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Abstract
Background: The ability to appropriately process social stimuli such as facial expressions is crucial to emotion regulation and the

maintenance of supportive interpersonal relationships. Cognitive Bias Modification Tasks (CBMTs) are being investigated as potential interventions for those who struggle to appropriately process social stimuli.

Aims: Two studies aimed to assess the effectiveness of a novel computerised ‘Compassion Game’ CBMT compared with a validated
‘Self-Esteem Game’ (Study 1, n = 66) and a Neutral Control Game (Study 2, n = 59).

Method: In each study, baseline, post-task, and one-month follow-up measures of 3 self-reported forms of self-criticism (inadequate
self, hated self, and self-reassurance) were used to examine the benefits of two weeks’ attentional training.

Results: Analyses show that the novel Compassion Game significantly reduced inadequate self-criticism at post and one-month

follow-up (Studies 1 and 2) and increased self-reassurance (Study 1). Results also show that the Self-Esteem (Study 1) and the Neutral Control Game (Study 2), which also used social stimuli, produced reductions in inadequate self-criticism.

Conclusions: Results suggest that training one’s attention toward social stimuli can improve inadequate self-criticism. Implications
for the use of compassionate stimuli in such CBMTs are discussed.

Keywords: Attentional Training; Cognitive Bias; Compassion; Social Stimuli; Self-Criticism

Introduction
Attachment and affiliative relationships act both physiologically and psychologically as emotional regulators to attenuate feelings of

threat, and increase feelings of safeness [1,2]. Forming and maintaining affiliative relationships involves making judgements about other
people’s feelings and intentions. Non-verbal communications, especially facial expressions, are fundamental to the way affiliative/supportive versus indifferent/hostile attitudes or intentions of others are communicated [3,4]. However, research has found that individuals

experiencing anxiety, depression, social anxiety and attachment insecurity show attentional biases, with enhanced attention to negative/
threatening facial expressions and reduced attention to positive/affiliative facial expressions [5-7].

Interventions to facilitate the processing of affiliative and compassionate emotions could therefore have great therapeutic value

[8]. Indeed, interventions training compassionate/affiliative emotions have been effective in improving wellbeing and health [9-11].
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Approaches to training people to be more focused on affiliative emotion are emerging in different forms, one of which is attentional training in the form of Cognitive Bias Modification Tasks (CBMTs).

CBMTs are used therapeutically to ‘re-train’ or ‘de-bias’ pathogenic attentional processing/biases, by reducing attention to threatening

stimuli and/or increasing attention to non-threatening (neutral) or positive stimuli [12,13]. In one CBMT, participants’ attention was trai-

ned away from threat-related words and towards neutral words, and performance on a measure of attentional bias was associated with
reduced stress responses to an acute stressor [14]. The effects were replicated in online studies showing reductions in anxiety [13,15,16].
Wadlinger and Issacowitz [17] compared this standard training task to a modified task which retrained participant’s attention towards

positive rather than neutral word stimuli, and subsequently found participants attended significantly less to negative scenes, compared
with those who completed a standard neutral word training task. This suggests that it may be of more therapeutic value to retrain atten-

tional biases towards positive rather than neutral stimuli. Consistent with this, Dandeneau., et al. [12] developed a Self-Esteem Game in

which participants repeatedly located a smiling/accepting face in an array of angry/rejecting faces. Dandeneau., et al. [12] found that after
practising the game, telemarketers working in a high stress environment showed higher state self-esteem, lower perceived stress, better
sales performance, and reduced cortisol (a stress hormone) compared to their control group counterparts.

Previous training studies have used stimuli specifically related to the targeted emotional vulnerability; for example, angry and happy

facial expressions for anxiety and social anxiety [18-21], sad and happy facial expressions for depression [22-24], accepting and rejecting

facial expression for self-esteem [25-27]. Stemming from research and clinical work on compassion as a reparative process for self-criticism [28,29], the aim of the current study was to positively influence self-criticism using a CBMT which features more subtle social stimuli.

