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Abstract

This research contribution aims to investigate the integration of Indian Carnatic ragas on
Positive Affect and Negative Affect experienced by individuals as a response to the ragas.
Grounded in the fundamental theory of emotion by W. B. Cannon (1927), the study highlights
the occurrence of emotional response to a stimulus which is the musical ragas in this study.
The ragas Ananda Bhairavi, Thodi and Shree have been researched to have psychological,
physiological and therapeutic effects on listeners. As stand-alone ragas Ananda Bhairavi
alleviates discomfort and promotes well-being. Thodi shows in reducing anxiety and increasing
emotional resilience. Shree raga proves effective, especially for pregnant women in times of
anxiety, fear and depression during their term. This study delves into the integrated effect of 3

ragas involving a sample size of 140, ranging from age 18 — 45 selected through purposive
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sampling method. The research follows pre-test and post-test with control group design.
Participants will be administered with Positive and negative Affect Schedule (PANAS) before
and after the application of ragas. t-tests were used for statistical analysis using Jamovi. The
results showed that Carnatic music intervention had no significant effect on positive or negative
affect within the experimental group (p > .05). However, between-group analyses revealed
significantly higher positive affect in the music group both pre- and post-intervention (p <.001,
d = 1.061 and d = 0.877, respectively). No significant between-group differences were found
for negative affect, although the music group consistently reported higher, non-significant

levels of negative affect compared to the control group.

Keywords: Classical Carnatic ragas, Ananda Bhairavi raga, Thodi raga, Shree raga, Positive

Affect, Negative Affect

1. INTRODUCTION

Music is a universal language that surpasses cultural barriers and can evoke a wide range
of emotions in its listeners. Music has a major impact on human experiences, cultural identities,
and emotional landscapes throughout the world. Carnatic music, recognized for its intricate
melodies, rhythmic intricacies, and profound emotional resonance, is the pinnacle of artistic
expression in India's rich tapestry of music traditions. Carnatic music, which is rooted in
ancient traditions of the Southern part of India, and is rich in cultural legacy, is not just a form
of creative expression, but also a powerful channel for emotional experience and spiritual
transcendence. Despite its long-standing cultural significance, Carnatic music's emotional
impacts on listeners are a comparatively unexplored field of research.

Carnatic music is built upon the concept of ragas, which are melodic frameworks that evoke

specific emotions or rasas (Subramanian, 2008). Each raga is designed to express a particular

351


https://phpstack-630042-3523214.cloudwaysapps.com/index.php/ijpe/index

International Journal of Interdisciplinary Approaches in Psychology (lJIAP)

Vol. 3, Issue 3 March 2025 ISSN: 2584-0142

sentiment, ranging from joy and love to sorrow and peace. Researchers Srinivasan and
Narayanan (2020) found that listeners were able to accurately identify the emotional content
of various ragas, suggesting that the association between ragas and emotions is deeply rooted
in the cultural and historical context of Carnatic music. The emotional impact of Carnatic music
is further enhanced by its performance context. Carnatic concerts often begin with a slow,
meditative section known as the alaap, which gradually builds in tempo and complexity,
culminating in a fast-paced, rhythmic finale_(Viswanathan & Allen, 2004).

The main aspect of music investigated in this study is Raga (also known as ragam in
Carnatic music). Raga is a melody which is created with notes or swaras. These notes are
arranged in ascending and descending order. Ascending order is called Arohana, and the
descending order is called Avarohana. The orderly placement of the notes plays an essential
role in the impact the raga elicits, or for that matter even in differentiating between various
different ragas. Traditionally, each raga or melody is said to be connected to a rasa, i.e an
emotional essence. This is probably why every raga had an occasion and situational purpose.
To give an example, Ananda Bhairavi raga is known to be sung during auspicious times for the
raga’s elating and celebration invoking nature. There have been investigations connecting these
melodies to human emotionality.

Ethnomusicologist John Blacking (1973) like mentioned prior, clarifies that we can go further
to say that music is sound that is humanly patterned or organized. This organized arrangement
of sound is designed in a way to evoke desirable effects. The desirable emotional impact of the
selected ragas in this study is investigated through studying the Positive Affect (PA) and
Negative Affect (NA) experienced. Tellegen (1985; see also Watson & Clark, 1984) has
demonstrated that they are related to trait dimensions of positive and negative emotionality
(individual differences in positive and negative emotional reactivity). PA and NA indicate

dominant personality factors of extraversion and anxiety/neuroticism, respectively (Tellegen,
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1985; Watson & Clark, 1984).

