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ABSTRACT 
 

The purpose of the study is to determine the effect of Transcranial Direct Current Stimulation 
(tDCS) on measured levels of resilience and empathy in professional nurses with evidence of 
compassion fatigue and other stress related problems. 
Lowered levels of resilience, compassion fatigue and decreased empathy are significant predictors 
of burnout in nurses. Enhanced levels of resilience are associated with improved empathic 
responses and overall emotional well-being. Nurses who work in high stress environments often 
exhibit compassion fatigue and post-traumatic stress disorders that may reduce their ability to 
function effectively. Because tDCS has been used successfully in a number of chronic disease 
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conditions, it would seem that there is potential for it to be useful in a broader context. The 
treatment with tDCS may be a potential strategy for improving resilience and eliminating chronic 
stress responses. 
A timed series counterbalanced research design was used for the study. Participants completed 18 
sessions of tDCS over a six week period. They also completed a resilience, compassion fatigue, 
stress and empathy scale before and after each tDCS administration. 
A repeated measure analysis was used to determine if tDCS had an impact on scale scores. The 
analysis showed that tDCS amperage had significant positive effects on empathy. On the 
outcomes of resilience, compassion fatigue and stress, tDCS did not produce any significant 
changes. This research provides a new approach to compassion fatigue, an old problem with 
caregivers. Notably, when implemented with individuals experiencing problems that involve apathy 
or indifference, tDCS is a non-effortful intervention that offers a pathway that may improve 
symptoms and does not require extensive outlays of physical or mental energy. 
 

 

Keywords: Compassion fatigue; resilience; stress; transcranial direct current stimulation (tDCS); 
empathy. 

 

1. INTRODUCTION 
 

The influence of compassion fatigue on nurses in 
various work settings has been noted with 
concern [1,2]. Coetzee and Klopper [3] found that 
compassion fatigue is a consequence of the 
stress felt by nurses and a function of their 
intense engagement with patients over time. 
Indicators associated with compassion fatigue 
include: apathy, fatigue, irritability, decreased 
productivity, boredom, diminished performance, 
an emotionally overwhelmed state, poor 
judgment, callousness, and desensitization to the 
needs of others [3,1]. In addition, Thompson [4] 
acknowledged that those who experience 
compassion fatigue struggle to provide good 
quality care to patients, while [5] concluded that 
stress and the ultimate burnout might diminish 
empathic responses from nurses. 
 

With the symptoms related to compassion fatigue 
and the ensuing issues with diminished patient 
care, understanding and developing strategies to 
address compassion fatigue with nurses is 
crucial. Several studies have offered potential 
solutions for compassion fatigue. One approach 
was focused on promoting resilience in nurses 
[6,7]. Resilience has been described as the 
ability to adapt or bounce back following 
adversity and challenge and connotes inner 
strength, competence, optimism, flexibility, and 
the ability to cope effectively when faced with 
adversity [8,9]. Resilience was significantly 
associated with job satisfaction, reduction of 
stress, and even completion of a nursing 
program [8,9]. Additionally, mindfulness and 
other behavioral strategies may be used to 
increase resilience in nurses [6]. 
 

tDCS is an intervention that has been used in 
over 200 studies. tDCS and an expanding array 

of neurostimulation techniques in recent years 
has led to a greater understanding of functional 
anatomic relationships [10,11]. As an improved 
understanding of the underlying mechanisms of 
action for these emerging technologies has 
grown, the development of novel therapeutic 
interventions has been promoted. Due to its non-
invasive nature and the utility of the technique, 
tDCS has been the focus of significant 
neuroscience research.  In addition, the findings 
from studies that tested tDCS, have proposed 
mechanisms that may explain the development 
of neuroplasticity. tDCS has also been used as a 
treatment for neuropsychiatric conditions, 
specifically for the treatment of affective 
disorders such as depression and anxiety [12,13] 
and also within the neurological domain assisting 
in the motor rehabilitation of stroke patients [14]. 
The potential uses for tDCS with both 
remediation and enhancement are numerous 
[11]; however, the effects of tDCS on emotional 
states such as resilience, empathy, and 
compassion fatigue have not been examined. 
 
