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Abstract
Adolescent decision-making is highly sensitive to input from the social environment. In particular, adult and maternal presence
influence adolescents to make safer decisions when encountered with risky scenarios. However, it is currently unknown whether
maternal presence confers a greater advantage than mere adult presence in buffering adolescent risk taking. In the current study,
23 adolescents completed a risk-taking task during an fMRI scan in the presence of their mother and an unknown adult. Results
reveal that maternal presence elicits greater activation in reward-related neural circuits when making safe decisions but
decreased activation following risky choices. Moreover, adolescents evidenced a more immature neural phenotype when making
risky choices in the presence of an adult compared to mother, as evidenced by positive functional coupling between the ventral
striatum and medial prefrontal cortex. Our results underscore the importance of maternal stimuli in bolstering adolescent
decision-making in risky scenarios.

Research highlights

•
•
•

Maternal presence buffers risky decision-making in
adolescence more than the presence of a non-parental
adult.
Reward processing and social cognitive brain systems
are engaged when making decisions under maternal
presence compared to non-parental adult presence.
Maternal presence elicits relatively more mature
functional coupling between the prefrontal cortex
and reward processing regions.

Introduction
Adolescence is a developmental period marked by
remarkably flexible neural systems (Spear, 2000; Casey,
2015; Hauser, Iannaccone, Walitza, Brandeis & Brem,
2015). Theorized to serve an adaptive purpose (Spear,

