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ABSTRACT
Background and Aim: Self-recrimination is a stress-inducing cognitive process, so there is 
a strong need for evidence-based effective self-forgiveness interventions. Most individuals, 
and particularly those in professions with high occupational stress, can suffer damaging bouts 
of self-recrimination, leading to depression, burnout and/or suicide. Unfortunately, useful 
frameworks for developing self-forgiveness skills appear limited. Methods: We designed a 
guided imagery session, based on the internal family systems therapeutic model, to facilitate 
the process of self-forgiveness. We used surveys and ECG recordings to 1) determine the 
effectiveness of the self-forgiveness imagery, 2) collect baseline psychometric data on 
forgiveness, particularly self-forgiveness, 3) collect ECG data during baseline, self-critical 
rumination and self-forgiveness periods and 4) correlate the psychometric and physiological 
data. Results: Together, our outcomes indicate the intervention is highly effective and that 
the self-forgiveness state produces high parasympathetic tone. Conclusion: A single, 
relatively short guided imagery session can facilitate significant self-forgiveness which is 
associated with reduced physiological stress.
Key words: Occupational Stress, Medical Error, Forgiveness, Well-Being, Autonomic  
Nervous System, Heart Rate Variability.
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INTRODUCTION
The practice of self-forgiveness is more challenging 
than forgiving others, partly since it requires 
acknowledging oneself as the transgressor,[1,2] and 
it may be particularly challenging in high stakes 
professions where errors in decision-making and 
action can lead to injury or death. In health care, 
the financial and emotional costs of medical error 
are high,[3,4] and physicians struggle with the idea of 
self-forgiveness.[5] The chronic stress, high rates of 
depression and burnout among students, residents 
and physicians[6-9] motivated our development of 
an intervention to reduce self-condemnation and 
promote self-forgiveness.
Forgiveness is beneficial to psychological and 
physical health in numerous ways.[10-18] The overall 
physical health benefits of forgiveness appear to 
correlate with a significantly smaller increase in 
cardiovascular reactivity when compared to angry 
rumination.[11,13,16,19-21] Indicators of cardiovascular 
function not only show strain on the cardiovascular 
system; they also reflect the stress response controlled 
by the autonomic nervous system (ANS). Heart rate 
variability (HRV) is a strong indicator of morbidity 
when low and increased longevity when high; it has 
been strongly correlated with cardiovascular and 
psychological health.[22-28] HRV provides real-time 
information on ANS adjustments for physiological 
and psychological real and perceived needs,[29-32] and 

can be interpreted as both a dispositional trait that 
reflects a person’s adaptability to situations[33] as well 
as a situation-dependent indicator of cardiovascular 
reactivity.
While other-forgiveness has received considerable 
attention, the psychology and physiology of self-
forgiveness has lagged behind.[34] However, studies on 
self-forgiveness have increased recently,[21,35] driven 
by a need to understand the basic psychology of self-
forgiveness and the possible physical and emotional 
health benefits. When assessing their transgressions, 
people can experience self-condemnation and stress; 
this negative self-evaluation is strongly supported by 
the ‘inner critic’ or judge.[36-38] 
In the internal family systems (IFS) approach,[39] the 
conceptual framework is based on differentiating 
the Self from the other parts, or subpersonalities, of 
the mind. For example, in IFS therapy, individuals 
are introduced to the ‘inner critic’ or judge that is 
producing self-condemnation. This attack is directed 
at a young or ‘innocent’ part that has made errors 
and experienced trauma and as a result it often 
becomes isolated from the rest of the system. In IFS 
therapy, primary goals include guiding individuals 
into re-connecting with the exile(s) and discovering 
the positive intention of each part. The ultimate goal 
of IFS therapy is balancing the input and roles of all 
the parts, as orchestrated by Self.[39] For this study, 
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we used IFS-based imagery and hypothesized that self-forgiveness would 
increase and that increases in SF would be positively correlated with 
increased HRV. 