Substantial research has been conducted on 
reintegration of nurses who experienced stress, 
compassion fatigue, and secondary traumatic 
stress syndrome in military nurse veterans [15]. 
However, many civilian nurses suffer from 
burnout and compassion fatigue. These 
conditions may impair their ability to effectively 
care for patients and make empathic decisions. 
Understanding the relationship between 
compassion fatigue, stress sequelae, resilience, 
and empathy is a critical need in this population. 
Using tDCS to enhance resilience may be a low 
cost, non-invasive, safe therapy for nurses who 
work in high stress environments or who care for 
patients in disaster or environments that promote 
hyperactive vigilance. Because tDCS has been 
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used successfully in a number of chronic disease 
conditions, it would seem that there is potential 
for it to be useful in nurses with longstanding 
compassion fatigue and burnout. 
 
The purpose of the study is to determine the 
effect of transcranial direct current stimulation 
(tDCS) on measured levels of resilience and 
empathy in professional nurses who have 
experienced compassion fatigue and symptoms 
of stress or burnout. Enhanced levels of 
resilience appear to improve empathic responses 
and the overall emotional well-being. tDCS may 
be a potential strategy for improving resilience 
and eliminating chronic stress responses. 
 
Although there has been little or no research 
examining the impact of tDCS on resilience, 
compassion fatigue, and/or post stress 
symptoms in nurses, there are a number of 
studies that have examined the impact of tDCS 
on depression, anxiety, social cognition, anger 
modulation and emotional-affective aspects of 
pain [16,17]. 
 
There were two specific aims of this study. To 
determine: (1) If there were differences in  before 
and after the administration of tDCS on 
compassion fatigue, stress, resilience, and 
empathic responses; and (2) If there was a 
differences in compassion fatigue, stress, 
resilience, and empathy based on the tDCS 
amperage that was delivered. 
 

2. MATERIALS AND METHODS 
 
2.1 Participants 
 
Participants for this study were seven nurses 
who had worked in the hospital and/or other high 
volume care settings. They were between the 
ages of 30 -45 years old. There were six females 
and one male professional nurse. Some of the 
participants were staff nurses and several were 
nurse managers. Their educational level varied. 
Several of the nurses were masters prepared. 
The nurses were recruited from and worked in 
busy primary care clinics and emergency 
departments. The reason for using participants 
from such high volume care settings was that 
these nurses were most vulnerable to 
compassion fatigue and/or stress sequelae as 
well as compromised levels of resilience and 
empathy. 
 
The following inclusion criteria were used for the 
participants in this study. Participants had to be 

working professional nurses who had worked full 
or part-time continuously for (a) a period of five 
years in a hospital or other high volume or acute 
care patient care institution; (b) may or may not 
have served in the military as a professional 
nurse within the past 10 years; (c) be medically 
cleared to participate in the study; and, (d) 
indicate that they felt overwhelmed or stressed in 
their current position. 
 
Participants were excluded from participating in 
the survey if they (a) had any implanted medical 
device (i.e., pacemaker, defibrillator); (b) had a 
history of a metal brain implant or shunt; (c) had 
a history of severe head injury/neurosurgery; (d) 
had a history of fainting spells, seizures, or 
epilepsy; (e) had a history of stroke or heart 
attack; or (f) were pregnant. 
 

2.2 Instruments 
 
Four instruments were used in this study (see 
Table 1).  The first instrument was the Resilience 
Scale, developed by [9], a well tested measure 
and has been used in a variety of situations. A 
meta-analysis of 12 different studies involving a 
variety of populations demonstrated that this 
scale can be used with a variety of populations 
equally well with excellent reliability and validity 
[18]. The second instrument was the [19] 
Compassion Fatigue Scale. This scale measured 
a secondary form of traumatic stress that is 
associated with caring for others. The third 
instrument, the Perceived Stress Scale [20] is the 
most widely used psychological instrument for 
measuring the perception of stress. This scale 
measures the degree to which situations in one’s 
life are appraised as stressful [21]. The fourth 
instrument was the Empathy Assessment Index 
(EAI) developed by Gerdes, Segal, and Lietz 
[22]. The EAI has five components: (1) affective 
response; (2) affective mentalizing; (3) self-other 
awareness; (4) perspective-taking; and (5) 
emotion regulation.  The scale, which has 22 
items, uses a Likert Scale ranging from 1 (never) 
to 6 (always). Two items (5 and 10) require 
reverse scoring. 
 
