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We conducted a functional magnetic resonance imaging (fMRI) study to elucidate the neurocognitive
mechanisms of harmful and helpful dishonest decisions. During scanning, the subjects read scenarios
concerning events that could occur in real-life situations and were asked to decide whether to tell a lie
as though they were experiencing those events. Half of the scenarios consisted of harmful stories in
which the dishonest decisions could be regarded as bad lies, and the other half consisted of helpful stories
in which the dishonest decisions could be regarded as good lies. In contrast to the control decision-
making task, we found that the decision-making tasks that involved honesty or dishonesty recruited a
network of brain regions that included the left dorsolateral prefrontal cortex. In the harmful stories,
the right temporoparietal junction and the right medial frontal cortex were activated when the subjects
made dishonest decisions compared with honest decisions. No region discriminated between the honest
and dishonest decisions made in the helpful stories. These preliminary findings suggest that the neural
basis of dishonest decisions is modulated by whether the lying serves to harm or help the target.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction

Deception is a deliberate attempt by an individual to present
incorrect information to another individual (Bok, 1978; Ekman,
1985; Lewicki, 1983). In the field of philosophy, the nature of
deception and its moral implications have long been debated
(Bok, 1978). For example, Kant claimed that lying is always morally
wrong, regardless of the purpose of the lie (Kant, 1797/1966; Saxe,
1991). Although his claim might be extreme, lying is frequently
thought to be a morally unacceptable behavior because it often
harms the listener in a variety of ways. For example, in one com-
mon type of lying, individuals deliberately make a false statement
to deceive the target (i.e., lie-recipient) and conceal the transgres-
sion that is socially undesirable. Lies prevent the target from know-
ing the truth, and thereby put the target in a bad situation. The
concept that lying is a morally unacceptable behavior has been
empirically supported by recent findings on moral judgments,
which are defined as evaluations (good vs. bad) of the actions or
character of an individual that are made with respect to a set of vir-
tues held by a culture or subculture (Haidt, 2001). For example,
Hayashi et al. (2010) reported that a perpetrator’s deceptive
responses decreased the subject’s willingness to forgive moral
transgressions. In a recent study reported by Parkinson et al.
(2011), the subjects judged many of the scenarios that depicted
dishonest transgressions as morally wrong. Other developmental
or cross-cultural studies have also provided supportive evidence
for this notion (Fu, Evans, Wang, & Lee, 2008; Fu, Lee, Cameron,
& Xu, 2001; Fu, Xu, Cameron, Leyman, & Lee, 2007; Lee,
Cameron, Xu, Fu, & Board, 1997; Lee, Xu, Fu, Cameron, & Chen,
2001; Xu, Bao, Fu, Talwar, & Lee, 2010).

However, lying does not always harm the listener. Some types
of lying can be good behaviors that may help the target. Research-
ers have proposed that lying is not a homogeneous concept, and
not all types of lies automatically entail negative values (e.g.,
Talwar & Lee, 2008; Wu, Loke, Xu, & Lee, 2011). For example, indi-
viduals sometimes make a false statement to deceive the target to
conceal a truth that can cause the target great distress. This type of
helpful lie, a so-called ‘‘white lie’’, is thought to be motivated by
the desire to make another individual feel better or to spare the
feelings of the target (DePaulo & Bell, 1996; DePaulo & Kashy,
1998). Helpful lying is common among the old and young in daily
life and is one of the acts that maintains social relationships
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(DePaulo & Kashy, 1998; Popliger, Talwar, & Crossman, 2011).
Unlike harmful lies, which are made for personal gain, helpful lies
have benefits for the target. Therefore, although some theorists
may regard all lying as morally wrong (such as in Kant’s case),
white lies are typically rated less negatively and are considered
more socially and morally acceptable compared with harmful lies
(e.g., Bussey, 1999; Lindskold & Han, 1986; Lindskold & Walters,
1983).

These previous psychological works have enabled us to assume
that harmful and helpful dishonest decisions have distinct cogni-
tive and neural substrates. The development of neuroimaging tech-
niques has enabled us to directly measure the brain activity
associated with lie-telling. However, to the best of our knowledge,
no neuroimaging study has investigated the neural basis of dishon-
est decisions that serve to harm or help the target. In previous
studies, the subjects were often instructed to lie, which led to pre-
determined decisions, and most studies asked the subjects to lie
about non-social stimuli, such as recently learned words (for
review, see Sip, Roepstorff, McGregor, & Frith, 2008). Thus, lying
in such an experimental paradigm lacks the process of decision-
making and is not associated with harmful or helpful outcomes.
These experimental settings did not enable researchers to uncover
the brain mechanisms that underlie the complex decision-making
that involves dishonesty in social situations.

