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Abstract: Motivation is an essential component in mental health and well-being. In this area,
researchers have identified four psychological needs that drive human behavior: attachment, selfesteem, orientation and control, and maximization of pleasure and minimization of distress. Various
self-reported scales and interviews tools have been developed to assess these dimensions. Despite the
validity of these, they are showing limitations in terms of abstractation and decontextualization and
biases, such as social desirability bias, that can affect responses veracity. Conversely, virtual serious
games (VSGs), that are games with specific purposes, can potentially provide more ecologically valid
and objective assessments than traditional approaches. Starting from these premises, the aim of this
study was to investigate the feasibility of a VSG to assess the four personality needs. Sixty subjects
participated in five VSG sessions. Results showed that the VSG was able to recognize attachment, selfesteem, and orientation and control needs with a high accuracy, and to a lesser extent maximization
of pleasure and minimization of distress need. In conclusion, this study showed the feasibility to
use a VSG to enhance the assessment of psychological behavioral-based need, overcoming biases
presented by traditional assessment.
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1. Introduction
Motivational psychology is a broad branch of psychology that studies human needs
and their fulfillment for mental health and well-being [1–3]. Motivation can be defined as an
unobservable and internal psychological process that drives observable human behaviors in
order to satisfy needs [1,2]. The study of motivation involves many theoretical approaches,
including dispositional, learning, humanistic, biological, cultural, and psychodynamic
perspectives [1–4]. According to these, 20 years ago, the psychotherapist Klaus Grawe
proposed a new theoretical model, named the consistency model, which conceives mental
functioning as the interaction between motivational schemas and the satisfaction of four
psychological needs: attachment, self-esteem, orientation and control, and maximization of
pleasure and minimization of stress (Figure 1) [3]. Environmental and interpersonal factors
perceived to satisfy these needs moderate the maintainment and enhancement of the self,
whereas those that impede need satisfaction foster distress and mental illness [3].
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Figure 1.
1. Consistency
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Orientation and control are psychological concepts related to self-efficacy theory [17]
and refer to the self-belief of having an influence on the environment, successfully accomplishing specific goals, and producing favorable outcomes [3]. Self-efficacy is a personal
judgment about the subjective perception of being able to execute a task or cope with a
situation positively. According to Grawe [3] and Bandura [17], goal-setting is relevant to
ensure that an individual’s efficacy beliefs are in line with aims and competencies and not
working against them. A positive interaction between efficacy beliefs, aims, and competencies results in the successful management of many situations and tasks. On the contrary,
people with low self-efficacy believe they are not able to cope with different situations and
tend to fail. Furthermore, people with high self-efficacy perceive themselves as being in
control of their own lives and decisions, and people with low self-efficacy tend to think that
they cannot manage situations and tasks by themselves. Finally, efficacy beliefs depend on
four sources of information and processes: (a) mastery experiences: the direct experience of
mastery increases self-efficacy, and failures can undermine self-efficacy beliefs; (b) vicarious
experiences: self-efficacy comes from the observation of other people; (c) verbal persuasion:
positive or negative verbal responses can strengthen or weaken subjective self-efficacy
beliefs toward succeed or failure; and (d) emotional and physiological states: positive
or negative emotional and physiological states can influence the self-belief of efficacy to
succeed or fail.
Finally, the need to maximize pleasure and minimize stress/pain is a basic pleasure
principle that has been theorized and studied by many authors, first and foremost by
Freud [18]. The idea is that individuals seek pleasant experiences and states rather than
unpleasant or painful circumstances [19–21]. Sought-after pleasure states can be physical,
psychological, emotional, or social [22]. Avoiding or approaching pleasant or unpleasant
situations relies on subjective motivation and various psychological processes, such as
decision making, learning, and self-regulation [23,24]. In accordance with this assumption,
two subjective motivational systems emerge: the behavioral activation system (BAS), which
addresses self-enhancement, desire for pleasure, and rewards, and the behavioral inhibition
system (BIS), which is oriented toward self-protection, caution against pain, and avoidance
of threats [24–28].
1.2. Traditional Assessment and Serious Games Approaches
Traditional psychological assessment approaches refer to qualitative measures, such as
the Adult Attachment Interview, and/or quantitative measures, such as the Adult Attachment Questionnaire or the Rosenberg Self-Esteem Scale in which respondents provide
