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In this paper, we present, in detail, how a mathematical model that simulates the probable scenarios of intimate partner violence is
linked to the application of any questionnaire of domestic violence already in use. This questionnaire assigns a weight of severity to
each proposed inquiry for the types of psychological, physical, and sexual violence. We show a numerical procedure that must be
performed to obtain the probable scenarios of violence in which the victim is involved, taking as key factor the loss of control of the
perpetrator. With the numerical data obtained from the application of the mathematical model, the probable levels of violence that
the victim could experience month to month for two cycles of violence are plotted, as well as the behaviors of the probable states of
loss of control that the perpetrator would have during the next twelve months. Based on the results obtained, we generated a help
table of indicators that could be used by victim assistance centers and/or health experts for decision-making schemes.

1. Introduction

Violence (the intentional use of physical force or power,
threatened or factual, against oneself, another person, or a
community or against a group, that either results in or has a
high likelihood of resulting in psychological harm, death,
injury, deprivation, or maldevelopment [1]) is a serious
public health problem that affects all societies around the
world [2]. In particular, a type of violence that leads the
agendas of the main international organizations and human
rights groups (the United Nations define violence against
women as “any act of gender-based violence that results in,
or is likely to result in, physical, sexual, or psychological
harm or suffering to women, including threats of such acts,
coercion, or arbitrary deprivation of liberty, whether oc-
curring in public or in private life [3]) is the violence against
the woman [1, 4, 5]. This type of violence does not distin-
guish social classes, race, age, or religious beliefs [6]. Sta-
tistical studies indicate that approximately 75% of the time, it
is the man who is identified as being the perpetrator of the

cases of violence and the woman his victim. Once that vi-
olence has started, there are programs for its monitoring and
support, which last on average approximately from one to
two years [4].

Once the woman has been detected as a victim of In-
timate Partner Violence (IPV) by a governmental or private
institution (health worker), assistance to the victim is
provided, through its monitoring and the application of risk
assessment programs, where such programs last on average
from one to two years (several studies have measured the
average level of violence in monthly intervals during an
observational period of one year [4]) [4, 7]. It is very im-
portant that the health worker provides good care to the
victims because only some of them seek help, emotional
support, advice, and information on how to solve their
conflicts with their partners (the percentage of perpetrators
and victims seeking help varies in age, race, and social class,
among others (for example, the percentage of adolescents
seeking help is around 21% [8]). For example, the percentage
of teenagers who do not seek help is around 79% [8]. With
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this premise, it is important to have quantitative and
qualitative tools and contribute to the decision-making
process that could help the victim to solve her problems of
intimate partner violence (a cycle of domestic violence is
basically composed of occurrence of violent incidents
(physical/sexual/emotional), stage of accumulation of ten-
sion (violent explosions), and honeymoon phase [9]).

Currently, predictive tools are being developed to detect
if a woman is a victim of domestic violence, as well as
mathematical models to obtain the probable levels of violence,
that could be experienced during the next twelve months
[10-12].

These predictive tools could have benefits for victims by
showing them their likely scenarios of levels of violence that
they might experience if they do not seek help and/or un-
dergo some treatment to solve some of their problems
[8, 12]. In particular, the mathematical model proposed by
Leal-Enrquez [12] calculates the probable levels of IPV that
could arise in a period of twelve months, taking as input the
first diagnosis of the level of violence with which the victim
arrives at the center of attention (in order to obtain the initial
level of violence to the victim (statistics), initial of the victim,
questionnaires are applied, which take into account the
frequency of violent acts [5, 13]).

However, this mathematical model does not show, in a
simple way, how a social worker (or someone interested in
simulating their likely levels of violence) could use it from of
a questionnaire (the estimation of the initial level of violence
can be quantified through the application of questionnaires,
where each query is assigned a numerical weight of severity
[5]). The difficulty in the works over predictive mathematical
models that obtain indicators of violence is that they do not
show its usefulness with clinical applications because the
authors do not show how to use violence risk questionnaires
combined with the mathematical model in a simple way or
with some examples.

Therefore, in this work, a complete example of how to
use the model proposed by Leal-Enrquez [12] is developed,
taking into account the questionnaire applied to the victim,
when she arrives at the center of attention.

