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Effective coaching and mentoring is cructal fo the siceess of individuats and organizations, yet relatively little is
known about its newral uaderpinnings. Coaching and mentoring to the Positive Emotional Attractor (PEAY empha-
sizes compasston for the individual’s hopes and dreams and has been shown to enhance a behavioral change.
In contrast, coaching to the Nepative Emotional Attractor {WEA), by focusing on externably defined oriteria for
suceess and the individusl’s wealkmesses tn relation fo them, does not show susiained change. We sed fMRET 10
measere BOLD responses associaled wilk these two coaching styles. We hypothesizad that PEA coaching would
be associated with increased global viswal processing and with engagement of the pamasympathetic nervous sys-
tem {PNE], while the NEA coaching would involve greater engagement of the sympathetic nerveus system (SNS)L
Regions showing more activity in PEA conditions included the fateral occipital cortex, superior temporal cortex,
medial parietal, subpsneal cingulate, nucleus accimbens, and left Tateral prefrontal cortes. We relate these activa-
fioms to visiening, PINS activity, and positive affect. Regions showing more activity in NEA conditions incleded
medial prefrontal segions and right fateral prefrontal cortex. We refate these activations to SNS activity, self-trait

attritudion and negative affect,
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Coaching and mentoring can be seen in every facet
of daily life, in one’s personal affairs, work or
school whether by a doctor, a teacher, a parent,
or manager. Two approaches typically occur: one
that focuses on performance targets and individual
weaknesses, and one that seeks to inspire stronger
performance by focusing on the mentee's strengths,
aspirations, and personal development. In the last

13 years, coaching has refocused toward strength-
based approaches, erienting individuals to focus on
things they do well (Fredrickson, 2009). A num-
ber of approaches to coaching have adopted this
broad framework, including Fredrickson’s flourish-
ing (Fredrickson, 2009), Higgins® promotion ver-
sus prevention (Higgins, 1997}, and Deci & Ryan's
seif-determination theory (Gagné & Deci, 2005),
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{ntentional Change Theory {Boyatzis, 2008; Bovatzis,
Smith, & Beveridge, 2013) distinguishes between
cozching or mentoring toward the Positive Emotional
Agtractor (PEA) versus the Negative Emotional
Attractor (NEA). Although the Inientional Change
Theory overlaps with the other theories on several
points, it differs in that # places a clear empha-
sis on peycho-physiofogical processes associated with
parasympathetic (PN5S) and sympathetic (SNS) auto-
NONic FESpOnses.

Research has shown that a positive approach leads
to more hehavioral changes (Boyatzis, 2008; Boyateis
et al, 2013). A series of longitudinal studies have
shown that coaching on the basis of the PEA in inten-
tional change theory results in a dramatic improve-
ment i social and emotional competencies in MBA
students, which result in more effective manage-
ment performance (Boyatzis, Stubbs, & Taylor, 2002).
Subsequent work provides evidence that PEA coach-
ing improves ouwtcomes in other comtexts. For exam-
ple, in medicine, research has attempted to improve
the degree to which patients listen to their doctor’s
advice and take their medicine—"do what they are
told.” Meanwhile, treatment adherence is low at 50%
for diagnosed Type II diabetics worldwide and 50%4
for orthopedic surgery patfents {Khawaje, 2010} In 2
recent sudy, Khawafa (2010) showed that freatment
adherence was enhanced when the patient experienced
the relationship with the doctor as having more shared
viston and positive mood—key aspects of a PEA
mentoring relationship. Other work has looked at med-
ical student-standardized patient interactions {Dyck,
2010, father-dawghter relationships in family busi-
nesses {Overbeke, 2000}, Information Technology (1T}
manaper-subordinate relationships (Pittenger, 2012},
and physician leadership effectiveness {Quinn, 2013},
In each of these smudies, the perception of shared vision
was the statistically strongest factor in predicting an
effective outcome on the dependent variable. Sharing
a vision for the desired future is mutually exciting
and motivating. Intentional Change theory posits that
it involves stimulation of the PNS, and resulbts in
beoth people being more copmitively, emotionally, and
perceptuatly open to learning and change.

Performance reviews and formal coaching
approaches offen involve all four of the comdi-
tions that typically invoke stress-refated responding of
the SMS, Segeostrom and Mitler (2004) characterize
the conditions that cause hwmans to aclivate the
SNS as: (1} something is important and has high
valence to the person; (2} something is uncertain;
{3) others are watching or ebserving the person; and
{4} the individuat is in a state of anticipation of (1-3).
Henee, WEA coaching is hypothesized o activate

the Sympathetic Mervous System {SNS), releasing
regulatory hormones such as epinephrine and nore-
pinephrine, which increase blood pressure, heart rate,
and the body’s response o stress (Sapoisky, 2004}
WNEA coaching creates a simustion whers the mentor
{often unintertionally) increases stress, causing the
mentee to view the simation as hostile, and provok-
ing a defensive response that resuits in cognitive
impairment, perceptual and emotionat closing down,
and poor health (Boyatzis, Smith, & Blaize, 2008;
Sapolsky, 2004},

While anticiparing an uncertain fiture may always
induce a degree of stress-refated arousal, the coun-
terproductive effects of this arousal may be amelio-
tated by the perception of a supportive mentoring
relationship. Conditions similar to the PEA coach-
ing with compassion approach are known o activate
the Parasympathetic Nervous System (PNS), result-
ing in activation of reward systems and modulation of
SMS arousal (Janig & Habler, 2000). Matsunaga et ai.
{2008) have also shown that showing a participant an
image of an individual who they are fond of increases
activity in the PINS, endocrine, and immune systems.
Eisenberger et al. (2011) show that neursl activation
in the ventromedial prefrontal cortex (YMPEC) medi-
ates the tendency for attachment figures o reduce
the perceived distress caused by a painfid stimulation.
The VMPFC and neighboring subgenual (or ventral)
anterior cingulate cortex appear to be part of a safety-
signal sysiem associated with parasympathetic arousal
and reductions in perceived distress, whereas dorsal
anterior cingulate (dACC) activity tracks stress and
SNS responses [Eisenberger & Cole, 2012; Matthews,
Paulus, Simmons, Melesen, & Dimsdale, 2004). Hence
the PEA method, throuph activatton of the PNS, is
thought to moduiate stress and resuit in increased cog-
nitive function and openness to one’s own emotions
as well as those of gthers. This mechanism is thorght
to be critical fo the sustained change associated with
PEA coaching, and over the longer term better overatl
health and well-being due to improved selfregulatory
function {Boyatzis & McKee, 2003; Boyatzis et al,
2013).

