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Abstract. Mobile health (mHealth) tools are increasingly being used in
various mental health domains to monitor patients with Severe Mental
Tllnesses (SMI), with the aim of potentially increasing patient engage-
ment with their treatment. Patients with SMI who are prescribed Flex-
ible Assertive Community Treatment (FACT) create a treatment plan
together with their case manager, which serves as the leading document
describing the goals that will be worked on during treatment. In order to
incorporate the treatment plan goals of a patient in an mHealth appli-
cation, the treatment plan goals need to be measurable. However, in
previous work, we discovered that on average, only 25% of the available
treatment plans include measurable goals. We have developed a pro-
tocol for making measurable goals with patients with SMI to address
this issue. However, we anticipate low adoption of the protocol due to
the potentially time-consuming nature of the steps involved. To mitigate
this, we are exploring the use of Al to generate measurable treatment
plan goals for patients with SMI and introduce a new workflow. In our
exploratory study, we created a prototype of a system that may enable
case managers and patients with SMI to generate measurable treatment
plan goals using Large Language Models.
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1 Introduction

The impact of mental health is a growing concern for individuals and communi-
ties in our present-day society. Severe mental illnesses such as bipolar disorder,
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PTSD, schizophrenia, and severe depression pose unique challenges for both
patients and mental healthcare providers [19]. One such challenge is mental
health professionals’ need to dynamically scale the care for each patient diag-
nosed with Severe Mental Illnesses (SMI) depending on the current state of the
patient. Among people with ill mental health, those diagnosed with one or more
severe mental illnesses for a period of over two years, and who struggle socially
from their mental illnesses, are considered patients with SMI [24]. In the last few
decades, there has been a growth in the number of patients with SMI treated
by mental health care institutes, increasing the workload and work pressure of
healthcare professionals [11]. Many patients with SMI live independently at home
or in assisted living facilities without direct help from friends or family. Due to
the associated vulnerabilities experienced by patients with SMI, there is a need
for long-term treatment, with the ability to scale the care to the needs of the
patient. Flexible Assertive Community Treatment (FACT) is a type of treatment
for patients with SMI, that treats patients within their own home environment
and provides care that matches their current needs [24]. Several countries have
opted to prescribe FACT to patients with SMI, in an attempt to treat patients
within their home environment [22]. A case manager is a healthcare professional
who is directly responsible for monitoring the effects of the treatment. During
FACT treatment, patients work together with their case manager to create a
treatment plan, which includes the treatment plan goals that they will work
on over a one-year period [24]. The goals of the treatment plan not only target
symptom recovery but also seek to empower patients, enhance their self-reliance,
and provide support in addressing social issues such as employment and hous-
ing. The goals serve as guiding principles of the treatment, ensuring that the
care provided to patients is in accordance with their own goals, focusing on a
person-oriented and holistic approach [24].

Currently, case managers assess the functioning of their patients through
direct contact with the patients or their surroundings (e.g., family, general prac-
titioner, etc.). Outside of direct contact, case managers do not have any tools to
monitor the state of their patients, which results in them not being able to assess
when to scale care for patients efficiently. Previous research shows that mobile
Health (mHealth) applications are promising when it comes to positively influ-
encing and tracking the behaviors of patients with SMI [13]. Such an mHealth
application could potentially also improve FACT by assisting case managers in
assessing their patients’ functioning and monitoring the progress that a patient
is making on their treatment [13]. This could potentially be a support tool to
help case managers efficiently assess when to scale care for patients.

In order to monitor patients with SMI who are prescribed FACT, an mHealth
application should track the progress a patient is making on their treatment
plan goals. However, in previous research in collaboration with FACT teams at
a Dutch Mental Health and Addiction Care Institute, we have discovered that
on average only 25% of the available treatment plans have a form of measurable
goals available within them [14]. A well-defined Measurable goal is a goal that
can be tracked to monitor progress [3]. The treatment plan goals were revealed to
have a significant lack of structure, consistency, and difference in level of detail.
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This results in the majority of the goals currently found in the treatment plans
not being suitable to be used in mHealth applications [14].