2011; Hauser et al., 2015), this flexibility renders adolescents highly susceptible to environmental inputs. Accordingly, contextual influences during adolescence possess a
powerful capacity to affect adolescent behavior, especially
via rapidly developing affective neural systems (Casey,
2015). While past research has traditionally focused on
how environmental inputs adversely affect adolescent
behavior (e.g. negative peer influence; Chein, Albert,
O’Brien, Uckert & Steinberg, 2011), more recent studies
have begun to focus on how other types of contextual
influences may interact with neural plasticity during
adolescence to guide adolescent behavior towards healthy
development (see Telzer, 2016). In the current study, we
focus on better understanding how social influences,
specifically those from one’s parents, interact with adolescent neural systems to promote safe decision-making.
Brain development during adolescence is marked by
development of affective neural systems involved in
approach motivation and reward sensitivity, and prefrontal regions implicated in inhibitory control (Casey,
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2015; Steinberg, 2010; Somerville, Jones & Casey, 2010).
The coordination of these two neural systems is associated with adolescent adjustment. Negative functional
coupling between subcortical affective regions and the
prefrontal cortex (PFC) is associated with optimal
behavioral outcomes, such as less risky behavior (Qu,
Galvan, Fuligni, Lieberman & Telzer, 2015), whereas
positive coupling, a more immature neural state, is
associated with maladjustment (Gee, Gabard-Durman,
Telzer, Humphreys, Goff et al., 2014). Although childhood is marked by immature regulation (i.e. negative
functional coupling), it is not characterized by affective
hypersensitivity and high frequencies of encountering
risky contexts (Casey, 2015; Spear, 2000, 2011). Thus,
while adolescents compared to children possess the
requisite neural maturity to independently regulate basic
emotional responses (Gee et al., 2014), they are still
vulnerable under conditions of socioemotional arousal,
such as in risky contexts (e.g. Chein et al., 2011).
Frontolimbic connectivity is sensitive to social input
such that the regulatory function of prefrontal regions
can be enhanced or impaired depending on the presence
of parental stimuli (Gee, Humphreys, Flannery, Goff,
Telzer et al., 2013, Gee et al., 2014), highlighting that
parents play an important role in the regulation of their
offspring’s emotions (Gee et al., 2014). Indeed, parents
can affect their adolescent offspring’s impulse control
and emotion regulation by means of social scaffolding,
such that parents help their children develop skills
necessary for proper adult functioning in vulnerable
contexts when children do not yet have the requisite
developmental maturity to do so (Dahl, 2004). For
example, adolescents with more positive parent–adolescent relationship quality show dampened ventral striatum
(VS) and modulated PFC activity during risk-taking and
cognitive-control tasks (Qu et al., 2015; Telzer, Fuligni,
Lieberman & Galv
an, 2013; McCormick, Qu & Telzer,
2016). Furthermore, adolescents engage in fewer risky
decisions in the mere presence of their mothers and
display a dampened reward response (indexed by VS
activity) following a risky decision under maternal
presence (Telzer, Ichien & Qu, 2015). These studies
underscore an important role of families in scaffolding
adolescent behavior via changes in brain activation,
helping to promote healthy adolescent development.
Despite notable advances in understanding how parents help regulate adolescent affective sensitivity, it
remains unclear whether the observed effects generalize
to other adults. As they transition into adolescence,
youth typically detach from their families and spend an
increasing amount of time surrounded by adults other
than their caregivers (Larson & Richards, 1991), making
it necessary to understand whether these individuals may
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also provide adequate scaffolding. Prior studies incorporating parental presence during risk taking did not
include a condition in which another adult was present,
making it difficult to determine whether adaptive social
scaffolding is unique to familial relationships, or simply
due to adult presence. While recent behavioral work has
provided evidence that non-parental, unfamiliar adults
can adaptively scaffold adolescent decision-making in
risky contexts, at least more so than peers (Silva, Chein
& Steinberg, 2016), we still do not understand which
exerts a greater influence on adolescent decision-making.
Because parents remain an important fixture in the lives
of adolescents (Tsai, Telzer & Fuligni, 2013), it is likely
that parents offer unique contributions in helping
regulate their adolescent’s emotions during risky scenarios beyond those of another adult.
In the current study, we sought to clarify the role of
parental presence compared to that of an unknown adult
in providing social scaffolding for adolescents during
risk taking. Adolescent participants completed a risktaking task during an fMRI scan in the presence of their
mother and an unknown adult stranger. Behaviorally, we
predicted that adolescents would make more safe choices
in the presence of their mother than an unknown adult.
At the neural level we expected that parental presence,
compared to that of an adult, would modulate bottomup VS activity during risk taking in a manner that
promoted safe decision-making such that maternal
presence would be associated with heighted activation
in the VS following a safe decision and dampened VS
activation following a risky decision. Second, we
expected parental presence to be associated with relatively more mature neural coupling between the VS and
medial prefrontal cortex (mPFC). Prior studies have
indicated a developmental switch in functional coupling
between the mPFC and the limbic system, such that
children show positive coupling (i.e. more immature
neural state) whereas adolescents tend to show more
negative coupling (i.e. more mature neural state; Gee
et al., 2013). Given the sensitivity of this circuit to social
influences along with previous research demonstrating
that parental stimuli, relative to unknown adults, elicit
mature connectivity in children (Gee et al., 2014), we
predicted maternal presence to be associated with a more
mature pattern of functional coupling, whereas adult
presence would be associated with a more immature
pattern of functional coupling (i.e. positive connectivity).
Lastly, because adolescence is a sensitive period for
social cognitive development (Blakemore & Mills, 2014),
we also examined brain regions involved in social
cognition such as those implicated in the detection of
social salience or perspective taking. We expected
adolescents to display greater activation in social
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cognitive networks in the presence of their mothers
compared to an unknown adult.

Methods
Participants
Twenty-four adolescents accompanied by their mothers
participated in the study. One participant did not complete
the brain scan, resulting in a final sample of 23 15-year-old
adolescents (Mage = 15.22 years, SD = 0.35; 9 females).
Adolescents were from diverse ethnic backgrounds,
including White (n = 14), African American (n = 6),
Asian (n = 1) and mixed race (n = 2). We decided before
the study to collect as many participants as possible in a
four-month span, with the goal of recruiting 20–25
participants, consistent with sample sizes of similar studies
(e.g. Chein et al., 2011; Gee et al., 2013). Analyses were
not conducted until all data had been collected. All
participants and their mothers provided written assent
and consent, respectively, in accordance with the policies
of the Institutional Review Board.
Risk taking paradigm
Adolescents completed the Stoplight Task, a widely
utilized and ecologically valid driving simulation used

