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Trust is widely regarded as being foundational in work-
place relationships. The violation of interpersonal trust
results in a range of negative affective, cognitive and
behavioural consequences for the injured party. How-
ever, research has yet to isolate the specific neural
areas and processes activated when different types of
interpersonal trust are breached. Using electroencepha-
logram with 68 participants, we identified the effects of
three distinct types of trust violations—ability viola-
tion, integrity violation and benevolence violations—
on electrical brain activity. Our findings indicate that
trust violations are processed in social cognitive-related
brain areas. Specifically, our results identify the signifi-
cance of the default mode network (DMN), relevant to
the processing of social information, in trust violation
and further isolated distinct activity for ability, integrity
and benevolence trust violation, with integrity viola-
tions demonstrating the greatest reaction in the DMN.
Benevolence violations generated the next greatest
reaction but were not significantly different from the
ability violations. This potential distinction may be
worth further investigation in future research. Our
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findings highlight the potential importance of the
DMN in processing cues regarding the trustworthiness
of others and the distinctiveness of the processing of
violation cues of the three facets of trustworthiness.
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default mode network, electroencephalogram (EEG), integrity,
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INTRODUCTION

The ability to build, maintain and repair trust in workplace relationships has been critical to
effective social exchange in organisations with outcomes including performance, cooperation
and employee agility (Doeze Jager et al., 2022; Fulmer & Gelfand, 2012). The willingness to be
vulnerable that defines trust is based on positive expectations of the trustworthiness of the other
party (Mayer et al., 1995). Violations of trust, where the other party commits an act that lowers
expectations of trustworthiness, are common and undermine trustor perceptions of both the
trustee and their relationship (Lewicki & Brinsfield, 2017). Given the potential for trust viola-
tion to undermine the cooperation that is so vital to the functioning of dyadic relationships,
groups and organisations, developing a thorough understanding of the mechanisms underlying
trust violation is crucial.

One of the most studied aspects of trust violation is the type of trustworthiness that has been
violated. Trustworthiness is an aggregate evaluation of the ability, benevolence and integrity of
another party (Mayer et al., 1995); this very well-established conceptualisation is sometimes
referred to as the ABI model of trustworthiness. Violations of ability include information about
the lack of competence of the trustee; violations of benevolence include information that the
trustee is unlikely to act in the interests of the trustor; and violations of integrity relate to the
values and principles of the trustee, such as a lack of honesty. Empirical research on trust viola-
tion indicates that the type of trustworthiness violated has repercussions for the effectiveness of
various methods of trust repair (Kim, 2018; Kim et al., 2004). These results have led scholars to
theorise that ability and integrity violations involve different mechanisms of cognitive
processing (Kim et al., 2009). Unfortunately, the predominance of experimental vignette self-
report studies in the field has made it difficult to ascertain empirically if integrity and ability are
processed differently or to examine the underlying processes. Furthermore, trust violation
experiments have tended to focus on ability and integrity and have yet to fully consider how
violations of benevolence are processed. Given the prominence of the ABI model of trustworthi-
ness, the relative exclusion of benevolence from the empirical trust violation literature leaves
an important gap in our understanding of how different types of trust violations impact
trustors.

Our paper intervenes at this time to investigate the theorised differences between the cate-
gories of trust violation using a neuroscientific approach. Neuroimaging data can assist us in
exploring the mechanisms underlying particular perceptions and behaviours (Haesevoets
et al., 2018), in a way that avoids many of the issues with the more common survey approach
(Waldman et al., 2017). These benefits are particularly timely for the trust literature where
debate about the dimensionality of trust continues (Legood et al, 2022; van
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Knippenberg, 2018), and preliminary distinctions observed between the different antecedents of
trust violation would benefit from multi-method confirmation. We explore the neurological
response to trust violation by examining changes in brain activity as indicators of responses to
experienced ability, benevolence and integrity violations using electroencephalogram (EEG).
Previous research has demonstrated changes in brain activity as a result of a loss versus gain
frame (e.g. King-Casas et al., 2005), and for global trust violation (e.g. Dimoka, 2010; Riedl &
Javor, 2012), but has not demonstrated the effects of violating different types of trust on brain
activity. Building on this previous work, our study investigates the argument that different types
of violation are processed differently using neuroimaging techniques.

