separate repeated-measures ANOVAs were 
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conducted to look at the effects in males and females separately. In females, a significant 

interaction was found between condition type and allele group, F(1,34) = 4.39, p = .04, ηp
2 = 

.11. Post-hoc Bonferroni tests indicated a trending result of participants with A allele 

performing less accurately on the ToM condition (m: .73, SE: .04) than on the control 

condition (m: .79, SE: .04, p = .05), whereas the G/G group did not show this difference (p = 

.34). In males, this interaction was no present, p = .32. For a closer examination, refer to 

Figure 7. 

 

    

   

Figure 7. The accuracy (in proportion correct) of combined A/A and A/G genotypes (red) and 

G/G genotype (black) of the OXTR rs53576 SNP on the Strange Stories performance task on 

ToM and control conditions. Figure A represents healthy females and Figure B represents 

healthy males. Error bars indicate standard error. * denotes p = .05. 
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Emotion Recognition task 

Repeated-measures ANOVA indicated a significant main effect of emotion type, 

F(4.21,223.15) = 26.62, p < .001, ηp
2 = .33, a main effect of level, F(1,53) = 980.37, p < .001, 

ηp
2 = .95 as well as a significant interaction between emotion type and level, F(5,265) = 

32.41, p < .001, ηp
2 = .38. No other results were significant. Since none of these results relate 

to genotype differences, they are not discussed further. One-way ANOVA was used to 

compare the accuracy of genotypes on recognition of neutral expressions. The two groups 

were not significantly different, F(1,53) = .12, p = .73. 

 
COMT rs4680 SNP  
Theory of Mind tasks 
 

All four tasks have shown a significant main effect of condition type, with the control 

conditions being significantly more accurate than other conditions: RMET, F(2,104) = 10.05, 

p < .001, ηp
2 = .16, Attribution of Emotional Intention, F(2,104) = 22.24, p < .001, ηp

2 = .30, 

Strange Stories, F(1,52) = 4.00, p = .05, ηp
2 = .07, and Cambridge Mind-Reading, F(1,52) = 

287.38, p < .001, ηp
2 = .85. No other main effects were significant, nor were any interactions.  

 

Emotion Recognition task 
 

Repeated-measures ANOVA indicated a significant main effect of emotion type, 

F(4.16,216.23) = 21.00, p < .001, ηp
2 = .29, a main effect of level, F(1,52) = 634.23, p < .001, 

ηp
2 = .92, as well as a significant interaction between emotion type and level, F(5,260) = 

23.26, p < .001, ηp
2 = .31. No other results were significant. One-way ANOVA was used to 

compare the accuracy of genotypes on recognition of neutral expressions. The two groups 

were not significantly different, F(1,52) = .00, p = .97. 
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Discussion 
 

The focus of this study was on the influence of the OXTR rs53576 and the COMT 

rs4680 SNPs on theory of mind (ToM) abilities in Parkinson’s disease (PD). Both of these 

SNPs influence dopaminergic processing and OXTR has previously been implicated in social 

cognition in other clinical groups. Due to the literature indicating that greater empathy is 

associated with the G/G genotype of OXTR, it was hypothesised that individuals with the 

G/G genotype might show superior performance on ToM tasks compared to other genotypes. 

Similarly, given previous findings indicating val allele carriers of the COMT gene have more 

emotional stability, it was also predicted that individuals with a val allele would also show 

superior performance on ToM tasks. We expected a similar pattern of results in both the PD 

and control groups, but anticipated that the PD group may show stronger effects of genotype, 

due to interactions with dopaminergic dysfunction. 

The results indicated that on most of the four ToM tasks there was no difference 

between the genotype groups of either gene on performance accuracy. The main exception 

involved the Strange Stories task, on which PD individuals in the A carrier group of the 

OXTR rs53576 SNP, performed, as expected, better on the control condition than the ToM 

condition. In contrast, the PD G/G genotype group performed equally well on both the ToM 

and the control condition. This suggests increased sensitivity to ToM components within the 

stories in the G/G group. This was true for the PD group only. Addition of gender as a 

covariate to Strange Stories, however, resulted in a similar significant result in the healthy 

controls. Healthy females were showing a similar trend to the PD group, in that the G/G 

group was not showing a difference between conditions, whereas the A allele group was 

showing the expected trending pattern of superior performance on the control task compared 

to ToM. It should be noted, however, that while our results are in support with the notion that 
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the G/G genotype may confer higher ToM performance, we did not find this on the RMET 

task, where this effect has been most consistently found in healthy adults. 

It is important to consider why this effect was only present on the Strange Stories 

task, given it was one of four ToM tasks used in this study. When comparing this task to the 

three other ToM tasks utilised, there are a number of differences in formulation of this task. 