In the present study, we investigated the neural correlates of
dishonest decisions that serve to harm or help the target. Similar
to previous neuroimaging studies on decision-making in social set-
tings, we used a scenario method (Greene, Sommerville, Nystrom,
Darley, & Cohen, 2001; Sharot, Riccardi, Raio, & Phelps, 2007;
Takahashi et al., 2009). During the scan, the subjects read scenarios
concerning events that could occur in real-life situations and were
asked to decide whether to tell a lie in relation to the events. Half of
the scenarios consisted of ‘‘harmful’’ stories in which the dishonest
decisions were regarded as bad lying, and the other half consisted
of ‘‘helpful’’ stories in which the dishonest decisions were regarded
as good lying. The subjects also performed a control decision-mak-
ing task that did not include any opportunity for lying. These
experimental paradigms enabled us to measure the brain activity
associated with dishonest decisions in social situations without
explicit instructions to tell a lie.

Prior to the experiment, we predicted that the frequency of dis-
honest decisions would be lower for the harmful stories compared
with the helpful stories because deception is not justified when it
has a morally unacceptable purpose. We also predicted that the dor-
solateral prefrontal cortex would be associated with decision-
making that involved honesty and dishonesty regardless of the
choices made or their purposes. Previous studies have suggested
that specific brain regions, such as the dorsolateral prefrontal cortex,
the ventrolateral prefrontal cortex, and the anterior cingulate cor-
tex, are active during acts of deception compared with truth-telling
(for reviews, see Abe, 2009, 2011; Christ, Van Essen, Watson,
Brubaker, & McDermott, 2009; Spence et al., 2004). From a neuro-
psychological perspective, the dorsolateral prefrontal cortex has
been implicated as a region necessary for the process of lying (Abe
et al., 2009). However, when the subjects were free to make an hon-
est or dishonest decision, the results of the previous neuroimaging
studies were mixed: some studies have reported that prefrontal
activity was increased during both truth-telling and deception
(e.g., Greene & Paxton, 2009; Kireev, Korotkov, Medvedeva, &
Medvedev, 2013; Sip et al., 2010), but other studies have reported
that deception requires greater prefrontal activity compared with
truth-telling (e.g., Baumgartner, Fischbacher, Feierabend, Lutz, &
Fehr, 2009; Ding, Gao, Fu, & Lee, 2013; Ding, Sai, Fu, Liu, & Lee,
2014). It is therefore important to determine whether significant
activation in the dorsolateral prefrontal cortex is observed during
both honest and dishonest decisions in our experimental paradigm.
We also predicted that dishonest decisions would evoke distinct
patterns of brain activation depending on the purpose of the deci-
sions. Specifically, we predicted that dishonest decisions that serve
to harm the target would be associated with activity in regions
sensitive to harmful acts. One potentially critical region is the tem-
poroparietal junction; this region has been implicated in moral
judgments regarding harmful acts (e.g., Young, Camprodon,
Hauser, Pascual-Leone, & Saxe, 2010; Young, Cushman, Hauser, &
Saxe, 2007). Furthermore, Parkinson et al. (2011) identified the
activation of the temporoparietal junction in response to the moral
judgment of dishonest transgressions. It would be reasonable to
assume that when individuals make a decision, they simulate the
decision and think about how such a behavior fits with the social
norm or ethical values. Thus, it is likely that the temporoparietal
junction, which is responsible for the moral judgment of harmful
acts, also plays an important role in the decision-making regarding
harmful acts.

