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ABSTRACT

The rapid development of musical Al technologies has expanded
the creative potential of various musical activities, ranging from
music style transformation to music generation. However, little
research has investigated how musical Als can support music thera-
pists, who urgently need new technology support. This study used
a mixed method, including semi-structured interviews and a partic-
ipatory design approach. By collaborating with music therapists,
we explored design opportunities for musical Als in music therapy.
We presented the co-design outcomes involving the integration of
musical Als into a music therapy process, which was developed
from a theoretical framework rooted in emotion-focused therapy.
After that, we concluded the benefits and concerns surrounding
music Als from the perspective of music therapists. Based on our
findings, we discussed the opportunities and design implications
for applying musical Als to music therapy. Our work offers valuable
insights for developing human-Al collaborative music systems in
therapy involving complex procedures and specific requirements.
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1 INTRODUCTION

Music therapy is a systematic and evidence-based clinical practice
that uses a variety of musical activities [20], such as music listening,
music singing, music instrument interaction, or music composition,
to intervene and improve clients’ mental health conditions [95]. In
a client-centered approach, licensed music therapists lead and con-
duct treatment sessions primarily to assist their clients in reaching
particular therapeutic objectives [12]. Previous research on music
therapy has found that it can alleviate people’s negative emotions
while treating physical diseases or be used as an effective adjuvant
treatment. It has a wide range of applications, such as solving emo-
tional problems and relieving anxiety and depression [23, 46, 54];
or it can be used in cancer care [87], perinatal medicine [22], re-
habilitation training [30], hospice care [62], and other geriatric
medicine [35].

In addition to the expertise of music therapists, technology sup-
port is crucial for the complicated process that has become recog-
nized in music therapy [4, 6]. For example, an interview and survey
involving 30 music therapists [4] revealed their urgent technology
requirements: enhanced efficiency; improved communication with
clients; personalized treatment approaches; assistance in fostering
clients’ creative output; and the perpetual preservation of musi-
cal compositions as mementos. Thus, music technology has been
adapted into music therapy practice to facilitate therapist-client
communication and enhance session efficiency. However, those pre-
vious studies [4, 6] mainly focused on how to implement digitalized
music technologies, such as MIDI applications, music recording,
digital music interfaces, and computer-aided music interfaces, into
music therapy sessions.

With the emergence of artificial intelligence (AI), a new area
of research has arisen regarding adapting Al-related musical ac-
tivities, or "musical Als" into music therapy. Musical Als have the
potential to improve treatment efficiency and diversify treatment,
aligning with both the technological practices and needs of music
therapists identified in prior research [4]. Current musical Als can
generate music in specific musical genres and define the instrument
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combinations. Deep learning models can even create melodies that
manifest certain sensations [38]. Beyond the mere composition of
melodies, other Al-based musical tasks, such as music style transfer,
harmonization, tone transfer, and emotion-based music generation,
are also emerging. Such technologies could have the potential to in-
crease the effectiveness of music therapy. For example, musical Als
could help therapists better understand the relationship between
music genres and human emotions and generate personalized ther-
apeutic music [43, 78].

However, despite the benefits of musical Als, incorporating Al
technologies into music therapy may require therapists to acquire
new skills to use new software or electronic devices and influence
their original workflow. As well known in the Human-Computer
Interaction (HCI) community, human-Al interaction and human-AI
collaboration are particularly difficult to design [98]. Due to AI’s
output complexity and capability uncertainty, most of the early
studies on musical Als stand from the algorithm’s point of view
to explore the potential for combining music with technologies.
Although the field of research on musical Al is still in its early
stages, it is necessary to understand music therapists’ opinions on
current techniques and how these technologies would be integrated
into or take place in music therapy. Specifically, we raise several
research questions: What are therapists’ views on the current music Al
technology? How do therapists think music Al can assist in the therapy
process? What concerns do therapists have about the application of
music AI?

To answer the above research questions, we conducted semi-
structured interviews and two co-design workshops with 14 prac-
ticing music therapists specializing in treating emotional issues.
During the workshops, we engaged participants who used cur-
rent musical Al techniques to create treatment plans for two pre-
designed cases, including the prevalence of emotional issues. After
the workshops, we summarised the music therapy workflow and
identified the musical Al opportunities in each stage. We offer a
deep understanding of the potential benefits and concerns that mu-
sical Als may bring to music therapy from the perspective of music
therapists. Finally, we discuss our findings and conclude the design
implications of future musical Al products for music therapy.

In sum, this paper makes the following contributions: 1) Empiri-
cal understanding of music therapy practices derived from semi-
structured interviews and co-design workshops with 14 practicing
music therapists; 2) The opportunities of leveraging Musical Als
in music therapy, as identified in co-design workshops, framed by
emotion-focused therapy principles; 3) A comprehensive analysis
of musical Als’ potential benefits and concerns for music therapy, as
perceived by music therapists; 4) An in-depth analysis comparing
the collaboration between expert music therapists and Al within
the broader research context of human-AI collaboration; 5) Four
design implications for integrating musical Als into music therapy.

2 RELATED WORK
2.1 HCI Research for Music Therapy

The research on music therapy within the HCI community is diverse,
with most studies following a client-centered approach to address
clients’ needs, such as enhancing the user experience of music ther-
apy through user engagement [52] and interactivity [36, 58, 77, 90].
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Researchers have proposed various technologies to enhance the
interactivity of music therapy systems and engage clients more
in music activities. These technologies include augmented real-
ity [24, 58], visualization and immersive display techniques [74],
and tangible user interfaces [36, 58, 77, 90].

Although previous research has primarily focused on client’s
needs, as they are evidently in need of assistance due to a lack of mu-
sic knowledge, some studies have also paid attention to the needs of
therapists. To understand music therapists’ needs, Baltaxe-Admony
et al. [6] explored user interface designs catering specifically to
them. They found that versatility, form factors, ease of the user,
standalone, and data collection are the major design factors that
music therapists cared about the most when considering using in-
teractive systems in music therapy. Moreover, Baglion et al. [4]
assessed the use of technology by music therapists throughout
the referral, assessment, treatment, and documentation processes,
employing surveys and interviews. These studies show that thera-
pists face many challenges when conducting therapy and require
technological support. However, the current use of technology by
therapists is very basic. Especially regarding the needs of therapists
who want to offer personalized, efficient therapeutic services, there
are currently only basic digital musical instruments, digital record-
ing, and online streaming software available. Al technology, which
has great potential to meet their needs, is still under-researched.

In this study, we aim to explore the integration of musical Al into
music therapy practices, seeking to enhance the HCI and Al com-
munities’ understanding of its potential benefits and applications
in this field.

2.2 Recent Advances in Musical Al Technologies

Musical Al technologies encompass artificial intelligence systems
designed for diverse music applications, including music recom-
mendations [83], music generation [39], genre transformation [11],
and tone transfer [27]. This field has garnered significant interest
within the HCI community, with numerous music-related domains
poised to benefit from advancements in musical Al technology.
Several HCI researchers have explored various Al technologies
with the potential to enhance music therapy practices. This pa-
per primarily reviews contemporary musical Al technologies that
could bolster music therapy activities [38]. Based on their func-
tionalities, we classify these technologies into categories such as
general melody generation [42, 72, 79], emotion-driven music gen-
eration [34, 45], melody harmonization [44], and music genre or
tone transfer [11, 27].

From the above, it is evident that musical Al technology has
developed robustly; however, its application in music therapy has
been minimally explored. Does the current state of musical Al offer
benefits for music therapy, and what specific types of musical Al
applications are required by music therapists? Addressing these
questions is crucial for the advancement of technology-assisted
music therapy. Consequently, this paper seeks to evaluate and im-
plement these musical Al technologies from the music therapists’
perspective, aiming to resolve these crucial questions within the
therapeutic context.
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2.3 Designing Human-AI Collaboration for
Therapy

The aim of designing human-AI collaboration is to harness the
unique strengths of humans and Al ultimately improving the per-
formance of tasks carried out by either humans or Al alone [91].
Several studies have shown the advantages of human-AlI collabora-
tion in art therapy and various physical health therapy practices.
For instance, DeepThlInk [26] is an Al-infused art-making system
created for art therapy in collaboration with art therapists. It seeks
to reduce the expertise needed for art-making and boost users’
creativity. Colorbo [51] is an interactive system that facilitates
human-AlI collaboration for therapeutic art, specifically mandala
coloring, involving a complex process of coloring, color combina-
tion, and pattern analysis. Some Al-based interactive systems have
been developed to aid collaborative decision-making with therapists
during rehabilitation assessment [55, 56]. Furthermore, given that
conversations are critical in therapy, a recent study illustrated how
human-AI collaboration enables more empathetic conversations in
mental health support [84].

Current Al research in music therapy has largely focused on
developing music recommendation algorithms for therapy [10, 99]
and training generative models to generate therapeutic music [41,
43, 97]. However, few studies have explored human-AI collabora-
tion in music therapy. Growing research interest aims to explore
human-AI collaboration in creative music activities, including live
performances [9, 37], composition [29, 59], and production [67].
Nevertheless, most studies on user and musical Al system collabora-
tion lack a therapeutic context. Music therapists often have a heavy
workload and are expected to be versatile [4]. Music therapists need
to excel not just in performance and composition but also in com-
munication skills [73]. With the potential of hybrid intelligence to
support creative music activities, the research intends to explore its
role in enhancing music therapy activities like instrument playing,
composing, and performing for well-being [14]. Although human-
Al collaboration in therapy shows promise, critical challenges have
been identified, such as the lack of human-like empathy [17], im-
pact on the therapeutic alliance [92], and client attitudes towards
Al guidance [65].

