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Abstract
Recent research has employed measures of either empathy, compassion or mind-
fulness and linked better face recognition memory to higher scores of identification with
all humanity and mindfulness but not empathy or compassion. Additionally, empathy,
compassion and mindfulness have been suggested as concepts that intertwine, but
research has not yet examined how their respective personality questionnaires map
onto latent concepts. We employed these measures together to explore their factor
structure and, using structural equation modelling, we investigated if the suggested
latent variables predict recognition memory performance for face and non-face stimuli.
Attentional notions of mindfulness described a latent factor that predicted face rec-
ognition. All self-compassion facets and the non-react mindfulness facet described a
latent factor, which predicted false alarms in face recognition. Finally, empathy and
compassion-based notions described one latent factor, which did not predict rec-
ognition performance. None of the latent variables predicted performance in either
object or voice recognition. Collectively, findings indicate attention-based mindfulness
to benefit face recognition, prompting further research into the potential of mind-
fulness to support the face recognition process.
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Introduction

There has been growing interest in individual differences in unfamiliar face recognition
(see Bruce et al., 2018), and research has actively identified individual characteristics,
such as empathy, compassion and mindfulness, to differentially impact unfamiliar face
recognition memory (Bate et al., 2010; Giannou et al., 2020). Furthermore, these
constructs have been discussed as complementing or enhancing one another; for
example, compassion has been discussed as an affective empathic response (e.g.,
Steffen & Masters, 2005) and has been linked to theories of mindfulness and self-
compassion (Grossman & Van Dam, 2011; Neff, 2003b; Wallace, 2006). Research has
also explored the factors of the numerous empathy scales (e.g., Baldner & McGinley,
2014; Hall & Schwartz, 2019), and positively related empathy to mindfulness (e.g.,
Block-Lerner et al., 2007; Dekeyser et al., 2008). Despite these reported associations,
measures of empathy, compassion and mindfulness have not yet been employed
concurrently to investigate if, and how, these concepts overlap. The present research
examined the relationship between these constructs, focusing on the potential for their
respective measures to merge into compassion- and mindfulness-based latent concepts
that further predict face recognition memory performance. Extending the investigation
on the impact of these social interaction skills on face recognition (Giannou et al., 2020;
Lander et al., 2018), the present research postulates the potential for compassion- and
mindfulness-based practices to be embedded in face recognition processes to practi-
cally aid with (in)accurate identifications.

Unfamiliar face recognition memory paradigms present studied (old) faces mixed
with distractor (new) faces and ask whether each face is ‘old’ or ‘new’. Unfamiliar face
recognition memory has been found to be negatively affected by neuroticism (Bothwell
et al., 1987), anxiety (Ready et al., 1997) and social anxiety (Davis et al., 2011). In
contrast, extraversion, defined by gregariousness, reportedly linked to better unfamiliar
face recognition memory (Li et al., 2010; Arnell & Dube, 2015; Lander & Poyarekar,
2015). Directly relevant to the aims of the present study, Bate et al. (2010) identified
individuals high or low on the Empathy Quotient (EQ; Baron-Cohen & Wheelwright,
2004) and found that, compared to low empaths, high empaths performed significantly
better on a face recognition memory task. More recently, Giannou et al. (2020), who
compared to Bate et al. (2010) looked across the wider range of responses, also ex-
plored the relationship between empathy and unfamiliar face recognition memory but
extended the investigation to include compassion and mindfulness. Giannou et al.
reported higher scores of ‘common humanity’ and ‘mindfulness’, as facets of self-
compassion and as independent concepts, to relate to better face recognition memory
but no relationship was found between face recognition memory and either empathy or
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compassion for others. Findings showed mindfulness and its facets ‘acting with
awareness’ and ‘describe’, to positively relate to face recognition memory and neg-
atively relate to false alarms. Below, we review the concepts of empathy, compassion
and mindfulness in turn and outline our predictions.

Empathy ‘refers to the reactions of one individual to the observed experiences of
another’ (Davis, 1983; p. 113), with the Empathy Quotient (EQ; Baron-Cohen &
Wheelwright, 2004) and the Interpersonal Reactivity Index (IRI; Davis, 1983) being
the most commonly employed empathy measures (Hall & Schwartz, 2019). While the
EQ directs to a one-dimensional empathy, the IRI distinguishes four empathy factors;
‘perspective taking’ (i.e., understanding others’ psychological viewpoint), ‘fantasy’
(i.e., identifying with fictitious characters), ‘empathic concern’ (i.e., other-oriented
compassion) and ‘personal distress’ (i.e., anxiety triggered by upsetting situations).
Lawrence et al., (2004) found EQ to relate positively to IRI’s ‘empathic concern’ and
‘perspective taking’ (see also Melchers et al., 2015) and negatively to ‘personal
distress’, indicating the EQ and IRI share ideas, but also measure different notions of
empathy. Davis (1983) theorised ‘empathic concern’ as a compassionate stance and
altruistic response to eliminate others’ suffering – comparable to ‘positive empathy’
(Morelli et al., 2015). In contrast, ‘personal distress’ refers to emotional exhaustion by
accessing similar experiences of distress (Klimecki & Singer, 2011; Jordan et al., 2016),
parallelling ‘negative empathy’ (Andreychik & Migliaccio, 2015), and has been
proposed to be distinct from empathy (Baldner & McGinley, 2014). These findings
suggest varied concepts of empathy and a link between empathy and compassion.

Compassion is an emotional response to the suffering of others that induces a
motivation to help, prompting pro-social behaviour to eliminate that suffering (Goetz
et al., 2010; Bloom, 2017; Jordan et al., 2016; Klimecki & Singer, 2011); while in-
dividuals experience empathy by accessing similar experiences of distress, compassion
additionally motivates an active approach to alleviate suffering (Klimecki et al., 2013).
Singer and Klimecki (2014) reasoned for a ‘positive’ other-oriented compassion –

likened to EQ’s ‘empathic concern’ – which opposes a ‘negative’ self-oriented ‘em-
pathic distress’ that resembles EQ’s ‘personal distress’ (Klimecki et al., 2013; Jordan
et al., 2016). Research has reported moderate associations between IRI’s ‘empathic
concern’ and compassion (Santa Clara Brief Compassion Scale (SCBSC); Hwang
et al., 2008), indicating shared ideas in these measures. In the present research, we
explore whether empathy directly relates to compassion and aim to identify the po-
tential underlying notions shared between these different measures of empathy and
compassion. Specifically, we expect EQ, IRI’s ‘empathic concern’ and compassion to
define a first superordinate concept, detached from IRI’s ‘personal distress’.

Relevant to face recognition, Bate et al. (2010) reported a positive relationship
between empathy and face recognition memory, whereas Giannou et al. (2020) did not
support these findings nor a relationship between compassion and face recognition, but
related self-compassion’s ‘common humanity’ and the concept of Identification of All
Humanity (IWAH; McFarland et al., 2013) to better unfamiliar face recognition
memory performance. Hence, due to mixed previous findings, the proposed empathy-
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and compassion-based superordinate concept may or may not predict unfamiliar face
recognition ability.

Mindfulness, has a relatively young history as a Western psychological concept,
with Langer (1989) pioneering the conceptualization of mindfulness ‘as a general style
or mode of functioning through which the individual actively engages in reconstructing
the environment through creating new categories or distinctions, thus directing at-
tention to new contextual cures that may be consciously controlled or manipulated as
appropriate’ (Langer, 1989, p. 4). In this definition, a state of mindfulness comprises
novelty seeking, engagement, novelty producing and flexibility. Similarly, Kabat-Zinn
(1994) defined mindfulness as ‘paying attention in a particular way: on purpose, in the
present moment, and nonjudgmentally’ (p. 4), suggesting a state of mindfulness can be
cultivated through particular methods and repeated practices. In contrast to both Langer
(1989) and Kabat-Zinn (1994), who conceptualised mindfulness as a multifaceted
concept, Brown and Ryan (2003) proposed mindfulness as a single factor construct of
‘being attentive to and aware of what is taking place in the present’ (p. 822).

In regards to trait measures, the notion of a multifaceted mindfulness is reflected in
Baer et al. (2006)’s measure of mindfulness, whose examination of singe factor
mindfulness measures showed mindfulness comprising five facets: (a) ‘observing’
internal and external experiences; (b) ‘describing’ internal and external experiences
with words; (c) ‘acting with awareness’ of the present moment; (d) ‘non-judging’ of
inner thoughts and feelings; (e) ‘non-reacting’ to thoughts and feelings as they come
and go. Baer et al.’s (2006) mindfulness conceptualisation incorporates Brown and
Ryan’s (2003) theory and corresponding Mindfulness Attention and Awareness
(MAAS) scale, with previous research reporting these five facets to relate to Brown and
Ryan’s theory of mindfulness (Baer, et al., 2006; Soler et al., 2012); hence, we predict a
second mindfulness-based latent concept defined by both theories of mindfulness.

There are several potential routes through which mindfulness could affect unfa-
miliar face recognition performance. First, trait mindfulness, separate from self-
compassion, has been related to lower anxiety, social anxiety and neuroticism
levels, and higher extraversion scores (e.g., Brown & Ryan, 2003; Tang et al., 2007;
Dekeyser et al., 2008; Giluk, 2009; Rasmussen & Pidgeon, 2011; Freudenthaler et al.,
2017); all of which propose mindfulness to mediate the negative and positive pre-
dictors of face recognition performance. Second, mindfulness is characterised by
engaged and sustained attention to present moment experiences (e.g., Bishop et al.,
2004), with high levels of mindfulness related to better performance in sustained
attention tasks (e.g., Schmertz et al., 2009). Attention and memory processes are
discussed as closely interrelated cognitive functions, with engagement of present
moment attention vital for memory processes (e.g., Cowan, 1998). Research has
linked being mindful to allocating more attentional resources to target stimuli (e.g.,
Delgado-Pastor et al., 2013), as opposed to distracting, attention-demanding stimuli
(e.g., Slagter et al., 2007; Cahn & Polich, 2009), indicating the potential for mind-
fulness to be relevant in face recognition.
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Consequently, an extensive list of studies has reported on the effectiveness of
mindfulness on memory; nevertheless, with mixed findings (see Levi & Rosenstreich,
2019). Specific to recognition memory, research has reported a positive relationship
between trait mindfulness and object (Brown et al., 2016) and word (Rosenstreich &
Ruderman, 2016) recognition memory, and fewer false memories in word tasks, when
mindfulness practices were applied post-encoding (e.g., Lloyd et al., 2016; Calvillo
et al., 2018; but see Rosenstreich, 2016). Relevant to face recognition processes,
research has reported brief mindfulness-based practices to lead to better memory recall
in eyewitness processes (Giannou et al., 2021; Hammond et al., 2006; Wagstaff et al.,
2004) and significant increases in short-term memory capacity for faces, measured pre-
and post-intervention (Youngs et al., 2020). Although these studies have explored the
effects of mindfulness training, they suggest enhanced mindfulness levels to support
face recognition. Indeed, Giannou et al. (2020) observed trait mindfulness, and its
facets of ‘acting with awareness’ and ‘describe’, to relate to better overall face rec-
ognition performance and fewer false alarms. Hence, we predict the proposed
mindfulness-based superordinate concept to predict unfamiliar face recognition
memory performance and further be a negative predictor of false alarms, considering
the link between mindfulness and fewer false alarms in face and word recognition
paradigms (e.g., Giannou et al., 2020; Calvillo et al., 2018).