In addition, we predicted that dishonest decisions that serve to
help the target would be associated with activity in the regions
sensitive to helpful acts. One potentially critical region for this pro-
cess is the striatum, which has been implicated in pro-social
behaviors, such as charitable donation (e.g., Moll et al., 2006) and
cooperation in economic games (e.g., de Quervain et al., 2004).
When faced with opportunities for helpful dishonest decisions,
the striatum might play a key role in the decision to behave dis-
honestly for the target.
2. Materials and methods

2.1. Subjects

Thirty-two right-handed Japanese volunteers with no history of
neurological or psychiatric disease were paid to participate in this
study. Magnetic resonance imaging (MRI) revealed no pathological
findings in any of the subjects’ brains. Seven subjects who had
fewer than 10 events in at least one condition were excluded from
analysis because of the inability to produce stable activation maps
from a small number of events. Thus, our results are based on data
from the remaining 25 participants (14 females and 11 males; age
range 20–28 years; mean age 22.0 years). The subjects provided
their written informed consent in accordance with the Declaration
of Helsinki and the guidelines approved by the Ethical Committee
of Tohoku University.
2.2. Stimuli and tasks

We prepared 90 harmful stories, 90 helpful stories, and 30 con-
trol stories, all of which described common, but fictitious, events
that could occur in real-life situations. All stories were described
in Japanese. Fig. 1 lists an example of the stories. The harmful
and helpful stories described events that involved the subject
deciding to lie or be truthful. The critical difference between the
two types of stories was whether the lie served to harm or help
the target. The control stories also described events that involved
the subject making a decision, but the decision did not include
an opportunity for lying. Each story contained two characters:
the subject and the other individual. Each story consisted of three
parts: the introduction, the event, and the final question. The intro-
duction consisted of two sentences and described the background
information that concerned the event. The event also consisted of
two sentences and described a situation involving the subject
and the other individual that required the subject to take action
and to provide an answer. The question consisted of one sentence
that asked the subject to choose to tell a lie or not to tell a lie in the
harmful and helpful stories or to choose one of two options in the



Fig. 1. Examples of the harmful, helpful, and control stories used during the fMRI experiment. The harmful stories consisted of stories in which the subject’s decisions to tell a
lie served to harm the target. The helpful stories consisted of stories in which the subject’s decisions to tell a lie served to help the target. The control stories consisted of
stories in which the subject’s decisions were neither honest nor dishonest. The subjects were asked to make a decision in response to the final question in each story.
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control stories. Note that the subjects were not asked to make a
moral judgment about the significance of the decisions. They were
simply asked to choose to make a deceptive or a truthful response
as though they were experiencing the events.

We recruited a separate group of 20 Japanese subjects (10
women, 10 men; mean age 20.1 years) who did not participate in
the fMRI experiment to validate the distinction between the harm-
ful and helpful stories. For the 90 harmful and 90 helpful stories,
these subjects rated whether the lying in each story served to harm
or help the target on a 7-point scale. The scale ranged from com-
pletely harmful (7) to completely helpful (1). Based on the mean
rating scores for each story, we chose 60 harmful and 60 helpful
stories for the fMRI experiment. The 60 harmful stories all scored
greater than 4, and the 60 helpful stories all scored less than 4. A
t-test analysis confirmed a significant difference in the mean rating
scores between these two sets of stories (p < 0.05). We also chose
20 of the 30 control stories for the fMRI experiment, and these
three sets of harmful, helpful, and control stories were matched
for familiarity (all p values > 0.1), which was rated by the separate
group of 20 subjects using the 7-point scale. The total number of
characters for each story was also matched across the harmful,
helpful, and control stories (all p values > 0.1).

During the fMRI scanning, the subjects were presented with a
total of 140 stories (60 harmful, 60 helpful, and 20 control stories)
one by one in a predetermined, pseudorandom order over four
consecutive runs. For each story, the introduction was presented
for 5 s and was followed by a fixation cross for 2.5 s. The event
was then presented for 5 s and was followed by a fixation cross
for 2.5 s. The final question was presented for 5 s and was followed
by a fixation cross for 5 s. Each trial lasted 25 s. After the subjects
read the question, they were asked to decide to tell a lie or the
truth for the harmful and helpful stories or to choose one of two
options for the control stories by pressing a button.

