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ABSTRACT
The Cognitive Reserve (CR) hypothesis accounts for individual dif
ferences in vulnerability to age- or pathological-related brain 
changes. It suggests lifetime influences (e.g., education) increase 
the effectiveness of cognitive processing in later life. While evi
dence suggests CR proxies predict cognitive performance in older 
age, it is less clear whether CR proxies attenuate age-related decline 
on social cognitive tasks. This study investigated the effect of CR 
proxies on unimodal and cross-modal emotion identification. Sixty- 
six older adults aged 60–78 years were assessed on CR proxies 
(Cognitive Reserve Index Questionnaire, NART), unimodal(faces 
only, voices only), and cross-modal (faces and voices combined) 
emotion recognition and executive function (Stroop Test). No CR 
proxy predicted performance on emotion recognition. However, 
NART IQ predicted performance on the Stroop test; higher NART 
IQ was associated with better performance. The current study 
suggests CR proxies do not predict performance on social cognition 
tests but do predict performance on cognitive tasks.
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Introduction

It is well known that there is high individual inter-variability in the different levels of 
cognitive impairment in individuals who undergo age-related changes or brain damage 
of the same magnitude (e.g., Jokinen et al., 2016; Lindenberger et al., 2013; Stern, 2002, 
2009). The reserve hypothesis was introduced in an attempt to explain the observed 
discrepancy between the amount of age- or pathological-related brain changes and 
individual differences in the rates of cognitive decline (Tucker & Stern, 2011) and the 
development of dementias such as Alzheimer’s disease (Stern, 2009). In particular, the 
reserve hypothesis concerns the ability to improve and maximize cognitive performance 
by way of two methods. The first method relies on innate factors that an individual 
passively inherits (e.g., brain size, number of healthy synapses, or neurons) and which 
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allow for more efficient use of preexisting brain networks (i.e., brain reserve). In contrast, 
the concept of cognitive reserve (CR) depends on the activation of alternative brain 
networks due to the compensatory effect of other cognitive strategies and experiences 
during a person’s lifetime. Variability among individuals in terms of their susceptibility of 
cognitive abilities to age- or pathological-related brain changes is explained by differing 
efficiency or capacity of these brain networks, or in greater flexibility in the networks that 
can be evoked to complete a task (Bartrés-Faz et al., in press; Barulli & Stern, 2013; Cabeza 
et al., 2018; Jones et al., 2011; Levi et al., 2013; Stern, 2002, 2009; Stern et al., 2020).

A combination of lifetime experiences, such as educational and occupational attain
ment, literacy attainment and the involvement in cognitive and socially stimulating 
activities, are thought to increase the effectiveness of cognitive processing in later life 
(Levi et al., 2013; Liu et al., 2013; Okonkwo et al., 2014; Opdebeeck et al., 2016; Stern, 2012; 
Stern et al., 2020; Suchy et al., 2011; for a review, see, Arenaza-Urquijo et al., 2015). As no 
single direct cognitive, functional, neuronal or structural measure of CR exists (see, Stern 
et al., 2019), a number of psychosocial, clinical and demographic variables are used as 
proxies (Chan et al., 2018; Stern et al., 2020, 2018; Valenzuela & Sachdev, 2007; for a review 
see, Harrison et al., 2015). For example, demographic measures such as higher levels of 
education are associated with a lower incidence of mild cognitive impairment (MCI; Roe 
et al., 2011) and dementia (Kukull et al., 2002; Lindsay et al., 2002; Stern et al., 1994). Higher 
levels of education have also been found to be related to better overall cognition, 
episodic, and semantic memory as well as visuospatial abilities, attention, executive 
abilities and reasoning in older adults and adults with possible dementia (Jefferson 
et al., 2011; Roldán-Tapia et al., 2012; Scarmeas et al., 2006). Literacy attainment, another 
CR proxy, is often assessed using single-word reading tasks, such as the National Adult 
Reading Test (NART; Nelson & Willison, 1991). Studies have shown that higher NART IQ is 
associated with greater CR capacity (Stern, 2012; Tucker & Stern, 2011). NART IQ has also 
been found to be associated with episodic and working memory (Jefferson et al., 2011; 
Siedlecki et al., 2009). Taken together, these studies provide evidence that higher scores 
on CR proxy variables attenuate cognitive decline associated with brain damage and age- 
related change.

Importantly, the relationship between CR and different cognitive measures may also 
depend on the proxy used to estimate CR. For example, Jefferson et al. (2011) found that 
education was mainly related to performance on overall cognition, episodic and semantic 
memory, and perception in healthy older adults and patients with possible dementia. 
Contrastingly, NART IQ was most strongly associated with working memory and overall 
cognition and episodic memory. Siedlecki et al. (2009) found no significant correlation 
between education and NART IQ in healthy adults and proposed that these two CR 
proxies may account for different components of the variance in cognitive performance. 
Finally, using a path analysis, Richards and Sacker (2003) demonstrated three indepen
dent paths from childhood cognition, and educational and occupational attainment to CR 
using the NART as a proxy. These findings increase the likelihood that different life 
experiences may contribute to distinct cognitive domains.