The neuroscience of visioning

Visioning differs from vision both in definition and
in neural activation. Vision, the literal act of see-
ing, engages the primary wvisual cortex (Hubel &
Wiesel, 1962} Visioning iz defined as “[a] men-
tal process in which images of the desired future
{poals, ohjectives, outcomes) are made intensely real
and compelling to act as motivaiors for the present
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action” {BusinessDictionarycom}. While the exact
neural basis of visioning can only be guessed at,
# plausibly involves activity associated with visual
imagery combined with activity in emotion and reward
systems.

Visual perception of an external simulus and visyal
imagery recruit largely overlapping neural networks
in frontal and parietal cortices. However, in occipital
and temporal regions, visval imagery tends to pref-
erentially recruit regions further along the sensory
processing strean, rather than the primary visual cor-
tex (Ganis, Thompson, & Keosslyn, 2004). Similarly,
vivid remembering of a stimulus recruits higher per-
ceptual regions (superior temporal and fusiforn gyn)
rather than early visual areas (Wheeler, Petersen, &
Buckner, 20008}, and more vivid visual tmagery of
felt objects is associated with activity in the right lat-
eral occipital cortex {Zhang, Weisser, Stilla, Prather,
& Sathian, 2004). Shedding firrther Hght on the role of
these higher viswal regions, Addis, Wong, and Schacter
{2007} used a clever paradigm that differentiates con-
straction of an imagined event (both past and fure)
from subsequent elaboration of that event. They show
that Iateral visual areas are more stronghy associated
with construction than elaboration, whereas medial
parietal and lateral frontel areas were more strongly
associated with elaboration.

There is broad evidence that the act of visioning
contributes to human performance and well-being.
Wisual imagining of desired states or actions has been a
part of preparation for many Geld medalist Olyrapians
and professicnal athletes for years {Le Duil, 2002;
Loehr & Schwartz, 20010, | has also been shown to
improve perforrrance in music {Meister et al., 2004),
in academic achievement (Cury, Snyder, Cook, Ruby,
& Rehm, 1997), and improve well-being in the var-
ious disease states {Leon-Pizarro et al, 2007; Roffe,
Schraidt, & Ernst, 20035). It is believed that a positive
visioning also works by arousing hope (Curry et al.,
1997, Groopman, 2004} that in tum stimulates the
PNS with a resultant increzse in openness, cognitive
function, and flexibility {Janig & Habler, 2000).

It has been claimed that such repeated visual imag-
ining prepares the brain for the later action or experi-
ence by using neural connections and circnits over and
over again {Kreiman, Koch, & Fried, 2000}, We view
our coaching with compassion approach as retraining
individual’s emotional and social processing, shift-
ing them toward a more positive, compassionate, and
future oriented way of thinking about thernselves and
reacting to others. At a neuwsal level, we hypothe-
size that PEA coaching activates a parasympathetic
“safety cironit” {Eisenberper & Cole, 2012} that ame-
Horates the stress-related sympathetic response that is
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often provoked by a future planning, In psycholoe-
ical terms, PEA coaching engages positive motiva-
tional factors in order to change hehavioral patterns,
rather than NEA coaching that encourapes the exer-
cise of willpower, which depletes executive resources
{Baumeister, 2008).

Experimental design

There is a prowing literature that examines pro-
cesses involved in positive emotion, regulatory focys,
and imagining future events. However, the present
study aims to make a novel contribution by focusing
on the social interaction between individuals, which
constitutes an essential aspect of afl coaching and
mentoring. The experimental desipgn therefore empha-
sizes social interaction. Pardicipants first experience
in-person interviews outside the scanner, one PEA and
one NEA, with two different coaches {whom they met
for the first time). This established a social and emo-
tional frame for subsequent interactions befwesn the
participant and each of the two interviewers, To assess
the effectiveness of this social framing, an online
manipulation check survey was sent to participants
after the second interview. Mext, the scanner paradigm
emptoyed a controlfed “mock video interview” for-
mat, designed to be as ecologically valid as possibie
while also conforming to the limitations imposed by
good fMRI experimental design. A sense of social
interaction was maintained by using full screen pre-
recorded videos showing the bead and shoulders of
the interviewer as they addressed the participant. Each
trial took the form of a brief social exchange, First,
the interviewer posed a personally directed guestion.
The participant was then piven a chance to respond
{using a button press). As soon as the participant gave
a response, a brief video played in which the inter-
viewer acknowledged receiving the response. Henes,
our paradigm captured BOLD responses characteristic
of PEA and NEA coaching interactions,

The scanner paradigm involved four trial types.
In bwo of the conditions, the interviewers posed either
positively or negatively valenced questions consistent
with the social frame aiready established with that
interviewer (PEApos and MEAneg), The other twa
conditions consisted of identical neutrally valenced
questions asked by each of the two interviewers
(PEAnen and NEAnew). The rationale for this was to
provide insight into the effect of the valence of the
question independent of the social framing achieved
by the prier in-person interviews, while avoiding a
break with the prior frame by having the inferviewess
act inconsistently with their prior roles. This design
atlowed us to examine in & statistically independent
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way the effects of interviewer (whether the prior
interview was PEA or NEA) and context {the effect
of the valence of the guestion, coded as more or
tess positive, f.e., PEApos and NEAneu were more
positive, PEAnen and NEAneg were more negative),
Sinee these factors tap overlapping constricts, and we
did net have a strong prediction about the degree to
which they might interact, in addition (o examining the
main effects of interviewer and context in isolation we
also examined their conjunction, ie., we looked for
regions that were influenced by both the interviewer
and context (Friston, Penny, & Glaser, 2005; Price &
Friston, 1997). We also compared the most positive
and negative conditions (PEApos and NEAneg) using
a #-test.

