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Abstract 

Theory of Mind (ToM) reflects the ability to accurately infer others’ mental states. The 

five factor personality traits, particularly Neuroticism and Agreeableness, have been 

associated with ToM in previous studies; however, that research failed to control for 

vocabulary knowledge and only used one measure to assess ToM. We aimed to re-

investigate the relationship between personality factors and ToM while controlling for 

vocabulary knowledge, using a multimethod approach to measure ToM, extending the 

research to include older adults, and exploring mediators and moderators. In our sample 

(N = 179; 91 younger adults, 88 older adults), Neuroticism did not have a main effect on 

ToM. While more Agreeable older adults tended to have better cognitive ToM, more 

Agreeable younger adults had worse cognitive ToM. Empathy did not mediate the 

relationship between Agreeableness and cognitive ToM, and anxiety symptoms did not 

moderate the association between Neuroticism and cognitive ToM. These findings have 

implications for older adult health and wellbeing. 

Keywords:  Theory of Mind; cognitive; affective; personality; Agreeableness; 

Neuroticism 



v 

Acknowledgements 

This work was supported by a Social Sciences and Humanities Research Council 

(SSHRC 410-2010-0407) grant awarded to Dr. Wendy Loken Thornton. I would like to 

extend my gratitude to members of the Cognitive Aging Lab for collecting these data, 

and to the participants of this study who generously provided their time and effort. 

This work was also supported by a Canadian Graduate Scholarship Canadian 

Institute for Health Research (CIHR) grant awarded in 2015. I thank CIHR for their 

contribution towards my research. 

I would like to thank Dr. Alex Chapman for being the Senior Supervisor of this 

thesis. Without his guidance and helpful feedback, this project would have never gotten 

done. 

Finally, I would like to thank my friends and family. They have been there for me 

through frustrated rants and days of doubt. I truly could not have done this without every 

one of them. 



vi 

Table of Contents 

Approval .......................................................................................................................... ii 

Ethics Statement ............................................................................................................ iii 

Abstract .......................................................................................................................... iv 

Acknowledgements ......................................................................................................... v 

Table of Contents ........................................................................................................... vi 

List of Tables ................................................................................................................. viii 

List of Figures................................................................................................................. ix 

Chapter 1. Introduction .............................................................................................. 1 

ToM and Age................................................................................................................... 1 

Personality and Age ........................................................................................................ 2 

Neuroticism and ToM ...................................................................................................... 3 

Agreeableness and ToM ................................................................................................. 4 

Limitations of Extant Research on Personality and ToM .................................................. 5 

Current Project and Primary Aims ................................................................................... 6 

Hypotheses ..................................................................................................................... 8 

Methods ......................................................................................................................... 9 

Participants ..................................................................................................................... 9 

Procedures ...................................................................................................................... 9 

Measures ...................................................................................................................... 10 

Theory of mind ........................................................................................................... 10 

CANOE ...................................................................................................................... 12 

Empathy .................................................................................................................... 12 

Physiological Anxiety Symptoms ............................................................................... 12 

Vocabulary knowledge ............................................................................................... 13 

Data Analytic Approach .............................................................................................. 14 

Regression Analyses ..................................................................................................... 14 

Examining Empathy as a Mediator Analysis .................................................................. 14 

Curvilinear Moderation Analysis .................................................................................... 14 

Error Control and Power ................................................................................................ 15 

Results ......................................................................................................................... 16 

Descriptive Statistics and Distribution Properties ....................................................... 16 

Demographic Characteristics ..................................................................................... 16 

Intercorrelations ......................................................................................................... 19 

Research Questions 1 and 2: Agreeableness and Neuroticism as Predictors of Cognitive 
and Affective ToM Performance in Older and Younger Adults. ...................................... 26 

Cognitive Theory of Mind. .......................................................................................... 26 

Affective Theory of Mind. ........................................................................................... 26 

Research Question 3: Examining whether Empathy Mediates the Association of 
Agreeableness with Cognitive ToM ............................................................................... 30 



vii 

Research Question 4: Curvilinear Moderation of Propensity Towards Physiological 
Anxiety on the relationship of Neuroticism with Cognitive ToM ...................................... 30 

Discussion ................................................................................................................... 33 

Limitations ..................................................................................................................... 34 

Conclusion and Future Directions .................................................................................. 35 

References ................................................................................................................... 36 

Appendix A.    Mini Mental State Exam ................................................................... 45 

Appendix B.    Strange Stories ................................................................................. 46 

Appendix C.    Reading the Mind in the Eyes .......................................................... 47 

Appendix D.    Yoni Task and Theory of Mind Statistics ........................................ 48 

Appendix E.    NEO-FFI-3 .......................................................................................... 50 

Appendix F.    Interpersonal Reactivity Index ......................................................... 53 

Appendix G.    Multidimensional Anxiety Questionnaire ....................................... 55 

Appendix H.    Mini Mental State Exam ................................................................... 57 
 



viii 

List of Tables 

Table 1 Performance on Theory of Mind, Personality and Vocabulary Knowledge 
Measures ............................................................................................... 17 

Table 2 Participant Demographic Characteristics ................................................ 18 

Table 3 Correlation Matrix for Cognitive, Personality, and Theory of Mind 
Variables ................................................................................................ 20 

Table 4 Correlation Matrix for Cognitive, Personality, and Theory of Mind 
Variables-Younger Adults ....................................................................... 22 

Table 5 Correlation Matrix for Cognitive, Personality, and Theory of Mind 
Variables-Older Adults ........................................................................... 24 

Table 6 Hierarchical Regression of Agreeableness and Neuroticism as Predictors 
of Cognitive Theory of Mind ................................................................... 27 

Table 7 Hierarchical Regression of Agreeableness and Neuroticism as Predictors 
of Affective Theory of Mind ..................................................................... 29 

Table 8 Moderated Mediation Estimating Empathy on the Agreeableness-
Cognitive Theory of Mind Relationship using OLS Regression Coefficients 
with Confidence Intervals (Standard Error in Parentheses) .................... 31 

Table 9 Curvilinear Moderation of the Proneness to Physiological Anxiety and 
Cognitive Theory of Mind Relationship ................................................... 32 

 



ix 

List of Figures 

Figure 1 Interaction of Agreeableness and Age Group on Cognitive Theory of Mind
 ............................................................................................................... 28 

 

 

 

 



1 

Chapter 1.  
 
Introduction 

Theory of Mind (ToM) refers to the ability to infer the mental state of others using 

knowledge about individuals’ intentions, beliefs, and body language, and is an important 

aspect of social cognition (Premack & Woodruff, 1978).  Poor ToM abilities are 

associated with difficulty inferring peoples’ thoughts and emotions, as well as limited 

social contact (Green, Horan, & Lee, 2015). In older adults, difficulties with ToM have 

been associated with decreased social engagement (Bailey, Henry, & Von Hippel, 

2008). This issue is important as factors that impair social functioning might negatively 

impact quality of life in older adults. For example, older adults who feel more socially 

disconnected tend to report worse physical health and display more depressive 

symptoms (Cornwell & Waite, 2009; Fiori, Antonucci, & Cortina, 2006; Shankar, 

McMunn, Banks, & Steptoe, 2011). 

Theory of Mind comprises both cognitive and affective components (Stone, 

Baron-Cohen, & Knight, 1998). Cognitive ToM involves understanding the difference in 

the knowledge possessed by the speaker and the listener, commonly referred to as the 

persons’ “beliefs about beliefs” (Shamay-Tsoory, Tomer, Berger, Goldsher, & Aharon-

Peretz, 2005). In contrast, affective ToM involves understanding the emotional state of 

others. Tests that require the participant to know what other people are thinking, such as 

false-belief tasks, are thought to assess the cognitive aspect of ToM (Kalbe et al., 2010). 

Similarly, performance on tests that assess reading the emotions of others, such as 

tasks that require detecting a social faux pas or inferring emotions from eyes, is thought 

to reflect affective ToM (Shamay-Tsoory et al., 2005).  

ToM and Age 

Recent findings have suggested significant age-related differences in ToM 

performance (Sandoz, Démonet, & Fossard, 2014). When investigating the specific 

components of ToM, findings suggest that older adults perform worse on both cognitive 

and affective ToM tasks in comparison to younger adults (Duval, Piolino, Benjanin, 

Eustache, & Desgranges, 2011; Fischer, O’Rourke, & Thornton, 2017). A meta-analysis 
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by Henry, Phillips, Ruffman, and Bailey (2013) supported these trends, with moderate 

effect sizes of -0.51 and -0.45 favouring younger adults for age differences in cognitive 

and affective ToM, respectively. Additionally, men tend to have stronger cognitive ToM 

abilities compared to women in both younger and older adults (Fischer, O’Rourke, & 

Thornton, 2017). 

Findings suggest that ToM is associated with age-sensitive neurocognitive 

abilities, thus declines in these abilities may contribute to worse ToM in older adults 

(Sandoz et al., 2014). Lower cognitive ToM in older adults is correlated with weaker 

executive functions, such as working memory and inhibition, as well as poorer semantic 

and episodic memory, whereas lower affective ToM has been linked to poorer executive 

functioning and vocabulary knowledge (Ahmed & Miller, 2007; Fischer, Bernstein, & 

Thornton, 2014; Fischer, O’Rourke, & Thornton, 2017; McKinnon & Moscovitch, 2007; 

Wang & Su, 2013). While most research on ToM has investigated factors associated 

with cognitive predictors, some recent research has contributed towards emerging 

literature addressing noncognitive factors, such as pulse pressure and chronic illness, 

that may also have a role in ToM performance (Fischer, O’Rourke, & Thornton, 2017; 

Walzak & Thornton, 2018). One noncognitive factor of particular interest is the role of 

personality in ToM abilities. 

Personality and Age 

CANOE personality traits, or those that comprise the five-factor personality 

model (Conscientiousness, Agreeableness, Neuroticism, Openness, and Extraversion), 

originated from a factor-analytic model based on the ways people commonly describe 

personality (McCrae & Costa, 1987). The CANOE model attempts to account for 

common personality traits by clustering those that frequently occur together under single 

broad factor labels, such as trust and compliance being clustered under the umbrella of 

Agreeableness (for a complete review of each of the CANOE factors, see McCrae & 

John, 1992). The heritability of these factors tends to range between 10% and 50%, and 

are thought to be generally stable; specifically, they have rank order stability when 

measured repeatedly over multiple years (Jang, Livesley, & Vernon, 1996; McCrae & 

John, 1992). For example, individuals that are highly Extroverted will tend to maintain a 

position further on the Extroverted end of the Extroversion-Introversion spectrum as 

compared to their peers. 
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Though CANOE traits tend to be rank order stable, research suggests that the 

magnitude of these traits do gradually change with age (Robert & Mroczek, 2008). A 

meta-analysis of longitudinal CANOE trait studies that spanned from adolescence into 

older adulthood showed that there are changes in the mean population levels of traits 

over the lifespan (Roberts, Walton, & Viechtbauer, 2006). Specifically, Roberts, Walton, 

and Viechtbauer (2006) found that social dominance (a facet of extraversion) increased 

over time, particularly in young adulthood. By contrast, social vitality (another facet of 

extraversion) increased slightly in adolescence and then decreased. Agreeableness 

steadily increased over the lifespan, but only the change between 50- to 60-year-olds 

was significant. Conscientiousness tended to remain stable during adolescence and 

then increased through young adulthood and middle age. By contrast, Neuroticism 

tended to steadily decrease between young adulthood and middle age. Finally, they 

found that Openness to Experience showed an increase in adolescence and decreases 

in old age (Robert & Mroczek, 2008). Similar results have been found in cross-sectional 

studies (Allemand, Zimprick, & Hendricks, 2008; Srivastava, Joh, Gosling, & Potter, 

2003). As personality traits shift throughout the lifespan, it cannot be assumed that 

relationships between CANOE traits and other variables remain consistent over time. As 

a result, relationships of variables with CANOE traits should be examined in multiple age 

groups in order to determine whether these relationships are consistent. 