More specifically, this involves introducing compassionate stimuli [6] into a CBMT. Informed by recent research on self-compassion and
self-criticism, the rationale for using compassionate stimuli was that whilst affiliative emotions can be useful in down-regulating threat

emotions [30], some types of positive stimuli such as smiling faces, can be aversive or threatening (e.g. the ‘cruel smile’, [31]). For some
people, especially those vulnerable to affective disorders, smiles may also signify social dominance, making the perceiver feel subordinate
[32], or may signify social approach, which may be threatening to socially anxious individuals [33].

In the context of self-criticism, compassionate facial expressions could therefore offer greater beneficial effects in that they convey a

more “reassuring” social cue. Self-criticism is a transdiagnostic factor in a range of mental health problems [34] and a barrier to the effec-

tiveness of talking therapies [35], therefore this variable is a worthy target of wellbeing interventions. Compassion-based interventions
specifically target self-criticism and have been consistently found to reduce self-criticism in clinical samples [9-11]. The following two
studies therefore assessed whether compassionate stimuli in a CBMT would have beneficial effects on self-criticism.

Research suggests that there are multiple components/sources to self-criticism. For example, Thompson and Zuroff [37] proposed

a two-component model of self-criticism consisting of comparative self-criticism and internalized self-criticism. In parallel, and more

closely associated with self-compassion, Gilbert et al [38] proposed a three component model of self-criticism consisting of inadequate
self which captures a sense of putting oneself down and feeling inadequate after failures and setbacks, reassured self which captures the

degree of positive warm disposition toward oneself, and hated self which captures a more destructive, aggressive, and persecuting desire
to hurt oneself. The current studies therefore investigate the potential positive effect of CBMT on distinct components of self-criticism.

In Study 1, we compared a Compassion Game with a validated Self-Esteem Game, to see whether compassionate stimuli would have

equitable or more specific effects with an active control featuring more generic positive facial stimuli. In Study 2, we compared the Compassion Game with a Neutral Control Game that involved searching for a young neutral face amongst older neutral faces, to establish

whether game playing effects were due to the compassion element of the game or simply the intrinsic reward of exposure to social stimuli.
In Study 1, we hypothesised that the Compassion Game would improve participants’ self-criticism scores to the same extent, if not better

than the Self-Esteem Game. In Study 2, we hypothesised that participants in the Compassion Game would show greater improvement of
their self-criticism scores than those in the Neutral Control Game.
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The goal of Study 1 was to compare the Compassion Game to a previously validated task, the Self-Esteem Game. We hypothesised that

participants would benefit from both games as they both train attention toward positive social stimuli (smiling/compassionate) and away

from negative social stimuli (rejecting/critical), but that there may be subtle differences in how self-criticism is affected by the games.
For example, training attention toward compassionate faces may be more beneficial than training attention toward smiling faces for the

reasons outlined above (i.e. broad-smiles can signal social dominance and therefore be a threat). In addition, reducing self-criticism is a

primary target of compassion-based interventions and so one might hypothesise that a compassion-based CBMT may be more effective
than a generic positive affect-based CBMT.

Materials and Methods
Design

A mixed design was employed with Game Type (Compassion Game vs. Self-Esteem Game) as the between-subjects independent vari-

able, and Time (baseline, post and follow-up) as the within-subjects independent variable. Self-criticism can affect how compassionate
interventions are received [38], therefore we used a stratified randomization method to ensure an equal distribution of participants with
high and low inadequate self-criticism scores (using the lower cut-off from Duarte., et al. [38]) in both conditions.
Participants

Four participants were identified as outliers and were excluded, so the analyses were conducted on the data from the remaining 66

participants. Participants (N = 66) comprised University of Derby students and non-lecturing/research staff (42 females and 24 males)

aged 19 to 76 years (M = 36.77, SD = 11.43). Participants were randomised to play either the Compassion Game (N = 33) or the Self-Es-

teem Game (N = 33). Ethical approval was obtained from the University of Derby Psychology Department ethics committee. The study was
conducted in accordance with the 1975 Declaration of Helsinki (as revised in Tokyo in 2004).
CBMT training conditions