In fine with ow theoretical rationale outlined
gbove, our primary predictions were that more positive
conditions would be associated with greater activ-
ity in lateral occipital areas associated with wvisual
imagery {e.g., Zhang et al, 2004}, a2ud ventrome-
dial prefrontal areas associated with parasympathetic
arcusal (Eisenberger & Cole, 2012). In contrast, more
negative conditions should produce greater activity in
anterior cinguiate/medial prefrontal areas associated
with sympathetic arousal (Critchley, 20035). Secondary
to this, we predicted asymmetry in activation of fat-
eral prefrontal areas on the basis of prior working
linking prefrontal asymmeiry to approach versus with-
drawal motivation (Brookshire & Casasanto, 2012;
Davidson, 1992; Spielberg, Stewart, Levin, Miller, &
Heller, 2008). However, since much of this prior work
on prefrontal asymmetry relies on EEG signals that
are hard #0 accurately localize, we did oot have clear
hypotheses about whens such asymmetries might arise
in the lateral prefrontal cortex.

MATERIALS AND METHODS
Design overview

Subjects were recruited through campus newspapers
and word-cf-mounth. They filled out an online pre-
screen questionnaire and if they met the prescreen
requirements they were able to scheduobe an initial ses-
sion using an online scheduling toot. The timeline of
the study procedere fromt the start of the first ses-
sion is outlined in Figure la. Afier the participant
was consented (by lead experimenter {R.EL.L.}), they
completed some computer-based surveys in a private
testing area, and then they experienced a 30-minute
interview conducted by the male interviewer (3M.5.K).
A second 30-minute interview with the female fnter-
viewer {AM.P) was conducted on a subsequent day,

within 3 days of the first interview. Each participant
experienced bwo interviews: a coaching with com-
passion style interview designed to provoke the pos-
itive emoticnal aftractor {PEA), and a coaching for
compliance style interview designed to provoke the
negative emotional attractor (NEA), Participants were
randomiby assigned to conditions, with the constraing
that egual numbers of participants were assigned to
each permutation of participant gender, imterviewer
gender, and interview style {see Figure la). Afier the
second inferview was conducied, participants were
emailed a fink to fill out an online questionnaire ask-
ing their opinions of the two interviewers. This served
as a manipiiation check. The link was sent by R.L.L.
As with subsequent interactions, we were carefui to
avoid interactions between the participant and the
interviewers, which might overshadow or confuse the
effect of the interviews.

I selected for fMRI, participants completed the
fMRI session under the supervision of R.LL., three
to 5 days following the second interview. The fMRI
paradigm involved a controtled video-conference style
interaction between the participant and the two inter-
viewers with which the participant was now familiar
Each trial started with a video clip in which one of
the two interviewers proposed a statement to the par-
ticipant about their undergraduate experiences. Afiera
brief pause, a response soreen appesred and remained
on screen until participants indicated the degree to
which they agreed or disagreed with the preceding
statement on & four-point scale. As soon a5 the par-
ticipant responded, & brief video clip played in which
the interviewer thanked the participant for hisfher
response, :

Hence each triaf imvelved an interactive exchange
betwesn the participant and one of the two interview-
ers. The videos consisted of a face-on view of the head
and shoulders of the interviewer, who maintained eve
comtact (i.e., looked at the camera} as they spoke. The
timeline for in-scanner experimental trials is depicted
in Figure Ib. Participants experienced four fypes of
scanner trials, summarized in Figure 1c. Each inter-
viewer made statements {concerning the participant’s
undergraduate experience) in cne of the two emotional
tones; either the guestion posed was neuiral (these
questions were identical for the two interviewers), or
the question adopted a tone congruent with the style
of interview previcusly experienced by the partici-
pant with that interviewer. Hence, half the statements
made by the interviewer who had conducted the PEA
interview with the participant were positively phrased
{PEApos), and half were neutral (PEAneu). For the
interviewer who had conducted the NEA interview,
haif the statements were nentrally phrased {NEAneu)
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(a) Outline of study procedure with timeline
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(c) Scanner trial types

Condition Interviewer Statement Example

‘PEApos PEA Positive  “As a Case graduale you will have the lools to confribute positively
to your work organization®

PEAneu PEA Meutral  “You are learning at Case”
NEAneu NEA Neutral  “You are keaming at Case”

NEAneg NEA

Negative “Generaly you have little time for fun while you are at Case”

Fipere 1. Schematic illustration of methods, (a) Study procedure, timeline, and participant groups, (b} timeline for a single trial in the scanner,
and (¢) the four conditions for experimental trials, with illustrative statement.

and half were negative (NEAneg). Following acqui-
sition of a structural image (approx. 10 minutes),
participants underwent three fMRI runs of 7 minutes,
Each fMRI run comprised 12 experimental trials (3 of
each condition, PEApos, PEAneu, NEAneu, NEAneg)
and 6 resting fixation periods of 20 seconds.

Participants

Thirty-one full time undergraduates of sophomore
standing at Case Western Reserve University between
the ages of 18 and 21 years (15 male, mean age
19.6) were enrolled in the study. The online pre-
screen and scheduling tool (Experiment Management
System, Sona Systems) were used to establish that
these participants were right-hand dominant, native

English speakers, had no neurological disorders or dis-
eases, were not pregnant, did not experience claustro-
phobia, were not declared Cognitive Science majors,
or enrolled as International Students. Of the 31 whe
enrofled, all participated in the initial questionnaire
and interview sessions, and 23 participated in the fMRI
study.