While there is considerable evidence that there is a protective effect of CR on cognitive 
performance and cognitive impairment in older age (e.g., Amieva et al., 2014; Brayne et al., 
2010; Stern et al., 1994; Zahodne et al., 2011), it is less clear whether CR might safeguard 
against focal neuropathology and moderate cognitive impairment on socio-cognitive 
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tasks. Such measures assess the higher-order cognitive processes that allow individuals to 
interpret the behaviors of others (Adolphs, 2009). Social cognitive abilities allow us to 
process and comprehend social information to respond appropriately in everyday social 
interactions (Baez et al., 2016; Frith et al., 2008). According to the CR theory (Stern, 2002, 
2012), it could be argued that those with higher CR might exhibit better performance on 
socio-cognitive measures.

The ability to interpret emotional information is an essential social cognitive ability 
for successful social interactions. Individuals exhibit their emotions through different 
arrangements of facial expressions, vocal expressions, body movements and gestures 
(Hunter et al., 2010). The ability to identify the emotional states of others through these 
emotional cues signifies how individuals should react toward one another and whether 
they should adapt their own behavior in response to the feelings of others (Baez et al., 
2016; Hornak et al., 1996; Rolls et al., 1994). While presenting static images of faces has 
become the gold standard of assessing emotion recognition, this methodology has 
been criticized for having poor ecological validity because in everyday life people 
interpret emotional states of others from both faces and voices (Hunter et al., 2010). 
More recently, emotion recognition studies have assessed the ability to coordinate 
information obtained through multiple sensory channels through the simultaneous 
presentation of congruent multisensory information (i.e., cross-modal emotion recogni
tion tasks: e.g., sad faces and sad voices), arguing that this type of emotion recognition 
task is more similar to real-life emotion recognition (Hunter et al., 2010; Russell et al., 
2003). Studies investigating the integration of congruent emotional cues presented in 
the audio and visual channels have found that congruence between facial emotion and 
voice prosody improves our ability to identify emotions (e.g., Ethofer et al., 2006; De 
Gelder & Vroomen, 2000).

The ability to interpret emotional states of others is not constant across our lifespan 
(Brosgole & Weisman, 1995; Calder et al., 2003; McDowell et al., 1994). For instance, older 
adults are less accurate than younger adults at unimodal emotion recognition tasks 
involving negative emotions such as fear, sadness and anger portrayed through faces or 
voices (Calder et al., 2003; Hayes et al., 2020; Hunter et al., 2010; Kessels et al., 2014; 
MacPherson et al., 2006; Phillips et al., 2002; Ruffman et al., 2008; for a review see, 
MacPherson et al., 2015). When cross-modal emotion recognition tasks are used, some 
studies have shown that age differences no longer exist when congruent faces and voices 
are presented concurrently (Chaby et al., 2015; Hunter et al., 2010; Wieck & Kunzmann, 
2017). However, other studies have shown improved emotion recognition on cross-modal 
tasks in older adults, but still report age differences compared to younger adults 
(Lambrecht et al., 2012; Richter et al., 2011).

Some of the variability in older adults’ performance on emotion recognition tests may 
not only be related to the type of emotion assessment used, but may also be related to CR. 
Individuals with higher CR may develop better skills to cope with social situations so 
higher CR levels correspond to better performance on emotion recognition measures. 
Indeed, some studies have shown a positive association between education and emotion 
recognition ability (Demenescu et al., 2014; Kessels et al., 2014; Mill et al., 2009; Trauffer 
et al., 2013). However, as years of education remains relatively stable after younger age, it 
has been criticized as an accurate CR proxy.
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Lavrencic et al. (2016) examined the influence of different CR proxies on social percep
tion. They used the Lifetime of Experiences Questionnaire (LEQ; Valenzuela et al., 2013; 
Valenzuela & Sachdev, 2007), which assesses education, occupation, and cognitively 
stimulating lifestyle activities, as well as NART IQ. Emotion recognition was assessed in 
older adults using the Emotion Evaluation Test from The Awareness of Social Inference 
Test-Revised (TASIT-R; McDonald et al., 2011), which involves videotaped vignettes por
traying emotions (i.e., a task requiring the integration of congruent emotional cues 
presented in the audio and visual channels). Lavrencic et al. (2016) found that none of 
the CR proxies predicted performance on the Emotion Evaluation Test when controlling 
for general cognitive ability. In a later study involving unimodal static images of emotional 
faces, Lavrencic et al. (2018) replicated their finding that CR was not associated with 
emotion recognition but here they only used education as their proxy. Lavrencic and 
colleagues concluded that there was no relationship between CR and emotion recogni
tion (as well as other social cognitive tests).