To summarise, the present research aims to provide, through a factor analysis, a
detailed examination of how measures of empathy, compassion and mindfulness relate
and, through structural equation modelling analyses, the potential of the proposed
superordinate concepts to predict unfamiliar face recognition memory. Previous re-
search proposes the first predicted superordinate construct to include EQ, IRI’s facets of
‘empathic concern’, ‘perspective taking’ and ‘fantasy’, compassion, common humanity
and IWAH; due to mixed previous findings (Bate et al., 2010; Giannou et al., 2020), the
investigation of such an empathy- and compassion-based construct in relation to face
recognition memory performance is exploratory in nature. The second proposed su-
perordinate construct comprises Brown and Ryan’s (2003) one-dimensional concept of
mindfulness and Baer et al.’s (2006) five facets of mindfulness, although we partic-
ularly focus on the ‘acting with awareness’ and ‘describe’ facets as they have been
specifically linked to better face recognition memory and fewer false alarms (Giannou
et al., 2020). We hypothesised this mindfulness-based superordinate construct to
predict better face recognition memory performance and fewer false alarms.

A further aim of the present study was to explore if the potential relationships
between the outlined personality characteristics and face recognition extend to a
different social stimulus (i.e., voices) and a non-social stimulus (i.e., doors); essentially,
whether higher levels of these traits link to general recognition memory, or, if they
reflect face-specific recognition abilities. Previously, Li et al. (2010) found that ex-
traverts were better at recognising faces but not flowers, and Davis et al. (2011) reported
social anxiety to negatively relate to face recognition ability but not car recognition.
Based on these findings, we expected the potential relationships between empathy,
compassion, mindfulness and face recognition performance to not extend to object
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(i.e., door) recognition. Yet, Brown et al. (2016) reported a positive relationship be-
tween trait mindfulness and object recognition; hence, we expected mindfulness,
perhaps indicative of better attentional skills (Schmertz et al., 2009), to predict object
recognition. When it comes to voice recognition, there is no research to link voice
recognition ability to personality, but perhaps the argument outlined above relating to
improved face recognition performance applies to this social stimulus as well. As faces
and voices represent social stimuli, findings showing similar effects on both but
differing effects on doors would indicate it is the ‘social’ factor driving recognition;
whereas, opposing findings on faces and voices would indicate that the effect of the
outlined traits indeed reflects face-specific abilities.

Method

Participants

A sample of 200 students and general public participants (124 females) aged between
17 and 41 years (Mage = 21.03, SDage = 4.60) were recruited. We recruited under-
graduate students in exchange for course credits and postgraduate students and
members of the general public with monetary compensation.

According to Comrey and Lee’s (1992) guidelines on sample size (i.e., 50 = very
poor; 100 = poor; 200 = fair; 300 = good; 500 = very good; 1000 or more = excellent),
the present sample size of 200 is considered ‘fair’ for factor analysis, offering a good
ratio of respondents to the 19 variables of at least 10:1 (see also Costello & Osborne,
2005; Hoe, 2008). For structural equation modelling analyses, a sample size of 200 is
recommended (Kline, 2011; Wu, 2009). An a priori sample size calculator was also
employed (Soper, 2021); the minimum sample size with a moderate effect (0.3), at a
power value of 0.8, including 3 latent and 19 observed variables, and with a probability
level of 0.05 was calculated at 256. Given the present Structural Equation Modelling
(SEM) model was based on the factor analysis outcome, a further calculation suggested
a minimum sample size of 123, reflecting a moderate effect (0.3), at a power value of
0.8, including 3 latent and 16 observed variables, and with a probability level of 0.05.

Materials

Recognition Memory Tasks

Face Recognition Memory Task. The images used were obtained from the Glasgow
Unfamiliar Face Database (http://www.facevar.com/downloads). Available for each
identity are colour images from a video clip and three additional different images. We
selected seven female and eight male front-facing face images from the video clip images
as the target images. Face images showed a neutral expression. We cropped these images
around the face and hairstyle, in a square, to be similar sized to the test images. To avoid
showing identical images in the study and test stage (see Burton, 2013), for each identity,
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we selected one test image from the three additional images (resulting in seven female
and eight male front-facing images, all displayed with neutral expressions). Using 15
target faces was based on Giannou et al. (2020), who included 20 target faces driving
performance to be low, and a pilot study showing the task was easier with 15 to-be-
remembered faces. We selected a further different eight male and different seven female
face images from the additional images of the GUFD, as distractor images. Additional
images in the GUFD (i.e., our test and distractor images) are shown cropped, showing the
face and hairstyle only and placed on a white background. Distractors and targets showed
similar features such as hair colour and hairstyle or combinations of these, to avoid the
possibility of these external features serving as cues for participants to recognise faces.
The images measured 55 cm by 70 cm on the screen and were displayed using two
Microsoft PowerPoint presentations; a 15-slide presentation was used in the target
presentation stage, and a 30-slide presentation of both target and distractor images was
used in the test stage for target recognition.

Object Recognition Memory Task. The images were obtained from the Doors of Memory
database (https://www.york.ac.uk/res/doors/index.shtml; Baddeley et al., 2016), which
includes images of over 2000 door scenes. We chose 20 green doors to serve as our
target images (we used the same image for the target and test stages), and a further 20
green doors to serve as our distractor images. Using 20 target doors was based on a pilot
study showing the task was easy with 15 to-be-remembered doors. The door images
measured 60 cm x 75 cm on the screen and were placed onto twoMicrosoft PowerPoint
presentations; one was a 20-slide target study presentation, and the other one was a 40-
slide test presentation of both target and distractor door images.

Voice Recognition Memory Task. The voices were obtained from the Forensic database of
voice recordings of 500+ Australian English speakers (http://databases.forensic-voice-
comparison.net/; Morrison et al., 2015). The database contains recordings of 552
Australian English speakers, most recorded in more than one occasion (e.g., casual
telephone conversation and pseudo-police-style interview). The police-style interview
occasion contained voices saying ‘no comment’ in more than one occasion, so we
identified five female and five male voices and chose two ‘no comment’ recordings for
each; half to serve as the studied target voices and half to serve as the test target voices.
Using 10 target voices was based on a pilot study showing the task was difficult with 15
to-be-remembered voices. A further five female and five male voices, saying ‘no
comment’, served as our distractor voices. The voice recordings were placed onto two
Microsoft PowerPoint presentations; one was a 10-slide target study presentation, and
the other one was a 20-slide test presentation of both target and distractor voices.

Personality Measures

Empathy Quotient. The EQ (Baron-Cohen &Wheelwright, 2004) includes 40 items (e.g.,
‘I am good at predicting what someone will do’) and 20 filler items (e.g., ‘I enjoy having
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discussions about politics’). Responses are given on a 4-point scale (ranging from
‘Strongly Agree’ to ‘Strongly Disagree’), with responses scoring 2, 1 or 0. Scoring
between 33–52 reflects ‘average’ empathy levels, while scoring lower than 33 and above
52 reflects ‘low’ and ‘high’ levels of empathy respectively. The EQ reportedly shows good
internal reliability (Cronbach’s α = .92; Baron-Cohen & Wheelwright, 2004); similarly,
the present study reports good internal reliability for the EQ (Cronbach’s α = .86).

Santa Clara Brief Compassion Scale. The Santa clara brief compassion scale (SCBCS)
(Hwang et al., 2008) has been adapted from Sprecher and Fehr’s (2005) Compassionate
Love Scale. The SCBCS includes five items (e.g., ‘I tend to feel compassion for people,
even though I do not know them’) and assesses compassion towards non-intimate
others (i.e., strangers). Responses on the SCBCS range from 1 (‘not at all true of me’) to
7 (‘very true of me’), with overall scores to ranging from 9 to 35 and a typical mean
score of 30. Hwang et al. (2008) reported good internal reliability for SCBCS (α = .90).
Similarly, for the present study, the SCBSC demonstrated good internal reliability,
Cronbach’s α = .87.

Self-Compassion Scale. The self-compassion scale (SCS) (Neff, 2003a) is a 26-item self-
report measure comprising subscales of Self-Kindness (e.g., ‘I try to be loving towards
myself when I am feeling emotional pain’), Self-Judgment (e.g., ‘When times are really
difficult, I tend to be tough on myself’), Common Humanity (e.g., ‘I try to see my failings
as part of the human condition’), Isolation (e.g., ‘When I fail at something that’s important
to me, I tend to feel alone in my failure’),Mindfulness (e.g., ‘When something upsets me I
try to keep my emotions in balance’) and Over-identification (e.g., ‘When something
upsets me I get carried away with my feelings’). Responses range from 1 (‘Almost Never’)
to 5 (‘Almost Always’) and, after reverse-scoring negative items, mean scores on the
subscales are then averaged to create an overall self-compassion score. For the SCS, Neff
(2003a) reported good internal reliability (Cronbach’s α = .92) and good test–retest re-
liability (r = .93) over a three-week interval. In the present study, overall SCS showed good
internal reliability (Cronbach’s α = .93); the subscales similarly demonstrated good in-
ternal reliability (Common Humanity, α = .73; Mindfulness, α = .74; Self-kindness, α =
.83; Self-judgment, α = .79; Isolation, α = .75; Over-identification, α = .75).

The Mindful Attention and Awareness Scale. The Mindful Attention and Awareness Scale
(MAAS) (Brown & Ryan, 2003) includes 15 items measuring internal and external
mindfulness in everyday activities (e.g., ‘It seems I am “running on automatic,”without
much awareness of what I’m doing’). Responses range from 1 (i.e., ‘Almost Always’) to
6 (i.e., ‘Almost Never’), with higher scores indicating higher mindfulness levels. Brown
and Ryan (2003) reported good internal reliability for this scale (α = .87). For total
MAAS, the present study showed good internal reliability, α = .82.

The Five Facet Mindfulness questionnaire – Short Form. The five facet mindfulness
questionnaire – short form (FFMQ-SF) (Bohlmeijer et al., 2011) is the short form of the
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39-item FFMQ (Baer, et al., 2006). The FFMQ-SF includes 24 items reflecting five
faces of mindfulness: observe (e.g., ‘I notice the smells and aromas of things’), describe
(e.g., ‘I’m good at finding words to describe my feelings’), acting with awareness (e.g.,
‘I am easily distracted’), non-judge (e.g., ‘I disapprove of myself when I have irrational
ideas’) and non-react (e.g., ‘I watch my feelings without getting lost in them’). Item
scoring ranges from 1 (‘never or rarely true’) to 5 (‘very often or always true’), with
higher scores indicating higher levels of mindfulness. Bohlmeijer et al. reported good
subscale reliability; observe, α = .81; describe, α = .87; acting with awareness, α = .83;
non-judge, α = .83; non-react, α = .75. The present study showed Cronbach’s α for total
FFMQ-SF to be .83, and subscales produced: non-react, α = .76; observe, α = .71; act
with awareness, α = .85; describe, α = .82; non-judge, α = .74.

Identification with All Humanity Scale. The Identification with all humanity scale (IWAH)
(McFarland et al., 2012) includes nine items (e.g., ‘How close do you feel to each of the
following groups?’). For each item, participants specify their degree of identification
with (a) their community, (b) nationality, and (c) people all over the world. IWAH
scores range from 1 (‘not at all’) to 5 (‘very much’). An overall score for (c) is
considered as the total IWAH score andMcFarland et al. (2012) report most participants
to score an average of 3 (‘somewhat’) in most items. McFarland et al. reported good
internal reliability for Community, Nationality and IWAH (α > .80). In the present
study, Cronbach’s α for total IWAH was .89.

