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Abstract

Emotion regulation (ER) is crucial in terms of mental health and social functioning. Attention deployment (AD) and cogni-
tive reappraisal (CR) are both efficient cognitive ER strategies, which are based on partially dissociated neural effects. Our
understanding of the neural underpinnings of ER is based on laboratory paradigms that study changes of the brain activation
related to isolated emotional stimuli. To track the neural response to ER in the changing and dynamic environment of daily
life, we extended the common existing paradigms by applying a sequence of emotionally provocative stimuli involving three
aversive images. Eighteen participants completed an ER paradigm, in which they had to either shift their attention away
from the emotionally negative images by counting backwards (AD strategy) or reinterpret the meaning of stimuli (CR strat-
egy) to attain a down-regulation of affective responses. An increased recruitment of left-sided lateral and medial PFC was
shown upon regulation of negative emotions with CR as compared to AD. Remarkably, the amygdala activation showed an
increasing pattern of activation during CR. The inverse relationship between PFC and amygdala was compromised during
elongated blocks of reappraisal, reflecting a reduction in engagement of the top-down prefrontal regulatory circuitry upon
repeated exposure to negative stimuli. These results highlight that temporal dynamic of amygdala response and its func-
tional connectivity differentiates AD and CR strategies in regulating emotions. Findings of the current study underscore the
importance of adopting temporally variant approaches for investigating the neural effects of ER. Identifying neural systems
that subserve down-regulation of negative emotions is of importance in developing treatment strategies for various forms
of psychopathology.
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Introduction well-being [1]. Difficulties in emotion regulation (ER) are

considered as a core mechanism underlying a variety of

The ability to regulate emotions is an important part of
human adaptive functioning, which is a fundamental
aspect of social interaction and psychological and physical
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common symptoms of mental health problems such as mood
and anxiety disorders, borderline personality disorder, sub-
stance-abuse, eating disorders and somatoform disorders [2].
Moreover, ER skills are important treatment targets for psy-
chiatric conditions [3, 4]. Previous research has established
the effectiveness of cognitive ER in reducing the experience
of negative affect and physiological reaction [5-8]. Cogni-
tive ER strategies range from attention deployment (AD),
in which attention is shifted away from the stimulus, to cog-
nitive reappraisal (CR), which is attributed to a conscious
modification in the way the meaning of an emotional stimu-
lus is interpreted [9].

Given its relevance for the well-being and mental health,
a substantive body of neuroimaging studies has focused
on neural systems underlying cognitive ER mechanisms in
healthy [10] and clinical [11] populations. The neuroimaging
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findings have culminated in fronto-limbic models, which
suggest that successful emotion regulation relies on inter-
actions between cognitive control regions in the frontal lobe
(medial, dorsolateral and ventrolateral prefrontal cortex and
anterior cingulate cortex (ACC)) and emotion-responsive
regions in the limbic structures of the brain such as the
amygdala (for meta-analyses of these findings [12-15]).
The general picture is that amygdala activation increases
when confronted with affective stimuli and decreases during
emotion regulation processes, mainly through the fronto-
amygdala down-regulating connections. This model might
be oversimplified due to restrictions of the imaging protocols
in measuring temporal aspects of the emotional processing.
For instance, it fails to accommodate the findings about less
reduction of activation in the amygdala by reappraisal than
by distraction [6, 16, 17]. Furthermore, facing a series of
emotional provocations is common in everyday life and
questions about the extent to which the neural effects of ER
unfold under ongoing emotion regulation tasks remain to be
addressed. For example, what happens to brain activation in
the amygdala, the key structure in processing negative emo-
tions, during regulation of negative emotions? Can cognitive
efforts during the repeated application of CR strategies result
in an increase of amygdala activation?

We sought to extend the prior findings by employment
of a paradigm, in which sequences of three emotional pic-
tures were presented in each task block. Participants were
required to apply either CR by generating cognitive reap-
praisal strategies or AD by distracting themselves from the
emotional contents by means of backward counting. The
presentation of aversive image sequences without interstim-
ulus intervals and behavioral response collection was used
to elicit a continued emotional response. The paradigm was
restricted to the regulation of negative emotions, given the
relevance of negative affects to psychopathological disor-
ders and the potential that findings will translate to clinical
intervention. By assessing the fMRI responses to series of
emotional stimuli, we aimed at investigating nonlinear and
time-sensitive amygdala activation as a function of the emo-
tion regulation strategy. This study relied on regulation of a
series takes a critical step in understanding the neural basis
of ER in changing environments. Such knowledge may ulti-
mately lead to new training protocols to further improve the
emotion regulation skills in treatment settings.