The purpose of the current study was to replicate and extend the findings of Lavrencic 
and colleagues by examining whether there are protective effects of different CR proxies 
on unimodal and cross-modal emotion recognition in the same group of older adults. In 
addition to assessing unimodal emotion recognition of faces and cross-modal emotion 
recognition, our study also includes a “voice only” condition as an additional measure of 
unimodal emotion recognition of voices. According to the work of Lavrencic et al. (2016), 
(2018), CR should not influence performance on unimodal or cross-modal emotion 
recognition tests. Unimodal emotion recognition of faces involved static visual stimuli, 
the unimodal recognition of voices involved auditory stimuli and the cross-modal emo
tion recognition of faces and voices involved static visual faces and auditory voices 
presented simultaneously. We also included the Stroop Test (Stroop, 1935) as 
a measure of executive functions since CR has been found to safeguard against the effects 
of normal aging in this cognitive domain (Roldán-Tapia et al., 2012; Scarmeas et al., 2006). 
We expected protective effects of CR on executive functions in our older adults, in the 
absence of any effects on emotional processing.

Method

Participants

Sixty-six native English speakers (23 males, 43 females) aged 60–79 years (M = 68.33, 
SD = 5.10) took part in the experiment. Exclusion criteria included a history of alcohol or 
other substance abuse, neurological or psychiatric disorders, color-blindness, hearing or 
visual impairment. Participants were recruited from an online advertisement, through the 
volunteer panel of the Psychology Department, University of Edinburgh. The study was 
conducted in the Psychology Department. Written informed consent to participate in the 
study was obtained from each participant. The project was approved by the School of 
Philosophy, Psychology and Language Sciences (Psychology) Ethics committee at the 
University of Edinburgh. A post-hoc power analysis conducted using G*Power (Faul et al., 
2007) revealed that our sample size would detect large effects (F2 = 0.35) with 96% power 
with alpha at .05. There was less adequate statistical power at the small or medium effect 
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size level. However, Harris (1985) recommends that the total number of participants 
equals the number of predictor variables plus 50 to yield the absolute minimum number 
of participants. This would suggest a minimum sample size of 55 for our study.

Materials

Cognitive reserve index questionnaire (CRIq)
The CRIq (Nucci et al., 2012) was administered as a comprehensive measure of CR. The 
CRIq is a self-report questionnaire that considers an individual’s education, working 
activity, and leisure time throughout their adult life. It takes into account the amount of 
time a person devotes to each activity, as research suggests that CR develops through 
active everyday activities with accumulative effects throughout an individual’s whole life 
(Stern, 2012). For CRIq-Education, the total number of years of formal and informal 
education (lasting more than 6 months) are summed. For CRIq-Working Activity, the 
years of working activity for each job (rounded up on a 5-year scale) are multiplied by 
the weighting of the job based on the cognitive load, responsibility and mental resources 
required (i.e., 1 = unskilled manual e.g., call center operator; 2 = skilled manual e.g., clerk; 
3 = skilled non-manual e.g., nursery teacher; 4 = professional e.g., lawyer; 5 = highly 
intellectual e.g., university professor). For CRIq-Leisure Time, the frequency (i.e., never/rare 
or often/always) and number of years are documented for 16 items related to various 
intellectual activities (e.g., playing music), social activities (e.g., travel) and physical activ
ities (e.g., dancing). The raw score is the total number of years of activity where frequency 
has been rated as often/always. CRIq-Total is the standardized average of the CRIq 
subscales.

National adult reading test-revised (NART-R)
Another proxy of CR was obtained using the corresponding IQ score on the NART-R, 
a single-word reading task (Nelson & Willison, 1991). NART-R uses the ability to 
pronounce irregular words as a CR proxy, as it correlates well with childhood IQ 
(Dykiert & Deary, 2013) and is robust to cognitive declines in early dementia (McGurn 
et al., 2004).

Emotion recognition task
The Emotion Recognition Task by Hunter et al. (2010) was used to assess unimodal and 
cross-modal emotion recognition. It is a computerized task that assesses the recognition 
of six emotions (i.e., anger, disgust, fear, happiness, sadness and surprise) through the 
unimodal presentation of emotions from facial expressions (unimodal faces), the unim
odal presentation of emotions from voices (unimodal voices), and the cross-modal pre
sentation of emotions from congruent faces and voices (e.g., sad face and sad voice; cross- 
modal faces-voices). Thirty black and white photographs of faces from the Facial 
Expressions of Emotion Stimuli and Test (FEEST; Young et al., 2002) are used. There are 
five examples (3 male and 2 female) of each of the six emotions. For the auditory stimuli, 
30 nonverbal affective bursts from the Montreal Affective Voices (Belin et al., 2008) are 
used, which take the form of nonverbal pronunciation of the vowel /a/. Again, there are 
five examples (3 male and 2 female) of the six emotions. For the cross-modal trials, the 
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same faces and voices used in the unimodal trials are presented in congruent pairs (e.g., 
happy face with happy voice), totaling 30 congruent cross-modal trials. A particular face 
always appears with the same gender corresponding prosodic expression.