2.3. Data acquisition and analysis

Whole-brain imaging was performed with a 3.0-Tesla MRI scan-
ner (MAGNETOM Trio, A Tim System; Siemens–Asahi Medical
Technologies Ltd., Tokyo, Japan). A T2�-weighted echo planar imag-
ing (EPI) sequence sensitive to blood oxygenation level-dependent
(BOLD) contrast was used for functional imaging with the follow-
ing parameters: repetition time (TR) = 2500 ms, echo time
(TE) = 30 ms, flip angle = 90�, 80 � 80 acquisition matrix, field of
view (FOV) = 240 mm, and in-plane resolution = 3 � 3 mm. Forty-
three axial slices with slice thicknesses of 3 mm and interslice gaps
of 0.5 mm were obtained. We used a tilted acquisition sequence at
30� to the AC–PC line to recover the magnetic susceptibility-
induced signal losses due to sinus cavities (Deichmann, Gottfried,
Hutton, & Turner, 2003). A high-resolution (spatial resolution
1 � 1 � 1 mm) structural image was also acquired using a T1-
weighted magnetization prepared rapid-acquisition gradient echo
(MP-RAGE) pulse sequence. Head motion was restricted with firm
padding that surrounded the head. The visual stimuli were pre-
sented through magnet-compatible goggles. The subjects’
responses were collected using a magnet-compatible response
box. The EPI images were acquired in four consecutive runs. The



Table 1
The mean proportions and reaction times of the subjects’ responses for each
experimental condition.

Proportion (%) Reaction time (ms)
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first four scans in each run were discarded to allow for T1 equili-
bration effects.

Data preprocessing and statistical analyses were performed
using SPM8 software (Wellcome Department of Imaging Neurosci-
ence, London, UK). All volumes acquired from each subject were
corrected for different slice acquisition times. The resultant images
were then realigned to correct for small movements that occurred
between scans. This process generated an aligned set of images and
a mean image for each subject. Each participant’s T1-weighted
structural MRI was coregistered to the mean of the realigned EPI
images. The anatomical and functional images were then spatially
normalized to a custom template that was generated from all sub-
jects’ anatomical images using diffeomorphic anatomical registra-
tion through an exponentiated Lie algebra (DARTEL) algorithm
(Ashburner, 2007) and affine transformed into Montreal Neurolog-
ical Institute (MNI) stereotactic space. The functional images were
resampled into 2 � 2 � 2 mm voxels and spatially smoothed with
an 8-mm full-width half-maximum (FWHM) Gaussian kernel.

For each participant, on a voxel-by-voxel basis, an event-related
analysis was first conducted in which all instances of a particular
event type at the time of the participants’ responses were modeled
through convolution with a canonical hemodynamic response
function. There were a total of 5 experimental conditions: Dishon-
est/Harmful (dishonest decisions for harmful stories), Honest/
Harmful (honest decisions for harmful stories), Dishonest/Helpful
(dishonest decisions for helpful stories), Honest/Helpful (honest
decisions for helpful stories), and Control (one of two choices for
control stories). The parameter estimates (betas) for each condition
were calculated for all brain voxels, and the comparisons between
the experimental conditions were then performed by appropriately
weighted linear contrasts and determined on a voxel-by-voxel
basis. A high-pass filter of 1/128 Hz was used to remove
low-frequency noise, and an AR (1) model was used to correct
for temporal autocorrelations.

To detect the activations in the comparison between the tasks
that involved honesty or dishonesty and the control decision-mak-
ing task, we used one-sample t-tests. The contrast images for all
subjects (i.e., first-level analysis) were entered into a series of
group-level analyses (i.e., second-level analysis). This procedure
permitted statistical inference at the population level (random-
effects analysis). We also used a repeated-measures analysis of
variance (ANOVA) where a second-level analysis of the parameter
estimates for the voxels in each of the four conditions that involved
honesty and dishonesty (i.e., Dishonest/Harmful, Honest/Harmful,
Dishonest/Helpful, and Honest/Helpful) was computed. In this
analysis, each participant was treated as a random effect. We cre-
ated a two-way repeated measures ANOVA model, and the stimu-
lus type (harmful or helpful) and the response type (honest or
dishonest) were factors. Appropriate corrections were made for
non-sphericity and repeated measures (Friston, Glaser, et al.,
2002; Friston, Penny, et al., 2002). This procedure allowed us to
perform F-tests to identify interactions between the two factors
across brain regions. The statistical threshold was set at p < 0.001
(uncorrected for multiple comparisons) with a cluster size of 50
or more voxels, unless otherwise specified. The peak voxels of
the clusters that exhibited reliable effects are reported in the
MNI coordinates.
Mean SD Mean SD

Harmful scenarios
Dishonest choices 28.8 8.4 2449 978
Honest choices 71.2 8.4 2258 833