The compassion game: Stimuli for the Compassion Game consisted of black and white compassionate and critical faces of men and

women taken from the McEwan Faces facial stimuli set [6]. Compassion pictures are characterised as having a softer and more subdued

close-mouthed smile expressing kindness and compassion compared to broad open-mouthed or expressive smiles that denote happiness
or joy. Critical faces are characterised by frowning eyebrows with downturned lips to denote disapproval and criticism compared to

scowling expressions with contracted nose muscles that denote anger and threat. Compassionate and neutral faces were rated by parti-

cipants and showed good retest reliability (r = .86 for compassionate faces r=.77 for critical faces and r = .60 for neutral faces - see [6] for

further validation details). The game replicated the Self-Esteem Game [12] in every other respect and asked participants to identify the

compassionate face in a 4 x 4 grid of critical distractor faces as quickly as possible. The game took approximately 5 - 6 minutes to complete, including 10 practice trials and 80 experimental trials. For each trial, one of the 16 compassionate faces was randomly assigned to

one of the 16 squares in the grid, with 15 critical faces assigned to the remainder of the grid. Participants accessed the game through the
internet. The Compassion Game was programmed in AdobeFlash and is available on request from the authors. Examples of the Compassion Game and Self-Esteem Game screens are shown in figure 1.

The self-esteem game: The Self-Esteem training condition was the same as used in Dandeneau., et al. [12,26] (see [12] for full details).

The stimuli consisted of pictures of smiling and frowning faces as depictions of accepting and rejecting information. Participants were
asked to “identify the smiling/accepting person as quickly as possible”. The game involved the same 4 x 4 grid structure, with one target
among 16 faces, and 80 experimental trials.
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Figure 1: Compassion game and self-esteem game screens.

Procedure
Participants who gave consent were scheduled to attend a laboratory session where they completed baseline measures of the 22-item-

Forms of Self-Criticism/Attacking and Self-Reassurance Scale, measuring Inadequate Self-Criticism, α = .90, Hated Self-Criticism, α = .86,

and Self-Reassurance, α = .86 [37]. Participants were asked to rate on a five-point scale (ranging from 0 = not at all like me to 4 = extremely
like me) how they might typically think and react when things go wrong for them. Participants also completed the Rosenberg Self-Es-

teem Scale (α = .82) to assess general feelings of self-worth [39]. They were then assigned using stratified randomisation (controlling
for baseline self-criticism level) to either the Compassion or the Self-Esteem CBMT training group and were asked to play the games a

minimum of 10 times over a period of two weeks. Daily email reminders were sent to encourage participants to practice the game online
for approximately 5 minutes daily. Each participants’ game sessions were time-stamped online at the beginning and end to track game

playing compliance. After the two-week training, participants attended a post-training laboratory session where they completed the same
self-report measures as during the baseline. This was repeated one month later for follow-up evaluations.
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Data analysis

The data were analysed using a mixed MANOVA with game condition (Compassion versus Self-Esteem) as the between-subjects vari-

able and time (baseline vs. post) as the within-subjects variable to test the hypothesis that the Compassion Game would reduce self-cri-

ticism to an equal or greater extent than the Self-Esteem Game. Additional MANOVAs assessed whether any effects were maintained

between baseline vs. follow-up, and post-task vs. follow-up. Scores were screened for outliers using scatter-plots and z-scores. The data

were screened for normality of distribution. The scores on the hated self-criticism subscale were positively skewed (3.1) and kurtotic
(14.19) and were therefore were log-transformed for analysis.

