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Abstract 
 

Purpose: The 2014 Ebola epidemic resulted in 26,683 cases and 11,022 deaths by May 6th, 2015. With first responders deploying from 

the United States to assist with the many challenges being faced in the field, they encountered a new set of traumatic events and situa-

tions that undoubtedly put them at risk for developing a mental disorder. Organizations must be prepared to provide mental health ser-

vices for their employees and volunteers once they return. 

Approach: The authors questioned the potential prevalence of PTSD, ASD, and depression among returning first responders and which 

therapy method would be the most effective in terms of an individual’s recovered or improved condition. This was done through the use 

of AnyLogic® 7.0. An agent-based method to model the stress levels a first responder may experience while dealing with Ebola was 

used, where all responders begin in the healthy state and can develop mental health disorders. The therapy options tested were Cognitive 

Processing Therapy, Prolonged Exposure, and Group Based Exposure Therapy. 

Results: GBET for PTSD patients provided the most positive results in terms of condition recovery and improvement. 

Conclusion: The results showed evidence that the type of therapy used can drastically affect the individual’s mental health outcome. 
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1. Introduction 

This article reviews the prevalence and predictors of posttraumatic 

stress disorder (PTSD) and depression in first responders, in addi-

tion to utilizing AnyLogic® 7.0 to (a) predict potential prevalence 

rates of these mental health responses in first responders attending 

to the 2014 Ebola crisis and (b) predict the most effective form of 

PTSD/depression therapy for those who begin to experience 

symptoms from trauma exposure. With first responders continu-

ously exposed to trauma, life-treating situations, stress, and frus-

tration more often than in comparison to the general population, it 

has been supported by a variety of studies and the US Department 

of Health and Human Services – Center for Mental Health Ser-

vices [1] that first-responder groups experience a higher preva-

lence rate of PTSD and depression. According to these same or-

ganizations, ‘first responders’ is a broad term that encompasses 

several groups, including: medical personnel, paramedics, rescue 

disaster workers, emergency logisticians, firefighters, police offic-

ers, and military personnel. The nature of these situations typically 

requires these professionals to respond to a crisis first and remain 

present until general order is returned. They work with survivors, 

the injured and dead, and families of victims for extended periods 

of time, allowing for multiple potential traumatic exposures.  

An author review of the literature indicates that the mental health 

of first responders involved in larger traumatic crises is less often 

studied than the victims of the same crisis. However, more recent 

events like the Boston Marathon Bombing and terrorist attacks of 

9/11/2001 have resulted in several studies supporting that the most 

frequent trauma-related disorder among first responders is PTSD 

[2] [3]. Studies also support that repeated exposure frequency [4] 

and previous exposures to traumatic events [2] are associated with 

increased risk of PTSD. Other researchers primarily focus on spe-

cific first-responder groups, such as paramedics [5], police officers 

[6], firefighters [7], and military personnel [8]. 

2. Prevalence of PTSD and depression 

Specific prevalence rates of PTSD in first responders varied by 

study and first-responder group. Large-scale studies such as the 

one conducted by Perrin et al. [9], included 28,962 rescue and 

recovery workers working at the World Trade Center site on 

9/11/2001. Their overall prevalence rate for PTSD was 12.4%, 

with values between 6.2% to 21.1% reported depending on profes-

sional role. Though not as large, a study conducted by Fullerton et 

al. [2] supports another research and found that first responders on 

9/11/2001 not only had higher prevalence rates of PTSD (16.7%) 

at 13 months after the event, but also depression (21.7%). In a 

2007 study published in Military Medicine, it was found that of 

102 military healthcare providers who just returned from a recent 

deployment to Iraq or Afghanistan, 9% met the criteria for PTSD 

and 5% met the criteria for depression [8]. This study reviews 

individuals that not only are healthcare providers, but have had 

some training and preparation for potential traumatic events prior 

to the traumatic event and then exposure to it over an extended 

period of time. 