To assist case managers with making measurable treatment plan goals that
can be used in mHealth applications, we introduced a protocol for a struc-
tured approach to creating measurable treatment plan goals for patients with
SMI. Despite case managers being positive about the protocol, due to its time-
consuming nature, it will have a low adoption rate. Given the high workload of
case managers, they are not always open to new time-consuming tasks. Follow-
ing all the steps in the protocol is a more time-consuming process for the case
manager, compared to their usual goal-setting and tracking workflow. To reduce
the time case managers would spend following the protocol when creating and
tracking measurable goals, we will explore ways to leverage Al to potentially
automate a part of the workflow.

The recent breakthroughs of Large Language Models (LLMs), such as BERT,
GPT-3, and GPT-4 have been disruptive. These LLMs have been trained on
large data sets and the models available have produced impressive results when
prompted by humans. When prompted correctly, these models have the ability
to respond to specific queries given to them when provided a specific context [2].
Due to this technology’s ability to generate relevant text responses when given a
context, we will explore the potential use of LLMs to introduce a new workflow
for case managers to create treatment plan goals with their patients.

This study will aim to create a prototype that explores using LLMs to cre-
ate Al-generated treatment plan goals, potentially improving the workflow of
creating treatment plan goals with patients. Evaluating the prototype is outside
the scope of this project. Nevertheless, we will assess the goals generated by the
prototype to evaluate whether the quality of generated goals can be improved
through modifications to the prototype and the prompts sent to the LLM.

2 Theoretical Background

To establish how to create measurable goals, in this section, we will review
relevant work in the areas of behavior change, the use of Al in mental healthcare,
and the possible risks of generating goals for patients with SMI using LLMs.

2.1 Behavior Change Theories

According to behavior change theories such as the COM-B system and the Fogg
behavior model, behavior is a product of three fundamental factors: capability,
opportunity, and motivation [8,18]. To successfully perform a targeted behav-
ior at a particular time, it is essential to have the capability and opportunity,
including an enabling environment. The strength of motivation to engage in the
behavior must be higher than any other competing behaviors. These three factors
interact to produce the desired behavior [20]. Motivation can be split into intrin-
sic and extrinsic motivation. Where extrinsic motivation is being motivated by
external factors, intrinsic motivation is motivated by an inherent interest which
leads to more persistence [20].
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According to the Self-Determination Theory (SDT), in the context of an
mHealth tool, a tool that satisfies the need for autonomy (i.e., the desire to have
control over tasks), competence (i.e., the need to acquire new skills), and related-
ness (i.e., the desire to feel connected to others) can enhance intrinsic motivation
[15,20]. The proposed workflow of using LLMs to generate treatment plan goals
can potentially enhance the patient’s intrinsic motivation, which in turn can lead
to better engagement with the treatment goals. Finally, the Goal Setting The-
ory states that specific, challenging goals and appropriate feedback contribute
to higher and better results. For engaging a person in a target behavior, goals
must follow five principles: clarity, challenge, commitment, feedback, and task
complexity [17]. Clear goals are Specific, Measurable, Attainable, Realistic, and
Time-oriented (SMART) [4]. We will be using the SDT and Goal Setting Theory
as criteria for evaluating the quality of the goals that are generated by LLMs.
The generated goals will also be structured in the format of SMART goals, to
the extent that we can accomplish this.

Treatment outcome goals focus on a result (e.g., losing 2kg of weight), while
treatment behavioral goals focus on an individual’s action (e.g., going for a
walk) [18]. For this study, we consider outcome goals as overall treatment plan
goals, and behavior goals as smaller goals patients should achieve to reach their
desired outcome goals. In order to track the progress toward the treatment goals,
the behavior goals need to be measurable (e.g., I will go for a walk twice a week
throughout the month of September). Integrating behavioral goals in mHealth
interventions could potentially lead to more successful interventions [7]. An addi-
tional useful tool to motivate users in mHealth interventions is Gamification,
which is the use of game design elements in non-game contexts [5].