Results

Independent measures t tests showed that there were no significant differences in game playing compliance or baseline scores betwe-

en game conditions (all ps > .07). Of importance, the stratified randomisation method created groups with equivalent levels of inadequate
self-criticism. In other words, participants in the Compassion Game and Self-Esteem Game conditions did not differ on baseline scores of
inadequate self-criticism, F(1, 64) = 1.71, p = 0.165 (See table 1 for means and SD). Game playing compliance was high in both the Com-

passion Game condition (M = 9.58, SD = 1.52) and the Self-Esteem Game (M = 9.89, SD = 1.20). Table 1 shows the means and standard

deviations for all three components of self-criticism scores at baseline, post, and follow-up for the two game conditions.
Score Range

Game Type

Baseline

Mean (SD)

Mean (SD)

Mean (SD)

Inadequate

0 - 36

Compassion

14.50 (7.62)

12.27 (7.82)

10.14 (7.46)

Hated

0 - 20

Compassion

2.48 (3.81)

1.97 (3.13)

1.85 (2.95)

Self-Reassurance

0 - 32

Compassion

Self-Criticism
Self-Criticism

Self-Esteem

Self-Esteem

Self-Esteem

12.06 (7.51)
1.85 (1.99)

17.79 (5.83)
20.91 (5.51)

Post Training

10.75 (6.72)
1. 41 (1.62)

19.82 (5.91)
21.56 (6.15)

1-month Follow-Up

10.24 (6.70)
1.39 (1.75)

20.61 (6.63)
21.61 (6.03)

Table 1: Means (standard deviations) for forms self-criticism at baseline, post, and follow-up for compassion game
and self-esteem game conditions.
Note: Untransformed hated self-criticism scores are reported above, however the log transformed scores were
used for the analyses reported in the results section.

Effects of game condition: There was a multivariate main effect of time (baseline vs. post), F(4, 60) = 4.87, p = .002,ηp2 = .245. The 2

(Time: baseline vs post) by 2 (Game Type) repeated-measures univariate tests revealed a significant main effect of Time for inadequate

self-criticism, F(1, 63) = 9.82, p = .003, ηp2 = .135, hated self-criticism, F(1, 63) = 6.67, p = .012, ηp2 = .096, and self-reassurance, F(1, 63)

= 137.09, p = .010, ηp2 = .101, indicating that participants playing both games showed reductions in inadequate and hated self-criticism,

and increases in self-reassurance. All three interaction terms were non-significant, F(1, 63) = 0.30, p = .585; F(1, 63) = 0.24, p = .625;

and F(1, 63) = 0.24, p = .625 (inadequate, hated, and self-reassurance respectively). There were no further significant between-subjects,
within-subjects or interaction effects (ps all > .28).

Post-hoc within-subjects contrasts comparing baseline vs. post self-criticism scores for both conditions separately showed that parti-

cipants in the Compassion Game condition showed a significant decrease in inadequate self-criticism, F(1, 32) = 5.41, p = .026, ηp2 = .145,

and an increase in self-reassurance, F(1, 32) = 8.88, p = .005, ηp2 = .217, and a significant reduction for hated self-criticism, F(1, 32) = 4.97,

p = .033, ηp2 = .134. Participants in the Self-Esteem Game condition showed a significant decrease from baseline to post in inadequate

self-criticism, F(1, 31) = 4.57, p = .041, ηp2 = .128, but not for self-reassurance, F(1, 31) = .93, p = .34, and hated self-criticism, F(1, 31) =
2.38, p = .16.