Neuroticism and ToM 

Specific CANOE traits show relationships with social behaviours that are 

associated with ToM (Nettle & Liddle, 2008). For example, both Agreeableness and ToM 

are associated with larger social networks, better interpersonal cooperation, and 

empathy (Nettle & Liddle, 2008). However, only two studies to date have examined the 

direct relationship between ToM and CANOE personality factors. Nettle and Liddle 

(2008) reported that, in college-age students, higher scores on Neuroticism were 

correlated with better cognitive ToM performance. Individuals high in Neuroticism tend to 

be more prone to anxiety, which may be due to rumination and worry thought patterns 

(Muris, Roelofs, Rassen, Franken, & Mayer, 2005). Nettle and Liddle (2008) 

hypothesized that anxiety and subsequent rumination potentiated by high Neuroticism 

may motivate the individual to increasingly attend to and process social cues, such as 

the thoughts and attitudes of others.  
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Neuroticism reflects the tendency to experience negative emotions, including 

anxiety, and is strongly associated with trait anxiety (Form, 1989). As Neuroticism has 

been positively associated with cognitive ToM performance, the same might hold for trait 

anxiety (Nettle & Liddle, 2008). State-based physiological anxiety symptoms, however, 

such as increased heart rate or shortness of breath, that occur in response to day-to-day 

stressors may negatively impact performance on cognitive tasks such as ToM when at 

both very low and very high levels. The Yerkes-Dodson law suggests that task 

performance increases with physiological arousal up to a certain point but will decrease 

when levels of arousal become too high (Yerkes & Dodson, 1908). The Yerkes-Dodson 

law applies to cognitive tasks as well. Research suggests that there is an “optimal” level 

of physiological anxiety, including anxiety-related physiological arousal, when performing 

cognitive tasks (Eysenck, 1985; Neirinckx, Morton, Herman, & Hinze, 2015; Sapolsky, 

2015). Individuals prone to experience fewer physiological anxiety symptoms may not be 

motivated to put in their best effort, yet highly intense physiological anxiety symptoms 

may impair performance. A mid-range of physiological anxiety symptoms is suggested 

as the ideal level for cognitive task performance (Eysenck, 1985; Neirinckx, Morton, 

Herman, & Hinze, 2015; Sapolsky, 2015). Therefore, some physiological anxiety 

symptoms might moderate the strength of Neuroticism’s relationship with cognitive ToM 

performance, but to my knowledge, published research has yet to examine this 

possibility.  

Agreeableness and ToM 

Additional examination of CANOE traits in Nettle and Liddle’s (2008) study of 

college students indicated that higher Agreeableness was moderately positively 

correlated with performance on a cognitive ToM task but was not significantly correlated 

with performance on an affective ToM task. By contrast, Conscientiousness, Openness, 

and Extraversion were not significantly correlated with either cognitive or affective ToM. 

Ferguson and Austin (2010) replicated the relationship between Agreeableness and 

cognitive ToM in adults with a mean age of 34, and also found no relationship between 

Openness and either cognitive or affective ToM.  

Nettle and Liddle (2008) proposed that attending to the motivations and mental 

states of others may be a central aspect of Agreeableness. For example, individuals who 

rate themselves high on the trait of Agreeableness may be motivated to act in ways that 
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will please others (McCrae & John, 1992). Nettle and Liddle (2008) further suggested 

that higher cognitive ToM helps Agreeable individuals better anticipate other peoples’ 

needs and desires. Additionally, Agreeableness may strengthen cognitive ToM, as 

attempting to predict individuals’ wants and needs is an opportunity to practice ToM. 

These theoretical assumptions imply that the relationship between Agreeableness and 

cognitive ToM is transactional, with each variable strengthening the other (Nettle & 

Liddle, 2008).  

It is also possible that other factors related to Agreeableness might mediate or 

account for the relationship of Agreeableness with cognitive ToM. Empathy is a facet of 

the higher-order trait of Agreeableness, though these are two distinct concepts (McCrae 

& John, 1992). Agreeableness requires that a person be able to anticipate and 

accurately read the emotions of others in order to anticipate their needs and please them 

(Costa, Alves, Neto, Marvão, Portela, & Costa, 2014). Empathy has a cognitive 

component that involves perspective-taking, or being able to spontaneously adopt 

another’s point of view (Derntl & Regenbogen, 2014). Empathy also shows a small- to-

medium correlational relationship with ToM, in that more empathic individuals tend to 

have better ToM (Goldstein, 2011). Empathy has the potential to be a mediating factor in 

the Agreeableness-cognitive ToM relationship. For example, highly Agreeable 

individuals may more successfully infer the mental state of others primarily because they 

are able to adopt that person’s perspective.  

Limitations of Extant Research on Personality and ToM 

The studies by Nettle and Liddle (2008) and Ferguson and Austin (2010) 

highlight the association between personality traits and ToM; however, they have 

important limitations. First, both Nettle and Liddle (2008) and Ferguson and Austin 

(2010) have failed to control for vocabulary knowledge, an aspect of vocabulary 

knowledge. Since ToM tasks are often verbally-based, vocabulary knowledge can 

impact a participant’s understanding of and subsequent performance on ToM measures 

(Olderbak et al., 2015; Pinkham, Penn, Green, & Harvey, 2016). As such, vocabulary 

knowledge should be controlled for to eliminate variance unrelated to ToM ability that 

may still impact ToM task performance.  
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Secondly, both of the previous studies only use one measure to assess each 

cognitive and affective ToM. In both studies, the Reading the Mind in the Eyes Task 

(RMET) was used to assess affective ToM (Ferguson & Austin, 2010; Nettle & Liddle, 

2008). The RMET typically has poor internal consistency, though it does have 

acceptable test-retest reliability (Olderbak et al., 2015). A multimethod approach, 

incorporating both the RMET and another validated measure of ToM, would strengthen 

the results by compensating for the particular limitations of each individual measure and 

providing more comprehensive measurement of the construct (Brewer & Hunter, 2006).  

Finally, an additional limitation of the extant research is that the CANOE-ToM 

relationship has only been studied in younger adults and has not yet been explored in 

older adults. Given that CANOE traits may change over the lifespan and ToM abilities 

tend to decline with age, it cannot simply be assumed that the CANOE-ToM 

relationships seen in younger adults will remain consistent in older adults (Roberts, 

Walton, & Viechtbauer, 2006). As may ToM contribute towards older adult social 

functioning, determining whether CANOE traits predict ToM in older adults will contribute 

towards the understanding of factors that may impact older adult quality of life (Bailey, 

Henry, & Von Hippel, 2008; Cornwell & Waite, 2009; Fiori, Antonucci, & Cortina, 2006; 

Shankar et al., 2011).   

Current Project and Primary Aims 

Prior research has examined predictors of ToM, including vascular health in a 

sample of younger and older adults, as well as chronic illness in a sample of older adults 

(Fischer, Bernstein, & Thornton, 2014; Fischer, O’Rourke, & Thornton, 2017; Walzak & 

Thornton, 2019). I aim to broaden this research by investigating the association of 

personality traits with ToM performance. The primary aim of my thesis project was to 

replicate and expand the previous research on ToM and CANOE personality traits. I 

performed similar analyses to those done by Nettle and Liddle (2008) and Ferguson and 

Austin (2010); however, I also controlled for vocabulary knowledge and used two 

different measures to assess each of cognitive and affective ToM. In addition, gender 

differences are well documented in this research. Women tend to be more Agreeable 

than men, and men tend to have stronger cognitive ToM abilities (Fischer, O’Rourke, & 

Thornton, 2017; McCrae & Costa, 1987; Nettle & Liddle, 2008). Therefore, gender was 

controlled for in the analyses involving these variables.  



7 

Executive functioning is another set of cognitive abilities that may influence ToM 

performance, particularly among older adults. Executive functioning has been defined as 

factors that pertain to the cognitive control of behaviour, including attention, inhibition, 

working memory, and cognitive flexibility (De Luca, Cinzia & Leventer, 2008). Findings 

on executive functioning across the lifespan have demonstrated that executive function 

abilities tend to peak between ages 20-29, and decline in older adulthood (De Luca, 

Cinzia, & Leventer, 2008). Executive function significantly predicts cognitive and 

affective ToM task performance, and thus, like vocabulary knowledge, might be 

considered as a control variable in analyses involving ToM  (Ahmed and Miller, 2013; 

Fischer, O’Rourke, & Thornton, 2016; Mckinnon and Moscovitch, 2007). Unlike 

vocabulary knowledge, however, executive function may be an inherent part of the ToM 

ability. Interpreting someone’s mental state requires effectively organizing and 

manipulating social information (Ahmed & Miller, 2013). Therefore, I decided to not 

control for executive functioning in this project because I did not want to remove 

variance that was part of the construct of ToM, as opposed to variance purely related to 

test performance and not the construct, as with vocabulary knowledge. 

To my knowledge, no previous research has examined the relationship between 

CANOE traits and ToM in older adults. As discussed, CANOE traits change over the 

lifespan, and ToM tends to be poorer in older adults (Duval, Piolino, Benjanin, Eustache, 

& Desgranges, 2011; Fischer, O’Rourke, & Thornton, 2017; Roberts & Mroczek, 2008). 

My project therefore examined the association of Neuroticism and Agreeableness with 

ToM among both younger and older adults. 

I also expanded on the previous research by investigating the role of empathy in 

the association of Agreeableness with cognitive ToM. While the present study’s cross-

sectional design does not permit strong conclusions regarding the role of empathy as a 

mediator, to be concise and consistent with my conceptualization of how these variables 

relate, I have used the words “mediator” and “mediation” to describe the analysis. 

Physiological anxiety symptoms were also investigated as a curvilinear moderator of the 

relationship between Neuroticism and ToM. As both high and low levels of physiological 

anxiety symptoms negatively impact task performance, I predicted that the relationship 

between Neuroticism and ToM would be obscured at high and low physiological anxiety 

symptom levels and would be strongest when physiological anxiety symptoms are in a 



8 

middle range. Additionally, empathy was investigated as a mediator of the association 

between Agreeableness and cognitive ToM.  

Hypotheses  

My research hypotheses were as follows:  

1) I expected to replicate previous findings in young adult samples such 
that Agreeableness and Neuroticism would positively predict cognitive 
ToM performance in younger adults, even after controlling for 
vocabulary knowledge and gender. I also investigated these variables 
in relation to affective ToM. Since no personality traits have been 
previously found to predict affective ToM, I hypothesized 
Agreeableness and Neuroticism would also be positively associated 
with affective ToM performance.  

2) I also examined the relationships between Agreeableness, 
Neuroticism, cognitive and affective ToM in older adults. In the 
absence of previous data on older adults, I predicted that age 
(categorized as being an older or younger adult) would not moderate 
the association of Neuroticism or Agreeableness with ToM. 
Accordingly, I predicted that in older and younger adults higher 
Agreeableness and Neuroticism would be positively associated with 
cognitive and affective ToM, even after controlling for vocabulary 
knowledge and gender.  

3) I predicted a bootstrapping mediation would show that empathy fully 
mediates the positive relationship between Agreeableness and 
cognitive ToM 

4) I hypothesized that a curvilinear moderation analysis would show that 
individuals with self-reported high and low proneness to physiological 
anxiety symptoms would demonstrate a weaker association of 
Neuroticism with cognitive ToM, while susceptibility to physiological 
anxiety symptoms within a middle range would relate to a stronger 
positive association.  
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Methods 

Participants 

For this study, I used data from a pre-existing data set from a Social Sciences 

and Humanities Research Council (SSHRC) funded study conducted in the Cognitive 

Aging lab (PI: Dr. Wendy Thornton). Data were collected from 112 younger adults aged 

18-22 (M = 20.05, SD = 2.54) and 97 older adults aged 65+ (M= 70.88, SD = 5.15). 