Transcranial Direct Current Stimulation (tDCS) 
sends a constant low current when applied 
directly to the head partially penetrating the brain 
[23]. When the current passes through the anode 
(positive electrode) the neuronal long-term 
potentiation (LTP) increased the readiness of 
neurons for firing. Current passing through the 
cathode (negative electrode) decreases the 
neuronal, long term depression (LTD) and 



 
 
 
 

Stanton et al.; AIR, 5(2): 1-11, 2015; Article no.AIR.16842 
 
 

 
4 
 

decreases the readiness of neurons for firing. 
Nitsche et al. [24] described the anodal (positive 
electrode) as increasing Long Term Potentiation 
(LTP) and resulting in neurons readiness for 
firing. Whereas, the cathode electrode has been 
described as decreasing readiness for firing 
(Long Term Depression, LTD. The low current 
was delivered via a Soterix Medical 1 X 1 tDCS 
Low-Intensity Simulator. The tDCS stimulator 
was set to administrator three levels of intensities 
of low current stimulation: 1.0 mA, 1.5 mA, and 
2.0 mA (milliampheres). The Soterix Medical 
Stimulator is operated with two 9-volt batteries 
which delivers low level electrical current. The 
device provided a read out for true current (mA), 
the amount of current, and time of administration. 
There were four options for setting administration 
time for stimulation: 5 minutes, 10 minutes, 15 
minutes, and 20 minutes. Twenty minutes of 
tDCS was used for the study. All direct current 
was administered to the scalp using a positive 
(anode) and a negative (cathode) electrode. 
Cells near the anode are stimulated by the 
positive electrical energy and activity in the cells 
in the area of cathode is diminished in response 
to negative electrical energy. The electrodes 
were encased in 5 cm x 7 cm (35 cm²) sponge 
pads. The sponge pads were moistened with 2-5 
cc of saline solution. The electrodes and sponge 
pads based were placed on the scalp at two 
specific locations based upon the 10-20 
international system for EEG electrode 
placement. Both electrode pads were held in 
place with head straps. The Soterix 1 x 1 
stimulator had a control button for a sham 
condition when no electrical current was 
administered. The unit had a start and a shut-off 
button. Administration of the electrical current 
was ceased immediately by pushing the abort 
button. 
 

A review of over 100 studies found no significant 
side effects associated with the administration of 
low electrical currents to the scalp [25]. Brunoni 
and colleagues [26] reviewed over 200 research 

studies using tDCS for adverse effects and found 
the following outcomes. Forty percent 
experienced itching (compared to 33 percent in a 
sham condition); 22 percent experienced tingling 
(18 percent in a sham condition); 15 percent 
experienced a headache (16 percent 
experienced a headache in the sham condition); 
and 8 percent experienced a mild burning 
sensation (10 percent of those in sham condition 
reported a burning sensation). All of these 
adverse reactions were temporary and did not 
result in participants withdrawing from the 
experimental condition. 
 

2.3 Procedure 
 
A flier was provided to registered nurses who 
lived and worked in the surrounding community 
that was targeted for this study. The recruitment 
flier gave a brief overview of the study and 
instructed potential subjects to contact the 
investigator by email or by phone. The 
investigators visited local nursing organizations 
and continuing education events and presented 
the study to groups of working nurses. It was 
made clear to potential participants that tDCS 
was an experimental treatment that had never 
been used with nurses and there was no 
documentation indicating that tDCS would be 
helpful. The participants were reminded that 
there was no direct benefit to them but that there 
was a possibility of a benefit, but this was 
unknown. 
 
All potential subjects were interviewed to 
determine practice patterns as a professional 
nurse. Potential subjects had to provide 
documented medical clearance. Each participant 
completed a stress, resilience, empathy, and 
compassion fatigue scale prior to participating in 
the experiment. These are listed in Table 1. If the 
participant exhibited no stress or compassion 
fatigue on the scales prior to participation, they 
were not included in the experiment. 

 

Table 1. Instruments used in study 
 

Scale Concept measured Number 
of items 

Published 
reliability scores 

Source 

Resilience  Resilience 25 >.54-.75 Wagnild 2009 [9] 
Compassion fatigue Compassion fatigue 15 >.87 Figley 1995 [19] 
Perceived stress Post deployment 

trauma 
10 >.78 Cohen and 

Williamson 1988 
[21] 

Empathy assessment 
index 

Measures of 
empathy 

22 >.91 Gerdes, Segal, 
and Lietz 2012 
[5] 
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Based on recommendations from these previous 
studies, safety measures that have been used in 
other tDCS studies were incorporated into the 
protocol in this study [27]. During stimulation, all 
participants were requested to rate and indicate 
discomfort at the site of the electrodes or 
symptoms due to the stimulation. Ratings of 
scalp sensations were recorded every two 
minutes during tDCS administration using an 11-
point scale where 0 indicated no sensation and 
10 indicated a significant sensation (not 
tolerable). These were recorded during every 
tDCS session and stored with each individual’s 
scale measurements for that specific session. 
 