A 2 (Time: baseline vs post) by 2 (Game Type) repeated-measures univariate ANOVA was also conducted on trait self-esteem scores

and revealed non-significant main and interaction effects, F(1, 63) = 0.000397, p = .984 and F(1, 63) = 4.76, p = .493, respectively.
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The presence of a main effect of time in combination with the absence of a condition and interaction effect suggested that participants

in both game conditions showed significant improvements. As both training conditions showed significant changes, it was difficult to say

whether these changes are due to the positive training effects of both conditions or due to a regression to the mean effect [40]. Using a

statistical approach developed by Ostermann, et al., [41], we therefore estimated the range of the population mean (µ) where observed

training effects were likely to occur. This method calculated, using the observed data, a range of values for the population mean for which
a training effect would occur. When the observed data (see table 1 for means of observed data) are completely within the range of popu-

lation estimates, one can conclude that the observed changes are most likely due to a treatment effect [41]. Conversely, when the observed
data (i.e. group means) show partial overlap or are far from overlapping, one concludes that the observed changes are, respectively, proba-

bly and unlikely due to a treatment effect. These estimates were calculated only for the significant contrasts reported above. Estimates for

the changes observed in inadequate self-criticism for participants in the Compassion condition indicated the presence of a training effect
when population scores were 13.3 and above (i.e., µCompassion = 13.3 and above). The observed data overlap this estimated range (Mbaseline =

14.50, and Mpost = 12.27) suggesting that the decrease in inadequate self-criticism scores were probably due to a training effect. Changes

observed in the Self-Esteem condition estimate a µSelf-Esteem = 12.2 and above, suggesting that the observed decrease again was probably due

to a training effect. In regard to self-reassurance scores, estimates indicated that increases observed in the Compassion Game condition
were probably due to a training effect (µCompassion = 18.5 and lower).

Effects at follow-up: To explore whether any effects were maintained at follow-up, the same mixed measures MANOVA analyses were

repeated for variables at baseline vs. follow-up, and post vs. follow-up.

Baseline to follow-up: For baseline vs. follow-up analyses there was a multivariate main effect for time with significant differences

between baseline and follow-up F(7, 58) = 6.34, p < .001, ηp2 = .434. Univariate tests revealed that follow-up scores for inadequate and

hated self-criticism, and self-reassurance, were significantly different than baseline scores, F(1,64) = 29.97, p < .001, ηp2 = .319; F(1, 64)
= 7.93 p = .006, ηp2 = .110; F(1, 64) = 11.45, p = .001, ηp2 = .152, respectively. Within-subject contrasts showed that for participants in the

Compassion Game condition, there was a significant decrease from baseline to follow-up in inadequate self-criticism, F(1, 32) = 28.20 p

< .001, ηp2 = .468, and an increase in self-reassurance, F(1, 32) = 10.97 p = .002, ηp2 = .225, but a marginal effect for hated self-criticism,

F(1, 32) = 3.97 p = .055, ηp2 = .110. For participants in the Self-Esteem Game condition, there was a significant decrease from baseline to
follow-up for inadequate self-criticism, F(1, 32) = 5.52 p = .025, ηp2 = .147, and hated self-criticism, F(1, 32) = 4.35,p = .045, ηp2 = .120, but

a non-significant change for self-reassurance, F(1, 32) = .251 p = .25. Estimates for the population range of the training effects were again
computed for the observed significant differences. Population ranges of training effects for inadequate self-criticism indicated that chan-

ges were most likely due to training effects for both the Compassion (µCompassion = 7.6 and above) and for the Self-Esteem Game condition

(µSelf-Esteem = 10.2 and above). Estimates for the changes in self-reassurance between baseline and follow-up in the Compassion Game condition suggested that changes were most likely due to a training effect (µCompassion = 24.0 and lower). Finally, changes in hated self-criticism

for the Self-Esteem Game condition suggested an unlikely presence of a training effect (µSelf-Esteem = 2.0 and above).

Post to follow-up: Comparing post with follow-up, there were no multivariate effects of time (post vs. follow-up), F(4, 61) = 1.24, p =

.32, indicating that significant changes between baseline and post were maintained at follow-up.