Usable fMRI data were obtained from a final
total of 20 participants (10 female). Individuals were
selected for fMRI on the basis of three constraints:
(1) Even numbers of each pender experienced a
same-gender interviewer in the NEA and PEA con-
ditions (Figure la); (2) Participants did not evidence
very low empathy (IRI) or expressiveness (BEQ),
and did not report severe or extremely severe lev-
els of anxiety, depression, or stress (DASS-21); (3)
Otherwise the participants selected were those who
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demonstrated maximal sensitivity to the manipnlaion
as assessed by the postinterview questionnaire. The
first two participants {one female) selected for IMRI
were excluded from the final analysis due o tech-
nical errors with the scanner paradigm. One further
patticipant was dropped because they demonstrated no
variance in their responses while in the fMRI scan-
ner, and appeared cognizant of the goals of the study
when debriefed. Parficipants were compensated for
their time at the rate of $25 to complete the ques-
tionnaires and the two interviews, and an additionat
$25 if they completed the fMRF scan, This research
was approved by the appropriate focal Institptionat
Review Board

Initial questionnaire session

Immediately after being consented, participants com-
pleted three computer-based surveys in a private test-
ing area: the Depression, Aniety, and Stress Scale
{DASS2], Lovibend & Lovibond, 19935), the Berkeley
Expressivity Questionnaire (BEQ, Gross & John,
1993}, and the Interpersonal Reactivity Index (IR,
Diavis, 1980, The DASS2] s 8 scale that has been
shown to refiably measuwre depression and anxiety.
it i3 composed of 21 itemns, two of which were
excluded for the purposes of this study. These ques-
tions were rated on a scale from 03 and asked about
their experiences in the past week. An example item
wasg: I find & hard t0 relax. The BEQ has 16 ifems
and measures one’s ability to outwardly display their
emotions and to what extent. The IRI is a measure
of empathy consisting of fbur components—fantasy,
perspective taking, empathetic concem, and personal
distress {Davis, 1980).

In the same session, participants alse answered a
fong questionnaire concerning their attitudes ko various
educational practices. The purpose of the latter ques-
tionnaire was to reinforce the purpose of the study as
implied by the titte used to describe the study to partic-
ipants “Brain imaging study of educationai attitndes,”
and to distract participants from the key experimental
manipulation.

Interview sessions

During the consent process, participants had been
told that they would be interviewed by two PhD stu-
dents regarding their undergraduate experience and
fumre goals, The style in which the interviews were
conducted was based on Intentional Change Theory
{Boyatzis, 2008). This style of coaching has been

catled coaching to a PEA or coaching with compas-
sion {Bovatzis et al., 2006). This specific approach
ernphasizes engaging the persons in contemplating
their desired future, or visioning, instead of the more
typical appreach for coaching or advising in which
a person is reminded of his/her weaknesses or defi-
ciencies and told how to improve, The latter invokes
defensiveness and feelings of oblipation associated
with the NEA

The two inferviewers were enrolled in the
Organizationat Behavior PhD program and were famil-
iar with the theory and trained in the techniques of
coaching to the positive altractor, or coaching with
compassion. Each interviewer had 2 or more years
of experience in vsing these coaching methods with
undergraduates, graduate students, and executives, The
PEA and MEA mnferviews involved distinct scripts of
secpences of questions. In addition, the interviewers
followed distinct guidelines destgned to produce the
appropriate arcusals in the participants, as follows:

PEA coaching interview

After introducing himself/herself and explaining
the study again if this was the first of the interviews,
the interviewer asked the leading question: “Tf every-
thing worked out ideally in your kife, what would you
be doing in 10 years?™ this was followed with more
specific probes if needed, such as, “Where would you
be hiving? How would you be spending your time?
What would yvou be like as a person? Who wouid you
be with?”

The interviewer's role was to montior the body
language and mood of the person being coached and
watch for signs that they were staying in the PEA.
They would note things such as energy fevel of the sha-
dent, teaning forward in their chair, direct eye contact,
and smiling. If a person began to siip into a negative
mood or become disengaped, the interviewer was pre-
pared with the additional probing questions to bring
them back into the PEA state.

NEA coaching fnferview

After introducing himselffherself and explaining
the study again if this was the first of the interviews,
the interviewer asked four specific guestions, “What
challenges have you encountered or do you expeci
to encounter in your experience here? How ace you
doing with your courses? Are you doing all of the
homework and readings?” If the person seemed to slip
from the NEA mood, the inferviewer was prepared
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with additionz] probing questions, which were: *How
demiznding is your class schedule” How ofter do you
go to classes? What grades do you expect to get here?
Are you petting sufficient time from your instrictors?
Do you have any fears about your time, experiences,
or performance here?

Here again, the interviewer’s role was fo mond-
tor the body langnage and mood of the person being
coached and watch for signs that they were staying
in the NEA. They would note things such as a loss
of encrey, gazing at the walls or windows, leaning
bacloward or slumping in their chair, not making direct
eye contact, frowning, or looking wormed, If 2 person
began to skip into 2 positive mood or become engaged,
the interviewer was prepared with the additional prob-
ing guestions o bring them back into the NEA state,
which as we observed is more fypical of how many
parents and faculty “advise” students. The aim of the
NEA interviews was not to create a hostite or rude
enviromment. The interviewers always maintained =
polite and respectfidd tone. Rather, the aim was to keep
the student focused on assessing their performance in
terms of externally defined ideal standards and what
he/she should be deing fo get closer to those ideal
standards. These were the emotional triggers used to
induce a negative emotional state, i particular of guilt
and defensiveness, in the student.