In comparison to the national prevalence rate for PTSD (4%) and 

depression (10%) in the general population, first responders expe-

rience an overall prevalence rate of 8-26% for PTSD and 12.6-

22% for depression [3] [2]. Several studies are reviewed in Table 

1. 
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Table 1: PTSD, Depression, and Other Case Studies 

 Prevalence 

Stud
y 

Sample Event PTSD 
Depres-
sion 

Other 

[2] 
Disaster 
Workers 

9/11/2001 16.7% 21.7% 

25.6

% 
(ASD

) 

[9] 
Disaster 
Workers 

9/11/2001 12.4%   

[10] 
Police 
Officers 

9/11/2001 15.4%   

[8] 

Military 

Health Care 

Personnel 

Iraq or 

Afghani-
stan De-

ployment 

9% 5%  

[11] 

Emergency 
Room 

Profession-

als 

No specif-

ic event 

12% (for-
mal) 

20% (symp-

tomatic) 

  

[12] 

Medical 

Emergency 

Personnel 

No specif-
ic event 

21.4% 

(symptomat-

ic) 

 
 
 

[13] 

Ambulance 

Service 

Workers 

No specif-
ic event 

21%   

[14] Firefighters 
No specif-

ic event 
8%   

3. PTSD diagnosis 

According to the American Psychological Association Encyclope-

dia of Psychology [15], PTSD is defined as “… an anxiety prob-

lem that develops in some people after extremely traumatic events, 

such as combat, crime, an accident, or natural disaster. People 

with PTSD may re-live the event via intrusive memories, flash-

backs and nightmares; avoid anything that reminds them of the 

trauma; and have anxious feelings they didn’t have before that are 

so intense their lives are disrupted...” The Diagnostic and Statisti-

cal Manual of Mental Disorders [15] outlines the 20 symptoms 

associated with PTSD. These 20 symptoms have been modified 

and structured into a self-report measure and checklist, referred to 

as the PCL. A mental health professional will ideally spend a sig-

nificant amount of time with an individual suffering from a poten-

tial mental health disorder and evaluate the patient’s responses in 

regards to the symptoms listed. The PCL is reviewed and inter-

preted by a professional and given a score based on the individu-

al’s answers, somewhere between 0 and 80 points. A score of 38 

or higher is currently being supported by the US Department of 

Veterans Affairs – National Center for PTSD [15] as meeting 

provisional screening criteria.  

Traumatic events often associated with PTSD include terrorist 

attacks, natural disasters, violence, motor vehicle accidents, and 

war [1]. Exposure to traumatic events can negatively affect the 

first responder’s ability to attend to victims and patients and in-

crease the risk for developing PTSD [16]. According to the CDC 

[17], a crisis that extends for a prolonged amount of time places 

potential additional burden upon first responders (e.g., current 

2014 Ebola crisis). With affected regions unable to control the 

disease within a timely manner, the outbreak now has become an 

epidemic. Serious progression has been made. However, as the 

number of new Ebola cases has reached a new low weekly totals 

and average number of new cases is steadily decreasing [17]. 

4. Therapy options 

Therapy for stress disorders and depression varies depending on 

individual factors and disorder severity [18]. PTSD symptoms 

among first responders will likely interfere with their work and 

family relationships if left unadressed [13]. As with any disorder, 

a medical professional will ideally match individuals with thera-

pies, they believe will be the most effective and result in a recov-

ered and/or improved condition. Due to the very limited studies 

involving civilian first responders (e.g. police officers, firefighters, 

EMTs), results of veteran and military personnel therapy out-

comes will be reviewed to provide insight on effective options.  

Therapies such as: prolonged-exposure therapy, cognitive pro-

cessing therapy, eye-movement desensitization and reprocessing, 

group-based exposure therapy, and medications have all been 

recognized as effective methods to reduce symptoms of PTSD and 

depression [18]. However, prolonged-exposure (PE) therapy, cog-

nitive processing therapy (CPT), and group-based exposure thera-

py (GBET) have been particularly successful in veteran and mili-

tary populations [19] [20] [21]. See Table 2 and 3. 