Discussion

Study 1 indicated that individuals responded favourably to both types of training games that utilized positive facial stimuli. Results

suggest that this type of training could be particularly helpful in reducing self-criticism. Interestingly, the Compassion Game and Self-Es-

teem games did not show increases in trait self-esteem scores which may indicate that both training tasks have more specific effects on
self-criticism (i.e. self-attacking and pejorative self-talk) than on trait self-esteem (i.e. general feelings of self-worth and social acceptance). Indeed, Dandeneau., et al.’s [12, Studies 2a and 2b] did not measure trait self-esteem as an outcome measure but rather participants’

state self-esteem when recuperating from a social stressor [12, Studies 3a and 3b]. The current results show a novel effect of the Self-Esteem (and the Compassion) game on trait-like measures of self-criticism.

The compassion faces did not lead to any further reduction in self-criticism over and above the positive faces of the self-esteem task.

It may be that both games are beneficial as they train attention toward positive social stimuli and simultaneously away from critical or
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rejecting facial expressions. It could also be that the differences between compassionate and smiling facial expressions are too subtle to
be distinguished. Further research comparing these different types of expression would be invaluable in establishing this. Importantly,

the benefits of reducing self-criticism were maintained over time at follow-up. Thus, a two-week intervention using social stimuli can have
beneficial effects at 1-month post evaluation.
Study 2

Results from Study 1 provided initial evidence for the benefits of the novel Compassion Game, showing comparable results to a previ-

ously validated task. A limitation of Study 1 was that the beneficial effects could be an artefact of intrinsic reward, i.e. finding something

one was searching for or finding positive stimuli in general (regardless of whether these stimuli are compassionate or accepting). To
further explore the benefits of the novel Compassion task, we aimed to compare its effects to a “neutral” control task to test for the intrinsic reward of repeated exposure to non-threatening social stimuli. In Study 2, we compared the Compassion Game to a task involving
identifying the “young” adult in a crowd of “older” adults as a way to control for the interaction and exposure to “social stimuli” in the
Compassion Game.

Materials and Methods
Three participants were identified as outliers and eliminated from analyses because their scores were greater than 3.00 SDs above

the group mean (leaving a total of 59 participants). Participants (N = 59) were students recruited from the University of Derby who did

not participant in Study 1. They comprised 43 females and 16 males aged from 18 to 55 (M = 26.19; SD = 9.45). Stratified randomisation
was used to allocate participants to either the Compassion Game (n = 31) or the Neutral Control Game of searching for a younger neutral

face amongst older neutral faces (n = 28). The measures, procedure and analyses were identical to those of Study 1. The stimuli for the
Neutral Control Game consisted of black and white pictures of older and younger men and women showing a neutral expression. The

Neutral Control Game was programmed exactly the same as the Compassion Game with the exception that participants were instructed
to identify the young neutral face amongst older neutral distractor faces as quickly as possible. The game took approximately 5 minutes to

complete and included 10 practice trials and 80 experimental trials. The task was programmed in Adobe Flash and is available on request
from the authors.

Results

Independent measures t tests showed that there were no significant differences in game playing compliance or baseline scores betwe-

en game conditions (all ps > .38). Table 2 shows the means and standard deviations for study variables at baseline, post, and follow-up for
the Compassion Game and Neutral Control Game conditions.
Effects of compassion and neutral control games

Mixed measures MANOVAs comparing baseline and post-game playing on measures of inadequate self-criticism, hated self-criticism,

and self-reassurance revealed a significant multivariate main effect for time, F(3, 53) = 8.81, p < .001, ηp2 = .333. Univariate repeated mea-

sures tests revealed a significant reduction in inadequate self-criticism from baseline to post-task, F(1, 55) = 23.52, p < .001, ηp2 = .300. The
Score

Game Type

Ranges

Baseline

Post

Follow-up

Mean (SD)

Mean (SD)

Mean (SD)

Inadequate

0 - 36

Compassion

15.39 (7.71)

13.70 (7.64)

12.07 (7.86)

Hated

0 - 20

Compassion

2.81 (3.49)

2.57 (3.37)

2.55 (3.55)