Younger adults were recruited through the University’s Research Participation System 

and received a credit towards their Introductory Psychology class. Older participants 

were recruited from the community using flyers and newspaper advertisements and 

were compensated $20 plus travel expenses for their time.  

Inclusion criteria for this study included (1) English fluency, as assessed by an 

acculturation screening measure (Thornton, Deria, Gelb, Shapiro, & Hill, 2007), (2) 

completion of 6th grade as a minimum education requirement to ensure sufficient reading 

ability. Participants were excluded from the study if they had a major visual (≤20/50 

corrected vision), hearing, other sensorimotor impairments, or poor cognitive functioning 

that would impact the administration of the tests. The Mini Mental Status Exam was used 

to assess global cognitive functioning in older adult participants, and participants were 

excluded if their score was less than 24 (MMSE; Folstein, Folstein, & McHugh, 1975). 

This cut-off value was based on current assessment standards that control for potential 

undiagnosed cognitive impairment (Lezak, Howieson, & Loring, 2004; see Appendix A). 

Of the original 209 participants, 14 were excluded on the basis of not meeting the ESL 

criteria, three were excluded after testing because the examiner suspected English 

language difficulties, five were excluded on the basis of suspected low effort, and eight 

were excluded for incomplete testing. These exclusions resulted in a final sample of 91 

younger adults and 88 older adults analyzed in this study. 

Procedures  

Testing was performed for each participant individually either at the Simon Fraser 

University (SFU) Cognitive Aging Lab or at the SFU Surrey Campus. All participants 

signed a letter of informed consent and were administered the same two-hour testing 
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battery. This battery consisted of demographic questionnaires, neuropsychological tests, 

ToM tests, and a personality inventory. Psychology graduate students and trained 

research assistants administered all measures according to a standardized protocol, and 

approval of this protocol was obtained before commencing data collection from the SFU 

Research Ethics Board. 

Measures 

Theory of mind  

Three measures were used to assess ToM performance. The Strange Stories 

(SS) Test was used as a measure of cognitive ToM (Happé, Winner, & Brownell, 1998; 

see Appendix B). For this task, participants were required to read a series of eight 

stories, four of which assessed cognitive ToM, and four control stories. The cognitive 

ToM stories required the participant to reason about the characters’ mental states. In 

contrast, the control stories required the participants to make inferences about physical 

outcomes of the story beyond what had already been stated. The Strange Stories Test is 

untimed and participants responses were scored using criteria outlined by Happé, 

Winner, and Brownell (1998). When participants provided answers of varying quality, the 

answer that would give them a higher score was chosen. Three independent raters 

scored responses, and interrater agreement was determined to be sufficient (ICC(3,1) = 

0.95). Scores for both cognitive ToM items and control items were summed to obtain a 

final score between zero and eight for each category. Higher scores on the cognitive 

ToM items indicated better understanding of mental states, while higher scores on the 

control items indicated better reasoning abilities. This task is frequently used in cognitive 

aging and ToM research, as it is able to differentiate between deficits in ToM abilities 

and more global cognitive functioning. 

The Reading the Mind in the Eyes task (RMET; Baron-Cohen, Wheelright, Hill, 

Raste, & Plumb, 2001; see Appendix C) was used to assess affective ToM. This test 

consists of 36 items and is untimed. Each item requires participants to observe a black-

and-white picture of human eyes and the surrounding facial region and to choose which 

of four options best describes the emotion expressed by the eyes. Variability in 

vocabulary abilities was controlled for by allowing participants to consult a glossary of 

the terms used in the RMET at any time during the test. The first item of the RMET is a 
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practice item for which all participants were given feedback. Responses to all other items 

were scored as correct/incorrect, but feedback was not provided. As per guidelines by 

Baron-Cohen and colleagues (2001), I examined the item-level properties of RMET. 

Items with low response variability and negative or low Item-Total Correlations (i.e. r < 

.10; Meyers, Gamst, & Guarino, 2013) were deleted. Ten items were removed from 

RMET scores (Two items with low response variability, eight with low Item-Total 

Correlations; 26 items retained). Even after these adjustments, the intraclass correlation 

coefficient (ICC(3,1)) was 0.48, reasonably consistent with previous research (intraclass 

correlation coefficient: ICC = .63; Fernández-Abascal, Cabello, Fernández-Berrocal, & 

Baron-Cohen, 2013). 

Finally, the Yoni test (Shamay-Tsoory & Aharon-Peretz, 2007; see Appendix D) 

was used to assess both cognitive and affective ToM. Test instructions and protocols are 

available free online. The Yoni test was adapted, in that four items were turned into 

teaching trials and 12 trials were removed whose content reflected competitive emotions 

such as “gloat” and “envy.” These items examined participants’ knowledge of the 

consequences of another person’s fortune, rather than pure reasoning about cognitive 

and affective mental states, and thus were not relevant for our research (see Shamay-

Tsoory, Tibi-Elhanany, & Aharon-Peretz, 2007). After these alterations, 33 items 

measuring affective ToM and 34 items measuring cognitive ToM remained. Each item 

consisted of “Yoni,” an avatar with various facial expressions, and several descriptor 

sentences about a situation. Participants had to use these clues to pick from one of four 

pictures which they felt best represented Yoni’s mental state. There was no time limit for 

this task, and responses were scored as correct/incorrect. The answers were split into 

two scores, one for cognitive and one for affective ToM. Internal consistency reliability 

for this sample was found to be 0.86 for cognitive ToM and 0.74 for affective ToM. 

Sufficient correlations between ToM measures have allowed for the use of 

composite ToM variables in previous research with satisfactory psychometric properties 

(e.g. Fischer et al., 2017). The correlation between the cognitive ToM measures, SS and 

Yoni-cognitive, was 0.34 (p < 0.001), while the correlation between affective ToM 

measures, RMET and Yoni-affective, was 0.38 (p < 0.001). Consistent with previous 

research combining these measures (Fischer et al., 2017; Walzak & Thornton, 2018) 

and in accordance with supporting theory, scores from the ToM measures were 

converted to z-scores and combined to form composite ToM variables (Edgington, 
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1995). Specifically, z-scores from SS and the cognitive portion of Yoni were summed to 

form the cognitive ToM composite score, and z-scores from RMET and the affective 

portion of Yoni were summed to form the affective ToM composite score. 

Intercorrelations among the ToM measures and their internal consistencies for our 

sample are presented in Appendix D.   

CANOE  

The CANOE traits were measured using the NEO Five-Factor Inventory (NEO-

FFI; Costa & McCrae, 1992). The NEO-FFI is a 60 item self-report questionnaire that 

measures the personality dimensions of Openness, Agreeableness, Conscientiousness, 

Extraversion, and Neuroticism (see Appendix E). Each personality dimension is 

assessed using twelve items, which participants rate on a five-point Likert scale, from ‘0’ 

(Strongly Disagree) to ‘4’ (Strongly Agree). Scores are summed for each personality 

dimension to obtain a trait score ranging from 0 to 48. Internal consistency for the NEO-

FFI scales has ranged from 0.68-0.86 (Costa & McCrae, 1992).  

Empathy  

The Interpersonal Reactivity Index (IRI; Davis, 1980; see Appendix F) is a 

multidimensional self-report questionnaire that was used in the current study to assess 

empathy. The IRI consists of 28 items, which are rated on a Likert-type scale from A 

(Does not describe me well) to E (Describes me very well). These are then converted to 

numerical values of 0-4. The test is divided into four subscales that contain seven items 

each: perspective taking, fantasy, empathic concern, and personal distress. Each 

subscale receives a score from 0-28, with higher scores indicating a more significant 

presence of that particular empathy dimension. In previous research, Cronbach’s alphas 

for the subscales have ranged from 0.71-0.77 (Davis, 1983). In the present study, the 

perspective taking scale ( = 0.73) was used to measure empathy ( = 0.72 for the 

present sample) 

Physiological Anxiety Symptoms 

 The Multidimensional Anxiety Questionnaire (MAQ; Reynolds, 1999; see 

Appendix G) is a 40-item self-report measure that was used to assess anxiety. The MAQ 
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consists of four subscales: physiologic-panic, social phobia, worry-fears, and negative 

affectivity. Higher scores indicate greater experienced levels of anxiety. Cronbach’s 

alpha has been shown to be 0.96 for the total score, and to range from 0.88-0.91 for the 

subscale scores (Reynolds, 1999). The physiologic-panic subscale ( = 0.88) was used 

as the measure of propensity towards physiological anxiety symptoms. 

Vocabulary knowledge 

 Vocabulary knowledge was measured using the Vocabulary component of the 

Kaufman Brief Intelligence Test-II (KBIT; Kaufman & Kaufman, 2004; see Appendix H). 

This individually administered measure involves the examiner reading a word or phrase 

and the participant selecting from six options the picture which they think best represents 

the word/phrase’s definition or meaning. Each correct item is scored as one point. There 

are 60 items in the vocabulary component, which results in a total score out of 60 for 

each participant. This measure is appropriate for individuals aged 4-90, and has been 

shown to have Cronbach’s alpha of .91 in this sample. Test-retest reliabilities range from 

α = .88 to α = .93, and the KBIT-II has been demonstrated to have sufficient convergent 

and discriminant validity (Kaufman & Kaufman, 2004). 
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Data Analytic Approach 

Regression Analyses 

The first two research aims of investigating whether Agreeableness and 

Neuroticism account for significant variance in cognitive and affective ToM performance 

beyond vocabulary knowledge in younger and older adults were addressed using 

regression analyses. Two hierarchical regression analyses were run using the total 

younger and older adult study population in order to test the first and second 

hypotheses, one with cognitive ToM as the dependent variable and the other with 

affective ToM. For both regression analyses, variables were entered into the regression 

in stages. Gender and vocabulary knowledge were entered at Step 1, Agreeableness, 

Neuroticism, and Age Group were entered at Step 2, and then AgreeablenessXAge 

Group and NeuroticismXAge Group interaction terms at Step 3 of the model. F-tests and 

R2 values were examined to determine whether each step added predictive utility. 

Standardized regression coefficients were analyzed to assess the strength and direction 

of any significant predictors.  

Examining Empathy as a Mediator Analysis 

The third hypothesis about controlling for the effects of empathy in the 

relationship between Agreeableness and cognitive ToM was addressed by performing 

bootstrapping mediation analysis. Based on this hypothesis, empathy would be expected 

to fully mediate the positive relationship between Agreeableness and ToM. In the case of 

an age group interaction with Agreeableness, where older and younger adults would 

have different Agreeableness-Cognitive ToM relationships, a moderated mediation 

analysis would be conducted, which would allow for an investigation of the mediating 

relationship while accounting for the moderating effects of age group. 

Curvilinear Moderation Analysis 

The fourth hypothesis about the potential relationship of proneness towards 

physical anxiety symptoms as a curvilinear moderator of Neuroticism and cognitive ToM 

was tested by performing a hierarchical regression with cognitive ToM as the dependent 
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variable. Neuroticism and physiological anxiety symptoms were entered as the main 

effects in Step 1, and linear and quadratic physiological anxiety interaction terms were 

entered in Step 2. To support the hypothesis, the quadratic interaction term must be 

significant (controlling for the main effects and the linear interaction term) for the 

curvilinear moderation to be significant. All calculations for this study were done using 

SPSS 24.0 software. 