Participants performed six practice trials followed by the random presentation of the 
90 emotion recognition trials. The faces were presented in the middle of a computer 
screen, and the voices were presented through headphones. Each trial started with 
a 2-second fixation cross in the center of the screen. The audio and/or visual stimuli 
were then presented, during which the static faces were presented for a maximum of 
4000 ms and the voices were presented for no longer than 450 ms. The emotion 
recognition task was a forced-choice paradigm where participants were asked to identify 
what the emotion was by pressing the corresponding response button among the six 
labeled buttons on the keyboard, as quickly and accurately as possible. There was no time 
limit for responses.

Stroop test
The Stroop Color and Word Test (Stroop-CW; Golden, 1978) is a version of the Stroop Test 
(Stroop, 1935) that was administered to assess executive abilities. One hundred color 
words are printed in an incongruent colored ink (e.g., “red” is written in blue ink). 
Participants are asked to name the color of ink the word is printed in as quickly as possible 
for 45s. The score is the total number of items correctly read, with higher scores indicating 
better performance.

Procedure

Participants were emailed or posted the CRIq to complete at home and bring to the 
appointment. Participants completed the remaining tasks in a quiet room within the 
University, in a single session that took approximately 45 minutes to complete. The order 
of the tasks was the same for each participant: CRIq, Emotion Recognition Tasks, NART and 
finally the Stroop Test. Participants were not reimbursed for their time.

Statistical analyses

Statistical analyses were run using R version 1.1.463. First, we examined the proportion of 
correct categorizations for each of the six emotions (e.g., the proportion of items portray
ing sadness that participants correctly responded with sadness). The data were not 
normally distributed, therefore performance on the different modalities for each emotion 
was compared using Mann-Whitney U Test with Holm corrections for multiple 
comparisons.

Secondly, we used an adaptation of the Cohen (1960) kappa statistic, as devised by 
Isaacowitz et al. (2007), to control for emotion-specific response biases on overall accuracy 
patterns. We not only considered where participants correctly identified a given emotion 
but the occasions where they avoided wrongly applying that specific emotion label, as 
well as adjusting participants’ scores for the number of correct responses that would be 
expected by chance. For example, a participant would only be awarded the maximum 
score for “sadness” if they both correctly identified the five items that expressed sadness, 
and correctly avoided labeling any of the other 25 items as sadness. Scores were then 
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adjusted for the number of responses that would be expected by chance only. The 
formula for calculating the kappa (K) score was: K = (number of correct responses – 
number of responses expected by chance)/(the total number of items – number of 
responses expected by chance). The resulting kappa scores, which ranged from 0 (the 
number of correct responses is at chance level) to 1 (all responses are either correct 
classifications or valid rejections), were not normally distributed, again performance on 
the different modalities for each emotion was compared using Mann-Whitney U Test with 
Holm corrections.

For the remainder of the analyses, the proportion of correct categorizations for all 
emotions was considered (i.e., unimodal faces, unimodal voices and cross-modal faces- 
voices). We examined bivariate associations between all the study variables using 
Pearson’s r or Spearman’s rho depending on whether the data were normally distributed 
or not. Again, because of the number of analyses conducted, a Holm correction was 
applied. Then multiple regression analyses were conducted to investigate the predictive 
relationship of CR proxies on performance on the emotion and executive measures. Age, 
NART IQ, CRIq-Education, CRIq-Working Activity, and CRIq-Leisure Time were entered into 
the models using a forward stepwise method. This method was adopted as our hypoth
esis was that CR proxies would not influence performance on emotion recognition tests 
and therefore we compared any potential models against a model with no variables. Any 
data point with a Cook’s distance over 4/n (where n is the total number of data points) 
was excluded to remove potential outliers. The α values were set at p < 0.05 and Holm 
correction was used to adjust for multiple comparisons. For each linear regression model, 
the variance inflation factor (VIF) was used to examine multi-collinearity. In all instances, 
the VIF was below 2, indicating that there were not high intercorrelations among pre
dictor variables. Finally, in order to adequately test for null effects (Isaacowitz, 2020), 
Bayesian regression analyses were conducted using the “BayesFactor” package in R where 
the default priors were used for the selection of the best model against the null model 
(Rouder & Morey, 2013). For all the analyses, a Bayes Factor (BF10) ≥ 10 was set for 
statistical inference, which indicates strong evidence in favor of the alternative hypothesis 
(Jeffreys, 1961; Wetzels & Wagenmakers, 2012). The data, study materials and analysis 
code can be accessed by contacting the corresponding author. This study was not 
preregistered.