We assumed that the chronological properties of amyg-
dala responses and the amygdala-centered connectivity can
give insight into the dynamics underlying the differential
mechanisms of emotion regulation. The central hypoth-
esis of our paradigm was that the manipulations of the ER
strategies upon the presentation of a sequence of negative
stimuli reveals distinctions regarding temporal dynamics of
amygdala activation and the functional coupling between
amygdala and frontal regions.
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Materials and methods
Subjects

Eighteen right-handed volunteers [mean age =24.33
years (SD 3.36); mean education: 16.72 years (SD 1.67);
10 females] were recruited through advertisement at the
Maastricht University. The participants did not have any
history of neurological or psychiatric conditions and all
gave informed consent. The study protocol was approved
by the Ethics Committee of the Faculty of Psychology,
Maastricht University.

Stimuli

Hundred-sixty pictures with negative valence were
selected from the International Affective Picture Sys-
tem (IAPS). The IAPS comprises pictures with validated
valence (1-9; 1 =extremely negative) and arousal (1-9;
1 =no arousal) [18]. The averaged valence of the selected
image set was 2.7 (SD =+ 0.6) with the average arousal
of 5.6 (SD=+0.8). A pilot test, in preparation for the
major study, confirmed the adequacy of 24 ER blocks
(divided in CR or AD, each consisting of 3 stimuli) to
elicit robust fMRI responses. 24 images were randomly
selected for each participant. Half of the individual stim-
uli were assigned to either the AD or the CR condition.
Three repetitions of each stimulus were presented dur-
ing the whole presentation. The order of repetitions was
semi-randomized, so that images were not repeated within
a trial. Based on subjects’ feedback gathered in the pilot
test, this design was adopted to reduce the number of novel
images and the stress imposed on the subjects by the sight
of highly negative images.

Training

Before MR scanning, participants underwent a training of
cognitive appraisal for approximately 45 min. They were
taught to generate interpretations of the images that would
help to reduce negative emotions (for instance, by generat-
ing thoughts about an improvement in the future, assuming
the perspective of a professional, or focusing on technical
aspects). No training was offered for attention deployment.
Subsequently, subjects carried out a practice test including
twelve trials (with a sample of pictures different from ones
used during scanning), which familiarized them with the
experimental procedure.
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Task

The task during scanning session consisted of 12 “AD”
and 12 “CR” blocks, in which three consecutive pictures
were presented. Subjects were instructed to first watch
each picture and experience the emotional content. After
1000 ms, an instruction cue appeared in the middle of the
picture before participants either count backwards (AD
condition cued with ‘X’) or applied the cognitive reap-
praisal strategies (CR condition cued with ‘+’). Each pic-
ture was shown for 4500 ms and each block comprised 3
pictures. Each block was followed by an interval with a
blank display lasting 9000 ms. The order of AD and CR
blocks were randomized. The experimental session was
interleaved by 5 randomly positioned baseline blocks (grey
display for 21 s, Fig. 1).

fMRI scanning

Participants were scanned using a 3 T Siemens Magnetom
Allegra head-scanner (Siemens Medical Systems, Erlan-
gen, Germany) to acquire echo planar T2*-weighted images
(EPI) with blood oxygenation level dependent (BOLD) con-
trast [time to echo (TE)=30 ms, flip angle =90°, matrix
size =64 X 64]. With a repetition time of TR =1500 ms,
441 volumes were acquired in a single continuous run
(~11 min). Each volume with 26 axial slices and 3-mm
in-plane resolution covered the entire brain except for
cerebellum (see supplementary material for the averaged

e
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Emotion Regulation Interval

Fig. 1 Experimental paradigm. Participants were presented with a
sequence of three aversive images (each 4.5 s) followed by an Inter-
val (9 s). They were instructed to observe each picture and apply AD
or CR strategies to regulate the negative emotions. The order of the
ER strategies was randomized and was based on a visual cue, which
appeared in the middle of the picture. “X” cued AD (like illustrated in
the picture) and “+” cued CR. AD attention depletion, CR cognitive
reappraisal

image from all participants). To allow for T1 equilibration
effect the first three volumes of each run were discarded.
After functional imaging a T1-weighted structural image
(TE=9 ms, TT 900 ms, TR 1900 ms, 1 mm-isotropic 3d with
256 X256 X276 matrix) was acquired.