MATERIALS AND METHODS

Participants
Data were collected for 24 participants (18 Female) from a midwestern 
U.S. university campus (study approved by the OU IRB). The average 
age was 27.7 years old (SD = 11.5; range 18-61 years). Sufficient power 
was estimated from previous studies of similar design with statistically 
significant results.[16] 

Measures
After giving informed consent, participants completed the 14-item 
Perceived Stress Scale (PSS),[40] 38-item Multidimensional Anger 
Inventory (MAI),[41] 18-item Heartland Forgiveness Scale (HFS),[42] 
17-item State Self-Forgiveness Scale (SSFS),[43] and 4-item Tendency 
to Forgive scale (TTFS).[44] The pre-survey order was PSS, MAI, HFS, 
SSFS, TTFS; the post-survey order was HFS, SSFS, TTFS. The Heartland 
Forgiveness Scale[42] is an 18-item self-report measure assessing 
dispositional forgiveness across three subscales: the HFS self-subscale, 
the HFS others subscale and the HFS situations subscale. The 6-item 
HFS self-subscale is the primary focus in this report because the main 
intervention component targeted self-forgiveness. A sum score was 
calculated for the HFS self-subscale with higher responses indicating 
increased self-forgiveness. Internal consistency for the HFS self-subscale 
was adequate at both pre-intervention (Cronbach’s a = .78) and post-
intervention (Cronbach’s a = .69). 

Electrophysiology
After completing informed consent and the pre-survey, participants were 
seated in a small conference room and outfitted with electrocardiography 
(ECG), electromyography (EMG) and respiratory recording equipment 
using the Power Lab T26 system from AD Instruments (Dunedin, New 
Zealand). For a 3-lead ECG, reusable clamp style electrodes were placed 
over each prepared area (inside of both wrists and inside of left ankle). 
For the EMG, two small disposable Ag/AgCl electrodes were applied 
2-3 mm apart above the eyebrow and vertically aligned with the pupil 
(i.e. frontalis). For recording respiratory parameters, a piezo-electric belt 
transducer was placed just below the solar plexus. Participants sat quietly 
for the next few minutes while stable connections/clean recordings were 
established and verified. At this point the experimenter began the 40 min 
audio and left the participant alone in the room. 

Guided Imagery
The audio, while a seamless narrative of guided imagery from the 
participant’s viewpoint, consisted of 7 epochs each designed to evoke a 
particular state and last long enough (~ 5 min) for adequate data analysis 
(full transcript, appendix A); in brief, the epochs were as follows: Epoch 
A, baseline 1; Epoch B, guided relaxation; Epoch C, baseline 2; Epoch 
D, transgression recall/self-recrimination; Epoch E, inner critic; Epoch 
F, authentic self; Epoch G, self-forgiveness. In Epoch D, the participant 
was asked to recall an incident they self-identified as a transgression, i.e. 
having behaved wrongly or made a mistake, with an intensity of around 
5/10. In Epoch E, participants are introduced to their inner critic, who 
normally attacks both self and others for making mistakes and the critic 
is then asked to ‘step aside’. In Epoch F, the participant is introduced to 
the IFS concept of self and begins the process of granting forgiveness 
to the exhile/innocent from self, which culminates in Epoch G. At the 
end of the audio and recording session, the headphones, electrodes and 

respiratory belt were removed and the subject completed three post-
survey scales (HFS, SSFS and TTFS). In the post survey, an additional 
item was included: “As I consider what I did that was wrong, I have 
forgiven myself ” on a 10 point Likert scale 1 = not at all and 10 = 
completely. 

ECG Analysis
All 3 raw data traces (ECG, EMG and respiratory) were visually 
inspected for motion artifacts (particularly evident on the ECG) and 5 
min periods free of such artifact were selected. HR and HRV analysis 
was conducted using Lab Chart v8.0.9 and the AD Instruments HRV 
analysis module. Time domain HRV analysis, e.g. SDRR, is appropriate 
if there are at least 5 min of continuous data;[45,46] however, measures of 
TP and VLF from short recordings are physiologically ambiguous and 
not recommended (Task Force). Therefore, we report here the changes 
and correlations in SDRR, LF, HF and LF/HF ratios using absolute 
units. Maximum frequency for the spectrum analysis was 0.5 Hz, 500 
frequencies, analyzed in 10 ms bins with a pRR threshold of 50 ms 
and SDARR averaging of 300 sec. The beat classification included an 
RR interval of 500-1500 ms and complexity of 1-1.5 and ectopics were 
excluded from the analysis. 

Statistical Analysis of Data
All data (psychometric and ECG-derived) were exported to excel for 
further analysis and statistical tests using SPSS.