Helpful scenarios
Dishonest choices 62.4 12.9 2311 906
Honest choices 37.6 12.9 2280 1089

Control scenarios – – 2229 928
3. Results

3.1. Behavioral data

The mean proportions and reaction times of the subjects’
responses for each experimental condition are shown in Table 1.
We found that the proportion of dishonest decisions in harmful
scenarios was significantly lower compared with helpful scenarios
(t[24] = 13.968, p < 0.001). For the reaction time data, we used a
two-way repeated measures ANOVA with the stimulus type
(harmful or helpful) and the response type (honest or dishonest)
as factors. We found a significant main effect of the response type
(F[1,24] = 8.692, p < 0.01), but no main effect of the stimulus type
(F[1,24] = 1.736, p = 0.200). The interaction between the two
factors did not reach significance (F[1,24] = 2.620, p = 0.119).

3.2. Brain activation

To identify the general network that supports honest and dis-
honest decisions, we used one-sample t-tests to calculate the con-
trast between the conditions that involved honesty and dishonesty
(i.e., honest and dishonest decisions in harmful and helpful stories)
and the condition from the control task. This analysis revealed sig-
nificant activations in several brain regions, including the right
middle temporal gyrus, the right superior frontal gyrus, the right
supplementary motor area, the right fusiform gyrus, the right lin-
gual gyrus, the left precentral gyrus, the left corpus callosum/cin-
gulate gyrus, the left cuneus, the left cerebellum and, notably,
the left middle frontal gyrus (the dorsolateral prefrontal cortex).
These results are summarized in Fig. 2 and Table 2. We also con-
firmed the dorsolateral prefrontal activation in pairwise compari-
sons (p < 0.001, uncorrected, without extent threshold).
Specifically, we identified activation in the left dorsolateral pre-
frontal cortex in the comparisons of Dishonest/Harmful vs. Control
(coordinates, �26, 52, 40; Z value = 3.76, cluster size = 18), Honest/
Harmful vs. Control (coordinates, �32, 48, 30; Z value = 3.50, clus-
ter size = 37), Dishonest/Helpful vs. Control (coordinates, �36, 42,
28; Z value = 3.22, cluster size = 24), and Honest/Helpful vs. Control
(coordinates, �36, 44, 30; Z value = 4.38, cluster size = 299).

We then used two-way ANOVA to calculate the main effects of
response type (honest/dishonest) and stimulus type (harmful/
helpful), the interaction between the two factors, and the individ-
ual contrasts. First, to demonstrate the main effect of response type
(honest/dishonest), we calculated the following contrast: [(Dishon-
est/Harmful + Dishonest/Helpful) vs. (Honest/Harmful + Honest/
Helpful)]. Surprisingly, this analysis failed to detect significant acti-
vations in any brain regions. The opposite contrast [(Honest/Harm-
ful + Honest/Helpful) vs. (Dishonest/Harmful + Dishonest/Helpful)]
revealed significant activations in the right supramarginal gyrus,
the left postcentral gyrus, the left superior temporal gyrus, and
the bilateral insula.

Second, to demonstrate the main effect of the stimulus type
(harmful/helpful), we calculated the following contrast: [(Dishon-
est/Harmful + Honest/Harmful) vs. (Dishonest/Helpful + Honest/
Helpful)]. This analysis revealed significant activations in the right
middle frontal gyrus, the right calcarine cortex, the left fusiform
gyrus, and the left middle occipital gyrus. The opposite contrast
[(Dishonest/Helpful + Honest/Helpful) vs. (Dishonest/Harmful +



Fig. 2. The brain regions that showed significant activation under all conditions involving honest and dishonest decisions vs. the control condition. A notable difference was
identified in the left dorsolateral prefrontal cortex.

Table 2
The regions that showed increased activity during decision-making tasks involving
honesty and dishonesty relative to the control task.

Region (Brodmann’s area) Coordinates Z value Cluster
size

x y z

Right middle temporal gyrus (21) 52 10 �28 3.90 118
Right superior frontal gyrus (6) 18 8 70 3.54 63
Right supplementary motor area (6) 6 �4 48 3.67 98
Right fusiform gyrus (37) 32 �56 �2 4.02 175
Right lingual gyrus (18) 6 �60 0 3.90 185
Left middle frontal gyrus (46) �34 46 30 3.79 145
Left precentral gyrus (6) �24 �20 76 3.88 214
Left corpus callosum/cingulate gyrus (23) �2 �24 26 5.29 854
Left cuneus (18) �2 �76 30 4.86 1605
Left cerebellum �22 �78 �36 5.15 127
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Honest/Harmful)] revealed significant activations in the right sup-
plementary motor area and the bilateral supramarginal gyrus.