explicit and conscious information about themselves [29–31]. Although these measures are
well validated and present a high internal consistency, they are showing some limitations
in that they are too abstract and decontextualized from real situations and they are not able
to activate specific phenomena that need to be activated in order to be manifested, such as
attachment situations [32]. Furthermore, methodologically, the assessment is conducted in
neutral laboratory or clinical settings to maintain control on confounding variables that can
influence the veracity of the final outcomes. Finally, they are also presenting biases, such
as the social desirability bias that is the tendency of self-reported respondents to answer
questions in accordance with socially favorable norms to maintain a socially favorable
self-presentation, affecting responses veracity [33,34].
Recently, advances in technological systems, such as videogames and computer games,
as well as the amount of time children, adolescents, and adults play computer games has
significantly gone up, providing the opportunity to use them for enhancing traditional
psychological assessment. Indeed, their playability and appeal led researchers to become
interested in the development of applications with “serious” and specific goals for the
evaluation and training of abilities, going beyond common entertainment [35,36]. Serious
games (SGs) are proving to be able to generate motivational engagement, due to main
game features such as challenges, rewards, narrative, virtual agents, and fantasy worlds, as
well as immersion and interaction, enhancing user experience. Indeed, the first computer
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games were supported by non-immersive systems (2D), as desktop, and the interaction
was afford by keypad and mouse; more recently, SG can be experienced also through
immersive systems, as head mounted display (HMD) able to completely isolate the user
from reality, allowing them to explore, navigate, and interact with objects (through control
sticks and gloves) in real-time as if the user was in the physical reality. Furthermore, SGs
are proving to be effective to assess and train abilities adding behavioral-based information
to traditional methods [37–39].
To create valid assessment in games, “stealth” game design is providing significant
evidence mainly related to learning [40,41]. The stealth assessment (SA) game design
approach aims to implicitly measure user performance during the game without asking
users to self-report information about their personality, behavior, or state. SA refers to
evidence-centered design (ECD) as a conceptual framework based on three models to
develop valid assessments: competency, structural, and task models [42,43]. The competency model refers to the abilities or constructs and traits, also called unobservable
indicators, that researchers want to measure using the game; the structural model identifies
the multifaceted behaviors, also called observable indicators, that can reveal the theoretical
abilities or constructs and traits; and the task model designs tasks or situations that can
produce those behaviors related to the abilities, constructs, or traits that researchers want
to measure. The SA approach has been shown to have greater predictive validity and
less bias than traditional assessment [37,43]. Indeed, SA allows the creation of several SG
contexts in which participants perform a sequence of actions, reducing test anxiety and
bias with respect to traditional assessment and invisibly providing a large amount of data
on various ranges of individual attributes and skills [37,43,44]. Until now, serious games
(SGs) supported by SA approach, on one hand, have been mainly tested in educational
field in order to enhance learning abilities [39,40]. On the other hand, SGs have been also
investigated in the assessment of abilities in educational and learning [45], health [44], and
military fields [46]. In motivational psychology, SGs have been less addressed and have
been proposed as valid assessment methods to measure also those psychological needs’
behavior-based dimensions along with traditional self-reported questionnaires [47].
Based on these premises, the aim of this study was to investigate the content feasibility
of a virtual serious games (VSG) to assess the four basic psychological needs of attachment,
self-esteem, self-efficacy, and stress avoidance according to the consistency model. The
main hypothesis concerned the assumption that VSG contents were able to elicit the
psychological needs phenomena and assess them using user performance.
2. Materials and Methods
2.1. Participants
A total of 61 subjects (30 women and 31 men; mean age 35.95 years; SD = 11.17)
participated in this study. Table 1 shows the distribution of the sample according to demographics. The inclusion criteria were age between 18 and 55 years and a cut score higher
or equal to than 24 on the Mini-Mental State Examination (MMSE) [48]. Before participating, each subject received written information about the study and was required to give
written informed consent for inclusion. The study obtained ethical approval by the Ethical
Committee of the Polytechnic University of Valencia (Protocol code: P17_23_01_2019).
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Table 1. Demographic description of participants.
Variable
Gender
Age