Most prior research in HCI related to Al systems for therapy
has concentrated on aiding specific aspects or challenges within
the therapy process. In contrast, our research aims to understand
the collaborative dynamics between humans and Al across music
therapy. Moreover, the mentioned studies [17, 65] focus mainly on
client interaction with Al, overlooking the professional therapists’
collaboration with Al in therapy. Therefore, our work distinguishes
itself by highlighting a unique stakeholder perspective: the collabo-
ration between professional therapists and Al in therapy.

3 METHODOLOGY

To gather insights on how musical Als would support the music
therapy practice and identify the potential design opportunities and
challenges, we conducted semi-structured interviews and hosted
two co-design workshops with practicing music therapists. Co-
design approach [86] is widely used in the HCI community to
design and develop interactive systems involving special groups of
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people, such as domain experts. The collaboration aims to facili-
tate and ensure that the final design aligns with the users’ needs,
preferences, and expectations. In our study, adopting the participa-
tory design method allows us to deepen our understanding of how
music therapy can incorporate musical Als and facilitate feedback
collection during each implementation process. Another reason
to host a co-design workshop is that music therapists come from
diverse backgrounds and follow various therapy methods. From our
interview session, we cannot agree on using musical Al to imple-
ment it in a wider music therapy context. Thus, after the interview
session, we conducted a further co-design session.

3.1 Overall Research Protocol

We conducted semi-structured interviews and developed two virtual
design workshops to explore and understand how musical Als
would assist music therapists during the treatment process. Semi-
structured interviews were conducted with six music therapists (see
Table 2, I1-16) to understand their basic workflow, typical therapy
cases, and current pain points. The detailed interview guidelines
are in Appendix C. We first conducted a group interview with
three participants who graduated from the same institute, then
interviewed the rest separately. One of the one-to-one interviews
was conducted in person, while others were conducted online via
the video conferencing tool Tencent Meeting [63].

Two design workshops were also conducted remotely following
the same procedure with eight music therapists (see Table 2, P1-
P8, four in each workshop). We used an online collaborative tool,
Teamind [89] (see Appendix E, Fig. 6 and Fig. 7), to create a shared
control design space to facilitate the participants to write or draw
their ideas. To avoid unnecessary difficulties encountered in using
the online design tool, four researchers (the stance of the research
team is reported in Section 3.5) took on the role of facilitators in
each workshop to support participants in managing the board and
putting ideas on the shared canvas. We also inform participants to
prepare paper and pens in advance.

3.2 Procedures

3.2.1 Interview Procedure. Semi-structured interviews lasted from
one and a half to two hours. Before the interviews, we developed
a semi-structured interview guide through an iterative process in-
volving all research team members. The questions started by asking
participants to share their current practices and work progress and
then asked about their current issues with their current patient

types.

3.2.2 Co-design Workshop Procedure. The whole workshop is de-
signed to last four hours. Three days before the workshop, we sent
prepared Al-generated music material (see Sections 3.3.1) to each
participant and suggested that the learning process would take
one or two hours. We encouraged participants to interact with the
models and listen to the generated music before participating in the
workshop session. However, our main objective was for participants
to understand the functionalities and understand what musical Als
can do. Therefore, we did not require participants to test all the
systems. However, we aim to understand the participants’ natural
reactions and preferences towards musical Als after they have ac-
quired knowledge from the learning material. Additionally, we are
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interested in understanding the participants’ learning experience.
Therefore, we asked them to fill out an interview survey to gather
their subjective feelings about the learning process and receive
comments on musical Als. All participants expressed positive senti-
ments towards the learning process and did not report experiencing
cognitive overload.

During the workshop, we first provided a 20-minute introduction
to introduce the study background, recall the Al-generated music
materials, and provide the pre-designed cases (see Section 3.3.2).
Next, we asked participants to use 15 minutes to work indepen-
dently on an online collaborative whiteboard to brainstorm possible
treatment solutions for the two cases using musical Al techniques.
To facilitate the following discussion, we set up a 15-minute ice-
breaking game that allows participants to become familiar with
each other. Each participant wrote down their hometown, favorite
song, and most memorable experiences in the activity. Then, we
went to a 60-minute personal design and 90-minute co-design ses-
sions. In the first workshop, we divided the four participants into
two random groups to discuss their designs and prepare for the
group presentation. However, based on the feedback from the first
workshop that participants were more willing to discuss in the
group, we directly moved to the discussion session in the second
workshop. In the last 20 minutes, we asked participants to report
their design outcomes to all the participants and make comments
based on them. After the design workshop, we invited participants
to participate in individual 20-minute semi-structured interviews
where we asked about their experience during the workshops and
subjective feelings about musical Als.

3.2.3  Ethical Considerations and Others. Before initiating the study,
participants were encouraged to express their willingness to par-
ticipate in all prescribed activities, understanding that they could
withdraw from any task at any time if they encountered any discom-
fort. In our study, all participants reported a positive willingness to
participate in all activities. All of the studies were conducted within
a Chinese language context, and the quotes were translated into
English afterward.

3.3 Materials

3.3.1 Al-music learning materials. We examined current state-of-
the-art musical Al technologies and selected several of the most
representative works as the Al materials for our study [38].

We categorized the selected models based on their functionalities
and divided them into five categories: (1), Technique A: General
Melody Generation (Ge-Gen); (2), Technique B: Emotion-based Mu-
sic Generation (Emo-Gen); (3), Technique C: Melody Harmoniza-
tion (Melo-Har); (4), Technique D: Music Genre Transfer (Genre-
Tran); and (5), Technique E: Tone Transfer (Tone-Tran). The de-
scription of each category and the corresponding sample models
can be found in Table 1.

To adequately prepare workshop participants to utilize musical
Al technologies, we created educational materials encompassing
a comprehensive overview of musical Al technologies. Each al-
gorithm’s capabilities are detailed within specific categories, ac-
companied by corresponding deep-learning models. Furthermore,
we supplied textual introductions, audio samples, online video tu-
torials, and live demonstrations for each model. Additionally, a
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condensed version of the instruction was developed to facilitate
quick recollection of terms and enable easy use during the work-
shops, featuring concise introductions of each music algorithm
function and a limited selection of audio samples. In the detailed
version of the learning materials, we included four open-source mu-
sical Al systems: Melody Mixer 1 Beat Blender 2, DeepBach 3 and
COCOCO *. Due to not all current musical Al research, including
interface design, other music materials were directly pre-generated
by our researchers. We collected the participants’ interest in five
kinds of musical Als through a pre-workshop survey (N = 6; two
participants didn’t finish our questionnaire; the survey details are
in Appendix D). The results show that Ge-Gen received a 16.67%
score while the other four techniques all received a 66.67% score.
We did not specifically gather information on why Ge-Gen re-
ceived a lower score than other categories. However, based on our
participants’ responses to the survey, P4 mentioned that if Ge-Gen
is only focused on generating various types and styles of music
without a clear link to the purpose of therapy, it may not be ef-
fective. Therapy is a nuanced and intricate process that demands
substantial learning. We can speculate that participants questioned
whether the generated music would effectively balance personal-
ized interest and therapeutic function. This might be caused by the
low satisfaction level of the Ge-Gen technique.

3.3.2  Pre-designed cases. We noticed that music therapists have
varying expertise and treatment methods. Meanwhile, as their treat-
ment is client-centered, clients’ characteristics, medical problems,
and responses can greatly affect what kind of treatment and tech-
niques music therapists use. As such, we used a persona-based
method to facilitate the brainstorming amongst therapists and al-
low them to focus more on using Al-generated music. We designed
two cases related to emotional issues related to depression, anxiety,
and stress, which are the top 25% percent of increased mental health
problems triggered by the COVID-19 pandemic [96]. We diversified
the two cases based on gender, age, personality, music background,
and emotional problems to reflect the different client groups. This
approach would allow participants to have more design possibilities
(see detailed case descriptions in Appendix A.1).

(1) Case 1 describes a female college student experiencing de-
pressed emotions due to academic stress. She exhibits symp-
toms of depression, including a persistently sad mood, di-
minished interest in daily activities, inappropriate feelings
of guilt, and sleeping issues. She is an introverted individual
who finds it difficult to express herself. In her childhood, she
used to play the piano.

(2) Case 2 is a middle-aged male recently laid off. He shows typ-
ical symptoms of restlessness, irritability, and anxiety. The
increased pressure led him to start drinking, which further
caused emotional conflicts with his family members. He used
to be outgoing and enjoy going to live concerts with friends.
He has no previous musical instrument-playing experience.