Firstly, it is the only task which is presented in written format – the remainder of the tasks 

comprised visual photographs or videos. There is a possibility that being given more context 

in the stories to interpret information allows for any differences in responses to be detectable 

between genotypes, which may confer small but nevertheless present effects on ToM 

processing. More detail and more mental engagement has been found to improve ToM 

performance in particular genres of books and television shows (Black & Barnes, 2015; Kidd 

& Castano, 2013) so providing more context within the Strange Stories task may be related to 

the similar principle. It is interesting, however, that this was only present in our PD group as 

a whole, and in healthy controls only in females. Sex-specific effects in relation to the OXTR 

gene have been noted before (e.g. Nishina et al., 2015). Nishina et al.’s study, however, found 

influence of the OXTR gene on males’ trust, not females, and even though their sample 

included individuals up to 59 years of age, there is a possibility that differences occur to the 

functioning of the OXTR gene with increased age. 

Secondly, it is the only ToM task utilised that does not use a forced choice paradigm. 

Giving participants options to choose from reduces the number of possible answers and may 

result in the participants finding the task more manageable (hence equalising performance of 

the SNP groups). In contrast, perhaps it is in the open-ended nature of this task that 

differences in ToM abilities can flourish as they are not constrained by the very things which 

might be beneficial in other scenarios. Lastly, as a result of the open-ended format, Strange 
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Stories allows for degrees of ‘correct’ answers (given you can score partial points for 

partially correct answers, not possible in a forced-choice format where an answer is either 

correct or not). This may help in higher scores than the remaining three tasks. It is also likely 

a more ecologically valid way of measuring ToM than right-or-wrong format of the forced-

choice tasks, as, in real life, social evaluations generally are more nuanced and subtle than 

outright right or wrong. 

In regards to the COMT rs4680 SNP, little difference between allele groups was 

found. In the PD group, an overall group advantage was found for the val allele carriers on 

the Attribution of Emotional Intention task (no differential effects on ToM or control 

conditions), while a met homozygote advantage was found on the Strange stories task. These 

findings can be linked back with the notion of ‘Warrior-Worrier’ hypothesis, which suggests 

that the val allele confers advantages on affective aspects, while the met allele on cognitive 

tasks. As the Attribution of Emotional Intention is affective, and the Strange Stories task is 

related to cognitive ToM, these findings fit with this notion. It is of interest, however, that 

only the PD group seems to be showing any allelic effect, rather than our controls. This could 

suggest that parkinsonian pathology and corresponding reduction of dopamine may magnify 

the impact of the COMT gene. 

There are a number of limitations to this study. The first and foremost is the relatively 

small number of participants in the groups. Furthermore, a number of participants did not 

have viable genetic material recovered, which further reduced the available sample for 

determining SNP-genotypes. This study is a novel pilot study, but future studies should aim 

to increase power by engaging more individuals, particularly in regards to replicating the 

Strange Stories-oxytocin findings. The Strange Stories task is used less frequently in 

investigating ToM in PD samples and especially less so when investigating gene effects, 



154 
 

likely due to the relative ease of administration of tasks such as RMET. This study indicates, 

however, that there may be a benefit to using more complex tasks, as these may be the only 

ones sensitive enough to detect differences in performance between genotypes. These could 

also clarify more clearly the role that rs53576 OXTR gene SNP plays in healthy adults. Our 

results suggest an effect on females only on the Strange Stories task, but perhaps with a larger 

number, particularly of males, this finding could be extended to (or countered in) males. 

Larger samples in future studies, may also clarify what happens with heterozygotes for 

rs53576, as their performance on the two conditions seems to fall in between the two 

homozygotes, although not significantly so in our study. With an increase in participant 

numbers, however, it can be elucidated whether this is a real effect or due to chance. 

Potential gender differences are also of importance in both SNPs examined in this 

study. In previous studies, gender effects have been found, with women showing greater 

empathy and related oxytocin spikes after empathy-inducing videos (e.g. Barraza & Zak, 

2009) and men with A allele showing superior performance on the RMET (Weisman et al., 

2015). We have also found a gender effect in our study on only one task, in the healthy 

control group. It is surprising that this effect was found on the Strange Stories task, and does 

not mirror Weisman et al.’s results on the RMET. There is a possibility that we would find 

similar findings in men, had our male participant numbers being greater, but this cannot be 

substantiated here, so future studies looking at this aspect should focus on similar numbers of 

participants across genders. 