2.2 Al in Mental Healthcare

While there has been a growing trend toward integrating AI technology in phys-
ical health applications, adopting such technology within the mental health
domain has been comparatively slow [10]. Mental health practitioners empha-
size patient-centered care and a hands-on approach in their clinical practice in
contrast to non-psychiatric practitioners. This approach involves softer skills,
including establishing strong relationships with patients and closely observing
their behaviors and emotions [9]. Mental health clinical data is frequently in
qualitative and subjective patient statements and written notes. Because of this,
there is still much to be gained in the field of mental health practice through
the incorporation of Al technology [10]. The application of AI techniques could
present the opportunity to develop more accurate pre-diagnosis screening tools
and risk models to determine an individual’s susceptibility or likelihood of devel-
oping a mental illness [21]. Al-based LLMs have already showcased their efficacy
in diverse areas, such as explainable A, conversational agents, education, infor-
mation retrieval, and text summarizing [6]. With their remarkable capabilities,
LLMs can potentially transform various industries [10]. Research on LLM tech-
nology for mental health has yielded mixed results, and the enduring effects of
using LLM on mental health remain unexplored [12]. The potential of LLMs in
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healthcare stems from the ability to process and learn from massive amounts
of free-text data. In theory, LLMs could generate measurable treatment goals
based on data available on the web. Currently, much of the responsibility of cre-
ating treatment plan goals falls under the workload of the case manager [24]. In
previous work, we created measurable goals for patients with SMI together with
case managers [14]. Even when provided with a protocol for creating measurable
goals, case managers found creating measurable goals for their patients a time-
consuming and difficult task. Generating measurable goals using LLMs, could
potentially alleviate some of the workload from case managers to patients, as it
could empower patients to easily formulate measurable goals for their treatment.
To the best of our knowledge, no literature is available that discusses the use of
LLMs to generate treatment goals for patients with SMI.

The recent LLMs that have been released for public use usually strictly
abide by the relevant laws and regulations of the countries in which they are
released [16]. The LLMs usually do not mention anything offensive, violent or
criminal in their conversations, and do not give any unethical medical advice.
However, it is known that LLMs are known to hallucinate [1]. Hallucinations in
the context of LLMs are when the system generates information not found in
its training set [1]. This could potentially cause the generated goals to contain
harmful elements. It is important to note that case managers are responsible for
ensuring the safety of the goals within the patient’s treatment plan. If patients
are allowed to generate treatment plan goals unchecked using LLM technology
there could be potential risks associated with that. Therefore it is recommended
for both patients and case managers to assess the generated plan goals before
adding them to the treatment plan.

Currently, electronic treatment records are utilized by mental health insti-
tutes to keep records of patients, including their treatment goals. However, these
systems lack the inclusion of measurable goals. In our prototype, we explore fea-
tures that can possibly add measurable goals to these systems.

3 Methods

To explore the feasibility of using LLMs to generate treatment plan goals for
patients with SMI, a prototype of such a system was built. The functioning
prototype was built using the GPT-3 LLM, the prototyping tool Mendix, and
the gamification engine Gamebus. The architecture of the system can be seen in
Fig. 1. The goals generated by the prototype were then evaluated using behavior
change theory guidelines by a group of students. To evaluate a prototype with
patients with SMI, a prerequisite entails securing the approval of the study by at
least three ethical committees. In addition to obtaining ethical approval from the
university, the mental health institute mandates an external committee to ascer-
tain whether the study qualifies as medical-scientific research before conducting
its own ethical review. Considering that the study is in the exploratory phase,
evaluating the basic capabilities of LLMs and prompt engineering strategies to
evaluate if generated goals could possibly be improved upon, it was deemed
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Fig. 1. The architecture of the prototype.

appropriate to first evaluate the goals with students before entering the ethi-
cal procedures. Once the basic capabilities have been established we will again
involve patients and case managers in the process.