Category

N

%

Male

31

51%

Female

30

49%

18–35 years

31

51%

36–55 years

30

49%

0 years

0

0%

6 years

2

3%

10 years

0

0%

12 years

4

7%

14 years

7

11%

16 years

9

15%

18 years

7

11%

+18 years

32

52%

Non-independent single

18

30%

Independent single

12

20%

Married without children

8

13%

Married with children

18

30%

Divorced without children

2

3%

Divorced with cohabiting children

1

2%

Divorced with independent children

1

2%

Widower/widow with independent children

1

2%

Employed

24

39%

Self-employed

6

10%

Education

Marital Status

Employment Status

Annual Gross Income

Student

12

20%

Housewife/husband

3

5%

Unemployed

15

25%

Retired

1

2%

Less than 15,000 €

26

43%

Between 15,001 and 30,000 €

20

33%

Between 30,001 and 60,000 €

3

5%

Between 60,001 and 75,000 €

1

2%

Not reported

11

18%

2.2. Psychological Assessment
The following questionnaires were administered to participants before the virtual
sessions:
Demographics: Participants completed a general sociodemographic questionnaire including age, gender, education, family and marital status, labor status, and economic entry.
The main questionnaires were related to Grawe’s model of consistency:
Attachment: The Adult Attachment Questionnaire [30] is a 40-item self-reported
scale that assesses four factors: (1) low self-esteem, need for approval, fear of rejection
(13 items); (2) hostile conflict resolution, rancor, and possessiveness (11 items); (3) secure
affect or expression of feelings and comfort with relationship (9 items); and (4) emotional
self-sufficiency and discomfort with intimacy (7 items). Participants responded to the
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statements on a 6-point Likert scale from 1 (strongly disagree) to 6 (strongly agree). Internal
consistency of the four factors was α = 0.86, 0.80, 0.77, and 0.68.
The relationship questionnaire (RQ) [11] consists of four short paragraphs, designed
to measure the four attachment styles (secure, insecure-preoccupied, insecure-fearful,
and insecure-dismissing). Participants are asked to indicate which paragraph describes
themselves and others.
Self-esteem: The Rosenberg Self-Esteem Scale (RSE) [31] is a 10-item measure that
assesses general self-esteem. Participants rate the extent to which each item applies to their
self-evaluation on a 4-point Likert scale ranging from 1 (strongly disagree) to 4 (strongly
agree). Five negatively worded items are reverse scored. Total scores are summed, and
higher scores indicate elevated levels of self-esteem. Internal consistency is high (α = 0.93).
Self-efficacy: The General Self-Efficacy (GSE) scale [49] is a 10-item questionnaire that
assesses positive self-perception in coping with various difficult situations. Participants are
asked to rate each item on a 10-point Likert scale. Total score is summed, and higher scores
indicate more self-efficacy. Internal reliability for GSE is between 0.76 and 0.90.
Behavioral approach and behavioral inhibition system: The Behavioral Approach/
Inhibition Scale (BIS/BAS) [25] is a 24-item questionnaire rated on a 4-point Likert scale
ranging from 1 (very true for me) to 4 (very false for me). The scale presents four subscales,
1 for BIS and 3 for BAS (drive, reward, and fun seeking). Cronbach’s α for the BIS, BAS
drive, BAS reward, and BAS fun seeking scales are 0.74, 0.76, 0.73, and 0.66, respectively.
Coping: Brief Cope [50–52] consists of 28 items that measure strategies used to cope or
regulate cognition in response to stress. Participants are asked to rate each item on a 4-point
Likert scale from 1 (I have not been doing this at all) to 4 (I have been doing this a lot).
It includes 14 two-item subscales that can be divided into the two primary coping styles of
approach and avoidant coping: (1) self-distraction (avoidant); (2) active coping (approach);
(3) denial (avoidant); (4) substance use (avoidant); (5) emotional support (approach); (6) use
of instrumental support (approach); (7) behavioral disengagement (avoidant); (8) venting
(avoidant); (9) positive reframing (approach); (10) planning (approach); (11) humor; (12)
acceptance (approach); (13) religion, and (14) self-blame (avoidant). Humor and religion
cannot be classified either as approach or avoidance coping. The reliability and validity
of the scale indicated high Cronbach’s alpha values for some domains, such as religion
(α = 0.82) and substance use (α = 0.90). Other domains indicated acceptable values: active
coping (α = 0.68), planning (α = 0.73), positive reframing (α = 0.64), acceptance (α = 0.57),
humor (α = 0.73), using emotional support (α = 0.71), using instrumental support (α = 0.64),
self-distraction (α = 0.71), denial (α = 0.54), venting (α = 0.50), behavioral disengagement
(α = 0.65), and self-blame (α = 0.69).
2.3. Task Modeling of Serious Game: ATHENEA
The VSG system was developed using Unity 5.5.1f1 software, applying c# programing
language using the Visual Studio tool. Participants performed the VSG wearing an HMD
device (HTC VIVE) and the interaction was ensured through two hand controllers.
In the game, a story narrative was created, taking place in a spaceship (Athenea),
whose aim was to discover and settle a new land because Earth is no longer habitable. The
VSG included seven virtual agents: six of them were adults, designed with specific personality traits and personal competencies according to the attachment working models [53];
more specifically, pairs of virtual agents (one man and one woman) reflected the secure,
ambivalent-insecure, and avoidant-insecure attachment styles (Figure 2). The last virtual
agent was a child without a specific attachment style. Each virtual agent and the study
participant had an explicit role inside the spaceship according to their personality traits and
personal competencies. The specific role of the study participant was to maintain technical
control of the Athenea and ensure the correct direction to possible destinations. In addition,
the participant was responsible for caring for the child. Furthermore, a spaceship artificial
intelligence controlled and supervised the correct functioning of the spaceship and, if
something was wrong, alerted the crew to solve the problem. The spaceship was composed
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Each decision-making response was designed according to the referenced attachment
theoretical framework and the main traditional questionnaires used to assess attachment
style (Table 2).
Table 2. Competency model of attachment with indicators.
Grawe Dimension