The premises taken by the model are that the perpetrator
is accumulating every month his probability of losing
control and that such loss of control manifests itself as
domestic violence towards his partner in cycles of abuse
[12, 14, 15], based on a model, in which the perpetrator
presents psychological limitations to control his violent
impulses [16].

The key variables used by the mathematical model to
simulate the probable scenarios of violence that the victim
can suffer are the loss of control of the perpetrator (a factor
that contributes to reducing the levels of violence is the
treatment of the loss of control (some studies report that
levels of violence are reduced up to 53%, when the perpe-
trators register and remain in the aid programs along a year
[16])), the weights assigned to each question of the applied
questionnaire, as well as the frequencies of the violent acts
(to assign the weights and frequencies to each question,
statistical studies and meetings with experts in the field of
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IPV are carried out, an example of this can be reviewed in
[5, 13]).

Domestic violence treatments are socially justifiable
because of the opportunity given to the perpetrators to
control their violent behavior [16, 17]. It should be men-
tioned that the aid programs (regularly quantify their ef-
fectiveness in a statistical way in monthly periods [17]) share
the objective of reducing the levels of domestic violence by
providing assistance to the victims.

Therefore, with the aim of helping social workers and
victims, in this article, we present the use and probable
applications of the mathematical model proposed [12],
which simulates the probable scenarios of levels of violence
that might experience one victim of domestic violence
throughout one year.

2. Questionnaire

In this section, we take one questionnaire (methodological
proposal to measure intimate partner violence in women
[5]) that measures the dimensions of the psychological,
sexual, physical, and severe physical violence, in order to link
the mathematical model proposed by Leal-Enrquez [12],
with a questionnaire that estimates, in a quantitative form,
the initial level of domestic violence of the victim (the social
worker and/or center of attention can use their own
questionnaires and/or protocols to obtain the initial con-
dition of violence of the victim (see, for example, [5, 13])).

In Table 1, the questionnaire to be used, which incor-
porates basically 18 items selected from two instruments
(Index of Spouse Abuse (ISA) and the Severity of Violence
Against Women Scale (SVAWS) [18, 19]) is shown, which
has proven useful for the quantification of male violence
towards women in a relationship. In this questionnaire, it is
observed the variables w, (weight (score) assigned to the
violent actions of each of the items (the method for assigning
these weights is by expert judgment [5, 13])) and the fre-
quency of violent actions were experienced in recent months
f,» where the values assigned to these frequencies are
0=never, 1=sometimes, 2=several times, and 3 =many
times. In this questionnaire, we have the following factors:
I = psychological violence, II = physical violence, III = severe
physical violence, and IV = sexual violence.

To assign to each item the factor that corresponds to it, a
numerical value between [0 1] is used together with a
factorial analysis (for more details of this analysis see [5]).

Later, a frequency is assigned f,,, as well as the weight w,,,
to each item; therefore, the level of violence Q,, is calculated
by the following equation [5, 12]:

Q,(0) = w, (0) x £,(0), (1)

where f,(0)=0,1,2,3 and w, (0) take the values from
Table 1. For example, when a woman, victim of violence, is
reported to have been burned with a cigar (n=11) or
another substance several times (f, =2andw, =6), we
have [5]