3.1 Prototype

Mendix. Mendix is a low-code development platform that was chosen to develop
the prototype of the new goal-setting workflow, because of its ease of use built-in
capabilities with REST API architectures, and ability to facilitate rapid proto-
type development. GPT-3 was accessed using the available API. The responses
were formatted and directly implemented in both Mendix and the GameBus
system. As the new workflow is being constructed, specific milestones were iden-
tified for evaluating the goals. For this purpose, behavior change theories were
utilized. While three main theories were outlined in the theoretical background,
in the scope of this study we focus on SDT and goal-setting theory.

GameBus. GameBus is a digital platform that promotes a healthy lifestyle by
hosting and facilitating healthy challenges and competitions. Users are motivated
to continue working on the challenges available to them through the use of
gamification elements such as leaderboards and points [23]. For this study, we
configured the GameBus platform as an mHealth application. The GameBus
application can use measurable goals as input for challenges.

3.2 Measurable Goals

To assess if it is possible to improve the quality of the measurable goals that
GPT-3 generates, by prompt engineering. We recruited a group of 8 students
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from the Eindhoven University of Technology to assess the generated goals, over
5 iterations. The students received a survey that included an explanation of the
project and a video of the latest version of the prototype. They were asked to
rate the generated behavioral goals for two outcome goals and provide tips for
improving the goals. The two outcome goals chosen for evaluation were based
on data on treatment plan goals from patients with SMI, provided by a Mental
Health and Addiction Care Institute in the Netherlands. Participants rated the
goals based on the following elements of the SDT and Goal Setting theory:
autonomy, competence, relatedness, clarity, challenge, commitment, feedback,
and task complexity to assess the quality of the goals. This rating used a five-
point Likert scale which consists of 1 = Strongly Disagree (SD); 2 = Disagree
(D); 3 = Neutral (N); 4 = Agree (S); and 5 = Strongly Agree (SA). Each aspect
was analyzed, and the average score was used to evaluate the goals.

We define a change in the average score of an element, compared to the
previous average score of that element, as significant when there was a difference
of at least 0.5. With eight aspects, the maximum score for a goal was 35. This
approach allowed participants to provide specific ratings for each aspect, ensuring
an assessment of their perceptions. By implementing the dimensions within the
goal-setting theory and SDT frameworks into the goals, we increase the potential
intrinsic motivation a person has to complete the goals. The group of students
was also given a plain text field to provide feedback.

The information gathered, along with the provided feedback, guides the areas
for improvement. The prompt in the prototype was revised according to the
chosen improvements. Once these changes were implemented, the group was
requested to complete the updated survey again. This iterative process aims to
use prompt engineering to refine the goals based on participant feedback. By
incorporating this, the prompt sent to GPT-3 can be improved and the quality
of the generated behavioral goals can potentially be increased.

4 Results

4.1 Prototype

Mendix. The created Mendix prototype allows users to log in as patients or
case managers. Patients can create, edit, and delete treatment outcome goals. For
each treatment goal, the system generates 3 behavioral goals using GPT-3’s API.
Patient information and goal format instructions are included in the prompt sent
to GPT-3. GPT-3’s response is mapped and stored in the data model created in
Mendix, and the goals are assigned to the patient. Patients can view and modify
their behavioral goals. They can also remove or regenerate specific behavioral
goals. After finalizing their treatment outcome goals, patients submit them to
their case manager for approval before adding them to the treatment plan in the
Mendix prototype. Patients have an overview page displaying all their approved
and non-approved treatment outcome goals along with associated behavioral
goals, each with a step-by-step guide. Case managers can also generate, edit,
and remove goals for their assigned patients. Case managers are able to see all
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the submitted goal requests, requests for goal changes, and goal edit requests by
their patients. Case managers can also accept or reject these requests, save the
treatment plan in the Mendix prototype, and ultimately submit the treatment
plan to the GameBus application.