Unobservable Constructs
Beliefs and attitudes
related to attachment

Attachment

Attachment goals and
needs

Plans and strategies

Observable Indicators
Number of times participant decided to
solve a situation alone
Number of times participant decided to
solve a situation with someone
Number of times participant decided to
delegate situation to someone else
to solve
Number of times participant decided to
not solve a situation
Number of times virtual agents
made decisions
Childcare decision-making

Self-esteem assessment: At the end of each situation, participants entered the EMO
room to self-evaluate how they felt, to see how the rest of the crew felt according to the two
dimensions of valence (positive/negative/neutral) and arousal state (low activation/high
activation) and according to the feelings of the rest of the crew, participants could improve
their well-being (Table 3).
Table 3. Competency model of self-esteem with indicators.
Grawe Dimension

Unobservable Constructs

Observable Indicators

Self-Esteem

Worth: feelings about self

Self-evaluation

Social-worth: feelings about and from others

Others’ evaluations
Others’ support

Self-efficacy assessment: This assessment involved three situations through 12 games
each. Games were developed and modulated according to the four sources of information proposed by Bandura (1997) [17]: mastery experience, vicarious experiences, verbal
persuasion, and emotional and physiological states. Each game lasted three minutes and
thirty seconds and at the minute and a half one of four sources of information appeared.
At the beginning of each game, the virtual system presented to participant the specific
explanation of the game. At the end of each self-efficacy situation, participants were asked
to self-evaluate their perception of efficacy during the game performance. The main performance data gathered during the gameplay concerned the reaction times-starting from
the end of game explanation to participant beginning and for the entire duration of the
game every single interaction with the virtual stimuli were measured. Furthermore, all the
correct and incorrect performance responses, as well as the number of completed trails
were gathered (Table 4).
Table 4. Competency model of self-efficacy with indicators.
Grawe Dimension

Self-efficacy

Unobservable
Construct

Observable Indicators

Competence

Reaction times (ms)
Correct/incorrect game performance
Number of completed trails
Self-evaluation
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Stress avoidance: For this assessment, 12 episodes on avoiding or approaching pleasant or unpleasant situations were designed. The episodes were distributed throughout the
course of the SG and in order to go ahead, participants had to decide based on cognitive,
emotional, or behavioral approach or avoidance responses. Each decision-making response
was designed according to the main theories and questionnaires related to the BIS/BAS
(Table 5).
Table 5. Competency model of stress avoidance with indicators.
Unobservable
Construct

Observable Indicators

Avoiding or
approaching pleasant
or unpleasant
situations

Number of times participant decided to solve
a situation alone
Number of times participant decided to ask
someone to explain
Number of times participant decided to
avoid a situation
Number of times participant decided to
do nothing