Another issue is a current debate regarding candidate genes and their significance in 

research in the age of genome wide association studies (GWAS). While GWAS have a lot of 

advantages (e.g. generally large cross-site sample sizes, identification of pleiotropy of genetic 

effects), there are also some disadvantages. GWAS studies have the higher instances of Type 
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1 errors than in candidate gene studies, and involve very high numbers of multiple 

comparisons (Potkin et al., 2009). There are thus some advantages to candidate gene studies 

which may still make them useful for addressing certain sorts of questions. It is 

understandable that identification of novel genes involved in complex phenomena using the 

GWAS method is desirable due to cost and time constraints (Papassotiropoulos & de 

Quervain, 2011). Identification of relevant genes, however, is not the same as conducting a 

more in-depth analysis of those genes, and, to some extent, because of how these are often 

viewed in genome wide studies, this method can be limiting in use (Korte & Farlow, 2013). 

Candidate gene studies can stand as a complimentary procedure which can help with such 

questions as impact of epigenetic mechanisms, for instance. 

In conclusion, our study investigated genetic contributions of two common SNPs in 

the OXTR (rs53576) and COMT (rs4680) genes on ToM performance in PD and healthy 

control groups. Our results indicated an effect of the OXTR rs53576 SNP in the PD group on 

the Strange Story ToM task. Individuals with the G/G genotype showed less discrepancy 

between the conditions than the A/A genotype. Healthy females in the control group also 

showed this pattern. We did not find any evidence for preferential effects of COMT rs4680 

SNP on ToM performance although small allelic variations on overall performance (not 

specific to ToM) on two tasks were found in the PD group. This indicates that oxytocin and 

rs53576 in particular may influence ToM performance in individuals with PD and healthy 

females.  
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Chapter 5: General discussion 

 

Summary of findings 

 

Investigation of dysfunctions in individuals with Parkinson’s diseases (PD) on aspects 

of social cognition was the primary aim and driving force of this thesis. In order to achieve 

this goal, we first needed to address the gaps in literature, which required us to run a well-

established comparison of older and younger adults on these abilities. This provided us with a 

platform to begin research into social cognition and, specifically, ToM. Our aging study gave 

us an opportunity to avoid many pitfalls in existing literature, and allowed us to focus on 

factors with a slightly different focus than currently analysed (e.g. the role of social networks 

on ToM performance). At the same time, we were able to wade through the huge barrage of 

available tasks to measure ToM abilities (although whether the ones selected were the best 

choice is always going to be a contentious call and there is equally a chance that we failed to 

include a task that would have proven to be more sensitive to aging changes). In the last pilot 

study, we wanted to focus on genetic factors which could influence ToM processing in 

individuals with PD. 

In the aging ToM study, older adults were less accurate than younger adults on three 

out of eight Theory of Mind (ToM) tasks. The selection of the eight ToM tasks was based on 

wanting a fair representation of ToM tasks across both cognitive and affective subtypes and 

wanting to have a representation of different task formats generally utilised in ToM studies. 

Following literature review, eight ToM tasks were selected and classed as either cognitive or 

affective, based on past research. A confirmatory principal components analysis was 

performed, however, to determine if such a split was warranted. Our results suggested that 

the eight ToM tasks were mostly clustering around the expected ToM division, although this 

was not true for at least one of the tasks, the Cambridge-Mind Reading task, suggesting that 



157 
 

the division between affective and cognitive ToM tasks is not always intuitive and 

straightforward. Finally, we found that age was a significant predictor of cognitive ToM 

performance in individuals aged 60 - 93. Age did not, however, directly influence affective 

ToM in the older adult group, rather, proportion of face-to-face communication with others in 

their social interactions was related to how well people performed on affective ToM tasks. 

The findings in the aging ToM study have reinforced the importance of careful 

selection of tasks in order to conduct a thorough investigation into the ToM abilities of 

healthy older adults. Previous studies have typically used a narrow range of tasks to test these 

skills (e.g. Bottirolli et al., 2015; Ruffman, Zhang, Taumoepeau & Skeaff, 2016), either using 

a single task, or unintentionally focusing on one type of ToM which can lead to failure to 

underscore the true complexity of ToM processing. Our study adds to the existing literature 

by providing a comprehensive analysis of older adults’ performance across both cognitive 

and affective ToM and across visual and verbal modalities. Indeed, engaging with an 

extensive battery of tasks has shown that older adults do not display uniform impairments 

across all measures of these abilities, and that the magnitude of differences is relatively small 

when older adults are matched to younger adults on measures of education. Our older adult 

sample is highly educated and is fairly socially connected, with both factors potentially 

contributing to better ToM. Higher education has previously been linked with better ToM 

performance (Franco & Smith, 2013) and social engagement has been shown to improve 

ToM through the practice of its underlying skills. Given that we found lowered performance 

on less than half of the tasks we administered, it is entirely plausible that this indicates 

generally preserved ToM abilities when older adults are not suffering from cognitive 

stagnation and isolation. Nevertheless, it could also be the case that the tasks utilised were not 

sensitive enough to detect differences between healthy younger and older adults. Our 

findings, however, could also be related to the difficulties of testing ToM abilities in itself.  
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The PD ToM study focused on the primary question of interest of this thesis: the 

integrity of ToM abilities in PD. Our results indicated that when matched on age and years of 

education, individuals with PD can and do perform as accurately on ToM tasks as healthy 

older adults, both cognitive and affective. This finding is contrary to our initial hypotheses, 

which were around dysfunctions in these abilities, particularly given fairly robust evidence of 

general emotion processing deficits. As in the aging ToM study, the aim here was to conduct 

a thorough investigation of ToM, including both cognitive and affective ToM tasks. Despite a 

body of literature (albeit mixed) suggesting there are deficits in ToM functioning in PD (e.g. 