Results

The aim of the current study was to examine whether protective effects of CR in older 
adults can be observed in socio-cognitive (emotion recognition) and cognitive (executive 
function) tasks. The descriptive characteristics of the CR proxies and test performance are 
shown in Table 1.

figure 1 presents the proportion of correct categorizations for each of the six emotions. 
The analysis revealed that participants performed better on the cross-modal faces-voices 
condition than the unimodal faces condition for anger (p = .01) and sadness (p < .0001) 
but not disgust (p = .13), fear (p = .15), happiness (p = .98) or surprise (p = .98). Further 
results revealed that participants’ performance was improved in the cross-modal condi
tion compared to the unimodal voices condition for anger (p < .0001), disgust (p < .0001), 
happiness (p < .05) and surprise (p < .001) but not fear (p = .06) or sadness (p = .15). Finally, 
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participants performed better on the unimodal faces condition than the unimodal voices 
condition for anger (p < .001) and surprise (p < .001) whereas participants performed 
better on the unimodal voices condition than the unimodal faces condition for sadness 
(p < .05). However, disgust (p = .10), fear (p = .76) and happiness (p = .10) did not 
significantly differ in the unimodal faces and voices conditions.

We also examined the kappa scores to control for the likelihood of responding with 
certain emotional labels more than with others (see, figure 2). Correcting the results for 
potential response biases in emotion labeling provided the same results when comparing 

Table 1. Descriptive characteristics of CR proxies and test performance.
Mean SD Min Max

CRIq-Total 135.74 14.01 100 173
CRIq-Education 123.68 11.68 98 159
CRIq-Working Activity 119.98 14.39 92 146
CRIq-Leisure Time 137.06 21.94 98 188
NART IQ 119.64 3.64 109 126
Total Faces (Proportion correct) 0.76 0.13 0.43 1.00

Anger 0.56 0.32 0.00 1.00
Disgust 0.88 0.19 0.20 1.00
Fear 0.62 0.28 0.00 1.00
Happy 0.96 0.11 0.60 1.00
Sad 0.74 0.25 0.00 1.00
Surprise 0.79 0.20 0.20 1.00

Total Voices (Proportion correct) 0.68 0.10 0.37 0.87
Anger 0.35 0.26 0.00 0.80
Disgust 0.79 0.15 0.20 1.00
Fear 0.57 0.26 0.00 1.00
Happy 0.90 0.15 0.40 1.00
Sad 0.86 0.26 0.00 1.00
Surprise 0.60 0.24 0.00 1.00

Total Faces-Voices (Proportion correct) 0.83 0.11 0.37 1.00
Anger 0.71 0.31 0.00 1.00
Disgust 0.93 0.12 0.40 1.00
Fear 0.68 0.27 0.00 1.00
Happy 0.96 0.12 0.40 1.00
Sad 0.92 0.18 0.20 1.00
Surprise 0.77 0.19 0.00 1.00

Stroop C-W Score 40.88 9.11 21 65

Note: CRIq = Cognitive Reserve Index questionnaire; NART = National Adult Reading Test; C-W = Color and Word
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Figure 1. The proportion of correct categorizations for each emotion by condition.
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unimodal faces with cross-modal faces-voices. The cross-modal faces-voices condition 
had significantly higher kappa scores than the unimodal faces condition for anger 
(p < .001) and sadness (p < .0001) but not disgust (p = .44), fear (p = .50), happiness 
(p = .50) or surprise (p = .50), suggesting that participants give more coherent evaluations 
of anger and sadness in the cross-modal condition than in the unimodal faces condition. 
The cross-modal faces-voices condition had significantly higher kappa scores than the 
unimodal voices condition for all emotions (p < .001), indicating a greater agreement in 
cross-modal emotion recognition than in the unimodal voices condition. Therefore, the 
lack of a difference between unimodal voices and cross-modal faces-voices condition for 
fear and sadness when only considering the proportion of correct categorizations might 
partly reflect response biases. Finally, the unimodal faces condition had significantly 
higher kappa scores than the unimodal voices condition for anger (p < .05), fear 
(p < .005), happiness (p < .01) and surprise (p < .0001) whereas the unimodal voices 
condition had significantly higher kappa scores than the unimodal faces condition for 
sadness (p < .05). The kappa scores for disgust in the unimodal faces and unimodal voices 
conditions did not significantly differ (p = .24). Again, the lack of a difference between 
unimodal faces and unimodal voices for fear and happiness when only considering the 
proportion of correct categorizations might partly reflect response biases.

Table 2 shows the correlational analyses between age, the CR proxies, unimodal faces, 
unimodal voices, cross-modal faces-voices and the Stroop C-W. Age was not significantly 
related to performance on any measures. CRIq-Total was significantly positively related to 
all three CR subscales. However, CRIq-Education, CRIq-Working Activity and CRIq.-Leisure 
Time were not related to one another. NART IQ was not related to CRIq-Total, CRIq- 
Education, CRIq-Working Activity, or CRIq-Leisure Time either.