Grawe Dimension

Maximization of
pleasure and
minimization of
stress/pain

2.4. Experimental Procedure
The study consisted of five sessions of almost 1 h each, presented to participants every
other day. Before the VSG experience, participants were administered the above-mentioned
questionnaires, and completed an introductory tutorial to familiarize themselves with the
virtual reality system. The tutorial was conducted in a neutral room, including a video
with the narrative introduction to the history, and subsequently participants were asked
to move in the room using the two controllers and then back to a table where an activity
was proposed. The activity consisted of picking up three geometric figures, rotating and
inserting them in the right location. To verify the correct activity execution, participants
had to press a button, and if the activity was correct, the button changed color from red
to green and the VSG started. Subsequently, participants were introduced in the first
VSG experience session, including the first three situations mainly related to attachment,
self-esteem, and stress avoidance phenomena. In the second, third, and fourth sessions
participants experienced the fourth, fifth, and sixth situations, respectively, and mainly
related to self-efficacy need. In the last session, the seventh, eighth, and ninth, mainly
related to attachment, self-esteem, and stress avoidance phenomena were performed by
participants. Finally, during the last session, the tenth situation involved a conclusion
episode of the narrative storytelling not related to any need was presented to participants.
The narrative storytelling situations followed a sequence order, from 1 to 10 (conclusion
episode) and all participants were presented with all situations and episodes following the
narrative storytelling.
2.5. Data Analysis
Multivariate outlier detection was performed to find the participants whose scores
on the questionnaires were extreme. Outliers within each of the four groups of variables
(attachment, self-esteem, self-efficacy, stress avoidance) were identified independently
of the variables of the rest of the groups. The Mahalanobis distance between subjects
according to the variables in each group with more than one score (e.g., attachment,
with four subscales) was calculated, along with the probability that it belonged to a
Chi-square distribution. For groups with only one variable (e.g., self-esteem), the z-score
was calculated. In both cases, subjects falling into to the most extreme 1% of the data
distribution were defined as outliers. We found one outlier subject regarding the attachment
variables and two in avoidance stress. The level of statistical significance was set as p < 0.05.
We had five datasets, one for each main variable and one with demographic data from
the subjects and their respective outputs in all the scales. These demographic data (sex,
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2.6. Machine Learning Analysis
Machine learning was applied to find the best selection of variables from the VSG
that predict whether the subjects would have high or low scores in the study variables.
The best predictive model was obtained for each scale. If the scale had more than one set
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of variables (self-esteem and self-efficacy), we also investigated which set achieved better
results. In addition, whether or not to include demographic variables to predict each scale
was also studied.
The process of feature selection and modelling was common to all scales and followed
the scheme described in Figure 5. Different machine learning algorithms (Table 6) were
Appl. Sci. 2021, 11, x FOR PEER REVIEW
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3. Results
Table 6. Machine
learning algorithms used, hyperparameters tuned, and values tested.
Model

3.1. Descriptive Results

Parameter

Values

Table 7 shows the descriptive analysis of quantitative variables and the related
Maximum depth
(0, 100)
high/low categorization using the mean of each subscale, except for RQ, which is a qualiConditional inference trees
Minimum sum of weights in a node to be considered for splitting
(5, 100)
tative variable.
Number of trees
(100, 1000)
Random forest
Table 7. Descriptive
analysis of variables of interest and results of categorization. High/Total column shows balancing of
Number of variables randomly sampled as candidates at each split
(5, 100)
both categories (perfect balancing would mean High/Total of 0.5). * Relationship questionnaire (RQ) was not numeric, so
(−10, 10)
theSupport
numbervector
of subjects
in each
category (low for insecure, high for secure) Cis the original one.
machine
(SVM)
Sigma

(−10, 10)