 
Table 2: Reviewed Therapy Summaries 

Therapy Descriptive Summary 

Cognitive 

Processing 

Therapy 
(CPT) 

A form of cognitive behavioral therapy that helps indi-

viduals understand the relationship between thoughts, 

emotions, and behaviors, learn new patterns of thinking, 

and practice new positive behaviors. It involves correct-

ing negative thought patterns so that memories of trauma 

don’t interfere with daily life. It may also include writing 
about one’s traumatic experience. 

Prolonged 

Exposure 

(PE) Therapy 

This therapy helps people reduce fear and anxiety trig-

gered by reminders of the trauma. This is done by con-
fronting (or being exposed to) trauma reminders in a safe 

treatment environment until they are less troubling. In 

this way, individuals can stop avoiding and reacting to 
trauma reminders and live their lives more fully in the 

present with greater freedom from the past. 

Group-Based 
Exposure 

Therapy 

(GBET) 

Similar to PE, GBET is an intensive group treatment that 

targets PTSD symptoms through repeated imaginal and 
in vivo exposure [21]. 

 
Table 3: PTSD Therapies in Veterans 

 PTSD Status 

Stud

y 
Therapy 

Recov-

ered 

Im-

proved 

Un-

changed 

Deteriorat-

ed 

[19] CPT 16.3% 41.3% 31.7% 10.6% 
[22] CPT - 50% 50% - 

[20] PE 50% 30% 20% - 

[23] 
GBET & 
PE (Com-

bined) 

88% 12% - - 

[21] GBET 70% 30% - - 
[24] GBET - 81% 19% - 

[19] 
Wait-list, 

No therapy 
 30% 53% 17% 

5. Ebola and AnyLogic ® 

The depleted West African health care systems, high levels of 

poverty, mistrust of hospitals and their staff, and low levels of 

education are requiring a large amount of international personnel 

and funds to respond. As of May 6th, 2015 there have been 26,683 

(14,951 laboratory confirmed) cases of Ebola and 11,022 deaths, 

with a case-fatality rate between 41.3% and 73.7%. However, 

death rates are estimated to be upwards of 60-70% [17]. The pro-

gression and international response of the Ebola crisis is unprece-

dented and will serve as a serious learning experience for public 

health and homeland security professionals.  

Simulation models have become particularly relevant and useful in 

analyzing public health emergencies. With Ebola projected to 

continue spreading throughout Africa and future outbreaks poten-

tially transferring to other areas of the globe due to frequent inter-

national travel, understanding how stress disorders will influence 

the already insufficient first-responder force is of high importance. 

An AnyLogic 7 model will be presented showing potential out-

comes of PTSD based on several variables.  

As Ebola is a unique crisis, the trauma and situations encountered 

by first responders in an international setting are going to create 

additional cases of PTSD with triggers and memories that vary 

from previous events and epidemics. It will be crucial for organi-

zations responding to the Ebola crisis to be knowledgeable and 

prepared to provide mental health services to their returning work-
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ers and volunteers. In this study, the authors question which of 

several therapy methods for returning Ebola workers will be most 

successful in improving or fully recovering individuals with PTSD, 

ASD, or Depression symptoms. Studies from veteran populations 

were used due to (a) the greater availability of reliable studies in 

this population, and (b) military personnel are considered a first 

responder. 

6. Methods 

AnyLogic 7 is a computer modeling program developed by The 

AnyLogic Company, formerly XJ Technologies. It is a Java-based 

simulation program that uses the Monte Carlo simulation method. 