To increase stimulation efficiency and limit 
subject anxiety, stimulus parameters such as 
current intensity, duration of stimulation, ramp 
up/down duration, stimulation mode, and 
impedance limit were programmed before the 
subject arrived. All electrodes and leads were 
plugged in and electrode sponges pre-moistened 
with a normal saline solution. Battery life was 
checked prior to each administration and 
changed to ensure no interruption of the 
procedure. The machine was placed out of view 
of the subject and all cables and wires were not 
allowed to obstruct the face during stimulation. A 
protocol and procedure manual was developed 
to guide the administration, evaluation, 
maintenance, and safety of the tDCS process. 
An appointed safety officer inspected procedures 
and records. 
 
All procedures were reviewed and approved by 
the University of Alabama Institutional Review 
Board. All sessions were held in a secured lab or 
treatment area to protect the anonymity of 
participants. Each participant completed an 
informed consent prior to participation and all 
records were secured in a safe within a secure 
location accessible only by the research team. 
 

2.4 Data Analyses 
 
A total of seven nurses were administered tDCS 
three times per week for a total of six weeks. For 
the first and second week they were tested with 
1.0 mA, for the third and fourth week they were 
tested with 1.5 mA, and for the fifth and sixth 
week they were tested with 2.0 mA stimulation. 
In each of the six weeks they were tested three 
different days, (i.e. Monday, Wednesday, and 
Friday) for each of the six weeks for a total of 18 
times. Participants filled out questionnaires 
before and after each stimulation session. Each 
participant completed a total of 36 

questionnaires. Due to the limitations of available 
participants no control group was possible. 
 

The dependent variables included: resilience, 
compassion fatigue, perceived stress, and 
empathy. The objective was to investigate how 
responses to the four scales differed before and 
after amperage was administered as well as any 
change as the tDCS stimulation was increased to 
1.0 mA, 1.5 mA, and finally 2.0 mA. 
 
A timed series counterbalanced research design 
with three conditions was used for the study 
including: (1) Experimental Condition A which 
involved the use of stimulation at 1.0 mA current 
for 20 minutes; (2) Experimental Condition B 
which involved the use of 1.5 mA current for 20 
minutes; and (3) Experimental Condition C which 
involved the use of 2.0 mA for 20 minutes. 
 
Each condition, A; B; and C (counterbalanced), 
included three sessions each week (Monday, 
Wednesday, and Friday) for two weeks. After two 
weeks the condition was changed based on the 
counterbalanced design (Table 2). The 
participants completed the research in six weeks 
with two weeks allowed for each condition over 
three conditions. Previous researchers have 
found that tDCS is most effective with multiple 
administrations over a period of time [25]. This 
counterbalanced design was employed in a study 
by [16,17]. The rationale for using this design 
and the number of sessions in this current 
research was based on the definitive results 
these previous researchers achieved in their 
study using a similar approach. 
 
For all three conditions, the cathodal electrode 
was placed over F2 and the anode was placed 
over T4 based on the 10-20 international system 
for EEG electrode placement. Measurements 
were completed on each participant and mapped 
on a predesigned tool to ensure proper 
placement of electrodes for each stimulation 
session. The placement of the cathode over F2 
was to decrease stress response and 
compassion fatigue by decreasing neuronal 
firing. The anode was placed in the area of T4 
which has been associated with empathic 
responses. Placing the cathode in this area was 
thought to stimulate empathic responses. 
 
3. RESULTS 
 
The initial analysis of the repeated measures for 
variables appears in Tables 3-7. SPSS uses a 
multivariate analysis to detect repeated 
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measures effects. The lack of significance for the 
the p values shows that there was no significant 
interaction among the variables reflected by he 
repeated measures. All four multivariate tests did 
not reach statistical levels of significance. The 
analysis indicated a significant relationship 
between tDCS amp levels and the empathy 
scores. A post-hoc test (Benferroni) was used to 
compare every possible combination. This test 
controlled Type I error rate and kept the 
experiment-wise error rate to a fixed limit. No 
significance was found for the repeated 
measurements and administration of the tDCS 
over time, during any of the 18 sessions, and for 
any of the variables: resilience, compassion 
fatigue, perceived stress, and empathy included 
in the studies. 
 