Freedman & Stuss, 2011; Yu et al., 2012), as with the aging ToM study, we found that using 

a well-designed battery of ToM tasks, and careful matching of individuals with PD with 

healthy controls in terms of age, gender and years of education, PD participants showed few 

difficulties with ToM tasks. 

Given that both the aging and PD ToM studies found only small differences in 

populations generally reported to be doing more poorly (for reviews on the subject, see 

Moran, 2013 and Yu and Wu, 2013), there is a question of sensitivity of the tasks themselves 

to describe differences between the groups. Both of our studies aimed to reduce external 

factors which could contribute to lower performance on these tasks, such as reduction of 

reliance on memory, provision of glossary to minimise confusion over words meanings and 

multiple testing sessions to avoid fatigue. This was done in order to allow for more direct 

testing of ToM abilities, away from other factors which could influence performance but not 

be directly related to ToM. Our discrepancy from the literature could reflect the notion that in 

the absence of external demands, either these groups do not show disruption of ToM 

processing, or the tasks themselves are not sensitive enough to show differences between 

groups. Most of the ToM tasks are generally designed to capture deficits in ToM abilities in 

conditions associated with a myriad of social dysfunctions, not just confined to ToM issues 



159 
 

(e.g. ASD), so a question can be posed over whether these tests are sensitive enough to detect 

subtle age-related changes in healthy adults. If they are not, then a fundamental issue may lie 

in testing procedure itself, not the construct underlying the tests or participants tested.  

 In the final study contained in this thesis (genetic contribution study), results were 

reported from a pilot study into the potential modifying influences of two single nucleotide 

polymorphisms (SNPs) in two genes on ToM performance in individuals with PD. The two 

SNPs are located within the oxytocin receptor gene (OXTR) and catechol-o-

methyltransferase gene (COMT). The link between the COMT gene, responsible for 

degradation of prefrontal dopamine, and potential influence on PD seems clear-cut due to a 

huge influence on availability of prefrontal dopamine in these individuals. The relationship 

between oxytocin and PD seems less obvious, despite there being good reasons to suggest an 

influence of this chemical. The oxytocin system has documented links influencing the 

dopaminergic system directly through tuning of dopaminergic tone and indirectly through 

exerting an effect on amygdala, which in turn influences emotional salience response from 

the dopaminergic system (Rosenfeld et al., 2011), which could be of importance in PD where 

dopamine is such a problem. Furthermore, the OXTR SNPs have been associated with social 

and ToM difficulties in ASD and attention deficit hyperactive disorder (ADHD; e.g. Ma, 

Shamay-Tsoory, Han & Zink, 2015; Wu & Su, 2015). In addition, both genes have 

associations with cognitive and affective processing, having shown a relationship between 

executive functioning and affective disorder scores in past literature (e.g. Heinzel et al., 2014; 

Saphire-Bernstein et al., 2011). Our results indicate a potential effect of the OXTR SNP 

rs53576 in the PD sample, more specifically, that the G/G genotype may differentially impact 

performance on ToM in a cognitive ToM task, Strange Stories. This would appear to be in 

line with studies finding a benefit of the G/G genotype in better accuracy on the RMET task 

(Rodrigues et al., 2009), although Rodrigues et al.’s result was seen in healthy adults (and we 
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ourselves did not find this effect using RMET). This was the only task we used that was not 

forced-choice, which raises the possibility that this task is more sensitive to the subtle 

differences which may occur in individuals with PD who have different allelic combinations. 

It is of note, however, that this effect was not found for controls, which could indicate an 

increased sensitivity to genetic moderating effects with greater vulnerability to brain 

pathology in PD. 

 

The importance of thorough investigations 

 

One of the biggest contributions of this thesis to the existing literature has been the 

demonstration of the importance of a thorough investigation of ToM abilities. The intention 

was to conduct three well-designed studies that tested ToM abilities as thoroughly as 

possible. The aging ToM study included a large battery of ToM tests, spanning both cognitive 

and affective ToM. This is one of only a small numbers of studies to have attempted this (e.g. 