GameBus. The GameBus application has been extended to receive the treat-
ment plan goals of the Mendix prototype, through the API. The Mendix pro-
totype sends an API request to the GameBus application, sending a patient’s
approved treatment plans to the GameBus application in JSON format. The
GameBus application converts the treatment plan it receives into GameBus
challenges and saves the treatment outcome and behavioral goals within the
treatment plan, in the GameBus data model. The patients using the Mendix
prototype to create the treatment plan goals, also have access to the mHealth
configuration of the GameBus application. The GameBus mHealth application
supports multiple modular gamification and personalization options that have
been designed to increase the intrinsic motivation of GameBus users. GameBus
can personalize the challenges of users by tailoring the elements within them
such as adjusting the frequency of the tasks needed to be completed within
the challenge, adjusting the time and date a challenge should be completed or
tracked, and allowing challenges to be done in groups. The GameBus applica-
tion can be configured to use gamification such as giving points to users when
they complete tasks within challenges, displaying a leaderboard displaying user
scores, and awarding users loot boxes. The system administrator of the GameBus
application can easily configure these personalization and gamification elements
to be visible to any of the GameBus users. Each of the patient accounts in the
Mendix prototype has a GameBus account assigned and can log into the Game-
Bus application. Due to the challenges in the GameBus application now deriving
directly from the treatment plan of the patients the challenges present in the
application are even more relevant to the patient’s treatment.

We extended the GameBus application to include the gamification element
of levels. The relevant Mendix treatment plan goals of the patients are mapped
into a level structure where each outcome goal is separated into different levels
with increasing difficulty. The levels can be unlocked by completing the relevant
behavior goals associated with the outcome goal. This level extension showcases
the potential for patients to be more engaged with their treatment through
this mHealth application, as the gamification and personalization elements are
designed to maximize intrinsic motivation to the challenges in the application.
The GameBus application also makes it possible to monitor which challenges
each user is taking part in and track the progress users made on each of their
challenges. Case managers can use this data to track which challenges their
patients are making progress on, when their patients work on tasks within their
challenges, and when patients have completed their challenges. The data could
then potentially be used as a proxy for user engagement with their treatment.
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4.2 Evaluating Generated Measurable Goals

The group of 8 students that was enlisted to fill in the 5 rounds of surveys to
assess the behavioral goals rated the LLM-generated behavioral goals formulated
for the following two outcome goals: 1) I want to learn how to deal with negative
thoughts about events that have happened in the past. 2) I want to learn to
discuss my fears, but I especially want to understand my fears.

In the following section, we describe the results of each evaluation phase and
the overall changes that were made to the prompts and goals based on the results
of the previous phase. An overview of the survey results can be seen in Table 1.

Table 1. Displays the average scores assigned by the participants to goals 1 (G1) and
2 (G2) based on how the goals scored on the elements of the SDT and Goal Setting
Theory. Scores for evaluation phases 1-3 and 5 are presented, including total and
combined average scores (AS) for both goals in each phase.

Evaluation phase |1 2 3 5

G1 G2 AS G1 G2 AS G1 G2 AS G1 G2 AS
Autonomy 4.125 |4 4.063 |3.625|3.125|3.375|3.375|3.25 3.313 |4 4.125 4.063
Competence 3.375|3.625 |3.5 4.5 3.75 |4.125|3.75 |3.625 |3.688 |4.25 |4.25 4.25
Relatedness 1.875|4.5 3.188 |1.5 4.5 4 3.375|3.25 3.313 |4 3.875 |3.938
Clarity 3.625|4.125 |3.875 |4.5 3.75 |4.125|3.375|3.875 |3.625 |4.625 4.5 4.563
Challenge 3.875|3.875 |3.875 |3.25 [4.125|3.688|4.25 |4.25 4.25 4.5 4.25 4.375
Commitment 3.75 | 3.5 3.625 |4.25 |3.5 3.875 |4 3.125 |3.563 |4 4 4
Feedback 1.75 |3.875 |2.813 |2 3.375|2.688|2.625| 3.25 2.938 |3.625|3.75 3.688
Task complexity |3.375|3.375 |3.375 |3.625|3.625|3.625|3.75 |4 3.875 |4.25 |4.125 |4.188
Total score 25.7 |28.37528.313|27.25|29.75|28.5 |28.5 |28.625|28.563|33.25|32.875|33.063