A one way analysis of variance (ANOVA) was 
also used employing the softwares JMP and 
SPSS. The usual assumption of independence, 
normality and constant variance were more or 
less satisfied. The response variables were 
resilience, compassion fatigue, perceived stress 
and empathy. The tDCS amp was the categorical 
predictor variable which had three levels 1.0, 1.5 
and 2.0 amps. For each response variable, the 
average score of all the seven participants as the 
observation point was used. There were 12 
observation points in each level totaling 36 
observations. The results are summarized in the 
next section. 
 
The amperage of tDCS accounted for about 
24.59% of the variability in the empathy scores 
(p-value 0.0095, Table 6). The Benferroni test 
discussed earlier indicated that there were 
significant differences in the mean levels 
between 1.0 and 1.5 amp (p-value .055) and 1.0 
and 2.0 amp (p-value .012). No significant 
difference was rated between the 1.5 and 2.0 
amp levels. 
 

The impact of tDCS amps on resilience was the 
first variable analyzed. Change in the tDCS amp 
(i.e. 1.0, 1.5 and 2.0 amps) explained only 3.12% 
in the variability of the resilience score, which 

indicated a weak relationship between tDCS amp 
and resilience scores (p-value 0.59, Table 7. 
tDCS amps explained only 4.57% in the 
variability of compassion fatigue score, which 
indicated a weak relationship between tDCS 
amps and compassion fatigue (p-value 0.46, 
Table 8). tDCS amps explained only 7.23% in the 
variability of perceived stress score, which 
indicated a weak relationship between tDCS 
amps and perceived stress (p-value 0.289,  
Table 9). 
 
There were two specific aims of this study. To 
determine: (1) If there were differences in  before 
and after the administration of tDCS on 
compassion fatigue, stress, resilience, and 
empathic responses; and (2) If there was a 
differences in compassion fatigue, stress, 
resilience, and empathy based on the tDCS 
amperage that was delivered. Results indicate 
that there were no differences before and after 
the administration of tDCS on scores on 
resilience, compassion fatigue, stress and 
empathy scales and there were no relationships 
between and among any of the variables. So the 
answer to research question one is no. As for 
question two, there appears to be a significant 
relationship between the tDCS amps used and 
the scores achieved on the empathy scale (See 
Table 10). So the answer to question two is no to 
all variables except empathy. 
 

4. DISCUSSION 
 
This pilot study contributes new knowledge to the 
literature on the treatment of stress and burnout 
in professional nurses.  This novel treatment may 
offer relief to caregivers who are facing 
compassion fatigue and burnout from chronic 
stress. Nurses are leaving the profession in large 
numbers and many reported burnout and 
compassion fatigue as instrumental reasons for 
their decision [1,3,28,4]. Health care 
organizations are struggling with major shortages 
of nurses, staffing problems, and adjusting to 
consolidation of resources. 

 

Table 2. Single-subject counter-balanced design 
 

Participant Condition Condition Condition 
1 A (1.0 mA) B (1.5 mA) C (2.0 mA) 
2 A (1.0 mA) C (2.0 mA) B (1.5 mA) 
3 B (1.5 mA) A (1.0 mA) C (2.0 mA) 
4 B (1.5 mA) C (2.0 mA) A (1.0 mA) 
5 C (2.0 mA) A (1.0 mA) B (1.5 mA) 
6 C (2.0 mA) B (1.5 mA) A (1.0 mA) 
7 C (2.0 mA) B (1.5 mA) A (1.0 mA) 
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Table 3. Repeated measures over 18 sessions (resilience) 
 

Tests of within-subjects effects 
Measure Source Type III sum  

of squares 
df Mean 

squares 
F Sig 

Factor1 
 

Sphericity 
Assumed 

673.317 17 39.607 .865 .616 

Greenhouse-
Geisser 

673.317 1.985 339.138 865 .433 

Huynh-Feldt 673.317 2.576 261.405 865 .456 
Lower bound 673.317 1.000 673.317 865 .371 

