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background
According to the emotion regulation process, situation 
selection comprises actions that increase or decrease the 
likelihood of being in contexts that foster a  certain type 
of emotion, positive or negative. This concept is comple-
mented by the social basis theory, which starts with the 
assumption that the primary ecology of humans is charac-
terized by its social components. Thus, reduced access to 
social relationships increases cognitive and physiological 
effort, which leads to a decrease in well-being.

participants and procedure
In order to make a joint assessment of both concepts, the 
study used supervised machine learning models to ana-
lyze the associations between selected variables of social 
support, emotion regulation, coping, and several psycho-
logical symptoms (somatization, obsession-compulsion, 
interpersonal sensitivity, depression, anxiety, hostility, 
phobic anxiety, paranoid ideation, and psychoticism). For 
this purpose, an Argentine sample (N = 812, M age = 44.35, 
female = 435) was collected through the Internet, nested 
cross-validations were performed with 8 different learning 

algorithms and Shapley values were computed for the pre-
dictive models that minimized the test errors.

results
The results showed that adaptive strategies have consider-
able effects on maladaptive strategies, but they do not have 
significant effects on symptoms. Contrariwise, social sup-
port variables have significant effects on symptoms, while 
they do not have major effects on maladaptive strategies.

conclusions
It is concluded that the main function of regulatory flex-
ibility does not appear to be a better adaptation to situ-
ations, but rather the maintenance of adequate levels of 
social support, i.e. emotional support received, perception 
of available emotional support, and perceived comprehen-
sion. Further implications are discussed, and a hypotheti-
cal model proposed.
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Background

Coping

Lazarus’ and Folkman’s (1984) transactional model 
forms the theoretical basis for the study of stress. 
According to this model, a  stressful experience re-
sults from transactions between the individual and 
the environment. Thus, when someone is faced 
with a potentially stressful situation, he or she first 
makes a primary evaluation, i.e., a  judgment about 
the meaning of the situation, to qualify it as stress-
ful, positive, controllable, changeable, or simply ir-
relevant. In the case of considering it as a stressor, 
a secondary assessment will determine the available 
resources and options to cope with the situation. 
The results of this assessment modify the initial as-
sessment and predispose to the development of cop-
ing strategies in two directions: problem-oriented 
strategies, i.e., behaviors or cognitive acts aimed at 
managing the source of stress; and emotion-orient-
ed strategies aimed at provoking a  change in how 
the stressful situation is perceived and experienced, 
regulating negative emotional reactions more effec-
tively (Lazarus & Folkman, 1984).

Emotion rEgulation

Although the stress and coping model is an impor-
tant precursor, the study of emotion regulation ana-
lyzes the interactions between the environment and 
the individual in a more detailed way: it considers 
not only negative and positive emotions but also 
the expression and experience of emotion (Gross, 
1998). Moreover, the temporal units of analysis dif-
fer. While the study of coping considers hours, days, 
or months, emotion regulation tends to consider 
shorter periods such as seconds or minutes (Gross, 
1999). Intending to increase or decrease emotions, 
regardless of whether they are positive or negative, 
the process of emotion regulation comprises the fol-
lowing five-step sequence: (1) situation selection, 
(2)  situation modification, (3) attentional deploy-
ment, (4)  appraisal/cognitive change, and (5) re-
sponse modulation (Gross, 1998, 2014). In this sense, 
two strategies to regulate emotions play a  funda-
mental role (Gross, 1998, 1999, 2014) – cognitive 
reappraisal, and emotional suppression, which is 
a strategy that represents the last step of the model: 
response modulation.

Although the process of emotion regulation dif-
fers from coping theories, both models operation-
alize numerous variables identically, as is the case 
of cognitive reappraisal and emotional suppression 
(Compas et  al., 2017). Furthermore, although the 
use of emotion regulation and coping strategies 
depends on the context or situation (Compas et al., 

2017; Gratz & Roemer, 2004), it has been shown that 
some coping and emotion regulation strategies are 
more related to psychopathological profiles. There-
fore, they can be classified as adaptive or maladap-
tive (Compas et al., 2017; Domínguez-Sánchez et al., 
2013). High rates of adaptive strategies are associat-
ed with higher levels of life satisfaction and resilient 
strategies (Aydin Sünbül & Yerin Güneri, 2019; Li-
monero et al., 2012), secure attachment styles (Garri-
do-Rojas, 2006; Guzmán et al., 2016), and fewer men-
tal disorders in samples of children, adolescents, and 
adults (Cludius et al., 2020; Weissman et al., 2019). In 
contrast, maladaptive strategies have associations, 
among others, with depression and anxiety (Garnef-
ski & Kraaij, 2006), with fibromyalgia syndrome and 
pain catastrophizing (Feliu-Soler et  al., 2017), and 
with emotional exhaustion (Dominguez Lara & Me-
drano, 2016).

SoCial rEgulation of EmotionS 
and SoCial Support

According to the emotion regulation process, situ-
ation selection comprises actions that increase or 
decrease the likelihood of being in contexts that fos-
ter a  certain type of emotion, positive or negative 
(Gross, 1998). When applying this concept to the 
social basis theory (Beckes & Coan, 2011), it is ob-
served that both complement each other. This theory 
starts with the assumption that the primary ecology 
of humans is characterized by its social components. 
Through the social regulation of emotions, individu-
als are encouraged to conserve their somatic and 
neural resources. On the other hand, reduced access 
to social relationships increases cognitive and physi-
ological effort, leading to a  decrease in well-being 
(Coan & Maresh, 2014).