0, (0) =w;; (0) % f1;(0) =6x2=12. (2)
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TaBLE 1: Initial condition of violence Q(0) by frequency f,, weight w,, and dimension.
Weight Q,(0)
n Question Factor 0 fau fu S fu
" 0 1 2 3
1 Has he told you that you are unattractive or ugly? I 4.5 0 4.5 9 13.5
2 Has he become jealous or suspected your friends? I 4 0 4 8 12
3 Has he rejected you? I 5 0 5 10 15
4 Has he insulted you? I 4 0 4 8 12
5 Has he disparaged you in front of other people? I 5.5 0 5.5 11 16.5
Indicator of psychological violence Q;(0) 0 23 46 69
6 Has he kicked you? I 8 0 8 16 24
7 Has he pushed you intentionally? II 5 0 5 10 15
8 Has he punched you or slapped on your face? I 7 0 7 14 21
9 Has he twisted your arm? I 6.5 0 6.5 13 19.5
10 Has he jerked you? I 5 0 5 10 15
Indicator of physical violence Qy; (0) 0 31.5 63 94.5
11 Has he burned you with a cigar or other substances? I 6 0 6 12 18
12 Has he threatened you with a gun or rifle? I 6.5 0 6.5 13 19.5
13 Has he shot you with a gun or rifle? III 9.5 0 9.5 19 28.5
14 Has he threatened you with a knife? I 7 0 7 14 21
15 Has he tried to drown you or suffocate you? I 9.5 0 9.5 19 28.5
Indicator of severe physical violence Q1 (0) 0 38.5 77 115.5
16 Has he demanded you to have sex? v 6 0 6 12 18
17 Has he used physical force to have sex? v 9 0 9 18 27
18 Has he threatened you with leaving you for other women if you v 4 0 4 3 12
do not agree to have sex?
Indicator of sexual violence Qv (0) 0 19 38 57
Initial condition of global violence Q(0) 0 112 224 336

I = psychological violence; II = physical violence; III = severe physical violence; IV = sexual violence.

Hence, the level of initial violence of the victim € (0),
taking into account each one of the factors I, I, III, and IV
(where each of the questions has already been related to its
dimension (to obtain the dimension of each question, a
factorial analysis is usually carried out to identify the
grouping of the variables that best explain the dimensions,
thus obtaining their factors for each type of violence [5])), is
obtained by the following equation [5, 12]:

Q(0) = Y @, (0)f,(0). (3)
n=1

Equation (3) can be separated by each of the four factors
that make up the applied questionnaire; for example, for the
questionnaire shown in Table 1, we obtain

15

5 10
Q(0) =Y ,(0)f,(0)+ Y w,(0)f,(0)+ Y w,(0)f,(0)
n=1 n=6

n=11

18
+ Y ©,(0)f,(0)

n=16
=0;(0) + Qp (0) + Qpp; (0) + Qpy (0).
(4)

The indicator of violence given in (3) is global and in-
dicates the initial condition of violence with which the victim
reaches the center of attention (note that this indicator
considers the psychological, physical, severe physical, and
sexual dimensions [5]) (or the health worker). In Table 1, the

calculation of the initial global condition is shown (see (3))
and for dimensions (see (4)) for homogeneous frequencies [5].

In Table 1, the calculation of the initial global condition
(see (3)) and by dimensions (see (4)) for homogeneous
frequencies is shown [5].

2.1. Categorization. To verbally categorize the initial con-
dition of IPV in [5], the following is proposed (the way to
categorize the initial condition of violence is based on the
minimum, maximum, and average value of the data ob-
tained for each domestic violence factor that was considered;
for more details, see [5]) (see Table 1):

(i) Factor I: the case is considered as “no case of
psychological violence,” and the values of Q; (0) are
between 0 and 5 points. If the indicator is in the
range of values from 5.1 to 18.2, there is “a case of
psychological violence” and “case of severe psy-
chological violence” if Q); (0) belongs to the range of
values between 18.3 and 69.

(ii) Factor II: the cases are considered as “no cases,” and the
values are between 0 and 2.4. If O (0) takes values
from 2.4 to 12, it is taken as “a case of physical violence.”
Finally, if the indicator takes values between 12.1 and
94.5, it is considered “a case of high physical violence.”

(iii) Factor III: the cases are considered as “no cases” if
Qy; (0) = 0 and as “case of severe physical violence”
if the indicator is greater than 0; that is, there is



severe physical violence if the victim lives some of
the acts considered in dimension III (see Table 1).

(iv) Factor IV: the cases are considered as “no cases of
sexual violence” if the indicator takes values be-
tween 0 and 1. If Qy (0) is between 1.1 and 6, it is
considered “as a nonsevere case of sexual violence;”
finally, if the indicator is in the range of values
between 6.1 and 84, it is “a severe case.”