This means it relies on random sampling to achieve its numeric 

results. The modeling method used for this research will be agent-

based modeling. It helps simulate complex interactions between 

humans, deals with people in a limited amount of space, allows for 

heterogeneous populations, and allows the agents in the environ-

ment to execute complex behavior [25]. All of these characteris-

tics are very important when modeling the stress level of respond-

ers to such an event. The disease, the responders, and the victims 

can all be treated as agents, each possessing their own set of 

unique characteristics which can change based on the environment 

or other agents around them. 

Agent-based modeling is quickly becoming the most popular 

modeling method used for research. The agent-based approach 

provides very detailed simulation at both high and low level ab-

straction. A single model can deal with millions of different agents 

at once. However, such complex models require a very powerful 

computer. Most personal computers produced currently can handle 

some level of agent-based modeling. Agent-based models are 

usually used in one of four areas of research: flows, markets, or-

ganizations, or diffusion. According to Borschev, Karpov, and 

Kharitonov, the authors of the article claim that AnyLogic is one 

of the best pieces of simulation software in the world for dealing 

with agents [26]. The case of stress among responders is an exam-

ple of diffusion, which is the spread of something based on factors 

that cause it. 

Agent-based modeling is a great method to use when modeling 

responders dealing with casualties [27]. When responders are 

unable to keep up with the demands of the disaster, emergent be-

havior happens. Agent-based modeling allows for those possible 

outcomes to be analyzed prior to occurring in the real world. 

Though agent-based modeling provides the best logic for model-

ing human behavior, accurately doing so can be very difficult. The 

predictions that the model makes are based upon data that must be 

collected in order to correctly model the behavior of the agents 

may have. Different factors such as size, age, level of understand-

ing of the environment, gender, previous experience, or anything 

else that could categorize a person can all be important factors that 

may influence one agent’s actions but not another’s. The model 

will never be completely accurate because agents within a model 

have a predefined set of actions that they can take. In the real 

world, those agents have free will to execute actions that may be 

left out of the model [28]. 

One difficult part of modeling a stressful environment for re-

sponders in a multi-day simulation is shift scheduling. Shifts can 

be varied to find the optimal schedule for both the responders and 

the victims [29]. It is not realistic to think that responders will be 

able to work extremely long days in such an environment. Doing 

so would likely be a factor that would greatly impact their stress 

level. Using AnyLogic in conjunction with previous research, this 

study hopes to set forth an optimal strategy for dealing with re-

sponders in high-stress environments and see what steps can be 

taken to avoid stress wherever possible while still providing ade-

quate service to victims. 

The model’s major portion of logic exists in the Responder agent. 

The agent contains a statechart that models the stress levels a first 

responder may experience while dealing with an Ebola (see Figure 

1), specifically depression, ASD, and PTSD. All responders begin 

in the Healthy state. They can move from Healthy to Depression, 

ASD, or PTSD. The prevalence rates of the three conditions are 

taken directly from the study conducted by Fullerton et al. [2]. The 

study examined responders to the terrorist attacks on September 

11, 2001 on the World Trade Center 13 months after the disaster. 

Their mental health conditions could have been developed at any 

given time over those 13 months. The model used in this research 

allows for that by using a triangular distribution for developing a 

mental health condition with zero months being least likely and 

thirteen months being most likely. Any responder who is not de-

pressed moves to the StayHealthy state, indicating that his or her 

state of health has remained healthy. 

 

 
Fig. 1: Statechart. 

 

AnyLogic uses an object called a parameter to define a value that 

can be referenced by the statechart (see Figure 2). The branch of 

the statechart between the four possible states after Healthy uses 

three parameters. These parameters indicate the probabilities for 

each of the three mental health conditions. The probabilities used 

are 21.7% depression, 25.6% ASD, and 16.7% PTSD. Any agent 

that does not fall into one of these categories is assumed to remain 

healthy. 

 

 
Fig. 2: Probabilities. 