Interpersonal Reactivity Index. The interpersonal reactivity index (IRI) (Davis, 1980,
1983) is a 28-item questionnaire measuring four dimensions of empathy: fantasy
(identifying with fictional characters), perspective taking (assuming the perspective of
others), empathic concern (experiencing feelings of concern and compassion for
others) and personal distress (feeling anxious and uncomfortable about the distress
of others). Each dimension is measured through seven statements, which are scored on
a Likert-type scale ranging from 0 (‘does not describe me at all’) to 4 (‘describes me
very well’). Final scores are computed by summing the scores on the seven items, with
higher scores indicating higher levels of each dimension. In the present study,
Cronbach’s α for total IRI was .79, and subscales produced: fantasy, α = .77; per-
spective taking, α = .71; empathic concern, α = .76; personal distress, α = .79.

Procedure

Participants were recruited through an advertisement placed on a university recruitment
system. To ensure participants actively engaged with the tasks of the experiment and
responded independently, testing took place in groups of eight or 10 in lecture theatres.
All tasks were presented through overhead projectors on large screens (measuring
157 cm by 243 cm). The first row of seats measured approximately 2 m away from the
screen and participants were restricted to the first three rows of seats. Each row was
separated from the next by approximately 40 cm.
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The tasks were conducted in sequence, with the order of the tasks randomised for
each session (see Figure 1). Before the study presentation of each of the tasks, par-
ticipants were instructed to focus on and attempt to memorise the stimuli. Each face and
door image was presented for 5 seconds and each voice was presented for the duration
of the recording, lasting between 600 and 830 ms. Then, participants completed a brief
filler task to ensure any observed effects reflected retrieval from long-term memory and
not a memory carry-over. The filler task asked participants to solve simply constructed
arithmetic problems (e.g., (6 + 7) � 42) and write down the answer on the sheet
provided. Each arithmetic problem was presented for 10 seconds. Participants then
progressed to the recognition part of the task. Different images/voices of the studied
stimuli were intermixed with previously un-seen/heard distractor stimuli. In the rec-
ognition part of the task, each face and door image was presented for 5 seconds and
each voice was presented for the duration of the recording, lasting between 600 and 830
milliseconds. Participants were required to make an old/new decision on each presented
stimulus before the next stimulus was presented and circle the appropriate response on a
response sheet. After the completion of the tasks, participants completed the self-report
questionnaires (i.e., EQ, IRI, SCS, SCBCS, MAAS, FFMQ-SF and IWAH).

Data Analysis

Recognition Memory Performance. Responses on the recognition memory (RM) tasks
were categorised as hits (studied stimulus correctly identified as ‘old’), correct re-
jections (unstudied stimulus correctly identified as ‘new’), misses (studied stimulus
incorrectly called ‘new’) and false alarms (unstudied stimulus incorrectly called ‘old’).

We also calculated a sensitivity index (d prime; d’) to identify participants’ ability to
discriminate between old and new stimuli and a response bias (c) to explore partic-
ipants’ bias towards either ‘old’ or ‘new’ responses. D prime is calculated as the
difference between the z score of the hit rate proportion [i.e., hits/(hits + misses)] from
the z score of the false alarm rate proportion [i.e., false alarms/(false alarms + correct
rejections)], with higher positive values indicating better performance. C is calculated
by averaging the hit rate z score and the false alarm rate z score, and multiplying the
result by negative one (Macmillan, 1993). Corrections were applied to hit and false
alarm rates of 0 and 1; for hit rates, 0.5 was added to the number of hits before being
divided by the sum of hits and misses, and, for false alarms, the sum of false alarms and
correct rejections were divided by 0.5 (Macmillan & Creelman, 1991). Positive c values
correspond to a conservative response bias (i.e., tendency for participants to respond
‘new’), whereas negative c values correspond to a liberal response bias (i.e., tendency
for participants to respond ‘old’; Macmillan & Creelman, 1991).

Factor Analysis

An exploratory factor analysis was conducted on IBM SPSS version 23. An initial
inspection of the dataset identified no missing data. Next, multivariate normality was
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assessed through Mahalanobis Distances, where observations with extreme stan-
dardized or combinations of scores (i.e., p < .001) were considered univariate or
multivariate outliers (Tabachnick & Fidell, 2007). Univariate and multivariate outliers
were evaluated for removal or retention in the analysis; we identified 1 outlier case
(scoring at p = .0007). Due to the proximity of this outlier case to the cut-off value of p <
.001, we tested the impact of this outlier on the analysis, running the exploratory factor
analysis with and without the case included. No difference in results was identified.
Consequently, the outlier was retained as it did not impact the outcome (Tabachnick
et al., 2013).

Moreover, multicollinearity was assessed with reference to correlations (Table 2)
and Variance Inflation Factor (VIF; i.e., identifying correlations between one predictor
and the other predictors in a regression model) between the variables, conducted in
IBM SPSS version 23. An examination of correlations between the measures revealed
that correlations between these variables did not exceed r = 0.80, which is considered
to meet assumptions of multicollinearity (Katz, 2006; Ho et al., 2009; O’Brien,
2007; Elith et al., 2010; Field, 2013; Wang et al., 2018). As seen in Table 2, two
measures showed correlations above r = .70; however, due to the overall number
of variables, these were not considered to have a strong impact on multicollinearity
(Clough et al., 2019). Furthermore, using a VIF value of .50 or higher is an indicator of
high multicollinearity (Menard, 1995; Hair et al., 2010), we examined the VIF values
between all variables, revealing all VIF rates to be below .31. Therefore, multi-
collinearity was not considered to be problematic (Tabachnick et al., 2013).

Structural Equation Modelling

To examine our hypotheses that the factors identified in the factor analysis would
predict face recognition memory performance, we performed SEM analyses in IBM
AMOS 23, using the maximum likelihood estimation method (Little et al., 2006;
Tomarken & Waller, 2005). Through the factor analysis, we asserted that outlier rates
(through Mahalanobis distances) and multicollinearity (through variable correlations
and VIF) did not impact the analyses. Then, we estimated the measurement model (i.e.,
confirmatory factor analysis relating measured variables to latent variables) to cor-
roborate that the measured variables effectively represented the latent variables. One
factor loading for each latent construct was fixed to 1 and the paths among the latent
variables were allowed to correlate. Based on McDonald and Ho (2002), the most
commonly reported indices for employing SEM are the χ2 (Chi-square statistic), CFI
(Comparative Fit index) and RMSEA (Root Mean Square Error of Approximation). A
combination of findings indicating a statistically non-significant chi-square value, a CFI
value equal or greater of .90, and an RMSEAvalue lower than .08 are representative of
a good fit (Kline, 2010; Ullman, 2001). Next, the structural model (i.e., relating the
latent variables to second-order variables) examined the relation between the latent
variables and second-order measured variables (i.e., recognition memory performance
measures).
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Results

Recognition Memory Performance

Descriptive Statistics. Descriptive statistics of the face, object and voice recognition
memory task measures are reported in Table 1. Overall recognition performance (d’)
was not equal across the three recognition memory tasks; all paired sample t-tests were
statistically significant (p < .001).

Personality Measures

Descriptive Statistics and Correlations. Pearson’s product-moment correlations (r) among
the personality variables are presented in Table 2.

One-dimensional empathy (measured through the EQ) correlated positively with
Compassion for Others (SCBCS) and Identification With All Humanity, the positive
facets of multifaceted empathy (Empathic Concern, Perspective Taking and Fantasy),
but not the negative empathy concept of Personal Distress, and both measures of
mindfulness: MAAS and FFMQ-SF’s facets of Acting with Awareness, Observe and
Describe. On average, of the facets of multifaceted empathy (measured though the IRI),

Table 1. Descriptive statistics of performance measures for the face recognition memory task
(FRM; 15 old, 15 new trials), the object recognition memory task (ORM; 20 old, 20 new trials)
and the voice recognition memory task (VRM; 10 old, 10 new trials).

Task Measure M (SD) Response Rates

FRM Hits 8.24 (2.03) 55%
Misses 6.78 (2.00) 45%
Correct rejections 9.08 (2.27) 61%
False alarms 5.87 (2.25) 39%
d’ .40 (.46) -
C .09 (.29) -

ORM Hits 14.83 (2.48) 74%
Misses 5.13 (2.46) 26%
Correct rejections 10.80 (2.58) 54%
False alarms 9.25 (2.55) 46%
d’ .81 (.59) -
C -.30 (.25) -

VRM Hits 4.55 (1.43) 46%
Misses 5.46 (1.44) 55%
Correct rejections 4.73 (1.57) 47%
False alarms 5.26 (1.56) 53%
d’ -.19 (.61) -
c .03 (.26) -

Note: FRM = face recognition memory, ORM = object recognition memory, VRM = voice recognition
memory.
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Personal Distress negatively related to mindfulness; correlations with the rest of the
measures echoed those shown with EQ.

Self-compassion’s facets correlated positively with the mindfulness facet of Non-
React and negatively to the empathic notion of Personal Distress but did not correlate
with SCBCS. SCBCS correlated positively with IWAH and positive empathic con-
cepts: Empathic Concern, Perspective Taking and Fantasy. MAAS correlated with
FFMQ-SF’s Acting with Awareness, Describe, Non-React and Non-Judge, but did not
correlate with IWAH. Overall, the pattern of relationships among mindfulness,
compassion and empathy were consistent with the research outlined in the introduction.

We further employed the Benjamini and Hochberg (1995) procedure, to minimise
the possibility of Type I errors arising due to multiple comparisons (Abdi, 2010; Diz
et al., 2011). The procedure accounts for a balance between false positives and false
negatives and increases the chances to find true positives (Diz et al., 2011; Glickmann
et al., 2014). Similar methodology has been employed in face and attention research
(Babaei et al., 2020) and mindfulness research (Strohmaier, 2020; Strohmaier et al.,
2020). Using the Benjamini and Hochberg (1995) procedure for multiple comparisons
(i.e., for p < .001), the outlined relationships remained significant.

Personality Measures and Recognition Memory

Correlations between the personality characteristics and all RM measures are reported
in Table 3.

Overall, face recognition memory performance (FRM d’) positively correlated to
mindfulness (as measured by MAAS) and FFMQ-SF’s Describe facet. False alarms in
the face recognition memory task negatively related to mindfulness and FFMQ-SF’s
Acting with Awareness facet. Moreover, there was positive correlation between FFMQ-
SF’s Acting with Awareness facet and participants’ response bias in the face recognition
task, indicating that Acting with Awareness related to a conservative response bias (i.e.,
a tendency to identify faces as ‘new’). Lastly, there was a negative relationship between
response bias in the object recognition task and identification with all humanity
(IWAH) levels, indicating IWAH was related to a liberal response bias (i.e., a tendency
to identify doors as ‘old’). However, correcting for 19 multiple comparisons (between
the recognition performance measures and personality constructs) using the Benjamini
and Hochberg (1995) procedure, the outlined relationships did not remain significant.

Factor Analysis

An exploratory factor analysis was conducted on the overall scores of MAAS, IWAH,
SCBCS, and EQ and the subscales for the SCS, FFMQ-SF, and the IRI (i.e., excluding
the overall scores of these questionnaires), to explore the factor structure of these seven
personality measures. The acceptability of the factorial structure and sample was
assessed by exploring the Kaiser–Meyer–Olkin (KMO) and the Bartlett’s sphericity
test. The Kaiser–Meyer–Olkin measure of sampling adequacy was .82, exceeding the

Giannou et al. 15
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recommended value of .6, and Bartlett’s Test of Sphericity (p < .001) indicated that the
assumptions for a factor analysis were met (Hair et al., 2010; Hutcheson & Sofroniou,
1999; Kline, 2011).