In recent years, researchers have begun to explore the complex relationship between
music and emotion, unveiling insights into how specific musical elements and cultural contexts
shape our emotional responses. The emotional impact of music has been well-documented
across cultures and throughout history. A study by Juslin and Laukka (2004) found that music
can reliably communicate basic emotions such as happiness, sadness, anger, and fear to
listeners, regardless of their cultural background. The authors suggest that this ability stems
from the universal human capacity to perceive and respond to emotional cues in music, such
as tempo, mode, and articulation. Studies have also explored the neurological basis of music-
induced emotions. A meta-analysis by Koelsch (2014) revealed that listening to music activates
a network of brain regions associated with emotion, including the amygdala, hippocampus, and
prefrontal cortex directly influencing the brain's emotional processing systems.

This research study aims to investigate the emotional response - Positive and Negative
Affect invoked by integrating 3 Indian Carnatic Classical ragas namely, Ananda Bhairavi,
Thodi and Shree raga. As stand-alone ragas, Ananda Bhairavi alleviates discomfort and
promotes well-being (Kumar et al., 2012). Thodi shows results in reducing anxiety and
increasing emotional resilience (Deka et al, 2022). Shree raga proves effective, especially for
pregnant women in times of anxiety, fear and depression during their term (Acharya, n.d.).
Grounded in the fundamental theory of emotion by W. B. Cannon (1927), the study highlights
the occurrence of emotional response to a stimulus which is the musical ragas of Indian
Classical Carnatic Music in this study Emotional reactions to music result from the interaction
of attention with the perceived emotional content of the music, with alterations in attention
causing changes in emotional experience over time. Thus, making it relevant to study the
melody aspect (the raga) of music, to understand if this component of music has grip over one's

emotional experience as a listener.
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2. METHOD
2.1 Population

The research studies the General population preferably inclined toward Classical
Carnatic Music or interested in this genre of music.
2.2 Sample

The sample consists of people in the age range of 18 - 45. The sample size is 140
divided into a control group and an experimental group. The geographical region selected to
collect the data is Chennai and Bangalore predominantly. The sampling technique used is

purposive sampling.

2.3 Variables
Independent variable

Administration of the integrated raga audio
Dependent variable

Positive Affect and Negative Affect experienced by the listeners

2.4 Research design

The design followed by the study is an experimental design containing pre-test &
post-test with control group. This approach enables the investigation of causal links between
ragas and emotional responses by comparing changes in emotional reactions before and after

exposure to the ragas.

2.5 Tools used
The tool used to measure the Positive Affect and Negative Affect is the Positive and

Negative Affect Schedule (PANAS). It is a self-reporting questionnaire and has 20 items
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investigating if or if not and to which extent the listeners have experienced a positive or a

negative affect trait.

2.6 Procedure

For the control group, the PANAS measure is administered as a pre-test, after which
there is a gap of 5 minutes. The PANAS measure is administered again as a post-test to
understand the difference in Affect. For the Experimental group, the PANAS scale is
administered as a pre-test, after which the audio of the ragas are administered to the listeners.

The PANAS measure is administered again as a post-test

2.7 Data Analyses
Statistical Analyses used for the study are paired sample t-test and Independent
sample t-test, to help us identify the mean difference between pre-test & post-test as well as

between the control group and the experimental group.

2.8 Hypotheses

HO: There is a significant difference in Positive Affect scores between the pre-test and
post-test for the Control group.

H1: There is a significant difference in Negative Affect scores between the pre-test
and post-test for the control group.

H2: There is a significant difference in Positive Affect scores between the pre-test and
post-test for the experimental group.

H3: There is a significant difference in Negative Affect scores between the pre-test
and post-test for the experimental group.

H4: There is a significant difference in pre-test Positive Affect scores between the
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experimental group and control group.

H5: There is a significant difference in pre-test Negative Affect scores between the
experimental group and control group.

H6: There is a significant difference in post-test Positive Affect scores between the
experimental group and control group.