Evaluation Phase 1

The first version of the prototype features a user interface where patients can
input their outcome goal and receive a corresponding behavioral goal. Addition-
ally, the case manager also has the option to enter treatment goals for their
assigned patients. The prompt used in this first iteration to generate a goal from
GPT-3, only includes asking for one behavioral goal based on an outcome goal.

In the evaluation, based on the survey, participants felt a high level of auton-
omy in pursuing both behavioral goals, with an average score of just above 4.
They clearly understood the behavioral goals and found them moderately chal-
lenging. Commitment and competence to the behavioral goals were strong across
both goals. However, there were differences in relatedness and feedback. Through
the open text field, participants claimed to have felt stronger social support in
goal 2 than in goal 1, this may be because goal 1 is carried out alone whereas
goal 2 involves others. Clarity and task complexity were consistent across both
goals, indicating a similar understanding of the goals and tasks’ complexity. The
average total score: 28.313 out of 35 points.

Despite clarity receiving a relatively high average score of 3.875, there is still
room for improvement. There were several comments that the participants did
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not understand the goals well. It is important that goals are clearly defined.
Therefore, the goals in the next evaluation phase will be presented in a more
structured manner, in the format of SMART goals.

Instead of goals being generated in standard text form, each goal will now
include the following attributes which are based on the SMART goal structure:
goal, duration, frequency, frequency scale, and time period. An example of a
structured goal can be seen in Fig. 2. This structured approach also facilitates
an easier transformation to JSON format.

Evaluation Phase 2

In this version of the prototype, the patient is now able to modify the goals at
the attribute level. Case managers now also have the ability to evaluate the goals
of their patients, by allowing them to approve, modify, or reject goals. Once a
goal is evaluated and approved by a case manager, the patient will receive a
notification and be able to view the approved goals in their treatment plan.

The prompt has been modified for GPT-3 to respond in a more structured
manner. To ensure conciseness, it is emphasized that only a subject, verb, and
object are allowed in the generated goal.

The main goal of this evaluation phase was to improve clarity, which increased
significantly for goal 1 but decreased for goal 2. Overall clarity increased by 0.25.
For goal 1 the dimensions of competence and commitment significantly increased,
whereas the dimensions of autonomy and challenge saw a significant decrease.
For goal 2, autonomy and feedback significantly decreased. For the average score,
autonomy was significantly reduced, but competence significantly increased. The
average total score: is 28.5 out of 35 points. This is a slight increase of 0.187
compared to the previous evaluation phase.

As autonomy is currently one of the lower-scoring aspects, this improvement
area will be investigated. Providing three behavioral goals instead of one has the
potential to increase autonomy. Combined with the ability to modify attributes,
this can lead to greater personalization and foster a stronger sense of ownership.
This decision also may indicate that a single behavioral goal as a response per
outcome goal may not be sufficient to achieve the desired outcome.

Evaluation Phase 3

In this version of the prototype, goals have the same structure as in evaluation
phase 2, however, patients now receive three behavioral goals per outcome goal,
instead of one. Initially, for outcome goal 2, three identical behavioral goals were
generated. Although, the goal attributes varied. This occurred despite configur-
ing GPT-3 to maximize the randomness of its responses.