Factor1*group Sphericity 
Assumed 

162.571 17 9.563 .209 1.0 

Greenhouse-
Geisser 

162.571 1.985 81.884 .209 .812 

Huynh-Feldt 162.571 2.576 63.116 .209 .863 
Lower bound 162.571 1.000 162.571 .209 .656 

Error(factor1) Sphericity 
Assumed 

9344.111 204 45.804   

Greenhouse-
Geisser 

9344.111 23.825 392.205   

Huynh-Feldt 9344.111 30.909 302.309   
Lower bound 9344.111 12.00 778.676   

Computed using alpha = .05 
 

Table 4. Repeated measures over 18 sessions (compassion fatigue) 
 

Tests of within-subjects effects 
Measure Source Type III sum 

of squares 
df Mean 

squares 
F Sig 

Factor1 
 

Sphericity 
Assumed 

157.750 17 9.279 .926 .544 

Greenhouse-
Geisser 

157.750 4.732 33.335 .926 .467 

Huynh-Feldt 157.750 8.841 17.843 .926 .505 
Lower bound 157.750 1.000 157.750 .926 .355 

Factor1*group Sphericity 
Assumed 

48.258 17 2.839 .283 .998 

Greenhouse-
Geisser 

48.258 4.732 10.197 .283 .913 

Huynh-Feldt 48.258 8.841 5.458 .283 .977 
Lower bound 48.258 1.000 48.258 .283 .604 

Error(factor1) Sphericity 
Assumed 

2044.270 204 10.021   

Greenhouse-
Geisser 

2044.270 56.788 35.998   

Huynh-Feldt 2044.270 106.091 19.269   
Lower bound 2044.270 12.00 170.356   

Computed using alpha = .05 

 
Based on the evidence in the literature, it 
appears that tDCS has the potential to decrease 
stress responses and perhaps mitigate 
compassion fatigue over time [7,8]. tDCS has 
been used in the treatment of affective disorders 
such as depression and anxiety [12,13]. tDCS 
also had a positive relationship with resilience 

and can stimulate empathic response [6]. It also 
appears that the tDCS Amperage has a 
significant relationship with Empathy. Although 
some participants informally reported noticeable 
changes in their resilience level or compassion 
fatigue, stress, and empathic responses, there 
were no significant changes according to the 
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scale scores. The only change was noted in 
empathy albeit non-significant until the amperage 
was increased to 2.0. This finding may have 
ramifications for future study. 
 
Common across all seven participants was the 
frustration and fatigue with completing the 
questionnaires before and after each session. In 

future testing, it would not be recommended to 
collect data before and after each session, but 
perhaps at the beginning and end of sessions 
when the amperage changes rather than every 
time. None of the participants complained of any 
local or systemic reactions to the procedure. 
Most of the subjects reported they “liked’ or “feel 
better’ after a tDCS session. Some even state 

 

Table 5. Repeated measures over 18 sessions (perceived stress) 
 

Tests of within-subjects effects 
Measure Source Type III sum 

of squares 
df Mean 

squares 
F Sig 

Factor1 
 

Sphericity 
Assumed 

55.984 17 3.293 .821 .667 

Greenhouse-
Geisser 

55.984 3.816 14.673 .821  

Huynh-Feldt 55.984 6.282 8.911 .821 .562 
Lower bound 55.984 1.000 55.984 .821 .383 

Factor1*group Sphericity 
Assumed 

23.556 17 1.386 .346  

Greenhouse-
Geisser 

23.556 3.816 6.174 .346 .837 

Huynh-Feldt 23.556 6.282 3.749 .346 .917 
Lower bound 23.556 1.000 23.556 .346 .568 

Error(factor1) Sphericity 
Assumed 

818.016 204 4.010   

Greenhouse-
Geisser 

818.016 45.787 17.866   

Huynh-Feldt 818.016 75.389 10.851   
Lower bound 818.016 12.00 68.168   

Computed using alpha = .05 
 

Table 6. Repeated measures over 18 sessions (empathy) 
 

Tests of within-subjects effects 
Measure Source Type III sum  

of squares 
df Mean 

squares 
F Sig 

Factor1 
 

Sphericity 
Assumed 

1025.857 17 60.345 .696 .805 

Greenhouse-
Geisser 

1025.857 1.911 536.728 .696 .503 

Huynh-Feldt 1025.857 2.454 418.021 .696 .535 
Lower bound 1025.857 1.000 1025.857 .696 .420 