3. Model: Q (k)

Once that the violence questionnaire and the categorization
are applied, it is possible to simulate the probable levels of
violence that the victim could experience over the next
twelve months; starting from their initial condition of global
violence or by dimensions, 1(0) (see Table 1 and (1)-(4)), to
achieve this, we use the model proposed by Leal-Enrquez
[12], which is given by

k
0k =0 []a; (%)
=1
where
Q(0) = ) ,(0)f,(0). (6)
n=1

Note that, the index k takes values from of 1, i.e., k> j
(next months from j); therefore,

() If j>k,

k
[Tai=1 (7)
j

The indicator  (0) is the initial condition of IPV (see (1)
and (4)). The factors w (0) and f (0) are the assigned weight
and the frequency of each one of the n items of the ques-
tionnaire applied to the victim, respectively (for details of the
methods employed to obtain the values presented in Table 1,
see [5]). The proportionality factor « ; takes into account the
accumulation of violence due to the probable loss of control
of the perpetrator during the next j months, which is given

by
j
@ = By (8)
i=1

with
Bi =& xo_(i), (9)

-0 A 7
[0, () 0_()]=[0,(0) a_(O)][( : ]
g (I-p)

(10)

The factor f3; (for i =1,2,..., j) is proportional to the
probable states of loss of control of the perpetrator o_ (i); for
one month, i is specified. §; € [0 1] is the proportion that
takes into account the percentage of loss of control of the
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perpetrator that can be reflected as injuries or violent acts
towards his partner (see Table 1, dimensions I, II, III, and
IV). The elements of the vector [o, (i) o_(i)] are the
probabilities that the perpetrator is in a state of self-control
or loss of self, respectively. The components (1 —A) and (1 —
@) € [0 1]are parameters associated with the prevalence of
the perpetrator being in a state of self-control or loss of self
[12]. The vector [ 0, (0) ¢_(0)] € [0 1] isthe probabilities
that the perpetrator is in a state of self-control or loss thereof,
both values assigned at the beginning of the risk assessment
of the victim (to model the perpetrator’s self-control and loss
states, a finite Markov chain is used; for more details, see
(12]).

To show the application of equations (5)-(10), we will
use the data of the indicator Qy; (0) for the case of severe
physical violence (the value of (1 — u) was approximated by
the prevalence of physical violence reported as 23.4%; study
carried to the workers of the IMSS of the state of Morelos,
México. The value of the probability of loss of control of the
perpetrator is equal to 1 because the woman is already a
victim of domestic violence [12, 20]); for a frequency of
“many times,” f, =3 (see Table 1), and these data are
complemented with those proposed in [12]; therefore, we
have o¢_(0)=1, 0,(0)=0, 1-u=0.234, u=0.7660,
Qq; (0) = 115.5, and A random.

Because a victim comes to the attention centers when
violent acts are already aroused, we take the following values
for the proportion of loss of control of the perpetrator &; that
can be reflected as injuries or violent acts during a period of
twelve months (the distribution of data for &; is established
taking into account a cycle of violence between a perpetrator
and a victim of IPV [9, 12]) [12]:

£, =[0.3135 0.0763 0.2003 0.6556 0.9272 0.840
0.6358 0.3424 0.8803 0.0450 0.0619 0.0794].
(11)

Substituting these values in (10), taking a probability of
control prevalence (random) of A = 0.3 for i = 1,2 and then
its results in (9), we obtain the factor a; (see (8)) for j =1
until k = 12. Finally, with the values obtained from (9) and
the initial condition of violence Q;;; (0) (see Table 1), we can
get the indicator of IPV Q (k) (see (5)) for k = 1,2, until 12.
In Table 2, the results of this procedure are shown.

3.1. Simulations. Performing simulations from mathemat-
ical models is important because they can be used as ex-
ploration tools to predict consequences based on certain
hypotheses [21]. In particular, the scenario that must be
assumed in order to use the model of domestic violence
Q (k) (see equations (5)-(10)) is that the perpetrator has a
violent nature (the probability that a man is violent can be
obtained through clinical studies conducted by experts, an
example of this can be reviewed in [22]); we will also assume
that, on average, the perpetrator, month after month,
changes his state of self-control where his victim is a sub-
missive woman and without character. This implies that, for
k =0, the value of ¢_(0) =1 [10, 12, 23, 24].
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TaBLE 2: Indicators of violence level scenarios.