!https://experiments.withgoogle.com/ai/melody-mixer/view/
Zhttps://experiments.withgoogle.com/ai/beat-blender/view/
Shttps://www.google.com/doodles/celebrating-johann- sebastian-bach
4https://pair-code.github.io/cococo/
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Table 1: Five categories of AI materials
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Techniques ID Al Techniques

Main Functions

Sample Models

Generate music from scratch: randomly gener-
ate melodies from scratch
Generate by extending intro music: randomly

MuseNet [72]
MusicVAE [79]

Ge-Gen General Melody  generate melodies that extend given intro music
. s . .\ Compound Word
Generation Create transition: Create a harmonic transition
. . Transformer [42]
between two separate melodies by performing
music interpolation
. . . . EMOPIA [45
Emo-Gen Emotion-based Emotion-based generation: produce music o\ [45]
. . . . . Conditional VAE [34]
Music Genera- pieces with disparate emotions that may be
tion characterized using Russell’s circumplex model.
Melo-Har Melody Harmo- Harmonize prime melody: produce a harmo- Coconet [44]
nization nized music piece when given a prime melody
Transfer genres: adapt an existing music piece
to a different music genre (e.g., a jazz style to a
Genre-Tran Music  Genre classical style) MIDI-VAE [11]
Transfer Create song mixtures: create mixtures of multi-

ple distinctive songs

Tone-Tran

Tone Transfer

Transfer tone: transform sounds into musical in-
struments (e.g., transforming the sound of birds
chirping into violin performances)

DDSP [27]

3.4 Participants

Due to the various techniques that music therapy includes, we
require participants to have experience in treating clients with
anxiety, stress, and depression. We recruited participants via snow
sampling and online advertising on WeChat. Overall, 14 participants
(1 male,13 female, aged 25 to 40) were hired. All of the participants
are Chinese. However, some of them have working experience in
different countries (see the following details in Table 2). We have
conducted inquiries regarding music therapist certification in differ-
ent countries. In the United States, individuals must obtain Music
Therapy Board Certification (MTC-C). In Canada, the certification
of Music Therapist (MTA) can be obtained through the Canadian
Association of Music Therapists. Each music therapist who partici-
pated in interviews and the co-design workshop was compensated
based on their professional hourly rate, which amounted to approx-
imately $200 per hour.

3.5 Research Team and Stance

Our research team included people with backgrounds in human-
computer interaction, music therapy research, design, and Al algo-
rithm research and development. One researcher is a senior Ph.D.
candidate with experience conducting actual small-scale music
therapy, which helped us develop workshop pre-design cases. Each
group in our co-design sessions consisted of at least one designer
and one Al algorithm researcher.

3.6 Data Analysis

We collected data from all interviews and co-design workshops,
including video and audio recordings. The audio recording materials
were transcribed verbatim by two researchers. Thematic analysis,
which focused on the semantic interpretation of the data, was used

to conceptualize themes from the co-design workshops and the
interviews and further followed with an inductive open coding
approach. The two researchers carried out initial coding, and as the
analysis progressed, the conceptualization themes were discussed
among the research group members.

4 FINDINGS
4.1 The Co-Design Music Therapy Treatment
Plan

During co-design workshops, all of our participant music thera-
pists designed and shared their therapy ideas in Case 1 and Case 2.
Following multiple rounds of discussion, they agreed on the music
therapy plans. We concluded the typical music therapy workflow
they utilized as a working procedure and outlined their therapy
plan accordingly.

4.1.1  Typical Workflow of Music Therapy. All participants (14/14)
agreed that, up to now, music therapy has developed into different
therapeutic genres and therapeutic techniques. However, there is
no single unified working workflow for music therapy. To inves-
tigate potential musical Al design opportunities in music therapy,
we adhere to a standard music therapy workflow derived from
discussions with the participating therapists. This workflow also
aligns with general psychotherapy practices. Throughout our de-
sign workshop, the workflow of music therapy around emotional
issues can be divided into three phases: 1) Information Collection,
2) Emotional Problem-Solving, and 3) Treatment Consolidation
(see Figure 1). In the phase of Information Collection, the therapist
gathers information about the client’s musical preferences, history,
and emotional concerns. During the phase of Emotional Problem-
Solving, the therapist uses music to address and work through the
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Table 2: Demographics of Music Therapist in This Study
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‘Working R . Applied . Knowledge
ID Years Country Certification Theories Clients of Al
MTA; L. .
I 510 China Certified Humanistic Humanistic psychology Currently teach-  Not know
in China psychology ing in college atall
I_ISUI:}?:litw_ Children with special needs; Rehabili- Not know
12 3~5 Malaysia MTA psy! gy tated patients; Elderly with emotion is-
Psychodynamic sues atall
psychology
. - Have heard
3 3~5 China glegllﬁ;i Hsulzlﬁ:llusnc Elderly with emotion issues it but never
psy! gy used it
. . Adults with obsessive-compulsive disor-
14 5~10 China Certlﬁed CBT; der; Depression; Persecutory delusion; Not know
in China DBT - - . - atall
sleeping disorder; Eating disorder
Humanistic . . . .
China/ MTA: psychology: People Wlth depressmn and anfﬂety, Chil- Not know
15 5~10 . dren with special needs; elderlies; People
Canada MT-BC Psychodynamic e T at all
psychology with disabilities
Humanistic Have heard
6 5~10 China / MTA; psychology; Children with special needs; Alzheimer’s; it but never
United State MT-BC Psychodynamic  Adults with depression; Schizophrenia used it
psychology
Humanistic Adults with anxiety and depression Not know
P1  5~10 China MT-BC psychology; symptoms; Teenagers and adults with di- atall
CBT agnosed depression and anxiety
P2 5~10 Chi Certified Humanistic General psychological issues, including ~ Not know
mna in China psychology depression, and anxiety atall
China / MTA: Hum}? nllStIC' People with depression and anxiety; Chil-  Have heard
P3  5~10 C Z MT—B’ fo Il;SyChOdOgy, . dren with special needs; elderlies; People it but never
anada p:;c:hgloygr;amw with disabilities used it
. . Maternal depression; Teenagers with de-  Have heard
P4  3~5 China i(;erct;grelg P:yzﬁgfo ynamie pression, schizophrenia, personality dis- it but never
psy 8y order used it
P5 5410 Si Certified Humanistic Adults with depression, anxiety, bipolar ilivet I;ear(i
ngapore in China psychology disorder, schizophrenia 1t but neve
used it
United MTA: Hsur:}elz:llsnc' Adults with cancer, schizophrenia, emo-  Have heard
P6  5~10 States MT—B:C gsycho 4 glzlz;mic tional disorder, depression, anxiety, and it but never
/ China ps;]choloygy stress; special care baby unit used it
Certified Humanistic Adult with emotional issues; oncology =~ Have heard
P7 10+ China in China psychology; clients; autism; Alzheimer’s; prison in- it but never
CBT mates; newborns used it
United HSuT}?:llstw' Adults with depression, anxiety, phobia, Have heard
P8 3~5 States MT-BC gsycho 4 glzlz;mic psychological disorders, schizophrenia, it but never
pszcholo}:gy bipolar disorder, and split personality used it

client’s emotional challenges and issues. Treatment Consolidation
refers to integrating the progress made in therapy and utilizing mu-
sic to maintain emotional well-being and growth. Our study mainly
focused on using musical Als in the Emotional Problem-Solving
phase. Emotional Problem-solving is similar to emotion-focused
therapy, containing two core stages, emotion arriving and emotion
leaving [33]. At the arriving stage, emotion awareness is primar-
ily designed to help clients experience and express their emotions,
associated with emotion acceptance that helps clients understand

and accept their current emotions. Once the client is fully aware of
and accepts their emotions, the focus shifts to the leaving stage.
At this stage, the therapy session centers on coping with the client’s

emotional issues (emotion coping) and transforming them into the
desired emotion (emotion transformation) [33]. During emotion
coping, therapists will assist clients in coping and addressing cur-
rent emotional issues first. Once relief is achieved for the current
emotional issues, therapists will help clients further transform their
emotions, facilitating the emergence of new emotional states. Since
emotions are dynamic, the Emotional Problem-Solving phase in-
volves an iterative process, potentially revisiting stages until the
client successfully achieves the target emotion. Subsequently, the
therapy transitions to the consolidation phase.

4.1.2  Music Therapy Treatment Plan with Musical Als. Using mu-
sical Al technologies and two pre-designed cases as prompts, the
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Figure 1: Typical Workflow of Music Therapy

therapists collaborating with our researchers engaged in brain-
storming sessions and formulated treatment plans incorporating
musical Al techniques. Following our derived workflow of music
therapy (See Figure. 1), we summarized their therapy plans. We
described how therapists treated clients with two different treat-
ment cases, including the music therapy methods and musical Al
techniques used at each treatment stage as follows (See Figure. 2).

(1) Emotional Awareness. Music therapists often first help clients
understand their own emotions. The first stage is dedicated to emo-
tional awareness, in which the therapist will guide the client to
evoke, experience, and express their negative thoughts and feelings.
At this stage, both Case 1 and Case 2 focused on facilitating emo-
tion recognition, which helps clients become aware of their current
emotions. However, participants mentioned that different client per-
sonalities might require slightly different treatment strategies and
different techniques can be employed in diverse ways. For instance,
in Case 1, as an introverted client and in a low-arousal emotional
state, participants suggested using Genre-Tran in music imagery
to assist in resonating emotions by transforming to different music
styles. This helps stimulate the client’s imagination and enhance
emotional awareness.