HYPOTHESIS DEVELOPMENT

Although neuroscientific work specifically on trust has been relatively sparse, further progress
has been made in the wider area of social cognition which includes the range of processes
involved in understanding and interacting with others. An important aspect of social cognition
is that it enables us to make inferences about people's internal states, including their emotions
and motives, from their social behaviour (Adolphs, 2009). Trust, as a willingness to be vulnera-
ble based on positive expectations (Mayer et al., 1995), is a process defined by forming percep-
tions and understanding of others, on which to base interaction. Whereas other dispositional,
emotional and motivational drivers play a role in trust, the cognitive perceptions encompassed
by trustworthiness are undoubtedly the most commonly studied antecedents (Baer &
Colquitt, 2018).

Trustworthiness perceptions are formed through the consideration of the attributes of the
other party to form an expectation on which a willingness to be vulnerable can be based (Mayer
et al., 1995). The ability to recognise and behave with respect to socially relevant information
may be uniquely human (Adolphs, 2009), and this process is central to both the formation of
trust and its violation. To experience a violation of trust, an individual must perceive that their
expectations of the other party have not been met (Haselhuhn et al., 2015) and that their beliefs
about the other party's ability, benevolence or integrity were overly optimistic. This process
requires individuals to cognitively assess the actions of their colleagues and to compare these
actions to currently held judgements of trustworthiness.

Neurobiological and neuropsychological research has found a number of brain structures,
networks and processes that are relevant to the processing of social information
(Adolphs, 2001). For instance, the prefrontal cortices play a specific role in reasoning about the
mental states of other people (Adolphs, 2001). In particular, the default mode network (DMN)
has been identified repeatedly for its involvement in social cognitions including cooperation
(Amodio & Frith, 2006; Bressler & Menon, 2010) and in the social understanding of others,
including emotion perception, empathy, theory of mind and morality (Li et al., 2014). The
DMN is an anatomically defined brain system that preferentially activates when individuals are
not focused on the external environment, and core areas of the DMN include the medial poste-
rior cortex, medial prefrontal cortex and the bilateral inferior parietal lobule (Buckner
et al., 2008; Li et al., 2014). Regarding the neurocorrelates of trust and its closely related con-
cepts, research involving economic games also highlights brain areas related to the DMN as
being central to cooperation (Xiang et al., 2012). Furthermore, Dimoka (2010) demonstrates
activation of centres associated with reward, uncertainty and prediction (e.g. anterior para-
cingulate cortex and orbitofrontal cortex) using fMRI when examining trust during an
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e-commerce experiment. Conversely, individuals appear to use the amygdala in the processing
of untrustworthy faces (Baron et al., 2010).

In an effort to advance understanding of the neurological basis of trust, Krueger and Meyer-
Lindenberg (2019) propose a neuropsychoeconomic model that argues that evaluations of trust-
worthiness are likely to involve the DMN given its importance for forming impressions of
others attributes and intentions. Regions of the DMN are known to activate in tasks requiring
participants to understand and interact with others, including perceiving and interpreting
others emotion status, inferring others’ beliefs and intentions and developing moral judgements
of others’ behaviours (Li et al., 2014). In line with this, we hypothesise:

Hypothesis 1. Trust violation will be processed in social cognitive-related brain
areas reflected by activation of the default mode network.

Growing evidence suggests that responses to trust violations differ according to the type of
trustworthiness violated (Kim, 2018; Kim et al., 2009). In general, empirical evidence has dem-
onstrated that integrity violations are particularly problematic (e.g. Kim et al., 2013). Several
theoretical accounts have been offered to account for this. First, integrity is seen to be a stable
characteristic, and individuals who act with low integrity in one situation are deemed likely to
act in a similar way in the future (Tomlinson & Mayer, 2009). Clearly, this has implications for
the repair of trust in ongoing workplace relationships. Perhaps more pertinent to the new rela-
tionships included in our study is the second explanation. When assessing information about
integrity, individuals tend to place more weight on negative information, in direct contrast to
the processing of ability information where positive information is given more weight (Kim
et al., 2006). The trust violation literature is relatively consistent in the message that integrity
violations are likely to be more damaging than ability violations; however, benevolence viola-
tions have received less attention.