The main goal of this evaluation phase was to improve autonomy. This
slightly increased for goal 2, but decreased for goal 1. Overall there was a slight
decrease in autonomy. The other results also varied from the last round. The
biggest changes were found for goal 1. The dimensions of relatedness, challenge,
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and feedback significantly increased, whereas competence and clarity signifi-
cantly decreased. For goal 2, there was a significant decrease in relatedness.
For the average score, clarity significantly decreased. Average total score: 28.563
out of 35 points. A slight increase compared to the previous evaluation phase.

So far, the prompt has remained general without specifying the target group
for whom the goals are intended. The next direction is to explore if giving the
context that the generated behavioral goals are for patients with SMI would
impact the response. Additionally, it would be interesting to investigate how
including specific diagnoses would influence behavioral goals. This could poten-
tially lead to more tailored results.

Evaluation Phase 4

The prompt has undergone two modifications. Firstly, by explicitly stating in the
initial sentence that the treatment goals are intended for patients with a severe
mental illness and emphasizing the goal’s suitability for this individual. Secondly,
an additional sentence has been included to specify the patient’s diagnosis with
an emphasis that the goal should be attainable for someone with this diagnosis.

Tests were conducted on these two scenarios, however, the behavioral goals
did not show a significant change compared to the results from the previous eval-
uation phase. Modifying the attributes of the goal also yielded similar responses
as before. As a result, this version will not undergo further surveys since the
behavioral goals did not exhibit significant changes. It remains uncertain whether
this new prompt would impact other goals.

In the earlier surveys, respondents expressed uncertainty about how to carry
out the goal effectively and desired additional support through guidelines or a
step-by-step plan that would enable them to pursue the goal effectively. As a
result, addressing this issue will be the focus of the next evaluation phase.

Evaluation Phase 5

Attributes were added to the prompt to also include a step-by-step plan on
how to achieve the behavioral goals, supportive tips to aid progress, and an
explanation of the goal.

The behavioral goals have the same structure as in evaluation phase 4, with
these three attributes added. As occurred in evaluation phase 3 the generated
goals appeared to be very similar. In the case of goal 1, three separate behavioral
goals were initially generated, but two were highly familiar, and therefore one was
modified by the researcher using the edit function. The main goal was to improve
clarity, which increased significantly in both goals. The other survey results also
varied quite from the last evaluation phase. The most important changes were for
goal 1. The dimensions of autonomy, competence, relatedness, feedback, and task
complexity significantly increased. For goal 2, there was a significant increase in
autonomy, competence, relatedness, commitment, and feedback. For the average
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Add a new goal

Please complete the three steps to create a new treatment goal.

Here the generated behavioral goal is shown.

Outcome goal: | want to learn how to deal with negative thoughts about events that have happened in the past
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od: 10 days

Step-by-step plan to achi
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n
your body and your surroundings.
n, focusing on your breath, body, and emations.

3. Spend a few minutes each day to practice mindful
4. After 10 days review the progress made.

Fig. 2. Screenshot of the working prototype, showing one of the generated treatment
plan goals and the option to edit the goal and its attributes.

score, autonomy, competence, relatedness, clarity, and feedback increased. Aver-
age total score: 33.063 out of 35 points. This is an increase of 4.5 compared to
the previous evaluation phase.

5 Discussion

Study Limitations

In this study, it is important to note that the evaluation of the prototype itself fell
outside the scope of the study. Consequently, aspects related to user-friendliness,
UI, and UX elements were also outside the scope of the study. It is also worth
highlighting that no testing was conducted with case managers or patients with
SMI. Our primary focus was centered on determining whether modifications
to the prototype and prompts could lead to improvements in the quality of
the generated goals. In the evaluation phase, only the behavioral goals of two
outcome goals were evaluated by students, the quality of the generated goals may
differ depending on how outcome goals are structured and the type of outcome
goals provided. The goals were also not evaluated by case managers on their
quality, it is possible that they could consider other elements.