Error Control and Power 

All analyses used an alpha significance level of .05 in order to maintain a 

sufficient level of statistical power and reasonably control for Type I and II error. Using 

Cohen’s (1998) guidelines, given the sample size of 179 after applying exclusion criteria 

and using multiple regression with two variables in block one (gender, vocabulary 

knowledge), three predictor variables in block two (Neuroticism, Agreeableness, Age 

Group), and two interaction variables in block three (NeuroticismXAge Group and 

AgreeablenessXAge Group), sensitivity power calculations suggested the analysis would 

provide power > .80 to detect medium effects (f 2 = 0.23). Power analyses were 

conducted using G*Power calculator software version 3.1.2 (Faul, Erdfelder, Bucher, & 

Lang, 2015). 
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Results 

Descriptive Statistics and Distribution Properties 

First, predictor (i.e. CANOE, gender, anxiety, empathy, vocabulary knowledge, 

age group) and outcome (i.e. cognitive and affective ToM) variables were assessed for 

missing values and data distribution. Missing data rates were negligible. Only 7 out of 

over 2000 cells were missing values, a rate of approximately 0.3%. Pairwise deletion 

during analysis accounted for any missing data cells. This method retained power by 

only excluding cases that had missing data for that particular analysis (Tabachnick & 

Fidell, 2007). Descriptive statistics were obtained for predictor and outcome variables. 

For continuous variables, descriptive statistics included measures of central tendency 

(mean, median), variability (standard deviation, range), and distribution shape (kurtosis, 

skew). Shapiro-Wilkes values were used to determine if kurtosis and skew were within 

acceptable ranges. For categorical variables, descriptive statistics included frequencies 

and percentages. Descriptive statistics for ToM, personality, and vocabulary knowledge 

performance are presented in Table 1. Assumptions, including independence of 

observations and bivariate normality, were examined using histograms and Q-Q plots of 

the predictors. Multivariate outliers and influential points were tested for using 

Mahalanobis distance and Cook’s distance, respectively, and none were found 

(Tabachnick & Fidell, 2007). Collinearity statistics were all within an acceptable range 

(Tolerance > 0.5, VIF < 10; Stevens, 2002). Scatterplots of residuals and predicted 

values were also examined. As the variance around the regression line was 

approximately evenly distributed, it was determined that the regression model was not 

adversely affected by homoscedasticity. 

Demographic Characteristics 

Demographic characteristics and descriptive information about the sample are 

presented in Table 2. Older and younger adults were analyzed separately. Our sample 

was predominately female (younger adults: 73.6%, older adults: 68.2%). Both younger 

and older adults were well-educated (younger adults: M = 13.27 years of education, SD 

= 1.22, older adults: M = 14.30 years of education, SD = 2.29). For older adults, MMSE 



17 

Table 1 Performance on Theory of Mind, Personality and Vocabulary 
Knowledge Measures 

N for younger adults = 91, N for older adults = 88. 

aPersonality variables measured by the NEO-FFI 

 

 

 

 

 

 

 

 

 

 

 

Theory of Mind Variables Theoretical Range Younger Adult  
M (SD) 

Older Adult  
M (SD) 

Strange Stories 0-14 11.94 (1.46) 10.19 (1.89) 

RMET 0-26 21.49 (2.19) 18.38 (2.91) 

YONI-Cognitive 0-28 25.80 (2.61) 22.78 (4.98) 

YONI-Affective 0-28 26.16 (1.86) 23.92 (3.26) 

Personality Variablesa    

Conscientiousness 0-48 30.82 (8.67) 34.73 (7.57) 

Agreeableness 0-48 33.00 (6.35) 34.47 (6.61) 

Neuroticism 0-48 21.47 (8.30) 15.22 (9.27) 

Openness 0-48 31.97 (6.53) 31.84 (5.76) 

Extraversion 0-48 30.84 (6.90) 29.14 (7.65) 

Vocabulary Knowledge    

KBIT-II Vocabulary 0-60 49.49 (3.50) 54.91 (2.79) 
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Table 2 Participant Demographic Characteristics 

Note. Means and standard deviations are presented as M (SD). 

aEAL = indicated English as an additional language 

bMMSE = Mini Mental Status Examination (range 0-30) 

 

 

 

 

 

 

 

 

 Younger Adults (n=91)_ Older Adults (n=88) 

Age (years) 20.71 (3.10) 71.90 (5.46) 

   Range 17.79-36.76 64.60-87.86 

Education (years) 13.27 (1.22) 14.30 (2.29) 

   Range 12-16 9-20 

Female (n; %) 67; 73.6 60; 68.2 

EAL (n; %)a 24; 26.4 10; 11.4 

Ethnicity (n; %)   

   Caucasian 44; 48.4 84; 95.5 

   Asian 30; 33.0 2; 2.3 

   African-American 1; 1.1 0 

   Hispanic 0 1; 1.1 

   South Asian/Indian 7; 7.7 1; 1.1 

   Middle Eastern/Arabic 1; 1.1 0 

   Bi-ethnic 8; 8.8 0 

MMSEb N/A 29.17 (1.12) 
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scores indicated that the mean for global cognitive abilities were fell within the normal 

range for older adults (M = 29.17, SD = 1.12). 

Intercorrelations 

Correlation coefficients were examined between all variables of theoretical 

interest in order to assess for preliminary relationships, as seen in Table 3 (separate 

correlation tables for older and younger adults can be seen in tables 4 and 5). Though all 

CANOE personality variables are included in the correlation matrix, only Neuroticism and 

Agreeableness were included in the regression analyses as they were the only variables 

indicated by previous research to be significantly related to ToM.  

Relationships between CANOE personality traits and other variables are also 

depicted in Table 3. Age was positively associated with Conscientiousness (r = .23, p < 

.01) and negatively associated with Neuroticism (r = -.34, p < 0.001), consistent with 

previous research (Robert, Walton, & Viechtbauer, 2006). Women tended to be more 

Agreeable than men (t = 4.49. p < .001). As expected, Neuroticism was positively 

associated with physiological anxiety symptoms (MAQ P-P; r = .56, p < .001). 

Neuroticism was also negatively associated with cognitive ToM performance (r = -.15, p 

< .05), the opposite direction of the predicted relationship. Individuals that were more 

Agreeable also tended to be more empathic (r = .33, p < .001), but Agreeableness was 

not significantly correlated with cognitive (r = -.019, p = 0.68) or affective (r = .098, p = 

0.56) ToM. 

Both cognitive (r = .17, p < .05) and affective (r = .29, p < .001) ToM were 

significantly correlated with vocabulary knowledge (see Table 3). Physiological anxiety 

symptoms were negatively associated with cognitive ToM performance (r = -.24, p < 

.01). Older adults demonstrated stronger vocabulary knowledge (t = 11.38, p < .001) and 

reported more education (t = 3.73, p < .001) compared with younger adults. Men in the 

sample were less educated (t = -2.02, p < .05) and performed better at cognitive ToM (t 

= -2.43, p < .05) compared with women. Education was positively associated with 

vocabulary knowledge (r = .34, p < .001) and cognitive ToM (r = .11, p < .05). Education 

has a high association with general cognitive functioning and generally accounts for a 

larger portion of the variance compared to age, gender, and other demographic 

variables (Heaton, Ryan, & Grant, 2009; Kaufman, Reynolds, Liu, Kaufman, & McGrew,  
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Table 3 Correlation Matrix for Cognitive, Personality, and Theory of Mind 
Variables 

N = 179 

*Correlation significant at 0.05 level (2-tailed) 

**Correlation is significant at 0.01 level (2-tailed) 

***Correlation is significant at 0.001 level (2-tailed) 

Note. Education is presented in years, age group was coded as 0=younger adults and 1=older adults, and gender was 
coded as 0=male and 1=female. Vocabulary knowledge was measured with the Kaufman Brief Intelligence Test-II 
Vocabulary Knowledge subtest. Letters C, A, N, O, E represent the personality traits of Conscientiousness, 
Agreeableness, Neuroticism, Openness, and Extraversion, respectively, and were measured using the NEO-Five 
Factor Inventory. For simplicity, proneness to physiological anxiety symptoms was just labelled as Anxiety and was 
measured using the Multidimensional Anxiety Questionnaire, physiologic-panic subscale and empathy used the 
Interpersonal Reactivity Index total score. Cognitive and Affective ToM reflect composite z-score score variables. 

aAll of the above relationships are presented as Pearson correlation coefficients excluding associations with age group 
and gender (M/F), which are presented as Spearman’s rank correlation coefficients.  

 

 

 

 

 

 

  Age 
Groupa 

 
Gendera 

 
Education 

Vocabulary 
Knowledge 

 
C 

 
A 

 
N 

Age Group 1 -.06 .27*** .65*** .23** .11 -.34*** 

Gender  1 -.15* -.063 .125 .32*** .049 

Education   1 .34*** .18** .079 -.28*** 

Vocabulary 
Knowledge 

   1 .16* .091 -.29*** 

C     1 .39*** -.59*** 

A      1 -.33*** 

N       1 

O        

E        

Anxiety        

Empathy        

Cognitive 
ToM 

       

Affective 
ToM 
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Table 3  Correlation Matrix for Cognitive, Personality, and Theory of Mind 
Variables 

N = 179 

*Correlation significant at 0.05 level (2-tailed) 

**Correlation is significant at 0.01 level (2-tailed) 

***Correlation is significant at 0.001 level (2-tailed) 

Note. Education is presented in years, age group was coded as 0=younger adults and 1=older adults, and gender was 
coded as 0=male and 1=female. Vocabulary knowledge was measured with the Kaufman Brief Intelligence Test-II 
Vocabulary Knowledge subtest. Letters C, A, N, O, E represent the personality traits of Conscientiousness, 
Agreeableness, Neuroticism, Openness, and Extraversion, respectively, and were measured using the NEO-Five 
Factor Inventory. For simplicity, proneness to physiological anxiety symptoms was just labelled as Anxiety and was 
measured using the Multidimensional Anxiety Questionnaire, physiologic-panic subscale and empathy used the 
Interpersonal Reactivity Index total score. Cognitive and Affective ToM reflect composite z-score score variables. 

aAll of the above relationships are presented as Pearson correlation coefficients excluding associations with age group 
and gender (M/F), which are presented as Spearman’s rank correlation coefficients.  

 

 

 

  
O 

 
E 

 
Anxiety 

 
Empathy 

Cognitive 
ToM 

Affective 
ToM 

Age Group -.01 -.12 -.24** -.28*** -.033 -.024 

Gender .11 .14 .18* .22** -.18* .067 

Education .17* -.006 -.21** -.14 .11* .08 

Vocabulary 
Knowledge 

.19* -.128 -.31*** -.12 .17* .29*** 

C -.013 .44*** -.23** -.070 .021 .025 

A .13 .39*** -.15* .33*** -.019 .098 

N .079 -.37*** .56*** -.24** -.15* -.063 

O 1 .035 .076 .39*** .081 .083 

E  1 -.16* .12 .004 -.086 

Anxiety   1 .24** -.24** -.15 

Empathy    1 .031 .061 

Cognitive 
ToM 

    1 .45*** 

Affective 
ToM 

     1 
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Table 4 Correlation Matrix for Cognitive, Personality, and Theory of Mind 
Variables-Younger Adults 

N = 91 

*Correlation significant at 0.05 level (2-tailed) 

**Correlation is significant at 0.01 level (2-tailed) 

***Correlation is significant at 0.001 level (2-tailed) 

Note. Age and education are presented in years and gender was coded as 0=male and 1=female. Vocabulary 
knowledge was measured with the Kaufman Brief Intelligence Test-II Vocabulary Knowledge subtest. Letters C, A, N, 
O, E represent the personality traits of Conscientiousness, Agreeableness, Neuroticism, Openness, and Extraversion, 
respectively, and were measured using the NEO-Five Factor Inventory. For simplicity, proneness to physiological 
anxiety symptoms was just labelled as Anxiety and was measured using the Multidimensional Anxiety Questionnaire, 
physiologic-panic subscale and empathy used the Interpersonal Reactivity Index total score. Cognitive and Affective 
ToM reflect composite z-score score variables. 

aAll of the above relationships are presented as Pearson correlation coefficients excluding associations with gender 
(M/F), which are presented as Spearman’s rank correlation coefficients.  