 

The model allows for the agents to go through one of three differ-

ent therapy techniques for treatment of their mental health condi-

tions. These three techniques are cognitive processing therapy 

(CPT), prolonged exposure therapy (PE), and group-based expo-

sure therapy (GBET). They are represented by the blue states un-

der the three mental health conditions in the statechart. Each of 

these therapy techniques can have one of four different outcomes 

for the agent. The possible outcomes are that the agent’s mental 

health recovered, improved, deteriorated, or remained unchanged. 

They are represented by the differently colored states below the 

therapy technique states. Depression, ASD, and PTSD unchanged 

states have their own respective outcomes in order to accurately 

show how many agents retained those mental health disorders. 

The outcomes for each of the therapy techniques all rely on differ-

ent probabilities, and those probabilities vary depending on which 

of the therapy techniques is used. These outcomes are defined 

using nine additional parameters (see Figure 3). The outcomes for 

CPT were taken from the study of veterans conducted by Monson, 

Schnurr, Resick, Friedman, et al. [19]. The study concluded that 

the outcomes were identical in all forms of mental health disorders 

that they examined. In the study, 16.3% of veterans recovered, 

41.3% Improved, and 10.6% deteriorated during a 10-week treat-

ment process. The remaining 31.7% for those who remained un-

changed is calculated automatically by AnyLogic by taking 100% 

minus the three aforementioned. The outcomes for PE were taken 
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from the study conducted by Rauch, Defever, Favorite, Duroe, et 

al. [20]. In the study, 50% recovered, 30% improved, and 0% 

deteriorated during a 23-month treatment process. The remaining 

20% is calculated by AnyLogic for those who remained un-

changed. The outcomes for GBET were taken from the study con-

ducted by Sutherland, Mott, Lanier, Williams, et al. [21]. In the 

study, 70% recovered, 30% improved, and 0% deteriorated during 

a 12-week treatment process. 

 

 
Fig. 3: Outcomes. 

 

The second portion of the model logic is the Main agent. The main 

agent acts as the environment that the responder agents exist with-

in. It also contains two parameters that represent the total popula-

tion and the treatment type that is selected by the user (see Figure 

4). The total population used for gathering results was set to 3000 

responders for this study in order to create a large sample size. 

 

 
Fig. 4: Main Parameters. 

 

In addition to the parameters, the Main agent also includes two 

charts for recording results for each simulation run. The first is a 

bar chart, and the second is a time stack chart. Both charts show 

the same data, which is how many agents are in each state at the 

current time (see Figure 5). Each chart shows seven different con-

ditions that an agent can be in at any given time. Each condition is 

made up of certain states added together. Healthy represents any 

agent that has not yet had time to develop a mental health disorder, 

remained healthy, or is recovered. ASD represents any agent that 

has developed ASD and any agent that has received treatment but 

remained unchanged in their ASD state. PTSD represents any 

agent that has developed PTSD and any agent that has received 

treatment but remained unchanged in their PTSD state. Depression 

represents any agent that has developed depression and any agent 

that has received treatment but remained unchanged in their de-

pression state. Improved represents any agent that improved from 

treatment. Deteriorated represents any agent that deteriorated from 

treatment. In Treatment represents any agent currently undergoing 

any one of the three types of treatment. 

 

 
Fig. 5: Main Charts. 

 

When the model is launched, the user is prompted with the Simu-

lation start screen (see Figure 6). The user can choose between 

four different treatment types. By default, the treatment type is set 

to none. Running the model with this input will assume no treat-

ment type is used. However, the user can select any of the other 

three treatment types and examine results which will be based 

upon the success and failure rates of each different treatment type. 

Once a treatment type is selected, the model is started by pressing 

the Run the model button. 

 

 
Fig. 6: Simulation Screen. 

 

The Main agent is then shown on the screen (see Figure 7). The 

environment containing the 3000 agents being simulated can be 

seen at the top. The two charts appear underneath the environment 

to display the results. The time units used in the model are hours. 