Principal component analysis revealed the presence of five components with ei-
genvalues exceeding 1, explaining 28.4%, 17.5%, 9.8%, 6.7% and 5.5% of the variance
respectively. An inspection of the screeplot revealed a break after the third component;
therefore, it was decided to retain three components for further investigation. This was
further supported by the results of Parallel Analysis (see Table 4), which showed only
three components with eigenvalues exceeding the corresponding criterion values for a
randomly generated data matrix of the same size (19 variables × 200 respondents).

To aid in the interpretation of these three components, Oblimin rotationwas performed
as Component 1 and Component 3 showed a medium correlation (r = .343; Skerman
et al., 2009; Hair et al., 2010). The rotated solution revealed the presence of a simple
structure (Thurstone, 1947), with all three components showing several strong loadings
(>.4) and most variables loading substantially on only one component (Table 5).

The three component solution explained a total of 55.6% of the variance; all Self-
Compassion subscales and the Non-React facet of the FFMQ-SF loaded strongly on
Component 1, contributing 28.4% of the variance; EQ, SCBCS, IWAH, IRI’s Empathic
Concern, Perspective Taking and Fantasy, and FFMQ’s Observe loaded strongly on
Component 2, contributing 17.5% of the variance; MAAS and FFMQ-SF’s Acting with
Awareness, Describe and Non-Judge and IRI’s Personal Distress loading strongly on
Component 3, contributing 9.8% of the variance. The interpretation of the three
components is consistent with previous research and a number of the hypotheses
outlined in the introduction.

Structural Equation Modelling

Based on the factor analysis above, and following Comrey and Lee’s (1992) rec-
ommendations on factor loadings (i.e., >.71 = excellent, > .63 = very good, > .55 =
good, > .45 = fair and >.32 = poor), we retained factors with component loadings in
excess of .55 (we retained the Fantasy factor [= .536] due to its proximity to the cut-off
value). According to this model, MAAS and FFMQ-SF’s facets of Acting with

Table 4. Comparison of eigenvalues from principal components analysis (PCA) and the
corresponding criterion values obtained from parallel analysis.

Number Eigenvalue from PCA Parallel analysis value Decision

1 5.398 1.586 Accept
2 3.318 1.470 Accept
3 1.861 1.385 Accept
4 1.270 1.313 Reject
5 1.045 1.245 Reject
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Awareness and Describe loaded on one latent factor, which we named Attention as it
distinguishes attention and awareness experiences of mindfulness from the non-react
and non-judge components. All the facets of Self-Compassion, along with FFMQ-SF’s
facet of Non-React, loaded on one separate factor that we named Non-reactive Self-
compassion. Lastly, EQ, IWAH, SCBCS and IRI’s dimensions of Empathic Concern,
Perspective Taking and Fantasy loaded on one factor, which we named Compassionate
Empathy. A confirmatory factor analysis was conducted to determine whether the
observed mindfulness, compassion and empathy variables were indeed indicators of
their corresponding latent variables. Indeed, all loadings on latent factors were sta-
tistically significant (p < .001), and most approached or exceeded β = 0.70. Regarding
latent factor correlations, only Attention positively related to Non-reactive Self-
compassion (β = .40, p < .001). Figure 2 presents the results of the SEM analysis,
using maximum likelihood estimations.

For the SEM in Figure 2, the results on these indices were as follows: χ2 (101) =
385.48, p < .001; CFI = .807; RMSEA = .119. The χ2 statistic suggested a poor model
fit; however, this test is highly sensitive to sample sizes such that it is relatively
uncommon in large sample size psychological research to find a non-significant test

Table 5. Factor loadings for exploratory analysis with oblique rotation of personality measures.

Personality Measures

Component Loading

1 2 3

Acting with Awareness (FFMQ-SF) .829
Mindful Attention Awareness Scale .822
Describe (FFMQ-SF) .684
Non-judge (FFMQ-SF) .452
Personal Distress (IRI) �.429
Mindfulness (Self-compassion) .843
Self-kindness (Self-compassion) .810
Common Humanity (Self-compassion) .793
Over-identification (Self-compassion) .793
Self-judgment (Self-compassion) .699
Isolation (Self-compassion) .656
Non-react (FFMQ-SF) .711
Empathy Quotient .676
Santa Clara Brief Compassion Scale .786
Identification with all humanity .632
Empathic concern (IRI) .833
Perspective taking (IRI) .695
Fantasy (IRI) .536
Observe (FFMQ�SF) .427

Note: FFMQ-SF = five facet mindfulness questionnaire – short form, IRI = interpersonal reactivity index.
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value (McDonald & Ho, 2002). Nevertheless, the remaining two indices both also
suggested a poor fit of the data to the hypothesized model; specifically, as mentioned
above, CFI values greater than .90 and RMSEA values of 0.05–0.08 are considered to
reflect adequate fit to the data (McDonald & Ho, 2002; Bollen & Long, 1993).

Given the hypothesised model was suggested to poorly fit the data, we examined the
modification indices suggested by AMOS (i.e., correlations between variables) to
explore the possibility to improve the model fit. According to Hooper et al. (2008),
modification indices should be approached with caution; however, Hooper et al. (2008)
posit that error variables can be allowed to correlate in order to improve the model fit,
only if the correlated error terms are kept within the same latent variable and are
supported theoretically. Therefore, we applied eight of the modification indices (i.e.,
correlations between error variables) suggested by AMOS, as shown in Figure 3. We

Figure 2. Structural model (confirmatory factor analysis) depicting how mindfulness, empathy
and compassion measures predict the different latent factors. Rectangles contain observed
variables and ovals contain latent variables. Coefficients appearing alongside arrowheads are
standardized path coefficients.
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retained correlations between error variables of the same latent construct; specifically,
we allowed four error correlations between facets of the self-compassion scale and one
error correlation between facets of the IRI scale, and three error correlations either
between empathy or compassion-based concepts.

These eight modification indices, outlined in Figure 3, improved the fit of the data to
the hypothesised model; χ2 (93) = 228.10, p < .001; CFI = .908; RMSEA = .085. As in
Figure 2, the χ2 statistic suggested a poor model fit. However, the CFI value increased
beyond the suggested .90 and the RMSEAvalue was marginally close to the upper limit
of 0.08; both these values suggested an acceptable fit of the model to the data
(McDonald & Ho, 2002; Bollen & Long, 1993).

The CFA model in Figure 3 was then tested with three separate second-order
(nonlinear) observed factors – face recognition memory performance (FRM d’),
object recognition memory performance (ORM d’) and voice recognition memory
performance (VRM d’). The model in Figure 4 showed good fit to the data, χ2

(135) = 270.25, p < .001; CFI = .909; RMSEA = .071. According to this model,
Attention positively predicted overall recognition memory performance for faces

Figure 3. Structural model with suggested modification indices.
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(β = .21, p = .011). As second-order observed factors, object recognition memory
performance (ORM d’) or voice recognition memory performance (VRM d’) did not
yield any significant results.

We further tested the model in Figure 4 by replacing overall performance in the rec-
ognition memory tasks (d’) with Hits, False Alarms and response bias (c) as second-order
observed factors. Testing themodel with Hits and c as second-order observed factors did not
yield any significant results. However, testing the model with False Alarms as second-order
observed factors, shown in Figure 5, suggested a good fit to the data, χ2 (135) = 279.44, p <
.001; CFI = .903; RMSEA = .073. According to this model, Attention negatively predicted
False Alarms in the face recognition memory task (β =�.27, p < .001), suggesting that the
False Alarms results, rather than Hits results, drive the reported changes in overall face
recognition performance. Finally, Non-reactive Self-compassion positively predicted Face
Recognition False Alarms (β = .19, p = .012).

Figure 4. Structural model depicting overall performance in the recognition memory tasks
(Faces: FRM d’; Objects: ORM d’; Voices: VRM d’) as second�order observed factors. Values in
bold indicate significant regression results.
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Discussion

In the present study, trait mindfulness, as measured by MAAS and Acting with
Awareness and Describe (derived from the FFMQ-SF) loaded on one latent construct,
which we named Attention to reflect attention- and awareness-based mindfulness facets
rather than non-reactive and non-judgemental stances. Supporting our hypothesis,
Attention positively predicted overall face recognition performance and negatively
predicted false alarms. All Self-Compassion facets grouped together with FFMQ-SF’s
Non-React facet to form a latent factor we named Non-reactive Self-compassion, which
positively predicted false alarms. Lastly, confirming our hypothesis, EQ, IWAH,
compassion for others (i.e., SCBCS), and IRI’s Empathic Concern, Perspective Taking
and Fantasy loaded on one latent construct, which we named Compassionate Empathy.
Contrary to Bate et al. (2010), but confirming Giannou et al. (2020), Compassionate
Empathy did not predict face recognition memory performance.

Attention, as a latent construct, was defined by MAAS and FFMQ-SF’s Acting with
Awareness and Describe facets. According to Brown and Ryan (2003), mindfulness
(i.e., MAAS) is a one-dimensional notion of being attentive and aware of what is taking
place in the present moment, while Baer et al.’s (2006) FFMQ-SF facet of Acting with

Figure 5. Structural model depicting Face (FRM_FA), Object (ORM_FA) and Voice (VRM_FA)
Recognition task False Alarm rates as second�order observed factors. Values in bold indicate
significant regression results.
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Awareness is described as attending to one’s actions rather than being on an automatic
pilot; consequently, these two comparable notions linked to describe Attention as a
superordinate concept. FFMQ-SF’s Describe facet offers to the depiction of this latent
concept, as it involves being able to communicate internal and external experiences
(Baer et al., 2006), perhaps as an outcome of being attentive to the present moment.
This shared idea of present moment awareness and attention was a significant predictor
of better overall unfamiliar face recognition performance and a decline in false alarms,
supporting our predictions and replicating previous findings with trait mindfulness
(Giannou et al., 2020) and mindfulness training (albeit with word stimuli; Lloyd et al.,
2016), but contradicting Brown et al. (2016), who showed the state variant of the
MAAS measure (Brown & Ryan, 2003) but not the trait MAAS or Acting with
Awareness to relate to object recognition memory performance.

Interestingly, the present findings and the findings in Giannou et al. (2020) indicate
the Describe, but not the Observe facet, to add to the description of the Attention latent
concept. While the items in the Describe facet summarise the experience of finding the
words to express internal experiences, the items in the Observe facet focus on noticing
external stimuli, with Baer et al. (2006) further discussing the Observe skill as being a
clearer quality of mindfulness with prolonged exposure to mindfulness meditation,
offering a potential explanation as to why the Observe facet was not descriptive of the
Attention latent construct.

The Non-reactive Self-compassion latent construct was defined by all Self-
Compassion facets grouped together, and the FFMQ-SF facet of Non-React, which
denotes a non-reactive stance towards inner experiences and is also characteristic of
self-compassion (Neff, 2003b). Baer et al. (2006) have previously reported positive
correlations between self-compassion and all five facets of mindfulness, with the
strongest association found between self-compassion and the non-react facet, sup-
porting the present findings. In contrast, Giannou et al. (2020) showed self-compassion
and its facets of Common Humanity’ and Mindfulness to relate to better face rec-
ognition performance, while, similar to the present findings, the Non-React facet did
not relate to face recognition. TheNon-Reactive Self-Compassion latent construct being
a positive predictor of false alarms in the face recognition task is a novel and un-
expected finding and is perhaps driven by the inclusion of the Non-React facet. Non-
reactivity implies resisting automatic judgment and reactivity of inner experiences
(Baer et al., 2006), perhaps affecting how individuals responded to their judgement of
faces as previously seen or unseen.