fMRI data analysis: whole-brain and region
of interest (ROI) analysis

This analysis was undertaken using BrainVoyager QX 2.3
(Brain Innovation, Maastricht, The Netherlands). Preproc-
essing of imaging data included following steps: slice scan
time correction, 3D motion detection and correction with
rigid body transformations, inhomogeneity correction and
segmentation of anatomical images, functional-anatomical
coregistration, transformation to Talairach space and spatial
smoothing with a Gaussian kernel of FWHM 6 mm.

Whole-brain analysis across all participants was con-
ducted based on General Linear Model (GLM) to contrast
AD and CR emotion regulation strategies. Statistical analy-
ses were first carried out using a GLM at the single subject
level. Parameter estimates were calculated for each voxel
based on design matrices which included predictors for AD
and CR relative to the baseline.

On the first-level, modelling considered the three pre-
sented images as one block of the duration of 13.5 s and
each block with three images was modelled as single predic-
tor. Then, each subject’s parameter estimates entered sepa-
rately the multiple subject GLM calculation (random effects
model) and were used to contrast the two emotion regulation
strategies. Statistical group maps were generated to represent
significant results at the p <0.05 level, corrected for multiple
comparisons with false discovery rate (FDR) approach.

BOLD response time course analysis was performed by
extracting the timecourses and event-related averaging from
bilateral amygdala ROI after running a random effects GLM,
in which the predictors were convolved with “Two gamma
HRF”, a hemodynamic response function (HRF). The locali-
zation of amygdala was based on SPM Anatomy toolbox
version 1.5 [19]. Laterobasal amygdala was selected, which
is known to be the main part of amygdala with a role in inte-
grating environmental information through connections to
sensory cortices and prefrontal lobe [20]. Regression param-
eters for linear increase were compared with a paired ¢ test.

fMRI data analysis: connectivity analysis

The connectivity analysis examined how amygdala
time course changed in relation to other brain voxels.
This examination was performed using the CONN tool-
box, version 16.b (http://www.nitrc.org/projects/conn,
RRID:SCR_009550) [21], which includes group-level
seed-based connectivity analysis. The preprocessing steps
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for functional (realignment & unwrap, slice-timing cor-
rection, normalization, ART-based outlier detection, and
smoothing) and structural (segmentation and normaliza-
tion) scans. Settings for the preprocessing were chosen
in analogy to the above-mentioned preprocessing steps
using BrainVoyager. Confounding effects (WM, CSF, and
realignment parameters), as identified by CONN, were
entered as confounds in a first-level analysis.

Correlation coefficients were calculated for each sub-
ject by extracting the BOLD time course from amygdala
as the seed region of interest and then by computing the
correlation coefficient between that and the time courses
from all other brain voxels during each condition. Cor-
relation maps were produced based on this computation.
Statistical comparisons were applied to the main condi-
tions CR and AD. Based on the results of the ROI-analy-
sis EARLY and LATE phases of CR blocks were defined
as conditions in post hoc fashion. The presentation time
of the first and the third pictures (each 4.5 s) outlined
EARLY CR and LATE CR conditions respectively. Over-
all, the correlations were compared between conditions
(CR vs. AD; LATE CR vs. EARLY CR) for all partici-
pants by 7 tests run in CONN (second level analysis) and
positive/negative functional correlations with seed areas
explored in SPM8. Significant differences in Amygdala
FC between (1) CR and AD condition as well as (2)
EARLY CR and LATE CR phase were determined using
family-wise error (FWE) whole-brain-corrected threshold
of p<0.05.

Fig.2 GLM random-effect group maps for the [CR > AD] revealed
an activation network including bilateral and left-dominated medial
PFC, left lateral PFC, bilateral middle temporal gyrus, posterior cin-
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Results
Whole-brain analysis

The contrast [CR > AD] in the GLM revealed an activation
network including bilateral and left-dominant medial and
lateral PFC, bilateral temporal lobe structures, posterior-
cingulated cortex, left thalamus, left caudate nucleus, left
fusiform gyrus, and extrastriate cortex in left occipital lobe
(see hot colors in Fig. 2). Bilateral inferior parietal lobule
(IPL) activation was higher in [AD > CR] GLM contrast (see
cold colors in Fig. 2).