to behaviorally and neurally measure risk taking (Chein
et al., 2011). During the task, adolescents took the
perspective of a person driving a car and encountered
26 yellow stoplights. At each intersection, adolescents
had to make a choice to either (1) brake before the
intersection or (2) accelerate through the intersection by
pressing one of two buttons. Adolescents were
instructed to try to finish the task as quickly as
possible in order to earn a larger monetary reward.
Accelerating through the intersection (i.e. a ‘go’ decision) resulted in no delay and was thus faster than the
decision to brake (i.e. a ‘stop’ decision), which yielded a
3-second delay. However, by choosing to ‘go’ at the
intersection, adolescents ran the risk of crashing,
resulting in a 6-second delay (Figure 1). Participants
had a 30% chance of crashing across the 26 intersections. That is, eight intersections displayed cars
approaching the cross roads, resulting in a crash if a
decision to ‘go’ was enacted. Participants were not
made aware of the probability of crashing. At the
behavioral level, risky decision-making was measured as
the percentage of trials in which the participant chose
to accelerate through the intersection.
Adolescents completed two runs of the Stoplight Task
while undergoing functional MRI. During one run, the
adolescent’s mother was present; another run was
completed in which they were told another adult was
present. Prior to the run under maternal presence, the

Figure 1 The Stoplight Task. By pressing one of two buttons, adolescents could choose to go through or stop at each yellow light.
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adolescent’s mother came into the scan control room
and was instructed to speak into the intercom and notify
their child they were going to watch them for the entire
duration of the round. Mothers were instructed to recite
a script into the scan intercom (‘Hi [adolescent name], I
just wanted to let you know that I’m here and I’ll be
watching you play this round’) in order to ensure that
they would not make any comments that may bias their
child’s behavior. The mother then stayed in the scan
room and observed their child’s behavior during the
task. Before beginning the run under adult presence, the
experimenters informed the participant that an adult,
described as a professor who is an expert in adolescent
driving behavior, would be observing all participants
play one round of the Stoplight Task. The researchers
ostensibly called her into the scan room, placed a photo
on the screen of the professor so the participant could be
‘introduced to her’, and played a personalized female
voice into the scan microphone of the exact same script
as the mother condition in order to establish the
impression that the adult stranger was present and
watching the participant. Upon completion of each scan,
the experimenters informed the participant that the
respective observer had left the room. The order of
conditions was counterbalanced across participants.
Participants were trained on how to properly complete
the task prior to their brain scan by watching a video of
the task and completing two practice runs in order to
account for learning effects.
fMRI data acquisition
Neuroimaging data were collected using a 3 Tesla
Siemens Trio MRI scanner. Our stoplight task included
T2*-weighted echoplanar images (EPI; slice thickness of
3 mm; 38 slices; TR of 2 s; TE of 25 ms; 92 9 92 matrix;
FOV of 230 mm; 2.5 9 2.5 9 3 mm3 voxel size). The
structural scans consisted of a T2*-weighted, matchedbandwidth (MBW), high resolution, anatomical scan
(TR of 4 s; TE of 64 ms; FOV of 230; 192 9 192 matrix;
slice thickness of 3 mm; 38 slices) and a T1* magnetization-prepared
rapid-acquisition
gradient
echo
(MPRAGE; TR of 1.9 s; TE of 2.3 ms; FOV of 230;
256 9 256 matrix; sagittal plane; slice thickness of
1 mm; 192 slices). To maximize brain coverage, the
orientation of the MBW and EPI scans were set to be
oblique axial.
fMRI data processing and analysis
Neuroimaging data were processed and analyzed using
Statistical Parametric Mapping (SPM8; Wellcome
Department of Cognitive Neurology, Institute of
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Neurology, London, UK). Spatial realignment was
conducted in order to correct for head motion (no
participant exceeded 2.5 mm of slice-to-slice motion in
any direction). Realigned functional data were then
coregistered to the high resolution MPRAGE image and
were subsequently segmented into cerebrospinal fluid,
gray matter, and white matter. The normalization transformation matrix from the segmentation step was
applied to the functional and T2 structural images,
transforming them into standard stereotactic space as
defined by the Montreal Neurological Institute and the
International Consortium for Brain Mapping. The
normalized functional data were smoothed using an
8 mm Gaussian kernel, full-width-at-half maximum, to
increase the signal-to-noise ratio.