The unimodal faces condition was significantly positively associated with unimodal 
voices. The unimodal faces condition was also significantly positively associated with 
cross-modal faces-voices. Finally, the unimodal voices was significantly positively corre
lated with cross-modal faces-voices. Unimodal faces, unimodal voices or cross-modal 
faces-voices were not significantly related to better Stroop C-W performance and CRIq 
subscales or NART IQ were not related to any emotion recognition measure, or 
Stroop C-W.
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Figure 2. The kappa scores for each emotion by condition ranging from 0 (number of correct 
responses is at chance level) to 1 (all responses are either correct classifications or valid rejections).
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Table 3 shows the results of the multiple regression analyses. A maximum of 6 items 
were excluded as potential outliers from each model based on Cook’s distance; removing 
these cases greatly improved the residuals versus leverage plots and left no remaining 
data points with significant leverage. Only age was a statistically significant predictor in 
the unimodal faces model, F(2, 57) = 10.60, p < .001. The overall model accounted for 27% 
of the total variance. For unimodal voices, age made a significant contribution to perfor
mance, with the overall model accounting for 7% of the total variance, F(1, 58) = 4.04, 
p < .05. For cross-modal faces-voices, the overall model was not significant, F(1, 60) = 3.46, 
p = .07. Finally, only age and NART IQ were statistically significant predictors in the Stroop 
C-W model. The overall model accounted for 23% of the total variance, F(3, 60) = 6.09, 
p < .005.

Table 2. Correlation matrix of the study variables.
1. 2. 3. 4. 5. 6. 7. 8. 9.

1. Age
2. CRIq-Total −.042 

(.739)
3. CRIq-Education .067 

(.593)
.499 
(<.0001)

4. CRIq-Working 
Activity

.008 
(.952)

.626 
(<.0001)

.200 
(.108)

5. CRIq-Leisure Time −.119 
(.342)

.786 
(<.0001)

.071 
(.570)

.165 
(.184)

6. NART IQ .065a 

(.606)
.115a 

(.358)
.285a 

(.760)
.165a 

(.185)
−.072a 

(.568)
7. Total Faces −.338a 

(.234)
.119a 

(.342)
.068a 

(.585)
.001a 

(.991)
.161a 

(.197)
.198a 

(.111)
8. Total Voices −.252a 

(.215)
.101a 

(.419)
−.050a 

(.689)
.104a 

(.407)
.090a 

(.474)
−.086a 

(.491)
.535a 

(<.0001)
9. Total Faces-Voices −.161a 

(.196)
.122a 

(.329)
.056a 

(.657)
−.040a 

(.880)
.019a 

(.266)
.125a 

(.319)
.775a 

(<.0001)
.498a 

(.057)
10. Stroop C-W Score −.241 

(.051)
.142 

(.256)
.049 

(.696)
.218 

(.079)
.055 

(.660)
.269a 

(.336)
.235a 

(<.001)
.112a 

(.425)
.152a 

(.224)

Note. Pearson’s rs and ps (in parentheses) are reported for associations. a = Non-normally distributed (Spearman rho 
method used). CRIq = Cognitive Reserve Index questionnaire; NART = National Adult Reading Test; C-W = Color and 
Word. Holm correction to adjust for multiple comparisons.

Table 3. Stepwise regression results with significant predictors for emotion and 
executive measures.

Model β SE t p

Faces Total  
Age  
NART IQ

−.010 
.007

.002 
.004

−4.30 
1.85

<.0001 
.070

Voices Total  
Age

−.005 .002 −2.13 .049

Faces-Voices Total - - - -
Stroop C-W  

Age  
NART IQ  
CRIq-Working Activity

− .463 
.760 
.113

.191 
.271 
.070

−2.43 
2.81 
1.60

.036 

.020 
.115

Note. β standardized coefficients; CRIq = Cognitive Reserve Index questionnaire; NART = National 
Adult Reading Test; Stroop C-W = Stroop Color and Word Test. Bold typeface denotes significant 
p values surviving Holm correction for multiple comparisons. Faces-Voices Total model is not 
significant (p > 0.05).
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Lastly, the data were examined by computing Bayes factors for all models compared 
against the null model using the “regressionBF” function. The Bayesian regression analysis 
indicated that the best model for predicting performance on the unimodal faces condi
tion included age and NART IQ. The resulting BF10 of 213.29 indicates that there is decisive 
evidence for this model. When age was removed from the model, the BF10 dropped to 
0.61 which indicates anecdotal evidence for the null model, whereas when NART IQ was 
removed, the BF10 was 190.26, which still indicates decisive evidence for the model. This 
suggests that age is predicting most of the variance in performance on the unimodal faces 
condition. For the unimodal voices condition, the Bayesian regression analysis showed 
that the best model included age only. However, the BF10 of 1.40 only provides anecdotal 
evidence in favor of this model compared to the null model. For the cross-modal faces- 
voices condition, the best model only included NART IQ but again the BF10 of 0.75 only 
provides anecdotal evidence in favor of this model compared to the null model. Finally, 
the best model for Stroop C-W includes age and NART IQ. The best model demonstrated 
a BF10 of 31.13 providing very strong evidence for the model compared to the null model. 
When age was removed from the model, the BF10 dropped to 2.60 and when NART IQ was 
removed, the BF10 was 7.72. This suggests that both age and NART IQ contribute to the 
variance on the Stroop C-W.