ROI-based analysis

Event-related averaged BOLD response in bilateral amyg-
dala showed a delayed enhancement during the CR blocks
(Fig. 3). Paired-sample ¢ Test revealed that the increase of
amygdala responses was significant higher in the CR as com-
pared to the AD condition.

During the CR condition, amygdala activity increased
over time [slope > 0.070 + —0.083; #(17) =3.60; p <0.005]
in contrast to the AD condition [slope > 0.025 + —0.076;
t(17)=1.42; n.s.]. One-sided two-sample ¢ test confirmed
that the CR slopes were significant larger than AD slopes
[#(17)=2.03, p <0.05].

Further exploration of the differences between AD and
CR during individual pictures revealed that amygdala activa-
tion during ER of the third picture was larger than in the AD
condition [#(17)=4.01, p <0.005].
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gulated cortex, left thalamus, left fusiform gyrus, and extrastriate cor-
tex in bilateral occipital lobe. [AD > CR] resulted in bilateral inferior
parietal lobule and right dorsolateral PFC activations
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Fig.3 Group-averaged timecourse of amygdala activation during AD and CR blocks. AD attention depletion, CR cognitive reappraisal. X: point
of image acquisition (TR), Y: beta weights. The dotted lines indicate the slope of time course curves. The error bars indicate the standard errors

LATE CR > EARLY CR
&%

§ L
L
T=3.64 T=3.64 R T=3.64
p<0.001(unc.) p<0.001(unc.) p<0.001(unc.)

Fig.4 Functional connectivity contrast maps-based correlation coeffi- and LATE CR>EARLY CR (right). AD attention depletion, CR cog-
cient between time course of amygdala activation and the time course nitive reappraisal
from all other brain voxels for CR>AD (left), AD>CR (middle),

Connectivity analysis a less negative correlation between the amygdala and the
VLPFC, anterior ACC and visual cortex [p (FDR-cor-
During CR compared to AD, significant negative correla-  rected, cluster-level) < 0.05], indicating a lower down-

tions [p (FDR-corrected, cluster-level) <0.001] emerged  regulation of amygdala by these cortical regions during
between amygdala and cortical regions within left PFC  later appraisal (Table 1b, Fig. 4 ). Frontal medial cortex,
(Table 1a, Fig. 4), which suggest down-regulating connec-  right-hemispheric temporal lobe, and precuneus exhibited
tions of these regions with amygdala. Positive correlations ~ higher negative correlations with amygdala during the
were found between amygdala and the insula and subgenual =~ LATE reappraisal phase (Table 1b, Fig. 4c).
ACC [p (FDR-corrected, cluster-level) <0.05; Table 1a,
Fig. 4].

During cognitive reappraisal comparing the LATE to
the EARLY phase (LATE CR>EARLY CR), we observed
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Table 1 Clusters (MNI
coordinates of the peak voxel)
showing a significant functional
connectivity with amygdala

Region Clusters (x, y, 2) Size (Nrof  Cluster-level p
voxels) FWE-corrected
(a) CR>AD
Positive correlations Left insula —48 —04 - 04 48 0.016
Right sgACC +04 420 -06 47 0.016
Negative correlations Left SFG* —18 +50 +40 325 0.001
Left frontal pole® —38 +48 —08 288 0.001
Left IFG® —48 +28 —-08 238 0.001
Left frontal pole® —-20 +58 +24 178 0.001
Left precentral gyrus —44 +10 448 165 0.001
(b) LATE CR>EARLY CR
Positive correlations Left frontal pole® —34 +42 426 107 0.001
Left anterior ACC —12+10+42 50 0.026
Right occipital pole? +18 —96 +08 48 0.026
Negative correlations Frontal medial lobe +04 4+36 -16 40 0.038
Right temporal pole +50+18 -30 40 0.038
Right precuneus +26 -54+10 34 0.048