“Let the client choose a favorite song and generate emo-
tional resonance. Then, through the changing function
of the music style, the client’s imagination is promoted,
and the emotions expressed by the client may be differ-
ent from those expected by the therapist.” (P2)

What’s more, for clients similar to Case 1, who may struggle to
express their emotions and remain unaware of their own feelings,
participants suggested using the improvisation method to facilitate
the expression process [61]. Since the client has a previous musi-
cal background, Ge-Gen and Melo-Har have been proposed to
streamline the creative process and assist clients in automatically
generating accompanying music.

Additionally, music listening is employed to aid clients in de-
veloping awareness of their emotions. Therapists thought clients
could gradually recognize their unresolved emotions through music
listening. The key is to use emotional music that aligns with the
client’s emotions, facilitating their immersion in and awareness of
their emotional state. However, novice therapists may struggle to
create music that matches their clients’ current emotions. Therefore,
employing Emo-Gen would be better to emphasize with clients.

“The algorithm for generating emotional melodies can
help the client understand and define his current emo-
tions or those that have occurred more frequently re-
cently. This can be a tool to help him understand his
emotions.” (P4)

Moreover, the recreation method has been mentioned to help
clients become aware of their emotions and carry out subsequent
interventions more effectively in Case 2. It is especially crucial for
clients with anxiety to be cognizant of their emotions [94]. The
recreation method would extend their level of participation and
help them recognize their emotions. The Melo-Har technique is
mentioned to support the recreation process.

“First, the melody familiar to the visitor was made into
a MIDI file, and then he was asked to create his accom-
paniment. Al can help him generate different harmonies
and different accompaniment styles. He can choose from
these musical materials according to his expectations
or his mood.” (P1)

(2) Emotional Acceptance. The therapy session will move on to
the emotional acceptance stage once emotional awareness has been
achieved. This will enable the client to understand their emotions
objectively and make preparation for moving on to the leaving stage.
Both cases mention music listening to help clients reflect on their
current emotional state. In Case 1, Emo-Gen creates personalized
emotional music based on the client’s music preferences. In Case 2,
improvisation refers to the request to clients to verbally compose a
melody representing their emotions, which can then be transformed
into an instrumental piece using Tone-Tran techniques. The client
listens to the melody with the therapist and objectively evaluates
the emotions involved. This stage facilitates the client’s acceptance
of their own emotions.

“Ask him to hum a melody by himself and then turn
his hummed melody into the sound of an instrument.
That is, present the melody he hums in a new timbre. It
might bring out a different feeling.” (P1)

This would allow the client to record and convert improvisational
pieces into complete music. Clients can identify, accept, understand,
and further reflect on their creations by listening to them.

(3) Emotional Coping. In this stage, therapists focus on addressing
negative emotions and the problems these emotions cause. When
transitioning to the emotion leaving stage, participants consider the
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1. Both facilitate emotion recognition.
2. Both used the melody harmonization

technique.

Case 1:

Targeted at an introverted client with
low-arousal emotional state. The client
resonates with songs through music
imagery and genre transfer, utilizing
their musical background to create
favorite music styles.

Case 2:

This approach is designed for an
extroverted client who experiences
anxious emotional states. The client
does not have any musical background
but he is sensitive to music, thus listens
to emotion-based music able to help him

identify and express emotions.

Music Listening

Emotion-based
Music Generation

Music
Listening

Tone
Transfer

Improvisation

Music listening helps both
individuals reflect on their
current emotional state.

Case 1:

Assists an introverted, low
arousal state client in
understanding their current
situation and assessing their
inner mood through listening
to generated emotion-based

music.

Case 2:

Helps an extroverted,
anxious client experience
emotions through tone
transfer with familiar music.
Encourages creating
different feelings by
humming improvised
melodies.

Music Listening

Emotion-based

Music Generation

1SO Music
Listening

Emotion-based
Music Generation

Both utilized emotion-
based music
generation technique.

Case 1:

Assists introverted, low
arousal clients with
personalized emotion-
based music to boost
positive emotions, self-
confidence, and reduce
loneliness.

Case 2:

Helps extroverted, anxious
clients by matching their
mood with emotion-based
music, helping with mood
shifts and calming high

arousal level.

Tone Transfer

Music Emotion-based
Listening Music Generation
General Melody
Generation
Music
Listening
Recreation Tone Transfer

Improvisation

1. Both provide clients with new feelings
based on existing music pieces.

2. Both include the music listening
method.

For an introverted and low arousal state
client, these methods aim to rebuild a
positive attitude, enhance self-
confidence, and improve mood. They
help alleviate depression by using the
client's preferred music to generate
harmonies and transition between
pieces.

Case 2:

For an extroverted and anxious client,
these methods focus on rebuilding self-
confidence and enthusiasm. The client
can recreate their favorite music and
create new music to achieve self-
identification. By repeatedly listening to
self-created music, the client can reflect
on past experiences and emotions,
which can lead to changes in mood.

Figure 2: Different stages of emotional problem-solving in music therapy in two cases: matching of music therapy methods and
Al algorithms

first step to cope with current emotions. Music therapists will help
clients deal with existing emotional issues without generating new

emotions. The approach of music listening reappears. However, in
Case 1, the therapists aim to use Emo-Gen to alleviate the adverse
effects of negative emotions experienced by the client rather than
use emotional music to resonate her feelings. As P3 mentioned:

“Music with low arousal and positive valence is needed
to help the client improve sleep.” (P3)

For Case 2, therapists believe that it is necessary to calm the
client first, as he may be experiencing anxiety and high emotional
arousal. Reducing arousal can help soothe the client and gradually
generate more positive emotions. Therefore, the therapist opted for
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the ISO principal Music Listening Method, which involves initially
listening to music that matches the patient’s current mood and then
gradually transitioning to listening to music that represents the
desired emotion. In this study, the therapist chose this approach
to reduce the emotional arousal level of case 2 and promote relax-
ation [88].

“Unlike emotion in Case 1, he is more agitated. It’s best
to ask him to listen to a piece of music that matches
his emotion and then (use Al to) gradually change the
music style to bring his emotion down to a level we want
before moving on to the later work.” (P4)

Additionally, Emo-Gen can generate music that resonates with
clients’ personal feelings and support refined adjustments and tun-
ing.

(4) Emotional Transformation. This is the final stage of releasing
emotions. Music therapists assist their clients in transforming into
the desired positive emotion. Depending on the client’s cognitive
perception, this transformation may occur after or during emotional
coping.

The music listening method could be used to support Case 1 in
developing positive emotions. The Tone-Tran technique provides
clients with new feelings based on existing music pieces. Reproduc-
ing familiar music with variations could help clients develop new
emotional experiences.

“Firstly, the music that the client likes is used to help the
client quickly integrate into the treatment, and then the
tone transformation is used to bring new feelings, break
the inherent impression, and help them experience new
emotions.” (P3)

Furthermore, therapists believe that Emo-Gen can gradually
direct the client’s emotional state towards the target mood. While
music therapists usually achieve this through live performance,
novice therapists may find it challenging to control music with
clients’ dynamic emotions due to their lack of experience. There-
fore, musical Als can assist therapists by generating music that
matches the client’s changing emotions and enables quick changes
and adjustments. To ensure smooth emotional transitions between
pieces, therapists suggested using Genre-Tran to create transitions
between the generated pieces.

In addition, therapists chose recreation at the emotional transfor-
mation stage. Algorithms for Melo-Har (for harmony and accompa-
niment generation) can reduce clients’ resistance during treatment
and lower the threshold of music creation. Clients could achieve
positive emotions by recreating music with the help of AL

“Firstly, different harmonies are generated for the mu-
sic, and then the clients are invited to accompany the
music according to the generated harmonies to form
their music. This method can help them rebuild their
positive attitude and build self-confidence.” (P5)

The majority of therapists recommended utilizing Tone-Tran
in Case 2 for clients with limited music experience. Their initial
suggestion involves inviting clients to hum their emotions and
transforming the sound into other instruments. This creation is
also a form of improvisation. Following this, the music therapist
will encourage the client to listen to this music and prompt them
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to develop it further. The tone transfer technique has the potential
to produce harmony and accompaniment to the client’s hummed
melody, ultimately leading to the generation of new music and
emotions.

“Save the melody that they hum themselves as a melody
in another timbre, and let them make the harmonies and
accompaniment for this melody by themselves, turning
it into a new musical fragment. In this way, they may
develop a sense of success because the whole therapeutic
model is success-oriented. At the same time, there is a
new feeling when they hear what they have expressed
being presented as a complete piece of music.” (P8)

4.2 Potential Benefits of Musical Als on Music
Therapy

Increase therapy

efficiency

AD g7
" Musical Als

Music Therapists /

Enrich the content of music therapy

Enable more Musical .
n . . Increase client
customized & interactive Content "
engagemen
treatment plans Expand the range

of clients

£

Potential Clients

L.
Therapy Activities Clients

Figure 3: Potential benefits of musical Als on music therapy

Gathering participant feedback and opinions has revealed several
potential benefits of integrating musical Al into music therapy.
These advantages encompass enhanced therapy efficiency, enriched
therapy content, personalized treatment plans, and boosted client
engagement alongside an expanded client base.