Factor1*group Sphericity 
Assumed 

191.175 17 11.246 .130 1.0 

Greenhouse-
Geisser 

191.175 1.911 100.022 .130 .870 

Huynh-Feldt 191.175 2.454 77.901 .130 .914 
Lower bound 191.175 1.000 191.175 .130 .725 

Error(factor1) Sphericity 
Assumed 

17687.968 204 86.706   

Greenhouse-
Geisser 

17687.968 22.936 771.195   

Huynh-Feldt 17687.968 29.449 600.631   
Lower bound 17687.968 12.00 1473.997   

Computed using alpha = .05 
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Table 7. ANOVA (response variable: resilience and predictor variable: tDCS amp) 
 
Source DF Sum of squares Mean square F ratio Prob > F 
Amp. 2 4.29824 2.14912 0.5314 0.5927 
Error 33 133.46659 4.04444   
Total 35 137.76483    

 
Table 8. ANOVA (response variable: compassion fatigue, and predictor variable: tDCS amp) 
 

Source DF Sum of squares Mean square F ratio Prob > F 
Amp. 2 1.347406 0.673703 0.7903 0.4621 
Error 33 28.130450 0.852438   
Total 35 29.477856    

 
Table 9. ANOVA (response variable: perceived stress and predictor variable: tDCS amp) 

 
Source DF Sum of squares Mean square F ratio Prob > F 
Amp. 2 0.821850 0.410925 1.2863 0.2898 
Error 33 10.542025 0.319455   
Total 35 11.363875    

 

Table 10. ANOVA (response variable: empathy, and predictor variable: tDCS amp) 
 
Source DF Sum of squares Mean square F ratio Prob > F 
Amp. 2 46.06382 23.0319 5.3811 0.0095* 
Error 33 141.24468 4.2801   
Total 35 187.30850    

 
that they “enjoyed” the sessions. However, they 
were adamant that the three days a week 
schedule of the study was wearisome and the 
repetitive paperwork diminished their responses. 
 
Anecdotally, as one reviews the general informal 
notations made by the principal investigator, 
there was a more intense response to tDCS in 
those nurses who came to the sessions 
appearing agitated. They appeared to receive 
more relief from their agitation. The majority of 
respondents were female. One participant had a 
heightened positive response and indeed asked 
if they could buy the machine at the conclusion of 
the research they liked the sessions so much. 
 
There were limitations to this study. A major 
limitation was the small sample size. Also, 
generalizability must be questioned. Basing 
conclusions about the impact of tDCS on 
empathy (and other dependent measures) using 
traditional paper and pencil measures may not 
be valid.  The networks of the brain may not be 
located in one single area of the brain, but utilize 
combined networks of different areas and may 
require more complex and sensitive assessment 
and measurement to determine exact location of 
the response. Therefore, examining relationships 
between and among psychological variables and 

tDCS using conventional paper and pencil 
measures may be difficult. 
 
The self-report nature of the dependent 
measures may also raise issues. Participants 
who function at higher levels of cognitive 
development are more likely to be self-aware and 
self-report lower levels of empathy than those at 
lower levels of cognitive development Gerdes et 
al. [5]. Cognitive development appears related to 
levels of responsibility, decision-making and 
leadership as a professional—those who were 
more agitated and intense at work were perhaps 
experiencing higher levels of responsibility. 
 
There were recommendations based on this 
study. The study should be completed with a 
larger sample and be streamlined so that there is 
not repetitive survey completion during the 
process. It is also recommended that the amps 
be set at 2 since the best responses occurred at 
that amperage.  Other physiologic measures like 
vital signs, cortisol levels (before and after) and 
EEG monitoring during tDCS sessions may also 
help to identify changes occurring as a result of 
tDCS and be more sensitive to changes that may 
not be captured by a paper and pencil tests. It is 
also recommended that tDCS be compared to 
mindfulness and other complementary and 
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alternative stress relief activities and that it be 
studied alone as well as in conjunction with other 
stress relief strategies. 
 

5. CONCLUSION 
 
Results indicate that there were no differences 
before and after the administration of tDCS on 
scores on resilience, compassion fatigue, stress 
and empathy scales and there were no 
relationships between and among any of the 
variables.here appears to be a significant 
relationship between the tDCS amps used and 
the scores achieved on the empathy scale. 
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