The time and date can be seen at the bottom of the screen. Since 

agents can take up to thirteen months to develop a mental health 

disorder and another twenty-three months to receive PE treatment, 

the model simulates a three-year period from January 1, 2015 at 

12:00 AM through January 1, 2018 at 12:00 AM. 
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Fig. 7: Simulation: Main. 

 

When a simulation is finished, the results are displayed next to the 

bar chart (see Figure 8). The colors of the agents in the environ-

ment correspond to the colors of the bars they match in the charts. 

 

 
Fig. 8: Simulation Results. 

7. Results 

Results were gathered from the model by running ten simulations 

of each of the four user inputs for treatment types. The results 

show how each of the three types of therapy can improve the men-

tal health of the 3000 responders being simulated by the model. 

The results of the 40 simulation runs can be seen in Tables 4-7. 

 
Table 4: No Treatment Simulation Results 

No 

Treat

ment 

R

un 

1 

R

un 

2 

R

un 

3 

R

un 

4 

R

un 

5 

R

un 

6 

R

un 

7 

R

un 

8 

R

un 

9 

Ru

n 

10 

Av

er-

age 

Healt

hy 

15

13 

14

26 

14

51 

14

47 

14

07 

14

83 

14

59 

14

44 

14

11 

15

21 

145

6.2 

ASD 
55
4 

62
6 

60
7 

62
2 

58
2 

59
0 

58
8 

60
5 

61
9 

58
0 

597
.3 

PTSD 
29

3 

29

0 

29

9 

29

7 

33

1 

28

9 

28

6 

29

2 

31

6 

27

2 

296

.5 
De-

pres-

sion 

64
0 

65
8 

64
3 

63
4 

68
0 

63
8 

66
7 

65
9 

65
4 

62
7 

650 

Im-

prove
0 0 0 0 0 0 0 0 0 0 0 

d 

Dete-

ri-

orated 

0 0 0 0 0 0 0 0 0 0 0 

Total 
30
00 

30
00 

30
00 

30
00 

30
00 

30
00 

30
00 

30
00 

30
00 

30
00 

300
0 

 
Table 5: CPT Simulation Results 

CPT 

R

un 

1 

R

un 

2 

R

un 

3 

R

un 

4 

R

un 

5 

R

un 

6 

R

un 

7 

R

un 

8 

R

un 

9 

Ru

n 

10 

Av

er-

age 

Heat-

lhy 

17

50 

17

02 

17

31 

17

31 

17

26 

17

35 

16

47 

16

70 

16

81 

16

98 

170

7.1 

ASD 
25
9 

25
7 

25
9 

25
8 

28
1 

28
2 

28
3 

27
0 

25
7 

25
6 

266
.2 

PTS

D 

12

4 

13

1 

11

9 

12

0 

12

9 

11

8 

13

1 

13

2 

12

7 

12

0 

125

.1 
De-

pres-

sion 

27

3 

30

4 

29

5 

26

3 

28

0 

25

0 

30

2 

31

2 

30

9 

28

7 

287

.5 

Im-

prove

d 

51
6 

53
5 

51
9 

54
8 

50
5 

52
4 

55
9 

53
8 

53
6 

55
1 

533
.1 

Dete-

ri-

orat-
ed 

78 71 77 80 79 91 78 78 90 88 81 

Total 
30

00 

30

00 

30

00 

30

00 

30

00 

30

00 

30

00 

30

00 

30

00 

30

00 

300

0 

 
Table 6: PE Simulation Results 

PE 
R
un 

1 

R
un 

2 

R
un 

3 

R
un 

4 

R
un 

5 

R
un 

6 

R
un 

7 

R
un 

8 

R
un 

9 

Ru
n 

10 

Av
er-

age 

Heat-

lhy 

21

86 

22

28 

22

41 

22

32 

22

23 

22

10 

22

31 

22

89 

22

51 

21

95 

222

8.6 

ASD 
21

6 

21

9 

19

7 

21

1 

19

3 

22

6 

20

9 

17

7 

20

6 

21

4 

206

.8 
PTS

D 

11

9 

10

4 

10

3 

10

6 

10

1 

10

7 
90 87 95 

10

2 

101

.4 

De-
pres-

sion 

25

5 

21

6 

23

1 

21

7 

23

2 

23

0 

22

5 

19

7 

22

5 

24

1 

226

.9 

Im-
prove

d 

22

4 

23

3 

22

8 

23

4 

25

1 

22

7 

24

5 

25

0 

22

3 

24

8 

236

.3 

Dete-
ri-

orat-

ed 

0 0 0 0 0 0 0 0 0 0 0 

Total 
30

00 

30

00 

30

00 

30

00 

30