Statistical analyses were performed in SPM8 using the
general linear model (GLM). Each trial was convolved
with the canonical hemodynamic response function.
High-pass temporal filtering with a cut-off of 128 s was
applied to remove low-frequency drift in the time-series.
Serial autocorrelations were estimated with a restricted
maximum likelihood algorithm with an autoregressive
model order of 1. For each participant’s fixed-effects
analysis, a GLM was created with four regressors of
interest for both the adult-present and mother-present
conditions. There were two decision regressors (Go and
Stop) and three outcome regressors (GoCrash, GoPass
and StopPass) per condition. In addition, the wait time
after decisions to stop and a final ‘Game Over’ period
after each scan were modeled in order to remove them
from the implicit baseline. Accordingly, there were 12
total conditions, six for both the mother and adult
present runs. Durations for outcomes (e.g. pass or
crash) were 1 second. The duration of decision trials
constituted the time between when the intersection first
appeared and when the participant indicated their
response. Pass and wait events had no specific onset
times whereas the onset of crash events was that when
another car crashed into the participant’s car. Crash
events happened at most 2 seconds following the yellow
light so we modeled the pass and wait events as such,
corresponding to the point at which the outcome of a
risky decision was clear. Null events were not explicitly
modeled, constituting the implicit baseline.
The parameter estimates resulting from the GLM were
used to create linear contrast images comparing the
conditions of interest. Random effects, group-level
analyses were performed on all our individual subject
contrasts using GLMFlex. GLMFlex corrects for
variance–covariance inequality, partitions error terms,
removes outliers and sudden activation changes in
the brain, and analyzes all voxels containing data
(http://mrtools.mgh.harvard.edu/index.php/GLM_Flex).
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We conducted whole-brain t-tests at the group level to
examine overall differences in neural activation during
the decision phase when enacting safe (i.e. ‘Stop’) and
risky (i.e. ‘Go’) decisions, and during the outcome phase
following a risky decision (i.e. successful pass) during
maternal compared to adult presence. Because certain
participants had limited data for crash events, we were
unable to test the crash events with the appropriate
power. In addition, in some instances, participants did
not have enough data for a given condition because they
stopped or accelerated at the majority of stoplights (e.g.
too few ‘go’ trials under maternal presence). Therefore,
the sample size varies slightly by analysis, but never
drops below 21.
We conducted psychophysiological interaction (PPI)
analyses (O’Reilly, Woolrich, Behrens, Smith & Johansen-Berg, 2012) to examine functional connectivity
between the ventral striatum and prefrontal regions
associated with cognitive control. Given our a priori
predictions, we specified the ventral striatum as the seed
region. We structurally defined the striatum using the
WFUpickatlas (Tzourio-Mazoyer, Landeau, Papathanassiou, Crivello, Etard et al., 2002; Maldjian,
Laurienti, Kraft & Burdette, 2003). A generalized form
of context-dependent PPI was used to run PPI analyses.
In particular, the gPPI toolbox in SPM (gPPI;
McLaren, Ries, Xu, Fitzgerald, Kastman et al., 2008)
was used to (1) extract the deconvolved time-series from
the ventral striatum ROI for each participant to create
the physiological variables, (2) convolve each trial type
with the canonical HRF, creating the psychological
regressor, and (3) multiply the time-series from the
psychological regressors with the physiological variable
to create the PPI interaction terms. The interaction
terms identified regions that covaried in a taskdependent manner with the ventral striatum. For the
first-level model, one regressor representing the deconvolved BOLD signal was included alongside the
psychological and PPI interaction terms for each
condition in order to create a gPPI model. Subsequently, at the group level, we conducted randomeffects, whole-brain analyses using GLMFlex to
examine differences in functional coupling across the
Adult and Mother conditions.
In order to correct for multiple comparisons, we
conducted a Monte Carlo simulation using 3dClustSim
in the software package AFNI (Ward, 2000). Results of
the simulation indicated a voxel-wise threshold of
p < .005 combined with a minimum cluster size of 45
voxels for the whole brain, corresponding to p < .05,
Family Wise Error (FWE) corrected, and 44 voxels for
our PPI analyses. Because the VS is an anatomically
small structure, we did not expect activity in the region
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to survive these thresholds. Consistent with previous
research (Giuliani & Pfeifer, 2015), we used a threshold
of p < .005 and 20 voxels for the VS.