Although numerous studies have detected a posi-
tive association between emotional support and 
more effective emotion regulation (Criss et al., 2016; 
Houltberg et  al., 2012; Morris et  al., 2017; Morris 
& Age, 2009), the conceptual framework of interper-
sonal regulation (Zaki & Williams, 2013) should also 
be taken into account. This framework differenti-
ates, first, between regulatory strategies that modify 
one’s own or another person’s emotions and, sec-
ond, whether the emotional regulation process is 
response-dependent or nonresponse-dependent. 

Thus, the emotional support received comprises 
only increased well-being when it is provided by 
a  close person who responds to the individual’s 
needs (Maisel & Gable, 2009). That means that the 
impact on well-being depends considerably on the 
responsiveness of the emotional support provider 
(Feeney & Collins, 2015). In contrast, the perception 
of available emotional support is more conducive to 
health (Uchino, 2004, 2009).
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thE prESEnt Study

The present study aimed to use supervised models 
of machine learning to analyze the associations be-
tween certain variables of social support, emotion 
regulation, coping, and several psychological symp-
toms. For this purpose, age, educational level, and 
personality traits were considered as control vari-
ables. Although there are studies that have assessed 
social support variables and, jointly, coping strat-
egies, there are few that have used machine learn-
ing models (e.g., Choi et al., 2020; Flesia et al., 2020; 
Lüscher et  al., 2019) and, in addition, these studies 
did not include personality traits. 

Based on the exploratory nature of the study, no 
hypothesis was determined. In this regard, the fol-
lowing study objectives were established: (1) to de-
termine which variables have the most considerable 
effect in predicting symptoms. For this purpose, the 
following independent variables were considered: 
control variables, social support, adaptive strategies, 
and maladaptive strategies. (2) To determine which 
variables have the most significant effect in pre-
dicting each of the maladaptive strategies. For this 
purpose, we considered the following independent 
variables: control variables, social support, adaptive 
strategies, and the remaining maladaptive strate-
gies. (3) To determine which variables have the most 
substantial effect in predicting each of the adaptive 
strategies and each of the social support variables. 
For this purpose, the following independent vari-
ables were taken into account: control variables, the 
remaining social support variables, and the remain-
ing adaptive strategies.

ParticiPants and Procedure

SamplE

Non-probabilistic and snowball sampling was 
performed. The sample consisted of 812 adults 
(M  age  =  44.35, SD  =  15.32, female  =  435) residing 
in Argentina, composed of 15.0% from the Autono-
mous City of Buenos Aires, 31.9% from the Province 
of Buenos Aires, and 53.1% from other provinces of 
Argentina. A total of 63.8% had incomplete univer-
sity or higher education. Regarding employment sta-
tus, 41.5% were working, 23.1% were studying and 
working simultaneously, 20.8% were unemployed, 
and 14.5% were retired. Of the participants, 86.2% did 
not use psychotropic drugs, and 13.8% did. Finally, 
23.8% were in psychological treatment, 23.9% were 
not in psychological treatment and would not like to 
be, and 52.3% stated they were not in psychological 
treatment but would like to be. This high percent-
age could be due to the post-pandemic situation. In 
addition to that, another study found that 47.0% of 

the participants had already been in psychological 
treatment during the mandatory social isolation in 
Argentina (Gago Galvagno et  al., 2021). Due to the 
online data collection and the large sample size, psy-
chological interviews could not be carried out with 
the participants. Thus, more detailed information on 
possible diagnoses of participants who were in treat-
ment and the types of psychotropic drugs they were 
taking is not available.

mEaSurES

Mini International Personality Item Pool. We used the 
Argentine validation of the Mini International Per-
sonality Item Pool (Mini-IPIP) by Simkin et al. (2020). 
The instrument has 20 items corresponding to five 
personality traits and employs a  five-point Likert 
scale from 1 (strongly disagree) to 5 (strongly agree). 
The authors of the aforementioned study obtained 
internal consistencies of .77 ≤ ω ≤ .88. In the present 
study, these had the following values: openness to 
experience (ω = .74), consciousness (ω = .77), extra-
version (ω = .75), agreeableness (ω = .83) and neuroti-
cism (ω = .75).

Berlin Social Support Scale. Of the Argentine adap-
tation of the Berlin Social Support Scale (Schetsche, 
2021), we used the following dimensions: perceived 
comprehension (α  =  .77), perception of available 
emotional support (α =  .85), and emotional support 
received (α  =  .89). In parentheses are the internal 
consistencies of the present study. This instrument 
represents each subscale through three items which 
are answered on a 5-point Likert scale from (strong-
ly disagree) to 4 (strongly agree). In the mentioned 
study, the internal consistencies of the instrument 
were found to be in the range .71 ≤ α ≤ .90.

Based on the characteristics of the present study, 
the following dimensions were not included: percep-
tion of available instrumental support and need for 
support. The first was excluded because the author 
of the instrument reported a  high correlation with 
the perception of available emotional support; the 
second because it correlates positively with symp-
toms (Schetsche, 2021) and the present study aimed 
to investigate the beneficial effects of social support 
in reducing symptoms.