4.2.1 Increase therapy efficiency. Participants believe that musical
Al can assist music therapists in efficiently performing and produc-
ing music-related tasks and simulating musical instruments when
they are impractical or unavailable. Therapists suggest that mu-
sic generation techniques, namely Ge-Gen and Emo-Gen, could
lighten their workload by aiding in composition and generating
harmony and transitions between musical pieces. Participants em-
phasized the need for consistency and uninterrupted sessions in
music therapy, noting that pauses could hinder clients’ engagement
with their emotional states.
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“If the technique is suitable for use, I just need to select
two pieces of music and generate the music for transi-
tion, which includes harmony. If all transitions can be
generated, we don’t need to manually create the transi-
tion using another piece of music (by ourselves). This
could be more efficient.” (P4)

Furthermore, participants believe the Tone-Tran technique could
lessen the need to transport numerous instruments for client out-
reach services or community programs, proving especially useful
in group sessions requiring multiple instruments. P4 elaborated on
this benefit:

“When preparing for group activities, we cannot prepare
instruments comprehensively, especially if they are not
portable, like drums, cellos, etc. Sometimes, we can only
use the guitar. The Al technique can generate the tone
of a desired musical instrument when it is not available
in the client’s place.” (P4)

Participants anticipate that musical Als will facilitate music-
making and editing tasks, enabling therapists to focus more on
monitoring their clients’ emotional shifts.

4.2.2 Enrich the content of music therapy. Participants consider
that musical Als have the potential to expand the musical content
available for music therapists to use during treatment. These tech-
niques could broaden music selection options, inspire therapists
during music creation, and facilitate playing unfamiliar genres or
instruments. When creating a music library, participants mentioned
that they either use music that is referenced from educational ma-
terials, use the music library curated based on peer review among
coworker music therapists, or self-created playlists based on subjec-
tive categorization. However, they noted an issue: music libraries
often don’t meet clients’ diverse needs. Thus, therapists expect that
musical Als could support generating certain types of music to en-
rich the current playlists for receptive music therapy. As mentioned
by P7:

“Sometimes I want to expand my music library. It would

be great If it could generate songs related to certain

groups of people during the treatment.” (P7)

P1 suggested that music randomly generated by Ge-Gen could
potentially inspire music therapists. Additionally, junior music ther-
apists practicing improvisation may find Al-generated music a valu-
able reference for self-training.

“I'm currently treating different types of clients, I need
lots of different harmony directions. The randomly gen-
erated music could give us more inspiration... The junior
therapists can use Ge-Gen as a reference during the
learning process.” (P1)

Therapists mentioned that Al-generated music could compensate
for their limitations in musical performance abilities, including a
perceived lack of experience producing certain musical instruments
or genres.

“It is impossible for every therapist to be good at all the
instruments and music styles. For example, one of my
clients likes saxophone, but I don’t know how to play
it. I can use Tone-Tran to present its tone. e.g., when
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the client hums ’de de de’ (simulating human singing),
then Al can transfer it to the tone of a saxophone.” (P1)

4.2.3 Enable more customized content for treatment. Due to indi-
vidual differences and emotional complexity, customized treatment
is demanding and challenging [4] in music therapy. Understand-
ing and accurately describing clients’ emotions is a key objective
for music therapists, as it significantly improves the quality of the
treatment. Participants expressed interest in using musical Als to
enhance their empathy skills in the workshops.

P1 made an example of generating music tailored to clients’ per-
sonal experiences and preferences that might facilitate the therapy:

“We can use the client’s favorite music as a starting
point to let them generate their own harmonies and
accompaniments that match their life experience. In
this way, music can integrate personal experiences and
scenes, like fragments. The client can combine the emo-
tion with specific scenes to make music that fits their
own story.” (P1)

P3 expects that musical Al could combine the current music
therapist’s library, the client’s current mood, and the event context:

“Currently, the music we use is often sourced from pre-
organized music libraries. However, if an Al could gen-
erate music matching the client’s mood and the back-
ground of an event, it would be truly unique.” (P3)

P4 hopes that musical Al can generate music stories rooted in
clients’ personal experiences, evoking deep resonance with their
personal narratives [16]:

“You can use a client’s own personal experience to gen-
erate a very personal story about the music so the client
can be more easily captivated by it.” (P4)

4.24 Increase client engagement. The concept of engagement has
been defined as associated with cognitive, emotional, and behav-
ioral components [50]. Cognitive engagement refers to the level
of concentration and involvement during activity participation,
emotional engagement focuses on the individual’s feelings and
emotions, and behavioral engagement refers to the actual action.
We will introduce how musical Als increase client engagement
from these three aspects.

Cognitive engagement. Integrating musical Als with music
therapy theories can enhance music creation and facilitate the
elicitation of diverse emotions in clients. Participants also consider
that musical Als may be able to assist clients in controlling their
attention, thus better expressing and shifting emotions. Additionally,
music therapists hope Al-generated music could be more creatively
utilized to help clients find inspiration and enhance their ability
to express emotions. Participants would consider Al capable of
creating music that represents their feelings by analyzing their
verbal expressions, further contributing to the therapeutic effect.
P4 explained:

"I can see that this (Al) technique can be applied in
either improvisation or creation. Tone transformation
(Tone-Tran) can be used to express different emotions
and (can help clients) become aware of the current emo-
tion. In Case 2, the client can just hum a melody that
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comes to mind (then he can engage and be aware of his
inner emotions). " (P4)

Behavioral engagement. Participants believe musical Als can
help clients express their inner emotions, especially those who may
be hesitant, as indicated by P1:

“In Case 1, the client is more introverted and may not
know how to express herself, but she is familiar with
the music style and playing melodies. So I will ask her,
"What song do you like that can resonate with your
feelings more?’ Then, she may have chosen a certain
song. Then, I will tell her that the song would be adapted
later. When she changed the song, what she changed (the
music style) may be unexpected. Through her change,
I will further let her try music imagery based on the
music she just created. This process might trigger her
to make some associations through the music and learn
more about her inner self.” (P1)

P3 mentioned that Al-generated music may eliminate clients’
fear of making music.

“With the help of AL user can create melodies without
the fear as the music can be generated with just one-
click’” (P3)

Emotional engagement. Participants noted that Al-generated
music can introduce new emotions to clients and foster group
discussion, enhancing socialization. P4 explains:

“Let’s say you switch the style of the music through AL
For example, you listen to the original music or familiar
songs like Jasmine Flower (a Chinese folk song) at an
event. Then you use the technology to develop a jazz
version or a variety of styles of the ensemble version of
this song, which may stimulate discussion about music
and promote their socialization.” (P4)

4.2.5 Expand the range of clients. Musical Al has the potential
to alleviate challenges in playing or producing music, especially
for those without a musical background. This capability allows
individuals lacking musical knowledge to participate in music ther-
apy sessions, encouraging their involvement without intimidation.
Moreover, music therapists believe that enhancing clients’ musical
skills enables participation in a wider range of musical activities.

P4 and P7 noted that Al-generated music could potentially sup-
port individuals with poor emotional well-being who might not
require formal therapy.

“For those in need of emotional support—such as indi-
viduals with health issues, young people stressed from
work, or the elderly—music activities can offer solace.
Although these groups differ from typical clients, the
same musical Al can support various activities for di-
verse audiences.” (P7)

4.3 Concerns about Applying Musical Als to
Music Therapy

Participating therapists have expressed concerns about human-Al
collaboration in the context of music therapy despite the potential
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benefits of musical Als. Some of these concerns arise from the pro-
fessional role of therapists as healthcare providers and the unique
characteristics of music therapy. Another factor is the scarcity of
proficient musical Als and associated application systems.

Musical Als Music Therapist

J? Unclear Roles in 7 @

Collaboration

Music Therapy

Highly specialized and complicated

The intricate nature

Technology limitation

Current performance
doesn't meet expectation

Expectation

Hard to operate and Gap

Needs high-quality, robustly
effective musical interventions

Figure 4: Concerns about musical Als in music therapy

increase therapists' workload

Performance uncontrollable

4.3.1 Music therapy is specialized and complicated. Nearly all par-
ticipants contend that music therapy entails a far more intricate
therapeutic course than the mere playing of melodious composi-
tions. Their professional endeavors encompass a profound compre-
hension of the client’s psychological and emotional intricacies, cou-
pled with the formulation of therapeutic objectives and strategies
predicated upon medical acumen and experiential wisdom. Further-
more, it’s important to recognize that the therapeutic modalities
adopted by each music therapist are inherently idiosyncratic, adapt-
able, diverse, and improvisational, thereby rejecting a standardized
paradigm. The detailed opinions are shown as follows.

(1) The intricate nature of music therapy. Some participants
mentioned that the intricate nature of music therapy could present
challenges for adopting musical Als. While musical Als can en-
hance musical activities, they might not be adequate to fulfill the
complex demands of music therapy. This is because music therapy
encompasses more than just listening to pleasant music; it requires
music therapists’ expert knowledge and clinical experience.