Benevolence perceptions reflect a judgement that another party has one's best interests at
heart, that they would be motivated to help or take risks to benefit the trustor (Mayer
et al., 1995). Although benevolence violations have received limited empirical attention, trust
scholars have argued that benevolence is more affectively or relationally toned and includes a
judgement of a personal orientation towards the trustor, not solely the characteristics of the
trustee (Colquitt et al., 2012). Furthermore, Tomlinson and Mayer (2009) argue that like integ-
rity, benevolence violations are more likely to be viewed as controllable as issues with ability, in
that trustees can choose to behave in a way that is benevolent if they wish. Accordingly, we
hypothesise:

Hypothesis 2. (a) Integrity violation and (b) benevolence violation will result in a
stronger reaction than ability violation, indicated by greater activation in the default
mode network in the brain.

METHOD

Sample

To partake in the study, participants needed to be over 18 years of age, right-handed, have no
personal or family history of epilepsy or seizures and have no history of head injury or stroke.
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Furthermore, participants needed to be non-smokers, and not taking psychoactive substances.
These criteria were used to help us compare responses across participants in line with selection
criteria used in previous EEG studies (e.g. Inzlicht & Gutsell, 2007; Ray & Cole, 1985).

One hundred forty-five people started the pre-survey, and 118 surveys were completed. Of
these, 91 participants agreed to partake in the EEG study. Nine people did not arrive at the lab-
oratory at their scheduled time, and one individual who was left-handed was excluded upon
arrival. Thus, the final sample comprised 81 individuals (ability violation = 25; benevolence
violation = 28; integrity violation = 28). During EEG data cleaning, a further 13 respondents
were excluded (see below), resulting in a sample of 68 (ability violation = 20; benevolence
violation = 24; integrity violation = 24). There were no differences in terms of age, gender,
level of education or whether English was the first language between those who were retained
and not. This sample size is similar to that of previous EEG studies with experimental manipu-
lations (e.g. Harmon-Jones & Peterson, 2009; Inzlicht & Gutsell, 2007). However, as past com-
mentaries identified that EEG studies have a tendency to have low power due to recognised
difficulties in obtaining large samples (Szucs & Ioannidis, 2017), we additionally conducted
Bayesian analysis to test the robustness of our findings. Participants had an average age of
33.66 years (SD = 12.37 years) and ranged in age from 18 to 62 years of age. Thirty-six individ-
uals were female, and 32 were male. The majority of participants (82.4%) had completed at least
some third-level education.

Procedure

Following ethical approval from the relevant university research ethics committees, participants
were recruited to partake in the study via posters posted on various university notice boards,
email lists of the university and via a research recruitment firm in Ireland. Participants were
offered €20 multi-store gift card for their participation. Participants were first asked to complete
a pre-survey, during which they were asked screening questions for right-handedness and were
assessed for disqualifying injuries, illness or medication use. Once complete, they were given a
date and time to present themselves at the lab, where they were met by the EEG technician.

Prior to beginning the EEG session, participants were asked to read a plain language state-
ment and sign a consent form. They were informed that the purpose of the study was to evalu-
ate brain activity during a test of cognition. As the technician connected the EEG to the
participant, she aimed to have as little interaction between her and the participant as possible.
A scripted experimental protocol was also prepared to standardise necessary interactions in so
far as practically possible. The EEG technician then left the room, explaining to the participants
that this was important for the experiment, but that she would be able to communicate with
them via a one-way microphone to give them instructions.

Participants were randomly assigned to one of three trust violation scenarios using a ran-
dom number generator in Excel (ability violation, benevolence violation or integrity violation).
During the period of time that the experimenter was out of the room, the participants were
presented with one of three pre-recorded verbal protocols of the EEG technician interacting via
the one-way microphone. Each recording represented one type of trust violation (ability, integ-
rity or benevolence).