Coping Strategies Inventory. The short version of 
the Coping Strategies Inventory (CSI) by Schetsche 
et al. (2022) comprises a total of 24 items representing 
4 adaptive coping strategies: problem-solving, cogni-
tive restructuring, emotional expression, search for 
social support, and 4 maladaptive coping strategies: 
problem avoidance, wishful thinking, self-criticism, 
and emotional concealment. The instrument offers 
a 5-point Likert scale from 0 (not at all) to 4 (com-
pletely) and, in the aforementioned study, internal 
consistencies of .74 ≤ α ≤ .83 were obtained.
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In the present study, the internal consistencies had 
the following values: problem-solving (α = .85), cog-
nitive restructuring (α  =  .67), emotional expression 
(α = .77), search for social support (α = .80), problem 
avoidance (α = .66), wishful thinking (α = .78), self-
criticism (α = .80), emotional concealment (α = .77).

Cognitive Emotional Regulation Questionnaire. The 
Argentine version of the Cognitive Emotional Regu-
lation Questionnaire (CERQ) by Medrano et al. (2013) 
was used. This instrument was constructed to inves-
tigate the cognitive processes that people undergo 
when faced with events that they consider stressful. 
It has 36 items whose response options range from 
1 (almost never) to 5 (almost always). It represents 
9 strategies, each composed of 4 items. Of these, 4 di-
mensions are considered non-adaptive: rumination, 
catastrophizing, self-blaming, and blaming others; 
and the following 5 adaptive: putting into perspec-
tive, acceptance, positive refocusing, positive reap-
praisal, and planning (Domínguez-Sánchez et  al., 
2013; Garnefski et al., 2001; Jermann et al., 2006). In 
the Argentine validation, the internal consistency in-
dices presented Cronbach’s α within .68 ≤ α ≤ .83. 

Due to certain overlaps with the dimensions of 
the CSI, we did not include positive reappraisal and 
used only the following factors: positive refocus-
ing (α  =  .77), blaming others (α  =  .75), rumination 
(α = .66), and catastrophizing (α = .78). These repre-
sent the factors that exhibited the strongest correla-
tions with anxiety sensitivity and depressive symp-
toms (Loch et al., 2011). The internal consistencies of 
the present study appear in parentheses.

Symptom Assessment-45 Questionnaire. The Symp-
tom Assessment-45 Questionnaire (SA-45) by Sandín 
et al. (2008) has 45 items corresponding to nine di-
mensions. It uses a five-point Likert scale from 0 (not 
at all) to 4 (very much or extremely) and, in the afore-
mentioned Spanish-language validation study, in-
ternal consistencies had values within .63 ≤ α ≤ .85. 
In the present study, these took the following val-
ues: somatization (α  =  .82), obsession-compulsion 
(α =  .81), interpersonal sensitivity (α =  .81), depres-
sion (α  =  .85), anxiety (α  =  .83), hostility (α  =  .83), 
phobic anxiety (α = .81), paranoid ideation (α = .74), 
and psychoticism (α = .68).

proCEdurE

For data collection, the Google Forms digital platform 
was used and the recruitment of participants was 
carried out through the social networks Facebook, 
Instagram, and WhatsApp. To ensure the satisfactory 
completion of the survey, we conducted a pilot test 
with 30 individuals. 

In the exploratory data analysis, we observed that 
there were no missing values and determined that 
it was not necessary to pool several groups of the 

respective qualitative variables (see sample descrip-
tion), as they all had a  balanced distribution that 
would allow data partitioning for cross-validation. 
Next, Spearman correlations between continuous 
variables were computed, as none met the normality 
assumption (Shapiro-Wilk, α ≤ .01). In line with pre-
vious studies (Andrés et al., 2016; Diener et al., 2003), 
neuroticism exhibited considerable associations with 
all symptoms (.29 ≤ r ≤ .52, p ≤ .01). Considering neu-
roticism as a control variable, it was decided not to 
exclude it from the following analysis. Among social 
support variables, significant correlations were also 
observed (.40 ≤ r ≤ .57, p ≤ .01). Under the objectives 
of the study, these variables were kept in the analyses 
to determine their respective significance through 
a feature selection method which is described below.

To decrease the likelihood of committing overfit-
ting, we followed Vabalas et al.’s (2019) suggestions 
and used the nested (or double) cross-validation 
method. In this way, the total sample was divided 
into 10 outer partitions (k-folds) ensuring that all 
folds had the same distribution concerning the de-
pendent variable. 

The training and test data were separated, with 
9 partitions being used to develop and train the mod-
el, and the remaining fold to test the model. In each 
of these two subsets (i.e., separately), data prepro-
cessing was performed, which involved (a) analyzing 
the need to exclude variables with variance close to 
0 (none of the variables had to be excluded), (b) cen-
tering and scaling numerical variables, and (c) apply-
ing dummy encoding to nominal variables. With the 
training data, we employed the Boruta method (Kur-
sa et al., 2010) for feature selection, as the results of 
several studies evidenced its superiority compared to 
other methods (Kumar & Shaikh, 2017; Speiser et al., 
2019). With the presence of variables that do not con-
tribute new information, the overall effectiveness of 
a model may be reduced (Kuhn & Johnson, 2018). Be-
cause of this, we included only those variables that, 
according to the results of the Boruta method, were 
classified as “confirmed”, with variables classified as 
“tentative” also being excluded. The development of 
the predictive models was performed within the in-
ner loop with 10 partitions (v-folds) and 5 repetitions. 
Thus, 8 learning algorithms were used and each of 
them was trained, tuned, and evaluated: generalized 
linear model (GLM) which does not use hyperparam-
eters; Gaussian process with radial basis function 
kernel (GRBF) which uses the hyperparameter sigma; 
k-nearest neighbors (kNN) with hyperparameter k 
(neighbors); neural network (NNET) with the hyper-
parameters size (of hidden units) and weight decay; 
random forest (RF) with the hyperparameters mtry 
(randomly selected predictors), split rule and minimal 
node size; stochastic gradient boosting (GBM) with 
the hyperparameters n. trees (boosting iterations), in-
teraction depth (max tree depth), shrinkage, and min. 
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terminal node size; regularized support vector ma-
chine (dual) with linear kernel (SVML) with the hy-
perparameters cost and loss; support vector machines 
with radial basis function kernel (SVMR) with the 
hyperparameters sigma and cost. For model tuning, 
we employed futility analysis (Kuhn, 2014) with ran-
dom search (Bergstra & Bengio, 2012), and to evalu-
ate model fits, the root mean square error (RMSE) 
was used. For each of the algorithms employed, we 
determined the model that obtained the lowest cross-
validation RMSE and predictions were made on the 
test data, which had been separated from the training 
data at the beginning.