Third, we explored the brain regions that exhibited a significant
interaction between the two factors using the F-contrast in a two-
way ANOVA in SPM. Surprisingly, this analysis failed to detect sig-
nificant activations in any brain region. The results of the main
effects and interactions are summarized in Table 3. Overall, the
analysis revealed negative results for the main effect of dishonesty
and the interaction effect.

Fourth, to identify the regions associated with harmful dishon-
est decisions, we contrasted dishonest decisions with honest deci-
sions in the harmful stories. This analysis revealed significant
activations in the right temporoparietal junction and the right
medial superior frontal gyrus. The opposite contrast revealed sig-
nificant activations in the right insula, the right supramarginal
gyrus, and the left precentral/postcentral gyrus.

Fifth, to identify the regions associated with helpful dishonest
decisions, we compared dishonest decisions with honest decisions
in the helpful stories. This analysis revealed no significant
activation in any brain region. The opposite comparison also
showed no significant activations. The results of these individual
contrasts are summarized in Fig. 3 and Table 4.

At this stage of the analysis, to explicitly identify the voxels
where the effects were specific to dishonest decisions for harmful
stories, we employed an exclusive masking procedure. The thresh-
old of the statistical parametric mapping that constituted the
exclusive mask was set at p < 0.05 (Dishonest/Helpful vs. Honest/
Helpful), whereas the threshold of contrast to be masked was set
at p < 0.001 (Dishonest/Harmful vs. Honest/Harmful). All regions
that showed even a very small effect in the comparison of Dishon-
est/Helpful vs. Honest/Helpful were thus excluded from the analy-
sis of Dishonest/Harmful vs. Honest/Harmful. It should be noted
that as the threshold of exclusive masking becomes more liberal,
the masking procedure becomes more conservative. Thus, this
analysis revealed the regions that showed significant interaction
effects (i.e., the regions that showed significant activation in the
Dishonest/Harmful vs. Honest/Harmful comparison, but not in
the Dishonest/Helpful vs. Honest/Helpful comparison). This analy-
sis yielded exactly the same results (i.e., activations in the right
temporoparietal junction and the right medial superior frontal
gyrus) as the original comparison of dishonest decisions with hon-
est decisions in the harmful stories. Although the F-contrast in a
two-way ANOVA failed to detect significant interaction effects, this
exclusive masking procedure revealed that these activations were
highly specific to dishonest decisions for harmful stories.

Finally, to further demonstrate that the activations in the right
temporoparietal junction and the right medial superior frontal
gyrus are specific to harmful dishonest decisions, we calculated
the following contrast: [(Dishonest/Harmful vs. Honest/Harmful)
vs. (Dishonest/Helpful vs. Honest/Helpful)]. We confirmed that
the activations in the right medial superior frontal gyrus remained
significant (coordinates, 10, 50, 20; Z value = 3.24, cluster size = 35;
coordinates, 8, 42, 48; Z value = 3.26, cluster size = 17). Although
the activation in the right temporoparietal junction did not survive



Table 3
The regions that showed significant main effects and interactions.

Region (Brodmann’s area) Coordinates Z value Cluster size

x y z

(Dishonest/harmful + dishonest/helpful) vs. (honest/harmful + honest/helpful)
No suprathreshold activation

(Honest/harmful + honest/helpful) vs. (dishonest/harmful + dishonest/helpful)
Right insula 40 0 4 4.19 407
Right supramarginal gyrus (2/40) 60 �26 30 4.75 918
Left insula �40 0 8 3.46 83
Left postcentral gyrus (4) �48 �16 48 5.97 477
Left superior temporal gyrus (42) �64 �32 20 3.98 183

(Dishonest/harmful + honest/harmful) vs. (dishonest/helpful + honest/helpful)
Right middle frontal gyrus (9) 42 24 54 4.76 62
Right calcarine cortex (17) 14 �102 4 3.46 57
Left fusiform gyrus (37) �28 �38 �16 4.34 83
Left middle occipital gyrus (19) �38 �82 36 4.49 518

(Dishonest/helpful + honest/helpful) vs. (dishonest/harmful + honest/harmful)
Right supplementary motor area (6) 14 0 60 3.87 77
Right supramarginal gyrus (40) 32 �40 44 4.81 1434
Left supramarginal gyrus (40) �38 �48 54 3.43 69

Interaction (F-test)
No suprathreshold activation

Fig. 3. The brain regions associated with dishonest decisions relative to honest decisions in harmful stories; (A) the right temporoparietal junction and (B) the right medial
superior frontal gyrus.