Duval et al., 2011, used four ToM tasks and a ToM questionnaire), as the norm is the use of 

ToM tests that are limited in range (for a review see Moran, 2013). In the aging ToM study, 

we additionally conducted an independent test of the classification of the tasks (cognitive 

versus affective ToM) derived from the literature (using confirmatory principal components 

analysis). The results gave us the first indication that ToM tasks, despite best design efforts, 

may not be as clear-cut in their loading onto cognitive or affective ToM subtypes as expected.  

The division of ToM into two subtypes, cognitive and affective, is not 

straightforward. This can be seen in our aging study based on the clustering of what seemed 

like an obvious choice for an affective ToM task (Cambridge Mind-Reading) with tasks 

seemingly more befitting of being labelled cognitive. This finding which was further found in 

the PD ToM study with our principal components analysis suggesting a closer clustering of 
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the RMET with typically ‘cognitive’ ToM tasks, suggesting that allocation of tasks as one-or-

the-other type of ToM is difficult, at best. An explanation of this may involve the added 

cognitive complexity that could come from having to weigh up choices associated with 

increasingly complex mental states. Given Abu-Akel and Shamay-Tsoory’s (2011) 

suggestion that both affective and cognitive ToM, prior to distinctions into these two 

categories, share common substrates pre-division, it may be time to consider whether 

affective and cognitive ToM are, in fact, parallel systems. It may be the case that these lines 

of processing are actually more hierarchical, with affective ToM being less complicated (or, 

for lack of better phrasing, more intuitive) and therefore requiring less cognitive processing 

than may be required for cognitive ToM. This could explain why the most advanced of ToM 

abilities may not be fully developed until puberty, when the continued prefrontal growth may 

allow for more cognitive evaluations between states and perspectives. This idea, however, 

does not account for Bodden et al. (2013)’s findings that affective ToM recruits more brain 

regions than cognitive ToM. Indeed, the line of thinking about a hierarchical ToM system 

begs a question of why would a purely cognitive ToM task need to go through an affective 

system first, from an energy-efficiency point of view and could potentially be investigated 

using some imaging techniques to determine the time when each subtype of ToM is 

processed. 

Furthermore, we had used our tasks in the aging ToM study to assess the tasks in 

terms of ease of response, interest and to determine age-related factors which could 

contribute to difficulties on the task, other than ToM processes themselves. This was done in 

order to determine that these tasks would be tolerated and administered in the most efficient 

way in a PD sample. This approach allowed us to consider the administration format which 

might needed to have been altered in PD ToM study and the genetic contributions study for 

ease of access with individuals with PD who may be performing less well because of 
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difficulties associated with the motor symptoms. It also afforded us an opportunity to select 

tasks with, or to create, appropriate control conditions, which may not have been readily 

available in the aging ToM study, creating opportunities to reflect and improve on issues 

which arose as a result of task shortcomings. This was particularly the case for the Cambridge 

Mind-Reading (Golan et al., 2006), which in PD ToM study and genetic contributions study 

used a novel control condition that was suited for direct comparison of the two conditions in 

the participants. This resulted in far more convincing findings regarding ToM processing in 

the PD (as well as older adults) group, in line with arguments previously made by Slessor et 

al. (2007). As such, this thesis contributes to future investigations into this field of research, 

with well-defined parameters of testing administration outlined.  

 

Parkinson’s disease and non-motor dysfunctions 

 

As previously alluded to, non-motor symptoms are particularly devastating in PD, and 

are often a greater cause of reduced quality of life than motor symptoms. Not only is this an 

obvious issue for the individuals themselves, their immediate social support in the form of 

family and friends can also be affected by this (Mercer, 2015). Yet despite this, much focus 

in PD has been around motor symptoms (Jankovic, 2008). While not unjust, a major 

reasoning in conducting this thesis has been to be able to provide more information to the 

individuals and their families regarding these symptoms. With little knowledge of the 

commonality of these symptoms, there is a high possibility that the families may feel as 

though they are being antagonised purposefully and personally by the PD individual, whereas 

the actual underlying issues may relate to difficulties in understanding more implicit (and 

potentially explicit) social cues. 
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The current literature includes a number of findings linked with mood and social 

cognition in PD. These include alterations in emotion recognition (e.g. Ariatti et al., 2008; 

Buxton et al., 2013), increased rate of depression and anxiety (Jacob et al., 2010; Reijnders, 

Ehrt, Weber, Aarsland & Leentjens, 2008), declines in ToM (Diaz-Cirarda et al., 2015; Yu et 

al., 2012) and reduced social activity (Karlsen et al., 2000). Our particular focus in the PD 

ToM study has been on examining possible dysfunction in ToM processing, as the existing 

literature indicates there are deficits in affective ToM, beginning early on in disease 

progression, but seems largely inconsistent as to the effects of PD on cognitive ToM (Poletti 

et al., 2012). Furthermore, as described earlier, many studies have not utilised control 

conditions in the past, or only used tasks which can assess one type of ToM. Since the two 

subsystems are largely distinct (Abu-Akel & Shamay-Tsoory, 2011), our investigation 

wanted to thoroughly investigate ToM across both types in PD, but also the effects of PD on 

emotion recognition and engagement in the social sphere.  