Participants were instructed so that they were engaged in an eyes open baseline (EOB) task
when the trust violation event occurred. Approximately 170 s into the EOB task, participants
heard one of the three possible pre-recorded trust violation events, which were presented to
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participants as though it were live. After the audio segment related to the trust violation event
ended, there was a further 110 s until the EOB task ended. Each trust violation event lasted
approximately 20 s (conversation start to finish). In the 20 s prior to the start of the conversa-
tion, there were a number of loud audible artefacts such as a door opening. This was constant
for all participants and was included to heighten the realism of the recorded audio segment.

After the session was complete, the participant was fully debriefed as to the purpose of the
experiment using a pre-prepared debriefing document and were free to ask any questions they
had about the research. Finally, participants were presented with their multi-store gift voucher
and thanked for their time.

Measures
Pre-survey

Propensity to trust was assessed using the scale by MacDonald et al. (1972) which comprised
10 items (e.g. ‘I expect other people to be open and honest’; « = 0.783) assessed on a 5-point
Likert scale ranging from 1 = strongly disagree to 5 = strongly agree.

A number of demographic questions were also asked including age, gender, level of educa-
tion and level of English proficiency.

During experiment

Trust violation was experimentally manipulated using pre-recorded audio of the EEG techni-
cian. Three types of trust violation were manipulated: ability, benevolence and integrity. During
the EEG sessions, the participants heard the EEG technician being interrupted by a knock on
the door of the room she was in, and overheard one of the following conversations, as though
the technician had forgotten to turn off the microphone.

The conversations were as follows:

Knock on door (audio)

AN Other ‘Hi, oh sorry, is that mic on?’
EEG Technician ‘No, you're grand, it's off’.
AN Other ‘How's it going?’

Ability trust violation condition:

EEG Technician ‘Grand, I think I completely messed this one up, but sure...’
AN Other ‘Sure, look, you can't get them all right. Anyhow, keep at it’.

Benevolence trust violation condition:

s

EEG Technician ‘Grand, such a waste of their time but sure look, we get our data’.
AN Other ‘Well, sure look, that's the most important thing isn't it’.

Integrity trust violation condition:
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EEG Technician ‘Yeah, grand, I don't think they realise what we are actually
doing’.
AN Other ‘Sure, that's the main thing isn't it’.

The language used in our experimental manipulations was designed to reflect the concep-
tual definitions of ability, benevolence and integrity from Mayer et al. (1995). Given the com-
plexity of affective and cognitive reasoning processes that are likely to accompany a trust
violation in this type of experimental situation, we decided to assess the definitional correspon-
dence of our trust violations using two methods. First, 10 researchers with expertise in the area
were asked to listen to each of the audio files and identify which type of trust they were
designed to violate. A satisfactory level of agreement was established for each of the three types
of trust violation. Second, an independent sample of 149 participants was recruited via Prolific.
Participants were asked to rate the extent to which the experimental manipulation matched def-
initions of ability, benevolence and integrity using a 7-point scale: 1 = statement is an extremely
bad match to the definition above; 7 = statement is an extremely good match to the definition
above. The mean levels of definitional correspondence were m = 5.52, 5.32 and 4.90 for ability,
benevolence and integrity respectively. This compares favourably with previous uses of this pro-
cedure (e.g. Baer et al., 2018; Hinkin & Tracey, 1999).

Brain activity was measured using electroencephalography (EEG). EEG is a non-invasive
method of measuring electrical activity generated by the brain by placing electrodes on the
scalp. Changes in the characteristics of this electrical activity provide a way to measure changes
related to ongoing cognitive processes. Past research has demonstrated that frontal theta EEG
activity can be seen as an EEG index of DMN activity (Scheeringa et al., 2008), and so, we used
frontal theta EEG activity in the present research as an indicator of the neurological reaction to
the trust violation. Frontal theta EEG activity correlates negatively with the DMN in a resting
state (Scheeringa et al., 2008) and we expect that a trust violation would activate the DMN.
More specifically, electrode site Fz was chosen for analysis as this is the electrode site where
frontal theta is maximal (Inanaga, 1998), and most appropriate to our study of frontal theta and
the DMN (Prestel et al., 2018; Scheeringa et al., 2008).