P6 mentioned that:

“For a music therapist, clarifying the design goal is
paramount. It has relatively high comprehensive re-
quirements. Firstly, musical literacy and the compre-
hensive quality of capturing the other party’s emotional
state and understanding their psychology.” (P6)

Additionally, P5 highlighted the complexity of the training re-
quired for music therapists:

“It requires a high level of training to be a music thera-
pist. First, you need to understand music aesthetics, and
then develop sensitivity to capture the client’s emotions
and understand them in psychological ways.” (P5)

(2) The high requirement for quality and robustness. Mu-
sic therapy requires high-quality, effective musical interventions,
whereas using uncertain musical Al introduces significant risks.
Music therapy typically focuses on clients dealing with negative
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emotional states, emphasizing the importance of effectively ad-
dressing their emotional challenges. However, the current state
of musical Al technology has not attained levels of efficacy that
would satisfy music therapists. As a result, participating therapists
are concerned that experimenting with immature techniques could
have serious consequences. Several participants have mentioned
not being satisfied with the results generated by the music in our
workshop. For example, P1 points out that:

“The effect is crucial. Even if the music is themati-
cally interesting, they will still resist if they dislike the
sound.” (P1)

(3) The diverse needs of music therapy. Meeting all these
diverse needs with a single Al algorithm poses a challenge. Music
therapy is person-centered, customized care that is highly flexible
and dynamic. Our participating therapists pointed out that different
music therapists have different needs, which may challenge the
development of musical Als. For example, P3 points out:

“For instance, different therapists have different needs. If
some therapists are majoring in piano, they do not need
to use musical Als to support musical performances.
For others (who are not majoring in piano), sometimes
they have to use the piano for a special client, but their
technical skills may not allow them to implement the
assumption therapy plan (in piano). They need some
technology to help them.” (P3)

4.3.2  Musical Als’ technology limitations. The wave of deep learn-
ing advancements has fueled the development of musical Al The
participating therapists think that the technology’s current capa-
bilities are still limited after taking part in it and having firsthand
experience.

(1) Underperforming musical Als. Current performance of
musical Als” doesn’t meet expectations. While music therapists
acknowledge the pleasantly surprising advancements in musical Al
technology, they contend that the current efficacy of Al-generated
music remains rather restricted, particularly in terms of emotional
expression. Participants are more concerned about how musical
Als match emotions, resonate with clients, and are able to capture
delicate emotions. P3:

“Perhaps I have high expectations. I feel that if I had
listened to the generated music from four different emo-
tion categories and then chosen the corresponding four
emotions, I may not have chosen right.” (P3)

P5 criticized that musical Al is not able to match delicate emo-
tions,

“The main challenge is that delicate emotions are hard
to capture, especially using the machine. It does not have
temperature and no emotion. If you use rigid technology,
even if you can operate it, it is still made of a bunch of
mathematical formulas and models. It (the generated
sounds) is certainly not as good as music produced by
humans.” (P5)

(2) Low operability of musical Als. Musical Als are hard to
operate and increase therapists’ workload. Moreover, participants
doubted how to effectively integrate musical Als without disrupting
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the coherence of therapy. Some participants mentioned that musical
Als may add unnecessary workload to the treatment process:

“Let’s say playing guitar. I only need 30 seconds to pre-
pare, but I have to set up the computer when using
AL despite picking up my guitar. The whole process in-
creased my workload. So what is the point of me using
it?” (P6)

“When my clients come, I cannot let them wait and
adjust parameters on a computer and then let them
listen to the generated music. It is hard to integrate into
my therapy sessions.” (P3)

Besides, our participants point out that there is a lack of applica-
tions and friendly interfaces for music therapists:

“Tt seems there is a huge gap between hypothetical tech-
niques and therapy. Since there is no user interface at
the moment, so many things are unknown |[...] I think
at least I am not ready to say that I can take it (musi-
cal Al) to real clinical applications. Or do I still need
to learn more about using it before I can use it in the
clinic?” (P3)
P5 also mentioned that she held a vague feeling about how to use
Al technology:

‘T am unsure whether it would be made into an app
or something else. I want to know what form it will be
to know where to apply it. For example, I may use a
certain treatment plan or client type. For now, if you
want me to replace a certain [treatment] part with the
machine, I feel many places do not go smoothly. I don’t
know how it connects with the interface.” (P5)

Participants raised several concerns about employing Al tech-
niques. They voiced fears of increased workload for operations
and the need for more effort to learn new knowledge. Additionally,
they noted the inconvenience of pausing sessions for technique
adjustments and expressed uncertainty regarding the usability im-
plications of adopting the new technology.

(3) Uncontrollable performance of musical Als. Musical Als
have been observed to have unpredictable performance. Concerns
have been raised by some participants about the potential negative
impact of the generated sound on listeners or clients. P4 expressed
her concern about randomly generated music:

“How can I guarantee at least 99 percent of the randomly
generated music will not negatively impact my clients?
I am afraid it will be under control if it (musical Al)
irritates clients. If not, I will worry about the client-
provider dispute. Of course, there is no conflict with AI
technology itself, just that the impacts on clients are not
controllable.” (P4)

“Tdon’t know how it works practically. Not sure [...] how
different from our imagination. If that is too difficult to
operate, or the generated sound is completely different
from what we want to express, or clients hear the music
and say they do not feel that way.” (P2)

4.3.3  The unclear role of therapists in human-Al collaboration. In
addition to expressing worries about how to use musical Als in
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therapy scenarios, participants also questioned their relationships
with AL In the discussions of P3 and P4, they considered their
role in therapy “becoming sort of software operator” instead of the
music therapist. Moreover, some participants are ambivalent about
whether musical Als replace therapist-client interaction.

“What is the meaning of holding activities if let the
machine replace [the interaction]? It feels as if improvi-
sation is done merely for its own sake. In fact, we use
music to build connections, feeling each other’s emo-
tions during the improvisation. During improvisation,
we make adjustments and strive to match and resonate
with their emotions.” (P6)

“Even though I'm interested in Al technology and al-
ways think about how it can be integrated into music
therapy. However, my learning experience taught me
to focus more on human interaction. Therefore, I would
avoid using certain technology like this. So I would avoid
using certain technology like this.” (P8)

5 DISCUSSION

5.1 Designing Musical Als for Emotion-focused
Music Therapy

For the first step in exploring how to apply musical Als in music
therapy, we focused on solving a specific class of problems, which is
targeted to benefit further system design in emotion-related music-
therapist-AlI collaboration.

Therefore, we collaborated with music therapists to develop
a comprehensive music therapy treatment plan, encompassing a
typical music therapy workflow and an exploration of relevant
musical Als to support each stage of the therapy process for spe-
cific pre-designed cases. Discussions with therapists found three
main therapy stages and four processes. The five relatively mature
musical Al techniques mentioned previously, Ge-Gen, Emo-Gen,
Melo-Har, Genre-Tran, and Tone-Tran, were presented to the
therapists in advance and assigned to various processes of the ther-
apy workflow during their discussions. For example, in emotion
awareness, therapists largely agreed that Genre-Tran, Ge-Gen,
Emo-Gen, and Melo-Har can be used for music imaginary, impro-
visation, music listening, and recreation.

To better organize the co-design results, we utilized a theoretical
framework [33] for emotion-focused therapy as a typical workflow
to frame the design suggestions from our workshop. This workflow
aims to aid researchers with limited knowledge of music therapy
in linking musical Als to specific tasks within the practice of mu-
sic therapy. Furthermore, our investigation into musical Als has
enabled us to identify a current gap in using music Als within
music therapy. Musical Als primarily concentrate on algorithm-
based research, with minimal attention given to their application
within therapy. Integrating these discrete technologies in a manner
that supports various tasks performed by therapists and clients is
crucial for their effectiveness within the context of music therapy.
This workflow aids us in pinpointing the intersections of music
therapists and Al collaboration in addressing emotional issues. We
anticipate that Al technologies can serve as assistants to therapists,
helping them achieve more effective intervention methods [70].
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In short, our research serves as an initial step in exploring the
integration of Al into music therapeutic processes. Through this
co-design workshop, we established a connection between specific
music Al technologies and concrete therapeutic processes and meth-
ods. We believe this paper will shed light on further Al-supported
music therapy research.

5.2 Potential Benefits of Musical Als from
Music Therapists’ Perspective

Overall, all of our participants agree that musical Al tools are ad-
vantageous for therapists, clients, and treatment outcomes. Music
therapy is, in fact, a highly labor-intensive job. Music therapists
are also at risk for burnout [32]. Therefore, they appreciate that Al
could support some repetitive and tedious tasks, for example, pro-
viding examples of transition chords, as mentioned by P1. Besides,
the collaborative relationship between therapists and clients and
client engagement influence the ultimate therapeutic outcomes [40].
Therapists are particularly interested in musical Als that could con-
tribute to client engagement in music therapy. For example, ther-
apists thought that the enriched content of music therapy could
increase client engagement.

To our surprise, although most music therapists are profession-
ally trained, they still face challenges in therapy [81]. For instance,
music therapists may encounter situations where they lack familiar-
ity with a client’s preferred music style or instrument. In such cases,
the utilization of musical Al holds promise in enhancing their profi-
ciency in executing various musical tasks. Considering the assorted
skill sets required of music therapists, therapists expect musical
Als to assist them with different capabilities in therapy. Therefore,
the design of musical Al tools can be tailored to the musical so-
phistication and competence level of therapists. Designing musical
Als to increase therapists’ competence is a practice of developing
hybrid intelligence to perform challenging tasks or solve complex
problems [18].