Results
Differences in risk-taking behavior during maternal
compared to adult presence
Because we had a priori hypotheses of the directionality
of our effects such that adolescents would make fewer
risky decisions in the presence of their mothers, we ran a
one-tailed, paired samples t-test to determine whether
differences in rates of risky decisions were significantly
different under maternal and adult presence. After
removing two outliers, who were over 2.5 SD below or
above the mean on risk-taking decisions we found a
marginally significant effect (t(20) = 1.58, p = .065)
such that adolescents made fewer risky decisions (i.e. ‘go’
decisions) during maternal (M = 56% of trials,
SE = .042) compared to adult (M = 60% of trials,
SE = .041) presence.
Differences in neural activation during maternal
compared to adult presence
Safe decisions
We observed greater activation in the inferior frontal
gyrus (IFG) and fusiform gyrus when mothers were
present, compared to another adult (Table 1). The
activity in the IFG replicates and extends our previous
work (Telzer et al., 2015). When we relaxed the cluster
size, we also found greater activation in the VS when
adolescents made stop decisions under maternal presence
compared to the presence of an adult (k = 18). For
descriptive purposes, we extracted parameter estimates of
signal intensity from the VS cluster separately for the
contrast of Stop decisions when their mother was present
and Stop decisions when an adult present. As shown in
Figure 2, adolescents exhibit heightened activation in the
VS when making stop decisions in the presence of their
mother but did not show heightened VS activation in the
presence of the adult, suggesting that the intrinsic value of
making a safe decision is made more rewarding uniquely
by one’s parents. No brain regions were more active
during adult presence compared to maternal presence.
Risky decisions
When making go decisions in the presence of their
mother compared to an adult, adolescents displayed
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Table 1 Brain regions which showed significant activation
during stop decisions, go decisions, and successful passes
Region

BA

Safe Decision Mother > Adult
Ventral Striatum
R
Fusiform
37
R
Cerebellum
R
MTG
37/39 R
IOG
17/18 L
IFG
6/8
L
Cerebellum
L
Risky Decision Mother > Adult
ACC
32/34 L
vlPFC
46
L
dmPFC
8/9
R
TPJ
39
L
IPL
7
L
Fusiform
37
L
mPPC
31
R
Thalamus
L
Putamen
L
Risky Outcome Adult > Mother
Ventral Striatum
R
Superior
L
Frontal Gyrus
TPJ
L

x

y

z

t

k

6
42
24
51
48
45
24

14
52
64
52
76
8
61

5
17
17
4
8
31
41

3.34
3.97
3.75
3.74
3.80
4.18
3.58

18*
147a

9
36
9
45
36
42
6
9
24

35
53
41
49
46
49
55
10
5

7
1
28
34
52
20
10
4
13

4.94
3.99
4.43
4.72
5.24
5.48
3.30
3.26
6.41

12
24

1
56

2
16

3.86
3.54

43*
69

48

52

31

4.72

70

a
a

47
175
65
168b

b

146
139c

c

108
51
81d

adolescents displayed heightened activation in the TPJ,
fusiform gyrus, mPPC, and dmPFC (Figure 3; Table 1).
No brain regions were more active during adult presence
compared to maternal presence.
Risky outcomes
We also examined adolescents’ neural responses following a successful pass (i.e. a ‘Go’ decision that did not
result in a crash). Following a successful pass, adolescents exhibited greater activation in the VS during adult
presence relative to maternal presence (Figure 4,
Table 1), replicating prior work (Telzer et al., 2015).
We observed greater activation in the superior frontal
gyrus and TPJ for adult presence compared to maternal
presence.