According to the 10 k-folds that had been created 
at the beginning, we repeated the process described 
in the previous paragraph 10 times: the second k-fold 
was used for testing and the remaining 9 partitions 
for training, then the third k-fold for testing and the 
remaining 9 partitions for training, and so on. After 
finishing this process, we evaluated the models: for 
each of the algorithms, we computed the average 
RMSE that their respective 10 final models obtained 
in their predictions on the test data. According to this 
criterion, we determined the algorithm with the low-
est average RMSE and, subsequently, we evaluated 
its 10 “winning” models to determine the model with 
the lowest RMSE during the v-fold cross-validation.

Using this final model (i.e. including the k-fold 
number, algorithm, hyperparameters, and inde-
pendent variables resulting from the feature selec-
tion), we quantified for each independent variable 
the global feature importance. For this purpose, we 
computed the Shapley values. To ensure comparable 
and accurate results, we used this model-agnostic 
method (Greenwell, 2021; Lundberg &  Lee, 2017; 
Štrumbelj & Kononenko, 2014) with 1000 Monte Car-
lo repetitions. 

The whole process described was applied, accord-
ing to the study objectives, to each of the dependent 
variables. Thus, for each dependent variable, we eval-
uated 4000 models (10 outer folds * 10 inner folds * 
5 inner fold repetitions * 8 learning algorithms) to 
avoid overfitting.

data analySiS

With the MVN package (Korkmaz et  al., 2014), the 
normality tests were performed; with psych (Rev-
elle, 2021), the calculation of internal consistencies 
and Spearman correlations; with groupdata2 (Olsen, 
2021), the balanced creation of k-folds; with tidy-
models (Kuhn &  Wickham, 2021), preprocessing of 
data; with Boruta (Kursa & Rudnicki, 2010), the fea-
ture selection; with caret (Kuhn, 2021) and modelgrid 
(Kjeldgaard, 2018), the model development (includ-
ing training, hyperparameter tuning, repeated v-fold 
cross-validation of the inner loop, and prediction 

on test data sets); with fastshap (Greenwell, 2021), 
the  Shapley values. All these packages are part of 
the R software (R Core Team, 2020).

ComplianCE with EthiCal StandardS

The design of this research was approved by the Re-
sponsible Conduct Committee of the Faculty of Psy-
chology of the University of Buenos Aires, Argentina 
(approval number: 2020.11). On the initial page of the 
questionnaire, we provided information about anon-
ymous participation, the possibility of withdrawing 
at any time from the research, and that all informa-
tion provided would remain confidential (Law No. 25, 
326). After agreeing to participate through informed 
consent, the questionnaires were submitted. In case 
participants had any inconveniences or doubts, the 
researchers’ contact emails were disclosed. In order 
to protect the anonymity and confidentiality of the 
participants, the data source has not been validated. 
Thus, we did not collect participants’ email addresses 
and did not use any geo-localization tools.

results

Table 1 shows the final models that were selected 
after the nested cross-validation. According to the 
mean RMSE on test data and the mean RMSE of the 
inner-loop cross-validation, no overfitting was ob-
served, i.e. the models were able to generalize to new 
data. Furthermore, it was noted that, among the final 
models, neither kNN nor NNET was found. Espe-
cially the NNET learning algorithm obtained RMSE 
that were found to be significantly higher than the 
other models. 

In order to explore the results more comprehen-
sively, the tables in the appendices can be consulted. 
In the Data accessibility statement, we provided a link 
that facilitates access to all supplementary material.

Using the models of Table 1, we computed the 
Shapley values. Age and educational level had no ef-
fects on social support variables. In comparison with 
educational level, age exhibited more considerable ef-
fects on symptoms, adaptive strategies and maladap-
tive strategies. Gender showed effects on availability 
of emotional support, emotional expression, search 
for social support, paranoid ideation, phobic anxiety, 
and somatization but had no effects on maladaptive 
strategies. Not being in psychological treatment but 
wishing to be had one effect: it predicted increased 
levels of positive refocusing. Similarly, being in psy-
chological treatment exhibited only one effect: it pre-
dicted decreased levels of problem avoidance. On the 
other hand, consumption of psychotropic drugs pre-
dicted decreased levels of perceived comprehension 
and increased levels of anxiety.
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Table 2 shows a  reduced summary of the means 
of absolute Shapley values. Catastrophizing, self-crit-
icism, and emotional concealment were the maladap-
tive strategies with the most significant effects on 
other maladaptive strategies. Concerning symptoms, 
most maladaptive strategies showed similar effect 
sizes. The only exceptions were problem avoidance 
and wishful thinking, which exhibited significantly 
smaller effects. Analyzing the results in more detail, 
the effect of self-criticism on depression and the ef-
fect of blaming others on paranoid ideation stood out. 