It is essential to emphasize that an effective assistive tool benefits
the therapist and serves as a protective factor for treatment out-
comes. In general psychotherapy, the therapist’s variables directly
influence the effectiveness of therapy [57]. Notably, the effective-
ness of treatment outcomes is positively correlated with therapist
job satisfaction and inversely correlated with levels of burnout [25].
Additionally, treatment outcomes are also influenced by other work-
related attitudes of therapists [82], including their confidence and
enjoyment of their work. The therapist’s skills and work attitude
are directly linked to treatment outcomes. One significant reason
for this connection is that the therapist’s subjective factors can
affect the establishment of a therapeutic alliance between the ther-
apists and their clients [2], which is a crucial predictor of treatment
outcomes. Moreover, from the clients’ perspective, Al could encour-
age clients to be more engaged in therapy. For example, clients
may be reluctant to participate in a music therapy program due to
their limited competence in music performance, while Al could lead
them to finish some easy tasks at the beginning of music therapy or
assist them in performing some challenging activities. Ultimately,
Al techniques could encourage clients to participate more actively
in therapeutic activities, thus benefiting more from the therapy [40].
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5.3 Challenges in Human-AI Collaboration in
Music Therapy

While our participants generally perceive the introduction of musi-
cal Al as holding considerable potential benefits for music therapy,
they have also articulated numerous concerns. We have observed
that some of these concerns are common within the broader domain
of human-AlI collaboration.

Our participants point out that current musical Als have some
technical limitations that hinder their ability to provide accurate
emotional music for effective therapy interventions, echoing previ-
ous work in human-AI collaboration [15, 93]. For example, when
doctors collaborate with clinical decision-making systems, they find
that the top recommendation provided by Al is not always right. In
our case, generative Al's effectiveness, usability, and technological
limitations in musical Al are notably pronounced, demanding sig-
nificant further improvement. It is well-recognized that we should
improve the algorithm and augment the related training datasets for
musical Als in the future. Furthermore, the absence of relevant appli-
cations and interactive interfaces significantly hinders therapist-Al
collaboration. Designers need to account for the specific require-
ments of the context and develop corresponding Al systems, which
is a pivotal concern in the field of human-AI collaboration. For in-
stance, prior research [47] has revealed that uncertainty regarding
AT’s capabilities and the complexity of Al outputs make human-AI
interaction particularly challenging to design. Therefore, one of the
future research challenges lies in devising user-friendly and com-
prehensible interaction interfaces for therapists, considering the
technical limitations of musical Als. Additionally, the relationship
between music therapists and Al in collaborative settings consti-
tutes another focal point of research within the realm of human-AI
collaboration. Prior studies [21, 71] have indicated that in collabora-
tive endeavors with Al, designers may experience reduced agency
and expressiveness as Al assumes some of their tasks, thereby po-
tentially diminishing their sense of ownership. Hence, an essential
future research direction pertains to establishing clear role delin-
eation and task allocation between therapists and Al to enable both
to leverage their strengths, safeguarding therapists’ sense of control
over the therapeutic process.

However, in addition to the challenges echoed in previous human-
Al collaboration research, we have identified certain challenges that
are unique to the context of music therapy and distinct from the
broader domain of human-AI collaboration. Similar to other forms
of art therapy [19], music therapy encompasses the seriousness and
critical requirements of therapeutic contexts while embracing a
high degree of diversity and flexibility in therapeutic workflows and
methods [5, 80]. Because music therapy is a complex and person-
centered process, it implies that methods beneficial for some individ-
uals may not necessarily be suitable for others [1, 68]. Sometimes, a
single music therapy approach may not adequately address clients’
needs, so therapists also utilize a range of intervention techniques
and diverse music therapy theories during treatment. Moreover,
the high flexibility in treatment also posed significant challenges
in designing human-AlI collaboration in therapy. Our participants
indicated that they do not strictly follow fixed rules or frameworks.
Instead, they prefer to adapt treatment plans flexibly according to
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the client’s requirements and current state, incorporating improvi-
sation.

Given that music therapy is a complex, highly specialized process
that necessitates stability, reliability, and adaptability to diverse
therapist and client needs, we collaborated with music therapists to
delineate their workflow based on emotional-focused therapy [33]
for exploring human-AlI collaboration at different stages. Therefore,
our research findings provide valuable insights into developing
human-AlI collaboration for a workflow characterized by a high
degree of flexibility and diversity within a specialized field like
music therapy.

5.4 Design Implications for Musical Als in
Music Therapy

Our findings focused on using musical Als to build treatment so-
lutions for solving anxiety and depression-related emotional prob-
lems. We offer the following design implications for future HCI
research on applying musical Als to music therapy:

5.4.1 Implication #1: Support in creating personalized treatment
content. From our findings, we can see music therapy practition-
ers are increasingly expected to deliver personalized interventions,
which align with previous research that adapting the chosen musi-
cal elements with the client’s preferences enhances the likelihood
of relaxation, stress alleviation, and the elicitation of positive emo-
tions [53, 66]. To facilitate personalized therapeutic interventions,
therapists often need to consider various individual characteris-
tics of clients, such as personal developmental experiences and
cultural backgrounds. For music therapists, an essential element
in personalization is the individual’s musical preferences [31]. Re-
searchers have created a chatbot that provides personalized music
recommendations and comments by adapting to users’ music pref-
erences and emotions [16]. Both recommended music and music
comments could resonate with listeners’ emotions and support
mental well-being [48]. This aspect is echoed in our study, where
music therapists emphasize the significance of music selection in
therapy, with clients’ music preferences serving as a crucial ref-
erence. Even the most experienced music therapists may not be
proficient in every music genre, but Al technologies can aid in
integrating personalized music into their sessions. This, in turn,
aids therapists in accomplishing their therapeutic goals more ef-
fectively. Drawing from these insights, we propose that Al tools
applied in music therapy should incorporate a variety of personal-
ized functions. Primarily, such a tool should be capable of accepting
raw data input from users and, based on this input, analyzing the
user’s preferences for musical materials. Additionally, to enhance
the personalization of therapy, clients should also be allowed to
provide feedback on the tool or the process of its use.

5.4.2 Implication #2: Incorporate domain knowledge of music ther-
apy. Our findings showed that music therapists expected musical
Als to be designed in depth with the theory of music therapy to
assist them in tasks that require professional knowledge but are
repetitive and time-consuming. For example, the ISO principle is a
classic principle in music therapy, which states that in music ther-
apy, clients are initially encouraged to listen to music that resonates
with their current emotions, even if those emotions are not what
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they desire. Subsequently, therapists gradually guide clients to shift
their emotions toward the desired state by altering the content and
emotional tone of the music [88]. Taking this principle as an exam-
ple, therapists are suggested to modify the content and emotional
trajectory of the music frequently and sensitively throughout the
therapeutic process. Therefore, both music generation and music
transition Al technologies need to be considered simultaneously.
This can facilitate the simultaneous music generation and transition
processes, assisting music therapists in achieving therapeutic goals
within the ISO principle [76]. The Guided Imagery and Music (GIM)
is another example. It is based on producing effects through visual
imagination [7]. Therefore, music Al technology can moderately
consider incorporating environmental sounds, such as the sound of
flowing water or the wind and rustling leaves. This could function
like a toolbox for storing musical materials to help therapists bet-
ter utilize music to shape visual imagination. While the examples
provided are brief, it’s essential to emphasize that technologies
closely aligned with music therapy theories and methods benefit
therapists.

5.4.3 Implication #3: Support the music therapists’ control in mu-
sical Als. Implementing Al techniques in high-stakes problems,
domain experts are more concerned about implementing safety
and user acceptance than Als’ creativity [85]. In our study, partic-
ipating therapists are expected to check the Al-generated results
and make revisions before implementing them into the clinical
process. To support therapists’ control in collaborating with Al,
we suggest designers incorporate the explanation of the working
process of musical Als or justification of generated content [13].
Furthermore, given the variation in therapists’ competency and
requirements, the user control in musical Als could also adapt to
some of the therapists’ personalized needs [49, 64]. In light of this,
we suggest that music Al tools should provide therapists with a
real-time reassessment of the results. This reassessment involves
an evaluation of music stability or quality. Furthermore, akin to
the first recommendation, there should be channels available for
manual modifications by therapists. These mechanisms serve to
assist therapists in enhancing control over the music Al

5.4.4 Implication #4: Support multi-stakeholder interaction and op-
eration. Music therapy involves both therapists and clients. Our
participant music therapists may need an interface that facilitates
their interaction with clients, emphasizing professionalism. How-
ever, music therapists and clients often have different needs for
interface design. On one hand, as music experts, music therapists
prefer direct control over music-related parameters, akin to features
found in traditional music composition and editing tools. On the
other hand, clients, given their limited musical knowledge, mostly
benefit from a simple, non-specialized interface. A simple and ac-
cessible interface encourages clients’ engagement in therapy and
avoids imposing additional cognitive load. This underscores the
importance of future designs addressing diverse dimensions of in-
terfaces to cater to the distinct needs of multi-stakeholders. This
implies that Al tools applied in music therapy should have at least
two kinds of user interfaces. Illustrating the process of transforming
vocal humming into instrumental music, clients without musical
background could also engage in the therapy. Therefore, for thera-
pists, a professional interface should allow for the categorization of
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diverse instruments and even include adjustments for music reverb
effects. On the other hand, for clients, intricate instrument selection
and personal fine-tuning music effects may not be necessary.