d

Note: R = right and L = left. x, y, and z refer to MNI coordinates;
t = the t-score at those coordinates (local maxima); IFG = inferior
frontal gyrus; MTG = middle temporal gyrus; IOG = inferior occipital
gyrus; ACC = anterior cingulate cortex; vlPFC = ventrolateral prefrontal cortex; dmPFC = dorsomedial prefrontal; TPJ = temporoparietal junction; IPL = inferior parietal lobule; mPPC = medial posterior
parietal cortex. Regions that share the same superscript are part of the
same cluster. *denotes a priori region with relaxed cluster extent
threshold.

greater activity in the anterior cingulate cortex (ACC), a
brain region involved in conflict monitoring. In addition,
we found several clusters of increased activation in social
brain regions, such that when making a risky decision
under maternal presence compared to adult presence,

Differences in neural connectivity during maternal
compared to adult presence
Next, we conducted PPI analyses using the ventral
striatum as the seed region to test for functional
connectivity between the VS and the mPFC. We found
a significant interaction between the mPFC and VS
when adolescents chose to go in the presence of their
mothers compared to an adult (Table 2). To further
examine this effect, we extracted parameter estimates of
signal intensity from the mPFC cluster for each
condition separately and plotted these effects. As shown
in Figure 5, adolescents displayed positive connectivity
(i.e., immature neural pattern; Gee et al., 2014) between
the VS and mPFC when making risky decisions in the
presence of an adult. However, when adolescents made
risky decisions in the presence of their mother, they
exhibited more negative coupling between the VS
and mPFC, a signature which is considered to be

Figure 2 VS activation when adolescents chose to stop in the presence of their mother compared to that of an adult. For descriptive
purposes, parameter estimates of signal intensity were extracted from stop > baseline for each condition. Error bars represent the
standard error of the mean.
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Figure 3 Fusiform and TPJ activation when adolescents chose to go in the presence of their mother compared to that of an adult.
For descriptive purposes, parameter estimates of intensity were extracted from go > baseline for each condition. Error bars represent
the standard error of the mean.

Figure 4 VS activity when adolescents successfully passed through an intersection following a risky decision in the presence of an
adult compared to their mothers. For descriptive purposes, parameter estimates of intensity were extracted from Risky Outcome >
baseline for each condition. Error bars represent the standard error of the mean.

indicative of more mature neural connectivity (Gee
et al., 2013). In addition, we found greater coupling
between the VS and the fusiform and precuneus when
adolescents chose to go in the presence of their mothers
compared to another adult. We did not find any
significant clusters of functional coupling between the
VS and any other regions when adolescents made a stop
decision.

© 2016 John Wiley & Sons Ltd

Discussion
Adolescence marks a time in which individuals seek
more autonomy from their parents and encounter
changes across several social contexts (Steinberg, 2001;
Larson & Richards, 1991; Dishion & Tipsord, 2011),
including ones that possess the capacity for harm or
danger (e.g., Cavazos-Rehg, Krauss, Spitznagel,
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Table 2 Brain regions which were functionally coupled with
the ventral striatum during go decisions
Region

BA

x

Risky Decision Adult > Mother
mPFC
11
R
12
Risky Decision Mother > Adult
Precuneus
7
R
15
Fusiform
37
R
39

y

z

t

k

41

5

3.56

62

46
52

58
8

5.05
4.62

70
53

Note: R = right and L = left. x, y, and z refer to MNI coordinates;
t = the t-score at those coordinates (local maxima); mPFC = medial
prefrontal cortex.