EEG acquisition/processing

EEG was recorded at 19 scalp locations (Fpl, Fp2, F3, F4, F7, F8, C3, C4, T3, T4, T5, T6, P3, P4,
01, 02, Fz, Cz, Pz) using a fixed electrode cap, arranged as per the International 10-20 system.
A Deymed TruScan EEG system with a sampling rate of 256 Hz was used for data capture with
an electrode at Fpz (as a ground electrode) and Fz (as a reference electrode). EEG was band-
passed filtered between 1 and 20 Hz using a zero-phase finite impulse response (FIR) filter. Fol-
lowing this, all EEG recordings were converted to a common average reference (CAR) scheme.
A software trigger was captured via the Deymed recording software (when the audio file started
playing) to enable the later co-registration of the trust violation audio event and the EEG time
periods.

Two continuous segments of EEG were extracted for each participant with respect to the
start and the end of the trust violation event. Power spectral density (PSD) measures were calcu-
lated using Welch's method (Gramfort et al., 2013) for theta band (4-8 Hz) activity for electrode
site Fz for the two time periods preceding and following the violation event. A time period of
80 s (ending 30 s before the violation event) was used to compute a baseline measure for each
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participant and is hereafter referred to as the BVE (before violation event) time period. The
BVE was selected as it did not contain any loud environmental noises as part of the recording.
The time period following the violation event (lasting 80 s) was expected to exhibit power
changes as a result of the violation event and is hereafter referred to as the AVE (after violation
event) time period. A ratio was computed on the average power (for the theta band) by dividing
AVE by BVE for each participant. The ratio measure for each participant was log-transformed
due to the inherent non-normality of ratio data (Miskovic et al., 2011). This can be considered a
theta log ratio (TLR) as it indicates an increase or decrease in the power of theta band activity
following the violation event relative to the baseline period. As we outlined above, frontal theta
activity correlates negatively with the default mode network in a resting state (Scheeringa
et al., 2008), and so, higher negative values of the TLR indicate higher activation of the DMN.

In order to compute an averaged PSD for each of the BVE/AVE time periods on the EEG,
3-s epochs were extracted using a 1-s overlap. A peak-to-peak thresholding filtering scheme was
used to reject epochs (in the time domain) that had a peak-to-peak amplitude greater than
90 pV. Visual inspection of the filtered epochs indicated gross artefacts such as eye blinks were
no longer present. The TLR values generated for each participant were used as input to our
ANOVA.

EEG data cleaning

We found the number of rejected EEG trials following the trust violation event was higher than
that of the baseline period [F(2,65) = 25.902, n2 = .285, p < .001], indicating there was an
increase in physical and ocular movement following the event, which we would expect. EEG is
sensitive to movement-induced artefacts and other sources of noise that can often be con-
founded with the experimental condition under manipulation; hence, we do not use these time
periods as part of our EEG analysis. In this regard, we take a highly conservative approach in
order not to use any data that may potentially contain artefacts that could produce erroneous
results in our analysis. This is in line with current best practice (e.g. Cohen, 2014).

In order to effectively analyse the remaining data after epoch cleaning, we deemed a partici-
pant's data as usable if more than 12.5% (threshold) of their data were available for the pre-
event and post-event time periods, that is, 12.5% of the 3-s epochs. We found increasing our fil-
tering threshold beyond this point was not optimal as a large number of participants would
need to be excluded from the analysis. In Figure 2, we show the impact of varying the subject
rejection threshold for the 0- to 80-s period following the breach event across three different
thresholds. It can be seen that increasing the threshold results in fewer subjects as part of the
analysis and at higher thresholds, detection of significance of statistical effects rapidly degrades.
Notably, however, the spatial pattern of statistical effects remains highly consistent across filter-
ing thresholds, indicating that this approach did not change the nature of significant effects
found.

Statistical analysis procedure
The TLR value for participants was used in an ANOVA analysis examining between-subject

effects for condition. Post hoc analyses report Bonferroni corrected p-values for multiple com-
parisons unless specifically stated. We replicated our analysis using a Bayesian ANOVA to
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assess the robustness of our findings and because it has a number of advantages over null
hypothesis significance testing (NHST). In particular, supplementing our analysis in this way
allows us to investigate our findings using a statistical method that is not based on the central
limit theorem; thus, large samples are not required and conventional approaches to power are
not applicable (van de Schoot & Depaoli, 2014). Analyses were conducted using SPSS Version
24 or JASP.