5.5 Limitations and Future Work

We point out three limitations in this study. First, the sample size
was relatively small as we required participants to have clinical
music therapy experience related to anxiety, stress, and depression.
Ideally, they should have been currently engaged in relevant work.
Therefore, among those who expressed interest, only a small num-
ber met these criteria, leading to a limited sample size. Secondly,
our findings may be influenced by gender bias. However, this gen-
der imbalance aligns with the existing demographic composition
of music therapists [75], reflecting profession-related characteris-
tics. Nevertheless, gender differences must still be acknowledged,
and future research should include more male music therapists to
address potential bias. Thirdly, the study may not fully represent
perspectives from therapists in other demographic groups. While
most participants were Chinese, they were residing and practicing
in various countries across Asia and North America. Therefore,
conducting broader research that includes therapists from diverse
backgrounds is crucial. Given these limitations, further discussion
and refinement are necessary, and they will be the focus of future
efforts. Additionally, future work will involve developing interface
prototypes to test design implications and further explore the in-
teraction and collaboration between music therapists and musical
Als.

6 CONCLUSIONS

In this paper, we conducted semi-structured interviews and co-
design workshops with music therapists to understand the oppor-
tunities and challenges of integrating musical Als’ into the current
music therapy treatment process. Our findings show that, from the
perspective of therapists, there is potential to apply musical Als to
improve various aspects, such as therapy content richness, therapy
efficiency, and client engagement. At the same time, we identified
challenges when implementing musical Als into therapy, such as
the technical limitations of musical Als and the complexity of music
therapy. Furthermore, we discuss our findings through the lens of
music therapists and HCI practitioners, and we provide four design
implications reflecting on the design of human-AI collaboration in
music therapy. We hope our work could stimulate future research
on human-centered Al for therapy applications.
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A PRE-DEFINED CASES DETAILS
The details of two pre-defined cases are listed in Fig. 5.

B TYPICAL MUSIC THERAPY METHODS

In our study, therapists mentioned similar ideas about using differ-
ent methods and techniques in therapy. After a systematic summary,
the therapists mentioned several methods that would be relevant to
our research. So here are several methods that will be introduced
for reference:

Music listening is one of the receptive methods that can help
clients reduce stress and anxiety. Musical Sound Identity (ISO) is a
principle of listening. It comes from Benenzon Music Therapy aims
to match the client’s inner emotions with the selected music by the
therapist [8]. During the process, therapists would first use music to
empathize with the client’s current mood and then change the music
with different tempos and emotional state to gradually altering the
mood and further guide the client to form new experiences.

Music imagery is another method similar to Guided Imagery
and Music (GIM) created by Helen Bonny. This type of approach
generally refers to listening to music accompanied by visual images
(i-e., mental pictures). The imagery evoked by music is believed to
increase self-awareness and relaxation, explore the subconscious,
stimulate creativity, and assist in self-integration [95].

Improvisation is often used in Creative music therapy or Nordoff-
Robbins music therapy [69]. This method believes that interacting
with music allows people to express themselves and form unique
connections with others, thereby helping them feel a sense of self-
transcendence or self-healing [3]. Analytically Oriented Music Ther-
apy also believes improvisation is an important intervention. But
the difference is that this kind of intervention is related to Jun-
gian Theory[60]. It believes that music is a non-verbal symbol that
can be used as material for psychoanalysis to help the therapist
understand the client’s inner world or to help the clients better
express themselves[28]. And there are vocal improvisation and
instrumental improvisation in music therapy.

Re-creative music therapy is another common therapy ap-
proach that refers to the process of recreating the original musical
material through the vocal or instrumental music of the client to
achieve therapeutic goals. Sometimes, these therapeutic methods
manifest themselves as activities such as singing, musical games,
or instrumental music playing. However, in the context of spe-
cific therapeutic goals, activities vary with specific techniques for
achieving the therapeutic goals [95].

C SEMI-STRUCTURED INTERVIEW
PROTOCOL

C.1 Demographic information

1. Name:

2. Gender:

3. Age:

4. Education background:
5. Working Experiences:

Sun et al.

C.2 Interview Purpose

C.2.1 Main goals. Through interviews with music therapists, we
aim to comprehensively understand music therapy theory and ex-
plore issues related to current research in this field.

C.2.2 Sub-goals.

1. Be informed of the interviewee’s current working process
and current pain points;

2. Ask detailed questions related to the research question;

3. Prepare for the workshop setup.

C.3 Interview Questions
C.3.1 Introduction of Experience.

1. "Can you describe your current research area and clinical
experience?" (Based on the participants’ background experi-
ence)

2. "What is the main type of patient you work with?"

3. "Under what circumstances is music therapy performed?"

4. “Is there a specific problem that requires diagnosis, and to
what extent can it be treated with music therapy?"

C.3.2  Therapy Workflow.
Workflow Procedures / Steps.

1. "Canyou divide your workflow into stages or phases?" (Could
you provide a brief introduction)

2. "Will there be any general principles and paradigms in the
treatment process (such as for different treatment groups,
ex. depression, or schizophrenia?)"

3. "How long is your single session?”

4. "What is the duration of the client’s treatment cycle?"

Question on Receptive Music Therapy.

1. "What types of music materials and electronic devices do
you typically use when incorporating receptive therapy into
your sessions?"

2. "Do you have any experience building a music library that
includes emotional songs before treatment? How do you
determine which songs to include?”

3. "How do you determine which songs correspond to different
emotions?"

4. "Will specific music be recommended to different patients?”

5. "Will treatment strategies be modified to consider the pa-
tient’s listening preferences?"

6. "Would it be beneficial to know a patient’s music preferences
before starting their treatment?”

7. "If you are able to generate music based on the patient’s
listening preferences, would you consider using it?"

8. "Have you ever heard of Al-generated music?”

9. "How would you use it? Would you prefer to listen to it in
therapy, analyze it, or reference it and play it live?”

10. "Do you have any concerns or worries about this?”

Question on Active Music Therapy.

1. "Are there more active music therapy methods being used in
individual treatment scenarios or group treatment scenarios
compared to the receptive music therapy method in the
clinic?"
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Name: Aileen

Age: 21

Social Status: College Junior, Majoring in Economics

Music Background: Played piano during childhood

Family Background: Raised in a home with high expectations,
particularly from her strict mother

Favorite music genres: Classical (Liszt), Post-rock
Personality: An introverted soul, always decicated to her
studies. She is sensitive and profound appreciation for arts

Treatment Goal

Regulate emotions

Current Situation

This client exhibits excellent academic performance and is

currently preparing for graduate entry examinations to study
abroad. However, heightened academic pressure and
loneliness have prompted feelings of self-doubt about passing

the exam. Additionally, she reports experiencing depression Reduce emotional pain

and a sense of powerlessness. She struggles with falling

asleep, and when she manages to do so, she encounters
nightmares and tears during her dreams. Concentration is Improve S Ieep

difficult for her, and she generally feels unhappy.

Name: John
Age: 36
Social Status: Software programmer in big tech company

Music Background: Enjoy music and often going to live house
when he was young

Family Background: Raised by a hardworking mother and
sometimes cared for by his loving grandmother. Grew up in a well-
off but financially challenging environment

Favorite music genres: Rock (The Rolling Stones), Country
Personality: Sociable and upbeat, but occasionally gets irritable

Treatment Goal

Regulate emotions

Current Situation

The client has been laid off and has become negative and
irritable after searching for a job for a month without any
success. He has a 10-month-old newborn baby at home, and his
wife has already started working. He has recently started
drinking heavily, telling his family it's to help him sleep. He also Improve relationship
feels a sense of guilt when sober, as he believes he's not doing a

good job as a father and husband. However, his temper has

worsened, and he often argues with family and friends over
trivial matters. He wants to work on issues such as unprovoked

anger, panic, chest distress, and lack of motivation to exercise.

Figure 5: Persona Design for Case 1 and Case 2

2. "Do you typically use musical instruments or something
else? If so, what kind of instruments?"

3. "What types of individual therapy (and group therapy) treat-
ment are commonly used?”

4. "What is the duration and frequency of treatment?" (both
individual and group treatment sessions)

5. "Can you share any specific examples?" (both individual and
group treatment sessions)

Addition Questions.

1. "What are your thoughts on the current improvement needs
or pain points in this area?"
2. "Do you have any further questions?”

D SURVEY FOR AI-MUSIC LEARNING
MATERIALS

instruction.

"Please complete this survey after you have finished learning.
Thank you for your participation!".

Questions.
1. "What kinds of musical AI technologies are you interested
in? " [Select multiple choices]
A. General Melody Generation
B. Emotion-based Music Generation
C. Melody Harmonization
D. Music Genre Transfer
E. Tone Transfer
2. "What features of musical Al technologies are most impor-
tant to you?" [Open question]
3. "Do you have any questions or thoughts about the material
that you would like us to know?" [Open question]

E SCREENSHOTS OF CO-DESIGN
WORKSHOPS

The screenshots of our co-design workshops are listed in Fig. 6, and
Fig. 7.
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Screenshot on Design Results
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Figure 7: Screenshot on Design Ideations
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