  
Age 

 
Gendera 

 
Education 

Vocabulary 
Knowledge 

 
C 

 
A 

 
N 

 
O 

Age 1 .005 .68*** .26* .10 .19 -.015 .17 

Gender  1 -.049 -.15 .13 .30** .086 .18 

Education   1 .20 .14 .070 -.039 -.062 

Vocabulary 
Knowledge 

   1 .053 -.009 -.081 .31** 

C     1 .41*** -.50*** .016 

A      1 -.22* .051 

N       1 .15 

O        1 

E         

Anxiety         

Empathy         

Cognitive 
ToM 

        

Affective 
ToM 
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Table 4  Correlation Matrix for Cognitive, Personality, and Theory of Mind 
Variables-Younger Adults (continued) 

 

N = 91 

*Correlation significant at 0.05 level (2-tailed) 

**Correlation is significant at 0.01 level (2-tailed) 

***Correlation is significant at 0.001 level (2-tailed) 

Note. Age and education are presented in years and gender was coded as 0=male and 1=female. Vocabulary 
knowledge was measured with the Kaufman Brief Intelligence Test-II Vocabulary Knowledge subtest. Letters C, A, N, 
O, E represent the personality traits of Conscientiousness, Agreeableness, Neuroticism, Openness, and Extraversion, 
respectively, and were measured using the NEO-Five Factor Inventory. For simplicity, proneness to physiological 
anxiety symptoms was just labelled as Anxiety and was measured using the Multidimensional Anxiety Questionnaire, 
physiologic-panic subscale and empathy used the Interpersonal Reactivity Index total score. Cognitive and Affective 
ToM reflect composite z-score score variables. 

aAll of the above relationships are presented as Pearson correlation coefficients excluding associations with gender 
(M/F), which are presented as Spearman’s rank correlation coefficients.  

 

 

  
E 

 
Anxiety 

 
Empathy 

Cognitive 
ToM 

Affective 
ToM 

Age .009 -.072 .059 -.053 .045 

Gender .015 .21* .31** -.18 -.014 

Education -.017 -.054 -.16 -.11 -.07 

Vocabulary 
Knowledge 

-.080 -.25* .11 .22* .34** 

C .52*** -.095 -.10 -.005 -.006 

A .40*** -.072 .41*** -.20 .003 

N -.43*** .55*** .30** -.11 -.054 

O .039 .14 .47*** -.047 .17 

E 1 -.13 .012 .10 -.081 

Anxiety  1 .26** -.26* -.17 

Empathy   1 -.13 .043 

Cognitive 
ToM 

   1 .44*** 

Affective 
ToM 

    1 
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Table 5 Correlation Matrix for Cognitive, Personality, and Theory of Mind 
Variables-Older Adults 

 

N = 88 

*Correlation significant at 0.05 level (2-tailed) 

**Correlation is significant at 0.01 level (2-tailed) 

***Correlation is significant at 0.001 level (2-tailed) 

Note. Age and education are presented in years and gender was coded as 0=male and 1=female. Vocabulary 
knowledge was measured with the Kaufman Brief Intelligence Test-II Vocabulary Knowledge subtest. Letters C, A, N, 
O, E represent the personality traits of Conscientiousness, Agreeableness, Neuroticism, Openness, and Extraversion, 
respectively, and were measured using the NEO-Five Factor Inventory. For simplicity, proneness to physiological 
anxiety symptoms was just labelled as Anxiety and was measured using the Multidimensional Anxiety Questionnaire, 
physiologic-panic subscale and empathy used the Interpersonal Reactivity Index total score. Cognitive and Affective 
ToM reflect composite z-score score variables. 

aAll of the above relationships are presented as Pearson correlation coefficients excluding associations with gender 
(M/F), which are presented as Spearman’s rank correlation coefficients. 

 

 

 

  
Age 

 
Gendera 

 
Education 

Vocabulary 
knowledge 

 
C 

 
A 

 
N 

 
O 

Age 1 .012 -.13 -.14 -.11 -.052 -.092 -.085 

Gender  1 -.19 .11 .16 .36** -.018 .036 

Education   1 .28** .13 .043 -.30** .35** 

Vocabulary 
Knowledge 

   1 -.055 .045 -.11 .19 

C     1 .34** -.64*** -.046 

A      1 -.40*** .22* 

N       1 .005 

O        1 

E         

Anxiety         

Empathy         

Cognitive 
ToM 

        

Affective 
ToM 
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Table 5 Correlation Matrices for Cognitive, Personality, and Theory of Mind 
Variables-Older Adults (continued) 

N = 88 

*Correlation significant at 0.05 level (2-tailed) 

**Correlation is significant at 0.01 level (2-tailed) 

***Correlation is significant at 0.001 level (2-tailed) 

Note. Age and education are presented in years and gender was coded as 0=male and 1=female. Vocabulary 
knowledge was measured with the Kaufman Brief Intelligence Test-II Vocabulary Knowledge subtest. Letters C, A, N, 
O, E represent the personality traits of Conscientiousness, Agreeableness, Neuroticism, Openness, and Extraversion, 
respectively, and were measured using the NEO-Five Factor Inventory. For simplicity, proneness to physiological 
anxiety symptoms was just labelled as Anxiety and was measured using the Multidimensional Anxiety Questionnaire, 
physiologic-panic subscale and empathy used the Interpersonal Reactivity Index total score. Cognitive and Affective 
ToM reflect composite z-score score variables. 

aAll of the above relationships are presented as Pearson correlation coefficients excluding associations with gender 
(M/F), which are presented as Spearman’s rank correlation coefficients. 

 

 

  
E 

 
Anxiety 

 
Empathy 

Cognitive 
ToM 

Affective 
ToM 

Age .000 .11 -.068 -.27* -.27* 

Gender .23* .12 .063 -.19 .12 

Education .050 -.32** .021 .25* .15 

Vocabulary 
Knowledge 

-.054 -.11 .074 .34** .48*** 

C .46*** -.38*** .12 .066 .064 

A .43*** -.25* .33** .15 .20 

N -.44*** .56*** .016 -.21* -.096 

O .028 -.060 .32** .22* .022 

E 1 -.33** .17 -.082 -.099 

Anxiety  1 .049 -.28** -.14 

Empathy   1 .18 .067 

Cognitive 
ToM 

   1 .47*** 

Affective 
ToM 

    1 
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2012). Thus, education was not included in any of the analyses.  

Research Questions 1 and 2: Agreeableness and 
Neuroticism as Predictors of Cognitive and Affective ToM 
Performance in Older and Younger Adults.  

Cognitive Theory of Mind. 

Results of the first regression are presented in Table 6. Vocabulary knowledge 

was associated with better mental state reasoning ( = .163, p < .001) and, along with 

gender, accounted for 5.9% of the unique variance in cognitive ToM scores. 

Neuroticism, Agreeableness, and Age Group predicted an additional 5.9% of unique 

variance. Contrary to our prediction and previous research, there were no significant 

main effects of Neuroticism nor Agreeableness on cognitive ToM. There was a main 

effect of Age Group, where younger adults tended to have better cognitive ToM abilities 

than older adults (β = -.299, p < 0.01). Agreeableness showed a significant interaction 

with age group, shown in figure 1 (β = .882, p < .05). More Agreeable younger adults 

demonstrated worse cognitive ToM, while more Agreeable older adults had better ToM 

performance. These results do not support our first hypothesis of younger adults 

showing significant positive associations between Neuroticism and Agreeableness and 

Cognitive ToM, and only partially support our second hypothesis of older adults showing 

those same relationships. 

Affective Theory of Mind.  

Results of the second regression are presented in Table 7. Vocabulary 

knowledge and gender accounted for 8.9% of unique variance in affective ToM 

performance. However, contrary to our hypothesis, the main effects of Agreeableness 

and Neuroticism were not significant. There was a main effect of Age Group: younger 

adults tended to have better affective ToM than older adults (β = -.374, p < 0.001). 

Neither the Neuroticism nor Agreeableness with Age Group interaction variables were 

significant. 
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Table 6 Hierarchical Regression of Agreeableness and Neuroticism as Predictors of Cognitive Theory of Mind 

 

N = 179 

Note: Age group was coded as 0=younger adults, 1=older adults and gender was coded as 0=male and 1=female 

*Correlation significant at 0.05 level (2-tailed) 

**Correlation is significant at 0.01 level (2-tailed) 

***Correlation is significant at 0.001 level (2-tailed) 

Predictor B SE  t p R2 F R2 F 

Block 1      .059 5.418** - - 

   Gender -.546 .239 -.169 -2.290 .023     

   Vocabulary Knowledge .058 .026 .163 2.216 .028     

Block 2      .117 4.549* .059 3.716* 

   Neuroticism -.017 .013 -.106 -1.295 .197     

   Agreeableness -.004 .019 -.015 -.185 .854     

   Age Group -.879 .285 -.299 -3.088** .002     

Block 3      .144 4.049*** .026 2.588 

   NeuroticismXAge Group -.004 .025 -.026 -.152 .879     

   AgreeablenessXAge Group .073 .034 .882 2.112* .036     
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Figure 1 Interaction of Agreeableness and Age Group on Cognitive Theory of 
Mind 
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Table 7 Hierarchical Regression of Agreeableness and Neuroticism as Predictors of Affective Theory of Mind 

N = 179 

Note: Age group was coded as 0=younger adults, 1=older adults and gender was coded as 0=male and 1=female 

**Correlation is significant at 0.01 level (2-tailed) 

***Correlation is significant at 0.001 level (2-tailed) 

Predictor B SE  t p R2 F R2 F 

Block 1      .089 8.454*** - - 

   Gender .270 .229 .086 1.180 .240     

   Vocabulary Knowledge .100 .025 .290 4.005*** .000     

Block 2      .169 6.960*** .081 5.524** 

   Neuroticism .006 .013 .040 .494 .531     

   Agreeableness .014 .018 .064 .779 .253     

   Age Group -1.072 .269 -.374 -3.982*** .000     

Block 3      .177 5.918*** .008 .828 

   NeuroticismXAge Group .008 .024 .053 .312 .756     

   AgreeablenessXAge Group .042 .033 .525 1.284 .201     
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Research Question 3: Examining whether Empathy Mediates 
the Association of Agreeableness with Cognitive ToM  

As depicted in Table 6, there was an interaction between Agreeableness and 

Age Group in the prediction of cognitive ToM scores. Therefore, a moderated mediation 

analysis was run instead of a bootstrapped mediation to account for these effects. We 

used the SPSS PROCESS macro, model  to run this analysis. 

The results of the moderated mediation are shown in table 8. Agreeableness 

predicts empathy (B = .631, p < .001), but does not predict cognitive ToM (B = .015, p = 

.527). Additionally, the overall indirect effect of the Agreeableness-cognitive ToM 

relationship through Empathy was not significant. Thus, empathy did not mediate the 

Agreeableness-cognitive ToM relationship, and our third hypothesis was not supported. 