RESULTS
Prior to conducting the main analyses, the data were checked to ensure 
that parametric assumptions were met. Normality was assessed via 
skewness and kurtosis values as well as the Shapiro-Wilk test. These 
preliminary results all indicate that the HFS and the HFS self-subscale 
met acceptable criteria for normality (e.g., HFS self-subscale pre-
intervention; W = 0.970, p = 0.666). Because parametric assumptions 
were met, a paired samples t-test was conducted to compare the HFS 
self- subscale pre versus post intervention (Table 1). Scores pre-
intervention (M = 26.17, SD = 6.23) were significantly lower than scores 
post-intervention (M = 31.29, SD = 4.56) at the p < 0.05 level; t(23)= 
-6.188, p < 0.001. 
To examine HRV across the epochs, a one-way repeated measures 
ANOVA was utilized. Further, because three time points were of 
particular interest (B, F and G), sphericity was examined via the 

Table 1: Forgiveness Scales Score Changes.

Pre Post *p

HFS – self M
SD

26.17
6.23

31.29
4.56

2.6E-6

HFS - other M
SD

59.83
8.68

64.13
7.60

.008

HFS - total M
SD

86.00
13.13

95.42
11.61

.00008

SSFS M
SD

50.63
11.47

67.25
8.93

7.4E-8

TTFS M
SD

15.42
3.87

18.04
3.64

.0005

HFS = Heartland Forgiveness Scale[42]

SSFS = State Self-Forgiveness Scale[43]

TTFS = Tendency To Forgive Scale[44]

* Paired two-tailed t-tests
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epochs was not significantly correlated to any of the forgiveness scales, 
it is worth noting that for both epochs D and G the correlations to SSFS 
delta and the SUM Fscales self-delta fell between p values of 0.05-0.1, 
suggesting significance may have been achieved with a larger population.

HRV – Correlations with Epochs
When compared to both baselines (Epochs A and C), SDRR was 
significantly higher at Epochs B, F and G (e.g. A vs B, p = 0.003, see 
Figure 1A). This same pattern held for HRV total power as well. For 
LF, all epochs were significantly positively correlated with one another, 
with only a small but significant increase in epoch B as compared to the 
baselines (e.g. LF A vs B, p = 0.027). No other trend or pattern for LF 
was apparent. For HRV HF, all epochs were again significantly positively 
correlated, with only a significant difference between epochs A and B 
(p = 0.00035); there were no significant changes thereafter. For LF/HF 
there was an increase from epoch A to B followed by a decrease from 
B to C such that these first three epochs were not correlated. However, 
all subsequent epochs (D-G) were significantly positively correlated 
with one another with a trend of increase during the forgiveness process 
(Figure 1B). Notably, there was a very high correlation between epochs F 
and G for the LF/HF ratio (R = 0.96, p < 1.1E-14).

DISCUSSION
Participants and Measures
We drew from a suburban university campus and medical school and 
there appeared to be a significant self-selection gender bias, given that 
only 6 of 24 participants were male. It will be interesting to determine if 
this represents a true gender bias in terms of interest in self-forgiveness 
and if so, whether different recruitment approaches might encourage 
male enrollment. 
In the pre-survey results, we found that higher anger scores were 
associated with a lower tendency to forgive - an early discovery in 
forgiveness research.[47-49] Our results also suggested that higher stress 
lowers the tendency to forgive, also seen previously. Taken together, these 

Mauchly’s test. The results suggest that the sphericity assumption was 
violated indicating that the variances of the differences were not equal, 
x2(2)= 10.448, p < 0.05; therefore, Greenhouse-Geisser corrected tests 
were examined (ε = 0.726). The results suggest statistically significant 
differences between the three epochs; F(1.45, 33.38) = 3.984, p < 0.05 
and post-hoc tests (with Bonferroni corrections) were assessed to further 
examine which epochs significantly differed from each other. Post-hoc 
comparisons revealed that HRV scores on Epoch A (M = 56.22, SD = 
22.20) were significantly lower (p < 0.05) than Epoch B (M = 68.38, 
SD = 29.83) and marginally significantly different from Epoch F (M = 
67.11, SD = 28.06; p = 0.054). Alternatively, there was not a significant 
HRV difference between Epoch B (M = 68.38, SD = 29.83) and Epoch 
F (M = 67.11, SD = 28.06) (p = 0.999). 

Intervention and Forgiveness Scale Scores
Participant other-forgiveness and self-forgiveness scores increased 
significantly after the IFS-based intervention (p = 0.00008, 7.4E-8 
and 0.0005 for the HFS, SSFS and TTFS, respectively; see Table 1). 
Similarly, in response to the post-survey statement ‘As I consider what 
I did that was wrong, I have forgiven myself’, which was anchored at 1 
= not at all and 10 = completely, the average score was 7.6 (SD = 1.2). 
The SSFS pre and HFS self pre scores correlated with one another (R = 
0.451, p = 0.027), although the SSFS pre is not correlated with the TTFS 
pre, indicating that self and other-forgiveness may be different internal 
constructs. HFS self and HFS other subscores were also significantly 
correlated (R = 0.538, p = 0.0067).