00 

30

00 

30

00 

30

00 

30

00 

30

00 

300

0 

 
Table 7: GBET Simulation Results 

GBE

T 

R
un 

1 

R
un 

2 

R
un 

3 

R
un 

4 

R
un 

5 

R
un 

6 

R
un 

7 

R
un 

8 

R
un 

9 

Ru
n 

10 

Av
er-

age 

Heat-

lhy 

25

51 

25

60 

25

27 

25

37 

25

14 

25

37 

25

58 

25

49 

25

26 

25

49 

254

0.8 

ASD 
12

2 

12

5 

13

6 

12

1 

14

3 

11

9 

11

5 

11

6 

13

6 

13

0 

126

.3 

PTS
D 

54 61 70 61 67 58 67 47 51 53 
58.
9 

De-

pres-
sion 

13

7 

11

5 

14

0 

14

2 

13

8 

14

8 

12

4 

14

5 

14

1 

12

2 

135

.2 

Im-

prove

d 

13

6 

13

9 

12

7 

13

9 

13

8 

13

8 

13

6 

14

3 

14

6 

14

6 

138

.8 

Dete-

ri-
orat-

ed 

0 0 0 0 0 0 0 0 0 0 0 

Total 
30

00 

30

00 

30

00 

30

00 

30

00 

30

00 

30

00 

30

00 

30

00 

30

00 

300

0 

 

The averages for number of healthy agents after receiving each 

kind of treatment are shown in Figure 9. Figure 10 shows the 
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number of agents that were either recovered or showed improve-

ment from treatment. 

 

 
Fig. 9: Healthy Agents after Treatment. 

 

 
Fig. 10: Healthy and Improved Agents after Treatment. 

 

Agents showed great improvement from each of the three treat-

ment types. The number of healthy agents increased with each 

new therapy type simulated. This was to be expected because of 

the success rates reported in each of the studies used to populate 

the model parameters with data. The results show that different 

therapy techniques can be modeled using the model developed in 

this research. Further study can be performed to determine the 

outcomes of other therapy techniques or combining various thera-

py techniques. The combinations can be tested for results which 

can develop estimates for improvement from mental health disor-

ders in responders in the real world. The estimates can be com-

pared to real world data if those combinations of techniques are 

used. 

8. Conclusion 

Based off of the model results, Group Based Exposure Therapy is 

shown to be the most effective therapeutic approach to PTSD, 

ASD, and Depression improvement and recovery. As supported in 

previous studies, the group setting provides additional structure 

and support for participants [21]. This may also be supportive of 

lower drop-out rates of GBET therapy in comparison to other 

more individualistic forms such as PE and CPT [20].  

With no current estimate of when the Ebola crisis will no longer 

need the assistance of international volunteers and workers, aid 

organizations must include and plan for the need of mental health 

care services and therapy. The trauma and situations encountered 

by first responders will create additional cases of PTSD with trig-

gers unique to the Ebola epidemic. The authors recommend the 

consideration of required PCL completion by returning first re-

sponders and make GBET available to those interested in receiv-

ing mental health services. However, it would be recommended 

that further therapy options are processed through this model in 

order to confirm results. It would also be advised to use a variety 

of studies for statistical resource information beyond the ones 

listed in this article. 
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