Adaptive strategies did not show notable effects on 
symptoms but did show effects on maladaptive strat-

egies, especially cognitive restructuring on problem 
avoidance, and emotional expression and search for 
social support on emotional concealment. Although 
emotional expression, problem-solving, and search 
for social support exhibited the most considerable 
mean effects on all adaptive strategies, it should be 
mentioned that cognitive restructuring showed a no-
table effect on emotional expression.

Compared to adaptive strategies, social support 
variables showed more considerable effects on symp-
toms but significantly smaller effects on maladaptive 
strategies. Especially emotional support received 
showed a  striking behavior: it was not selected to 

Table 1

Final models that were used to compute Shapley values

Criterion Model Fold Mean RMSE 
Testa

Mean RMSE
Trainb

Mean 
R2

Availability of emotional support RF 1 .676 .673 .47

Emotional support received GRBF 8 .668 .665 .48

Perceived comprehension GRBF 4 .841 .837 .36

Cognitive restructuring GLM 1 .832 .833 .17

Emotional expression GLM 1 .771 .772 .36

Positive refocusing GLM 1 .788 .790 .19

Problem-solving SVMR 5 .654 .647 .35

Search for social support GLM 4 .856 .856 .40

Blaming others SVMR 5 .625 .626 .37

Catastrophizing SVML 1 .666 .665 .49

Emotional concealment GBM 6 .781 .784 .48

Problem avoidance SVML 1 .826 .820 .36

Rumination GLM 8 .647 .649 .40

Self-criticism SVML 2 .971 .976 .32

Wishful thinking RF 10 .927 .916 .25

Anxiety GLM 4 .714 .712 .45

Depression SVMR 4 .753 .753 .52

Hostility GRBF 2 .716 .703 .31

Interpersonal sensitivity GRBF 1 .709 .706 .45

Obsession-compulsion GLM 1 .765 .764 .39

Paranoid ideation SVML 1 .665 .659 .39

Phobic anxiety GLM 1 .801 .799 .17

Psychoticism GRBF 5 .568 .564 .27

Somatization SVML 8 .926 .913 .22
Note. aPrediction results on test datasets (only final models of each k-fold); btraining results of the final models that resulted (within 
each k-fold) from the v-fold cross-validations. RMSE – root mean square error; GLM – generalized linear model; GRBF – Gaussian 
process with radial basis function kernel; RF – random forest; GBM – stochastic gradient boosting; SVML – regularized support vector 
machine (dual) with linear kernel; SVMR – support vector machines with radial basis function kernel.



A machine 
learning approach 
to analyze emotion 
regulation

301volume 11(4), 3

Ta
bl

e 
2

M
at

ri
x 

of
 m

ea
n 

ab
so

lu
te

 S
ha

pl
ey

 v
al

ue
s 

– 
re

du
ce

d 
ov

er
vi

ew

C
ri

te
ri

a
Pr

ed
ic

to
rs

Pe
rs

on
al

it
y 

tr
ai

ts
So

ci
al

 s
up

po
rt

 v
ar

ia
bl

es
A

da
pt

iv
e 

st
ra

te
gi

es
M

al
ad

ap
ti

ve
 s

tr
at

eg
ie

s

O
C

E
A

N
AV

ES
ES

R
E

P
EC

O
C

O
R

E
EM

EX
PO

R
E

P
R

SO
SE

SS
B

LO
T

C
A

TA
EM

C
O

P
R

AV
R

U
M

I
SE

C
R

W
IT

H

(1
) A

V
ES

.0
1

.0
2

.0
2

.0
5

.0
3

.2
9

.0
4

.0
1

.0
4

.0
3

.0
2

.1
6

(2
) E

SR
E

.0
4

.0
4

.0
2

.2
6

.3
1

.0
7

.0
4

.0
8

.0
2

(3
) P

EC
O

.0
4

.0
7

.0
6

.0
6

.4
0

.0
6

.0
7

(4
) C

O
R

E
.0

6
.0

6
.0

6
.0

6
.1

3
.0

9
.1

3

(5
) E

M
EX

.0
5

.0
1

.0
6

.0
4

.0
3

.0
5

.0
5

.2
4

.2
2

(6
) P

O
R

E
.0

8
.0

2
.0

5
.1

0
.0

8
.0

3
.1

1
.0

6
.1

0
.0

0

(7
) P

R
SO

.1
0

.0
7

.0
5

.0
2

.0
6

.0
6

.2
1

.0
6

.1
2

(8
) S

ES
S

.0
5

.0
0

.2
1

.0
4

.0
6

.0
8

.2
6

.0
7

(9
) B

LO
T

.0
2

.1
1

.0
5

.0
3

.0
7

.0
5

.2
7

.0
1

.0
4

.0
8

.0
3

.0
3

(1
0)

 C
A

TA
.0

4
.0

5
.1

2
.0

2
.0

1
.0

6
.0

1
.0

1
.2

7
.0

5
.1

9
.0

6
.0

4

(1
1)

 E
M

C
O

.0
5

.0
4

.0
6

.0
5

.0
4

.0
3

.2
7

.0
8

.2
1

.0
4

.0
9

.2
1

.0
2

.2
0

.0
8

(1
2)

 P
R

AV
.0

6
.0

8
.0

8
.3

0
.0

7
.1

3
.1

8
.0

1
.0

4
.0

0
.2

6
.0

1

(1
3)