CATEGORIZATION
Low
High
High/Total
Alpha
(0, 1)
lasso or elasticnet regularization
Attachment subscale 1
37.76
8.85
37
31
28
0.47
Attachment subscale 2
29.92
6.97
29
32
27
0.46
Feature selection: The wrapper method of backward sequential feature selection was
Attachment subscale 3
37.63
4.72
38
25
34
0.58
chosen. Starting from a model with all the features, in each step the feature that decreased
Attachment subscale 3
19.52
3.91
19
33
26
0.44
the performance measure the most was removed. The maximum possible number of
Relationship(RQ)
*
12
47
0.8
features that could be selected
was 15 to avoid overfitting.
Self-Esteem
75.29
12.26
76.5
37
23
0.38
Hyperparameter tuning: Once a set of the best features was obtained, hyperparameter
Self-Efficacy
29.71
28
28
0.53
tuning was
performed.5.9
Different hyperparameters,
as shown32
in Table 6, were
optimized
BAS Subscale 1
10.78
2.06 algorithm.11Ten equal-sized
28 values
30in the range0.52
in each machine
learning
defined for
each hyperparameter
were evaluated.
BAS Subscale 2
11.26
2.51
11In the case of
30 the support
28 vector machine
0.48 (SVM)
x ) was applied to the values. The
hyperparameters,
an
exponential
transformation
(2
BAS Subscale 3
15.12
3.96
16
22
36
0.62
search
for
the
best
hyperparameters
for
the
machine
learning
models
was
limited
BIS Subscale
18.76
3.64
18
32
26
0.45 and not
continuous, so the chosen hyperparameters might not be optimal. This also might help to
Brief Cope avoidant
26.41
3.9
26.5
29
29
0.5
avoid overfitting.
Brief Cope approach
29.43
3.68
29
32
26
0.45
Modeling: Once the best features and hyperparameters for each machine learning
algorithm were obtained, the model was trained and validated with 15-fold CV to obtain
3.2.
theMachine
averageLearning
of metrics (accuracy, Cohen’s kappa, sensibility (True Positive Ratio; TPR), and
Recognition
Attachment,
Self-Efficacy,
Stress
Avoidance
Using
specificity
(Trueof
Negative
Ratio;Self-Esteem,
TNR)). The average
of theand
metrics
achieved
in each
fold
the
is VSG.
reported.
Table
8 shows(outlier
the results
of machine
learning
for each
self-assessed
psychoAll analyses
detection,
Chi-square
test,models
and machine
learning)
were performed
logical
construct.
All four
variables (attachment, self-esteem, self-efficacy, and stress
on R software
(version
3.6.1).
avoidance) have at least one subscale that was modelled with accuracy ≥0.8 and kappa
≥0.5 using data from the VSG.

GeneralizedSCALE
linear model (GLM) with MEAN

SD

MEDIAN
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3. Results
3.1. Descriptive Results
Table 7 shows the descriptive analysis of quantitative variables and the related
high/low categorization using the mean of each subscale, except for RQ, which is a
qualitative variable.
Table 7. Descriptive analysis of variables of interest and results of categorization. High/Total column shows balancing of
both categories (perfect balancing would mean High/Total of 0.5). * Relationship questionnaire (RQ) was not numeric, so
the number of subjects in each category (low for insecure, high for secure) is the original one.
SCALE

MEAN

SD

CATEGORIZATION

MEDIAN
Low

High

High/Total

Attachment subscale 1

37.76

8.85

37

31

28

0.47

Attachment subscale 2

29.92

6.97

29

32

27

0.46

Attachment subscale 3

37.63

4.72

38

25

34

0.58

Attachment subscale 3

19.52

3.91

19

33

26

0.44

12

47

0.8

Relationship(RQ)

*

Self-Esteem

75.29

12.26

76.5

37

23

0.38

Self-Efficacy

29.71

5.9

28

28

32

0.53

BAS Subscale 1

10.78

2.06

11

28

30

0.52

BAS Subscale 2

11.26

2.51

11

30

28

0.48

BAS Subscale 3

15.12

3.96

16

22

36

0.62

BIS Subscale

18.76

3.64

18

32

26

0.45

Brief Cope avoidant

26.41

3.9

26.5

29

29

0.5

Brief Cope approach

29.43

3.68

29

32

26

0.45

3.2. Machine Learning
Recognition of Attachment, Self-Esteem, Self-Efficacy, and Stress Avoidance Using
the VSG.
Table 8 shows the results of machine learning models for each self-assessed psychological construct. All four variables (attachment, self-esteem, self-efficacy, and stress avoidance)
have at least one subscale that was modelled with accuracy ≥0.8 and kappa ≥0.5 using
data from the VSG.
Table 8. Metrics of models fitted for each subscale. Dataset column reports datasets that produced the best results along
with number of variables + number of demographic variables included.
Variable

Dataset

Model

Features (N)