Discussion

The current study investigated the impact of different CR proxies on performance on 
unimodal and cross-modal emotion recognition tests in older adults. While age predicted 
performance on the unimodal faces and unimodal voices emotion recognition tasks, 
where younger participants performed better, no CR proxy predicted performance on 
these tasks. Furthermore, neither age nor any CR proxy attenuated age-related cognitive 
decline on the cross-modal faces and voices emotion recognition task. In contrast, both 
age and NART IQ uniquely contributed to performance on the Stroop test, where the 
younger and higher the NART IQ, the better an individual’s performance.

The current findings are in line with the findings of Lavrencic and colleagues who did 
not find that CR proxies predicted performance on the dynamic Emotion Evaluation Test 
from the TASIT-R (Lavrencic et al., 2016) or static faces (Lavrencic et al., 2018). Given our 
null effects, we also included Bayesian regression analyses and presented Bayes factors to 
index support for our model comparisons. These analyses supported the results from our 
frequentist null-hypothesis significance tests and demonstrate that our null effects of CR 
proxies on the unimodal and cross-modal emotion recognition tests are meaningful 
rather than ambiguous. Our study adds to the literature in that we also include 
a unimodal voices condition but again our CR proxies did not predict performance. 
While Lavrencic et al. (2016) found associations between NART and TASIT-R prior to 
controlling for general cognitive ability, they conclude that this is likely due to both 
tests relying on vocabulary knowledge rather than CR. In our study, no relationship was 
found between CR proxies and emotion tasks even without controlling for general 
cognitive ability. This supports the findings that the effect of CR is more domain- 
specific, and is associated with some cognitive domains but not for others such as 
emotion recognition.
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Yet, the finding that none of our CR proxies predicted performance on the emotion 
recognition tests is in contrast to previous studies that have found that education predicts 
performance on the unimodal presentation of emotions from faces or voices (Demenescu 
et al., 2014; Mill et al., 2009). The reason for the divergence between these results might be 
found in the methodological differences between studies. For example, previous studies 
have used pseudowords or sentences to evaluate emotion recognition from voices, which 
might carry linguistic content (Monrad-Krohn, 1963). Linguistic content might interact 
with the identification of emotional prosody. In the current study, our prosodic stimuli 
comprised nonverbal affective bursts (Belin et al., 2008), which are less likely to be subject 
to interference between semantic content and prosody judgments. Moreover, there are 
differences in the samples recruited across studies. For example, several of the samples 
are skewed in terms of their participants’ ages, where most participants are aged under 
60 years (e.g., Kessels et al., 2014; Mill et al., 2009), compared to our sample who were all 
aged 60 years or over. This makes comparisons across studies difficult, especially as 
younger individuals may have yet to complete their education.

The current study investigated whether CR attenuates age-related decline on social 
cognitive tasks by examining the relationship between socio-behavioral proxies of CR and 
performance on emotion recognition tasks. Recent consensus definitions and research 
guidelines for CR produced by the Collaboratory on Research Definitions for Reserve and 
Resilience in Cognitive Aging and Dementia (Bartrés-Faz et al., in press) and the Reserve, 
Resilience, and Protective Factors Professional Interest Area (Stern et al., 2020) have 
argued that authors should be cautious when identifying shared variance among pur
ported protective factors using CR proxies, as they might be unsuccessful in capturing the 
unique contributions of individual exposures, and any common variance might be related 
to factors other than CR. However, expert investigators also acknowledge that CR proxies 
could be of use in clinical or research settings. Indeed, there are many studies in the 
literature that investigate CR in healthy aging that do not include measures of age-related 
brain changes (e.g., Evans et al., 2019; Jefferson et al., 2011; Opdebeeck et al., 2016; 
Roldán-Tapia et al., 2012). In any case, future work studying the influence of CR on social 
cognitive tasks might also incorporate functional imaging to identify task-related differ
ences in brain activation that may underlie CR (Bartrés-Faz et al., in press; Cabeza et al., 
2018; Stern et al., 2020).