Electrocardiography
There was no significant change in HR between the different epochs for 
any participant (One-way ANOVA, n = 25, df = 6, between group p-level 
= 99.99). There were no significant correlations between HR and MAI, 
nor between HR and any of the forgiveness scales. The change in LF 
between initial baseline and self-forgiveness (A-G LF delta) was inversely 
related to the HFS self-delta (R = -0.48, p = 0.0176). While SDRR in all 

Table 2: Descriptives and Pearson’s Correlations. 

1 2 3 4 5 6 7 8 9

1. Pre-
Intervention 

HFS 

 -

2. Post-
Intervention 

HFS 

.76** -

3. Epoch A -.05 -.08 -

4. Epoch B .04 -.01 .81**  -

5. Epoch C -.20 -.08 .64** .58**  -

6. Epoch D -.24 -.10 .64** .55** .69**  -

7. Epoch E -.09 -.02 .61** .53** .67** .83**  -

8. Epoch F -.12 .02 .68** .49* .63** .87** .78**  -

9. Epoch G -.22 -.02 .70** .49* .72** .89** .78** .88**  -

#Mean 26.17 31.29 56.22 68.38 58.29 61.24 59.54 67.12 64.23

#Standard 
Deviation

6.23 4.56 22.20 29.83 23.61 21.22 22.73 28.06 21.00

**Correlation is significant at the 0.01 level (2-tailed)

*Correlation is significant at the 0.05 level (2-tailed)
Bottom two rows: HFS mean and SD values are from the self-subscale (i.e. Table 1 first row); Epoch values are HRV SDRR
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That higher LF/HF positively correlated with MAI suggests that 
trait anger results in a higher degree of sympathetic tone, as has been 
observed elsewhere.[54] In particular, it was interesting that the highest 
correlation was in the last two epochs, while individuals were connecting 
with self and attempting SF. It is important to note that many have 
suggested that the LF component represents both sympathetic and vagal  
influences.[45,46,55-57] On the other hand, use of the LF band and the LF/HF 
ratio as sympathetic indices has been questioned, regardless of adjustment 
for total power.[58-63] However, general consensus is that activity in the HF 
band is considered to clearly represent vagal tone, whereas the LF band 
reflects both sympathetic and parasympathetic activity and may also be 
affected by other factors, such as diurnal variations.[45,46,64] Regardless 
of the underlying physiological drivers, perhaps the most important 
take-away from our results is that the LF/HF ratio in epochs F and G 
was similar to epoch B. That is, connecting to self and granting self-
forgiveness appeared, by this measure, to be as robust as guided imagery 
specifically directed towards promoting relaxation. 
A somewhat different type of state, inferred rather than subjectively 
expressed—flexibility, behavioral regulation or readiness to react to the 
environment—has been related to higher HF-HRV.[65,66] Engagement 
in virtually any task typically reduces HF-HRV,[67] which interestingly 
we saw in epochs D-E but not F-G. Conversely, HF-HRV increased 
during epoch B, guided relaxation, consistent with suggestions that 
high amplitude HF-HRV is associated with a positive mood, absence of 
negative affect and an alert readiness to engage with the physical and 
social environment.[68] 

confirmatory observations suggest our study population was not skewed 
and was producing normative responses. There were no significant 
correlations between the PSS or MAI scores with the difference scores 
for any of the forgiveness scales; i.e. the degree of granted self-forgiveness 
was not correlated with state stress or anger - an encouraging finding. 