RESULTS
Preliminary analysis

Prior to testing our hypotheses, we conducted a number of preliminary tests. First, we con-
ducted a series of between subjects ANOVAs to assess the success of the randomisation. There
were no differences across the three conditions with regard to participants’ gender, age, level of
education or propensity to trust. Thus, our randomisation was successful. Means, standard devi-
ations and correlations between study variables can be found in Table 1.

Hypothesis testing

In order to test our hypotheses, we first tested for differences in the TLR for electrode site Fz
between condition types (between-subject effect). A significant between-subject effect was
found for condition [F(2,65) = 4.665, 2 = .126, p = .013]. In the post hoc analysis, we found
the mean for the ability condition (Abilitypean = -0125, SD = .160, n = 20) was greater than the
mean for the integrity condition (Integritymean = —.149, SD = .248, n = 24) where p = .016.
We also found that the mean for the benevolence condition (Benevolencee., = —.0056,
SD = .161, n = 24) was greater than the mean for the integrity condition where p = .022. No
significant differences were found between the means for the benevolence and ability
conditions.

Due to past criticisms of neuroscientific research with regard to power, we replicated our
statistical analyses using a Bayesian ANOVA. We used the default prior specified in JASP which
uses a Cauchy distribution (see Rouder et al., 2012 for an overview of the development of
default Bayes factors for ANOVA designs). Wagenmakers et al. (2018) state that the use of such

TABLE 1 Pearson correlations between study variables

1. 2. 3. 4.
1. Fz_TLR —
2. Dummy condition (integrity) —0.353** —
3. Dummy condition (ability) 0.199 —0.477%** —
4. Age —0.083 —0.035 0.103 —
5. Education —0.186 0.160 —0.174 —0.208

Note: Fz_TLR represents a theta log ratio of the before violation event time period and the after violation event time period at
the electrode site Fz.
*p < .05.%%p < .01.%**p < .001.
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default priors yield results that are broadly consistent with those that would be obtained with a
more subjective analysis. Results indicated that the model with the three experimental condi-
tions predicted the data almost four times (BF,, = 3.973) as well as the null model and the
model average posterior R* equals .080, indicating that 8% of the variance in the TLR score in
the Fz channel is due to the condition. The percentage error associated with the estimation of
the Bayes factor is quite low (0.017), suggesting that the estimate is likely to be accurate. The
model averaged posterior distribution demonstrates that it is the integrity condition that is asso-
ciated with the largest differences (see Table 2 and Figure 1). Bayesian post hoc analysis indi-
cated that the data is 3.372 times more likely under the integrity violation condition compared
with the ability violation condition and 2.637 times more likely compared with the benevolence
violation condition (Table 3).

TABLE 2 Model averaged posterior summary for Bayes ANOVA (1 = ability trust violation, 2 = benevolence
trust violation, 3 = integrity trust violation)

95% credible interval
Variable Level Mean SD Lower Upper
Intercept —0.048 0.022 —0.093 —0.002
Cond. 1 0.049 0.033 —0.016 0.115
2 0.035 0.031 —0.027 0.098
3 —0.084 0.033 —0.152 —0.020
Level
|_. — 1
14 — ::l.l -_ 2
— 3
12 -
- 10
=
n
c 8-
a
6 -
4 -
2 -
0 - . S —

| | | x | |
-04 -02 00 02 04 06

COND

FIGURE 1 Model averaged posterior distributions Bayes ANOVA comparing the trust violation conditions
(1 = ability, 2 = benevolence, 3 = integrity)
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TABLE 3 Bayesian post hoc comparisons of experimental condition (1 = ability trust violation,
2 = benevolence trust violation, 3 = integrity trust violation)

Prior odds Posterior odds BF 10, u Error %
1 2 0.587 0.185 0.316 0.018
3 0.587 1.981 3.372 0.001

2 3 0.587 1.549 2.637 8.524e-4

Notes: The posterior odds have been corrected for multiple testing by fixing to 0.5 the prior probability that the null hypothesis
holds across all comparisons (Westfall et al., 1997). Individual comparisons are based on the default ¢-test with a Cauchy (0,
r = 1/sqrt[K3] (2)) prior. The ‘U’ in the Bayes factor denotes that it is uncorrected.