A major risk of using LLMs to generate goals for patients with SMI is that
LLMs may hallucinate and could potentially generate goals that may not align
with standard FACT treatment which may result in further complications for
the patient. Accordingly, we performed some exploratory adversarial attacks on
the prototype to expose potential vulnerabilities in the system when it comes
to generating goals that may potentially not be in line with FACT treatment.
A list of 26 treatment outcome goals that were deemed potentially harmful by
the researchers, was used as input in the latest version of the prototype. The
treatment behavioral goals given as output by the prototype were then inspected
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by the researchers. Upon analysis of the generated behavioral goals resulting from
the adversarial attacks performed. We did not experience any hallucinations,
however, more extensive adversarial attacks need to be conducted in order to
assess the potential harm hallucinations may cause. Therefore, the evaluation of
goals by the case manager is crucial before adding a goal to the treatment plan.
In the exploratory adversarial attacks, we only tested the prototype with GPT-3
as its LLM, if another LLM were to be used it is unknown what the responses and
how safe the generated goals would be. More elaborate and in-depth adversarial
attacks need to be done in further research, to assess the safety of using LLMs to
generate treatment plan goals. Lastly, this feasibility study specifically focused
on setting goals for a specific target group, namely Dutch patients with SMI who
are prescribed FACT treatment. Therefore, conclusions drawn from this study
cannot be generalized to other (non) SMI groups without further research.

Future Work

In future work, we should recruit case managers, and patients with SMI to evalu-
ate the goal-setting workflow and the quality of goals, as the results from healthy
participants cannot be generalized to people with SMI. It is worth evaluating
and tracking the progress patients with SMI are making toward the generated
goal, through an mHealth application like GameBus, compared to non-LLM gen-
erated goals. The integration of SDT and Goal-setting has proven valuable in
this research, but including other behavior theories, such as the COM-B, could
enhance the assessment. COM-B is a valuable tool to address instances where
individuals lack the necessary preconditions for certain behaviors. For example,
if the generated goal says to ‘ride a bicycle’ it becomes an unfeasible goal if
the patient does not possess a bicycle. Incorporating the COM-B model into an
interactive goal-setting approach can address these situations more effectively
and take the prerequisites needed to complete a goal into consideration. Mental
healthcare professionals could also be given a hands-on session with the system
in a usability study. An addition to the user interface that could potentially
make it easier for case managers and patients to select treatment plan goals that
are relevant to the treatment is to create an interface that allows users to easily
swipe irrelevant goals away, and save relevant ones. Another interesting direc-
tion to explore is to investigate the willingness and privacy concerns of patients
with SMI regarding using such technology in their treatment. Given the current
level of distrust among patients with SMI, understanding their attitudes and
perceptions toward Al-based tools and data privacy implications would provide
valuable insights. Such research is essential for ensuring the ethical and effective
integration of such technology in the treatment journey of patients with SMI.

6 Conclusion

This feasibility study aimed to explore the use of LLMs in enabling patients
with SMI and case managers to easily create measurable treatment goals for
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treatment plans. The study suggests that it is feasible to develop a system that
utilizes LLMs to allow users to generate measurable treatment plan goals. Using
the prototype to create measurable goals, does make it possible to directly add
meaningful goals to gamified mHealth systems like GameBus, which could poten-
tially intrinsically motivate patients further to work on their treatment goals.
Although the quality of the generated goals was not assessed by healthcare pro-
fessionals or patients with SMI, the evaluation process with students indicated
that incremental improvements in behavior goals were attainable. Furthermore,
the study revealed that the application of SDT and Goal-Setting theory could
enhance the quality of behavioral goals. However, improving a certain aspect and
maintaining a consistent appreciation of all other aspects can be challenging.
Now that it has been established that the proposed workflow has the potential
to improve the process of case managers creating goals with their patients with
SMI. We can now evaluate the system within the treatment process, and gather
patient and case manager feedback. It is important to acknowledge that the
results of this research should be considered preliminary, as there are currently
no comparable findings in the existing literature for appropriate comparisons.
These preliminary findings provide a foundation for further investigation and
highlight the need for future research in this area.
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