Research Question 4: Curvilinear Moderation of Propensity 
Towards Physiological Anxiety on the relationship of 
Neuroticism with Cognitive ToM  

As noted above, for the curvilinear moderation analysis, physiological anxiety 

symptoms and Neuroticism were entered in the first step of the hierarchical regression, 

followed by the linear and quadratic interaction terms in the second step. For the 

hypothesis of physiological anxiety curvilinearly moderating the relationship between 

Neuroticism and cognitive ToM to be supported, the quadratic term must be significantly 

associated with cognitive ToM. As shown in table 9, the quadratic term was not 

significant (β = .069, p = .565), and therefore the fourth hypothesis was not supported. 
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Table 8 Moderated Mediation Estimating Empathy on the Agreeableness-Cognitive Theory of Mind Relationship using 
OLS Regression Coefficients with Confidence Intervals (Standard Error in Parentheses) 

N = 179 

Note: Age group was coded as 0=younger adults, 1=older adults and gender was coded as 0=male and 1=female 

*Correlation is significant at 0.05 level (2-tailed) 

***Correlation is significant at 0.001 level (2-tailed) 

 

  Empathy Cognitive ToM 

  B (SE) 95% CI B (SE) 95% CI 

Agreeableness  .631***(.158) .32, .942 -.015 (.024) -.062, .032 

Empathy  - - .005 (.008) -.012, .021 

Age Group  - - -4.392***(1.074) -6.512, -2.272 

AgreeablenessXAge Group  - - .063*(.031) .002, .124 

Vocabulary Knowledge  -.431 (.232) -.89, .028 .113***(.032) .05, .175 

Gender  2.837 (2.275) -1.653, 7.328 -.567*(.236) -1.034, -.101 

Constant  64.295***(12.777) 39.07, 89.52 4.063*(1.746) -7.511, -.615 

      

  R2 = .134 R2 = .349 

  F(3, 175) = 8.635, p < 0.001 F(6, 172) = 14.763, p < 0.001 

    

Indirect Effect of Agreeableness on 
Cognitive ToM (Empathy Mediation) 

 - -  .003 (.007) -.009, .017 
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Table 9 Curvilinear Moderation of Proneness to Physiological Anxiety on the Neuroticism and Cognitive Theory of 
Mind Relationship 

N = 179 

Note: Age group was coded as 0=younger adults, 1=older adults and gender was coded as 0=male and 1=female 

***Correlation is significant at 0.001 level (2-tailed)

Predictor B SE  t p R2 F R2 F 

Block 1      .115 7.464*** - - 

   Anxiety -.564 .232 -.174 -2.428 .016     

   Neuroticism -.016 .015 -.103 -1.106 .270     

Block 2      .152 5.088*** .038 2.515 

   AnxietyXNeuroticism (linear) -.036 .062 -.081 -.574 .567     

   Anxiety2XNeuroticism (quadratic) -.003 .005 -.069 -.577 .565     
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Discussion 

 This study aimed to replicate previous findings regarding the relationship of 

Agreeableness and Neuroticism with ToM, while also improving on previous study 

methodology to allow more in-depth exploration of these relationships. The previous 

literature identified higher Agreeableness and higher Neuroticism as factors linked to 

better cognitive ToM in a young adult population (Ferguson & Austin, 2010; Nettle & 

Liddle, 2008). Our results only partially support the previous work in this area. The zero-

order association of ToM (both cognitive and affective) with Neuroticism or 

Agreeableness was nonsignificant. We did find evidence that age group moderated the 

association of Agreeableness with cognitive ToM with younger adults showing an 

unexpected negative relationship between Agreeableness and cognitive ToM and older 

adults showing the predicted positive relationship. Both the moderated mediation of the 

Agreeableness-cognitive ToM relationship through Empathy and the curvilinear 

moderation of the Neuroticism-cognitive ToM relationship by propensity towards 

physiological anxiety symptoms were not significant.  

A lack of significant zero-order relationships between Agreeableness, 

Neuroticism, and cognitive ToM has important implications. Previous research that found 

significant CANOE-ToM relationships did not control for vocabulary knowledge nor 

gender (Ferguson & Austin, 2010; Nettle & Liddle, 2008). The current study showed a 

significant negative association between Neuroticism and cognitive ToM; however this 

relationship became insignificant after controlling for vocabulary knowledge and gender 

in the hierarchical regression. The results of the current study indicate the importance of 

controlling for vocabulary knowledge, especially for tasks that rely more heavily on 

verbal administration and item response of participants who may not identify English as 

their primary language. In Canada, the number of English Language Learners (ELL) in 

post-secondary institutions is on the rise (Roessingh & Douglas, 2012). In our study, 

19.9% of participants identified a language other than English as their first language. 

Research suggests that, while ELL students have comparable everyday language for 

basic communication as their peers, their grasp of more abstract and nuanced language 

is underdeveloped (Roessingh & Douglas, 2012). Because psychological studies 

commonly use university students as subjects, vocabulary knowledge has the potential 

to be a confounding variable, and thus should be controlled for when studying tasks that 

rely on verbal ability.  

 While we did find a significant interaction between Agreeableness and age group 

on cognitive ToM, these results contradict previous research findings. Both Nettle and 

Liddle (2008) and Ferguson and Austin (2010) found that their younger adult populations 

had a positive correlation between Agreeableness and cognitive ToM, while I found a 

negative correlation. Based on extant research and theory, this finding is difficult to 

explain and could be spurious or related to unique or chance characteristics of the 

present sample. Examples might include population differences related to the 

geographical location of testing, or fatigue effects due to one of the studies having a 

longer overall testing battery. Since we did not look at any of these variables, these 

examples should be considered as purely conjecture. This finding, therefore, should be 

considered tentative and requires replication. The positive relationship between 
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Agreeableness and cognitive ToM in older adults was in line with our hypothesis and 

suggests that more Agreeable older adults may use their people-pleasing tendencies to 

practice anticipating people’s reactions and needs, thus improving their cognitive ToM.  

The current study did not demonstrate statistically significant relationships of 

Agreeableness or Neuroticism with affective ToM. This was in line with Nettle and 

Liddle’s (2008) work that also found no significant correlations with Agreeableness and 

Neuroticism and affective ToM. Previous research has shown that vocabulary 

knowledge predicts affective ToM performance in younger and older adults, while 

executive function also predicts performance in older adults (Fischer, O’Rourke, & 

Thornton, 2017). Future research, therefore, might include a measure of executive 

functioning. Other factors, such as pulse pressure and now personality, have not shown 

any predictive value. More research needs to be done to find factors that predict 

affective ToM. 

Limitations 

These results should be considered in the context of the limitations of the study. 

The cross-sectional nature of this study prevented us from being able to examine the 

relationships between ToM and personality over time, and thus we were not able to draw 

causal inferences between these variables among the aging population. There may be 

some unique sample differences between our testing population and previous studies, 

including geographic location and fatigue, though the impact of these variables cannot 

be confirmed in this study.  

One of our affective ToM measures, the RMET, had a low intraclass correlation 

coefficient value (0.48) in our sample, suggesting that the measure has poor reliability. 

Though other studies have shown poor reliability of this measure as well (e.g., intraclass 

correlation: ICC = .63; Fernández-Abascal, Cabello, Fernández-Berrocal, & Baron-

Cohen, 2013), the ICC of this sample was lower than that seen in previous research. 

The generalizability of these results are limited due to the nature of our sample. 

For example, our sample was highly educated and thus these results may not apply to 

less well-educated samples. I chose not to control for education as it overlaps with 

general cognitive ability and accounts for a large proportion of variance relative to other 

demographic factors (Heaton et al., 2009; Kaufman, Kaufman, Liu, & Johnson, 2010). 

However, this means that education-specific effects on ToM abilities were not accounted 

for in the current study. I also chose to not control for executive function abilities, in order 

to avoid drawing variance from the ToM scores that was central to the construct of ToM. 

Given the importance of executive function in ToM, future research may want to consider 

statistically taking executive function abilities into account in their analyses. Sample size 

and subsequent power limitations may have also influenced the findings. While power 

calculations for this study were acceptable, previous studies (Ferguson & Austin, 2010; 

Nettle & Liddle, 2008) had larger sample sizes and fewer variables and therefore may 

have had larger power. 

A final limitation of the current study was the choice of measures. Personality, 

anxiety, and empathy were all assessed using self-report measures which are subject to 
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participant response bias or impression management. Furthermore, physiological 

anxiety symptoms may have been better captured through objective physiological 

measures (e.g., heart rate, salivary cortisol levels; Willhaus, 2013) which would provide 

state anxiety measures during completion of the ToM tasks.  

Conclusion and Future Directions 

 Despite these limitations, some findings may have implications for older adult 

social functioning and wellbeing (Bailey, Henry, & Von Hippel, 2008; Cornwell & Waite, 

2009; Fiori, Antonucci, & Cortina, 2006; Shankar, McMunn, Banks, & Steptoe, 2011). 

Poor ToM abilities are associated with difficulties inferring individual’s thoughts and 

emotions, issues with feeling connected to others, and difficulties identifying emotions 

(Green, Horan, & Lee, 2015). Older adults who feel socially disconnected tend to report 

worse overall physical health and more health-risk factors, such as being inactive and 

smoking (Cornwell & Waite, 2009; Shankar et al., 2011). They also had higher blood 

pressure and a stronger concentration of inflammation proteins in their blood (Shankar et 

al., 2011). A lack of social connections also negatively impacts mental health, showing a 

relationship with higher depressive symptomology (Fiori, Antonucci, & Cortina, 2006). 

Thus, ToM has implications for the physical and mental health and wellbeing of older 

adults through its associations with social functioning. Our results suggest that 

Agreeableness may predict cognitive, but not affective, ToM in older adults. Given that 

adults over 65 years old are the largest growing demographic and tend to use healthcare 

services most, a more thorough understanding of ToM and its impact in older adults is 

valuable and has implications for public policy and the healthcare system (Canadian 

Institute for Health Information, 2011). 

Overall, our novel results contradict past research and suggest that higher 

Agreeableness and Neuroticism are not related to better ToM abilities in younger adults, 

and only higher Agreeableness and not Neuroticism predict better cognitive ToM in older 

adults. These findings have important implications for future research on ToM and 

personality. Though previous research found significant relationships between 

Agreeableness and Neuroticism and ToM, our study controlled for vocabulary 

knowledge and gender and used more reliable measures but did not replicate previous 

findings (Ferguson & Austin, 2010; Nettle & Liddle, 2008). This suggests that lack of 

control variables, or using unreliable tests like the RMET alone, may contribute to 

misleading findings in the field of ToM research. However, our results need to be 

replicated with a larger and more diverse sample to strengthen our conclusions.  

 

 

 



36 

References 

Ahmed, F. S., & Miller, L. S. (2010). Executive function mechanisms of theory of mind. 

Journal of Autism and Developmental Disorders, 41(5), 667-678. 

doi:10.1007/s10803-010-1087-7 

Allemand, M., Zimprich, D., & Hendriks, A. J. (2008). Age differences in five personality 

domains across the life span. Developmental Psychology, 44(3), 758-770. 

doi:10.1037/0012-1649.44.3.758 

Back, M. D., Schmukle, S. C., & Egloff, B. (2009). Predicting actual behavior from the 

explicit and implicit self-concept of personality. Journal of Personality and Social 

Psychology,97(3), 533-548. doi:10.1037/a0016229 

Bailey, P. E., Henry, J. D., & Hippel, W. V. (2008). Empathy and social functioning in late 

adulthood. Aging & Mental Health,12(4), 499-503. 

doi:10.1080/13607860802224243 

Baron-Cohen, S., Wheelwright, S., Hill, J., Raste, Y., & Plumb, I. (2001). The “Reading 

the Mind in the Eyes” test revised version: A study with normal adults, and adults 

with Asperger syndrome or high-functioning Autism. Journal of Child Psychology 

and Psychiatry,42(2), 241-251. doi:10.1017/s0021963001006643 

Bernstein, D. M., Thornton, W. L., & Sommerville, J. A. (2011). Theory of mind through 

the ages: Older and middle-aged adults exhibit more errors than do younger 

adults on a continuous false belief task. Experimental Aging Research, 37(5), 

481-502. doi:10.1080/0361073x.2011.619466 

Boyle, L. L., Lyness, J. M., Duberstein, P. R., Karuza, J., King, D. A., Messing, S., & Tu, 

X. (2010). Trait neuroticism, depression, and cognitive function in older primary 

care patients. The American Journal of Geriatric Psychiatry,18(4), 305-312. 

doi:10.1097/jgp.0b013e3181c2941b 

Brewer, J., & Hunter, A. (2006). Foundations of multimethod research. Newbury Park, 

CA: Sage Publications. 