H7: There is a significant difference in post-test Negative Affect scores between the

experimental group and control group.
3. RESULTS
3.1 Positive Affect

The Positive Affect domain was isolated from the negative affect domain of the
measure to arrive at a nuanced understanding of the impact and significance of the obtained

Paired sample and Independent sample t-tests.

3.1.1 Paired sample t-test
Table 1: Shows the paired sample t-test analysis for pre-test and post-test of control group

(No Music) and experimental group (Music) for Positive Affect

statistic df p Mean SE Effect
difference | difference Size
Cntrl.post | Cntrl.Pre - | Student's 3.50 69.0 = 1.000 2.23 0.636 Cohen's d 0.419
-test test t
Exp-post- | Exp - pre- | Student's 1.42 69.0 | 0.920 1.83 1.286 Cohen'sd 0.170
test test t
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Table 2: Descriptive analysis for control and experimental group

N Mean Median SD SE
Cntrl.post-test 70 27.2 26.0 7.79 0.931
Cntrl.Pre - test 70 25.0 24.0 7.05 0.843
EXp-post-test 70 35.2 37.0 10.17 1.215
EXp - pre-test 70 33.4 34.5 8.60 1.027

A paired samples t-test was conducted to compare the pre-test and post-test scores of
the control group on the positive affect domain of the PANAS. The results indicated a
statistically non-significant increase in positive affect scores from pre-test (M = 25.0, SD =
7.05) to post-test (M =27.2,SD =7.79),1(69) = 3.50, p=1.000, d = 0.419. The mean difference
was 2.23 (SE = 0.636). For the experimental group, which received the Carnatic music
intervention, the paired samples t-test revealed a statistically non-significant increase in
positive affect scores from pre-test (M = 33.4, SD = 8.60) to post-test (M = 35.2, SD = 10.17),

t (69) = 1.42, p =0.920, d = 0.170. The mean difference was 1.83 (SE = 1.286).

3.1.2. Independent sample t-test

Table 1: Shows independent sample t-test analysis between pre-test and post-test of both

control and experimental group for Positive Affect

Statistic ~ df p Mean SE Effect
difference  difference Size
Pre- Student's t 6.28* 138 <.001 8.34 1.33 Cohen's d 1.061

test
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Mann- 1086 <.001 9.00
Whitney
U
Post- Student's t 5.19* 138 <.001 7.94 1.53 Cohen'sd 0.877
test
Mann- 1296 <.001 9.00
Whitney
U

Table 2: Shows the descriptive analysis of the group

Group N Mean Median SD SE

Pre-test Music 70 334 34.5 8.60 1.03
No Music 70 25.0 24.0 7.05 0.843

Post-test Music 70 35.2 37.0 10.17 1.22
No Music 70 27.2 26.0 7.79 0.931

An independent sampled t-test was conducted to compare the pre-test scores between
the experimental (music) and control (no music) groups. The results showed a statistically
significant difference in pre-test scores between the music group (M = 33.4, SD = 8.60) and
the no music group (M = 25.0, SD = 7.05), t (138) = 6.28, p < .001, d = 1.061. The mean
difference was 8.34 (SE = 1.33). For the post-test scores, the independent samples t-test also
revealed a statistically significant difference between the music group (M = 35.2, SD =10.17)
and the no music group (M =27.2, SD = 7.79), t (138) = 5.19, p <.001, d = 0.877. The mean

difference was 7.94 (SE = 1.53). However, Levene's test indicated unequal variances (F =5.90,
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p = 0.016), so the degrees of freedom were adjusted accordingly by the analysis.

3.2 Negative Affect
The Negative Affect domain was isolated from the positive affect domain of the
measure to arrive at a nuanced understanding of the impact and significance of the obtained

Paired sample and Independent sample t-tests.

3.2.1 Paired sample t-test
Table 1: Shows the paired sample t-test for the pre-test and post-test for both the control and
experimental group for Negative affect

statistic df p Mean SE Effect Size

difference difference

cntrl. Cntrl.Po Studen 2.3 69.0 0.98 0.68 0.292 Cohen' 0.281
Pre- st-test t'st 5 9 6 sd
test