Schootman, Bucholz et al., 2009). These social changes,
in conjunction with affective hypersensitivity and poor
cognitive control, often leave adolescents at risk for
suboptimal health outcomes, most notably stemming
from poor decision-making (Steinberg, 2008). In the
present study, we examined the specific role of parental
presence relative to an unknown adult in providing social
scaffolding during risk taking.
We found that adolescents displayed increased ventral
striatal activity when choosing to make a safe decision in
the presence of their mothers but not in the presence of
another adult. However, we note that this VS cluster is
relatively small. Based on our a priori hypotheses and
replication of prior work, we feel comfortable reporting
these results, but also advise readers to interpret these
results with caution. In addition, immediately following
a successful risky decision, adolescents displayed
decreased VS activation under maternal presence relative
to adult presence, replicating our prior work which tested
the effect of maternal presence, compared to being alone,
on adolescent neurocognition during risk taking (Telzer
et al., 2015). In the current study, we extend this prior
work to show that this VS response is unique to parental

presence and does not extend to another adult. One
interpretation of these results is that parental presence
modulates bottom-up reward sensitivity in a manner that
alters the intrinsic value of making a safe decision,
thereby increasing the rewarding nature of making safe
decisions (Telzer, 2016). Moreover, our results suggest
that the presence of an adult does not decrease the
pleasure or salience of being risky – this only appears to
happen under maternal presence. These results are
important for several reasons. First, they help enhance
our knowledge of social scaffolding, highlighting that
even in adolescence, offspring are still sensitive to
parental stimuli. Our results may inform those interested
in creating novel intervention programs that target
adolescent health risks, especially since extant programs
have been largely ineffective (e.g. Stice, Shaw & Marti,
2006; Lapsley & Yeager, 2012; Steinberg, 2015). Our
findings suggest that these programs would be more
effective if parents played a direct role.
Our findings may also help elucidate the characteristics of developing frontolimbic brain circuits. Although
adolescents possess the capacity to independently regulate basic emotions – that is, they show more negative
subcortical–cortical functional coupling during basic
emotional processing (Gee et al., 2013) – it is less clear
whether they still require social scaffolding in more
complex socioemotional contexts. We found that adolescents exhibited more positive functional coupling
when making risky decisions while another adult was
present than when their mothers were present. This
immature pattern of neural activation may explain why
adolescents tended to make more risky decisions in the
presence of a non-parental adult compared to maternal
presence. Specifically, it appears that regulatory prefrontal regions are ineffective at inhibiting the striatal
response in the presence of a non-parental adult as