Therefore, the present findings indicate better face recognition memory ability to be
related to attention- and awareness-relevant mindfulness concepts (see also Brown
et al., 2016; Giannou et al., 2020) rather than the mindfulness facets of non-judge and
non-react, which have been related to unbiased judgements between ‘old’ and ‘new’
word stimuli (Wilson et al., 2015; Rosenstreich, 2016). The Non-Reactive Self-
Compassion, defined by a non-reactive stance, predicted an increase in false
alarms, confirming past findings (e.g., Wilson et al., 2015; Rosenstreich & Ruderman,
2016). While adopting a non-judgemental and non-reactive stance is key in sustaining
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focus and accepting present experiences as they are (e.g., Baer et al., 2006), these
qualities appear to interfere with decision making processes. Therefore, further research
exploring the relationship between mindfulness and face recognition should step to-
wards a more simplistic description and theory of mindfulness (e.g., Brown & Ryan,
2003), not inclusive of non-judgment (or non-reactivity and self-compassion) and
explore mindful attention in isolation.

The Compassionate Empathy latent construct, as predicted, was described by EQ,
IRI’s factors of empathic concern, perspective taking and fantasy, compassion (through
the SCBCS) and IWAH. Contrary to Bate et al. (2010), but supporting Giannou et al.
(2020), Compassionate Empathy did not predict face recognition performance. Per-
sonal distress is the only IRI factor not encompassed in Compassionate Empathy,
perhaps as the concept is indicative of a negative internalisation of experiences
compared to empathic concern, perspective taking and fantasy, which reflect other-
oriented, positive approaches (see Davis, 1983). This study offers support to models
distinguishing between positive and negative empathy notions (Morelli et al., 2015;
Andreychik & Migliaccio, 2015) and associating conceptualisations of empathy with
compassion (e.g., Singer & Klimecki, 2014; Bloom, 2017) by being the first study to
bring the respective measures together to show how their underlying concepts in-
tertwine. Rather than using the term empathy to describe a variety of different concepts,
theorists have long been suggesting theory and research should go beyond a unifying
term of empathy (e.g., Batson, 2009; Decety & Cowell, 2014; Bloom, 2017); the
present findings corroborate such a proposition.

Finally, we did not support previous findings showing a relationship between
Common Humanity and Identification With All Humanity and unfamiliar face rec-
ognition memory (see Giannou et al., 2020), and this absence of a relationship extended
to object and voice recognition memory. In fact, none of the individual traits outlined
above associated to object or voice recognition, corroborating previous findings
showing social factors to relate to face recognition memory abilities, but not object
recognition memory abilities (Li et al., 2010; Davis et al., 2011); such findings further
oppose research showing a positive association between trait mindfulness and object
recognition (Brown et al., 2016). However, such outcome should be interpreted with
caution as the lack of association could be attributed to relative task difficulty. We
reported significant within participant differences in all recognition tasks; average
performance in the object task was higher than face recognition performance, with
performance in the voice task being the poorest of the three. We propose one reason for
the door task being on average easier compared to the face and voice tasks, was the
study and test images being identical. Faces and voice stimuli in the study and test
stages comprised two different versions of the same identity, as a result making
recognising more challenging than in the door task. These task performance variations
reflect inevitable processing differences between faces, objects, and voices (e.g.,
Yarmey, 1995; Duchaine & Nakayama, 2005). Face cognition has been suggested to be
a highly specific cognitive ability (see Wilhelm et al., 2010; Wilmer et al., 2010;
Hildebrandt et al., 2011; Dennett et al., 2012; Wilmer, 2017); hence, the present
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findings support mindfulness being related to face recognition but not object recog-
nition (see also Li et al., 2010; Davis et al., 2011). In relation to voice recognition,
performance in auditory tasks has been found to be inferior to visual memory per-
formance (e.g., Cohen et al., 2009; Olsson et al., 1998) due to voices being relatively
weak in prompting recognition (e.g., Barsics & Brédart, 2011; Olsson et al., 1998).
Indeed, overall performance in the present voice task was substantially lower than the
face and door task, also signifying the difficulty of the voice task and indicating the
findings possibly reflect task difficulty. Thus, future research is essential to identify
whether mindfulness relates to recognition of social stimuli in general or whether the
association is specific to face recognition ability.

Wilhelm et al. (2007) and Wilhelm et al. (2010) are examples of research inves-
tigating individual differences in face recognition; compared to the present study,
Wilhelm and colleagues employed a variety of face memory and face perception indices
(e.g., accuracy and speed) to produce a structural equation model indicating the in-
dividual variability of face recognition performance. Future research should attempt to
extend the present findings by similarly employing a variety of face cognition mea-
sures, including accuracy and response time. Moreover, a future potential structural
equation model could include a social recognition memory latent variable (employing
accuracy and speed performance measures in recognition performance for social
stimuli), and a non-social recognition memory latent variable (employing accuracy and
speed recognition performance for non-social stimuli); this model could explore if the
latent variables shown in Figure 2 could predict social or non-social recognition
memory.

The present study employed self-report trait measures to investigate individual dif-
ferences in face recognition memory ability. Although self-report explorations suggested
these constructs play a role in unfamiliar face recognition memory (see Giannou et al.,
2020), common method variance (i.e., ‘variance that is attributable to the measurement
method rather than to the constructs the measures represent’; Podsakoff et al., 2003;
p. 879) may have impacted the outcome. Further research could attempt to replicate these
findings by comparing the face recognition memory ability of experienced mindfulness
and loving-kindness (i.e., compassion) meditators and meditation-naı̈ve individuals.
Meditation practices train individuals to develop a trait and state of mindfulness and
compassion (e.g., Kristeller & Johnson, 2005; Baer et al., 2008; Carmody & Baer, 2008;
Hofmann et al., 2011), offering a unique perspective on the effects of mindfulness on face
recognition memory. Moreover, future research utilising experienced meditators would
also address the debate on whether self-reported mindfulness measures efficiently
quantify mindfulness (e.g., Grossman, 2011; Grossman & Van Dam, 2011).

Furthermore, in the present study, participants completed the recognition memory
tasks in groups. Research has linked the presence of observers to poorer performance in
cognitive tasks (Eastvold et al., 2012), whereas social settings have been found to have
a negative influence on recall and recognition, due to others serving as distractors
(Herrewijn & Poels, 2015); these findings suggest that group testing may have ad-
versely affected recognition memory performance. Future research aiming to replicate
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our findings should test each participant individually, to ensure the presence of others
did not interfere with recognition performance.

Caution should also be taken when considering the theoretical and statistical overlap
between FFMQ-SF’s Acting with Awareness facet and the MAAS measure; the
FFMQ-SF (Baer et al., 2006) was developed by merging the overlapping factors of
single factor mindfulness questionnaires, with Acting with Awareness strongly rep-
resenting the MAAS measure, potentially leading to implications with multi-
collinearity. Future research aiming to explore the impact of mindfulness on face
recognition could utilise the state MAAS questionnaire (Brown & Ryan, 2003), to
guarantee separation of the two variables.

In conclusion, this is the first study to simultaneously administer measures of
empathy, compassion and mindfulness to examine their interconnectedness in de-
scribing distinct latent concepts and investigate whether these concepts predict face and
non-face recognition ability. Validating previous research, our results suggest
mindfulness-related constructs, as latent notions of attention, to positively predict face
recognition memory ability and negatively predict false alarms. Positive empathy and
compassion concepts collectively unified to a latent form of these affective concepts,
resonating with long standing discussions around the essential reconceptualization of
empathy and the link between empathy and compassion. Such a compassion-related
latent concept did not predict face recognition, validating previous research. Self-
compassion facets and the non-reacting characteristic of mindfulness combined to
describe a latent concept, which positively predicted false alarms. Finally, our results
show no link between the measured traits and voice and door recognition; although
further research is necessary to address relevant task difficulty issues, our findings
suggest the reported effects to be face-specific. Collectively, the present research
provides sufficient justification to further examine the potential for mindfulness-based
practices to support the face recognition process.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to the research, authorship,
and/or publication of this article.

Funding

The author(s) received no financial support for the research, authorship, and/or publication of this
article.

ORCID iD

Kyriaki Giannou  https://orcid.org/0000-0001-9951-5052

References

Abdi, H. (2010). Holm’s sequential Bonferroni procedure. In N. Salkind (Ed.), Encyclopaedia of
research design (pp. 574–578). Sage.

26 Psychological Reports 0(0)

https://orcid.org/0000-0001-9951-5052
https://orcid.org/0000-0001-9951-5052


Andreychik, M. R., & Migliaccio, N. (2015). Empathizing with others’ pain versus empathizing
with others’ joy: Examining the separability of positive and negative empathy and their
relation to different types of social behaviors and social emotions. Basic and Applied Social
Psychology, 37(5), 274–291. https://doi.org/10.1080/01973533.2015.1071256.

Arnell, K., & Dube, B. (2015). Extraversion predicts superior face-specific recognition ability,
but through experience, not positive affect. Journal of Vision, 15(12), 175. https://doi.org/
10.1167/15.12.175.

Babaei, E., Srivastava, N., Newn, J., Zhou, Q., Dingler, T., & Velloso, E. (2020). Faces of focus:
A study on the facial cues of attentional states. Proceedings of the 2020 CHI Conference on
Human Factors in Computing Systems, New York, NY, 25–30 April, 2020. 1–13. https://
doi.org/10.1145/3313831.3376566.

Baddeley, A. D., Hitch, G. J., Quinlan, P. T., Bowes, L., & Stone, R. (2016). Doors for memory: A
searchable database. Quarterly Journal of Experimental Psychology, 69(11), 2111–2118.
https://doi.org/10.1080/17470218.2015.1087582.

Baer, R. A., Smith, G. T., Hopkins, J., Krietemeyer, J., & Toney, L. (2006). Using self-report
assessment methods to explore facets of mindfulness. Assessment, 13(1), 27–45. https://doi.
org/10.1177/1073191105283504.

Baer, R. A., Smith, G. T., Lykins, E., Button, D., Krietemeyer, J., Sauer, S., Walsh, E., Duggan, D.,
& Williams, J. M. G. (2008). Construct validity of the five facet mindfulness questionnaire in
meditating and nonmeditating samples. Assessment, 15(3), 329–342. https://doi.org/10.1177/
1073191107313003.

Baldner, C., & McGinley, J. J. (2014). Correlational and exploratory factor analyses (EFA) of
commonly used empathy questionnaires: New insights. Motivation and Emotion, 38(5),
727–744. https://doi.org/10.1007/s11031-014-9417-2.

Baron-Cohen, S., & Wheelwright, S. (2004). The empathy quotient: An investigation of adults
with asperger syndrome or high functioning autism, and normal sex differences. Journal of
Autism and Developmental Disorders, 34(2), 163–175. https://doi.org/10.1023/B:JADD.
0000022607.19833.00.

Barsics, C., & Brédart, S. (2011). Recalling episodic information about personally known faces
and voices. Consciousness and Cognition, 20(2), 303–308. https://doi.org/10.1016/j.
concog.2010.03.008.

Bate, S., Parris, B., Haslam, C., & Kay, J. (2010). Socio-emotional functioning and face rec-
ognition ability in the normal population. Personality and Individual Differences, 48(2),
239–242. https://doi.org/10.1016/j.paid.2009.10.005.

Batson, C. D. (2009). These things called empathy: Eight related but distinct phenomena. In J.
Decety, & W. Ickes (Eds.), The social neuroscience of empathy (pp. 3–16). MIT press.
https://doi.org/10.7551/mitpress/9780262012973.003.0002.