Table 4
The regions that showed significant activation associated with honest and dishonest decisions for harmful and helpful stories.

Region (Brodmann’s area) Coordinates Z value Cluster size

x y z

Dishonest/harmful vs. honest/harmful
Right medial superior frontal gyrus (32) 10 52 20 3.56 86
Right medial superior frontal gyrus (9) 10 40 48 4.04 120
Right temporoparietal junction (21/22/39) 54 �56 24 3.92 180

Honest/harmful vs. dishonest/harmful
Right insula 40 0 4 3.83 101
Right supramarginal gyrus (2/40) 62 �22 32 4.19 683
Left precentral/postcentral gyrus (3/4) �48 �16 48 5.78 498
Left postcentral gyrus (2) �24 �40 68 3.49 77

Dishonest/helpful vs. honest/helpful
No suprathreshold activation

Honest/helpful vs. dishonest/helpful
No suprathreshold activation
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the original statistical threshold, using a more lenient threshold
(p < 0.005, uncorrected), we confirmed that this region (coordi-
nates, 60, �48, 26; Z value = 2.59, cluster size = 1) still showed a
significant difference.
4. Discussion

Using event-related fMRI, we investigated the neural correlates
of dishonest decisions that serve to harm or help the target. Consis-
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tent with our a priori hypothesis, the subjects made more dishon-
est decisions in helpful stories compared with harmful stories. The
functional imaging data showed that deciding to tell the truth or a
lie in the harmful and helpful stories, in contrast to decisions that
did not involve honesty or dishonesty, was associated with activity
in several brain regions, including the left dorsolateral prefrontal
cortex. We also found that dishonest decisions in harmful stories,
in contrast to honest decisions in harmful stories, were associated
with activity in the right temporoparietal junction and the right
medial frontal cortex. Further analysis revealed that these effects
were not shared by the dishonest decisions in helpful stories. To
our knowledge, our study is the first to demonstrate that the neural
basis of dishonest decisions is modulated by whether the lying
serves to harm or help the target.

Consistent with our a priori hypothesis, the dorsolateral pre-
frontal cortex was activated during decision-making that involved
honesty and dishonesty, regardless of the choices made and their
purposes. Our results suggest that when individuals make a deci-
sion of their own free will to behave honestly or dishonestly, the
dorsolateral prefrontal cortex plays a key role in making both types
of decisions. These results are highly consistent with previous
studies (e.g., Greene & Paxton, 2009; Kireev et al., 2013; Sip
et al., 2010) in which the subjects were free to make an honest
or dishonest decision. The contribution of the dorsolateral prefron-
tal cortex to decision-making has also been demonstrated in previ-
ous studies that employed a gambling task or a moral judgment
task (Fellows & Farah, 2005; Greene, Nystrom, Engell, Darley, &
Cohen, 2004; Manes et al., 2002).

We did not identify a significant activation in the dorsolateral
prefrontal cortex in the contrast of dishonesty compared with hon-
esty. These results are inconsistent with previous studies of
instructed lying (e.g., Abe, Suzuki, Mori, Itoh, & Fujii, 2007; Abe
et al., 2006, 2008; Bhatt et al., 2009; Browndyke et al., 2008;
Gamer, Bauermann, Stoeter, & Vossel, 2007; Ganis, Kosslyn,
Stose, Thompson, & Yurgelun-Todd, 2003; Ito et al., 2011, 2012;
Kozel, Padgett, & George, 2004; Kozel, Revell et al., 2004;
Langleben et al., 2002; Langleben et al., 2005; Lee, Raine, & Chan,
2010; Lee et al., 2002, 2005, 2009; Marchewka et al., 2012;
McPherson, McMahon, Wilson, & Copland, 2012; Nunez, Casey,
Egner, Hare, & Hirsch, 2005; Phan et al., 2005; Spence et al.,
2001) and spontaneous deception (e.g., Baumgartner et al., 2009;
Ding et al., 2013, 2014), all of which have reported the contribution
of the prefrontal cortex to lying relative to truth telling. One possi-
ble reason for this negative finding is that the tasks used in our
study may not be sensitive enough to detect the activity difference
in the dorsolateral prefrontal cortex. The present study used the
scenario method in which the subjects were asked to decide
whether to tell a lie as though they were experiencing the fictitious
events. The scenario method does not require actual deceptive or
truthful responses in a cognitive task. The arbitrary setting of ficti-
tious events might decrease the salience of dishonest acts and
thereby make it difficult to detect the activity difference in dorso-
lateral prefrontal cortex. Therefore, we report the present results
with great caution, and further studies are needed to determine
whether some or all of the results can be replicated.