Manipulation check

After the two interviews were completed, RLEL.
emaifed each participant a link to an online question-
naire about the two interviewers. Partictpants were
asked to rate on a 7-point scale the degres o which
they agreed or disagreed with statements regarding
each of their interviewers. For example, one question
read, “S/he mspired me about my future.” For this
question, we concluded the mantpulation worked if
the participant agreed more with the statement when
referring to the PEA interviever than to the WEA inter-
viewer. The questionnaire consisted of 13 questions,
9 of which were targeted foward the PEA condi-
tion and 4 of which were tarpeted toward the NEA
condition. The full st of questions is given in sup-
plementary materials.

fMRI stimuli/task

Each of the three BOLD rmns contained !X trials.
These comsisted of three trials of each of the four
conditions, which were organized according to a
2 x 2 factor design. The first factor {PEA vs NEA)

VESIOMING EM THE BRAIN a7

was determined by which of the two interviewers made
the statemnent, coded according t0 whether that inter-
viewer had previously conducted a PEA or NEA style
interview with that participant. The second factor was
the emotional fone of the statement and thark vou,
which was either consistent with the style of the inter-
view {positive for the PEA interviewer, negative for the
NEA interviewer} or which was neutral,

Each irial consisted of a statermnent-response-thank
you sequence of vanable durstion {mean 15.04 sec-
onds). There were also six resting fixation periods of
20 seconds. The order of trials and resting conditions
was randomly deternined for each participant within a
run. Examples of the statements in the four conditions
are as follows:

PEApas: “As a Case graduate yon will have the tools
b contribate positively to your work organization™
PEAncn/NEAneu: “You are leaming at Case.”
NEAneg: “Generally wvou have bittfle ime for fun
while vou are at Case,”

The MNeuntral statements were duplicated, each state-
ment spoken once by each of the interviewers, whereas
the positive and negative statements were unique to the
appropriate interviewer for that participant.

The timing of events in a trial (Figure 1) was as fol-
lows: the statement videos varied in duration with a
mean 6.74 seconds, These were followed by a fixed 2-
second fixation period. A prompt then appeared asking
participants ko respond by indicating {viz button press)
whether they agreed or disapreed with the statement
in the video on a four-point scale {“Strongly Disapres,
Disagree, Agree, and Strongly Agree ™). Participants
could take as long as they wanted o respond {mean
3.70 seconds). Immediately after the response was
registered, a brief thank-you vwideo appeared {inean
2.6 seconds). Fhese were randomly selected from a
targe pool of clips, with some variation on the phrase
“Thank vou.” The interviewer and the emotional tone
of the thank-you clips matched that of the statement.
A Z-second fixation slide immediately followed. The
next trial or resting fixation period would then begin.

Equipment, MRI sequences, and
preprocessing

A 4-Tesla Siemens-Bruker hybrid research MRE scan-
ner was used. Participanis experienced structural
image acquisition [T1 and T2w), and three blood oxy-
genation level-dependent {BOLD) runs (TR = 2000,
TE = 20, flip angle = 99°} containing 180 echo pla-
nar imaging (EPY) volumes each. BOLD EPT #mages
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consisted of 38 contiguous 3.8 mm slces, producing
3.8 mm cubic voxels. The paradigm was presented by a
PC running E-Prime and projected onto a screen on the
bead eqil and vistble through an angled mirror adjusted
to accomunodate each participant. Responses were
obtained through four buttons, two under the index and
middle fingers of each hand and were recorded and
time stamped by E-Prime.

Motion was corrected across and within s
using a rigid-body rotation and trauslational aflgorithm.
Spatial transforms were computed to realipn BOLD
images where they were moved into a common atlas
space determined by coregistration of an average epi
image with the T2-weighted structural image. The
T2-weighted structural bnape was aligned with the T1-
weighted magoetization-prepared rapid-acquisition
gradient echo (MP-RAGE) strectural segquence. The
T1 image was afigned with an average TT atlas through
a series of affine transformations. This atlas had been
created specifically for the Bruker 4T magnet and was
aligned to the Washington University in St Lonis 711-
2B wversion of Talairach atias space {Buckner et al,
2004}, The BOLD tmages were then re-sampled into
3-mm isotropic voxels. Data were smoothed using a
2-voxel {6 mum) FWHM Gaussian kemel.

To ensure that event files were accurate and fo
check for excess movement or outliers, images wers
praphed to show the percentage of BOLD signal
change against the baseline across all three consecutive
runs. Timevourses were sxamined from two regions
of interest: the first targeted early visual cortex and
the second targeted motor cortex. The praph produced
using the visual mask showed increased activity dur-
ing the presentation of videos aud decreased activation
during resting fixation. The graph produced using the
motor mask showed increased activity at the time of
response. As a result of excessive movement yield-
ing unreliable data, the first ren of one participant was
excluded from further analyses. Subsequent anafyses
of BOLD data used a general tinear model {GLM},
medeling out baseline and Hnear trend, and assuming a
standard hemodynamic response function. This analy-
sis was conducted using the Washington University in
St. Louds software, FIDL.,

Statistical analysis

We conducted both random and fixed-effects anal-
yses. The random-effects analysis, using a single
estimate per participant and condition, was wsed to
allow inference concerning the population from which
the sample was drawn. The random-effects analysis
used 2 x 2 x 3 repeated mensures ANCVA design,

The factors were interviewer (PEA vs WEA), context
{(PEApos vs PEAneu, NEAneu vs NEAneg), and trial
event {statement, response, thank vou). The modeled
petiod for the statement and thank-you periods come-
sponded to the duration of the videos {from onset to
offset). The modeled response period included the 2-
second pange prior o the onset of the response screen,
and terminated at the moment response was made
{Figure Fb}. We focused on three effects that shed light
on the processing of positive wersus negative emo-
tion, by looking at the effects of interviewer, context,
and their conjunction (Friston, Penny, & Glaser, 2005;
Price & Friston, 1997). F-tests from the random effects
AMOVA mnalysis were corrected for sphericity and
converted {0 z-stats. Whele brain multiple comparison
comrection was achieved using threshold and chuster
size cut-offs established using Monte Carlo simula-
tions. For the random effects analysis, the threshold
used was 7 > 3.0 and cluster size of 13 face-contiguons
voxels.