37 

Cacioppo, J. T., & Hawkley, L. C. (2009). Perceived social isolation and 

cognition. Trends in Cognitive Sciences, 13(10), 447-454. 

doi:10.1016/j.tics.2009.06.005 

Canadian Institute for Health Information. (2011). Health care in Canada: A focus on 

seniors and aging. Accessed at 

https://secure.cihi.ca/free_products/HCIC_2011_seniors_report_en.pdf 

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). 

Second Edition. Hillsdale, NJ: Lawrence Erlbaum Associates, Publishers. 

Cornwell, E., & Waite, L. (2009). Social disconnectedness, perceived isolation, and 

health among older adults. Journal of Health and Social Behavior,50(1), 31-48. 

doi:10.1177/002214650905000103 

Costa, P., Alves, R., Neto, I., Marvão, P., Portela, M., & Costa, M. J. (2014). 

Associations between medical student empathy and personality: A multi-

institutional study. PLoS ONE, 9(3). doi:10.1371/journal.pone.0089254 

Costa, P. T., & McCrae, R. R. (1992). Revised NEO personality inventory (NEO PI-R tm) 

and NEO five-factor inventory (NEO-FFI): Professional manual. Odessa, FL: 

Psychological Assessment Resources. 

Davis, M. (1980). A multidimensional approach to individual differences in empathy. 

Catalogue of Selected Documents in Psychology, 10, 85. 

Davis, M. H. (1983). Measuring individual differences in empathy: Evidence for a 

multidimensional approach. Journal of Personality and Social Psychology, 44(1), 

113-126. doi:10.1037/0022-3514.44.1.113 

Delis, D. C., Kramer, J. H., Kaplan, E., & Ober, B. A. (1994). CVLT-C: California verbal 

learning test. San Antonio, TX: Pearson. 

Derntl, B., & Regenbogen, C. (2014). Empathy. Social Cognition and Metacognition in 

Schizophrenia, 69–81. doi: 10.1016/b978-0-12-405172-0.00004-1 



38 

Duval, C., Piolino, P., Bejanin, A., Eustache, F., & Desgranges, B. (2011). Age effects on 

different components of theory of mind. Consciousness and Cognition, 20(3), 

627-642. doi:10.1016/j.concog.2010.10.025 

Edgington, D. (1995). On conditionals. Mind, 104(414), 235-329. 

doi:10.1093/mind/104.414.235 

Eysenck, M. W. (1985). Anxiety and cognitive-task performance. Personality and 

Individual Differences, 6(5), 579-586. doi:10.1016/0191-8869(85)90007-8 

Faul, F., Erdfelder, E., Buchner, A., & Lang, A. G. (2009). Statistical power analyses 

using G*Power 3.1: Tests for correlation and regression analyses. Behavior 

Research Methods, 41, 1149-1160 

Ferguson, F. J., & Austin, E. J. (2010). Associations of trait and ability emotional 

intelligence with performance on theory of mind tasks in an adult sample. 

Personality and Individual Differences, 49(5), 414-418. 

doi:10.1016/j.paid.2010.04.009 

Fiori, K. L., Antonucci, T. C., & Cortina, K. S. (2006). Social network typologies and 

mental health among older adults. The Journals of Gerontology Series B: 

Psychological Sciences and Social Sciences, 61(1), P25-P32. 

doi:10.1093/geronb/61.1.p25 

Fischer, A. L., Bernstein, D. M., & Thornton, W. L. (2014). Vascular health modifies 

theory of mind performance in older adults. The Journals of Gerontology Series 

B: Psychological Sciences and Social Sciences, 69(2), 219-227. 

doi:10.1093/geronb/gbs120 

Fischer, A. L., O’Rourke, N., & Thornton, W. L. (2017). Age differences in cognitive and 

affective theory of mind: Concurrent contributions of neurocognitive performance, 

sex, and pulse pressure. The Journals of Gerontology Series B: Psychological 

Sciences and Social Sciences, 72(1), 71-81. doi:10.1093/geronb/gbw088 

Folstein, M. F., Folstein, S. E., & Mchugh, P. R. (1975). Mini-mental state. Journal of 

Psychiatric Research, 12(3), 189-198. doi:10.1016/0022-3956(75)90026-6 



39 

Goldstein, T. R. (2011). Correlations among social-cognitive skills in adolescents 

involved in acting or arts classes. Mind, Brain, and Education, 5(2), 97-103. 

doi:10.1111/j.1751-228x.2011.01115.x 

Green, M. F., Horan, W. P., & Lee, J. (2015). Social cognition in schizophrenia. Nature 

Reviews Neuroscience, 16(10), 620-631. doi:10.1038/nrn4005 

Happé, F. G., Winner, E., & Brownell, H. (1998). The getting of wisdom: Theory of mind 

in old age. Developmental Psychology, 34(2), 358-362. doi:10.1037/0012-

1649.34.2.358 

Heaton, R., Ryan, L., & Grant, I. (2009). Demographic influences and use of 

demographically corrected norms in neuropsychological assessment. In K. 

Adams (Ed), Neuropsychological assessment of neuropsychiatric and 

neuromedical disorders (127-157).  

Henry, J. D., Phillips, L. H., Ruffman, T., & Bailey, P. E. (2013). A meta-analytic review 

of age differences in theory of mind. Psychology and Aging, 28(3), 826-839. 

doi:10.1037/a0030677 

Jang, K. L., Livesley, W. J., & Vemon, P. A. (1996). Heritability of the big five personality 

dimensions and their facets: A twin study. Journal of Personality, 64(3), 577-592. 

doi:10.1111/j.1467-6494.1996.tb00522.x 

Jorm, A. F., Mackinnon, A. J., Christensen, H., Henderson, S., Scott, R., & Korten, A. 

(1993). Cognitive functioning and neuroticism in an elderly community 

sample. Personality and Individual Differences, 15(6), 721-723. 

doi:10.1016/0191-8869(93)90013-s 

Kalbe, E., Schlegel, M., Sack, A. T., Nowak, D. A., Dafotakis, M., Bangard, C., . . . 

Kessler, J. (2010). Dissociating cognitive from affective theory of mind: A TMS 

study. Cortex, 46(6), 769-780. doi:10.1016/j.cortex.2009.07.010 

Kaufman, A. S., & Kaufman, N. L. (2004). K-BIT: Kaufman Brief Intelligence Test, 

Second Edition. Bloomington, MN: Pearson, Inc. 



40 

Kaufman, S. B., Reynolds, M. R., Liu, X., Kaufman, A. S., & McGrew, K. S. (2012). Are 

cognitive g and academic achievement g one and the same g? An exploration on 

the Woodcock–Johnson and Kaufman tests. Intelligence, 40(2), 123-138. 

doi:10.1016/j.intell.2012.01.009 

Krueger, K. R., Wilson, R. S., Kamenetsky, J. M., Barnes, L. L., Bienias, J. L., & Bennett, 

D. A. (2009). Social engagement and cognitive function in old age. Experimental 

Aging Research, 35(1), 45-60. doi:10.1080/03610730802545028 

Lawrence, E. J., Shaw, P., Baker, D., Baron-Cohen, S., & David, A. S. (2004). 

Measuring empathy: Reliability and validity of the Empathy Quotient. 

Psychological Medicine, 34(5), 911-919. doi:10.1017/s0033291703001624 

Lezak, M., Howieson, D., & Loring, D. (2004). Neuropsychological assessment (4th ed.). 

Oxford, England: Oxford University Press. 

De Luca, Cinzia R.; Leventer, Richard J. (2008). Developmental trajectories of 

 executive functions across the lifespan. In Anderson, Peter; Anderson, Vicki;  

Jacobs, Rani (eds.). Executive functions and the frontal lobes: a lifespan  

perspective. Washington, DC: Taylor & Francis. pp. 24–47.  

McCrae, R. R., & Costa, P. T. (1987). Validation of the five-factor model of personality 

across instruments and observers. Journal of Personality and Social Psychology, 

52(1), 81-90. doi:10.1037/0022-3514.52.1.81 

McCrae, R. R., Costa, P. T., Lima, M. P., Simões, A., Ostendorf, F., Angleitner, A., . . . 

Piedmont, R. L. (1999). Age differences in personality across the adult life span: 

Parallels in five cultures. Developmental Psychology, 35(2), 466-477. 

doi:10.1037/0012-1649.35.2.466 

McCrae, R. R., & John, O. P. (1992). An introduction to the five-factor model and its 

applications. Journal of Personality, 60(2), 175-215. doi:10.1111/j.1467-

6494.1992.tb00970.x 

McKinnon, M., & Moscovitch, M. (2007). Domain-general contributions to social 

reasoning: Theory of mind and deontic reasoning re-explored. Cognition, 102(2), 

179-218. doi:10.1016/j.cognition.2005.12.011 



41 

Moutafi, J., Furnham, A., & Paltiel, L. (2005). Can personality factors predict 

intelligence? Personality and Individual Differences, 38(5), 1021-1033. 

doi:10.1016/j.paid.2004.06.023 

Munoz, E., Sliwinski, M. J., Smyth, J. M., Almeida, D. M., & King, H. A. (2013). Intrusive 

thoughts mediate the association between neuroticism and cognitive 

function. Personality and Individual Differences, 55(8), 898-903. 

doi:10.1016/j.paid.2013.07.019 

Muris, P., Roelofs, J., Rassin, E., Franken, I., & Mayer, B. (2005). Mediating effects of 

rumination and worry on the links between neuroticism, anxiety and 

depression. Personality and Individual Differences, 39(6), 1105-1111. 

doi:10.1016/j.paid.2005.04.005 

Meyers, L.S., Gamst, G.C., & Guarino, A.J. (2013). Performing data analysis using IBM 

SPSS. Hoboken, NJ: Wiley. 

Neirinckx, K., Morton, D., Herman, W., & Hinze, J. (2015). Don't stress me out! Anxiety, 

information processing and learning. TEACH Journal of Christian Education, 

9(2), 42- 50. 

Nettle, D., & Liddle, B. (2008). Agreeableness is related to social-cognitive, but not 

social-perceptual, theory of mind. European Journal of Personality, 22(4), 323-

335. doi:10.1002/per.672 

Olderbak, S., Wilhelm, O., Olaru, G., Geiger, M., Brenneman, M. W., & Roberts, R. D. 

(2015).  

A psychometric analysis of the Reading the Mind in the Eyes Test: Toward a brief form 

for research and applied settings. Frontiers in Psychology, 6, 1-14. 

doi:10.3389/fpsyg.2015.01503 

Pinkham, A., Penn, D., Green, M., & Harvey, P. (2016). Social cognition psychometric 

evaluation: Results of the initial psychometric study. Schizophrenia Bulletin, 

42(2), 494-504. doi:10.1093/schbul/sbv056 



42 

Premack, D., & Woodruff, G. (1978). Does the chimpanzee have a theory of mind? 

Behavioral and Brain Sciences, 1(4), 515-526. doi:10.1017/s0140525x00076512 

Radloff, L. S. (1977). The CES-D scale: A self report depression scale for research in 

the general population. Applied Psychological Measurements, 1, 385-401. 

Reynolds, W. M. (1999). MAQ: Multidimensional anxiety questionnaire. Odessa, FL: 

Psychological Assessment Resources. 

Roberts, B. W., & Mroczek, D. (2008). Personality trait change in adulthood. Current 

Directions in Psychological Science, 17(1), 31-35. doi:10.1111/j.1467-

8721.2008.00543.x 

Roberts, B. W., Walton, K. E., & Viechtbauer, W. (2006). Patterns of mean-level change 

in personality traits across the life course: A meta-analysis of longitudinal studies. 