Benjamini, Y., & Hochberg, Y. (1995). Controlling the false discovery rate: A practical and
powerful approach to multiple testing. Journal of the Royal Statistical Society: Series B
(Methodological), 57(1), 289–300. http://www.jstor.org/stable/2346101.

Bishop, S. R., Lau, M., Shapiro, S., Carlson, L., Anderson, N. D., Carmody, J., Segal, Z. V.,
Abbey, S., Speca, M., Velting, D., & Devins, G. (2004). Mindfulness: A proposed

Giannou et al. 27

https://doi.org/10.1080/01973533.2015.1071256
https://doi.org/10.1167/15.12.175
https://doi.org/10.1167/15.12.175
https://doi.org/10.1145/3313831.3376566
https://doi.org/10.1145/3313831.3376566
https://doi.org/10.1080/17470218.2015.1087582
https://doi.org/10.1177/1073191105283504
https://doi.org/10.1177/1073191105283504
https://doi.org/10.1177/1073191107313003
https://doi.org/10.1177/1073191107313003
https://doi.org/10.1007/s11031-014-9417-2
https://doi.org/10.1023/B:JADD.0000022607.19833.00
https://doi.org/10.1023/B:JADD.0000022607.19833.00
https://doi.org/10.1016/j.concog.2010.03.008
https://doi.org/10.1016/j.concog.2010.03.008
https://doi.org/10.1016/j.paid.2009.10.005
https://doi.org/10.7551/mitpress/9780262012973.003.0002
http://www.jstor.org/stable/2346101


operational definition. Clinical Psychology: Science and Practice, 11(3), 230–241. https://
doi.org/10.1093/clipsy.bph077.

Block-Lerner, J., Adair, C., Plumb, J. C., Rhatigan, D. L., & Orsillo, S. M. (2007). The case for
mindfulness-based approaches in the cultivation of empathy: Does nonjudgmental, present-
moment awareness increase capacity for perspective-taking and empathic concern?. Journal of
Marital and Family Therapy, 33(4), 501–516. https://doi.org/10.1111/j.1752-0606.2007.00034.x.

Bloom, P. (2017). Empathy and its discontents. Trends in Cognitive Sciences, 21(1), 24–31.
https://doi.org/10.1016/j.tics.2016.11.004.

Bohlmeijer, E., ten Klooster, P. M., Fledderus, M., Veehof, M., & Baer, R. (2011). Psychometric
properties of the five facet mindfulness questionnaire in depressed adults and development
of a short form. Assessment, 18(3), 308–320. https://doi.org/10.1177/1073191111408231.

Bollen, K. A., & Long, J. S. (1993). Testing structural equation models. Sage.
Bothwell, R. K., Brigham, J. C., & Pigott, M. A. (1987). An exploratory study of personality

differences in eyewitness memory. Journal of Social Behavior & Personality, 2(3),
335–343.

Brown, KW, Goodman, RJ, Ryan, RM, & An�alayo, B (2016). Mindfulness enhances episodic
memory performance: Evidence from a multimethod investigation. Plos One, 11(7),
e0153309. https://doi.org/10.1371/journal.pone.0153309.

Brown, K. W., & Ryan, R. M. (2003). The benefits of being present: mindfulness and its role in
psychological well-being. Journal of Personality and Social Psychology, 84(4), 822–848.
https://doi.org/10.1037/0022-3514.84.4.822.

Bruce, V., Bindemann, M., & Lander, K. (2018). Individual differences in face perception and
person recognition. Cognitive Research: Principles and Implications, 3(1), 18. https://doi.
org/10.1186/s41235-018-0109-4.

Burton, A. M. (2013). Why has research in face recognition progressed so slowly? The im-
portance of variability. Quarterly Journal of Experimental Psychology, 66(8), 1467–1485.
https://doi.org/10.1080/17470218.2013.800125.

Cahn, B. R., & Polich, J. (2009). Meditation (Vipassana) and the P3a event-related brain po-
tential. International Journal of Psychophysiology, 72(1), 51–60. https://doi.org/10.1016/j.
ijpsycho.2008.03.013.

Calvillo, D. P., Flores, A. N., & Gonzales, L. C. (2018). A brief mindfulness induction after
encoding decreases false recognition in the Deese-Roediger-McDermott paradigm. Psy-
chology of Consciousness: Theory, Research, and Practice, 5(2), 131–139. https://doi.org/
10.1037/cns0000145.

Carmody, J., & Baer, R. A. (2008). Relationships between mindfulness practice and levels of
mindfulness, medical and psychological symptoms and well-being in a mindfulness-based
stress reduction program. Journal of Behavioral Medicine, 31(1), 23–33. https://doi.org/10.
1007/s10865-007-9130-7.

Clough, B. A., Eigeland, J. A., Madden, I. R., Rowland, D., & Casey, L. M. (2019). Development
of the eTAP: A brief measure of attitudes and process in e-interventions for mental health.
Internet Interventions, 18(2), 100256. https://doi.org/10.1016/j.invent.2019.100256.

28 Psychological Reports 0(0)

https://doi.org/10.1093/clipsy.bph077
https://doi.org/10.1093/clipsy.bph077
https://doi.org/10.1111/j.1752-0606.2007.00034.x
https://doi.org/10.1016/j.tics.2016.11.004
https://doi.org/10.1177/1073191111408231
https://doi.org/10.1371/journal.pone.0153309
https://doi.org/10.1037/0022-3514.84.4.822
https://doi.org/10.1186/s41235-018-0109-4
https://doi.org/10.1186/s41235-018-0109-4
https://doi.org/10.1080/17470218.2013.800125
https://doi.org/10.1016/j.ijpsycho.2008.03.013
https://doi.org/10.1016/j.ijpsycho.2008.03.013
https://doi.org/10.1037/cns0000145
https://doi.org/10.1037/cns0000145
https://doi.org/10.1007/s10865-007-9130-7
https://doi.org/10.1007/s10865-007-9130-7
https://doi.org/10.1016/j.invent.2019.100256


Cohen, M. A., Horowitz, T. S., &Wolfe, J. M. (2009). Auditory recognition memory is inferior to
visual recognition memory. Proceedings of the National Academy of Sciences, 106(14),
6008–6010. https://doi.org/10.1073/pnas.0811884106.

Comrey, A., & Lee, H. (1992). A first course in factor analysis (2nd ed.). Lawrence Earlbaum
Associates.

Costello, A. B., & Osborne, J. (2005). Best practices in exploratory factor analysis: Four
recommendations for getting the most from your analysis. Practical Assessment, Research,
and Evaluation, 10(3), 7. https://doi.org/10.7275/jyj1-4868.

Cowan, N. (1998). Attention and memory: An integrated framework. Oxford University Press.
Davis, M. H. (1980). A multidimensional approach to individual differences in empathy. JSAS

Catalog of Selected Documents in Psychology, 10(7), 85.
Davis, M. H. (1983). Measuring individual differences in empathy: Evidence for a multidi-

mensional approach. Journal of Personality and Social Psychology, 44(1), 113–126. https://
doi.org/10.1037/0022-3514.44.1.113.

Davis, J. M., McKone, E., Dennett, H., O’Connor, K. B., O’Kearney, R., & Palermo, R. (2011).
Individual differences in the ability to recognise facial identity are associated with social
anxiety. Plos One, 6(12), e28800. https://doi.org/10.1371/journal.pone.0028800.

Decety, J., & Cowell, J. M. (2014). The complex relation between morality and empathy. Trends
in Cognitive Sciences, 18(7), 337–339. https://doi.org/10.1016/j.tics.2014.04.008.

Dekeyser, M., Raes, F., Leijssen, M., Leysen, S., & Dewulf, D. (2008). Mindfulness skills and
interpersonal behaviour. Personality and Individual Differences, 44(5), 1235–1245. https://
doi.org/10.1016/j.paid.2007.11.018.

Delgado-Pastor, L. C., Perakakis, P., Subramanya, P., Telles, S., & Vila, J. (2013). Mindfulness
(Vipassana) meditation: Effects on P3b event-related potential and heart rate variability.
International Journal of Psychophysiology, 90(2), 207–214. https://doi.org/10.1016/j.
ijpsycho.2013.07.006.

Dennett, H. W., McKone, E., Edwards, M., & Susilo, T. (2012). Face aftereffects predict in-
dividual differences in face recognition ability. Psychological Science, 23(11), 1279–1287.
https://doi.org/10.1177/0956797612446350.

Diz, AP, Carvajal-Rodrı́guez, A, & Skibinski, DO (2011). Multiple hypothesis testing in pro-
teomics: A strategy for experimental work.Molecular & Cellular Proteomics: MCP, 10(3),
M110–M004374. https://doi.org/10.1074/mcp.M110.004374.

Duchaine, B., & Nakayama, K. (2005). Dissociations of face and object recognition in de-
velopmental prosopagnosia. Journal of Cognitive Neuroscience, 17(2), 249–261. https://
doi.org/10.1162/0898929053124857.

Eastvold, B., Belanger, H. G., & Vanderploeg, R., (2012). Does a third party observer affect
neuropsychological test performance? It depends. The Clinical Neuropsychologist, 26(3),
520–541. http://dx.doi.org/10.1080/13854046.2012.663000

Elith, J., Kearney, M., & Phillips, S. (2010). The art of modelling range-shifting species.Methods
in Ecology and Evolution, 1(4), 330–342. https://doi.org/10.1111/j.2041-210X.2010.
00036.x.

Field, A. (2013). Discovering statistics sing IBM SPSS statistics (4th edition). Sage.

Giannou et al. 29

https://doi.org/10.1073/pnas.0811884106
https://doi.org/10.7275/jyj1-4868
https://doi.org/10.1037/0022-3514.44.1.113
https://doi.org/10.1037/0022-3514.44.1.113
https://doi.org/10.1371/journal.pone.0028800
https://doi.org/10.1016/j.tics.2014.04.008
https://doi.org/10.1016/j.paid.2007.11.018
https://doi.org/10.1016/j.paid.2007.11.018
https://doi.org/10.1016/j.ijpsycho.2013.07.006
https://doi.org/10.1016/j.ijpsycho.2013.07.006
https://doi.org/10.1177/0956797612446350
https://doi.org/10.1074/mcp.M110.004374
https://doi.org/10.1162/0898929053124857
https://doi.org/10.1162/0898929053124857
http://dx.doi.org/10.1080/13854046.2012.663000
https://doi.org/10.1111/j.2041-210X.2010.00036.x
https://doi.org/10.1111/j.2041-210X.2010.00036.x


Freudenthaler, L., Turba, J. D., & Tran, U. S. (2017). Emotion regulation mediates the asso-
ciations of mindfulness on symptoms of depression and anxiety in the general population.
Mindfulness, 8(5), 1339–1344. https://doi.org/10.1007/s12671-017-0709-y.

Giannou, K., Frowd, C. D., Taylor, J. R., & Lander, K. (2021). Mindfulness in face recognition:
Embedding mindfulness instructions in the face-composite construction process. Applied
Cognitive Psychology, 35(4), 999–1010. https://doi.org/10.1002/acp.3829.

Giannou, K., Taylor, J. R., & Lander, K. (2020). Exploring the relationship between mindfulness,
compassion and unfamiliar face identification. Journal of Cognitive Psychology, 32(3),
298–322. https://doi.org/10.1080/20445911.2020.1739693.

Giluk, T. L. (2009). Mindfulness, big five personality, and affect: A meta-analysis. Personality
and Individual Differences, 47(8), 805–811. https://doi.org/10.1016/j.paid.2009.06.026.