Exp.p Exp.Pos Studen 2.4 69.0 0.99 2.014 0.818 Cohen's 0.294

re-test t-test t'st 6 2 d

Table 2: Descriptive analysis of the group

N Mean Median SD SE

cntrl.Pre-test 70 11.0 10.0 3.38 0.404
Cntrl.Post-test 70 10.3 10.0 1.51 0.180
Exp.pre-test 70 14.2 12.0 5.85 0.699
EXxp.Post-test 70 12.2 11.0 3.65 0.437
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A paired samples t-test was conducted to compare the pre-test and post-test scores of
the control group on the negative affect domain of the PANAS. The results indicated a
statistically not significant decrease in negative affect scores from pre-test (M = 11.0, SD =
3.38) to post-test (M =10.3,SD =1.51),t(69) = 2.35, p=0.989, d = 0.281. The mean difference
was 0.686 (SE = 0.292), with a 95% confidence interval ranging from 0.0411 to 0.519. For the
experimental group, which received the Carnatic music intervention, the paired samples t-test
revealed a statistically non-significant decrease in negative affect scores from pre-test (M =
14.2, SD = 5.85) to post-test (M = 12.2, SD = 3.65), t (69) = 2.46, p = 0.992, d =0.294. The
mean difference was 2.014 (SE = 0.818), with a 95% confidence interval ranging from 0.0539

to 0.533.

3.2.2 Independent sample t-test

Table 1: Shows the independent t-test results within control and experimental group for

Negative Affect
Statistics df p-value Mean SE Effect
Difference Difference Size
Post-test Student’st -3.93 138 1.000 -1.86 0.472 Cohen’sd -0.664
Mann
Whitney U 1348 1.000 -1.000
Pre—test Student’st -3.80 138 1.000 -3.09 0.812 Cohen’sd -0.643
Mann
Whitney U 1303 1.000 -1.000
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Table 2 Group Descriptives

Group
Post-test No Music
Music
Pre-test No Music

Music

Group
Post-test No Music
Music

Pre-test No Music

Music

70

70

70

70

N

70

70

70

70

Mean

10.3

12.2

111

14.2

Mean

10.3

12.2

111

14.2

Median

10.0

11.0

10.0

12.0

Median

10.0

11.0

10.0

12.0

ISSN: 2584-0142

SD

1.51

3.65

3.45

5.85

SD

151

3.65

3.45

5.85

SE

0.180

0.437

0.413

0.699

SE

0.180

0.437

0.413

0.699

Analysis of negative affect scores was conducted using independent samples t-tests to

compare the music and no-music groups at both pre-test and post-test time points. The

Independent sample analysis of the data revealed non-significant differences in performance

between participants exposed to music and those without. In the post-test, the no music group

had a mean score of 10.3 (SD = 1.51), while the music group scored an average of 12.2 (SD =

3.65), with a t-value of -3.93 and p = 1.000, indicating a clear difference (mean difference = -

1.86, SE = 0.472). The effect size, measured by Cohen's d, was -0.664, suggesting a medium

effect. Similarly, in the pre-test, the no music group scored a mean of 11.1 (SD = 3.45)

compared to the music group's mean of 14.2 (SD = 5.85), yielding a t-value of -3.80 and p =

1.000 (mean difference = -3.09, SE = 0.812) with an effect size of -0.643. These differences

were not statistically significant; this could be due to various confounding and other variables.
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4. DISCUSSION

The study employed a design involving a control group, which did not receive the music
intervention, and an experimental group, which did. Measurements of both Positive and
Negative Affect were taken before and after the intervention for both groups. 8 hypotheses

were proposed, each addressing potential changes in affect scores for the different conditions.

The first hypothesis ‘HO’ posited that there would be a significant difference in Positive
Affect scores between the pre-test and post-test for individuals who did not receive the music
intervention. This hypothesis was not supported by the data but, Contrary to expectations, The
paired samples t-test for the control group revealed a small to medium positive change in
Positive Affect scores (t (69) = 3.50, p = 1.000, Cohen's d = 0.419). While the high p-value
would typically suggest no significant difference, the mean difference and effect size indicate
a noteworthy change. This unexpected result raises questions about potential confounding

factors that may have influenced the control group's Positive Affect scores.

The second hypothesis, H1, which stated that there would be a significant difference in
Negative Affect scores for the control group, was not supported by the data. The paired samples
t-test showed a high p-value and small effect size (t (69) = 2.35, p =0.989, Cohen's d = 0.281),
indicating no significant change in Negative Affect scores for those who did not receive the

music intervention. Hence, we see that the negative affect dimension has not seen a change.