FIGURE 2 Topographical plot of F-values from one-way ANOVAs (applied per electrode location) showing
the spatial distribution of significant effects when using baselined (AVE-BVE) log-transformed theta band power
for the three trust violation conditions. In (a) (leftmost scalp plot), we use a threshold of 12.5% (where

Nabitity = 20, Npenevolence = 24 and Nipiegrity = 24), in (b) (middle scalp plot), we use a threshold of 25% (where
Nabitity = 15, Npenevolence = 22 and Nipeegrity = 19), and in (c) (right scalp plot), we use a threshold of 50% (where
Nabitity = 11, Npenevolence = 14 and Niptegrity = 11) for comparison.

In Figure 2, we visualise the spatial topography of statistical effects (F values) for condition
type for theta band activity (via a one-way ANOVA). As expected we observe statistical effects
related to frontal theta surrounding electrode site Fz; however, ostensible effects appear to be
present at other scalp locations notably over occipital electrodes. This may have indicated that
the effect was not restricted to the DMN/frontal theta exclusively, so we further investigated
potential effects at other channels. Thus, we extended our analysis using a repeated-measures
ANOVA to include all electrode locations (17 channels) in the EEG (as a within-subject factor).
We find the between-subject effect remains similar [F(2,65) = 4.736, n2 = .127, p = .012]; how-
ever, no significant effect is observed for electrode location. We find the same pattern of statisti-
cal effects remain (and overall means for condition type remain consistently ranked) when
including all electrodes in this analysis (i.e. Abilityge., =.015, SD = .600,
n = 20 > Benevolence,c,, = —.006, SD = .648, n = 24 > Integrity,,c,n = —.099, SD = .648,
n = 24). As no significant effects are found for electrode, we do not investigate these other spa-
tially distinct patterns of theta activity any further. Notwithstanding, we observed the expected
condition-related effects at electrode site Fz related to the DMN and frontal theta. To further
investigate the robustness of our findings, we replicated our analysis for delta (1-4 Hz), alpha
(8-12 Hz) and beta (14-20 Hz) bands and found no significant effects for condition. Thus, we
can be confident in our conclusion that theta (4-7 Hz) band activity is responsible for the
observed effects.
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In summary, we find that the integrity condition showed the greatest decrease in theta activ-
ity, in turn reflecting a greater increase of activity in DMN compared to other conditions (see
Figures 1 and 3). We confirmed this result by testing our data using a conventional one-way
ANOVA and with a Bayesian ANOVA. We can confirm the observed effects are in line with our
first hypothesis that trust violation will be processed in social cognitive-related brain areas
reflected by activation of the default mode network. Our results also partially support our second
hypothesis that integrity violation and benevolence violation will result in a stronger reaction than
ability violation (indicated by greater activation in the default mode network in the brain); how-
ever, we find this is only significant for the integrity violation and not the benevolence
violation.

DISCUSSION

Our findings demonstrate the involvement of the DMN in the processing of trust violations and
provide evidence that the degree of activation of the DMN differs according to the type of trust-
worthiness that is violated. This result lends important support for organisational trust theorists
suggesting that different types of violation may be processed differently or to varying degrees. A
major contribution of our research is that the involvement of the DMN suggests that this differ-
ence is related specifically to how individuals understand and interpret the emotions and inten-
tions of others. Whereas interpretation of the intentions of others has been a feature of previous
scholarly work (e.g. Tomlinson & Mayer, 2009), survey and experimental vignette studies can
make it difficult to uncover the underlying processes involved. Our findings clearly underscore
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FIGURE 3 Boxplot showing theta log ratio (TLR) for the three trust violation conditions types for electrode
site Fz. Means are indicated by a triangle.
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the importance of social cognitions, suggesting that understanding of emotion and intentions is
the crucial process influencing the experience of trust violation.

Integrity violations generated the greatest response in DMN activation, in line with the self-
report reactions from previous studies. It has been proposed that the DMN plays an adaptive
role in helping individuals to navigate social interactions (Buckner et al., 2008), and integrity
trust violations signal that an individual is not honest in their interactions with others. Practi-
cally speaking, such integrity violations lead to the trustor being less likely to take risks with
such an individual (Mayer et al., 1995) and to verify any information that may originate from
this individual (Lewicki et al., 1998).