 R
U

M
I

.0
6

.1
0

.1
1

.0
4

.0
7

.0
2

.0
4

.0
7

.2
4

.0
1

.1
1

.0
5

(1
4)

 S
EC

R
.0

2
.1

3
.0

1
.0

7
.0

2
.0

2
.0

7
.2

4
.1

6
.2

3

(1
5)

 W
IT

H
.0

3
.0

5
.0

7
.0

4
.0

2
.0

6
.0

3
.0

6
.0

7
.0

6
.2

7

(T
ab

le
 2

 c
on

tin
ue

s)



Christian 
Schetsche,  

Luis C. Jaume, 
Paula A. Caccia, 
Martin Zelaya, 

Susana Azzollini

302 health psychology report

Ta
bl

e 
2

(T
ab

le
 2

 c
on

tin
ue

d)

C
ri

te
ri

a
Pr

ed
ic

to
rs

Pe
rs

on
al

it
y 

tr
ai

ts
So

ci
al

 s
up

po
rt

 v
ar

ia
bl

es
A

da
pt

iv
e 

st
ra

te
gi

es
M

al
ad

ap
ti

ve
 s

tr
at

eg
ie

s

O
C

E
A

N
AV

ES
ES

R
E

P
EC

O
C

O
R

E
EM

EX
PO

R
E

P
R

SO
SE

SS
B

LO
T

C
A

TA
EM

C
O

P
R

AV
R

U
M

I
SE

C
R

W
IT

H

(1
5)

 W
IT

H
.0

3
.0

5
.0

7
.0

4
.0

2
.0

6
.0

3
.0

6
.0

7
.0

6
.2

7

(1
6)

 A
N

X
I

.0
6

.2
6

.0
3

.0
5

.0
1

.0
3

.0
2

.0
2

.1
0

.0
6

.1
1

.0
9

.0
6

(1
7)

 D
EP

R
.0

8
.0

3
.2

1
.0

9
.0

7
.0

6
.0

3
.0

4
.0

9
.0

2
.0

2
.1

0
.0

8
.1

1
.1

7
.1

0

(1
8)

 H
O

ST
.0

5
.0

6
.2

0
.0

3
.0

5
.1

1
.0

5
.0

2
.0

3
.0

7

(1
9)

 IN
SE

.0
3

.1
1

.0
2

.1
5

.0
7

.0
2

.0
7

.0
2

.0
3

.0
2

.0
7

.0
7

.0
5

.0
2

.0
9

.0
8

.0
5

(2
1)

 P
A

ID
.0

1
.1

2
.0

6
.0

4
.0

9
.0

0
.1

8
.0

2
.0

6
.0

2
.0

4
.0

7

(2
2)

 P
H

A
N

.1
0

.0
6

.0
6

.0
2

.0
8

.0
8

.0
4

.0
3

(2
3)

 P
SY

C
.0

3
.0

6
.0

2
.0

2
.0

5
.0

8
.0

6
.0

5
.0

2
.0

7
.0

3

(2
4)

 S
O

M
A

.1
3

.2
4

.0
6

.0
3

.0
3

.0
7

.0
5

.1
1

.0
5

.0
6

M
ea

n 
(1

-3
)

.0
2

.0
2

.0
1

.0
5

.0
4

.1
1

.2
3

.1
2

.0
3

.0
2

.0
1

.0
5

.0
8

M
ea

n 
(4

-8
)

.0
2

.0
2

.0
2

.0
3

.0
4

.0
8

.0
5

.0
2

.0
6

.1
2

.0
5

.1
0

.1
0

M
ea

n 
(9

-1
5)

.0
3

.0
0

.0
1

.0
6

.0
8

.0
1

.0
0

.0
2

.0
7

.0
7

.0
5

.0
4

.0
5

.0
7

.1
0

.0
9

.0
4

.0
7

.1
0

.0
6

M
ea

n 
(1

6-
24

)
.0

0
.0

5
.0

2
.0

1
.1

6
.0

4
.0

4
.0

5
.0

1
.0

1
.0

1
.0

2
.0

1
.0

6
.0

8
.0

6
.0

1
.0

6
.0

7
.0

4
N

ot
e.

 O
 –

 o
pe

nn
es

s;
 C

 –
 c

on
sc

io
us

ne
ss

; E
 –

 e
xt

ra
ve

rs
io

n;
 A

 –
 a

gr
ee

ab
le

ne
ss

; N
 –

 n
eu

ro
ti

ci
sm

; A
V

ES
 –

 a
va

ila
bi

lit
y 

of
 e

m
ot

io
na

l s
up

po
rt

; E
SR

E 
– 

em
ot

io
na

l s
up

po
rt

 r
ec

ei
ve

d;
 P

EC
O

 –
 p

er
ce

iv
ed

 c
om

pr
eh

en
si

on
; 

C
O

R
E 

– 
co

gn
it

iv
e 

re
st

ru
ct

ur
in

g;
 E

M
EX

 –
 e

m
ot

io
na

l e
xp

re
ss

io
n;

 P
O

R
E 

– 
po

si
ti

ve
 r

ef
oc

us
in

g;
 P

R
SO

 –
 p

ro
bl

em
-s

ol
vi

ng
; S

ES
S 

– 
se

ar
ch

 fo
r 

so
ci

al
 s

up
po

rt
; B

LO
T 

– 
bl

am
in

g 
ot

he
rs

; C
AT

A
 –

 c
at

as
tr

op
hi

zi
ng

; E
M

C
O

 –
 

em
ot

io
na

l c
on

ce
al

m
en

t; 
PR

AV
 –

 p
ro

bl
em

 a
vo

id
an

ce
; R

U
M

I –
 r

um
in

at
io

n;
 S

EC
R

 –
 s

el
f-

cr
it

ic
is

m
; W

IT
H

 –
 w

is
hf

ul
 t

hi
nk

in
g;