A more sensitive fixed-effects analysis was also
used to identify neural markers of positive emo-
tion within the study sample. This analysis used an
assumed response function fitted to the duration of the
whele trial (i.¢., from onset of statement to offset of the
thank you). The two conditions PEApos and NEAneg
were contrasted to ferm a whole brain image of regions
that responded more to one of these conditions. Whole
brain correction established nsing Monke Carlo sim-
ulations for this confrast used = > 3 and clester size
of 17. The supplementary materiai reports peak acti-
vations with z > 3.5, with peaks closer than 12 mun
consolidated.

Statistical parametric maps were mapped to a
surface-based representation using Caret {Van Essen,
2005} for vispalizaticn.

Graphs for replons were created using estimates
from the randem effects analysis. The graphs depict
averape perceni-signat change over all participanis,
separately by the condition and tral event {siatement,
response, thank you). Eror bars show the standard
error of the mean across participants.

RESULTS
Behavioral resulis

We first checked for any effects of gender, looking al
effects of the gender of the participant, the gender of
the interviewer, and gender match/mismaich between
participant and interviewer. There were no significant
differences found for either the manipulation checlk or
for the behavioral responses during the scans. Hence,
all subsequent analyses were collapsed across gender,



Downloaded by [62.252.113.189] at 07:49 28 June 2013

Analysis of responses from the ontine maniputation
check guestionnaire indicated that participants agreed
that the PEA interviewer imspired, caved about, and
evoked hope in them significantly more than the NEA
interviewer {Figure 2a). Participants also reported feel-
ing significantly more guilty and seffconsciousness
with the NEA interviewer than the PEA interviewer
This confirms that our NEA and PEA interview scripts
were effective. Motably the largest advantage for the
PEA coach was seen for the statement S /e inspired
me about my furure.” The largest advantage for the
MEA coach was for "S/he asked cquestions about
things 1 should be doing at Case regarding rvy studies.™
This confirms the interviews worked in the manner
intended, by inspiring hope in the PEA and by empha-
sizing conformity with externally defined goals in the
MEA. The inferviews were not perceived by partici-
patits as being positive or negative in the simpler sense
of the social interactions being friendly versus rude.
Hence, there were no significant differences for gues-
tions about the degree the interviewer cared for the
participant or asked abrasive questions.

While in the scanner, participants responded to
statements made by the two interviewers by pressing
one of four butfons, from strongly disagree 1o strongly
agree. There was a significant effect of condition on
response, as detenmined by ANOVA (F(3,57) = 33.4,
2 < 03} Posthoc confrasts indicated that participanis
agreed with PEApos guestiors significantly more than
NEAneg questions {#(19) = 982, p < .001) and
MEAneu questions (119} = 2.96, p < 001}, but not
PEAnen questions {#{19) = 1.67, ns.}. Padicipants
agreed with WEA questions significant!y less than
MEAneu guestions {#{(19) = 7.60, p < .01} and
PEAnen questions (#(19} = 8.65, p < 001
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fMRI results

We conducted two statistical analyses of the fMR]
data. The first random effects analysis modeled all trial
twpes as well as individual events within toals. This
more statically conservative anabysis was wsed to iden-
tify regions that passed the whole brain correction and
were penetalizable to the population, Activation was
observed from the random effects analysis for the PEA
i 12 RO¥s: the right lateral cccipital {posterior mid-
dte temporal gyrus, interior teraporal gvris near the
occipital notch, and posterior inferior temporal sul-
cus), the right anterior insula, left postcentral gyrus,
left medial parietal, right ventral fusiform gyrus, left
precentral sulcus {junction with middie frontal gyrus),
right hippocampal gyrus, and left posterior temporal
{inferior temporatl sulcus). Peak activations from this
analysis are reported in Table | and are illustrated by
colored discs in Figures 3-5.

The second fixed-effects analysis used a single
assumed response to model the entire trial, and
contrasted the most positive {PEApos) and nega-
tive (NEAneg) conditions. The fixed-effects analysis
revealed effecis within the sample, which may not have
been powerfud enough to overcame individual varia-
tions # anatormy and newral response in the random
effects analysts. This mnore statistically powerful anal-
ysis alfowed us to identify more widespread effects and
assess their consistency with our hypotheses. While all
126 reported fixed effects are robust in the sense that
they pass whole brain correction (see methods), they
are limited o the sample and may oot generalize o
the population. Peak activations from the fixed-effects
confrast are reperted in the supplementary material,
and the contrast is illustrated by coloring everlaid

TABLE 1
Random effects analysis

X ¥ Z n-vex Pk 2-star Region

Main effect of Freterviewer (PEApos + PEAnen vs MEArew 4 NEAneg)

525 —&6 3 38 4.7 Righe batesal necipisal {posterior middle temporat pens)

46.5 —78 -3 14 4.F Right kateral occipitat {inferjor termporal gymis, near occipital notch)
285 15 —f k) R Right anterior insula

Meain gffect of Covfext (PEApos & NEAnen vs PEAnen + NEdneg)

IS —&h 3 H 13 Righe ftceal occipitaf {posterior inferior temporal sulens)
Copnithve Comfunciion of nterviewer and Context

3 —&6 ] 182 kN Right lateeal oceipitzt posterior inferior temporal sulcus)

—41L3 ~1z f 5E 19 Left kateral oecipitat finferior temporal sulews, near oecipital notch)
~3355 =27 69 14 At Left postcenitol gymes

~-15 —&d) 42 35 X3 Lett media parietal

4405 ~48 —12 25 x3 Right ventra] fusiform gyrus

~-315 0 43 13 12 Lok precenteal sulcas (uaction with migdle frontak gyeus)

18.% —~48 -18 14 1 Right parahippocampal gyrus

—46.3 - 3 14 x0 Left postertor termporal {inferior temporak sulcus)
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(a) Manipulation check by interview style
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(b) Scanner responses by condition
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Figure 2. Behavioral responses for (o) the online menipulation check and (b) trials in the scanner.

on the average fiducial surface of the left and right
hemispheres shown in Figures 3-5,

DISCUSSION

It is known that PEA coaching is more effective at
achieving change in behavior than NEA coaching;
however until now, the mechanisms of this effect
have largely been a matter of speculation. This ini-
tial study was designed to emphasize the social
interaction between mentor and mentee that represents
a fundamental aspect of all coaching. A social frame
was achieved by an initial coaching interview with

each coach. This framing was demonstrated to be
effective, and to persist days after the interviews, by
an online survey. The scanner paradigm represented an
experimentally controlled method for measuring dif-
ferences in BOLD response associated with more or
less positive coaching interactions.