No deficits in ToM were found in the PD group in this study, when matched with 

healthy older adults. These findings are an important contribution to the current literature 

because the design of the investigation conducted. Firstly, we used four tasks, two reflecting 

each type of ToM (affective and cognitive), as established in the literature. Secondly, each of 

our tasks included a control condition, which allowed us to test for and identify specific ToM 

deficits. The inclusion of control conditions is an improvement on much of the existing 

research available, both within ToM research in healthy aging and PD research.  

The absence of poorer ToM performance in the PD group is interesting given that 

they did perform more poorly on the task of facial emotional recognition. The ability to 

recognise emotions has sometimes been seen as a crucial pre-requisite for ToM, particularly 

affective ToM (Beer & Oschner, 2006). The results in this thesis do not support this claim. 

While difficulties in emotional recognition are a relatively common finding in PD literature 



164 
 

(for a review see Péron et al., 2012), it is interesting to find that a deficit on this more 

fundamental ability does not impact on ToM accuracy. Our results in both PD ToM study and 

the aging ToM study suggest that emotion recognition is not the only essential step prior to 

ToM processing. This is particularly so given the evidence that emotion processing can evoke 

similar neural response as ToM does in human TMS study, in the mirror neuron system 

(Alegre et al., 2011; Enticott, Johnson, Herring, Hoy & Fitzgerald, 2008). Indeed, this idea is 

in line with findings from aging ToM study, where our older adults differed from younger 

adults on specific emotions, and yet showed some declines on ToM processing. Therefore, it 

may be possible that these two processing abilities are not entirely functionally dependent on 

each other, but may nevertheless be of importance in ToM processing.  

Notably, however, we did find an increased score on the depression and anxiety 

questionnaire in our PD group, although the majority of our PD sample did not score outside 

of the normal range on these measures. Depression and anxiety are both fairly common 

symptoms of PD (DeMaagd & Philip, 2015), potentially predating motor symptoms (Shiba et 

al., 2000), so while our patients did not exhibit abnormal levels of depression or anxiety, 

nevertheless they showed an overall increase in scoring on the measures of depression and 

anxiety than healthy older controls. This is in line with literature finding increased rates of 

mood dysfunctions in PD. 

 

Impact of social interactions in everyday life  

 

This thesis adds to the literature exploring the social networks of individuals with PD. 

Currently fairly sparse, the literature suggests that individuals with PD report an increase in 

social isolation with disease progression (e.g. Forsaa, Larsen, Wentzel-Larsen, Herlofson & 

Alves, 2008; Karlsen et al., 2000). Indeed, we found that our PD sample had reduced 
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numbers of social networks compared to healthy older adults. Secondly, our PD sample 

showed greatest declines in friends category compared to older adults, but an increase in 

‘other’ category (other frequently encountered individuals who are not considered a part of 

the other three categories [family, friends, work colleagues]), which is likely related to an 

increase in disease-associated personnel. This perhaps underscores the feelings of social 

isolation, since it appears that where social withdrawal is occurring specifically in non-

familial arena. It is important to note that the participants were not asked for levels of social 

isolation or satisfaction with relationships directly. An inclusion of this metric could have 

given this line of thinking greater support, and perhaps should have been more explicitly 

investigated. 

When considering the older adult samples in both the aging and PD ToM studies, the 

findings related to their social networks are interesting. In the aging study, the higher the 

proportion of face-to-face interactions experienced by healthy older adults, the better their 

performance was on affective ToM tasks. In the PD ToM study, healthy older adults had 

better ToM performance on the Strange Stories task with increased total number of friends 

social networks. This suggests that non-familial relationships had an influence on ToM 

performance in healthy adults, suggesting that an increase in friends network could lead to 

increased performance on ToM. This could mean that, as found in studies by Cavallini et al 

(2015) and Lecce et al. (2015), not only is ToM performance amendable to training and 

generalization, but it is friends that make a predominant difference to this training. It is 

interesting that our studies picked up on different aspects social interactions which influence 

ToM, both in terms of type (friends) and kind of interaction (face-to-face) in healthy older 

adults. In terms of existing research, this is significant as it emphasises that human social 

functioning is not an easy concept to capture. Indeed, had we focused solely on overall 

number of social networks, we would not have found either of these results. This suggests 
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that research aiming to look at impact of social interactions on measures of cognition or 

psychological functioning, need nuanced measures of social interactions that examine a 

number of dimensions. Indeed, our own measures could have been more comprehensive, had 

social network impact been our primary goal. In that scenario, perhaps an extra measure of 

some more objective form could have been useful to try to gauge between the participants’ 

own accounts of social activity and its importance to them, and more streamlined ways of 

measuring these. Not only would a more explicit measure of social satisfaction and isolation 

been useful (as mentioned earlier), perhaps a specific measure of frequency might have been 

able to provide us with some notions of the minimal frequency of social interactions to 

counteract feelings of isolation. Additionally, had the focus of this thesis been more on the 

social network aspects, a more qualitative approach may have been more appropriate which 

would allow the participants to dictate and outline those relationships important to them, 

rather than being guided into prescribed categories. 