Accuracy

Kappa

TPR

TNR

Attachment Subscale 1

All (51 + 6)

GLMNet

15

0.9

0.76

0.88

0.9

Attachment Subscale 2

All (51 + 6)

GLMNet

14

0.9

0.74

0.68

0.81

Attachment Subscale 3

All (51 + 6)

GLMNet

14

0.85

0.63

0.88

0.83

Attachment Subscale 4

All (51 + 6)

GLMNet

11

0.88

0.67

0.93

0.83

Relationship

All (51 + 6)

GLMNet

11

0.91

0.58

0.65

0.98

Decisions (42 + 6)

GLMNet

10

0.77

0.46

0.64

0.88

Self-reported (26 + 6)

SVM

11

0.63

0

0.02

1

Characters’ status (224 + 6)

GLMNet

12

0.98

0.96

0.97

1

Self-esteem
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Table 8. Cont.
Variable

Self-efficacy

Dataset

Model

Features (N)

Accuracy

Kappa

TPR

TNR

Attention (201 + 6)

GLMNet

15

0.95

0.89

0.98

0.93

Memory (114 + 6)

GLMNet

14

0.83

0.65

0.88

0.81

Velocity (106 + 6)

GLMNet

15

0.87

0.65

0.87

0.83

Planning (88 + 6)

GLMNet

15

0.92

0.8

0.95

0.89

13

0.72

0.38

0.69

0.71

Perception (53 + 6)

randomForest

Inhibition (44 + 6)

GLMNet

12

0.82

0.61

0.84

0.83

Flexibility (35 + 6)

GLMNet

13

0.78

0.44

0.79

0.81

6

0.58

0.27

0.68

0.62

Interference control (6 + 6)

randomForest

All (291 + 6)

GLMNet

14

0.95

0.88

0.93

0.96

BAS Subscale 1

All (12 + 6)

SVM

11

0.67

0.16

0.83

0.48

BAS Subscale 2

All (12 + 6)

GLMNet

9

0.73

0.45

0.77

0.83

BAS Subscale 3

All (12 + 6)

GLMNet

11

0.72

0.35

0.79

0.57

BIS Subscale

All (12 + 6)

GLMNet

9

0.8

0.48

0.75

0.8

BRIEF COPE Avoidant

All (12 + 6)

GLMNet

9

0.75

0.5

0.83

0.72

BRIEF COPE
Approach

All (12 + 6)

GLMNet

9

0.76

0.43

0.71

0.85

Note: TPR: True Positive Ratio; TNR: True Negative Ratio; GLMNet: Generalized Linear Models; SVM: Support Vector Machine.