Visioning in the brain

The most robust and powerful differences between
PEA and NEA coaching styles were found bilaterally
in lateral occipital and posterior temporal cortices.
This effect was more pronounced in the right
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Statement  Response  Thank vou Statement  Response  Thank you

Figure3. Meural correlates of positive visioning, The contrast of more positive with more negative coaching conditions reveals right lateralized
recruitment of lateral and ventral visual areas, extending through visual association areas in temporal corlex. Foci from the random effects
analysis are shown overlaid on an activation map from the fixed effects contrast (PEApos-NEAneg), The graphs show mean activity by condition
and trial event, with standard eror across participants. The bias toward more positive conditions is consistent across trial events, including the
response period when the interviewer’s face is not visible and activity falls below resting levels. The inset graph is taken from bilateral W1,
ilfustrating that the bias &s not driven by basic visual processing. .

Fixed PEA > NEA
@ Fixed NEA > PEA
@ Random conjunction |

Figure 4, Medial parietal and prefrontal regions associated with positive versus negative coaching, Fixed (+ one random) effect foci are
illustrated, which reflect differential recruitment of medial parietal, medial prefrontal, and cingulate regions.

hemisphere, and extended to posterior aspects of the depicting neural response for different trial events
superior temporal sulcus and gyrus as well as right and conditions (mean and standard error across
ventral occipital (fusiform gyrus). These effects are participants were calculated from estimates from the
illustrated in Figure 3, which also shows graphs random-effects analysis). While these regions are
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~ Fired PEA > NEA

Figure 5. Frontal asymmelry associated with positive versus negative coaching. Lateralization of frontal brain activity has long been associated
with positive emotion and,for approach behaviers (left) versus negative emotion and/er avoidance behaviors (right). Selected fixed- (+ one
random-) effect foci are illustrated, which reflect asymmetries in the recruitment of frontal regions. Notably there is mirror image recruitment
of closely homologous regions in superior frontal sulews and the most anterior portion of the inferier frontal gyrus.

involved in higher visual processing, they do not
appear to be driven by bottom-up differences in visual
processing, such as might occur if participants tended
to look away more when presented with videos fea-
turing the WEA coach. To test this, we examined
BOLD responses in a region of interest that included
regions of the primary visual cortex corresponding to
both foveal and peripheral visual fields {derived from:
Jack et al., 2007; Jack, Shulman, Soyder, McAvoy, &
Corbetta, 2006), and found no differences in the early
visual processing by condition.

These regions are associated with perceptual
imagery (Ganis et al., 2004; Wheeler et al., 2000;
Zhang et al., 2004), in particular the construction, or
formation, of an imagined event (Addis et al., 2007).
Right lateral oceipital activity has also been linked
to global rather than local processing of stimuli (Han
et al., 2002; Martinez et al.,, 1997). This is signifi-
cant because a preference for global over local visual
processing has repeatedly been associated with posi-
tive affect (Fredrickson & Branigan, 2005; Gasper &
Clore, 2002) and with promotion,/approach motivation
(Forster, 2012; Forster & Higgins, 2005).

The regions identified in Figure 3 also demon-
strate a good correspondence with a network of areas
involved in the perceptual processing of social cues,
including face, body, and gaze perceptions {(Downing,

2003; Pelphrey, 2005). Similar to the effects we
observe, this social processing tends to produce
stronger and more extensive activations in the right
hemisphere. However, left hemisphere regions are also
clearly implicated in aspects of social processing that
relate to our findings. Kanai et al. (2012) show reduced
grey matter density in left superior temporal sulcus is
associated with loneliness and with decreased socioe-
motional perceptual processing skill. Hence, the lateral
occipital and posterior temporal activations illustrated
in Figure 3 may in part indicate increased social and
emotional openness to the PEA interviewer, as well
as a greater sense of social connection with that inter-
viewer, particularly when they make positive phrased
remarks.

The involvement of these lateral occipital and pos-
terior temporal regions in social processing is sup-
ported by the observation that activity in these regions
was considerably higher, when social perceptual cues
were present (Fipure 3, “Statement” and “Thank
you™ periods), than when they were not (“Response”
period). However, it is notable that the effect of condi-
tion was consistent across the entire trial, This supgests
the modulation of these regions by condition is not
simply due to differences in the perceptual process-
ing of social stimuli, but likely reflects other processes
{e.g., visual imagery associated with visioning),
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Medial and subcortical regions

Findings on the medial surface fit our predicted
association of PEA with PNS. There was preater
activity in VMPFC fsubgenual cingulate for the PEA
condition, consistent with a role for this region in
generating a safety signal associated with a sense
of social-emetional security {Eisenberger & Cole,
2H2; Eisenberger et al, 2011; Matsunaga et al,
2003). Increased PEA activity in the medial parictal
corex/posterior cingniate was also Hkely related to a
sense of secial attachment. The medial parietal cor-
tex has been found in prior studies to activate more
when viewing pictures of known and/or liked indi-
viduals, particnlarly family members, as opposed to
famous faces or unfamiliar faces {Gobbini, Leibeniuft,
Santiapo, & Haxby, 2004; Matsunaga et al, 2008;
Platek: & Kemp, 2009} Medial parietal cortex has
also been implicated in the emotions of admiration
and compassion for others {Immordine-Yang, McColl,
Pamasio, & Darmasio, 2009}, and is the region most
consistently associated with humanizing, as opposed
{o dehumanizing, deptetions of others (Jack, Dawson,
& Mort, 2013},

As hypothesized, we also saw an association
between NEA coaching and regions implicated in
sympathetic arousal. There was preater NEA activ-
ity in the medial prefrontal cortex regions previously
associated with SMS response {Critchley, 20053, This
activity was in a cortex adjacent ko cingulate the
cortex regions classically associsted with an SNS
response {Eisenberger & Cole, 2012; Matthews et al,,
2004).