 

Indirect influence on ToM 

 

An important part of this thesis has been the exploration of factors that may seem 

intuitively relatively unrelated to ToM abilities. Since both empirical ToM studies found 

better performance on ToM processing than has often been reported in the literature, in both 

older adults and in PD, it is important to examine the basis for these discrepancies. A small 

literature suggests an important role of level of education and how that can influence ToM 

performance (e.g. Franco & Smith, 2013; Wang et al., 2013). Indeed, in both studies, the 

participant groups (older adults in the aging study, PD group in the PD ToM study) were 

matched on levels of education with the control group, and also had comparable performance 

on the ToM measures. These findings provide further evidence supporting the importance of 
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education levels in performing ToM tasks. This is particularly true when older adults are 

compared to younger adults, who, in many studies including this one, are predominantly 

university students. Arguably, engaging in post-secondary education, not only is associated 

with the benefits of education per se, but also is associated with being in an environment 

which is higher in social interactions, leading to greater opportunities to practice social 

cognitive skills. 

The importance of practicing social skills in social interactions is also a factor worth 

consideration. A small number of previous findings suggest that practicing ToM skills can 

improve their functioning either through engagement with particular works of fiction or 

group participation (Black & Barnes, 2015; Cavallini et al., 2015; Kidd & Castano, 2013). 

The results from the aging ToM study in this thesis are consistent with this premise, in that 

the extent to which older adults engaged in face-to-face communication with others was 

related to their performance on affective ToM. This suggests that ToM processing, like many 

other processes or skills, may be vulnerable to a ‘use it or lose it’ process. It is interesting, 

however, that we did not find this relationship in younger adults. Perhaps it is the case, if we 

continue following the ‘use it or lose it’ approach, that in younger adults, affective ToM is as 

close to optimal as it gets for individuals (bar individual differences based on 

genetics/personality/other factors), therefore there is little room for consistent long-term 

effect for improvement at that age bracket. This again highlights the potential importance of 

measuring socially relevant factors pertaining to the sample investigated. Indeed, in PD ToM 

study, our PD sample did not differ on the extent of face-to-face communication they engage 

in from the healthy older adults, suggesting a possible partial reason for lack of difference 

between the two groups on ToM performance, despite differing on other social measures. 

The third factor that was considered in this thesis was the potential influence of 

genetic SNPs on ToM performance, particularly in the PD sample. In the third study, the 
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influence of SNPs involved in social behaviour and dopaminergic degradation was examined 

in a pilot study. The findings suggest that the OXTR rs53576 SNP type may influence 

performance on one of the ToM tasks in the PD group only. More specifically, the G/G 

genotype was related to higher accuracy on the ToM condition than other allele types. This 

suggests that there are biological mechanisms which could influence performance on ToM 

functioning, which could be related to discrepant findings between our study and existing 

research. Our results, however, provide a possible solution to the mixed findings in literature; 

if there are genetic contributions to ToM processing, particularly in more vulnerable 

populations, and these are not taken into account in study samples, this could lead to omitting 

a valuable factor which could explain differences in different studies. Indeed, it may be the 

case that the contributing factor to discrepant findings could be related to differences in 

underlying biological compositions of individuals tested. The low number of participants, 

however, is an obvious limitation and should be addressed in future studies. It is entirely 

possible that a greater number of participants would show differences between genotypes on 

other tasks, which may be less sensitive to observed changes. 

 

Future directions 

 

There are a number of promising avenues for future research that have emerged from 

this thesis. Based on results from the aging ToM and PD ToM studies, future studies should 

focus more on the social exposure of older adults and PD patients and how these contribute 

and/or relate to their performance on social cognition tasks. The most promising aspect of 

this thesis for future studies which has so far been largely untapped relates to findings from 

genetic contributions study and the contributions of the oxytocin system to ToM processing 

in PD. While promising, the current study is quite small in size for a thorough investigation 
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of its genetic contribution. Future studies should therefore utilise a larger sample size, which 

may also be beneficial in further results which could untangle the effects of the A allele in the 

rs53576 SNP by separating the genotypes into three distinct groups, rather than the two used 

in genetic contributions study. This could lead to a more nuanced understanding of what 

happens biologically in vulnerable populations. Additionally, it might be further useful for 

future studies to include a control group of younger adults to directly compare the 

performance of the three groups of interest, as this would allow to measure age-related effects 

of these systems on ToM abilities, since it has been suggested that the dopaminergic system 

particularly can differ in its effects with age. We elected to not do that in PD ToM study due 

to primary focus on the difference the PD diagnosis makes to ToM processing, however a 

direct comparison between three groups would allow a more thorough investigation of each 

level of ‘vulnerability’ to ToM processing. 