Month ot B! ol Qi

1 0.2340 0.2340 0.2340 27.027
2 0.8208 0.4925 0.7265 19.634
3 0.3713 0.1485 0.8750 17.179
4 0.7156 0.5009 1.3759 23.636
5 0.4519 0.3615 1.7374 41.065
6 0.6539 0.2289 1.9662 80.744
7 0.4991 0 1.9662 158.76
8 0.6177 0.0062 1.9724 313.14
9 0.5269 0.0105 1.9829 620.94
10 0.5964 0.1193 2.1022 1305.4
11 0.5431 0.1629 2.2652 2956.9
12 0.5840 0.0584 2.3236 6870.4

The simulations (in particular, the programming of the
mathematical model (5)-(10) was done in MatLab [25];
however, the calculations can be done in software such as
Excel) were done taking the values of Section 3 for five
probable prevalence of the state of control of the perpetrator
(the health worker should assign these values depending on
the number of scenarios that you wish to simulate to observe
the probable levels of violence that the victim of domestic
violence could experience [12]) (1-1)=[0 0.2
0.4 0.6 0.8] assigned to this work in a random manner.
Therefore, following the procedure shown in equations
(5)-(10), the values of Qf; (k) are obtained where n=1, 2, 3,
4, 5 represents each of the simulated scenarios (the choice of
the five probable scenarios was done in a heuristic way,
taking into account that the authors want to see the behavior
when the perpetrator remains in his self-control state).

3.2. Simulation: Tension-Explosion-Honeymoon. In
Figure 1(a), the possible scenarios of the perpetrator’s
control loss o_ (i) (see (10)) are shown. Figure 1(b) shows ;
for a period of one year and divided into three parts derived
from the cycle of violence: tension-explosion of violent acts-
honeymoon [12]. In Figure 1(c), the coeflicients j3; pro-
portion of loss of control of the perpetrator that may
manifest as violent acts towards his victim (see (9)) are
plotted. In Figure 1(d), the accumulation factor « jis shown
for each month (see (8)). In Figures 2(a) and 2(b), the
probable values of the indicator of IPV Qfj; (k) are plotted,
where its probable evolution for three, six, nine, and twelve
months can be seen (see histogram (the union of the values
in Figures 1 and 2 was done through lines with the purpose
of facilitating their follow-up through the months)).

3.3. Simulation: Explosion-Honeymoon-Tension. Finally, a
simulation taking the following values of ¢; is developed:

&=[1 06 04 07 08 035 0

(12)
0.01 0.02 02 03 0.1],

which represent that the victim is in the cycle: explosion of
violent acts, honeymoon, and tension [12].

In Figure 3, the possible scenarios of loss of control of the
perpetrator o_ (i) (see (10)) are shown, as well as the factor &;
for a period of one year derived from the cycle of violence:
explosion, honeymoon, and tension [12]. The coefficients j3;
of the proportion of loss of control of the perpetrator that
may manifest as violent acts towards his victim (see (9)), and
the factor of accumulation a; (see (8)) is plotted.

In Figure 4, the probable values of the indicator of
domestic violence Qfj; (k) are shown, as well as their his-
togram, where we can observe the behavior of the indicator
for three, six, nine, and twelve months (the distribution of
data for &; is established taking into account a cycle of vi-
olence between a perpetrator and a victim of IPV [9, 12]).

Note that only the simulations were carried out for two
probable cycles of violence. This is due to the fact that the
victim goes to the attention centers when she has suffered
some kinds of violent incident [5, 16, 26].