Figure 5 mPFC-VS connectivity when adolescents chose to go in the presence of an adult compared to their mothers. For
descriptive purposes, parameter estimates of intensity were extracted from go > baseline for each condition. Error bars represent the
standard error of the mean.
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evidenced by positive coupling. In contrast, under
maternal presence, adolescents did not display this
immature neural phenotype, suggesting that maternal
presence facilitates more mature and effective neural
regulation via top-down inhibitory control from prefrontal regions. This is notable because previous work
has found that adolescents display mature frontolimbic
connectivity when regulating basic emotions, regardless
of maternal presence, whereas children only display
mature connectivity in the presence of maternal stimuli
(Gee et al., 2014). Our results suggest that contexts
which require scaffolding change across age and development, such that adolescents benefit from maternal
scaffolding in developmentally relevant contexts like
those which are likely to activate hypersensitive reward
systems.
An alternative interpretation of our findings is that the
mPFC belongs to a broader reward circuit, helping encode
subjective experiences of reward, such that decreases in
functional coupling between the VS and mPFC across
development are not necessarily indicative of top-down
regulation, but instead reflect changes in the nature of how
rewards are coded (Crone, van Duijvenvoorde & Peper,
2016). Thus, our findings may suggest that the intrinsic
value of risk taking is not as rewarding in the presence of
one’s mother, compared to another adult, during which
the VS and mPFC show strong connectivity. This would
imply that maternal presence affects how rewards are
coded along this brain circuit. One consideration for
future research is determining whether similar patterns of
connectivity like the one reported here reflect top-down
influences on affective processes or simply the maturation
of a larger and broader reward value coding circuit.
Another intriguing component to our findings regard
the activation observed in social brain regions. We found
increased activation in the TPJ, mPPC, dmPFC, and
fusiform gyrus when adolescents chose to enact a risky
decision in the presence of their mothers compared to an
adult. Presumably, adolescents in our sample were more
likely to be concerned with their mother’s opinion of
their behavior than that of another adult stranger when
making a risky decision, an action which teens might
assume elicits concern or scorn from their mothers.
Because adolescence is an important period for social
cognitive processing (Blakemore & Mills, 2014), it is
plausible that individuals are more sensitive to their
mothers’ perspective following a brief instance of misbehavior. Indeed, the TPJ, mPPC, and dmPFC are
implicated in perspective taking and mentalizing processes (Blakemore & Mills, 2014), while the fusiform is
involved in processing social and emotional salience
(Van Bavel, Packer & Cunningham, 2011; McRae, Gross,
Weber, Robertson, Sokol-Hessner et al., 2012; Monroe,
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Griffin, Pinkham, Loughead, Gur et al., 2013), suggesting that adolescents may be processing their risky choices
while in the presence of their mothers as a more socially
salient event. More broadly, these findings can help
address how brain regions involved in social cognitive
processes are implicated in decision-making processes
and risk-taking contexts.
There are limitations to our study that need to be
addressed in addition to interesting considerations for
future directions. One limitation and point for consideration in future studies involves the disparity in familiarity between our two conditions. Our teenage participants
had a lifetime of experiences and interactions with their
mothers, whereas the adult was an unknown stranger.
Another limitation is that we did not include a baseline
condition in which the adolescent plays the task alone
without any other social presence, limiting our ability to
fully understand the direction of adult influences on
adolescent behavior. Although our findings suggest that
results from previous studies (Telzer et al., 2015) appear
to be unique to mothers relative to adult strangers, we
cannot say whether this would also be the case when
compared to fathers, siblings or other prominent, nonfamilial adults (e.g. teachers, sports coaches, etc.). Future
research should examine whether mothers uniquely
provide social scaffolding above the effects of other
familiar adults. Moreover, future research should examine how relationship quality may modulate the buffering
effect of maternal presence. Negative family relationships
have been shown to exert detrimental effects on cognitive
processes implicated in risk taking such as impulse
inhibition (McCormick et al., 2016). Such relationships
may fail to provide effective scaffolding for adolescents
and may even elicit immature patterns of frontolimbic
connectivity.
Researchers studying the effect of social processes on
the development of decision-making should also examine broader age groups in future studies in order to
determine whether our observed effects are unique to
adolescents. Our findings do not indicate whether this
pattern of neural activity is a developmental occurrence
unique to adolescence or if it manifests itself ubiquitously across the lifespan, making it difficult to make
inferences about expanded developmental processes.
This is an especially important consideration with regard
to our connectivity analyses, as it would allow for
insights into the age at which a mature pattern of
functional coupling between the limbic system and
mPFC is finally assembled, helping contribute to a topic
that has recently garnered much attention (Wu, Kujawa,
Lu, Fitzgerald, Klumpp et al., 2016; Gabard-Durnam,
Gee, Goff, Flannery, Telzer et al., 2016). Longitudinal
studies, which follow children into adolescence, will be
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essential in fully unpacking developmental trajectories of
brain maturation. Finally, our sample size was relatively
small, which may have precluded our ability to find
significant behavioral differences between maternal and
adult presence. Previous research has found that both
parents and unknown adults reduce adolescent risk
taking (Silva et al., 2016; Telzer et al., 2015). Our
findings suggest that parents exert a modestly greater
effect than unknown adults. Yet, without the power that
accompanies a larger sample size, our tests could not
fully detect such a difference.
In sum, our results highlight the importance of parents
above other adults in guiding their adolescent offspring’s
behavior in risky scenarios. These findings are the first to
suggest that parental presence may be more effective
than the presence of other adults to help adaptively
scaffold adolescents in vulnerable contexts, highlighting
how this occurs at the neural level. Ultimately, our
findings speak to the importance of maternal stimuli
beyond childhood, underscoring the importance of
context in determining whether adolescents benefit from
scaffolding.
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