ACC anterior cingulate cortex, Sg ACC subgenual ACC, SFG superior frontal gyrus, /FG inferior frontal

gyrus
4Corresponds to DLPFC

®Corresponds to VLPFC

“Corresponds to orbitofrontal cortex

dCorresponds to visual cortex

Discussion

Instead of the common single trials, neural responses to
sequences of three aversive images during ER tasks were
examined. Participants were instructed to apply AD or CR
strategies based on the instruction. We focused on activa-
tion of amygdala as the key neural underpinning of the gen-
eration and regulation of negative emotional experiences
[22-30]. Previous research on emotion regulation indicated
a differential activation of amygdala during different cogni-
tive ER tasks [16]. Based on previous findings that have
underlined the importance of functional connectivity within
limbic-cortical circuitry during emotion regulation [31], we
conducted amygdala-centered connectivity investigations to
reveal temporally related brain regions.

Results of the whole-brain analysis provided evidence
for a differential recruitment of specific control systems in
AD and CR, which is based on the distinguished charac-
teristics of each strategy. In our paradigm, consistent with
the previous findings about cognitive reappraisal of nega-
tive emotions [13, 15], CR increased activity in medial,
dorsolateral, and ventrolateral PFC regions stronger than
AD. Involvement of this network suggests the cognitive
effort during application of CR strategies. Furthermore,
stronger activation of IPL in parietal lobe, which have been
implicated in shifting attention [32], could be shown in AD.
Overall, differential neural activation patterns for the two
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instructed strategies was consistent with the previous reports
[6, 16], mainly based on different cognitive demands of the
two strategies [33]. The findings about the differential neu-
ral responses is notable, because the outcome of regulat-
ing emotions has been implied to be different in attentional
deployment and cognitive reappraisal [34]. In our study, it
may be taken as indirect evidence that participants followed
the instructions.

The ROI-analysis proved that the time course of amygdala
activation was distinctive in CR and AD. Previous investiga-
tions of amygdala’s response to single presentations of nega-
tive images have shown modulation of amygdala activity
within the first 2 s that participants attempted to reappraise
a negative image, followed by a peak in about 1-2 s and a
subsequent normalization [35]. By application of a unique
study design, which involved multiple negative pictures, we
could observe that the fMRI signal in amygdala showed an
increase in course of ER and it rose stronger during CR
than during AD tasks. An increasing involvement of amyg-
dala in CR emphasizes that the distinction between emotion
appraisal and control systems are not absolute.

Emotion regulatory processes in CR can activate further
encoding of emotional stimuli through attention, expecta-
tions and memories [36, 37], which is neutrally represented
in the enhanced amygdala activation. The significant differ-
ence of amygdala activation level between the two tasks is
compatible with the previous findings [38], which showed
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that the time course of neural responding is differential
between subtypes of cognitive strategies. More specifically,
areduced amygdala activation has been shown in distraction
as compared to reappraisal [6, 16, 17]. Based on the earlier
neuroimaging findings [39, 40], it is quite acknowledged that
attentional shift affects the sensory encoding of emotional
stimuli in the limbic system and the amygdala and reduces
the response of these emotion-sensitive regions.
Meta-analyses of neuroimaging data have suggested a
greater involvement of frontal cortical regions in the modu-
lation of amygdala activity when subjects engage cogni-
tive strategies of ER [32, 41]. For further exploration, we
extended the findings of the amygdala ROI-analysis by com-
puting the correlations of amygdala activities with other cor-
tical regions of the brain and compared these connectivity
measures between CR and AD strategies. Our results con-
firmed that amygdala and cortical regions within left PFC
were anticorrelated in CR, suggesting a higher negative con-
nectivity in fronto-amygdala circuits during reappraisal task.
We propose that this connectivity pattern is essential to emo-
tion regulation efforts based on CR. Although AD and CR
are both considered to be antecedent-focused forms of ER
and pose cognitive demands [42], reappraisal of a negative
visual scene involves inhibition of the initial negative inter-
pretation, constructing a more positive one and bringing the
alternative appraisals to the working memory [43]. There-
fore, reappraisal may uniquely drive the down-regulating
connections between working memory, executive control,
and semantic structures in prefrontal cortex and amygdala.
We presented a sequence of aversive pictures to induce
negative emotions, thereby during CR a new reappraisal
strategy was required for each picture. The activation of
amygdala ascended during late phase of CR task as succes-
sive negative images were demonstrated, and for each image
a new reappraisal strategy was needed. This is a remarkable
finding, since the cognitive reappraisal of negative emotions
is thought to down-regulate the amygdala activation. For
further investigations based on this result, we decided to
examine the changes of the amygdala connectivity with time.
In a post hoc analysis, we compared the measures of amyg-
dala connectivity between the EARLY and LATE periods of
ongoing CR blocks. The results of the connectivity analyses
provided evidence for an altered amygdala connectivity in
later periods of ongoing CR. In fact, the negative connec-
tivity to frontal regions appeared to be reduced during the
late periods of CR effort, which may account for the late
escalation of the amygdala activation during reappraisal of
aversive stimuli. Our paradigm implied that the CR strate-
gies must have been repeatedly adjusted and a new reap-
praisal strategy was required for each picture, which might
have increased the load of cognitive control during the CR
blocks. Interpretation of the BOLD-derived functional con-
nectivity is generally very challenging and in our analysis