4. Discussion and Conclusions

This paper shows the use of a quantitative tool that probably
can contribute to risk assessment, as well as helping care
centers and victims to break the cycle of violence. This is
possible because when the victim comes to the care center,
their initial risk of violence can be assessed Q) (0) (see (3) and
(4)), with the help of a questionnaire (specific to the center of
attention, see Table 1), where the said questionnaire has
assigned weights of severity to each one of the items, as well
as the frequency of the violent acts, that the victim reports.
Once obtained Q (0), the said value can be used to simulate
the probable scenarios of violence that the victim could
experience at the hands of her perpetrator using the model
proposed by [12] for Q (k) (see equations (5)-(10)). This
model graphs the probable behaviors of the loss of control of
the perpetrator (see Figure 1(a)), which can be used by the
health expert to show the victim and ask her, which of these
scenarios are those that are most attached to the behavior of
her perpetrator (or the expert identifies them [23]). With the
selection of scenarios, the probable levels of violence Q" (k)
that could arise over the next twelve months can be obtained
(see Figure 2(a) and Table 2); with this information, the
expert would have an idea of the probable danger that the
victim could experience; see, for example, the graph
Figure 4(b) and Table 2, where it is observed that there is a
scenario of loss of control of the perpetrator that could
culminate in a level of violence (QIIH(12) = 6870.4) value
that exceeds the initial condition Q (0) with which the victim
was evaluated in the initial interview. This could be inter-
preted as a probable fatality scenario, following the cate-
gorization criteria established in Section 2.1. Note that, with
the data calculated by the mathematical model, the center of
attention could be guided to make a decision of what actions
to take to help the victim of IPV. To illustrate in more detail
all of the above, Table 2 is presented, where the results for the
scenario n = 1 are shown for values &; (see Figure 3), as-
suming that the health expert identifies that the perpetrator
probably has this behavior.

From Table 2, it can be seen that violence is really
dangerous from the ninth month. That is, if the health expert
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FIGURE 1: Graphs for a simulation of five scenarios for 12 months. The union of the values by means of lines is only for monitoring purposes.
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Qup (0) = 115.5: (a) Q" (k) for twelve months k = 12; (b) distribution of probable values of Qf; (k).
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Victim of violence >
health worker

Application of
questionnaire risk violence
(see table 1)

A

Calculation of the initial
condition violence
(see equation (6))

Obtaining the indicators of
violence predictors
(see equation (5))

y

Taking of a decision based on
expertise and the results of
the mathematical model
(see table 2)

F1Gure 5: Flow diagram to help the health workers in the prediction
of the levels of violence.

detects this behavior of loss of control of the perpetrator,
they must provide help to the victim for the first six months
so as to decrease the levels of violence.

The model (see equations (5)-(10)) is very general be-
cause it does not explicitly take into account some specific
factors that alter the state of loss of control of the perpe-
trator, such as alcoholism and drug addiction (to mention a
few factors), as well as that it is limited to a model where the
victim is completely submissive. In addition, the model takes
the premise that the perpetrator has a cumulative process in
his loss of control that manifests itself in injuries and/or
violent acts towards his partner. However, this model can
serve as an aid for the care centers (and above all for the
victim) because their current risk can be observed and
measured as well as their probable scenarios of violence that
could be experienced in the coming months, in the case that
the victim is not given adequate help with the purpose of
breaking her cycle of violence.

After all of the simulations, it is observed that most of the
scenarios do not end in a situation of fatality towards the
victim (this conclusion does not intend to pose a general-
ization) (see Figures 2 and 4 as well as Table 2). In Figure 5,
we show a summary of the flow diagram to follow by the use
of the mathematical model linked with a questionnaire of
risk violence.

As a comment, we hope that this work will be useful for
care centers and researchers with the aim of contributing to
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the study and knowledge of the (complex) phenomenon of
violence, which affects all the societies of the world.

5. Future Work

Due to the fact that the proposed model (see (5)-(10)) does
not consider external aid, we intend to develop social
controllers with the aim of reducing the perpetrators loss of
control in a percentage, which would likely result in that
violence indicator Q (k) being reduced. Likewise, we will
perform clinical validations (conducted by experts) of the
level of violence that presents a victim of IPV in order to
compare it with the probable scenarios of violence generated
from our proposed model and thus being able to contribute
to helping victims to prevent future IPV-related injuries or
other types of violence. With this experimental study, we
intend to conduct data mining for the validation of a
mathematical model and we will have demonstration clinics
of the utility of this mathematical model to show how it helps
the victims of IPV.

Data Availability

The data used to support the findings of this study are in-
cluded within the supplementary information files.
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