Internal Family Systems (IFS) Intervention
The IFS-based intervention was extremely effective at facilitating self-
forgiveness, as evidenced by increases in all three forgiveness scales and 
the high score for the additional SSFS post-survey question. This is a most 
welcome result, as it indicates this intervention may have great utility for 
helping those in high stakes, i.e. high occupational stress, environments. 
However, it is important to note the limitation that participants self-
selected to be in the study and knew forgiveness was the focus; it will be 
important to determine if naïve participants respond similarly. 
Given the significance differences between the other-forgiveness versus 
self-forgiveness pre versus post t-tests, it may be that these two forms 
of forgiveness are different internal constructs. The data, however, are 
somewhat conflicting. For example, the SSFS, a self-forgiveness scale, 
was not correlated with the TTFS, an other-forgiveness scale, whereas 
the SSFS and HFS self-subscales did correlate with one another. On the 
other hand, the HFS self and HFS other subscale scores were significantly 
correlated. We can envision three possible explanations for increases in 
both other and self-forgiveness, even though the intervention targeted 
self-forgiveness. First, granting forgiveness - to self or other - may 
create a generalized high state forgiveness. Second, the intervention 
instructs participants to grant forgiveness to themselves in the same 
manner as they would others; this prompt may have been sufficient to 
raise other-forgiveness thoughts and feelings that carried over into the 
post-survey period. Third and perhaps most intriguing, is the idea that 
there is no self-forgiveness – that it cannot occur in isolation with just a 
single entity. Forgiveness requires one who grants and one who accepts, 
forgiveness; self-forgiveness involves both forgiveness-seeking and self-
referential forgiveness-granting.[21] So perhaps all forms are actually 
‘other’-forgiveness. In the IFS model, the ‘self ’ grants forgiveness to the 
exile – it is by design dyadic. In future, it will be interesting to compare 
different forgiveness frameworks to determine if self-forgiveness can be 
achieved without a parts or subpersonalities approach. 

Psychometric and ECG Correlations
We hypothesized the self-forgiveness process should reduce negative 
feelings and promote beneficial cardiovascular responses similar to those 
found in other-forgiveness research.[13,16,17,19,20,50] HRV, as measured by 
SDRR and LF/HF ratio, increased significantly during guided relaxation 
and then dropped back to baseline during the periods of cognitive 
perseveration. These periods included recalling the transgression, 
recognition of the inner critic and introduction to the concept of self 
and parts in the psyche. Notably, HRV increased significantly in the 
last two epochs, during which participants are guided to identify with 
self and grant forgiveness to an exiled, innocent part. This suggests 
that identifying with self and granting forgiveness to oneself are 
almost as beneficial as direct guided relaxation. This is consonant with 
a large literature showing self-regulating practices (e.g. meditation, 
mindfulness, MBSR, yoga, qigong, tai chi, etc.), which increase activity 
in neural structures associated with agency and self, are associated 
with high HRV and increases in subjective wellness and lower stress. 
By contrast, those with low HRV are characterized by self-regulatory 
deficits including poor attention control, ineffective emotion regulation 
and behavioral inflexibility.[51,52] Importantly, individual differences in 
HRV can be observed during resting baseline periods and appear to be 
relatively stable over time.[53] 

Figure 1A: HRV measured as mean SDRR during each epoch of the IFS-based 
guided imagery. The values in B, F and G are not statistically different from 
one another. 
Figure 1B: HRV as measured with the LF/HF ratio.
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Limitations and Future Directions
As noted above, our study participants were educated and, presumably, 
interested in forgiveness. Whether this intervention would work for 
naïve, or even oppositional, participants is unknown. Another limitation 
was ignorance of the transgression experience, it was totally unspecified 
except for intensity; it may have occurred recently or further in the 
past, involved intimate relationships or task failure, conflicted with 
or coincided with worldview, etc. Future studies would either need to 
specify types of transgressions, or include post-intervention interviews 
to address this issue. We also did not assess any affective dimensions after 
the intervention; while the parsimonious inference is that participants 
experienced relief and increased positive affect, as seen in a similar 
study[21] these were not measured. Relatedly, it is unknown how much 
positive benefit was derived from connecting with self, versus setting 
aside the critic, versus embracing and forgiving the exile/innocent. 
Lastly, our pilot study included only three simple recordings (3-lead 
ECG, a single EMG and single belt plethysmography). It would be very 
interesting to examine the neural correlates of self-forgiveness via EEG 
and neuroimaging techniques.

CONCLUSION
Our guided imagery intervention, based on internal family systems 
(IFS), was highly effective in facilitating self-forgiveness as measured 
by 3 different survey instruments. Collectively, the cardiovascular data 
indicate the self-forgiveness state is correlated with high parasympathetic 
tone. Self-forgiveness thus appears to have immediate psychological 
and physiological health benefits and, if practiced regularly could also 
confer long-term cardioprotective benefits. This intervention could 
be an important resource for those exposed to high-stakes chronic 
occupational stress, particularly where perceived error and self-
recrimination compound negative affective states (e.g. health care, law 
enforcement, aviation safety, etc.). 
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