Self-Reassurance

0 - 32

Compassion

Self-Criticism
Self-Criticism

Control

Control

Control

14.39 (8.10)
2.58 (3.01)

19.08 (4.31)
19.51 (5.08)

11.07 (7.52)
2.00 (2.90)

19.43 (4.57)
20.81 (5.70)

11.42 (7.82)
2.54 (3.71)

19.55 (4.85)
21.42 (6.01)

Table 2: Means (standard deviations) for forms of self-criticism at baseline, post, and follow-up for compassion
game and neutral control game conditions.
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univariate tests for hated self (p = .109) and reassured self (p = .074) were not significant. There were no significant condition or interac-

tion effects (all ps > .23). Separate within-subjects contrasts for each condition showed a significant decrease in inadequate self-criticism

score for those in the Compassion Game condition, F(1, 29) = 5.91, p = .021, ηp2 = .169, as well as for those in the Neutral Control Game
condition, F(1,26) = 20.93, p <.001, ηp2 = .446.

As in Study 1, estimates of the population range for the training effects were conducted for measures where significant differences

were observed. In regard to the decrease in inadequate self-criticism scores, estimates indicated that the decrease observed in the Compassion Game condition was probably due to a training effect (µCompassion = 14.5 and above), and the decrease in the Neutral Control Game

condition was most likely due to a training effect (µControl = 7.2 and above).

Effects at follow-up: To explore whether the effect on inadequate self-criticism was maintained at follow-up, the same mixed mea-

sures MANOVA analysis was conducted comparing baseline to follow-up scores and showed a significant effect of time, F(3, 51) = 12.13,
p = .001, ηp2 = .416. Univariate tests showed a significant effect of time for inadequate self-criticism, F(1, 53) = 30.38, p < .001, ηp2 = .364.

Follow-up contrasts for each condition showed a significant decrease from baseline to follow-up for those in the Compassion Game con-

dition, F(1, 28) = 18.40, p < .001, ηp2 = .397, and a significant decrease for those in the Neutral Control Game condition, F(1, 25) = 12.45, p

= .002, ηp2 = .332. Estimates of the population range of the training effects suggested that the decrease observed in both conditions from

baseline to follow-up were most likely due to a training effect (µCompassion = 11.1 and above, µControl = 7.2and above). A multivariate repeated
measures MANOVA comparing post to follow-up scores showed no within-subjects or between-subjects effects (all ps > .27) indicating
that the effects at post were likely stable and maintained at follow-up.

Discussion

Study 2 revealed significant reductions in inadequate self-criticism for both games. These changes were maintained at one-month

follow-up, providing promising evidence for more long-term benefits of re-training ones’ attentional patterns. Regression to the Mean

analyses showed that the changes from baseline to post-training in inadequate self-criticism were due to a training effect. We had originally constructed the Neutral Control Game using young and older faces as a way to control for the interaction and exposure to “social

stimuli” in the Compassion Game. However, the facial stimuli used in the Neutral Control Game seem to have created an unexpected effect.
Upon further review, this effect could be explained by the combination of the following five factors. First, previous studies showed that

training attention toward neutral stimuli could be beneficial in altering attentional biases [13-16]. Second, own-age bias may have inadvertently induced feelings of social connection and social acceptance, which in turn may have helped reduce inadequate self-criticism

[42,43]. Third, research has shown that stimuli which are repeatedly inhibited in the context of a visual attention task (in our case older
faces) acquire a negative valence [44]. Fourth, it could be that simple exposure to non-threatening facial expressions is socially rewarding

in itself [45]. Fifth, it could simply be that the neutral task was easier than the Compassion Game and was therefore rewarding. Taken
together, these factors suggest that the Neutral Control Game may have inadvertently had positive training effects.