 A
N

X
I –

 a
nx

ie
ty

; D
EP

R
 –

 d
ep

re
ss

io
n;

 H
O

ST
 –

 h
os

ti
lit

y;
 IN

SE
 –

 in
te

rp
er

so
na

l s
en

si
ti

vi
ty

; 
O

B
C

O
 –

 o
bs

es
si

on
-c

om
pu

ls
io

n;
 P

A
ID

 –
 p

ar
an

oi
d 

id
ea

ti
on

; P
H

A
N

 –
 p

ho
bi

c 
an

xi
et

y;
 P

SY
C

 –
 p

sy
ch

ot
ic

is
m

; S
O

M
A

 –
 s

om
at

iz
at

io
n.



A machine 
learning approach 
to analyze emotion 
regulation

303volume 11(4), 3

predict any of the maladaptive strategies, but it was 
selected to predict each of the symptoms. Moreover, 
of the social support variables, emotional support re-
ceived was the most significant predictor of adaptive 
strategies and availability of social support of the so-
cial support variables. 

Concerning personality traits, it should be men-
tioned that neuroticism exhibited considerable ef-
fects on symptoms and maladaptive strategies but 
notably smaller effects on adaptive strategies and 
social support variables. In addition, consciousness 
showed similar behavior to emotional support re-
ceived and gender: it did not predict any maladaptive 
strategy but most symptoms.

discussion

First of all, it should be mentioned that the third ob-
jective (to determine which variables have the most 
substantial effect in predicting each of the adaptive 
strategies and each of the social support variables) 
was not in tune with the social base theory (Beckes 
& Coan, 2011), according to which reduced access to 
social relationships increases cognitive and physi-
ological effort (Coan & Maresh, 2014). This was ow-
ing to the fact that we decided to assess the recip-
rocal relationships between social support variables 
and adaptive strategies. To this extent, we intended 
to analyze whether social relationships have a more 
significant impact on adaptive strategies or vice ver-
sa. Furthermore, we also aimed to evaluate the as-
sociations within adaptive strategies, the relations 
within maladaptive strategies, and how social sup-
port variables are associated with each other. Since 
numerous studies have demonstrated that adaptive 
strategies reduce the likelihood of using maladaptive 
strategies (Augusto-Landa et al., 2011; Compas et al., 
2001; Ortega et al., 2007; Qian & Yarnal, 2011; Sontag 
& Graber, 2010), we did not evaluate the effects that 
maladaptive strategies have on adaptive strategies. 

On the other hand, it could be objected that sim-
pler methods, such as correlations or multiple re-
gressions, could be used to analyze the associations 

between certain variables. Although these methods 
make inferences, the development of more complex 
models could be more difficult because their results 
may be too tightly fitted to the characteristics of the 
sample. The main advantage of the supervised ma-
chine learning method is that – starting with data 
that are used to train the model – it allows the model’s 
ability to predict data that it has never seen before. In 
this way, it facilitates the development of complex 
models without over-fitting (Müller & Guido, 2011).

Following the results described above, Figure  1 
shows the overall average effects obtained by the 
variables. Even though these results are in line 
with previous studies which found that, compared 
to adaptive strategies, social support has greater ef-
fects on well-being (Budge et al., 2013; Zeidner et al., 
2016), this illustration reaffirms the two unexpected 
findings that were mentioned earlier: (1) although 
adaptive strategies do not have significant effects 
on symptoms, they do have considerable effects on 
maladaptive strategies. On the other hand, and con-
versely, (2) social support variables have significant 
effects on symptoms, while they do not have major 
effects on maladaptive strategies. The latter behav-
ior was also observed concerning consciousness and 
gender. 

An explanation for these unexpected results could 
involve the possibility that the social support vari-
ables and the adaptive strategies share parts of their 
variances. The reciprocal effects that exist between 
these two would support this explanation. Accept-
ing this possibility would automatically raise the 
question of causality, i.e., what is the directional-
ity of their associations? Furthermore, this query 
would not only include the relationships between 
social support variables and adaptive strategies, but 
also the associations between these and maladaptive 
strategies and symptoms. Considering the effects 
described in Figure 1, the following could be stated: 
it is more likely that (1) adaptive strategies do not 
have direct effects on symptoms, but through social 
support, and (2) social support variables do not have 
direct effects on maladaptive strategies, but through 
adaptive strategies.

Figure 1

Overall average effects
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Although these statements seem plausible, it 
should also be noted that, as in the case of emotional 
support received, consciousness and gender did not 
exhibit effects on maladaptive strategies but did have 
effects on symptoms. As in the previous explanation, 
the results obtained lead us to intuit that maladap-
tive strategies and symptoms share parts of their 
variances. In this case, the directionality of their as-
sociations seems simpler: apparently, emotional sup-
port received, consciousness and gender do not have 
direct effects on maladaptive strategies, but through 
symptoms. Considering the nature of these variables, 
i.e. the difficulty to influence them, it is questionable 
whether symptoms are a result of maladaptive strat-
egies. Otherwise, it seems more plausible that mal-
adaptive strategies are the result of symptoms.

If we were to accept the possibility that this state-
ment is correct, the result would be Figure 2, which 
graphically represents the relationships described 
above.