Our findings also provide some initial indication of how benevolence violations might be
processed. We had predicted that benevolence violations, like integrity, would result in a stron-
ger reaction than ability violations. Although the means for each condition in our study are in
line with this, the difference between the benevolence and ability conditions was not significant,
and we could not support the hypothesis. One potential explanation for this finding is the con-
text of the experiment where the benevolence violation of the experimenter being unconcerned
about wasting the participant's time might be considered to have a less serious implication for
the trustor. In contrast, the perception of an integrity violation could be considered to have
much more serious implications, thus triggering stronger responses. This would fit with thresh-
old models of trust violation, where not every deviation from expectations triggers a violation
perception (Jones & George, 1998). Recent theory also suggests that benevolence perceptions are
likely to be more context dependent and relational than integrity (Moore et al., 2019), and so the
relatively impersonal context of the experimenter—participant dyad is likely to influence their
interpretation. Future research might consider obtaining self-report ratings of the arousal and
valence of different types of trust violation in order to check for differences across conditions.

Practical implications

Beyond their theoretical importance, our findings also carry important implications for organi-
sations and their employees. Trust violations are pervasive in the workplace (Lewicki &
Brinsfield, 2017). Although organisations cannot always prevent these violations, particularly
those that occur at an interpersonal level, they can take action to manage trust violations as
they occur (Gillespie & Dietz, 2009). Our research provides insight into the types of violations
that might be most damaging to trust in workplace relationships. Armed with this understand-
ing, organisations and managers can play a proactive role in helping employees through the
sensemaking process that surrounds potential trust violations (Gustafsson et al., 2020). In gen-
eral terms, our study suggests that sensemaking and post-violation communication efforts that
highlight benevolence and integrity in the transgressor might help frame trust violations in a
less damaging manner. Further research might investigate how this process is influenced
through repeated violations by the same work colleague or within the same work environment
or how it is influenced by the attributes of the transgressor (Cowen & Montgomery, 2020).

Limitations and future research

Although our study demonstrates robust findings regarding the link between trust violation
and the DMN, there are limitations that might be addressed by future research. First, EEG is
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just one option for measuring brain activity. We chose EEG as it offers better temporal resolu-
tion and an opportunity for a more natural environment for research participants than alterna-
tive approaches (Waldman et al., 2017). However, one of the key limitations of the EEG method
is spatial resolution. Future research using fMRI would offer us an increased ability to identify
brain networks and regions involved in processing trust violation and may provide an opportu-
nity to assess some of the deeper brain structures that are often associated with emotional
experience.

Second, our method did not allow for a between subjects control group. We used a within-
subject comparison by comparing the BVE time period the AVE time period. Thus, we were
able to calculate the differences within person and compare these across conditions. As there
needed to be an event in order to create this BVE-AVE ratio, it did not make sense to include a
traditional control group.

Finally, our methodology offered us limited scope to ascertain differences in the length
of time of activation in reaction to trust violation. It may be that certain violations involve
a shorter or longer response than others and this may be related to their affective versus
cognitive content. We encourage future researchers to investigate this possibility in more
detail. Finally, the deception in our experimental study made it impractical to gather self-
report data on participants’ pre-violation perceptions of the experimenter without alerting
them to the nature of the study and undermining the experimental manipulation.
Scholars (e.g. Lewicki & Brinsfield, 2017) have called for studies of trust violation
and repair to include more assessment of pre-existing levels of trust, and we reiterate
this call.

Conclusion

The regularity of trust violations in our personal and professional lives (Lewicki &
Brinsfield, 2017) means research into the processes underlying trust violation provide an
important opportunity to understand this process further in order to avoid issues with coop-
eration or to facilitate relationship repair. Although there has been some limited prior EEG
research on trust, this is the first study to examine different types of trust violation and their
corresponding impacts. Taken together, our findings, combined with previous experimental
vignettes, clearly indicate that different types of violation evoke different responses in rela-
tion to activation of the DMN and that integrity violations have the potential to create the
greatest response.
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