the direction of the information flow is still an unanswered
question. Based on the proposed anatomical connections and
emotion regulation models from the existing literature [15,
41], we suggest that the repetitive adjustments of regula-
tion strategies may represent a high cognitive demand which
interferes with the antecedent-focused cognitive control of
emotion.

By involving blocks of multiple aversive images in our
paradigm we aimed at capturing the changes in the local
activation and connectivity of amygdala. In fact, we could
obtain data that suggest the inverse relationship between
PFC and the amygdala is compromised when sequences of
aversive images elicit negative emotions and the ER strat-
egy requires a high demand for mental flexibility. Emotion
regulation contains indices of processes that influence gen-
eration, experience and expression of emotions [44], which
implies an interactive dynamics in the neural structures that
subserve ER. In particular, cognitive reappraisal is known to
have its impact early in the emotion appraisal process [45].
All together, we suggest that emotion-related processes in
the brain may be overlapping, which is necessary to allow
integrating new information as soon as it is available.

In line with previous studies that have highlighted a
regulatory PFC-amygdala interaction, our result revealed
an inverse relationship between lateral and medial PFC and
amygdala emotion regulation by CR strategies. The ana-
tomical pathways, which are mediating this interaction are
considered to be dependent on intrinsic anatomical connec-
tivity and circuitries involving ACC and OFC, given the
fact that lateral PFC receives only few direct inputs from
amygdala [46]. Understanding functional and anatomical
interactions between amygdala and regulatory prefrontal
regions is important, because its deficits have been described
across major psychiatric disorders [47-50]. The therapeutic
relevance of these pathways has been emphasized by studies
reporting that symptom reduction following behavioral and
pharmacological interventions is accompanied by normali-
zation of deficient amygdala-prefrontal coupling [51].

Conclusion

The current study advances our understanding of the inter-
action of regulatory cognitive regions and amygdala by
showing that cognitive reappraisal of a sequence of aversive
scenes is associated with a subsequent increase in amygdala
activity. This observation highlights the importance of incor-
porating dynamic temporal features of emotion experience
and related neural activations and interactions in emotion
regulation models. Such findings at the neural level sug-
gest that implementation of reappraisal strategies may influ-
ence experiential and behavioral indices of emotion over
time. Particularly, AD strategies may serve as effective ER
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techniques in specific scenarios. Understanding of ongoing
mechanisms of emotion regulation is essential for the mental
health research. We suggest an advantage for the applica-
tion of experiences, which are close to real-life situations,
such as a sequence of related images or video sequences.
However, special attention should be paid to install precise
control conditions.

Limitations

We acknowledge some of the limitations of the present
study. First, the restriction to negative emotions might
restrain the generality of the findings. Second, no behavioral
measurements were conducted as an outcome of voluntarily
regulation. We did not collect self-evaluations of emotion,
because the use of explicit self-report of emotional expe-
rience bears the risk of introducing biases of action and,
possibly, reward anticipation. Third, it is possible that the
two strategies have their maximal effects in different parts
of the amygdala. However, our imaging parameters do not
permit precise localization of activations within amygdala
sub-nuclei and so it is not possible for the present data to
address this differentiation in amygdala activations. Last,
our data underwent two different analysis methods (GLM-
based and connectivity-based), using different fMRI analysis
platforms based on specific requirements of each analysis.
Although we do not expect notable effects on the reliability
of the reported results, we acknowledge that the use of one
single analysis platform should be clearly preferred.
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