Age significantly predicted performance on the unimodal emotion tests (Brosgole & 
Weisman, 1995; Calder et al., 2003; Demenescu et al., 2014; MacPherson et al., 2002, 2006; 
Ruffman et al., 2008), as well as the Stroop Test (Jackson & Balota, 2013; Salthouse, 2005; 
Spieler et al., 1996; West, 1999), where the younger the individual, the better their 
performance. In contrast, age was not related to the performance on the cross-modal 
emotion recognition task. We may have failed to find a relationship between age and 
performance on our cross-modal emotion recognition task due to studying only older 
adults and not including a younger age group. However, some studies that have included 
a younger age group have also failed to report age differences when congruent faces and 
voices are presented concurrently (Chaby et al., 2015; Hunter et al., 2010; Wieck & 
Kunzmann, 2017). The cross-modal presentation of congruent faces and voices is thought 
to improve emotion recognition in older adults by compensating for deficits in the 
unimodal visual and auditory channels that affect older adults (Chaby et al., 2015; 
Hunter et al., 2010; Lambrecht et al., 2012; Richter et al., 2011; Wieck & Kunzmann, 2017).
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In terms of specific emotions, the cross-modal presentation of anger and sadness 
significantly improved older adults’ accuracy compared to the unimodal presentation of 
angry and sad emotional faces. In addition, the cross-modal presentation of anger, 
surprise, happiness and disgust significantly improved older adults’ accuracy compared 
to the unimodal presentation of angry, surprised, happy and disgusted emotional voices. 
We also considered corrected kappa scores to control for response biases where partici
pants may be likely to respond with certain emotional labels more than with others. Here, 
the only additional differences compared to the uncorrected classifications of emotions 
was that the cross-modal condition was also performed better for fear and sadness 
compared to the unimodal presentation of fearful and sad emotional voices.

Unlike the unimodal and cross-modal emotion recognition tasks, we demonstrated 
protective effects of CR (i.e., using the NART IQ as our proxy) on Stroop C-W performance, 
where higher CR was associated with better performance. This relationship between CR 
and executive task performance has previously been reported in the aging literature 
(Jefferson et al., 2011; Roldán-Tapia et al., 2012; Scarmeas et al., 2006), as well as work 
involving patients with frontal or non-frontal focal brain lesions due to stroke or tumor 
(MacPherson et al., 2020, 2017). It is therefore unlikely that the lack of an association 
between CR and emotion recognition tasks is because our older sample are not repre
sentative of the wider population. In contrast, none of the CRIq subscales predicted 
Stroop C-W performance. This supports the suggestion that CR is a multidimensional 
construct with different proxies offering distinct contributions to performance on differ
ent cognitive measures (Opdebeeck et al., 2016; Siedlecki et al., 2009). While it was 
unexpected that CRI-Ed did not also predict Stroop performance, it may be that education 
predicts performance on certain executive abilities but not the Stroop C-W. Moreover, our 
participants had higher levels of education. For instance, more than 80% of the sample 
had more than 15 years of education prior to conversion to the CRIq-Education score. In 
fact, all CRIq subscores were higher compared to the normative data published by Nucci 
et al. (2012). This might have masked any relationship between the CRIq subscales and our 
emotion and Stroop measures. Future work should examine whether the beneficial effects 
of CR in cognitive aging may depend both on the proxies and executive measures 
adopted in a sample with a wider education range.

We acknowledge a number of limitations of our study. One limitation of the current 
study is related to the participants' age. Older adults’ mean age in the current study 
was sixty-eight years. It would be interesting to investigate how different age groups 
(e.g., middle aged or older adults over 80 years) might perform on the tasks. It should 
be noted that some of our emotion categories were performed near ceiling (e.g., happy 
faces), which may conceal some of the potential differences between the emotion 
conditions (e.g., unimodal happy faces vs. cross-modal happy). However, for our 
regression models, we considered the total emotion scores for each condition (i.e., 
unimodal faces, unimodal voices and cross-modal faces-voices), which allows for more 
variability in the scores. In addition, stepwise methods do not consider all possible 
combination of potential predictors and the selection of variables can be unstable, 
especially when there is a small sample size. However, stepwise methods are 
a reproducible and objective way to reduce the number of variables to yield simple 
and easily interpretable models. We have no reason to believe that the combination of 
predictors in our model was determined by the order our predictors were entered in 
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the model, or that other possible models would fit the data better, given that none of 
our CR proxies predicted emotion recognition performance. As CR can impart protec
tion for the whole lifespan and its effects can be accumulative (Stern, 2012), future 
studies involving emotion recognition might conduct longitudinal studies. Moreover, 
our sample did not have an even distribution of males and females, with more females 
completing the study than males. Future work in a larger sample might address the 
independent effects of gender and CR on cross-modal emotion recognition in a sample 
with a wider age range.

In summary, the current study investigates the influence of distinct CR proxies on 
unimodal and cross-modal emotion recognition in the same group of older adults. We did 
not find a relationship between our CR proxies and our emotion recognition tests. 
However, NART IQ predicted performance on the Stroop tests in line with previous 
literature. These findings suggest that CR is not associated with performance on emotion 
recognition tasks but CR does predict performance on executive tasks.
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