Glickman, M. E., Rao, S. R., & Schultz, M. R. (2014). False discovery rate control is a rec-
ommended alternative to Bonferroni-type adjustments in health studies. Journal of Clinical
Epidemiology, 67(8), 850–857. https://doi.org/10.1016/j.jclinepi.2014.03.012.

Goetz, J. L., Keltner, D., & Simon-Thomas, E. (2010). Compassion: An evolutionary analysis and
empirical review. Psychological Bulletin, 136(3), 351–374. https://doi.org/10.1037/a0018807.

Grossman, P. (2011). Defining mindfulness by how poorly I think I pay attention during everyday
awareness and other intractable problems for psychology’s (re)invention of mindfulness:
Comment on Brown et al. (2011). Psychological Assessment, 23(4), 1034–1040. https://doi.
org/10.1037/a0022713.

Grossman, P., & Van Dam, N. T. (2011). Mindfulness, by any other name: trials and tribulations
of sati in western psychology and science. Contemporary Buddhism, 12(01), 219–239.
https://doi.org/10.1080/14639947.2011.564841.

Hair, J. F., Anderson, R. E., Babin, B. J., & Black, W. C. (2010). Multivariate data analysis: A
gobal perspective (vol. 7). Pearson Education.

Hall, J. A., & Schwartz, R. (2019). Empathy present and future. The Journal of Social Psy-
chology, 159(3), 225–243. https://doi.org/10.1080/00224545.2018.1477442.

Hammond, L., Wagstaff, G. F., & Cole, J. (2006). Facilitating eyewitness memory in adults and
children with context reinstatement and focused meditation. Journal of Investigative
Psychology and Offender Profiling, 3(2), 117–130. https://doi.org/10.1002/jip.47.

Herrewijn, L., & Poels, K. (2015). The impact of social setting on the recall and recognition of in-
game advertising. Computers in Human Behavior, 53(5), 544–555. https://doi.org/10.1016/
j.chb.2014.06.012.

Hildebrandt, A., Wilhelm, O., Schmiedek, F., Herzmann, G., & Sommer, W. (2011). On the
specificity of face cognition compared with general cognitive functioning across adult age.
Psychology and Aging, 26(3), 701–715. https://doi.org/10.1037/a0023056.

Ho, K. M., Dobb, G. J., Lee, K. Y., Finn, J., Knuiman, M., &Webb, S. A. R. (2009). The effect of
comorbidities on risk of intensive care readmission during the same hospitalization: A
linked data cohort study. Journal of Critical Care, 24(1), 101–107. https://doi.org/10.1016/
j.jcrc.2007.11.015.

Hoe, S. L. (2008). Issues and procedures in adopting structural equation modelling technique.
Journal of Quantitative Methods, 3(1), 76–83. https://ink.library.smu.edu.sg/sis_research/
5168.

30 Psychological Reports 0(0)

https://doi.org/10.1007/s12671-017-0709-y
https://doi.org/10.1002/acp.3829
https://doi.org/10.1080/20445911.2020.1739693
https://doi.org/10.1016/j.paid.2009.06.026
https://doi.org/10.1016/j.jclinepi.2014.03.012
https://doi.org/10.1037/a0018807
https://doi.org/10.1037/a0022713
https://doi.org/10.1037/a0022713
https://doi.org/10.1080/14639947.2011.564841
https://doi.org/10.1080/00224545.2018.1477442
https://doi.org/10.1002/jip.47
https://doi.org/10.1016/j.chb.2014.06.012
https://doi.org/10.1016/j.chb.2014.06.012
https://doi.org/10.1037/a0023056
https://doi.org/10.1016/j.jcrc.2007.11.015
https://doi.org/10.1016/j.jcrc.2007.11.015
https://ink.library.smu.edu.sg/sis_research/5168
https://ink.library.smu.edu.sg/sis_research/5168


Hofmann, S. G., Grossman, P., & Hinton, D. E. (2011). Loving-kindness and compassion
meditation: Potential for psychological interventions. Clinical Psychology Review, 31(7),
1126–1132. https://doi.org/10.1016/j.cpr.2011.07.003.

Hooper, D., Coughlan, J., &Mullen, M. R. (2008). Structural equation modelling: Guidelines for
determining model fit. Electronic Journal of Business Research Methods, 6(1), 53–60.

Hutcheson, G. D., & Sofroniou, N. (1999). The multivariate social scientist: Introductory
statistics using generalized linear models. Sage.

Hwang, J. Y., Plante, T., & Lackey, K. (2008). The development of the Santa Clara brief
compassion scale: An Abbreviation of Sprecher and Fehr’s compassionate love scale.
Pastoral Psychology, 56(4), 421–428. https://doi.org/10.1007/s11089-008-0117-2.

Jordan, M. R., Amir, D., & Bloom, P. (2016). Are empathy and concern psychologically distinct?
Emotion, 16(8), 1107–1116. https://doi.org/10.1037/emo0000228.

Kabat-Zinn, J. (1994). Wherever you go, there you are: Mindfulness meditation in everyday life.
Hyperion.

Katz, M. (2006). Study design and statistical analysis: A practical guide for clinicians. Cam-
bridge University Press.

Klimecki, O. M., Ricard, M., & Singer, T. (2013). Empathy versus compassion: Lessons from 1st
and 3rd person methods. In T. Singer, &M. Bolz (Eds.),Compassion: Bridging practice and
science (pp. 272–287). Max Planck Society. http://www.compassion-training.org/?lang=
en&page=download.

Klimecki, O. M., & Singer, T. (2011). Empathic distress fatigue rather than compassion fatigue?
Integrating findings from empathy research in psychology and social neuroscience. In B.
Oakley, A. Knafo, G. Madhavan, & D. Sloan Wilson (Eds.), Pathological altruism
(pp. 368–383). Oxford University Press.

Kline, R. B. (2010). Promise and pitfalls of structural equation modeling in gifted research. In B.
Thompson, & R. F. Subotnik (Eds.), Methodologies for conducting research on giftedness
(pp. 147–169). American Psychological Association. https://doi.org/10.1037/12079-
007.Methodologies for Conducting Research on Giftedness

Kline, R. B. (2011). Principles and practice of structural equation modeling. Guilford.
Kristeller, J. L., & Johnson, T. (2005). Cultivating loving kindness: A two-stage model of the

effects of meditation on empathy, compassion, and altruism. Zygon, 40(2), 391–408. https://
doi.org/10.1111/j.1467-9744.2005.00671.x.

Lander, K., Bruce, V., & Bindemann, M. (2018). Use-inspired basic research on individual
differences in face identification: Implications for criminal investigation and security.
Cognitive Research: Principles and Implications, 3(1), 26. https://doi.org/10.1186/s41235-
018-0115-6.

Lander, K., & Poyarekar, S. (2015). Famous face recognition, face matching, and extraversion.
Quarterly Journal of Experimental Psychology, 68(9), 1769–1776. https://doi.org/10.1080/
17470218.2014.988737.

Langer, E. J. (1989). Mindfulness. De Capo Press.
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),
911–920. https://doi.org/10.1017/S0033291703001624.

Giannou et al. 31

https://doi.org/10.1016/j.cpr.2011.07.003
https://doi.org/10.1007/s11089-008-0117-2
https://doi.org/10.1037/emo0000228
http://www.compassion-training.org/?lang=en&page=download
http://www.compassion-training.org/?lang=en&page=download
https://doi.org/10.1037/12079-007
https://doi.org/10.1037/12079-007
https://doi.org/10.1111/j.1467-9744.2005.00671.x
https://doi.org/10.1111/j.1467-9744.2005.00671.x
https://doi.org/10.1186/s41235-018-0115-6
https://doi.org/10.1186/s41235-018-0115-6
https://doi.org/10.1080/17470218.2014.988737
https://doi.org/10.1080/17470218.2014.988737
https://doi.org/10.1017/S0033291703001624


Levi, U., & Rosenstreich, E. (2019). Mindfulness and memory: A review of findings and a
potential model. Journal of Cognitive Enhancement, 3(3), 302–314. https://doi.org/10.
1007/s41465-018-0099-7.

Li, J., Tian, M., Fang, H., Xu, M., Li, H., & Liu, J. (2010). Extraversion predicts individual
differences in face recognition. Communicative & Integrative Biology, 3(4), 295–298.
https://doi.org/10.4161/cib.3.4.12093.

Little, T. D., Bovaird, J. A., &Widaman, K. F. (2006). On the merits of orthogonalizing powered
and product terms: Implications for modeling interactions among latent variables. Structural
Equation Modeling: A Multidisciplinary Journal, 13(4), 497–519. https://doi.org/10.1207/
s15328007sem1304_1.

Lloyd, M., Szani, A., Rubenstein, K., Colgary, C., & Pereira-Pasarin, L. (2016). A brief
mindfulness exercise before retrieval reduces recognition memory false alarms. Mindful-
ness, 7(3), 606–613. https://doi.org/10.1007/s12671-016-0495-y.

Macmillan, N. A. (1993). Signal detection theory as data analysis method and psychological
decision model. In G. Keren, & C. Lewis (Eds.), A handbook for data analysis in the
behavioural sciences: Methodological issues (pp. 21–57). Lawrence Erlbaum Associates.

Macmillan, N. A., & Creelman, C. D. (1991). Detection theory: A user’s guide. Cambridge
University Press.

McDonald, R. P., & Ho, M.-H. R. (2002). Principles and practice in reporting structural equation
analyses. Psychological Methods, 7(1), 64–82. https://doi.org/10.1037//1082-989X.7.1.64.

McFarland, S., Brown, D., & Webb, M. (2013). Identification with all humanity as a moral
concept and psychological construct. Current Directions in Psychological Science, 22(3),
194–198. https://doi.org/10.1177/0963721412471346.

McFarland, S., Webb, M., & Brown, D. (2012). All humanity is my ingroup: A measure and
studies of identification with all humanity. Journal of Personality and Social Psychology,
103(5), 830–853. https://doi.org/10.1037/a0028724.

Melchers, M., Montag, C., Markett, S., & Reuter, M. (2015). Assessment of empathy via self-
report and behavioural paradigms: data on convergent and discriminant validity. Cognitive
Neuropsychiatry, 20(2), 157–171. https://doi.org/10.1080/13546805.2014.991781.

Menard, S. (1995). Applied logistic regression analysis: Sage university series on quantitative
applications in the social sciences. Sage.

Morelli, S. A., Lieberman, M. D., & Zaki, J. (2015). The emerging study of positive empathy.
Social and Personality Psychology Compass, 9(2), 57–68. https://doi.org/10.1111/spc3.
12157.

Morrison, G.S., Zhang, C., Enzinger, E., Ochoa, F., Bleach, D., Johnson, M., Folkes, B.K., De
Souza, S., Cummins, N., & Chow, D. (2015). Forensic database of voice recordings of 500+
Australian English speakers. Forensic Voice Comparison Databases. http://databases.
forensic-voice-comparison.net/.

Neff, K. D. (2003a). The development and validation of a scale to measure self-compassion. Self
and Identity, 2(3), 223–250. https://doi.org/10.1080/15298860309027.

Neff, K. (2003b). Self-compassion: An alternative conceptualization of a healthy attitude toward
oneself. Self and Identity, 2(2), 85–101. https://doi.org/10.1080/15298860309032.