The third hypothesis (H2) predicted a significant difference in Positive Affect scores for
individuals who received the music intervention. Surprisingly, this hypothesis was not
supported by the data. The paired samples t-test for the experimental group yielded a high p-
value and small effect size (t(69) = 1.42, p = 0.920, Cohen's d = 0.170), suggesting that the

music intervention may not have had the anticipated impact on Positive Affect.
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Similarly, the hypothesis H3, which proposed a significant difference in Negative Affect
scores for the experimental group, was not supported. While the high p-value (t(69) = 2.46, p
=0.992) does not indicate a significant difference, the small effect size (Cohen's d = 0.294) and

mean difference suggest a slight decrease in Negative Affect, warranting further investigation.

Beyond the primary hypotheses, the study revealed significant between-group differences
in both Positive and Negative Affect scores at both pre-test and post-test stages. These findings
indicate that the experimental and control groups may have differed from the outset, potentially

confounding the interpretation of the intervention's effects.

The results of this study present a complex picture of the effects of music intervention on
affect. While the hypotheses were largely unsupported, the observed changes and between-
group differences raise intriguing questions for future research. The unexpected increase in
Positive Affect scores in the control group highlights the need to investigate potential
confounding variables and environmental factors that may influence affect independent of the
intended intervention. The lack of significant changes in the experimental group's affect scores
challenges assumptions about the immediate impact of music interventions. However, the small
to medium effect sizes observed in some comparisons, despite high p-values, suggest that the

study might benefit from a larger sample size to detect potentially meaningful differences.

In addition to the initial hypotheses, the study also examined the differences in Positive and
Negative Affect scores between the experimental and control groups at both pre-test and post-
test stages. These comparisons provide valuable insights into the effectiveness of the music
intervention and potential pre-existing differences between the groups. Let us examine each of

these hypotheses in turn.
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With respect to the fifth hypothesis H4, the hypothesis is strongly supported by the data.
The independent samples t-test revealed a significant difference in pre-test Positive Affect
scores between the experimental and control groups (t(138) = 6.28, p < .001, Cohen's d =
1.061). The experimental group (M = 33.4, SD = 8.60) showed substantially higher Positive
Affect scores compared to the control group (M = 25.0, SD = 7.05) before the intervention.
This large effect size (d > 1) indicates a considerable pre-existing difference between the

groups.

The 6 hypothesis, i.e H5 is also supported by the data, but with a different interpretation
of the p-value. The independent samples t-test showed a significant difference in pre-test
Negative Affect scores (t (138) = -3.80, p = 1.000, Cohen's d = -0.643). While the p-value of
1.000 might initially seem to suggest no difference, the negative t-statistic and medium effect
size indicate that the experimental group (M = 14.2, SD = 5.85) had higher pre-test Negative

Affect scores compared to the control group (M = 11.1, SD = 3.45).

In case of H6, the hypothesis is supported by the data. The independent samples t-test
revealed a significant difference in post-test Positive Affect scores (t(138) = 5.19, p < .001,
Cohen'sd =0.877). The experimental group (M = 35.2, SD =10.17) maintained higher Positive
Affect scores compared to the control group (M = 27.2, SD = 7.79) after the intervention. The

effect size, while still large, is slightly smaller than at pre-test.

When discussing regarding the last hypothesis H7, Similar to H5, this hypothesis is
supported by the data when considering the effect size rather than the p-value alone. The
independent samples t-test showed a significant difference in post-test Negative Affect scores
(t(138) =-3.93, p =1.000, Cohen's d = -0.664). The experimental group (M =12.2, SD = 3.65)
continued to have higher Negative Affect scores compared to the control group (M = 10.3, SD

= 1.51) after the intervention.
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These additional findings present a more complex picture of the study's outcomes and raise
important considerations for interpretation. Firstly, the significant pre-test differences in both
Positive and Negative Affect scores between the experimental and control groups suggest a
potential selection bias or fundamental difference between the groups before the intervention.
This pre-existing difference complicates the interpretation of the intervention's effects, as
changes (or lack thereof) post-intervention must be considered in light of these initial
disparities. The persistence of these between-group differences at the post-test stage further
underscores the challenge in isolating the specific effects of the music intervention. While the
experimental group maintained higher Positive Affect scores and lower Negative Affect scores
compared to the control group, the relative stability of these differences suggests that the
intervention may not have substantially altered the affective state disparities between the

groups.