Numerous studies have found that adaptive strat-
egies reduce the likelihood of using maladaptive 
strategies (Augusto-Landa et al., 2011; Compas et al., 
2001; Ortega et al., 2007; Qian & Yarnal, 2011; Sontag 
& Graber, 2010). These studies assume not only a di-
rection of causality but also that the effect is direct. 
It is important to emphasize that the explanations in 
the present study do not question the positive effect 
that adaptive strategies have on maladaptive strate-
gies. (In fact, this direction of causality was also used 
in the present study to analyze the relationships be-
tween these variables.) What is questioned is how 
this process is carried out. According to the results 
(i.e. that, apparently, certain variables share parts of 
their variance), it is more likely that adaptive strate-
gies have an effect on social support, social support 
on symptoms, and symptoms on maladaptive strat-
egiesAs can be seen, this approach is in tune with 
Lazarus and Folkman’s (1984) transactional model 
and the emotion regulation process (Gross, 1998, 
2014), but adding an important nuance. The existence 
of symptomatology will influence all parts compris-
ing both processes. Concerning the transactional 

model, (a) during primary appraisal, meaning at the 
time of evaluating a potentially stressful situation as 
stressful, positive, controllable, changeable, or simply 
irrelevant; (b) during secondary appraisal, meaning 
the determination of available resources and coping 
options; (c) in the development of coping strategies. 
And, regarding the emotion regulation process, the 
existence of symptomatology will influence (1) situ-
ation selection, (2) situation modification, (3) atten-
tional deployment, (4) appraisal/cognitive change, 
and (5) response modulation.

At this point, it is important to digress and analyze 
the items comprising the SA-45 (Sandín et al., 2008). 
For example, “Feeling like breaking something” (hos-
tility), “Suddenly feeling hot or cold” (somatization), 
“Not feeling interested in things” (depression), “Hav-
ing to do things very slowly to be sure you do them 
right” (obsession-compulsion), “Feeling nervous or 
very anxious” (anxiety), “Feeling inferior to others” 
(interpersonal sensitivity), “Fear of leaving home 
alone” (phobic anxiety), “The idea that one cannot 
trust most people” (paranoid ideation), “Believing 
that others notice one’s thoughts” (psychoticism). 
Without knowing the purpose of the questionnaire, 
one could intuit that these items describe emotion-
al and behavioral responses to stressful situations, 
meaning that several items could be confused with 
coping or emotion regulation strategies. In this sense, 
the “Symptoms” box in Figure 2 would not necessari-
ly represent acute and/or chronic conditions, but also 
those emotional and behavioral responses that share 
parts of their variance with maladaptive strategies.

Although the present study analyzed of the rela-
tionships between social support, coping and emotion 
regulation strategies, personality traits, and symp-
toms, the proposed causal relationships represent 
a hypothetical model which is the result of the effects 
found. Also, it should be noted that, although the sam-
ple of the present study can be considered relatively 
large, non-probability sampling was performed. Fur-
thermore, it should be taken into consideration that 
this is a cross-sectional study, in which self-report in-
struments were used. Although a nested cross-valida-

Figure 2

Graphical representation of the hypothetical model
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tion was performed to prevent overfitting, future re-
search must validate the results through longitudinal, 
experimental designs and/or comparisons between 
clinical samples and control groups. In this regard, it 
is essential to bear in mind that, in the present study, 
not only certain control variables (age, educational 
level, and personality traits) were included, but also 
all the other coping and emotion regulation variables. 
Thus, these variables also operated, in all calculations, 
as control variables. The inclusion of many variables 
can lead to differences with respect to studies that do 
not include the same variables in the model. On the 
other hand, it should also be emphasized that depres-
sion was not used as a control variable in the calcu-
lations performed. This factor should be included in 
future studies to evaluate the relationships described 
in the hypothetical model. Finally, it is important to 
emphasize that the hypothetical model was proposed 
as a deduction from the results obtained. To summa-
rize, it is necessary to conduct future research based 
on experimental and/or longitudinal designs to evalu-
ate these relationships.

conclusions

Within the context of regulatory flexibility, the im-
portance of the availability of a  repertoire of regu-
latory strategies is considered (Bonanno &  Burton, 
2013). Despite the importance of this repertoire for 
an individual’s long-term adaptation, the main func-
tion of this repertoire does not appear to be a better 
adaptation to situations, but rather the maintenance 
of adequate levels of social support, i.e. emotional 
support received, perception of available emotional 
support, and perceived comprehension. This asser-
tion is because these variables have more consid-
erable effects in reducing the symptoms analyzed. 
(The most significant effects were: emotional support 
received on anxiety, and phobic anxiety; availability 
of emotional support on depression, interpersonal 
sensitivity, and somatization; perceived comprehen-
sion on hostility, interpersonal sensitivity, obsession-
compulsion, paranoid ideation, and psychoticism.)

Considering the results of the present study, the 
importance of the concept of interpersonal emotion-
al regulation (Zaki & Williams, 2013) and the social 
baseline theory and the social regulation of emo-
tion (Coan & Maresh, 2014) stands out. Diminished 
perception of available and/or received emotional 
support significantly affects the symptoms analyzed 
and, whether conceptualized as a  cognitive bias or 
not, the question arises as to how effective training 
based on stimulating the perception of available and/
or received emotional support could be. This ques-
tion is mainly based on the transcendental role cog-
nitive restructuring plays in the study of emotion 
regulation (Gross, 2014; Gross & John, 2003) and on 

the positive results obtained in direct cognitive re-
structuring training (Halperin et al., 2013; Halperin 
& Gross, 2011).
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