32 Psychological Reports 0(0)

https://doi.org/10.1007/s41465-018-0099-7
https://doi.org/10.1007/s41465-018-0099-7
https://doi.org/10.4161/cib.3.4.12093
https://doi.org/10.1207/s15328007sem1304_1
https://doi.org/10.1207/s15328007sem1304_1
https://doi.org/10.1007/s12671-016-0495-y
https://doi.org/10.1037//1082-989X.7.1.64
https://doi.org/10.1177/0963721412471346
https://doi.org/10.1037/a0028724
https://doi.org/10.1080/13546805.2014.991781
https://doi.org/10.1111/spc3.12157
https://doi.org/10.1111/spc3.12157
http://databases.forensic-voice-comparison.net/
http://databases.forensic-voice-comparison.net/
https://doi.org/10.1080/15298860309027
https://doi.org/10.1080/15298860309032


O’Brien, R. (2007). A caution regarding rules of thumb for variance inflation factors.Quality and
Quantity, 41, 673–690. https://doi.org/10.1007/s11135-006-9018-6.

Olsson, N., Juslin, P., & Winman, A. (1998). Realism of confidence in earwitness versus
eyewitness identification. Journal of Experimental Psychology: Applied, 4(2), 101–118.

Podsakoff, P.M.,MacKenzie, S. B., Lee, J.-Y., & Podsakoff, N. P. (2003). Commonmethod biases in
behavioral research: A critical review of the literature and recommended remedies. Journal of
Applied Psychology, 88(5), 879–903. https://doi.org/10.1037/0021-9010.88.5.879.

Rasmussen, M. K., & Pidgeon, A. M. (2011). The direct and indirect benefits of dispositional
mindfulness on self-esteem and social anxiety. Anxiety, Stress, and Coping, 24(2), 227–233.
https://doi.org/10.1080/10615806.2010.515681.

Ready, D. J., Bothwell, R. K., & Brigham, J. C. (1997). The effects of hypnosis, context re-
instatement, and anxiety on eyewitness memory. International Journal of Clinical and
Experimental Hypnosis, 45(1), 55–68. https://doi.org/10.1080/00207149708416106.

Rosenstreich, E. (2016). Mindfulness and false-memories: The impact of mindfulness practice on
the DRM paradigm. The Journal of Psychology, 150(1), 58–71. https://doi.org/10.1080/
00223980.2015.1004298.

Rosenstreich, E., & Ruderman, L. (2016). Not sensitive, yet less biased: A signal detection theory
perspective on mindfulness, attention, and recognition memory. Consciousness and
Cognition, 43(6), 48–56. https://doi.org/10.1016/j.concog.2016.05.007.

Schmertz, S. K., Anderson, P. L., & Robins, D. L. (2009). The relation between self-report
mindfulness and performance on tasks of sustained attention. Journal of Psychopathology
and Behavioral Assessment, 31(1), 60–66. https://doi.org/10.1007/s10862-008-9086-0.

Singer, T., & Klimecki, O. M. (2014). Empathy and compassion. Current Biology, 24(18),
R875–R878. https://doi.org/10.1016/j.cub.2014.06.054.

Skerman, H. M., Yates, P. M., & Battistutta, D. (2009). Multivariate methods to identify cancer-
related symptom clusters. Research in Nursing & Health, 32(3), 345–360. https://doi.org/
10.1002/nur.20323.

Slagter, H. A., Lutz, A., Greischar, L. L., Francis, A. D., Nieuwenhuis, S., Davis, J. M., &
Davidson, R. J. (2007). Mental training affects distribution of limited brain resources. Plos
Biology, 5(6), e138. https://doi.org/10.1371/journal.pbio.0050138.

Soler, J, Tejedor, R, Feliu-Soler, A, Pascual, JC, Cebolla, A, Soriano, J, Alvarez, E, & Perez, V
(2012). Psychometric proprieties of Spanish version of Mindful Attention Awareness Scale
(MAAS). Actas espanolas de psiquiatria, 40(1), 19–26.

Soper, D. S. (2021). A-Priori sample size calculator for structural equation models [software].
Statistics Calculator. http://www.danielsoper.com/statcalc.

Sprecher, S., & Fehr, B. (2005). Compassionate love for close others and humanity. Journal of Social
and Personal Relationships, 22(5), 629–651. https://doi.org/10.1177/0265407505056439.

Steffen, P. R., & Masters, K. S. (2005). Does compassion mediate the intrinsic religion-health
relationship? Annals of Behavioral Medicine, 30(3), 217–224. https://doi.org/10.1207/
s15324796abm3003_6.

Strohmaier, S. (2020). The relationship between doses of mindfulness-based programs and
depression, anxiety, stress, and mindfulness: A dose-response meta-regression of

Giannou et al. 33

https://doi.org/10.1007/s11135-006-9018-6
https://doi.org/10.1037/0021-9010.88.5.879
https://doi.org/10.1080/10615806.2010.515681
https://doi.org/10.1080/00207149708416106
https://doi.org/10.1080/00223980.2015.1004298
https://doi.org/10.1080/00223980.2015.1004298
https://doi.org/10.1016/j.concog.2016.05.007
https://doi.org/10.1007/s10862-008-9086-0
https://doi.org/10.1016/j.cub.2014.06.054
https://doi.org/10.1002/nur.20323
https://doi.org/10.1002/nur.20323
https://doi.org/10.1371/journal.pbio.0050138
http://www.danielsoper.com/statcalc
https://doi.org/10.1177/0265407505056439
https://doi.org/10.1207/s15324796abm3003_6
https://doi.org/10.1207/s15324796abm3003_6


randomized controlled trials. Mindfulness, 11(7), 1315–1335. https://doi.org/10.1007/
s12671-020-01319-4.

Strohmaier, S., Jones, F.W., & Cane, J.E. (2020). Effects of length of mindfulness practice on
mindfulness, depression, anxiety, and stress: A randomized controlled experiment.
Mindfulness. Ahead of Print https://doi.org/10.1007/s12671-020-01512-5.

Tabachnick, B. G., & Fidell, L. S. (2007). Experimental designs using ANOVA. Thomson/
Brooks/Cole.

Tabachnick, B. G., Fidell, L. S., & Ullman, J. B. (2013). Using multivariate statistics (5,
pp. 481–498). Pearson.

Tang, Y.-Y., Ma, Y., Wang, J., Fan, Y., Feng, S., Lu, Q., Yu, Q., Sui, D., Rothbart, M. K., Fan, M.,
& Posner, M. I. (2007). Short-term meditation training improves attention and self-regu-
lation. Proceedings of the National Academy of Sciences, 104(43), 17152–17156. https://
doi.org/10.1073/pnas.0707678104.

Tomarken, A. J., & Waller, N. G. (2005). Structural equation modeling: Strengths, limitations,
and misconceptions. Annual Review of Clinical Psychology, 1, 31–65. https://doi.org/10.
1146/annurev.clinpsy.1.102803.144239.

Thurstone, L. L. (1947). Multiple factor analysis. University of Chicago Press.
Ullman, J. B. (2001). Structural equation modeling. In B. G. Tabachnick, & L. S. Fidell (Eds.),

Using multivariate statistics (3rd ed., pp. 709–811). Harper Collins.
Wagstaff, G. F., Brunas-Wagstaff, J., Cole, J., Knapton, L., Winterbottom, J., Crean, V., &

Wheatcroft, J. (2004). Facilitating memory with hypnosis, focused meditation, and eye
closure. International Journal of Clinical and Experimental Hypnosis, 52(4), 434–455.
https://doi.org/10.1080/00207140490889062.

Wallace, B.A. (2006). The attention revolution. Wisdom.
Wang, R., Li, Q., He, S., Liu, Y., Wang, M., & Jiang, G. (2018). Modeling and mapping the

current and future distribution of Pseudomonas syringae pv. actinidiae under climate change
in China. Plos One, 13(2), e0192153. https://doi.org/10.1371/journal.pone.0192153.

Wilhelm, O., Herzmann, G., Kunina, O., Danthiir, V., Schacht, A., & Sommer, W. (2010). Individual
differences in perceiving and recognizing faces-one element of social cognition. Journal of
Personality and Social Psychology, 99(3), 530–548. https://doi.org/10.1037/a0019972.

Wilhelm, O., Herzmann, G., Kunina, O., & Sommer, W. (2007). Face cognition: A set of distinct
mental abilities. Nature Precedings, 1. https://doi.org/10.1038/npre.2007.1385.1.

Wilmer, J. B. (2017). Individual differences in face recognition: A decade of discovery. Current Di-
rections in Psychological Science, 26(3), 225–230. https://doi.org/10.1177/0963721417710693.

Wilmer, J. B., Germine, L., Chabris, C. F., Chatterjee, G., Williams, M., Loken, E., Nakayama, K.,
& Duchaine, B. (2010). Human face recognition ability is specific and highly heritable.
Proceedings of the National Academy of Sciences, 107(11), 5238–5241. https://doi.org/10.
1073/pnas.0913053107.

Wilson, B. M., Mickes, L., Stolarz-Fantino, S., Evrard, M., & Fantino, E. (2015). Increased false-
memory susceptibility after mindfulness meditation. Psychological Science, 26(10),
1567–1573. https://doi.org/10.1177/0956797615593705.

Wu, M.L. (2009). Structural equation model: The operation and application of AMOS.
Chongqing People’s Publishing House.

34 Psychological Reports 0(0)

https://doi.org/10.1007/s12671-020-01319-4
https://doi.org/10.1007/s12671-020-01319-4
https://doi.org/10.1007/s12671-020-01512-5
https://doi.org/10.1073/pnas.0707678104
https://doi.org/10.1073/pnas.0707678104
https://doi.org/10.1146/annurev.clinpsy.1.102803.144239
https://doi.org/10.1146/annurev.clinpsy.1.102803.144239
https://doi.org/10.1080/00207140490889062
https://doi.org/10.1371/journal.pone.0192153
https://doi.org/10.1037/a0019972
https://doi.org/10.1038/npre.2007.1385.1
https://doi.org/10.1177/0963721417710693
https://doi.org/10.1073/pnas.0913053107
https://doi.org/10.1073/pnas.0913053107
https://doi.org/10.1177/0956797615593705


Yarmey, A. D. (1995). Earwitness speaker identification. Psychology, Public Policy, and Law,
1(4), 792–816.

Youngs, M. A., Lee, S. E., Mireku, M. O., Sharma, D., & Kramer, R. S. (2020). Mindfulness
meditation improves visual short-term memory. Psychological Reports, 124(4), 1673–1686.
Advance Online Publication. https://doi.org/10.1177/0033294120926670.

Giannou et al. 35

https://doi.org/10.1177/0033294120926670

	A Open Access Coversheet (1) (1)
	00332941211061698
	Attentional Features of Mindfulness are Better Predictors of Face Recognition than Empathy and Compassion-Based Constructs
	Introduction
	Method
	Participants

	Materials
	Recognition Memory Tasks
	Face Recognition Memory Task
	Object Recognition Memory Task
	Voice Recognition Memory Task

	Personality Measures
	Empathy Quotient
	Santa Clara Brief Compassion Scale
	Self-Compassion Scale
	The Mindful Attention and Awareness Scale
	The Five Facet Mindfulness questionnaire – Short Form
	Identification with All Humanity Scale
	Interpersonal Reactivity Index

	Procedure
	Data Analysis
	Recognition Memory Performance

	Factor Analysis
	Structural Equation Modelling

	Results
	Recognition Memory Performance
	Descriptive Statistics

	Personality Measures
	Descriptive Statistics and Correlations

	Personality Measures and Recognition Memory
	Factor Analysis
	Structural Equation Modelling

	Discussion
	Declaration of Conflicting Interests
	Funding
	ORCID iD
	References