As predicted, the activity in the temporoparietal junction was
specific to decisions to tell a lie in harmful stories. Compared with
helpful lying, harmful lying is, by definition, a morally unaccept-
able behavior. In a previous study of moral judgment, the activity
in the temporoparietal junction was highest in cases of attempted
harm where protagonists were condemned for actions that would
cause harm to others (Young et al., 2007). A subsequent study that
used transcranial magnetic stimulation (TMS) showed that the
temporoparietal junction plays a critical role in the moral judg-
ment of attempted harms (Young et al., 2010). Another study
recently reported by Parkinson et al. (2011) also provided results
highly consistent with the view that the temporoparietal junction
is associated with moral judgment of dishonest transgressions. The
present results suggest that even if subjects were not explicitly
engaged in a moral judgment task, the temporoparietal junction
may be sensitive to morally unacceptable behavior, regardless of
whether the subjects make a decision regarding their own behav-
ior or judge the acceptability of another individual’s behaviors.

In addition to the temporoparietal junction, the medial frontal
cortex was also specifically activated during dishonest decisions
in harmful stories. Previous studies have shown that the medial
superior frontal cortex is associated with the process of attentional
set shifting (Nagahama et al., 1999) or the selection of action sets
in decision-making (Rushworth, Walton, Kennerley, &
Bannerman, 2004). Given that the reaction time for dishonest deci-
sions was longer compared with honest decisions, the decision to
tell a lie in the harmful stories might require additional cognitive
demands, and these additional demands might be supported by
the medial superior frontal gyrus.

Although we identified several regions associated with dishon-
est decisions in harmful stories, we found no significant activation
specific to dishonest decisions in helpful stories. One possible
explanation for this negative finding is that honest and dishonest
decisions in helpful stories are associated with a similar activation
pattern because of the conflict generated by both choices. Dishon-
est decisions may result in deceiving the target, but they also help
the target. In contrast, honest decisions let the target know the
truth, but they forego the opportunity to help the target. This com-
plex dilemma may give rise to the nearly identical brain activity
that occurs for both honest and dishonest decisions in the helpful
stories. Our results do not necessarily indicate that there is no spe-
cific neural mechanism mediating helpful dishonest decisions.
Other experimental paradigms may be better at simulating dishon-
est, but good behavior in real-life situations compared with the
scenario method used in our study.

In conclusion, the present study is the first to demonstrate that
dishonest decisions recruit different brain areas depending on
whether the lying serves to harm or help the target. These preli-
minary findings represent an important step toward understand-
ing the neurocognitive mechanisms that underlie dishonesty in
social settings. The limitations of the present study must be con-
sidered. First, our subjects were not assessed for personality traits
that could confound the present results. Second, the trial numbers
of the five experimental conditions were significantly different.
Given the habituation/sensitization effects, comparing different
numbers of trials might confound the present results. Third,
although the scenario method used in the present study is useful
for investigating the neural correlates of complex decision-making
in social contexts, the scenarios were fictitious, and the decisions
made did not produce any ‘‘real’’ harmful or helpful outcomes. In
this regard, we acknowledge that there may be a discrepancy
between the patterns of brain activity observed in laboratory set-
tings and those observed in real-life situations. Finally, the present
findings contradict prior studies that have shown increased pre-
frontal activity during deception compared with truth-telling and
our hypothesis that the striatum plays a key role in helpful
dishonest decisions. Therefore, further confirmation of the present
findings is required in future studies.
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