An  unanticipated dissociation was  observed
between the medial parietal cortex and a medial
prefrontal region that has been reliably associated
with self-trait attsibution (Denny, Kober, Wager,
& Ochsner, 2012). A dissociation between these
regions has been previously observed in a related
paradigm (Johnson, Raye, DMtchell, Touryan, &
MNolen-Hoeksema, 2006); however in that study, they
fomnd mediat parietal /posterior cingulate to be more
strongly associated with prevention rather than promo-
tion focus—the reverse mapping to our findings. One
posstbifity, anticipated by Johnson et al, (2008), is that
medial parietal/ posterior cingulate activation &s driven
by social engagement, explaining the involvement of
that region in PEA coaching,

Medial parietal and posterior cingulate cortex have
also been consistently associated with a mental time
travel, including both autobiographical recall and
imagining future events {Buckner, Andrews-Hanna, &
Schacter, 2008). However, there is some debate con-
ceming the degree to which activity in this area is
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specifically associated with the mental time travel,
as opposed fo being driven by the social and emo-
tional comtent that typically predominates during the
mental time travel. Recent evidence sugpests that
the soctal and emotional content is the key factor
(Jeck et al, 20I2). Fusther, there is evidence that
distinct parts of medial paretal/posterior cingulate
are mvobved in cases of mental time travel that are
devoid of social and emotional content {Spanicl et al.,
200457,

D’ Argembeau et al. (2008) found greater activity
of the seff-trait medial prefrontal region when partic-
tpants imagined positive rather than negative fsture
events. Johnson et al. {2006) found this region to
be more strongly associated with prevention focus in
study 1 and promotion focus in study 2. Given the
present findings that this region was more strongly
activated by the NEA than the PEA, it is apparent that
further work will be needed to tdentify the key factors
that drive zetivity in this region.

Prefrontal asymmetry

Figure 5 shows selected foci from the fixed-effects
analysis, and one random-effects focus, illustrating a
tendency for greater activity in the lefi hemisphere for
PEA and the right hemisphere for BEA conditions.
These effects are consistent with prior work linking
prefrontal asymmetry to promotion/approach versus
prevention/avoidance motivation {Brookshire &
Casasanto, 2012; Davidson, 1992; Spielberg et al,
2008,

Mote that regions in centzal and postcentral sulcus
should be ignored as these reflect sensorimotor differ-
eqces due t0 an mereased tendency for participants to
agree (right hand) with PEA and disagree {left hand)
with NEA statements.

Limitations and future questions

This initial study of the nevral basis of coaching was
limited in a number of ways. Although the scanner
paradigm was designed to mimic a real-fife social
inferaction, it was necessarily somewhat artificial. The
neutral questions were designed to allow vs to com-
pare identical questions associated with different inter-
viewers. However, a complicating factor is that these
questions were likely perceived as different depend-
ing on the interviewer who asked them. Hence an
analysis not reported here revealed there were brain
areas that were more or less active for the neutral
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questions as compared to both the other conditions.
A better way to distinguish the effect of the existing
refationship with the interviewer from the tone of the
questions would be to vary the prior coaching sessions
between participants, so identifying the effect of prior
coaching sessions on neural activation. This is planned
for a follow-up study. There are a rmumber of peiats
that ditferentiate PEA from NEA coaching, including
focus on the futrre wersus past performance, empha-
s5is Ot positive versus negative emotional experiences,
and finer grained differences in terms of the specific
emotional states evoked, which inclade hope, com-
passion, mindfilness, and playfulness. Fueture stud-
tes may seek t0 examine the contributions of these
individual elements, helping to identify the neural
mechanisms associated with specific elements of the
intervention.

We were not able to identify effects of personal-
ity varigbles in this Hmited sample; however, prior
work has suggested neural differences associated with
individual differences in promotion and prevention
focus.

CONCLUSION

These tnitial findings sugpest that positive approaches
to helping others to leam or change may be more
effective than other more typical but somewhat neg-
ative approaches because they activate neural regions
and circreits that cause the persen to be more cog-
nitively and percepiually open and engage positive
maotivational processes. More specifically, these find-
ings support our theoretical predictions that the PEA
is associated with vistoning, enpagement of the PNS,
and approach motivation; whereas the NEA i1s asso-
ciated with engagement of the SMNS and avoidance
motivation. They also support the broader theoreti-
cal approach of Intentional Change theory (Boyatzis,
2008), which places a clear emphasis on the role of
psychophysiclogical processes in effective coaching,
Future studies shoutd further examine these effects
while controlling for various factors, Hke future ver-
sus past oriented thought, age and mole of the par-
ticipants, trait dispositions, and neurcendocrine inter-
actions, Fature studies may contribute to the elab-
oration of a physiologically based theory of effec-
tive coaching, capable of informing the training and
socialization of people in a variety of helping profes-
sions, such as dectors, murses, teachers, and managers,
nol to mention parents. We eagerly anticipate the
improved socialb outcomes this knowledge is likely
to afford.

Supplementary material

Supplementary material i5  available wvia the
“Bupplementary™ tab on the ardicle’s online
page {htiprifdx doi.org/doi=10. 1080,/ 1 7470919.
2013.808259).
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