4. Discussion
Motivational psychology is a broad branch of psychology that studies human needs
and their fulfillment for mental health and well-being [1–4]. Motivation can be defined as
an unobservable and internal psychological process that drives observable human behaviors in order to satisfy needs. Traditional assessments of basic psychological needs involve
qualitative and quantitative measures, such as interviews and self-reported scales that are
presenting limitations and biases, affecting the responses veracity [32–34]. To overcome
these limitations, VSGs are probing to be effective in assessment and training in different
research fields alongside traditional approaches [53,54]. According to this, the purpose of
the present study was to explore the feasibility of a VSG to assess the four basic psychological needs of attachment, self-esteem, self-efficacy, and stress avoidance according to the
consistency model [3]. In order to provide VSG contents’ validity in the recognition of each
basic psychological need, the data analysis included a broad set of supervised machine
learning (SML) models combining the VSG performance for each variable and the scores in
traditional questionnaires.
SML algorithms achieved high mean attachment recognition between the VSG and the
four attachment questionnaire subscales (accuracy >85%, using a maximum of 15 selected
features). More specifically, the main recognition was between the individual’s VSG
performance in the specific episodes of loss, loneliness, threat, and suspicion and the first
two subscales, related to the ambivalent-insecure attachment style (1: low self-esteem, need
for approval, and fear of rejection; 2: hostile conflict resolution, rancor, and possessiveness),
achieving 90% accuracy (kappa: 0.76 and 0.74, respectively), including 88% of true positives
for the first subscale and 68% for the second. Regarding the third subscale, related to
the secure attachment style (3: secure affect or expression of feelings and comfort with
relationship), the model recognition achieved 85% accuracy (kappa: 0.63) with 88% of
true positives. The fourth subscale, related to the avoidant-insecure attachment style
(4: emotional self-sufficiency and discomfort with intimacy) achieved 88% accuracy (kappa:
0.67) including 93% of true positives. These results seem to suggest, on one hand, that the
VSG situations are able to activate attachment phenomena, and on the other, the ability to
recognize attachment style using VSG.
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Regarding self-esteem, a Generalized Linear Models (GLMNet) using 12 features
related to how the subject reported the status of virtual agents achieved 98% accuracy
(kappa: 0.96) including 97% of true positives. The set of variables related to participants’
decisions and the combination of all variables reached 93% accuracy (kappa: 0.68) including
81% of true positives. On the other hand, the subjects’ self-report status was clearly
not useful in predicting self-esteem (kappa: 0). These results suggest, on the one hand,
consistency regarding the sample frequency distribution, in which we found a larger
imbalance between subjects with low (n = 37) and high (n = 23) self-esteem, and on
the other hand, a positive model of others and a negative model of the self, typical of
individuals with an ambivalent-insecure attachment style [12].
Self-efficacy beliefs depended mainly on attentional, planning, and overall ability to
manage a task or situation according to the four sources of information, reaching accuracy
of 95% and 92% (kappa = 0.89 and 0.88, respectively). This result, consistent with previous
studies, suggests that if mastery and vicarious experiences, as well as verbal persuasion
and emotions and physiology, are positive at the beginning and the feedback during the
experience is positive, this will enhance attentional abilities and planning to achieve a goal,
with the perception of high self-efficacy [17].
On the contrary, stress avoidance and coping subscales clearly had worse predictions
than those of attachment, which could be due to the lack of variety in either the features
(only 12 available) and/or the SG situations related to the underlying psychological need.
Despite the promising results, some limitations of the present study should be considered. The main limitation is related to the limited number of subjects for model validation.
None of the models were tested with new or external data. Future studies should include a
more extended sample in order to test the models and improve the validity of the study.
The SML models were validated using as ground truth the psychological questionnaires
presented in the introduction. Even though they are commonly used questionnaires, an
assessment performed by a psychologist could have been preferred. Another limitation
of this study is represented by the categorization of predicting classes of psychological
needs (low and high) rather than continuous data scores. The categorization was generated
around the fixed central tendency estimate (mean) and previous research on personality
has shown that the distribution of trait scores tends to be Gaussian, so that most individuals
will fall into the central tendency estimate of the scale. The binary classification imposes a
constriction on the mean, distancing trait scores from reality. Future studies should take
into consideration the use of psychological construct data for continuous scores.
Regarding the SG contents, our results support our initial hypothesis on attachment,
self-esteem, self-efficacy, and not on stress avoidance. Indeed, the virtual content definition
of stress avoidance could not predict the related psychological construct, which highlights,
on the one hand, the importance of validating the virtual construct-related content and
SML as an effective technique to check consistency. Future works, according to this result,
should modify the actual virtual situations related to this construct, test it, and validate as
a final step.
Despite these limitations, the results of this study show that by using SML techniques
on psychological dimensions with a VSG, it may be possible to enhance, first, the assessment
of behavioral-based psychological needs, overcoming biases presented by traditional
assessment, and second, to validate the appropriateness of virtual contents based on
psychological needs.
5. Conclusions
Motivation, as mentioned in the introduction, is an unobservable and internal psychological process that drives observable human behaviors in order to satisfy needs for
maintaining and improving mental heath and well-being [1,2]. According to this, virtual
serious games and a stealth assessment method can be powerful tools for improving the
assessment of psychological needs, overcoming limitations and biases presented by tradi-
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tional measures, providing simulated situations similar to real ones, and gathering data
from observable human behaviors during the gameplay.
Furthermore, SML techniques can handle vast datasets, with effectiveness in the
recognition of psychological constructs by advanced technologies, allowing the control
of individual variability dimensions and factors. Another advantage of applying SML
techniques involves validation of the related virtual content, in this case specific personality
constructs. According to these factors, two conclusions can be inferred: (1) the VSG content
was able to recognize attachment styles, self-esteem, and self-efficacy beliefs and less
stress avoidance need; and (2) all of the results were consistent with studies on previous
traditional measures, suggesting that VSG can also be an effective measurement tool
alongside traditional ones to assess personality constructs.
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