General Discussion

Overall the two studies indicated that training attention toward social stimuli, either compassionate/accepting/in-group member,

while inhibiting critical/rejecting/out-group members had beneficial effects on reducing people’s inadequate self-criticism. Encoura-

gingly these effects were maintained at one-month follow-up with some evidence of further reductions in inadequate self-criticism. Few

studies of Cognitive Bias Modification Tasks (CBMTs) have pursued follow-up measurements, and hence it was previously unclear how
enduring these training effects were. Our finding that intervention effects were maintained at follow-up was consistent with the few previous studies which pursued follow-up data [46,47]. These are particularly salient findings as the extent of cognitive training was modest

(i.e. 80 trials, five minutes per day over 10 days) compared with the more intensive training of previous studies [15-16,46,48]; and the
ease with which the training was done (i.e. training was completed as home practice).

We reason that all training conditions reduced inadequate self-criticism because of our innate need to approach and affiliate with

others who are compassionate or kind [1,2] as a way of regulating emotion or attenuating feelings of threat and increasing feelings of

safeness. In the case of the novel Compassion Game (Study 1 and 2), participants repeatedly focused on and approached compassionate
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smiles, whereas in the Self-Esteem Game (Study 1) participants focused on and approached overtly smiling faces. In these two conditions,

social stimuli were represented by positive social stimuli (smiles). Unexpectedly, the Neutral Control Game (Study 2) also had positive
effects on participants’ feelings of inadequate self-criticism, and upon further reflection, likely because participants also repeatedly focu-

sed on, and approached positive social stimuli however of a slightly different nature. In particular in the case of the find-the-younger-face

training (Neutral Control Game), own-age bias [42,43] of our relatively young student sample may have inadvertently induced feelings of
social connection and social acceptance thereby effectively training them to focus on and approach positive social stimuli, which in turn

may have helped reduce inadequate self-criticism. Research using neutral faces has shown that participants are quicker to recognise faces

of their own age group [42,43]. Repeatedly identifying an own-age person in a crowd of older distractors is akin to finding an in-group
member in a crowd of an out-group crowd. This constant and repeated searching for an in-group member may have induced an “us vs.

them” or “young vs. old” mindset and possibly triggered feelings of social connection and social belonging when the in-group member was
“found”. Further research directly comparing these types of positive facial expressions is needed to further illuminate this.

Limitations and Future Research

The two studies presented here were not without limitations. Given the different time span between baseline and follow-up it would be

important to capture people’s “naturally occurring” inadequate self-criticism trajectory. Further research could benefit from measuring

longer-term outcomes to assess the enduring effects of CBMTs. It would also be informative to include a third arm of no treatment or
waiting list control to see how much scores improve naturally over time without intervention (we have assessed this using regression to

the mean analyses). The forms of self-criticism scale has reported good retest reliability [37], therefore these scores should remain fairly
consistent over time without intervention. Also, the current reported effects are on self-reported measures which are good indicators of
people’s self-reflective and introspective thoughts, however future studies could investigate behavioural measures related to self-criticism in an effort to investigate whether these effects translate to more concrete and actionable benefits. Our sample of participants was
also limited to university students and some non-academic staff. Future research could also focus on whether these paradigms are beneficial for people outside of a University setting and in clinical populations as an adjunct to therapy.

Conclusion

A meta-analysis [49] provided evidence across 12 studies that CBMTs reduce clinical anxiety (more than control) and have recently

garnered attention for their promising effects. Indeed, CBMTs showed comparable effect sizes with Cognitive Behavioural Therapy (CBT)
[49]. There is also evidence from neuroimaging studies that CBMTs may more directly and implicitly target subcortical attentional processes than other treatments, which target a broader array of processes [50]. Online materials are increasingly seen as a cost-effective

solution to healthcare [51] and it could be that CBMTs are an inexpensive addition to other interventions, if effective. To sum, this research
indicated that CBMTs which feature social facial stimuli (whether this be compassionate, accepting, or in-group members) could be used

to reduce self-criticism among the general population. CBMTs may have potential as an inexpensive adjunct to increase treatment impact;
particularly where self-criticism is a major factor [52,53].
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