Psychological Bulletin, 132(1), 1-25. doi:10.1037/0033-2909.132.1.1 

Sandoz, M., Démonet, J., & Fossard, M. (2014). Theory of mind and cognitive processes 

in aging and Alzheimer type dementia: A systematic review. Aging & Mental 

Health, 18(7), 815-827. doi:10.1080/13607863.2014.899974 

Sapolsky, R. (2015). Stress and the brain: Individual variability and the inverted-

U. Nature Neuroscience, 18(10), 1344-1346. doi:10.1038/nn.4109 

Shamay-Tsoory, S. G., & Aharon-Peretz, J. (2007). Dissociable prefrontal networks for 

cognitive and affective theory of mind: A lesion study. Neuropsychologia, 45(13), 

3054-3067. doi:10.1016/j.neuropsychologia.2007.05.021 

Shamay-Tsoory, S. G., Tibi-Elhanany, Y., & Aharon-Peretz, J. (2006). The ventromedial 

prefrontal cortex is involved in understanding affective but not cognitive theory of 

mind stories. Social Neuroscience, 1(3-4), 149-166. 

doi:10.1080/17470910600985589 

Shamay-Tsoory, S. G., Tomer, R., Berger, B. D., Goldsher, D., & Aharon-Peretz, J. 

(2005). Impaired affective theory of mind is associated with right ventromedial 

prefrontal damage. Cognitive and Behavioral Neurology, 18(1), 55-67. 

doi:10.1097/01.wnn.0000152228.90129.99 



43 

Shankar, A., McMunn, A., Banks, J., & Steptoe, A. (2011). Loneliness, social isolation 

and behavioral and biological health indicators in older adults? Health 

Psychology, 30(4), 377-385. doi:10.1037/e513892012-009 

Srivastava, S., John, O. P., Gosling, S. D., & Potter, J. (2003). Development of 

personality in early and middle adulthood: Set like plaster or persistent change? 

Journal of Personality and Social Psychology, 84(5), 1041-1053. 

doi:10.1037/0022-3514.84.5.1041 

Stevens, J. P. (2002). Applied multivariate statistics for the social sciences (4th ed.). 

Mahwah, NJ: LEA. 

Tabachnick, B., & Fidell, L. (2007). Using multivariate statistics (5th ed.). Boston: 

Pearson Education. 

Terracciano, A., McCrae, R. R., Brant, L. J., & Costa, P. T. (2005). Hierarchical linear 

modeling analyses of the NEO-PI-R Scales in the Baltimore longitudinal study of 

aging. Psychology and Aging, 20(3), 493-506. doi:10.1037/0882-7974.20.3.493 

Thornton, W. L., Shapiro, R. J., Deria, S., Gelb, S., & Hill, A. (2007). Differential impact 

of age on verbal memory and executive functioning in chronic kidney disease. 

Journal of the International Neuropsychological Society, 13(2). 

doi:10.1017/s1355617707070361 

Vellante, M., Baron-Cohen, S., Melis, M., Marrone, M., Petretto, D. R., Masala, C., & 

Preti, A. (2013). The “Reading the Mind in the Eyes” test: Systematic review of 

psychometric properties and a validation study in Italy. Cognitive 

Neuropsychiatry, 18(4), 326-354. doi:10.1080/13546805.2012.721728 

Walzak, L., & Thornton, W. L. (2018). The role of illness burden in theory of mind 

performance among older adults. Experimental Aging Research, 44(5), 427-442. 

doi:10.1080/0361073x.2018.1521494 

Wang, Z., & Su, Y. (2013). Age-related differences in the performance of theory of mind 

in older adults: A dissociation of cognitive and affective components. Psychology 

and Aging, 28(1), 284-291. doi:10.1037/a0030876 



44 

Willhaus, J. (2013). Measures of physiological and psychological stress in novice health 

professions students during a simulated patient emergency. (PhD) Washington 

State University, Seattle, USA. 

Yerkes, R. M., & Dodson, J. D. (1908). The relation of strength of stimulus to rapidity of 

habit-formation. Journal of Comparative Neurology and Psychology, 18(5), 459-

482. doi:10.1002/cne.920180503 



45 

Appendix A.   
 
Mini Mental State Exam 

 

Figure A1. Image of the Mini Mental State Exam (MMSE; Folstein, Folstein, & 
McHugh, 1975) administration and scoring 
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Appendix B.   
 
Strange Stories 

 

Table B1 Sample Items: Strange Stories (SS; Happe, Winner, & Brownell, 
1998)  
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Appendix C.  
Sample Items from ToM Tests 

Table C1 Sample Items: Strange Stories Test (Cognitive ToM) 

Example 1 Sample Responses 

Brian is always hungry.  Today at school it is his 
favorite meal—sausages and beans.  He is a very 
greedy boy, and he would like to have more 
sausages than anybody else, even though his 
mother will have made him a lovely meal when he 
gets home!  But everyone is allowed two sausages 
and no more.  When it is Brian's turn to be served, 
he says, "Oh, please can I have four sausages, 
because I won't be having any dinner when I get 
home!" 

 

Q: Why does Brian say this? 

 

2 points: 

He’s lying to make them feel sorry for him 

He’s greedy and wants to persuade them to give 
him more 

 

1 point: 

He likes sausages and wants more than anyone 
else 

He’s a very greedy boy who loves sausages 

 

0 points: 

Because his mom won’t be cooking for him tonight 

He wants to take the sausages home with him 

 

Example 1 Sample Responses 

Jill wanted to buy a kitten, so she went to see Mrs. 
Smith, who had lots of kittens that she didn't want.  
Now Mrs. Smith loved the kittens, and she wouldn't 
do anything to harm them, though she couldn't 
keep them all herself.  When Jill visited she wasn't 
sure she wanted one of Mrs. Smith's kittens, since 
they were all males and she had wanted a female.  
But Mrs. Smith said, "If no one buys the kittens I'll 
just have to drown them!" 

 

Q: Why did Mrs. Smith say that? 

2 points: 

So Jill will feel sorry for the kittens and want to buy 
one of them 

To manipulate or threaten her to take one 

 

1 point: 

Because she wanted Jill to buy one 

The old lady doesn’t want to keep them all 

 

0 points: 

Because otherwise she would have to drown them 

She’s a terrible woman and would kill them 
otherwise 
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Appendix C.   
 
Reading the Mind in the Eyes 

 

 

Figure C1. Examples of the Reading the Mind in the Eyes Task (RMET; Baron-
Cohen, Wheelright, Hill, Rate, & Plumb, 2001). Note: the answers are 
playful and upset, respectively. 
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Example 1 

 

 

 

 

 

 

Example 2 

 

 

 

 

 

 

 

 

Figure C1 Sample Items: Reading the Mind in the Eyes Test (Affective ToM) 

Note: The correct answers are (1) playful and (2) upset.  

playful comforting

boredirritated

terrified upset

arrogant annoyed
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Appendix D.   
 
Yoni Task and Theory of Mind Statistics 

 

Figure D1. Examples of the Yoni task (Shamay-Tsoory & Aharon-Peretez, 2007).  

Note. The correct answers are a) top right, b) top left, c) top right, and d) top left 
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Figure C2 Sample Items: Yoni Test (Cognitive & Affective ToM).  

Note: The correct answers are (a) top right, (b) top left, (c) top right, and (d) top left. 

(c)First-order affective ToM

(d)Second-order affective ToM

(a)First-order cognitive ToM

(b)Second-order cognitive ToM
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Table D1 Correlation Matrix for Theory of Mind Measures 

N = 179 

***Correlation is significant at 0.001 level (2-tailed) 

Note: Higher scores represent better performance for all measures. 

Table D2 Psychometric Properties for ToM Measures  

 

aFor the RMET, Yoni-Cognitive, & Yoni-Affective, internal consistency is presented as the intraclass correlation 
coefficients ICC(3,1) for mixed effects models (average measures).  

bFor Strange Stories, inter-rater agreement is presented as the intraclass correlation coefficient, ICC(3,1) for a mixed 
effects model (average measures) assessing the consistency between three independent raters. 

 

 

 

 

 

 

 

 

 RMET Strange Stories YONI-Cognitive YONI-Affective 

RMET 1 .35*** .27*** .38*** 

Strange Stories  1 .34*** .31*** 

Yoni-Cognitive   1 .78*** 

Yoni-Affective    1 

 Possible score 
range 

Actual score 
range 

Internal consistency 
ICC [95% CI]a 

Inter-rater 
agreement 

ICC [95% CI]b 

RMET  0 – 26 9 – 25 .48 [.36, .59] - 
Strange Stories 0 – 14 5 – 14 - .95 [.93, .95] 
Yoni-Cognitive  0 – 28 10 – 28 .86 [.83, .89] - 
Yoni-Affective  0 – 28 16 – 28 .74 [.68, .80] - 
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Appendix E.   
 
NEO-FFI-3 

 

Figure E1. Image of the NEO-Five Factor Inventory (NEO-FFI; Costa & McCrae, 
1992) items, page 1. 
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Figure E2. Image of the NEO-Five Factor Inventory (NEO-FFI; Costa & McCrae, 
1992) items, page 2. 
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Figure E3. Image of the NEO-Five Factor Inventory (NEO-FFI; Costa & McCrae, 
1992) items, page 3. 
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Appendix F.   
 
Interpersonal Reactivity Index 

 

Figure F1. Image of the Interpersonal Reactivity Index items, page 1.  

Note. PT = perspective-taking scale, FS = fantasy scale, EC = empathic concern scale, and PD = 
personal distress scale. (-) denotes reverse scoring, and answer options A-E correspond to 
numerical values 0-4, respectively. 
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Figure F2. Image of the Interpersonal Reactivity Index items, page 2.  

Note. PT = perspective-taking scale, FS = fantasy scale, EC = empathic concern scale, and PD = 
personal distress scale. (-) denotes reverse scoring, and answer options A-E correspond to 
numerical values 0-4, respectively. 

 

15. If I'm sure I'm right about something, I don't waste much time listening to other people's 
      arguments. (PT) (-) 
 
16.  After seeing a play or movie, I have felt as though I were one of the characters. (FS) 
 
17.  Being in a tense emotional situation scares me. (PD) 
 
18. When I see someone being treated unfairly, I sometimes don't feel very much pity for them.  
      (EC) (-) 
 
19.  I am usually pretty effective in dealing with emergencies. (PD) (-) 
 
20.  I am often quite touched by things that I see happen. (EC) 
 
21.  I believe that there are two sides to every question and try to look at them both. (PT) 
 
22.  I would describe myself as a pretty soft-hearted person. (EC) 
 
23.  When I watch a good movie, I can very easily put myself in the place of a leading 
       character. (FS) 
 
24.  I tend to lose control during emergencies. (PD) 
 
25.  When I'm upset at someone, I usually try to "put myself in his shoes" for a while. (PT) 
 
26. When I am reading an interesting story or novel, I imagine how I would feel if the events in the 

story were happening to me. (FS) 
 
27.  When I see someone who badly needs help in an emergency, I go to pieces. (PD) 
 
28.  Before criticizing somebody, I try to imagine how I would feel if I were in their place. (PT) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



55 

Appendix G.   
 
Multidimensional Anxiety Questionnaire 

 

Figure G1. Image of the Multidimensional Anxiety Questionnaire (MAQ; 
Reynolds, 1999) items, page 1. 
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Figure G2. Image of the Multidimensional Anxiety Questionnaire (MAQ; 
Reynolds, 1999) items, page 2 
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Appendix H.   
 
Mini Mental State Exam 

 

Figure H1. Image of the Kaufman Brief Intelligence Test-II (KBIT-II; Kaufman & 
Kaufman, 2004) verbal knowledge items. 

 