It is noteworthy that the effect size for Positive Affect differences between groups
decreased slightly from pre-test (d = 1.061) to post-test (d = 0.877). This small reduction might
indicate a modest equalizing effect of the intervention, but it could also be attributed to natural
variation or regression to the mean. The consistent finding of higher Negative Affect scores in
the experimental group, both before and after the intervention, is particularly intriguing. This
pattern suggests that individuals assigned to the music intervention group may have had higher

baseline levels of negative affect, potentially influencing their response to the intervention.

The study investigating the effects of music intervention on Positive and Negative Affect
yields several critical implications for both research and practice in psychological
interventions. Most notably, the presence of significant pre-existing differences between

experimental and control groups challenges fundamental assumptions about randomization in
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experimental design. This finding suggests that participant self-selection or assignment

processes may significantly influence study outcomes in music intervention research.

The lack of significant changes in affect scores following the music intervention, despite
its widespread acceptance as a mood-regulation tool, implies that single-session music
interventions may not be sufficient to produce measurable changes in emotional states. This
challenges current practices and suggests the need for more prolonged or intensive intervention

protocols.

Importantly, the study reveals a complex relationship between positive and negative affect,
where individuals with higher baseline negative affect scores were more likely to be in the
experimental group. This suggests that individuals experiencing more negative emotions might
be more inclined to seek or be referred to music-based interventions, highlighting the need for
targeted screening and assessment protocols in therapeutic settings. The statistical outcomes,
particularly the disparity between p-values and effect sizes, underscore the importance of
comprehensive statistical reporting in psychological research. This implies that researchers
should move beyond simple significance testing to consider multiple indicators of intervention

effectiveness.

From a practical standpoint, these findings suggest that practitioners should exercise
caution in implementing single-session music interventions and should consider individual
differences, baseline emotional states, and longer-term intervention strategies. The results also
emphasize the need for more nuanced approaches to emotional assessment and intervention
matching in therapeutic settings, potentially leading to more personalized and effective

treatment protocols.
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Several recommendations can be made for future research in this area. Firstly, investigating
potential confounding variables that may have influenced the control group's Positive Affect
scores is crucial. Exploring the reasons for pre-existing differences between the experimental
and control groups could provide valuable insights into the selection and allocation of
participants in similar studies. Furthermore, conducting a power analysis and potentially
increasing the sample size in future studies could enhance the ability to detect smaller effect
sizes. Lastly, examining individual differences or conducting subgroup analyses might help
identify potential moderating factors that influence the effectiveness of music interventions on

affect.

5. CONCLUSION

While this study did not provide strong support for the efficacy of music intervention in
altering Positive and Negative Affect scores, it has opened up new avenues for inquiry. The
complexity of human emotional responses and the multifaceted nature of music's impact on
affect underscore the need for continued research in this field. By refining methodologies,
addressing statistical challenges, and exploring individual differences, future studies can
contribute to a more nuanced understanding of how music interventions may be optimized to
support psychological well-being. These findings emphasize the need for carefully designed
studies that account for pre-existing differences and explore the various factors that may

influence an individual's response to music interventions.

6. IMPLICATIONS

The findings from this music intervention study carry significant implications for both
research methodology and therapeutic practice. Most critically, the results challenge the

conventional wisdom surrounding single-session music interventions, suggesting they may be
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insufficient for creating meaningful emotional change. This finding demands a fundamental

shift in how music therapy is approached and implemented in clinical settings.

The study reveals crucial methodological considerations for future research. The presence
of significant pre-existing group differences highlights the need for more rigorous
randomization protocols and careful attention to participant selection. Traditional pre-post test
designs may need revision, and researchers must consider implementing longer intervention
periods to capture meaningful changes in emotional states. For clinical practice, these findings
emphasize the importance of pre-screening participants' emotional states and developing
structured, long-term music intervention programs. The results suggest that practitioners
should move away from brief, isolated sessions and instead focus on comprehensive

approaches that account for individual differences in baseline emotional states and preferences.

These implications collectively point toward a necessary evolution in music intervention
research and application, prioritizing longitudinal approaches over single-session
interventions, and emphasizing the importance of individual emotional baselines in treatment

planning.
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