Our research indicates the importance of social exposure and practice for maintenance 

of ToM abilities. While we have already outlined some further information which may be of 

importance in future studies to investigate (e.g. degree of social isolation and satisfaction), a 

further practical step may involve intervention studies. As socialising can become more 

difficult with PD, both due to motor problems as well as mood dysfunctions, it might be of 

benefit to conduct a study which focuses on improving of ToM abilities and expanding social 

connectedness at the same time. This could be of benefit to the individuals with PD, 

particularly if the groups foster a sense of friendship over time.  

Lastly, future studies should look closer at the currently accepted model of affective 

and cognitive ToM. While at present a parallel processing system is accepted, it may be time 

to investigate whether a different, hierarchical model, or, alternately, a combination of the 

two models may be better suited to understand ToM processing. A change in thinking 

paradigm of this sort could lead to better understanding of the overlapping nature of ToM 
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underscored by current testing methods as well as taking steps to more sensitive tasks being 

created in the future. 
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APPENDICES 
 

Appendix A: Motor Symptoms Rating Scales for Parkinson’s disease.  

 The Unified Parkinson’s Disease Rating Scale, Score Sheet (Goetz et al., 2004) 

 

The Original and Modified Hoehn and Yahr Scale (Hoehn & Yahr, 1967) 
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Appendix B: Cognitive Theory of Mind tasks exemplars. 

 

 

Note: An exemplar from the Attribution of Emotional Intention task 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: An exemplar from the Joke Completion task 
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Simon is a big liar. Simon’s brother Jim knows this, he knows that Simon never tells the 
truth! Now yesterday Simon stole Jim’s ping-pong paddle, and Jim knows Simon has hidden 
it somewhere, though he can’t find it. He’s very cross. So he finds Simon and he says, 
‘‘Where is my ping-pong paddle? You must have hidden it either in the cupboard or under 
your bed, because I’ve looked everywhere else. Where is it, in the cupboard or under your 
bed’’? Simon tells him the paddle is under his bed. 

Why will Jim look in the cupboard for the paddle? 

 

 

Sam decides to go on a long walk to get some fresh air. Unfortunately, just after leaving the 
house, the wind begins to pick up and it starts to rain. Luckily Sam always has an umbrella 
with him. He quickly puts up the umbrella and wraps his coat tightly around him. Suddenly a 
gust of wind blows the umbrella straight out of Sam’s hand and it lands in a large, very 
prickly bush. Sam manages to run and fetch it before it blows off again and is pleased to find 
it all in one piece. As he walks home, he notices that his head is starting to get wet despite the 
umbrella. 

Why is Sam getting wet? 

 

Note: An exemplar of ToM (top) and control (bottom) stories from the Strange Stories task. 

 

 

 

Sarah eats fast food for lunch every day. Her two favorite fast food places are Burger King 
and Wendy’s. She knows that her co-worker Marcus only eats at Wendy’s. Sarah wants to 
avoid Marcus today. 

Where will Sarah go for lunch? 

a. Burger King  b. Wendy’s 

 

 

 Note: An exemplar of a True Belief Avoidance (TB-) story from the Belief-Desire task. 
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Appendix C: Affective Theory of Mind tasks exemplars. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: Exemplars of each of the three conditions from the Attribution of Emotional Intention 
task. 

 

 

Note: A still exemplar from the Cambridge Mind-Reading task. 
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Note: A still exemplar from the The Office Faux Pas Recognition task. 

 

 

 

 

Note: A still exemplar from the Reading the Mind in the Films task. 
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Appendix D: Emotion recognition task exemplars. 

 

 

 

 

 

 

 

 

 

 

Note: Sample stimuli (Fear) from Facial Emotion Recognition Task (Buxton et al., 2013), 
showing neutral, subtle emotional expression (Subtle) and the original Ekman and Friesen 
(1976) photographs (Full) (l-r). 
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Appendix E: Consent form and Participant information sheet for the aging ToM study. 
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Appendix F: Reading the Mind in the Eyes task exemplars. 

 

 

 

 

 

 

 

Note: An exemplar from each of the three conditions in the RMET task: ToM, gaze and 
gender control condition, animal control condition (top to bottom). 
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Appendix G: Consent form and Participant Information Sheets (one for healthy 

controls, one for PD group), for PD ToM and the genetic contributions studies. 
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